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Abstract

Background/Aim: Pulmonary thromboembolism (PTE) has high mortality and morbidity, is difficult to
diagnose, and is generally preventable. Clinical scoring is used for early diagnosis. Two of these often-
used scoring systems include the Wells and Simplified Modified Geneva scoring systems. We aimed to
comparatively determine the values of the Wells and the Simplified Modified Geneva scoring systems in
showing PTE.

Methods: This prospective cohort study included 195 patients who underwent computerized tomography
pulmonary angiography (CTPA) with suspected PTE between May 2018 and November 2018. The Wells
and Simplified Modified Geneva scores of the patients were calculated. Wells Clinical Scoring results
were grouped as having a weak/strong probability of PTE, while those of the Modified Geneva clinical
scoring were categorized as possible/unlikely PTE. The analyses were performed with the SPSS package
21.0 program.

Results: One hundred and nine (55.9%) patients presented to the emergency department and eighty-six
(44.1%) patients visited the outpatient clinic for chest diseases. Of all cases, 83 (42.6%) were male and
112 (57.4%) were female. The mean age was 57.16 (18.62) years. Forty-one (21%) patients had PTE. The
sensitivity and specificity of Wells Clinical Scoring for PTE were 87.8% and 83.8%, respectively, while
those of the Simplified Modified Geneva Clinical Scoring were 82.9% and 53.3%, respectively. The chi-
square analysis for two clinical scorings revealed a p-value of 0.001. The negative predictive values of
Wells and Simplified Modified Geneva Scores were 96.2% and 92.1%, respectively. The positive
predictive value was the highest in the emergency department (80% and 39.4%, respectively). When the
two clinical scores were used together, the negative and positive predictive values were 95.6% and 61.1%,
respectively.

Conclusion: We found that Wells Clinical Scoring is superior to the Simplified Modified Geneva Score in
terms of sensitivity and specificity. The use of these two clinical scores in the outpatient clinic was more
useful in excluding PT, while in the emergency department, their combination was more effective in
diagnosing it.

Keywords: Pulmonary thromboembolism, Computed tomography pulmonary angiography, Wells Clinical
Scoring, Simplified Modified Geneva Score
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Introduction

Pulmonary thromboembolism (PTE) has high mortality
and morbidity, is challenging to diagnose, and is generally
preventable [1]. PTE ranks third among the causes of
cardiovascular  death after myocardial infarction and
cerebrovascular events [2]. Although clinical symptoms and
findings vary according to the size and localization of the
embolism, infarction development, the age of the patient,
whether it is recurrent, comorbidities, and the patient’s
cardiopulmonary reserve also significantly affect mortality [3].
Whereas the mortality of PTE is approximately 25-30% in
untreated cases, it decreases to 2-8% among treated patients [4].
The first stage in the diagnosis of PTE is clinical suspicion about
the disease. The algorithm to be followed for diagnosis is
determined, necessary examinations are requested and a decrease
in mortality can be achieved by immediately starting the
treatment.

Clinical findings and laboratory data are not sufficient
to diagnose or exclude PTE. For this reason, clinical
classifications are needed to help and guide in deciding the cases
requiring further examination. Today, the most widely accepted
clinical probability classifications are the Wells and Modified
Geneva classifications [5], both of which also have simplified
forms. Since the clinical probability classifications are
determined by objective data, they are used more in emergency
services [6]. Widespread use of clinical risk scorings in daily
practice will provide great benefits in preventing unnecessary
expensive, invasive, and time-consuming tests. The pulmonary
embolism guide recommended using the clinical risk scorings by
combining them with serum D-Dimer levels for excluding PTE.

In this study, we aimed to comparatively determine the
diagnostic values of Wells and Simplified Modified Geneva
scorings and their combination in patients with a PTE pre-
diagnosis who visited the emergency department and chest
diseases outpatient clinics.

Materials and methods

This prospective study was approved by Dicle
University Non-Interventional Ethics Committee (approval code:
18.05.2018/337). All participants were informed about the study
verbally and in writing and signed informed consent forms.

Patient selection

A total of 195 patients, who visited the emergency
service and chest diseases outpatient clinic ambulatorily between
May 2018 — November 2018, who were suspected of PTE and
whose computed tomography pulmonary angiography (CTPA)
scans were performed were included in this study. PTE was
diagnosed by CTPA, which was reported as positive or negative
for pulmonary embolism. These patients were prospectively
evaluated with the Wells (Canadian) and the Simplified Modified
Geneva pulmonary thromboembolic scorings.

Computerized tomography pulmonary angiography

Computed  tomography  pulmonary  angiography
examinations were performed with the CT device with 64
detectors (Brilliance CT device, Philips Medical Systems,
Cleveland, Ohio). Before the scanning began, venous access was
established in all patients through an 18-20 G catheter from the
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forearm. For pulmonary CTPA examination, 100 mL of non-
ionic contrast agent was injected through the antecubital vein at 4
mL/sec with an automatic injector. From the moment the contrast
agent density in pulmonary truncus reached the threshold value,
sections were filmed with a delay of 18.5 seconds.

Clinical scorings

Patients’ Wells (Canadian) and Simplified Modified
Geneva scores were calculated for PTE. Wells Clinical Scoring
results were grouped as weak/strong probability of PTE, while
those of the Modified Geneva clinical scoring were categorized
as possible/unlikely PTE [7, 8].

Statistical analysis

Analyses were performed with the SPSS 21 package
program. If the data showed normal distribution, they were
shown as mean (standard deviation). Descriptive data were
presented as a ratio. Categorical data were compared by the
Pearson's chi-square test. The sensitivity and specificity of the
scoring systems were determined for PTE. Power analysis was
performed for sample size estimation, based on a similar study.
The sample size required for an effect size of 0.258, an alpha of
0.05, and a power of 0.95 at a 95% confidence interval was 195.
Results were statistically significant when P-value <0.05.

Results

One hundred and ninety-five patients with CTPAs
performed for suspicion of a pulmonary embolism were included
in this study. CTPA results were interpreted as positive or
negative for pulmonary embolism. All patients were
prospectively evaluated with Wells (Canadian) and Simplified
Modified Geneva pulmonary thromboembolic scoring.

Among all patients, 86 patients (44.1%) had visited the
chest diseases department, and 109 (55.9%) had presented to the
emergency service ambulatorily. There were 112 (57.4%)
females and 83 (42.6%) males. The overall mean age was 57.16
(18.62) years (range: 17-91).

The CTPAs were negative and positive for a pulmonary
embolism in 154 (79%) and 41 (21%) patients, respectively,
yielding a PTE prevalence of 21%. The results of 10 (11.6 %) of
86 patients who visited the outpatient clinic, and 31 of 109
patients (28.4 %) who presented to the emergency service were
positive for PTE.

According to Wells Clinical Scoring, 134 patients
(68.7%) had a weak probability of PTE, among which 129 were
CTPA-negative and 5 were CTPA-positive, and 61 (31.3%) had
a strong probability of PTE (Table 1), of which 25 were CTPA-
negative, and 36 were CTPA-positive. This test’s sensitivity and
specificity were 87.8% and 83.8%, respectively. The chi-square
analysis revealed p=0.001, based on which the Wells Clinical
Scoring system was considered significant for PTE (Table 1).

Table 1: The relationship between Clinical scorings and CTPA results

Negative  Positive P- Sensitivity  Specificity PPV NPV
CTPA CTPA value
n (%) n (%)
Wells Weak 129 5 (3.7%) 0.001 87.8% 83.8% 59% 96.3%
Clinical probability | (96.3%)
Scoring Strong 25 (41%) 36 (59%)
probability
Simplified Not 82 7 (7.9%) 0.001 82.9% 53.3% 32% 92.1%
Modified probable (92.1%)
Geneva Probable 72 34(32.1%)
Clinical (67.9%)
Scoring

CTPA: Computerized Tomography Pulmonary Angiography
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The Simplified Modified Geneva Clinical Scoring
results of 106 patients (54.4%) were interpreted as probable, of
which 72 and 34 were CTPA-negative and -positive,
respectively, and those of 89 (45.6%), as not probable in terms of
PTE diagnosis, among which 82 were CTPA-negative, and 7,
CTPA-positive (Table 1). This scoring system’s sensitivity and
specificity were 82.9% and 53.3%, respectively, with a p-value
of 0.001 in the Chi-square test, making its results significant for
PTE.

The negative predictive values of the Wells and
Simplified Modified Geneva Scorings were at their highest in the
outpatient clinic (96.7%, and 95.7%, respectively) (Table 2),
while their positive predictive values were at their highest in the
emergency service (80%, and 39.4%, respectively (Table 2).

Table 2: Effectiveness of Wells clinical score and Simplified Modified Geneva Scoring
according to the place of use

Negative Positive
CTPA CTPA
n (%) n (%)
WCS evaluation in polyclinic Weak 58 (96.7%) 2(3.3%)
probability
Strong 18 (69.2%) 8 (30.8%)
probability
WCS evaluation in emergency Weak 71 (95.9%) 3(4.1%)
service probability
Strong 7 (20.0%) 28 (80.0%)
probability
SMGCS evaluation Scoring in Not probable 44 (95.7%) 2 (4.3%)
polyclinic Probable 32 (80.0%) 8 (20.0%)
SMGCS evaluation in emergency Not probable 38 (88.4%) 5 (11.6%)
service Probable 40 (60.6%) 26 (39.4%)

CTPA: Computerized Tomography Pulmonary Angiography, WCS: Wells Clinical Scoring, SMGCS:
Simplified Modified Geneva Clinical Scoring

The two scores’” combined use revealed a low
probability in 82 patients, of which 78 (95.1%) were CTPA-
negative, and a high probability in 54 patients, of which 33
(61.1%) were CTPA-positive. The negative and positive
predictive values of the combined use of two scoring systems
were 95.1% and 61.1%, respectively (Table 3).

Table 3: Effectiveness of Wells and Simplified Modified Geneva Scorings in combination

Negative ~ Positive  Sensitivity ~ Specificity PPV NPV
CTPA CTPA
n (%) n (%)
Not WCS  Weak 78 4(4.9%) 9.8% 50.6% 32.7% 95.1%
Probable in probability | (95.1%)
SMGS Strong 4(57.1%) 3 7.3% 2.5% 42.8% 79.7%
probability (42.9%)
Probablein  WCS Weak 51 1(1.9%) 2.4% 33.2% 19% 72%
SMGS probability

(98.1%)
21 33 80.5%
(38.9%)  (61.1%)

CTPA: Computed tomography pulmonary angiography, WCS: Wells Clinical Scoring, SMGS: Simplified
Modified Geneva Scoring

Strong 13.7% 61.1% 94.3%

probability

Discussion

The early diagnosis and treatment of PTE, which has a
high mortality rate, is essential. The diagnosis of PTE starts with
a suspicion. Difficulties are experienced in PTE diagnosis
because PTE symptoms and findings are not specific, and not all
centers have access to advanced diagnostic modalities. One of
the most important steps of the diagnostic algorithm in PTE
diagnosis is to determine the clinical probability and proceed to
the next phase. Researchers tried developing clinical probability
scoring systems with several parameters to be used in predicting
PTE with many resulting clinical probability scores.

Our study aimed to comparatively assess the value of
two clinical probability scoring methods used in PTE diagnosis,
the Wells and Simplified Modified Geneva Clinical scoring. A
prospective study conducted in the Netherlands between July
2008-November 2009 in 7 hospitals on 807 patients with

Clinical prediction scoring in pulmonary embolism
V'S

JOSAM ¢

suspicion of acute PTE examined four clinical scoring systems
and reported that acute PTE prevalence was 23% [9]. Wells and
Simplified Modified Geneva scores were previously compared in
a study that revealed the PTE prevalence as 19% [10]. The
clinical probability of PTE was prospectively evaluated by Wells
Clinical Scoring and retrospectively evaluated with the revised
Geneva Score on 300 consecutive patients, and PTE prevalence
was 16% [11]. In a cross-sectional study, PTE was detected in 55
of the 598 patients (9%) who underwent CTPA due to PTE
suspicion [12]. In our study, the PTE prevalence among patients
with a clinical suspicion was 21%, comparable to other studies.
Performing CTPA in all patients with PTE suspicion exposes
many patients without PTE to radiation. This can be prevented
by the combined use of clinical scoring and D-dimer levels.

In a prospective study conducted by Wells and his
friends, PTE was detected only in 7.8% of the cases with a Wells
clinical score of <4 (weak probability), and not detected in
92.2% [13].

In a prospective study performed on 3306 patients in 12
centers in the Netherlands between 2002-2004, Wells Clinical
Scoring results were dichotomized and trichotomized. The
sensitivity and specificity of the dichotomized Wells clinical
scoring were 71%, and 41%, respectively. Accordingly, the
dichotomized scoring was more effective than the trichotomized
scoring in clinical practice [14].

In a prospective study conducted with 339 patients with
clinical suspicion of PTE, the Wells and Simplified Modified
Geneva Scores were compared. There were 104 patients with a
strong probability of PTE according to Wells, of which 46 were
diagnosed with PTE, and 235 patients with a weak probability of
PTE, of which 19 were diagnosed with it. The sensitivity and
specificity of Wells Clinical Scoring were 70% and 78%,
respectively. The same patients were evaluated with the
Simplified Modified Geneva Score, and of 115 patients with
probable and 224 patients with not probable PTE, 43 and 22
patients, respectively, were diagnosed with PTE. The sensitivity
and specificity of the dichotomized Simplified Modified Geneva
Scoring system were 66% and 72%, respectively. Both clinical
scores were significant, and Wells Clinical Scoring surpassed
Simplified Modified Geneva Score in terms of sensitivity and
specificity [10].

In a prospective study including 613 patients in
Argentina, the sensitivity and specificity of the dichotomized
Wells Clinical Scoring were 65% and 81%, respectively [15]. In
a PTE study conducted with 922 patients, PTE was diagnosed in
95 of the 722 patients, who were considered to have a weak
probability of PTE according to Wells Clinical Scoring; and it
was diagnosed in 112 of the 200 patients with a strong
probability. In this study, the sensitivity and specificity of Wells
Clinical Scoring were 54% and 87%, respectively [16].

In a meta-analysis conducted on 7268 patients
suspected of embolism, the sensitivity and specificity of Wells
Clinical Scoring were 53% and 79%, respectively [17]. The
effectiveness of the Simplified Modified Geneva Score was
examined in research conducted on 1049 patients by combining
two prospective studies. Its sensitivity and specificity were 61%
and 71%, respectively, proving significant for PTE [11].
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In our study, the sensitivity and specificity of Wells
Clinical Scoring were 87.8% and 83.8%, respectively, while
those of the Simplified Modified Geneva Clinical Scoring system
were 82.9% and 53.3%, respectively. Both results were
comparable to those in the literature, and both clinical scoring
systems were significant. Wells clinical scoring was stronger
than the simplified modified Geneva score in terms of both
sensitivity and specificity. Using these two clinical scores
separately was more useful in excluding embolism in the
outpatient clinic, while it was better in making a pre-diagnosis in
the emergency service. Their combinational use was more
effective in excluding PTE. Since the Simplified Modified
Geneva Scoring is easy to remember because the same points are
given to each item, it can be an alternative to Wells clinical
scoring.

Conclusion

Our results prove the effectiveness of Wells and
Simplified Modified Geneva Scores in showing PTE, and the
risk scoring systems should be well examined before performing
invasive tests on patients for diagnostic purposes. The Wells
Score is more effective than the Simplified Modified Geneva
Score in the diagnosis of PTE.
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Abstract

Background/Aim: It remains unknown in what form and to what extent antibodies to SARS-CoV-2
confer immunity and whether these antibodies from previous infections could ensure protection from
reinfection. This study aimed to investigate the rate of antibody positivity among patients who recovered
from COVID-19 infection and the factors influencing antibody production among these patients.

Methods: This prospective case control study included 111 males (mean age: 34 years, range: 18-60
years) who recovered from PCR-confirmed COVID-19. The patients underwent antibody testing on the
28" day of recovery. Sixty-seven patients (60.4%) had antibodies against COVID-19 as well as positive
IgM and IgG, and 39.6% of patients were negative for Ab production.

Results: The mean ages of the antibody-positive and negative groups were 43 and 29 years, respectively,
the age of the positive group was significantly higher than the age of the negative group (P<0.001). The
rate of antibody production in symptomatic patients was approximately 4.5 times higher than that in
asymptomatic patients. The factors that were associated with antibody production were advanced age
(OR=1.1), cough (OR=6.1), fever (OR=4.5), shortness of breath (OR=12.4), myalgia (OR=4.7), increased
levels of CRP (OR=32.1), sedimentation rate (OR=17.3), LDH (OR=6.9), D-dimer (OR=10.6), ferritin
(OR=29.4), and the presence of lymphopenia (OR=4.2) and thrombocytopenia (OR=7.1).

Conclusion: The finding that a substantial number of patients recovering from COVID-19 did not develop
antibody response suggests that these patients are still at risk for reinfection. In addition, patients who have
experienced symptomatic disease course, advanced age and developed higher inflammatory response may
be better candidates for plasma donation.

Keywords: Reinfection, SARS-CoV-2, Antibody, Covid-19
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Introduction

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) has been the third new coronovirus resulting in
outbreaks following SARS-CoV-1 and Middle East respiratory
syndrome coronavirus (MERS-CoV) in the past two decades.
The infection is called Coronavirus Disease 2019 (COVID-19)
[1].

The presence of positive anti-SARS-CoV-2 antibodies
indicates that the individual experienced SARS-CoV-2. IgG
antibodies which are specific for SARS-CoV-2 develop later
than SARS-CoV-2 IgM antibodies. Concurrent IgM and 1gG
antibody positivity cannot rule out recently infected patients who
may still be contagious [3]. Antibody response to SARS-CoV-2
presumably provides immunity that protects the individual
against reinfection of the virus, but it still remains unknown in
what form and to what extent antibodies to SARS-CoV-2 confer
immunity and whether these antibodies from previous infections
could ensure protection from reinfection [4]. People recovering
from an infection are known to develop antibodies against the
pathogen. The use of plasma from recovered patients has been
utilized for years for treatment of infected patients or to protect
healthy people against infections. This is also the case for plasma
from COVID-19 survivors, which was shown to provide clinical
improvement, to decrease viral load and increase blood oxygen
concentrations within 24 hours [5]. Due to the role of
convalescent plasma in the treatment of COVID-19 patients,
efforts to identify individuals with immunity that protects against
the disease have increased over time [2].

This study aimed to investigate the rate of antibody
positivity and the factors affecting antibody production among
COVID-19 survivors who presented to our hospital for plasma
donation.

Materials and methods

Study design and patients

This study was planned as a retrospective cross-
sectional study at our hospital, a tertiary education and research
hospital working as a reference center during the COVID-19
pandemic. The study was approved by the Clinical Research
Ethics Committee of Umraniye Training and Research Hospital,
University of Health Sciences in June 12, 2020 with the number
B.10.1.TKH.4.34.H.GP.0.01/177.

A potential plasma donor must receive a prior diagnosis
of COVID-19 confirmed by a positive RT-PCR test on the oro-
nasopharyngeal swab specimen. To become a plasma donor after
recovery, molecular test results of two consecutive
oro/nasopharyngeal swab samples obtained at least 24 hours
apart must be negative, and at least 14 must pass after recovery.
In case of the absence of a negative test result, at least 28 days
must pass from the clinical recovery. Plasma donors are
preferably selected among men, but women who are not
pregnant, and persons who have not received a blood transfusion
can also be candidates [6]

This study included 111 male COVID-19 survivors
aged 18-60 years whose clinical recovery was confirmed by RT-
PCR testing from oro/nasopharyngeal swabs and who presented
to our hospital between April 15 and June 1, 2020, for plasma
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donation at the 28™ day of recovery. In the antibody-positive
group, all patients had positive antibody tests both for IgM and
IgG.

Exclusion criteria were female gender (due to their
small number), being younger than18 or older than 60 years old,
lack of a positive PCR test result, a history of previous blood
transfusion, a longer or shorter period of recovery than 28 days.

Identification of SARS-CoV-2 IgM and IgG
antibodies

The lateral flow immunochromatographic assay (ICA)
strip (Colloidal Gold-The Weimi Diagnostic Kit, China) was
used. Venous blood samples of the patients were sent to the
laboratory immediately after being taken into EDTA tubes and
serum samples were studied after centrifugation.

Definition of clinical recovery

The date of clinical recovery was defined as the date of
discharge of hospitalized patients, the completion of a 5-day-
treatment of patients who received treatment at home without
any indication for hospitalization and who did not develop any
symptoms that required re-presentation to the hospital.

Data collection

Among patients who presented to the outpatient
department of infectious diseases to donate plasma, those who
underwent SARS-CoV-2 antibody testing on the 28" day of
clinical recovery were included in the study. The baseline
laboratory findings were examined. Data were recorded on the
laboratory findings, the symptoms at presentation, ages and
comorbidities as well as the time when symptoms developed, and
thorax computerized tomography (CT) was performed. The
treatments specific to COVID-19 that the patients received either
at the hospital or at home were also noted.

Signs of pneumonia on CT imaging, laboratory results
including white blood cell (WBC), neutrophil, lymphocyte,
platelet counts, levels of CRP, lactate dehydrogenase (LDH), D-
dimer, and ferritin and sedimentation rate were recorded.
Patients’ records were reviewed in terms of symptoms at
presentation including fever, shortness of breath, cough, myalgia,
and impaired smell and taste. Treatment protocols specific to
COVID-19 with hydroxychloroquine and azithromycin were
noted.

Statistical analysis

Continuous variables were expressed as mean (SD),
median, minimum and maximum, and categorical variables, as
frequencies and percentages. Due to their small number (n=2),
female patients were excluded from the study. The Mann—
Whitney U or the Pearson Chi-square (or Fisher’s exact) tests
were used for statistical analysis, as appropriate. Logistic
regression analysis was performed to determine the factors
affecting antibody response. Analyses were performed using
SPSS Version 21.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY). P-values
less than or equal to 5% were considered significant.

Results

The mean age of the 111 patients included in the
analysis was 34 (13.11) years (median: 33 years, range:19-60
years). At the 28" day of recovery, 67 patients (60.4%) had
antibodies against COVID-19. The patients received
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hydroxychloroquine for an average of five days (min:5, max:10)
and azithromycin for four days (min:3, max:9) (Table 1). The
mean age of those who had antibody response was 43 years,
compared with 29 years in the antibody-negative group (Table
2).

Symptoms at presentation

Of 111 patients, 77 (69.4%) had at least one symptom at
presentation, while 34 (30.6%) were asymptomatic at the time of
RT-PCR and during the treatment (Figure 1). Thirty-eight
patients (34.2%) had high fever, 16 (14.4%) had shortness of
breath, 50 (45%) had cough, and 46 (41.4%) had myalgia. Three
patients (2.7%) had loss of taste and smell.

In the antibody-positive group, 6 patients (9%) were
asymptomatic at the time of RT-PCR-confirmed diagnosis. The
remaining 61 patients (91%) had at least one complaint,
including fever in 31 (46.3%), shortness of breath in 15 (22.4%),
cough in 41 (61.2%), and myalgia in 37 (55.2%). All three
patients (4.5%) with complaints of inability to smell and taste
developed antibody response. (Table 2) (Figure 1).

Of patients who did not produce antibody response,
seven (15.9%) had high fever, one (2.3%) had shortness of
breath, nine (20.5%) had cough, and nine (20.5%) had myalgia
(Table 3).

Table 1: Characteristics of the patients
Laboratory Findings n %
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COVID-19 antibody response

Laboratory findings

Laboratory results of the study group are summarized in
Table 1. At baseline, 14 patients (12.6%) had decreased and
seven (6.3%) had increased WBC counts. Thirty-six patients
(32.4%) had an increased neutrophil percentage. Sixty-one
patients (55%) had decreased lymphocyte counts and 43 (38.7%)
had a decreased lymphocyte percentage. Thrombocytopenia was
detected in 26 patients (23.4%). Elevated levels of CRP, LDH,
D-dimer, and ferritin and an increased sedimentation rate were
found in 50 (45%), 36 (33.3%), 25 (25%), 28 (28.3%), and 34
patients (40.5%), respectively. No patient had an increased
procalcitonin level (Table 1).

Figure 1: The rates of antibody positivity in symptomatic and asymptomatic groups

Medical Background

symptomatic
patients

n:77 (69.4%)

IgM (+)
186G (+)
n61 (79.2%)

RT-PCR (+)
n:111

n:16 (20.8%)

COVID-19 IgM & 1gG Positive 67 60.4
Negative | 44 39.6
Total 111
Present 14 12.6
Absent 97 87.4
Total 111
Present 7 6.3

Absent 104 937
Total 111
Present 36 324
Absent 75 67.6
Total 111

Concomitant Disease
Decreased WBC count Hypertension
Increased WBC Diabetes Mellitus

Increased Neutrophil % Chronic heart disease

Decreased Lymphocyte Count  Present 61 55.0 Psoriasis
Absent 50 45.0
Total 111 100.0
Decreased Lymphocyte % Present 43 38.7 HIV
Absent 68 61.3
Total 111 100.0
Decreased platelet count Present 26 234
Absent 85 76.6
Total 111 100.0 Symptoms
Increased CRP Present 50 45.0 Fever
Absent 61 55.0
Total 111 100.0
Increased Sedimentation Present 34 40.5 Shortness of Breath
Absent 50 59.5
Total 84 100.0
Increased LDH Present 36 333 Cough
Absent 72 66.7
Total 108  100.0
Increased D-dimer Present 25 25.0 Myalgia
Absent 75 75.0
Total 100  100.0
Increased Ferritin Present 28 28.3 Loss of smell
Absent 71 71.7
Total 99 100.0
Increased Procalcitonin Present 0 0.0 Loss of taste
Absent 110  100.0
Total 110  100.0

n %
Present | 13 11.7
Absent | 98 88.3
Total 111 100.0
Present | 7 6.3
Absent | 104 937
Total 111 100.0
Present | 4 3.6
Absent | 107 96.4
Total 111 100.0
Present | 4 3.6
Absent | 107 96.4
Total 111 100.0
Present | 1 0.9
Absent | 110 99.1
Total 111 100.0
Present | 1 0.9
Absent | 110 99.1
Total 111 100.0
n %

Present | 38 34.2
Absent | 73 65.8
Total 111 100.0
Present | 16 14.4
Absent | 95 85.6
Total 111 100.0
Present | 50 45.0
Absent | 61 55.0
Total 111 100.0
Present | 46 41.4
Absent | 65 58.6
Total 111 100.0
Present | 3 2.7
Absent | 108 97.3
Total 111 100.0
Present | 3 2.7
Absent | 108 97.3
Total 111 100.0

asymptomatic
patients

n:34 (30.6%)

1gM (-)
18G (-)

IgM (+)
18G (+)
n:6 (17.6%)

IgM (-)
186G (-)
n:28 (82.4%)

L 2
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Table 2: Treatments, regression of symptoms and involvement on CT of response-positive
and negative patients

COVID-19 IgM & 1gG P-value
Positive Negative
Symptom Present 6 (9.0%) 28 <0.001
(63.6%)
Absent 61 (91.0%) 16
(36.4%)
Involvement on CT Present 40 (59.7%) 19 0.088
(43.2%)
Absent 27 (40.3%) 25
(56.8%)
Age Mean 43.0 29.0 <0.001
(Years) Standard 12.387 9.103
Deviation
Median 46.0 26.0
Minimum 20.0 19.0
Maximum 60.0 52.0
Use of hydroxychloroquine Mean 6.0 5.0 0.011
(Days) Standard 1.812 1.257
Deviation
Median 5.0 5.0
Minimum 2.0 2.0
Maximum 10.0 10.0
Azithromycin use (Day) Mean 4.0 3.0 0.275
Standard 1.390 0.882
Deviation
Median 3.0 3.0
Minimum 2.0 3.0
Maximum 9.0 5.0

In the antibody-positive group, 12 patients (17.9%) had
leukocytosis and four (6%) had leukopenia. Twenty-one patients
(31.3%) had an increased neutrophil percentage, 46 (68.7%) had
decreased lymphocyte counts and 30 (44.8%) had a decreased
lymphocyte  percentage.  Twenty-three  (34.3%)  had
thrombocytopenia. Elevated levels of CRP, LDH, D-dimer, and
ferritin, and an increased sedimentation rate were detected in 47
(70.1%), 31 (47.7%), 23 (37.1%), 27 (44.3%), and 32 patients
(57.1%), respectively, with none having an increased
procalcitonin level (Table 3).

In the antibody-negative group, two patients (4.5%) had
leukopenia and three (6.8%) had leukocytosis. Fifteen patients
(34.1%) had an elevated neutrophil percentage. Decreased
lymphocyte counts and decreased lymphocyte percentage were
observed in 15 (34.1%) and 13 (29.5%) patients, respectively.
Only three patients (6.8%) had thrombocytopenia. Increased
levels of CRP, LDH, D-dimer, and ferritin and an increased
sedimentation rate were found in three (6.8%), five (11.6%), two
(5.3%), one (2.6%), and two (7.1%) patients, respectively. None
had an increased procalcitonin level (Table 3).

Table 3: Concomitant diseases and laboratory findings of response-positive and negative patients
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Concomitant diseases

Overall, 13 patients (11.7%) had at least one
accompanying disease, including hypertension in seven patients
(6.3%), diabetes in four (3.6%), chronic heart disease in four
(3.6%), psoriasis in one, and HIV in one (0.9%) (Table 1). In the
antibody-positive group, 10 patients (14.9%) had at least one
concomitant disease, including hypertension in five (7.5%),
diabetes in four (6%), chronic heart disease in two (3%), and
HIV in one patient (1.5%). The remaining three patients (6.8%)
in the antibody-negative group had at least one concomitant
disease, including hypertension in two (4.5%), chronic heart
disease in two (4.5%) and psoriasis in one (2.3%) (Table 3).

CT findings

Chest CT showed pneumonia in 59 patients and no
pulmonary involvement in 52 patients. The majority of patients
with pulmonary involvement were in the antibody-positive group
(n=40, 67.8%) (Table 2).

Logistic regression analysis

The factors associated with antibody production are
summarized in Table 4. Only pneumonia on CT imaging did not
have a significant effect on antibody production (P=0.09). All
other factors were found to have significant effects on antibody
positivity, including age (OR=1.1; %95 CI=1.0-1.2; P<0.001),
decreased lymphocyte count (OR=4.2; 95% CI=1.9-9.5;
P<0.001), thrombocytopenia (OR=7.1; 95% CIl=2.0-25.6;
P=0.003), elevated levels of CRP (OR=32.1; 95% C1=8.9-115.9;
P<0.001), LDH (OR=6.9; 95% Cl=2.4-19.8; P<0.001), D-dimer
(OR=10.6; 95% Cl=2.3-48.2; P=0.002), ferritin (OR=29.4; 95%
Cl=3.7-228.1; P=0.001), increased sedimentation rate
(OR=17.3; 95% CIl=3.7-80.2; P<0.001), high fever (OR=4.5;
95% Cl=1.8-11.7; P=0.002), shortness of breath (OR=12.4; 95%
Cl=1.6-97.7; P=0.017), cough (OR=6.1; 95% CIl=2.5-14.8;
P<0.001) and myalgia (OR=4.7; 95% CI=2.0-11.5; P<0.001).

COVID-19 IgM & 1gG COVID-19 IgM/IgG
Positive Negative P-value Positive Negative P-value
n (%) n (%) n (%) n (%)
Concomitant Disease Present | 10 (14.9) 3(6.8) 0.318 Decreased WBC Present | 12 (17.9) 2 (4.5) 0.075
Absent | 57 (85.1) 41(93.2) Absent | 55 (82.1) 42 (95.5)
Hypertension Present | 5(7.5) 2 (4.5) 0.701 Increased WB Present | 4 (6.0) 3(6.8) 1.000
Absent | 62 (92.5) 42 (95.5) Absent | 63 (94.0) 41 (93.2)
Diabetes Mellitus Present | 4 (6.0) 0(0.0) 0.151 Increased Neutrophil Present | 21 (31.3) 15 (34.1) 0.924
Absent | 63 (94.0) 44 (100.0) Absent | 46 (68.7) 29 (65.9)
Chronic Heart Disease ~ Present | 2 (3.0) 2 (4.5) 0.648 Decreased Lymphocyte count Present | 46 (68.7) 15 (34.1) <0.001
Absent | 65 (97.0) 42 (95.5) Absent | 21 (31.3) 29 (65.9)
Psoriasis Present | 0(0.0) 1(2.3) 0.396 Decreased Lymphocyte % Present | 30 (44.8) 13 (29.5) 0.107
Absent | 67 (100.0) 43 (97.7) Absent | 37 (55.2) 31 (70.5)
HIV Present | 1(1.5) 0(0.0) 1.000 Decreased Thrombocyte count ~ Present | 23 (34.3) 3(6.8) 0.002
Absent | 66 (98.5) 44 (100.0) Absent | 44 (65.7) 41 (93.2)
Fever Present | 31 (46.3) 7 (15.9) 0.001 Increased CRP Present | 47 (70.1) 3(6.8) <0.001
Absent | 36(53.7)  37(84.1) Absent | 20(29.9)  41(93.2)
Shortness of Breath Present | 15 (22.4) 1(2.3) 0.007 Increased Sedimentation Present | 32 (57.1) 2(7.1) <0.001
Absent | 52(77.6)  43(97.7) Absent | 24(42.9) 26 (92.9)
Cough Present | 41 (61.2) 9 (20.5) <0.001 Increased LDH Present | 31 (47.7) 5(11.6) <0.001
Absent | 26(38.8) 35 (79.5) Absent | 34(52.3)  38(88.4)
Myalgia Present | 37 (55.2) 9 (20.5) <0.001 Increased D-dimer Present | 23 (37.1) 2(5.3) 0.001
Absent | 30(44.8)  35(79.5) Absent | 39(62.9)  36(94.7)
Loss of Smell Present | 3 (4.5) 0(0.0) 0.276 Increased Ferritin Present | 27 (44.3) 1(2.6) <0.001
Absent | 64 (95.5) 44 (100.0) Absent | 34(55.7)  37(97.4)
Loss of Taste Present | 3 (4.5) 0(0.0) 0.276 Increased Procalcitonin Present | 0 (0.0) 0(0.0) NA
Absent | 64(95.5) 44 (100.0) Absent | 66 (100.0) 44 (100.0)
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Table 4: Factors Affecting IgM/1gG Production in patients with COVID-19

Risk Factor OR (95% CI) P-value
Age 1.1(1.0-1.2) <0.001
The Presence CT Involvement | 1.9 (0.9-4.2) 0.090
Concomitant Disease 2.4 (0.6-9.3) 0.205
Hypertension 1.7 (0.3-9.1) 0.540
Diabetes Mellitus NA NA
Chronic Heart Disease 0.6 (0.1-4.8) 0.668
Psoriasis NA NA
Decreased WBC 4.6 (1.0-21.6) 0.054
Increased WBC 0.9 (0.2-4.1) 0.857
Increased NEU % 0.8 (0.4-2.0) 0.883
Decreased Lymphocyte count | 4.2 (1.9-9.5) <0.001
Decreased Lymphocyte % 1.9 (0.9-4.3) 0.109
Decreased Platelet count 7.1(2.0-25.6) 0.003
Increased CRP 32.1(8.9-115.9) <0.001
Increased Sedimentation 17.3 (3.7-80.2) <0.001
Increased LDH 6.9 (2.4-19.8) <0.001
Increased D-Dimer 10.6 (2.3-48.2) 0.002
Increased Ferritin 29.4 (3.7-228.1)  0.001
Fever 4.5 (1.8-11.7) 0.002
Shortness of Breath 12.4 (1.6-97.7) 0.017
Cough 6.1 (2.5-14.8) <0.001
Myalgia 4.7 (2.0-11.5) <0.001
Loss of smell NA* NA*
Loss of taste NA* NA*

Variables specified as NA* were not evaluated because of impairing the significance of the model
[CI: Confidence Interval], [OR: Odds Ratio]. Dependent variable: IgM/IgG test result (positive or negative).

Discussion

Antibodies produced against SARS-CoV-2 can be
detected at an average of 10 to 15 days after the onset of
symptoms, and for IgG, it may take 20 days [7]. To detect
seropositivity, we assessed only the results of antibody tests
obtained on the 28" day of clinical recovery. Thus, time to detect
antibodies was adequate and eliminated the effect of changes that
may occur over time on antibody production.

COVID-19 specific antibodies can be detected by
enzyme-linked immunosorbent  assay  (ELISA)  and
immunochromatographic assay (ICA). A study examined seven
different ICA tests and compared them with ELISA. The
sensitivity of ICA 14-25 days after the onset of the symptoms
exceeded 92% for 1gG as compared with 89.5% with ELISA.
Specificity of ICA was between 91.3%-100% for IgM and
90.3%-99.0% for 1gG, being between 97.1%-100% for both 1gG
and IgM. The sensitivity of ICA was as high as that of ELISA
during the first 3 weeks from the onset of complaints [8]. In a
study with the ICA antibody test, Imai et al. found that all
COVID-19 patients with IgG positivity also had IgM positivity
[9]. The utility and sensitivity of combined IgM-1gG analysis
were higher than those of a single IgM or IgG test [10]. In our
study, antibody tests were performed with the ICA and both IgM
and 1gG were positive in 67 patients.

Because the detection of antibodies is only possible
after a considerably long time from the onset of infections,
antibody tests are not a convenient method to detect acute
infections. These tests may particularly be useful for isolation
programs, examination of antibody responses related to
protection against SARS-CoV-2, patient triage, identification of
infection-related deaths, determining the exact rate of infection
in an affected area, and identification of a potential plasma donor
who has recovered from COVID-19 [11,12]. In the fight against
the spread of COVID-19, considerable efforts have been made
nationwide for the utilization of plasma treatment, screening for
potential donors and encouraging plasma donation. Accordingly,
we used antibody tests to analyze seroconversion of recovered
patients who presented to our outpatient department to donate
plasma.
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This study included only men due to the small humber
(n=2) of female patients applying for plasma donation.
Interestingly, there was a striking gap between the mean ages of
antibody-positive and negative patients. Similar to our results,
the incidence of antibody production was higher in individuals
over 40 years of age than in the younger patients [7]. The low
antibody response in young patients may be associated with the
increased rate of asymptomatic disease among them.

Antibody positivity was linked to a poorer clinical
course [7]. Long et al. found IgG positivity in 93.3% of
asymptomatic patients and in 96.8% of symptomatic patients
during the early recovery period. In the asymptomatic group, 1gG
became negative in the subsequent follow-up of 40% of
seropositive patients. These findings suggest that asymptomatic
individuals are likely to have a weaker immune response to
SARS-CoV-2 infection [13]. In this study, the rate of antibody
production in symptomatic patients was approximately 4.5 times
higher than in asymptomatic patients. In addition, among the
symptoms at presentation, dyspnea was the leading factor in
antibody production with an OR of 12.4, followed by cough (OR
6.1), myalgia (OR 4.7), and fever (OR 4.5). Among the
laboratory parameters, the leading factor was CRP (OR 32.1)
followed by ferritin (OR 29.4) and sedimentation rate (OR 17.3).

Failure to develop anti-SARS-CoV-2 antibody response
may result from several factors, including transient viral
colonization, false-positive RT-PCR results, contamination of the
specimens at the time of RT-PCR, failure of the host to produce
an immune response to a specific genotype of the SARS-CoV-2
virus, decreased viral load of the SARS-CoV-2 RNA, and
elimination of the virus with hydroxychloroquine treatment
before inducing immune response [14]. Examining serial RT-
PCR test results at the PCR laboratory, we found no evidence of
contamination that could lead to false positivity. Although data
were insufficient to assess the relationship between the
underlying immunosuppression and antibody response, we found
that four patients with diabetes and one patient with HIV had
antibody response. Conversely, the antibody-negative group had
neither drug use nor concomitant disease that could cause any
immunosuppression. It has been reported that early use of
hydroxychloroquine may also be associated with failure to
produce antibody response by rapidly eliminating the virus
before activating the immune system. The rate of antibody
response  was 60.4% among participants  receiving
hydroxychloroquine treatment.

Even though the patients might have produced antibody
response following SARS-CoV-2 infection, false negative results
may be obtained due to several causes, including low IgM and
IgG antibody levels below the detection threshold, decreases in
IgM antibody levels after 2 weeks and their disappearance over
time, low IgM levels below the peak at the time of testing [10].
In our study, a negative test for IgM was never accompanied by a
positive IgG test.

Limitations

Due to lack of RT-PCR Kits at our hospital to detect the
viral load of SARS-CoV-2, we could not assess the effect of viral
load on patients' antibody response. In addition, as we only
included male patients, the results cannot be generalized for
females.
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Conclusions

Since the antibody response rate is significantly higher
in symptomatic patients, older patients and patients with higher
inflammatory parameters, these patients appear to be more
suitable candidates for plasma donation. Clinical observations
from this study can be used for a controlled prospective study
with a larger group of patients, including a more clinically
diverse population and other laboratory parameters that may
affect antibody response.

References

1. Lv H, Wu NC, Tsang OT, Yuan M, Perera RAPM, Leung WS, et al. Cross-reactive Antibody
Response between SARS-CoV-2 and SARS-CoV Infections. Cell Rep. 2020 Jun 2;31(9):107725.
doi: 10.1016/j.celrep.2020.107725. Epub 2020 May 18. PMID: 32426212; PMCID: PMC7231734.

2. Huang AT, Garcia-Carreras B, Hitchings MDT, Yang B, Katzelnick LC, Rattigan SM, et al. A
systematic review of antibody mediated immunity to coronaviruses: kinetics, correlates of protection,
and association with severity. Nat Commun. 2020 Sep 17;11(1):4704. doi: 10.1038/s41467-020-
18450-4. PMID: 32943637; PMCID: PMC7499300.

3. Mathur G, Mathur S. Antibody Testing for COVID-19. Am J Clin Pathol. 2020 Jun 8;154(1):1-3.
doi: 10.1093/ajcp/aqaa082. PMID: 32412044; PMCID: PMC7239247.

4. Lipsitch M, Kahn R, Mina MJ. Antibody testing will enhance the power and accuracy of COVID-19-
prevention trials. Nat Med. 2020 Jun;26(6):818-9. doi: 10.1038/s41591-020-0887-3. PMID:
32341581.

5. YiY, Lagniton PNP, Ye S, Li E, Xu RH. COVID-19: what has been learned and to be learned about
the novel coronavirus disease. Int J Biol Sci. 2020 Mar 15;16(10):1753-66. doi: 10.7150/ijbs.45134.
PMID: 32226295; PMCID: PMC7098028.

6. T. C. Ministry of Health, General Directorate of Health Services, Department of Blood and Blood
Products / COVID-19 Immun (Convelesan) Plasma Supply and Clinical Use Guide, Available at:
https://dosyamerkez.saglik.gov.tr/Eklenti/37341,COVID-19-immun-konvalesan-plazma-tedarik-ve-
klinik-kullanim-rehberi-guncel--r1-vipdf.pdf?0 (Accessed, July 4, 2020)

7. Tong PB, Lin LY, Tran TH. Coronaviruses pandemics: Can neutralizing antibodies help? Life Sci.
2020 Aug 15;255:117836. doi: 10.1016/j.1fs.2020.117836. Epub 2020 May 22. PMID: 32450171;
PMCID: PMC7243778.

8. Van Elslande J, Houben E, Depypere M, Brackenier A, Desmet S, André E, et al. Diagnostic
performance of seven rapid IgG/IgM antibody tests and the Euroimmun IgA/IgG ELISA in COVID-
19 patients. Clin Microbiol Infect. 2020 Aug;26(8):1082-7. doi: 10.1016/j.cmi.2020.05.023. Epub
2020 May 28. PMID: 32473953; PMCID: PMC7255746.

9. Imai K, Tabata S, lkeda M, Noguchi S, Kitagawa Y, Matuoka M, et al. Clinical evaluation of an
immunochromatographic IgM/IgG antibody assay and chest computed tomography for the diagnosis
of COVID-19. J Clin Virol. 2020 Jul;128:104393. doi: 10.1016/j.jcv.2020.104393. Epub 2020 Apr
30. PMID: 32387968; PMCID: PMC7191278.

10. Li Z, YiY, Luo X, Xiong N, Liu Y, Li S, et al. Development and clinical application of a rapid IgM-

19gG combined antibody test for SARS-CoV-2 infection diagnosis. J Med Virol. 2020

Sep;92(9):1518-24. doi: 10.1002/jmv.25727. Epub 2020 Apr 13. PMID: 32104917; PMCID:

PMC7228300.

Beeching NJ, Fletcher TE, Beadsworth MBJ. COVID-19: testing times. BMJ. 2020 Apr

8;369:m1403. doi: 10.1136/bmj.m1403. PMID: 32269032.

. Amanat F, Stadlbauer D, Strohmeier S, Nguyen THO, Chromikova V, McMahon M, et al. A

serological assay to detect SARS-CoV-2 seroconversion in humans.medRxiv [Preprint]. 2020 Apr

16:2020.03.17.20037713. doi: 10.1101/2020.03.17.20037713. Update in: Nat Med. 2020 May 12:

PMID: 32511441; PMCID: PMC7239062.

Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, et al. Clinical and immunological assessment of

asymptomatic SARS-CoV-2 infections. Nat Med. 2020 Aug;26(8):1200-4. doi: 10.1038/s41591-020-

0965-6. Epub 2020 Jun 18. PMID: 32555424.

Lin YC, Cheng CY, Chen CP, Cheng SH, Chang SY, Hsueh PR. A case of transient existence of

SARS-CoV-2 RNA in the respiratory tract with the absence of anti-SARS-CoV-2 antibody response.

Int J Infect Dis. 2020 Jul;96:464-6. doi: 10.1016/j.ijid.2020.05.070. Epub 2020 May 26. PMID:

32470604; PMCID: PMC7250069.

1

[

1

N

1

w

1

>

This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

L 2

Page |837v



J Surg Med. 2021;5(9):838-842.
DOI: 10.28982/josam.963002

Research article

Journal of Surgery and Medicine

e-ISSN=2602-2079

Evaluation of macular perfusion in patients with treatment-naive

overt
angiography

hypothyroidism

using optical coherence tomography

Aysegiil Mavi Yildiz %, Giilgin Sahingoz Erdal 2, Hatice Nur Tarakcioglu °, Ali Atakhan Yildiz %, Sami Yilmaz *

! Bursa Retina Eye Hospital, Department of
Ophthalmology, Bursa, Turkey
2 University of Health Sciences, Bakirkoy Dr.
Sadi Konuk Training and Research Hospital,
Department of Internal Medicine, Istanbul,
Turkey
8 University of Health Sciences, Bakirkoy Dr.
Sadi Konuk Training and Research Hospital,
Department of Ophthalmology, Istanbul, Turkey
* Bursa Medicabil Private Hospital, Department of
Ophthalmology, Bursa, Turkey

ORCID ID of the author(s)

AMY': 0000-0001-5575-4465
GSE: 0000-0001-5815-5847
HNT: 0000-0002-8611-4353
AAY': 0000-0002-8163-0690
SY:0000-0003-1612-3358

Corresponding Author
Aysegul Mavi Yildiz
Bursa Retina Eye Hospital, Department of
Ophthalmology, Bursa, Turkey
E-mail: dramavi85@hotmail.com

Ethics Committee Approval
Ethics approval for this study was obtained from
Uludag University, Faculty of Medicine, Ethics
Committee (2021-4/6, 24.02.2021).

All procedures in this study involving human
participants were performed in accordance with
the 1964 Helsinki Declaration and its later
amendments.

Conflict of Interest
No conflict of interest was declared by the
authors.

Financial Disclosure
The authors declared that this study has received
no financial support.

Published
2021 September 18

Copyright © 2021 The Author(s)
Published by JOSAM

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC
BY-NC-ND 4.0) where it is permissible to download, share, remix,
transform, and buildup the work provided it is properly cited. The work
cannot be used commercially without permission from the journal.

Abstract

Background/Aim: Thyroid hormones play an essential role in retinal development and physiological
functions. Although the effects of hyperthyroidism on ocular circulation are well-defined, no studies report
the effects of clinical hypothyroidism on retinal and choroidal circulation. We aimed to compare the
macular vessel density and flow indexes of patients with treatment-naive hypothyroidism and healthy
controls using optical coherence tomography angiography (OCTA).

Methods: This case-control study included 104 eyes of 52 participants. Group 1 (n=24) consisted of
patients with treatment-naive overt hypothyroidism, while Group 2 (n=28) consisted of age and sex-
matched healthy controls. Images were obtained using AngioVue software 2.0 of the OCTA device in a
6 x 6 mm area centered on the macula. Foveal avascular zone (FAZ) area, macular retinal thickness, FAZ
perimeter (PERIM), choroidal flow index (CF), outer retinal flow index (ORF) and macular vessel density
(VD) in the superficial (SCP) and deep retinal capillary plexus (DCP) were recorded for all patients.
Results: The whole [Group 1: 49.9 (7.0)%; Group 2: 54.6 (5.9)%], parafoveal [Group 1: 54.7 (4.8)%;
Group 2: 58.6 (3.9)%] and perifoveal [Group 1: 51.5 (7.2)%; Group 2: 55.9 (6.8)% ] VD in DCP were
significantly lower in Group 1 compared to Group 2 (P=0.012; P=0.002 and P=0.028 respectively).
However, parafoveal VD in SCP was significantly higher in Group 1 [52.4 (2.26)] than in Group 2 [49.9
(6.87)] (P=0.032). The mean VD in DCP was significantly positively correlated with the choroidal
(P=0.021) and outer retinal flow indexes (P=0.033). The mean foveal VD in DCP was significantly
positively correlated with the mean foveal (P<0.001), parafoveal (P=0.001) and perifoveal retinal
thicknesses (P<0.001).

Conclusion: Our study has provided, for the first time, a quantitative assessment of macular perfusion in
patients with overt hypothyroidism using OCTA. The reduction in VD in the DCP might be attributed to
the lack of angiogenic effects of T4 or neural hypometabolism secondary to hypothyroidism.

Keywords: Choroidal flow, Hypothyroidism, Macular perfusion,
angiography, Vessel density

Optic coherence tomography

coherence tomography angiography. J Surg Med. 2021;5(9):838-842.
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Introduction

Hypothyroidism, which is most often caused by
autoimmune thyroiditis (Hashimoto), is a relatively common
disorder affecting approximately 5% of the population [1].
Females are eight times more likely to be affected than males
and the incidence increases with age in both sexes [2]. Overt
hypothyroidism is characterized by an increased thyroid-
stimulating hormone (TSH) and a reduced thyroxine (T4) level,
while subclinical hypothyroidism refers to slightly increased
serum TSH level in the presence of normal serum T4 level [3].

Symptoms of hypothyroidism include fatigue, weight
gain with poor appetite, constipation, poor memory and
concentration, shortness of breath, hair loss, dry skin, and
menstrual irregularities [4, 5]. Typical findings on physical
examination include dry, coarse skin, bradycardia, increases in
the level of cholesterol and triglycerides, sleep apnea, cognitive
impairment, periorbital and pedal edema. Common ocular
manifestations including periorbital edema and blepharoptosis’
are generally attributed to the deposition of glycosaminoglycans
in the dermis, which results in swelling of the affected area [6].

Thyroid hormones are essential for the development and
proper functioning of the central nervous system through their
role in gene expression, myelin production, axonal
transportation, and neurotransmission [7]. Although less
investigated, hypothyroidism may also cause a reduction in flow
and vessel density of the central nervous system [8, 9]. Since the
retina and optic nerves represent an extension of the central
nervous system, one can suggest that hypothyroidism may cause
alterations in retinal microstructure and perfusion. Accordingly,
changes in peripapillary and macular vessel density values were
recently shown in patients with established thyroid eye disease
[10].

In the present study, we aimed to assess alterations in
microvascular structure and perfusion of the macula in patients
with treatment-naive, overt hypothyroidism using optic
coherence tomography angiography (OCTA). There are many
reports on retinal and choroidal changes related to Graves'
Ophthalmopathy in the literature [11, 12]. However, to the best
of our knowledge, this is the first study assessing the macular
perfusion changes in patients with hypothyroidism using OCTA.

Materials and methods

This retrospective study included 48 eyes of 24 patients
with treatment-naive overt hypothyroidism (Group 1) and 56
eyes of 28 age-matched euthyroid, healthy individuals (Group 2)
examined between March 2017 and November 2019. A post hoc
power analysis revealed that based on the mean, an n of
approximately 34 would be needed to obtain statistical power of
the recommended 0.80 level. The alpha was set at 0.05. The
patients with hypothyroidism were referred to the ophthalmology
clinic for suspected glaucoma, dry eye or thyroid-associated
ophthalmopathy by an internist. The data recorded included
clinical and endocrinologic analysis in addition to ocular
examination. Informed consent was obtained from all
participants included in the study. The study was conducted in
accordance with the Declaration of Helsinki Ethical Principles
and Good Clinical Practices and was approved by the Ethics
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Committee of Uludag University Faculty of Medicine, Bursa,
Turkey (2021-4/6).

Patient eligibility

Included were cases aged 20-60 years with spherical or
cylindrical refractive error < 6.0 diopters, visual acuity > 20/20,
and no systemic diseases in Group 2, and no systemic disease
other than hypothyroidism in Group 1. Excluded were patients
with diabetic retinopathy or any other choroidal/retinal
pathologies, history of any intraocular surgery or laser treatment,
history of regular smoking or medication use, including
levothyroxine and OCTA images with motion artifacts or signal
strength index < 60.

All participants were tested for thyroid function,
including free T3, free T4 and thyroid-stimulating hormone
(TSH). Overt hypothyroidism was diagnosed in the presence of
serum TSH > 4.5 mIU/L and low serum free T4 concentration by
an internist.  All  patients underwent comprehensive
ophthalmologic  examination, including visual acuity,
biomicroscopic anterior and posterior examination, intraocular
pressure (IOP, mmHg) assessment and OCTA.

Prior to OCTA measurements, the patients were asked
to rest in the sitting position at least for 10 minutes and systemic
blood pressure and pulse rate were measured. OCTA
measurements were obtained at 3 p.m to avoid normal diurnal
variations in flow density [13].

OCTA measurement system

OCTA images were obtained using AngioVue OCTA
device (v. 2015.0.1.7, Optovue, Inc., Freemont, CA, USA). This
system used a split-spectrum  amplitude-decorrelation
angiography (SSADA) software algorithm and acquired 70,000
A-scans per second to compose OCTA volumes consisting of
304 x 304 A-scans [14]. The macula was imaged using a
6 mm x 6 mm scan. Quantitative analysis was performed on the
OCTA using the AngioAnalytics Phase 7 software. Pupils of all
the participants were dilated with 2.5% phenylephrine and 1.0%
tropicamide prior to OCTA assessment. The OCTA images of
the superficial and deep capillary networks were generated
separately using the Optovue software. Based on these default
settings, the superficial network comprised between 3 um below
the internal limiting membrane to 15 um below the inner
plexiform layer (IPL), while deep capillary plexus comprised
between 15 to 70 pm below the IPL.

The measurements of foveal avascular zone (FAZ) area,
FAZ perimeter (PERIM), choroidal flow index (CF) and outer
retinal flow index (ORF), whole superficial capillary vessel
density (wsVD), foveal superficial vessel density (fsVD),
parafoveal superficial vessel density (pasVD), perifoveal
superficial vessel density (pesVD), whole deep vessel density
(wdVD), foveal deep vessel density (fdVD), parafoveal deep
vessel density (padVD), perifoveal deep vessel density (pedVD)
in addition to whole, foveal (FT), parafoveal (PaT) and
perifoveal (PeT) retinal thicknesses were recorded for Group 1
(Figure 1 A) and Group 2 (Figure 1 B).

The automated FAZ boundary detection, provided by
AngioVue, was used. Foveal thickness was expressed as the
mean retinal thickness within the center of 1 mm diameter ring,
whereas parafovea and perifovea were defined as rings centered
on the fovea with inner and outer diameters of 1-3 mm and 3-6
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mm, respectively. Vessel density is defined as the percentage
area occupied by the blood vessels, while flow index is
calculated as the average flow signal in the area of interest,
providing information on both vessel area and blood velocity.

Figure 1: The quantitative analysis of macula on the OCTA in a patient with overt-
hypothyroidism (A) and control subject (B) using a 6 mm x 6 mm scan

A

Angio Retina QuickVue Scan Quaity 310
P

Left/ OS

Statistical analysis

All statistical analyses were performed using SPSS 21.0
(Statistical Package for Social Science 21.0). The Kolmogorov—
Smirnov test was used to analyze the normality of the data and
an independent t test was used to compare the numerical
variables between groups. The Chi-square test was used to
compare categorical data. Pearson correlation coefficient was
used to measure the linear correlation between two variables. A
P-value less than 0.05 was considered statistically significant.

Results

The mean age of Groups 1 and 2 were 42.83 (11.07)
(26-58) years and 41.0(9.57) (28-57) years, respectively
(P=0.53). Sixteen patients (66.6%) in Group 1 were female and
the remaining 8 (33.3%) were male. Eighteen patients (64.2%)
were female and 10 (35.8%) were male in Group 2 (P=0.89). All
patients in Group 1 were newly diagnosed with overt
hypothroidism and no thyroid replacement therapy was initiated
yet. The mean free T4 and TSH concentrations were 0.430 (0.43)
ng/dl and 60.96 (16.68) mIU/L, respectively, in Group 1 and
1.030 (0.347) ng/dl and 2.68 (0.32) mIU/, respectively, in Group
2 (P=0.004, P=0.001). The body mass index (BMI) in Group 1
[28.87 (1.79) kg/m?] was significantly higher compared with
Group 2 [21.83 (1.87) kg/m?] (P<0.001). The IOP measurements
were similar between the groups [Group 1:18.8 (2.24) mmHg,
Group 2: 18.2 (1.84) mmHg] (P=0.46).

The mean OCTA features of two groups are shown and
compared in Table 1. The parafoveal superficial vessel density
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was significantly higher in Group 1 compared to Group 2
(P=0.032); whole (P=0.012), parafoveal (P=0.002) and
perifoveal (P=0.028) deep wvessel density values were
significantly lower in Group 1 than Group 2. No statistically
significant difference was detected in terms of age, gender, fT4,
TSH concentrations, BMI and OCTA parameters (P>0.05 for
all).

Table 1: Comparison of the mean OCTA values of the eyes in Group 1(n=48 eyes) and
Group 2 (n=56 eyes)

Measurements Group 1 Group 2 P-value**
n=48 eyes n=56 eyes

FAZ area (mm®) | 0.263 (0.09) 0.269 (0.77) 0.805
PERIM (mm) 1.96 (0.42) 1.98 (0.29) 0.857
CF (mm?) 2.08 (0.14) 2.13(0.15) 0.251
ORF (mm?) 0.60 (0.47) 1.19 (0.60) 0.660
wsVD (%) 49.2 (3.52) 50.3 (2.90) 0.199
fsVD (%) 19.9 (5.08) 24.07 (9.36) 0.714
pasVD (%) 52.4 (2.26) 49.9 (6.87) 0.032*
pesVD (%) 49.9 (3.59) 50.9 (2.97) 0.283
wdVD (%) 49.9 (7.05) 54.6 (5.96) 0.012*
fdvD (%) 37.9(8.31) 40.4 (6.78) 0.228
padVD (%) 54.7 (4.83) 58.6 (3.99) 0.002*
pedVD (%) 51.5 (7.29) 55.9 (6.81) 0.028*
Whole 1T (um) 285.6 (12.40)  286.5(15.47) 0.833
FT (um) 250.2 (25.34)  250.7 (16.13)  0.944
PaT (um) 315.6 (12.15)  328.0(16.50)  0.898
PeT (um) 284.5(11.17) 283.8(17.04) 0.866

++ Statistical analysis was performed by independent samples t-test, * statistically significant. Bold values
represent the variables which show statistical significance, FAZ area: foveal avascular zone area, PERIM:
FAZ perimeter, CF: choroidal flow index, ORF: outer retinal flow index, wsVD: whole superficial capillary
vessel density, fsVD: foveal superficial vessel density, pasVD: parafoveal superficial vessel density, pesVD:
perifoveal superficial vessel density, wdVD: whole deep vessel density, fdVD: foveal deep vessel density,
padVD: parafoveal deep vessel density, pedVD: perifoveal deep vessel density, rT: retinal thickness, FT:
foveal thickness, paT: parafoveal thickness and peT: perifoveal thickness, SCP: superficial capillary plexus,
DCP: deep capillary plexus

The mean wdVD was significantly positively correlated
with the mean outer flow and choroid flow (P=0.033, r=0.62;
P=0.021, r=0.66, respectively). However, the relationship
between the wsVD and outer retinal flow, choroidal flow did not
reach statistical significance (P=0.205, P=0.081 respectively).
The mean fdVD was significantly positively correlated with
mean FT (P<0.001), PaT (P=0.001) and PeT (P<0.001). No
significant correlation was observed between any other

parameters (P>0.05 for all).

Discussion

The prevalence of overt hypothyroidism in relatively
iodine-sufficient populations ranges between 0.3-0.5%, increases
in incidence with age and is more common in females than in
males at a ratio of 10:1 [15]. The clinical manifestations of
hypothyroidism include a wide variety of symptoms that result
from hypometabolism of different systems or over-accumulation
of glucosaminoglycans in the connective tissues [16, 17]. Ocular
findings of hypothyroidism include glaucoma, chemosis,
periorbital edema and blepharoptosis due to the accumulation of
mucopolysaccharides in the extracellular matrix [6, 18].

Significant associations between hypothyroidism and
primary open-angle glaucoma have been reported in the literature
[19, 20]. The possible mechanisms that could result in
susceptibility to glaucoma include the accumulation of
glycosaminoglycans in the meshwork pores, leading to an
increase in outflow resistance and reduction in optic nerve head
perfusion [21, 22].

The OCTA is anew imaging modality, which allows
non-invasive qualitative and quantitative assessment of the
retinal and choroidal microvasculature [23-25]. It relies on
repeated B-scan OCT images from the same location of the
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retina, which provides flow maps of retinal circulation. In
addition, cross-sectional images of different retinal layers
provide multi-depth assessment of retinal microvasculature.
OCTA can measure retinal vessel density, which is defined as
the percentage of vessel area with blood flow over the total area
measured. Various studies investigated the applicability of
OCTA for patients with glaucoma [26], diabetes [27], age-related
macular degeneration [28], and Graves’ ophthalmopathy [11].
However, no previous research investigated the macular
microvascular alterations in hypothyroid patients. This is the first
study investigating macular perfusion in hypothyroid patients
using swept-source OCTA technology.

In the current study, superficial and deep foveal,
parafoveal and perifoveal vessel density, FAZ area and
choroidal, outer retinal flow indexes of the patients with
treatment-naive overt hypothyroidism were evaluated using
OCTA. We found that the whole, parafoveal and perifoveal VD
values in DCP were significantly lower in the hypothyroidism
group compared with the healthy subjects. The VD is a
proportional measurement defining the percentage of the vessel
area to the total measurement area. Therefore, the reduction in
VD might be attributed to reduced vessel volume or increased
total retinal extracellular volume. The glial cell over-stimulation
by TSH results in increased production of glycosaminoglycan
and connective tissue matrix in hypothyroidism. Accordingly,
the mean choroidal thickness is higher in patients with
hypothyroidism than in healthy subjects [29].

There are also studies that emphasize the vasomotor
effects of thyroid hormones on microcirculation [30-32].
Hypothyroidism is characterized by a reduction in cardiac output
and heart rate, and an increase in peripheral vascular resistance
[33]. As a result, hypoperfusion of all the major organ systems of
the body occurs. Tang et al. [34] reported a significant reduction
in the myocardial blood flow and arteriolar vessel density in the
drug-induced hypothyroidism animal model. Accordingly,
Savinova et al. [35] reported a study investigating the capillary
remodeling effect of T3 treatment in hypothyroid rats. The study
demonstrated that T3 replacement therapy provides restoration of
the arteriolar density to control levels as early as 72 hours.
Furthermore, T3 treatment resulted in the simultaneous
upregulation of Angiopoietin 1 and 2 expressions, consistent
with vessel density improvement.

Another  well-known mediator associated  with
angiogenesis is vascular endothelial growth factor (VEGF).
Dedecjus et al. [36] detected significantly reduced plasma VEGF
levels in hypothyroid patients. They also noted that the plasma
VEGEF level returned to a normal value following treatment with
T4. Schlenker et al. [37] reported that the forebrain vessel
density was reduced in adult thyroidectomized rats compared
with healthy controls. They also observed a significant
improvement in forebrain VD following 3.5-diiothyroprionic
acid (DITPA) or T4 treatments comparable with levels noted in
euthyroid rats.

In the current study we found a significant reduction in
deep vessel density, which was correlated with outer retinal and
choroidal flow indexes, and an increase in superficial parafoveal
vessel density in the hypothyroid group. These results can be
attributed to the unique circulatory system of the posterior
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segment. The outer retinal layers are perfused by choroidal
vessels via diffusion [38]. However, the inner two thirds of the
retina is perfused by the central retinal artery, which is the first
branch of the ophthalmic artery. While inner retinal perfusion is
mostly regulated by local angiogenic factors, deep retinal
perfusion is associated with the systemic perfusion pressure
reflecting the cardiac output [39]. Therefore, the cardiac output
and, accordingly the outer retinal perfusion decreases in
hypothyroidism [33].

This hypoperfusion could induce a compensatory
vasodilator mechanism in the inner retina resulting in an increase
in superficial retinal perfusion. On the other hand, thyroid
hormones play an important role in embryonic development and
physiology of the central nervous system throughout life. T3 is
essential for myelination, and synaptogenesis, neuronal
migration and differentiation [40]. In our study, the mean foveal
deep vessel density was positively correlated with macular
thickness, indicating a parallelism between macular perfusion
and neurosensory retina vitality.

Limitations

There were some limitations to this study, such as the
lack of post-treatment microvascular assessment, retrospective
study design and a limited number of patients. Further
longitudinal studies with a large population, including the
comparison of pre-treatment and post-levothyroxine treatment
values, are needed to determine whether hormone replacement
would provide improvement in macular perfusion.

Conclusions

To the best of our knowledge, this is the first study that
provides a quantitative assessment of macular perfusion in
patients with treatment-naive overt hypothyroidism. The results
of our study demonstrated a significantly reduced whole,
parafoveal and perifoveal deep vessel density in the treatment-
naive overt hypothyroid patients. Furthermore, the vessel density
in the deep capillary plexus is correlated with the choroidal and
outer retinal flow indexes and, accordingly, central retinal
thickness. We postulate that these changes could reflect early
microvascular disruption that precedes permanent thinning of the
neurosensory retina.
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Abstract

Background/Aim: Antenatal magnesium sulfate (MgSO,) treatment is widely used for fetal
neuroprotection in women at risk of preterm delivery. Possible adverse effects of MgSO, include
respiratory depression and delay in closure of ductus arteriosus by antagonism of calcium channels. The
aim of this study was to investigate the effects of antenatal MgSO, exposure on cardiorespiratory
complications during the early neonatal period in premature infants.

Methods: A retrospective cohort study was performed on 340 preterm infants born between 23 and 32
weeks of gestational age. Patients were divided into two groups according to antenatal MgSO, exposure:
The MgSO, group (n=186) and the no-MgSO, group (n=154). Outcomes were acute cardiorespiratory
events (intubation at birth, respiratory support, and hypotension in first day of life), and hemodynamically
significant patent ductus arteriosus (HsPDA).

Results: Mothers in the MgSO, group were more likely to have preeclampsia and antenatal steroid
treatment, while their infants were younger in gestation and weighed less (P<0.05). Multivariate
regression analysis showed that antenatal MgSO, exposure was significantly associated with decreased
mechanical ventilation (odds ratio [OR] 0.45 95% confidence interval [CI] 0.25-0.81, P=0.008),
hypotension (OR 0.47, 95% CI 0.24-0.90, P=0.023) and HsPDA (OR 0.52, 95% CI 0.28-0.97, P=0.039).
There was no significant association between antenatal MgSO, exposure and intubation at birth (OR 1.06
95% CI 0.62-1.82, P=0.828).

Conclusion: Among the preterm infants <32 weeks, antenatal MgSO, was not associated with increased
risk for acute cardiorespiratory events during the early neonatal period. It might have a protective role in
helping with ductal closure.

Keywords: Antenatal magnesium sulfate, Neonatal resuscitation, Patent ductus arteriosus, Preterm infants,
Neuroprotection

period in preterm infants. J Surg Med. 2021;5(9):843-847.
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Introduction

Recent advances in perinatal medicine have markedly
increased the survival rates of premature infants. However, long-
term neurodevelopmental outcomes, particularly cerebral palsy,
and cognitive deficits, remain important health challenges [1, 2].

Magnesium sulfate (MgSO,) therapy has long been
widely used for tocolysis in preterm labor and seizure prevention
in preeclampsia [3]. Large randomized controlled trials and
systematic reviews have reported that antenatal MgSQO, exposure
reduces the risk of gross motor dysfunction and cerebral palsy in
surviving infants [4-7]. Based on the available evidence, some
national guidelines have recommended antenatal MgSO, for fetal
neuroprotection [8].

However, several studies raised concerns about the
possible adverse effects of antenatal MgSO, in terms of neonatal
morbidities [9]. In the Magnesium and Neurological Endpoints
Trial [10], antenatal MgSO, was associated with a higher risk for
adverse neonatal outcomes. Previous studies reported that
antenatal MgSO,4-exposed infants had an increased risk for
hypotonia, delivery room intubation, and significant patent
ductus arteriosus (PDA) compared with infants not exposed to
antenatal MgSO, [11-13]. However, the cardiorespiratory effect
of antenatal MgSQ, in preterm infants is still controversial [14,
15].

In our unit, MgSO, is administered for fetal
neuroprotection in preterm deliveries. This study aimed to
investigate the effects of antenatal MgSO, exposure on
cardiorespiratory complications during the early neonatal period
in premature infants.

Materials and methods

This retrospective study was performed in the neonatal
intensive care unit (NICU) of a university hospital. It was
approved by Istanbul Medeniyet University, Goztepe Training
and Research Hospital Ethics Committee (Number: 2021/0287,
date: 21.06.2021) and conducted per the principles of the 2008
Declaration of Helsinki. Informed consent was obtained from the
families of the patients included in the study for all interventional
procedures during admission to the NICU. The STROBE
checklist was used in the study design and drafting of the
manuscript [16].

All inborn infants with a gestational age of 32
weeks or less admitted to our NICU during the study period were
evaluated. Data were obtained from the electronic records and
patients’ files. Infants with major congenital anomalies were
excluded from the study. We also excluded the periviable infants
who died within the first day of life due to the difficulty in
determining the effects of MgSO, on neonatal outcomes.

A total of 364 preterm infants were assessed for
eligibility for the study. Of these, 24 infants were excluded based
on our criteria, leaving 340 infants in the cohort for analysis.
Patients were divided into two groups according to antenatal
MgSO, exposure as the MgSO, group and no-MgSQO, group. Of
the 340 infants in the study, 186 (54.7%) were exposed to
antenatal MgSO, (Figure 1).

Antenatal magnesium sulfate and early neonatal cardiorespiratory outcomes
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Figure 1: Flow diagram of the study

364 inborn admissions
Gestational age = 32 weeks

124 excluded
- 5 major congenital anomalies
- 19 periviable, difficulty in assessment]

340 infants enrolled

186 exposed to antenatal MgSO,

154 not exposed to antenatal MgSO,

In our center, antenatal MgSO, therapy for
neuroprotection is standard practice for preterm deliveries < 32
weeks since 2014 and consists of a loading dose of 4 g, followed
by a 2 g per hour continuous infusion. It is discontinued if the
delivery has not occurred in 12 hours. Antenatal care and
delivery of patients were carried out according to the unit
protocols.

We reviewed hospital electronic records and patients’
files and collected the following data: Maternal age,
complications during pregnancy (preeclampsia, preterm
prolonged rupture of membrane, and chorioamnionitis), whether
mothers received antenatal steroid (ANS) and MgSO, therapy,
delivery mode, gestational age, birth weight, gender, 1- and 5-
minute APGAR scores and neonatal outcomes. Antenatal steroid
treatment was defined as the completion of 2 doses of 12 mg
betamethasone before delivery. Gestational age determination
was based on the last menstrual period confirmed by
ultrasonography during the first half of pregnancy or Ballard
score.

Primary outcomes were acute cardiorespiratory events
such as intubation at birth, respiratory support, and hypotension
(treated with volume resuscitation, pressors, or steroids) within
the first day of life, and hemodynamically significant PDA
(HsPDA) (non-restrictive left-to-right shunt identified by
echocardiography that was medically or surgically treated).
Intubation for surfactant administration followed by immediate
removal was not considered as intubation at birth. Types of
respiratory support included invasive mechanical ventilation,
nasal intermittent positive pressure ventilation or continuous
positive airway pressure (CPAP). Data on intraventricular
hemorrhage (IVH), duration of invasive ventilation, age at full
enteral feeds, necrotizing enterocolitis (NEC) (stage >2) [17],
moderate to severe bronchopulmonary dysplasia (BPD) [18],
retinopathy of prematurity (ROP) [19], length of NICU stay and
mortality were also collected.

All infants were evaluated by echocardiography
performed by a pediatric cardiologist within the first 3 days of
life, as per our unit protocol. The management of PDA was
based on the Turkish Neonatal Society PDA guidelines [20].
These infants were also screened for IVH at least weekly by a
neonatologist.

Statistical analysis

SPSS 23.0 for Windows program was used for data
analysis. The distribution of continuous variables was checked
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by the Shapiro-Wilk test. Non-normally distributed numerical
variables were presented as median and interquartile range (IQR)
and compared with the Mann-Whitney U test. Chi-square and
Fisher’s exact tests were used for the comparison of categorical
variables. Baseline characteristics with P<0.1 (gestational age,
ANS treatment, preeclampsia, and 5-minute Apgar score) were
selected and included in the multivariate model. Stepwise binary
logistic regression was used to identify the association between
antenatal MgSO, exposure and primary outcomes. Results were
presented as odds ratio (OR) and 95% confidence interval (CI).
P-values <0.05 were considered statistically significant.

Results

The mean gestational age and birth weight of the infants
in the study were 28.9 (2.6) (range: 23-32) weeks and 1228.9
(441.5) (range: 400-2290) g, respectively. The female to male
ratio was 0.9.

Baseline characteristics of the groups are presented in
Table 1. Women in the MgSQO, group were more likely to have
preeclampsia (37.6% vs. 13.6%, P<0.001) and received ANS
treatment (83.9% vs. 70.1%, P=0.002). Infants in the MgSQO,
group had lower gestational age and birth weight (P<0.001 for

both).
Table 1: Comparison of baseline characteristics among the study groups
MgSO, No-MgSO, P-value
(n=186) (n=154)
Median (IQR) Median (IQR)
Maternal age (y) 29 (26-32) 29 (25-31) 0.218
Gestational age (wk) 29 (26-30) 30 (28-32) <0.001
Birth weight (g) 1096 (788-1400) 1348 (998-1655)  <0.001
Apgar score at 1 min 5 (4-6) 5 (4-6) 0.227
Apgar score at 5 min 7 (7-8) 7 (6-8) 0.096
n (%) n (%)
Preeclampsia 70 (37.6) 21 (13.6) <0.001
Prolonged rupture of 32(17.2) 34 (22.1) 0.258
membrane
Chorioamnionitis 11 (5.9) 13(8.4) 0.361
Antenatal steroid 157 (84.4) 105 (68.2) <0.001
Cesarean delivery 149 (80.1) 113 (78.6) 0.142
Male sex 94 (50.5) 81 (52.6) 0.705
Multiple gestation 19 (10.2) 17 (11) 0.806
Small for gestational age 29 (15.6) 16 (10.4) 0.159
IQR, interquartile range

There were no significant differences in the rates of
intubation at birth, respiratory support, hypotension treatment in
the first day of life, and HSPDA between the groups (Table 2).
Other morbidities, and the length of mechanical ventilation or
hospital stay, and age at full enteral feeds were also similar

(Table 3).
Table 2: Comparison of primary outcomes among the study groups
MgSO4 No MgSO4  P-value
(n=186) (n=154)
n (%) n (%)
Intubation at birth 75 (40.3) 47 (30.5) 0.061
Respiratory support 138 (74.2) 110 (71.4) 0.568
Mechanical ventilation | 100 (53.8) 82 (53.2) 0.924
Hypotension 42 (22.6) 36 (23.4) 0.862
HsPDA 50 (26.9) 37 (24.0) 0.548

a: Respiratory support included invasive mechanical ventilation and nasal intermittent positive pressure
ventilation or continuous positive airway pressure (CPAP). HsPDA: hemodynamically significant patent
ductus arteriosus

After adjustment for covariates including gestational
age, preeclampsia, ANS status, and 5-minute Apgar score,
antenatal MgSO, was significantly associated with reduced risk
for mechanical ventilation (OR 0.45 95% CI 0.25-0.81,
P=0.008), hypotension treatment (OR 0.47 95% CI 0.24-0.90,
P=0.023) and HsPDA (OR 0.52 95% CI 0.28-0.97, P=0.039).
There was no significant association between antenatal MgSO,
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exposure and the need for intubation at birth (OR 1.06 95% ClI
0.62-1.82, P=0.828) (Table 4).

Table 3: Comparison of neonatal mortality and morbidity among the study groups

MgSO4 No MgSO4 P-value

(n=186) (n=154)

n (%) n (%)
IVH 46 (24.7) 33(21.4) 0.473
IVH (Grade >3) 8(4.3) 7 (4.5) 0.913
PVL 2(1.3) 2(1.1) 0.849
NEC (Stage >2) 13 (7) 7 (4.6) 0.340
Sepsis (culture proven) 42 (22.6) 24 (15.8) 0.117
Moderate to severe BPD 47 (25.3) 28 (18.2) 0.117
ROP 16 (8.6) 10 (6.5) 0.466
Mortality 30 (16.1) 19 (12.3) 0.322

Median (IQR)  Median (IQR)
Length of mechanical ventilation (d) | 5 (0-18) 4 (0-13) 0.512
Time to full enteral feed (d) 24 (17-35) 21.5 (15-32) 0.243
Length of hospitalization (d) 66 (35-89) 58.5 (34-84) 0.408

IVH: intraventricular hemorrhage, PVL: periventricular leukomalacia, NEC: necrotizing enterocolitis, BPD:
bronchopulmonary dysplasia, ROP: retinopathy of prematurity; IQR: interquartile range

Table 4: Multivariate logistic regression analysis estimating effects of antenatal magnesium
exposure and risk of cardiorespiratory complications

Outcomes | OR  95%Cl P-value
Intubation at birth 1.06 0.62-182 0.828
Respiratory support 061 0.34-111 0.108
Mechanical ventilation | 0.45 0.25-0.81 0.008
Hypotension 0.47  0.24-0.90 0.023
HsPDA 0.52 0.28-0.97 0.039

Covariates: gestational age, antenatal steroids, preeclampsia. 5 min Apgar score, OR: odds ratio, Cl:
confidence interval, HSPDA: hemodynamically significant patent ductus arteriosus

Discussion

In this retrospective analysis of very premature infants,
we demonstrated that antenatal MgSO, exposure was not
associated with increased risk for resuscitation at the delivery
room, neonatal morbidities, delayed feeding, mortality, or longer
hospital stay. Moreover, the rates of invasive mechanical
ventilation, hypotension and HsPDA of infants exposed to
antenatal MgSO, were significantly less compared to non-
exposed infants.

There are limited data on the effect of antenatal MgSO,
exposure on neonatal cardiorespiratory  complications.
Magnesium given to the mother was associated with hypotonia,
hyporeflexia, and respiratory depression in neonates [21, 22].
Abbassi-Ghanavati et al. [11] reported hypotonia, lower APGAR
scores, increased intubation at the delivery room with antenatal
MgSO4 exposure. However, in a clinical trial, Johnson et al. [23]
did not find any correlation between antenatal magnesium
exposure and the need for resuscitation among preterm infants
exposed to antenatal MgSO, for neuroprotection. In the current
study, there was no association between antenatal MgSO, and
risk for intubation at birth.

A study from Turkey reported a significantly lower rate
of respiratory distress among antenatal MgSO, exposed infants
than antenatal MgSO, unexposed infants, though mechanical
ventilation rates were similar [24]. In our study, antenatal
MgSO, was significantly associated with a reduced need for
invasive mechanical ventilation, but there was no significant
association between antenatal MgSO, exposure and total
respiratory support. In preterm infants, invasive mechanical
ventilation can lead to lung injury resulting in chronic lung
disease. Therefore, ventilation strategies were changed to use
more non-invasive modes to prevent lung injury [25, 26]. The
change in ventilation practices can explain the differences in the
rates of invasive ventilation between studies. In our study, more
infants in the MgSO,4 group received ANS treatment, which
reduces the severity of RDS and need for mechanical ventilation
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[27], which again might result in a lower need for mechanical
ventilation among infants in the MgSO, group.

Reports on the association of antenatal MgSO, with
hypotension are limited. Two clinical trials reported no
significant relationship between antenatal MgSO, exposure and
the risk of hypotension [4, 5]. In our study, infants exposed to
antenatal MgSO, had significantly less hypotension treatment,
consistent with the study by De Jesus et al. [14]. They evaluated
1544 infants <29 weeks’ gestational age and reported a
significant decrease in hypotension treatment related to antenatal
MgSO, exposure. Magnesium ions regulate vascular tone and
contribute to the stabilization of blood pressure and improvement
of cardiac function in the first days of life [28]. Hypotension in
preterm infants is associated with lower gestational age, and
higher mean airway pressure. Also, ANS treatment improves
systemic blood pressure in preterm infants [29]. In our study,
more ANS exposure and less invasive MV in these infants may
explain our finding of less hypotension in infants exposed to
antenatal MgSO,

Magnesium ions antagonize the effects of intracellular
calcium and modulate prostacyclin synthesis in the vascular
smooth muscle cell. Both mechanisms lead to vasodilatation and
can cause a delay in ductus arteriosus closure in preterm infants
[30]. Previous studies reported an increased risk for symptomatic
PDA in extremely preterm infants who were exposed to antenatal
MgSQ, [12, 13]. However, in a study on cardiovascular effects
of antenatal MgSQ,, Paradisis et al. [31] reported an incidental
finding of significantly smaller PDA in the exposed group.
Qasim et al. [15] recently showed a decreasing trend of HsPDA
with antenatal MgSO, exposure. In our study, antenatal MgSO,
was associated with significantly decreased HsSPDA. Although
there were more infants treated with ANS in the antenatal
MgSO, exposed group, ANS treatment did not show an
association with HsPDA in multivariate analysis. The variations
in the study results can be explained by the differences in PDA
management. Most previous studies evaluated PDA after clinical
symptoms were encountered. In our study, all infants were
routinely screened by echocardiography for evaluation of PDA.
Our finding of reduced risk for HsSPDA with antenatal MgSO,
exposure indicates that magnesium might affect ductal closure by
different complex intracellular actions rather than antagonizing
the calcium channels responsible for mediating ductal
constriction. Further studies are needed to explore the effects of
antenatal MgSO, on PDA.

In our center, antenatal MgSO, therapy consisted of a 4
g loading dose followed by an infusion of 2 g per hour and
stopped if delivery did not occur in 24 hours. However, there is
no consensus on an effective and safe dose of antenatal MgSO,.
Studies using higher doses of MgSO, have shown a trend
towards increased perinatal mortality [5, 9]. McPherson et al.
[32] reported similar effectivity on neuroprotection between
higher and lower doses of antenatal MgSQ,. In addition to dose,
gestational age, birth weight, maternal characteristics are related
to the effects of antenatal MgSO,. Ohhashi et al [33] found that
antenatal MgSO, was more effective in infants born at 28-32
weeks of gestation with a low dose regimen (<50 g). In this
study, we could not perform subgroup analysis due to the small
sample size. In addition, we were unable to investigate the
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association between total magnesium dose received and change
in neonatal outcomes.

Another limitation of this study includes the lack of data
on neonatal serum magnesium concentration. In preterm infants,
higher neonatal serum magnesium concentrations were
associated with an increased risk for mortality [9, 10]. As this
was a retrospective study, possible confounding factors might be
missed. However, being a single center study in which all
patients were managed using the same standard protocols
regarding maternal and newborn follow-up can be considered a
strength. In our center, antenatal MgSQO, for neuroprotection is a
standard practice in all women at risk of preterm birth before 33
weeks of gestation. However, 45.3% of eligible women did not
receive antenatal MgSO4 and the rate of receiving ANS
treatment was also low. These women probably do not have
enough time between admission to the hospital and delivery. To
account for the effects of ANS and maternal factors, we
performed a multivariate analysis and found that antenatal
MgSO4 has significant reducing effects on mechanical
ventilation, hypotension, and HsPDA independent of ANS and
other confounders.

Conclusions

The use of antenatal MgSQ, for neuroprotection was not
associated with an increase in cardiorespiratory complications in
preterm infants born < 32 weeks of gestation. Moreover, infants
exposed to antenatal MgSO, had significantly less invasive
mechanical ventilation, and hypotension treatment in the first
day of life. Antenatal Mg appears to have a protective role in
helping with ductal closure. Further studies with a larger
population are needed to clarify the effect of antenatal MgSO4
on acute cardiorespiratory events and HsPDA.
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Abstract

Background/Aim: One of the most significant aspects of intestinal surgery is anastomotic wound healing.
After intestinal surgery, the most serious complication is gastrointestinal leakage, which is associated with
a high rate of morbidity and mortality. The rate of morbidity and mortality can be reduced by increasing
the mechanical resistance of the anastomosis. Glutamine improves impaired wound healing through effects
on the healing process. This study investigated the effects of early enteral glutamine supplementation on
colonic anastomosis healing in rats treated with hyperthermic intraperitoneal chemotherapy (HIPEC) with
cisplatin and fluorouracil (5-FU).

Methods: Twenty-four rats were divided into three groups. Group 1 underwent colonic anastomosis and
intraabdominal hyperthermic saline administration, Group 2 underwent colonic anastomosis and HIPEC,
and Group 3 underwent colonic anastomosis and HIPEC and postoperative administration of glutamine
solution via an orogastric tube for 7 days. On day 7, all rats were sacrificed and anastomotic bursting
pressure (ABP) was evaluated. Tissue specimens were taken to examine tissue hydroxyproline levels and
histopathological changes in the anastomotic line.

Results: The ABP was significantly greater in Group 2 than in Groups 1 and 3 (P=0.001 and P=0.046,
respectively). The tissue hydroxyproline level was higher in Group 1 and Group 3 than in Group 2
(P=0.001 and P=0.043, respectively). The histopathological findings in Group 3 were better than those in
Group 2. The histopathological findings were observed to improve in the early enteral nutrition with
Glutamine group.

Conclusions: The findings of this study indicate that early enteral glutamine supplementation facilitates
colonic anastomosis healing following HIPEC with cisplatin and 5-FU, by increasing the ABP and tissue
concentrations of hydroxyproline and decreasing the inflammatory response.

Keywords: Glutamine, Colonic anastomosis,
Intraperitoneal Chemotherapy

Bursting pressure, Wound Healing, Hyperthermic
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Introduction

Peritoneal carcinomatosis (PC) is a clinical condition
caused by the dissemination of cancer cells originating from the
peritoneal surface or often internal organs to the abdominal
cavity and is associated with poor prognosis and reduced
survival. The cancer spreads to the intestines, peritoneum,
mesentery, and other visceral organs, leading to malnutrition,
ileus and death [1, 2]. In selected patients with PC, the
combination of cytoreductive surgery (CRS) with hyperthermic
chemotherapy (HIPEC) administered to the peritoneal cavity is
an effective approach for clinically managing this disease [3].
Gastrointestinal leakage occurs in approximately 5-34% of
patients treated with CRS and HIPEC and is also a cause of
severe morbidity and mortality [4-6]. Previous studies
demonstrated the adverse effects of HIPEC treatment on
anastomosis by impairing wound healing [7, 8].

Glutamine is the most abundant free amino acid in
plasma and is stored mainly in the lungs and skeletal muscles [9].
Oral glutamine administration improves wound healing through
its role in wound healing processes such as collagen synthesis,
wound contraction, and epithelization, and increases the
anastomotic bursting pressure (ABP) of colorectal anastomoses
[10, 11].

To the best of our knowledge, no studies evaluated the
effects of early enteral nutritional support with glutamine on
anastomosis in HIPEC patients. Therefore, we investigated the
effects of early enteral glutamine supplementation on colonic
anastomosis recovery in rats treated with HIPEC with cisplatin
combined with fluorouracil (5-FU).

Materials and methods

This study was conducted at Adiyaman University
Experimental Animal Application and Research Center
(Adiyaman, Turkey) after obtaining the approval of the
Experimental Animals Local Ethics Committee of the university
(Referance No: 2019/019). All animal experiments were
performed according to the World Medical Association Code of
Ethics (Helsinki Declaration). The study used Twenty-four
Wistar-Albino rats weighing 360—401 g. The rats were kept in
groups of eight in controllable, specifically designed cages with
free access to food and water under appropriate temperature and
light and dark conditions. None of the animals were administered
antibiotics.

Study groups and procedure

For the number of laboratory animals to be used in the
study, a power analysis was carried out using G * Power 3.1.94
package program. When the effect size used in the program and
expressed by Cohen was 0.69, a total of 24 rats (8 in each group)
were included in the study [12]. The statistical power of the test
was set at 80% with a significance level of P<0.05. The animals
were divided into three groups, as follows: Group 1, control:
Transection of the left colon followed by end-to-end anastomosis
and hyperthermic administration (41°C) of saline. Group 2,
cisplatin + 5-FU: Left colon transection followed by end-to-end
anastomosis and hyperthermic administration of 2 mg/kg
cisplatin and 5 mg/kg 5-FU for 45 min. Group 3, cisplatin + 5-
FU and early enteral nutrition with glutamine: Left colon
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transection followed by end-to-end anastomosis and
hyperthermic administration of 2 mg/kg cisplatin and 5 mg/kg 5-
FU for 45 min. Following surgery, 0.4 g/kg/day L-glutamine
dissolved in 5 mL water was administered via an orogastric tube
for 7 days. The rats were administered intramuscular anesthetic
agents of 5 mg/kg Rompun (xylazine, Bayer, Istanbul, Turkey)
and 50 mg/kg Ketalar (ketamine hydrochloride, Park Devis,
Istanbul, Turkey). The abdominal surface of the rat was cleaned,
and 10% povidone-iodine was used to ensure antisepsis of the
surgical site. A 4 cm midline laparotomy incision was made. At
~3 c¢cm above the peritoneal reflection, the left colon was defined
and transected. Then, an end-to-end anastomosis was performed
with eight sutures using 6-0 propylene (Prolene; Ethicon, NJ,
USA) in a single-layer interrupted fashion. In Groups 2 and 3,
HIPEC was implemented using an open method with 40 mL
saline solution (5 mg/kg) heated to 41°C, and the abdomen was
closed. The temperature of the solution was measured with a
thermometer probe in the abdomen. When the intra-abdominal
temperature fell below 40°C, the HIPEC fluid was aspirated and
41°C HIPEC solution was added again. An intermittent massage
was conducted to distribute the chemotherapy agent. After 45
min, the abdomen was opened, and the washing solution was
removed. Then the abdomen was sutured and closed. All
operations were carried out using sterile surgical methods by the
same surgeon. In Group 3, following surgery, 0.4 g/kg/day L-
glutamine dissolved in 5 mL water was administered via an
orogastric tube for 7 days. A combination of cisplatin and 5-FU
as chemotherapeutic agents was used for the HIPEC procedure,
as cisplatin exerts cytotoxic effects with increased temperature
independently of the cell proliferation stage and 5-FU exerts its
effect independently of the cell proliferation stage. Such a
combination is frequently used in clinical practice. The rats were
placed in their cages following surgery and subcutaneously
administered 5 mL saline. All groups started feeding at the 6
postoperative hour. Groups 1 and 2 were fed standard food and
water, while Group 3 was also fed glutamine daily via an
orogastric tube for enteral nutrition.

ABP

All rats underwent a re-laparotomy on postoperative day
7. ABP was measured using a pressure transmitter (Transpac 1V;
Abbott Laboratories, Rockville, MD, USA) and a monitor (BM5;
Bionet Patient Monitor, Seoul, Korea). A 2F feeding catheter
was placed in the rectum. The colon was tied with 2-0 silk in a
manner that included the catheter 3 cm below the anastomosis.
The proximal section of the anastomosis was blocked using a
clamp to establish a closed loop. Saline was delivered to the
colon via the catheter inserted in the rectum at a rate of 2
mL/min using an infusion pump, and the pressure was
monitored. The last measured value on the ABP monitor was
registered as the ABP [13]. Upon the recording of ABP values,
the colonic segment was resected and separated into two equal
pieces: One was placed in a 10% formalin solution for
histopathological analysis and the other was kept at -70°C for
hydroxyproline (HYP) analysis. The rats were sacrificed by high
doses of anesthetic drugs.

Histopathological analysis

The histopathological parameters of anastomotic
healing were assessed using the Phillips scoring system [14]. The
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colonic material that was placed in 10% formalin solution was
embedded in paraffin after a 24-hour fixation. The paraffin-
embedded tissues were stained with hematoxylin and eosin
(H&E) and Masson’s trichrome stain. The specimens were
evaluated for fibroblasts, neovascularization, collagen, and
inflammation, with each parameter rated on a scale from 0 to 3:
0: None; 1: Slight increase; 2: Moderate infiltration; and 3:
Dense infiltration.

HYP determination

The levels of HYP were determined using the biotin
double-antibody ~ sandwich  technology  enzyme-linked
immunosorbent assay (ELISA). From the 24 rat colonic tissue
samples, 50 pg specimens were cut at equal weight and placed in
phosphate-buffered saline (PBS, pH 7.4). The tissues in PBS
were mixed manually for homogenization and centrifuged at
3000 rpm for 20 min. The supernatants were filtered and
analyzed. The specimens and kits (Rat Hydroxyproline ELISA
Kit, Rel Assay Diagnostic,c MEGA TIP group, Gaziantep,
Turkey) were stored outside until they reached room
temperature. For each specimen to be studied, two wells were
prepared (one for the standard and one as an empty well for the
study). Chromogen solutions and stop solution were added to the
empty wells, and 50 pL biotin antibody-integrated standard and
50 uL streptavidin horseradish peroxidase (HRP) were added to
the standard wells. Then 40 pL sample was added to the sample
wells, followed by the addition of 10 pL anti-HYP antibody and
50 uL streptavidin-HRP. Subsequently, the microplate was kept
in an incubator (Niive incubator; Niive, Ankara, Turkey) at 37°C
for 60 min. Then, 50 pL chromogen solution was added to each
well. The plate was incubated in the dark for 15 min to allow
color development followed by the addition of 50 upL stop
solution. The plates were evaluated in an automated ELISA
analyzer (Rel Reader, Rel Assay Diagnostic; MEGA TIP group)
at a wavelength of 450 nm.

Statistical analysis

The statistical analyses were performed using the SPSS
(version 25.0; SPSS, Chicago, IL, USA) software package.
Statistical data were evaluated using average parameter values
(ABP, tissue concentrations of HYP, and histopathological
scores). Between-group variables were assessed with one-way
analysis of variance (ANOVA) and X? and between-group
differences were analyzed using Tukey’s honest significant test
and Tamhane’s post-hoc test. P<0.05 was considered statistically
significant.

Results

There were no mortalities throughout the study. No
complications such as surgical site infection or wound
dehiscence were observed.

ABP

The mean ABPs were 145.25 (25.18), 113.25 (8.12),
and 133.00 (3.81) mmHg in Groups 1, 2 and 3, respectively.
One-way ANOVA revealed statistical significance in the ABP
values (P=0.002). The post-hoc analysis showed statistically
significant differences in ABP between Group 1 and Group 2
(P=0.001), and between Group 2 and Group 3 (P=0.046). The
difference between Group 1 and Group 3, was insignificant
(P=0.213). These findings indicate that early enteral nutrition
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with glutamine improved colonic anastomosis wound healing by
improving ABP in the group undergoing HIPEC with cisplatin +
5-FU (Table 1).

Concentrations of HYP

Average concentrations of HYP in the intestinal wall
were 247.10 (4.76), 237.15 (5.32), and 242.90 (2.78) ng/g in
Groups 1, 2, and 3, respectively. One-way ANOVA revealed a
significant difference in HYP tissue concentrations among the
groups (P=0.001). Post-hoc analysis revealed a statistically
significant difference in tissue concentrations of HYP between
Groups 1 and 2 (P=0.001), and between Groups 2 and 3
(P=0.043). The difference between Group 1 and Group 3, in
turn, was nonsignificant (P=0.164) (Table 1). These findings
indicate that the HIPEC procedure is likely to repair reduced
concentrations of HYP in the wound of colonic anastomosis by
increasing tissue HYP concentrations through enteral nutrition

with glutamine.
Table 1: Mean and standard deviation values for ABP and tissue HYP levels of groups

Groups \ Group 1 Group 2 Group 3 P-value
Anastomotic Bursting 145.25(25.18)  113.25(8.12)  133.00(3.81)  0.002*
Pressure (mmHg)

Tissue hydroxyproline (ug/g) | 247.10(4.76) 237.15(5.32)  242.90(2.78)  0.001**

*The differences between Groups 1 and 2 and Groups 2 and 3 were significant (P=0.001 and P=0.046,
respectively). The difference between Groups 1 and 3 was not significant (P=0.273). ** The differences
between Groups 1 and 2 and Groups 2 and 3 were significant (P=0.001 and P=0.043, respectively). The
difference between Groups 1 and 3 was not significant (P=0.164).

Histopathological findings

The histopathological results of the groups were defined
according to the Phillips scale. One-way ANOVA indicated a
significant difference in fibroblast and collagen values among the
groups (P=0.041 and P=0.017, respectively) (Table 2). In terms
of fibroblast values, post hoc analysis revealed a significant
difference between Groups 1 and 2 (P=0.032). The collagen
levels were significantly different between Groups 1 and 2, and
between Groups 2 and 3 (P=0.001 and P=0.043, respectively).
These findings suggest that enteral nutrition with glutamine had
beneficial effects on colonic anastomosis recovery performed
using HIPEC with cisplatin and 5-FU by increasing collagen

levels (Figure 1).
Table 2: Histopathological findings of groups by Phillip’s scale

Groups \ Group 1 Group 2 Group 3 P-value
Fibroblast 2.75(0.46)  2.13(0.35) 2.50(0.53)  0.041*
Neovascularization | 2.50(0.53)  2.13(0.35)  2.38(0.51)  0.296(NS)
Collagen 2.75(0.46)  1.75(0.46) 2.38(0.51)  0.017**
Inflammation 2.63(0.51) 2.13(0.35) 2.38(0.51)  0.128(NS)

* The difference between Groups 1 and 2 was significant (P=0.032). The difference between Groups 2 and 3
was significant (P=0.250). The difference between Groups 1 and 3 was not significant (P=0.537). ** The
difference between Groups 1 and 2 was significant (P=0.001). The difference between Groups 2 and 3 was
significant (P=0.043). The difference between Groups 1 and 3 was not significant (P=0.286).

Figure 1: Histopathologic appearance of the anastomotic line in the groups. A. H&E-stained
anastomotic line of cisplatin+5-FU-delivered subject at 40x magnification, B. Masson’s
trichrome-stained anastomotic line of cisplatin+5-FU-delivered subject at 40x magnification,
C. H&E-stained anastomotic line of cisplatin+5-FU-delivered and early enteral nutrition with
glutamine-administered subject at 40x magnification, D. Masson’s trichrome-stained
anastomotic line of cisplatin+5-FU-delivered and early enteral nutrition with glutamine-
administered subject at 40x magnification
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Discussion

CRS is an aggressive local treatment carried out ahead
of perioperative HIPEC [15]. Despite the increased survival in
patients with PC, a prominent increase is seen in morbidity and
mortality with mortality resulting mainly from sepsis and
respiratory complications [16-18]. The most reported (5-34%)
complications are intraabdominal sepsis, anastomotic leakage
and intestinal fistulas, the latter of which is the most common
and requires CRC and HIPEC treatment [18-21]. Intestinal
fistulas occur as a result of anastomotic leakage or intestinal
perforations. In a previous study examining complications of
CRS and HIPEC, a fistula was identified in the anastomotic and
suture lines in 17 of 203 patients [6]. Verwaal et al. observed
intestinal fistulas and intraabdominal sepsis at a rate of 17.6%
and 15.6%, respectively [18]. It is worth noting that more
anastomoses are required following CRS and HIPEC compared
to other gastrointestinal surgeries. Thus, to minimize
postoperative fistula rates, some surgeons perform a diverting
ostomy proximal to the colonic and rectal anastomoses [6]. After
the treatment of patients is completed, another issue is ostomy
closure. A previous study reported that 71% of colostomies could
be closed, and a re-colostomy was performed in 14% of the
closed colostomies due to emerging complications [16]. Makrin
et al. investigated the effects of chemotherapy and hyperthermia
on colorectal anastomosis, and found that the ABP fell in the
hyperthermia groups compared to the control group on day 10
[22]. The authors observed that the ABP dropped the most in the
cisplatin group. HIPEC had particularly adverse effects on colon
ABP during the early postoperative period (up to day 10). The
negative effects of HIPEC may cause anastomotic leakage and
postoperative morbidity. Therefore, they suggest that avoiding
unnecessary anastomosis is essential for patient and procedure
selection. Pelz et al. demonstrated the detrimental effects of a
chemotherapeutic (Mitomycin) on anastomotic healing [23]. In a
study by Aarts et al., anastomosis of the ileum and colon was
performed, followed by HIPEC with mitomycin C . The authors
observed a decrease in wound strength of colonic anastomosis in
the HIPEC group after cytoreduction [24].

Glutamine is the body’s most available free amino acid
and plays a critical role in nitrogen transport and acid-base
equilibrium. Therefore, glutamine is one of the most studied
nutrients and the starting point of metabolic support studies [25].
It is necessary for the rapid division of enterocytes, lymphocytes,
and fibroblasts, and is also involved in antioxidant defense
mechanisms by affecting glutathione synthesis [26]. Under
physiological conditions, enough glutamine is produced to
maintain the body’s glutamine storage requirements (especially
of the skeletal muscles) and to meet the demands of glutamine-
consuming tissues [27]. In case of stress such as injury, sepsis
and inflammation, glutamine consumption is increased in the
gastrointestinal system, immunological cells, inflammatory
tissue, and Kkidneys. Under severe stress, the intracellular and
plasma glutamine levels decrease by 50% and 30%, respectively
[9]. In this case, nitrogen balance and immunosuppression can be
improved with glutamine supplementation [28]. Oral glutamine
administration is reportedly effective in relieving oxidative stress
and the proinflammatory responses induced by endotoxemia
[29]. Goswami et al. [10] studied the impact of oral glutamine on
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wound healing in rats and found that glutamine had a positive
effect on wound healing by affecting various wound healing
stages such as collagen synthesis, wound contraction, and
epithelialization. Sapidis et al. [11] studied the preoperative
administration of glutamine and symbiosis, which increased the
mechanical strength of the anastomosis. Thus, they claimed that
it decreases the rupture of anastomotic line and bacterial
translocation. Da Costa et al. reported that perioperative orally
glutamine supplementation increased both the mechanical
strength of the anastomosis and the percentage of mature
collagen in the anastomosis line on postoperative days 3 and 8
[30]. Gokpmar et al. [31] investigated the effects of early and
late enteral nutrition with glutamine on anastomotic healing, and
found that in the postoperative period, early administration of
total enteral nutrition significantly increased anastomotic
resistance and collagen synthesis. In this study, enteral nutrition
with glutamine led to an improvement in ABP and tissue
concentrations of HYP following HIPEC treatment with cisplatin
and 5-FU. These findings are consistent with the previous
publications in literature.

Earlier experimental studies used one chemotherapeutic
agent (e.g., 5-FU, cisplatin, paclitaxel, mitomycin-c); however,
two chemotherapeutic agents are currently included in the
HIPEC regimen after CRS in clinical practice. These agents
include drugs that exert increased effects with hyperthermia,
independently of cell proliferation (e.g., cisplatin, mitomycin-c,
doxorubicin); and those that are not associated with
hyperthermia, independently of cell proliferation (e.g., 5-FU and
paclitaxel). This the first study to investigate the effects of early
enteral glutamine supplementation on colonic anastomotic
healing in patients treated with HIPEC with cisplatin and 5-FU.

This study had some limitations. First, experiments
were performed on laboratory animals, so future studies of a
similar nature are needed prior to the study findings being
included in clinical practice. Second, although this procedure is
performed on a selected patient group with good performance in
clinical practice, most patients are malnourished and the duration
of surgery is long for cytoreduction, necessitating one or several
anastomoses thereafter. The rats used in our study had no
malnutrition or peritoneal disease. Third, colonic anastomosis
was performed after transection without colonic resection. When
assessing complications due to surgery, 30 postoperative days
should be taken into account. We completed this study on day 7.
Finally, in clinical practice, HIPEC treatment is combined with
early postoperative intraperitoneal chemotherapy (EPIC), which
generally begins on the first postoperative day and continues for
5 days. EPIC was not used in this study. We believe that such
limitations should be taken into consideration in prospective
experimental studies.

Conclusion

Enteral nutrition with glutamine after HIPEC positively
affected anastomotic wound healing by increasing the number of
fibroblasts, collagen deposits, tissue HYP levels in the
anastomosis area, and the anastomosis's mechanical resistance.
Thus, we believe that early enteral glutamine supplementation
after HIPEC can reduce postoperative morbidity and mortality by
preventing anastomotic leaks.
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Introduction

Urinary stones occupy the agenda of the medical world
with both their frequency and high recurrence rates [1]. Over the
last 60 years, great strides have been made in urinary stone
treatment, and in the previous two decades, endoscopic surgeries
have taken the lead in treatment [2, 3].

Ureterorenoscopy (URS) and flexible
ureterorenoscopy/retrograde intrarenal surgery (RIRS) are
commonly used surgical methods in ureter stone treatment.
Although it is not possible to cure kidney stones with URS, since
the introduction of RIRS, even kidney stones can be treated
endoscopically when accessed through the urethral meatus [2].
One of the most important advantages of RIRS in ureter stone
treatment is that the unintended spontaneous stone push-up that
could cause the termination of URS in the past does not any
longer. Nowadays, if a stone is pushed up, surgeons can stop
performing URS and begin using RIRS to treat stones in the
kidney, allowing surgeries to be completed successfully [4, 5].

Different techniques and devices have been used to
mitigate the push-up problem [6, 7]. However, it is not clear
whether these methods are truly necessary with today’s
technology. To go a step further and dust the stone after pushing
it into the kidney instead of dusting it in a narrow area in the
ureter might be more advantageous. In this study, our aim is to
compare the clinical parameters of semirigid URS (srURS) in the
upper ureter with RIRS for upper ureteral stones which are
pushed-up during srURS perioperatively.

Materials and methods

The data of 134 patients who underwent srURS due to
single and primary upper ureteral stones between January 2018-
October 2020 were included and analyzed in this retrospective
cohort study. The necessary permissions were obtained from
Yozgat Bozok University Clinical Research Ethics Committee
(protocol number: 2017-KAEK-189 2020.11.11_02) for the use
and analysis of this data. Seventy-three patients who were treated
with srURS successfully were included in Group 1. Sixty-one
patients in whom srURS failed due to spontaneous unintended
push-up and the surgical technique was changed to RIRS, were
included in Group 2 (alpha=0.05; power: 0.89). Surgeries were
performed by four surgeons experienced in endourological
procedures. Preoperative complete blood count, routine
biochemical analysis (glucose, creatinine, electrolytes), complete
urinalysis, and urine culture were obtained from all patients.
Patients with signs of infection and pyuria were operated on after
receiving appropriate oral therapy and obtaining a sterile
urinalysis result. Furthermore, the data of patients with stones
reported to be enclaved during surgery, a history of a urinary
anomaly, nephrectomy, chronic renal failure, and a JJ stent in the
preoperative period were excluded.

Surgical procedures

Before srURS, cystourethroscopy was performed on the
patients. A Stone Cone® was placed in the ipsilateral ureter
under fluoroscopy during cystoscopy. Ureteral access was gained
with a 9.5F semi-rigid ureterorenoscope (Karl Storz, Tuttlingen,
Germany) with a guidewire. After the stone was reached by the
ureterorenoscope, it was dusted with a 272 um holmium: YAG

Breaking a stone up in ureter or renal pelvis?
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laser (Ho YAG Laser; Dornier MedTech; Munich,
Germany/Dornier Med-Tech GmbH, Medilas H20 and HSolvo,
Wessling, Germany) at a frequency of 8-12 Hz and an energy
level of 0.8-1.5 J. When a spontaneous unintended push-up
occurred during ureteral access or Stone Cone® placement
before starting to dust the stone, the surgeon altered the
instruments and continued to RIRS. A ureteral accessory sheath
(UAS) (Elite Flex, Ankara, Turkey) was placed over the
guidewire into the ureter. Following this, the stones were reached
by advancing the flexible ureteroscope (Flex-X2, Karl Storz,
Tuttlingen, Germany/Karl Storz, Flex X2, GmbH, Tuttlingen,
Germany). The stones were dusted with a 272 pm laser. In both
procedures, no stone fragment was extracted, and a JJ stent was
placed in the ureter. The time from the entrance to the urethral
meatus to the end of JJ stent placement after starting to RIRS
was recorded as the operative time.

Patient follow-up

On the first postoperative day, patients received a direct
urinary system radiography to check for the presence of opaque
stones and ultrasonography to check for the presence of non-
opaque stones. JJ stents were removed at the third postoperative
week in all patients. All patients underwent non-contrast
computed tomography in the first month postoperatively to
evaluate residual fragments and stone free status. The procedure
was considered successful for patients with a residual stone
fragment of 2 mm or less. Follow-up or medical expulsive
therapy was administered to patients with residual stone
fragments larger than 2mm. A summary of Clavien-Dindo
classification for complications is given in Table 2 [8].

Statistical analysis

All statistical analyses were performed with the IBM®
SPSS® Statistics version 25 data analysis program (IBM Corp.
Released 2017. IBM® SPSS® Statistics version 25.0. Armonk,
NY: IBM Corp). The distributions were determined according to
the skewness and kurtosis values. Normally distributed data were
given as mean (standard deviation), while median (minimum-
maximum) values were presented when no normal distribution
was observed. Student t-test and Mann-Whitney U test were used
for numerical data to compare the two groups. A chi-squared test
was used for categorical data. The significance level for the P-
value was 0.05.

Results

The demographic and clinical data of the cases are
summarized in Table 1. We observed no statistically significant
differences between the two groups in terms of age, gender, body
mass index (BMI), laboratory data, presence of hydronephrosis,
stone size, stone density, operation time, and complication rates
(P>0.05 for all). However, stone-free rates were significantly
higher in srURS compared to intrarenal surgery (RIRS)
(P=0.03).

The hemoglobin (Hb) and creatinine (Cre) levels of the
patients before and after surgery were compared separately, and
a significant change was observed (Table 1). The Hb values
before and after surgery were 14.50 g/dL and 13.05 g/dL,
respectively, in Group 1, and 14.30 g/dL and 13.30 g/dL,
respectively, in Group 2. In group 1, the mean creatinine value
was 0.94 mg/dL preoperatively and 0.87 mg/dL afterwards. The
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mean creatinine levels in Group 2 were 0.89 mg/dL and 0.83
mg/dL before and after the surgery, respectively. The rate of the
patients with grade 3 and higher hydronephrosis were below 7%
in both groups.

Complication rates were similar in both groups
(P=0.87) (Table 1). After the operation, 1 patient from group 1
and 3 patients from group 2 developed renal colic. The patient in
Group 1 had steinstrasse. Additional interventions were
performed in these 4 patients in the second session (Stage 3).
Urosepsis developed secondary to ureteral perforation in one
patient from Group 1 (Stage 4). The patient recovered following
appropriate parenteral antibiotherapy and intensive care support.
Urinary infection developed in one patient in Group 2 (stage 2)
which improved following oral antibiotherapy given in
accordance with the urine culture results. One patient had a fever
of >38.5°C, which recurred with antipyretic therapy.
Macroscopic hematuria was observed in one patient. He
improved with bed rest and standard hydration practices (Table
2).

Table 1: Demographic and clinical parameters of two groups

Parameters Group 1 (n=73) Group 2 (n=61) P-value
Age 46.25 (12.87) 45.51 (14.36) 0.75
Gender (n, %) Female 18 (24.7) 20 (32.8) 0.39

Male 55 (75.3) 41 (67.2)
BMI 28.38(21.51-37.89)  27.34 (20.20-47.56)  0.36
Preoperative Hb (g/dL) 14.50 (9.1-17.9) 14.30 (10.6-17) 0.72
Postoperative Hb (g/dL) 13.05 (7.9-17.0) 13.05 (7.9-17.0) 0.98
Preoperative Cre (mg/dL) 0.94 (0.6-2.63) 0.89 (0.47-2.24) 0.22
Postoperative Cre (mg/dL) 0.87 (0.51-1.75) 0.87 (0.51-1.75) 0.33
Preop vs Postop Hb** -6.6 -5.7 <0.001
Preop vs Postop Cre** -3.2 -3.7 <0.001
Hydronephrosis ~ Absent 14 (19.2) 15 (24.6) 0.67
(n, %) Grade 1 21(28.8) 21 (34.4)

Grade 2 33(45.2) 22 (36.1)

Grade 3 4 (5.5) 3(4.9

Grade 4 1(1.4) 0 (0)
Stone size (mm) 9 (5-16) 10 (5-24) 0.54
Stone density (HU) 986 (480-1428) 900 (254-1632) 0.06
Operation time (dk) 46.97 (20.51) 48.54 (27.98) 0.70
Stone-free Residual + | 3 (4.2) 9 (15.0) 0.03
(n, %) Residual - 69 (95.8) 51 (85.0)
Complication Absent 56 (77.8) 46 (76.7) 0.87
(n, %) Present 16 (22.2) 14 (23.3)

Data were given as mean (SD) in cases with normal distribution, and as median (min-max) in data that did
not show normal distribution. For categorical data, it was shown as n (%). BMI: Body mass index; HU:
Hounsfield unit; mm: millimeters. * P<0.05 ** It is shown as “Z value” for Wilcoxon test.

Table 2: The numerical distributions of complications between the groups due to Clavian-
Dindo classification

Complication Grade | Group 1 (n=16)  Group 2 (n=14)

Grade 1 14 9
Grade 2 0 1
Grade 3 1 3
Grade 4 1 0

Data were given as frequency (n) in all cases.

Discussion

The development of stone push-up during URS was a
significant problem that resulted in the termination of urinary
stone surgeries in the past. Sun et al. reported this rate as 10% for
all ureteral stones [9], while Knispel et al. [10] reported it as 40%
for upper ureteral stones. To address this problem, various
manipulations and antiretropulsion devices or techniques were
developed. In an experimental study, Patel et al. [11] showed that
the inclination of the patient on the operating table can preclude
the development of push-ups during ureteroscopy. Zehri et al.
[12] reported that gel instillation to the proximal part of the stone
increased stone-free rates. Dretler [13] demonstrated that a
ureteral balloon advanced over a guidewire to the proximal part
of the stone is useful in averting a push-up. A year later, Dretler
[14] reported the successful results of a device called a Stone
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Cone®. Wang et al. [15] reported that an N-trap occlusion device
is effective in preventing stone migration. Heat-sensitive
polymers, Lithovac, Lithocatch, Parachute and PercSys devices
were developed and put into use [16-18]. As can be seen, stone
push-up directly affected the stone-free rates and unsuccessful
surgery. However, with the introduction of laser lithotripsy and
RIRS, stone push-up is no longer such an impediment to
successful surgical completion. Even if a ureter stone migrates
retrograde to the kidney during URS, the surgeon can continue
the surgery by altering the surgical instrument and successfully
complete the operation.

It is known that intrarenal pressure increases during
both URS and RIRS. The use of UAS during RIRS significantly
reduces intrarenal pressure [19, 20]. This can be considered an
advantage of RIRS over URS. However, whether this creates a
clinical result in terms of renal functions is controversial. In a
study conducted on patients who underwent RIRS, Yang et al.
did not detect a significant increase in creatinine on the first
postoperative day and in the 1% month postoperatively in stones
smaller than 3 cm, while they reported that there was a
significant increase in creatinine on the first postoperative day in
stones larger than 3 c¢cm and that this regressed in the first
postoperative month [21]. Based on these findings, a temporary
deterioration of renal function can be expected, especially in
cases where surgery time is prolonged. Oztekin et al. reported
that they did not detect a significant creatinine change either
preoperatively or postoperatively between the two groups who
underwent RIRS and URS [22]. In this study, although our
operative times were not long in both groups, we did not observe
a significant difference between pre-and postoperative creatinine
levels.

Considering the larger number of manipulations of
RIRS, operation time is expected to be longer in RIRS than
SrURS. In a study where they compared RIRS with srURS in the
treatment of upper ureteral stones, Kartal et al. [4] reported that
operation times where RIRS was performed were significantly
longer. Similar findings were also reported by Karadag et al [23].
Although Ozkaya et al. [24] reported that the use of UAS in
patients who underwent RIRS shortened the operative time
compared to those in whom UAS was not used, Galal's study [5]
comparing RIRS with URS showed that operation times where
srURS was carried out were significantly shorter. In our study,
although the average length of operations using srURS were
shorter than those using RIRS, these differences were not
statistically significant.

It is evident that the development of push-up in ureter
stones during surgery will make a significant difference between
RIRS and srURS in terms of stone-free rates and surgery
success. Researchers developed antiretropulsion devices to
prevent stone push-up [18, 25]. In addition, methods such as
putting patients in the Trendelenburg position or applying gel to
the proximal part of the stone were employed to increase stone-
free rates [6, 12, 26]. As the surgical technology and technique of
RIRS improves, it seems likely that push-up developing during
srURS will be treated more easily, and there will no longer be a
need for antiretropulsion techniques or devices. However, there
are scarcely any studies in the literature comparing the stone-free
rates of sSrtURS with antiretropulsion and RIRS. In their study, in
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which they did not use an antiretropulsion device, Karadag et al.
[23] reported that stone-free rates were superior when RIRS was
used compared to srURS both directly after the surgery and in
the following months. Similarly, Kartal et al. [4] reported a
significant stone-free rate in RIRS procedures compared to
srURS without antiretropulsion. Galal et al. [5] found RIRS
superior in terms of stone-free rates as a result of their studies
comparing rigid URS and RIRS, which they performed without
using an antiretropulsion device. However, they added the
comment that if they had used a Stone Cone®™ or N-Trap basket, a
higher rate would probably have been achieved using rigid URS.
In our study, stone-free rates were significantly higher when
srURS was performed compared to RIRS. This may be because
we used a Stone Cone™ as a standard part of the srURS
procedure. In addition, leaving the stone fragments and dust
particles in the natural flow path of urine may have given this
result. During URS, the surgeon works in a narrow space and
may cause iatrogenic damage to the fragile tissue of the ureter,
especially in impacted stones. Furthermore, complication rates
are lower when RIRS is used [5, 27]. Ozkaya et al. [24] reported
that complications such as fever, infection, and unsuccessful
surgery are less common when using UAS in RIRS. Therefore,
RIRS seems to be a more advantageous method. However, not
all the data in the literature supports this point of view. Kartal et
al. [4] reported that they could not find a significant difference in
intraoperative complication rates between RIRS and srURS in
upper ureteral stones. Karadag et al. [23] also reported that there
was no difference in intraoperative complications. Finally, Galal
et al. [5] reported no significant difference between both
intraoperative and postoperative complications. In our study, the
complication rates were similar between the two groups.

In the light of all this information, it seems that
preferring RIRS over srURS in an upper ureteral stone will not
make a difference in terms of renal functions; indeed, the
possibility of using UAS during RIRS may even provide other
benefits [24]. Although the shorter operation time of srURS in
the literature suggests that dusting such stones at the location of
impaction in the ureter will give faster results, no significant
difference was shown in terms of operation times in this study.
While it has been reported in the literature that srtURS without
using antiretropulsion will obtain a lower score than RIRS in
terms of stone-free rates, we showed that srURS using
antiretropulsion can be superior to RIRS in terms of stone-free
rates. Moreover, there is no significant difference between these
two surgical options regarding complication rates in upper
ureteral stones.

Limitations

The limitations of our study include its retrospective
design, a small sample size, and a short follow-up period.
Prospective studies should be conducted with larger patient
groups. The advantage of our study is that there are few studies
comparing URS or srURS with RIRS in upper ureteral stones. In
addition, it is a unique study in the literature comparing stone
dusting after stone push-up with stone dusting performed in the
ureter.

Conclusion

While choosing between RIRS or srURS in patients
with an upper ureteral stone, the idea of pushing a stone that can
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easily be treated with srURS to the kidney and, instead, treating
it with RIRS is not supported by the findings of this study. The
application of srURS after fixing an upper ureter stone at its
location using a Stone Cone® results in higher stone-free rates.
For these stones, RIRS and srURS yield similar results in terms
of laboratory values, complication rates and operation time.
Surgeons should use antiretropulsion devices and break the stone
in the proximal ureter rather than breaking it in the kidney.
Further prospective randomized controlled studies are needed.
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Abstract

Background/Aim: Breast cancer is the most common type of cancer among women and one of the most
common causes of cancer-related death. Breast Imaging-Reporting and Data System (BI-RADS) is widely
used in breast imaging and aims to provide effective communication between physicians. This study aimed
to investigate the positive predictive values (PPVs) of BI-RADS categories as assessed by different
imaging modalities in reference to Tru-Cut biopsy results.

Methods: This retrospective cross-sectional observational study included 415 lesions obtained by Tru-Cut
biopsy between March 2018 and December 2020. The lesions were examined by ultrasound (US),
mammography, and magnetic resonance imaging (MRI) and categorized as BI-RADS 3, 4, or 5. In this
system, every category has its own likelihood of cancer ratio.

Results: The most common malign and benign lesions were invasive ductal carcinoma and fibroepithelial
lesion, respectively. The PPVs of US BI-RADS category 3, 4, and 5 lesions were 2.15%, 47.44%, and
95.19%, respectively, those of mammographic BI-RADS 3, 4, and 5 lesions were 3.79%, 53.45%, and
94.2%, respectively, and those of MRI BI-RADS 3, 4, and 5 lesions were 0%, 57.89%, and 88.1%,
respectively.

Conclusion: Predicting the probability of cancer in breast imaging is of significance for patient
management and effective communication between the radiologist and other physicians. We demonstrated
the compatibility of our experience with the literature with this study, in which we demonstrated the
possibility of imaging modalities to predict cancer according to BIRADS categories.

Keywords: Breast, Ultrasonography, Mammography, Magnetic resonance imaging, BI-RADS
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Introduction

Breast cancer, the most common cancer among women,
constitutes 35% of female cancers in Turkey and 23% of all
cancers affecting women worldwide [1, 2]. It is also one of the
most common causes of cancer-related deaths [3]. Widespread
screening programs and advances in imaging technologies
allowed the early diagnosis of breast cancer and drastically
reduced breast cancer-related deaths [4, 5]. The most common
and easy-to-use breast imaging method is ultrasonography (US).
Mammography is another frequently used imaging method,
particularly for detecting early breast cancer and as a screening
tool. Magnetic resonance imaging (MRI) is an advanced imaging
method used particularly as a problem-solving tool and for the
screening of high-risk patient groups, albeit less commonly. The
American College of Radiology (ACR) developed a lexicon
named the Breast Imaging-Reporting and Data System (BI-
RADS) to standardize reporting between radiologists and
facilitate communication with other clinicians in 1992 [6]. Most
recently, the ACR published the revised and modified 5" edition
of BI-RADS in 2013 [7]. Breast lesions are assigned BI-RADS
categories based on US, mammography, and MRI findings.

The diagnosis of breast lesions often includes a
multidisciplinary approach involving radiology, pathology, and
general surgery specialists. After categorization, imaging-guided
Tru-Cut biopsy is routinely used to confirm the diagnosis. Tru-
Cut biopsy has been used to diagnose solid lesions since 1930
[8]. With this study, we aimed to evaluate the agreement between
Tru-Cut biopsy results and BI-RADS classifications and
compare our results with the literature.

Materials and methods

This retrospective cross-sectional observational study
was approved by Adiyaman University Non-Interventional
Ethics Committee (approval code: 2021/05-15).

Patient selection

We analyzed 415 lesions obtained by Tru-Cut biopsy in
our interventional radiology clinic between March 2018 and
December 2020. To prevent potential bias, Tru-Cut biopsies
performed by defining BIRADS in our center were included in
the study. Fine-needle biopsies and BIRADS definitions
performed in an external center were excluded from the study.
All participants were informed about the study verbally and in
writing and signed informed consent forms.

Radiologic assessment

Patients’ US, mammography, and MRI findings were
evaluated. Breast lesions were assigned BI-RADS categories
based on US, mammography, and MRI findings according to the
last (5") edition of the ACR BI-RADS lexicon [9] (Figure 1, 2,
3). Patients who were assessed only by US were assigned US BI-
RADS categories. In patients who underwent US and
mammography, the lesions were classified using only
mammography findings. MRI BI-RADS was separately
evaluated in patients who underwent MRI. Biopsy specimens
were obtained from all patients with BI-RADS 4 or 5 lesions,
and from patients with BI-RADS 3 lesions who were at high risk
for breast cancer, whose lesions had grown in size on follow-up,
or at the request of the physician and/or the patient. Lesion sizes
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and locations were recorded. Mammography was performed for
all patients over 40 years of age and for patients under 40 years
of age if recommended by a radiologist. Breast MRI was decided
by a radiologist according to the indications specified by the
Turkish Society of Radiology [10].

Figure 1: The patient was diagnosed with intraductal papilloma by Tru-Cut biopsy. A)
Mammaography screen, evaluated as mammography-BIRADS 3, shows the increase in
periareolar density (white circle). B) US image shows that tru-cut biopsy needle and US-
BIRADS 3 lesion (white arrow). C) Contrast-enhanced MR image shows MR-BIRADS 3
lesion (white circle).

Figure 2: The patient was diagnosed with granulomatous mastitis by Tru-Cut biopsy. A)
Mammaography screen shows mammography-BIRADS 4 lesion (white circle). B) US image
shows US-BIRADS 4 lesion (white circle). C) Contrast-enhanced MR image shows BIRADS
4 lesion (white circle).

&
A4

Page |858v



Surg Med. 2021;5(9):857-861.

J

Figure 3: The patient was diagnosed with invasive ductal carcinoma by Tru-Cut biopsy. A)
Mammography screen shows mammography-BIRADS 5 lesion (white circle). B) US image
shows US-BIRADS 5 lesion (white circle). C) Contrast-enhanced MR image shows MR-
BIRADS 5 lesion (white circle).

Biopsy procedure

All biopsy procedures were performed under ultrasound
guidance using a Toshiba Aplio 300 ultrasound device (Toshiba
Medical System, Tokyo, Japan) and a 7-MHz linear-array
transducer. After the patient was positioned, the biopsy site was
wiped with an antiseptic. Local anesthesia was administered
(Citanest %2, 2-3 mL; AstraZeneca, Kirklareli, Turkey). A small
incision was made with a scalpel, allowing the biopsy needle to
pass through the skin. Targeted biopsy was performed with a 16-
gauge coaxial semi-automatic biopsy needle (Geotek Healthcare
Products, Ankara, Turkey). Samples were obtained from
different sites of the lesions. Sampling was repeated at least three
times until a sufficient amount of specimen was obtained from
each lesion. The specimens were placed in formaldehyde and
sent for pathological examination. The patients were kept under
observation for 30 minutes for possible complications. They
were not given antibiotic prophylaxis before the procedure.
Coagulation tests and complete blood count were not assessed
for patients without known coagulopathies and who were not on
any medication.

Statistical analysis

The subjects were divided into two groups: Those aged
<40 and >40 years. Statistical analysis was performed with SPSS
25.0 (IBM Corp., Armonk, NY, USA). The chi-square (%) test
was used to compare radiological classification and
histopathological results. Pearson’s correlation analysis was used
to test the correlation between age and malignancy. A P-value of
<0.05 was considered statistically significant.

Results

A total of 579 patients were included in the evaluation.
Forty-one patients who underwent fine-needle biopsy, 91
patients who visited our center for biopsy after the definition of
BIRADS in another center, and 32 patients who underwent a
biopsy without using BIRADS lexicon were excluded from the
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study, leaving 415 patients to be included (Figure 4). The mean
age was 44.13 (12.60) years (range: 13-82). All participants were
female. The biopsy results indicated that 274 lesions (66%) were
benign, and 141 lesions (34%) were malignant. While 156
biopsies (115 benign, 41 malignant) were obtained from women
younger than 40 years of age, 259 biopsies (159 benign, 100
malignant) were from women older than 40 years. The incidence
of malignancy significantly differed according to age (P=0.01)
(Table 1). The most common malignant and benign lesions were
invasive ductal carcinoma and fibroepithelial lesions,

respectively (Table 2). There were no complications associated
with the biopsy procedure.

Figure 4: Flow-diagram of patient selection

All patients
n: 579)

Fine
Needle
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\t"' 41)
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Table 1: The relationship between demographic characteristics and biopsy results *

<40 >40 All Patients P-value
(n=156) (n=259) (n=415)
Age(years) 32.07 (6.65) 53.50(13.35)  44.13 (12.60)
(13-39) (40-82) (13-82)
Pathology 0.01
Benign, n(%) 115(73.7%)  159(61.3%) 274(66%)
Malignant, n(%) | 41(26.2%) 100(38.6%) 141(34%)
* Expressed as mean (SD) or n (%)
Table 2: Distribution of pathologies *
Benign, n(%) 274 (100%)  Malignant, n(%) 141(100%)
Fibroepithelial Lesion | 144(52.5%) Invasive Ductal Carcinoma 127(90%)
Fibrocystic Change 12(4.3%) Invasive Lobular Carcinoma  11(7.8%)
Adenosis 17(6.2%) Neuroendocrine Carcinoma 1(0.7%)
Mastitis 69(25.1%) Papillary Carcinoma 1(0.7%)
Ductal Hyperplasia 8(2.9%) Chondroid Carcinoma 1(0.7%)
Fat Necrosis 7(2.5%)
Intraductal Papilloma | 5(1.8%)
Stromal Fibrosis 5(1.8%)
Radial Scar 4(1.4%)
Breast Tissue 3(1%)

* Expressed as n (%)

All patients (100%) underwent US, 259 patients
(62.4%) underwent mammography, and 64 (15.4%) underwent
MRI. US examinations were most commonly (n=305, 73.4%)
performed due to pain and swelling in the breast, mammography
was mostly (n=203, 78.3%) performed for breast cancer
screening, and MRI examinations, mostly (n=51, 79.6%) at the
recommendation of the radiologist.

Among patients who underwent US, 233 cases were
classified as BI-RADS 3, 78 as BI-RADS 4, and 104 as BI-
RADS 5. Among these, 5 (2.1%) BI-RADS 3, 37 (47.4%) BI-
RADS 4, and 99 (95.1%) BI-RADS 5 lesions were malignant. A
higher US BI-RADS category was associated with malignancy
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(P<0.01). The positive predictive values (PPVs) of US BI-
RADS category 3, 4, and 5 lesions were 2.15%, 47.44%, and
95.19%, respectively (Table 3).

Table 3: Radiologic assessment and pathology results *

Benign Malignant %Sensitivity Specificity PPV NPV

M  (n (%) (%) (%) (%)
US BI-RADS 3 228 5 35 16.7 21 252
US BI-RADS 4 41 37 26.2 85 474 69.1
US BI-RADS 5 5 99 70.2 98.1 95.1 86.5
Mammographic BI-RADS 3|127 5 49 19.6 3.7 244
Mammographic BI-RADS 4|27 31 30.6 82.9 534 65.1
Mammographic BI-RADS 5|4 65 64.3 97.4 942 81
MRI BI-RADS 3 3 0 0 81.2 0 21.3
MRI BI-RADS 4 8 11 22.9 50 57.8 17.7
MRI BI-RADS 5 5 37 7 68 88.1 50

* Expressed as n and %, & To detect malignancy

Among the patients who underwent mammography, 132
cases were classified as BI-RADS 3, 58 as BI-RADS 4, and 69
as BI-RADS 5. Among these, 5 (3.7%) BI-RADS 3, 31 (53.4%)
BI-RADS 4, and 65 (94.2%) BI-RADS 5 lesions were malignant.
A higher mammaographic BI-RADS category was associated with
malignancy (P < 0.01). The PPVs of mammographic BI-RADS
category 3, 4, and 5 lesions were 3.79%, 53.45%, and 94.2%
respectively (Table 3).

Among those who underwent MRI, 3 cases were
classified as BI-RADS 3, 19 as BI-RADS 4, and 42 as BI-RADS
5. Among these, 0 (0%) BI-RADS 3, 11 (57.8%) BI-RADS 4,
and 37 (88%) BI-RADS 5 lesions were malignant. A higher MRI
BI-RADS category was associated with malignancy (P=0.015).
The PPVs of MRI BI-RADS category 3, 4, and 5 lesions were
0%, 57.89%, and 88.1%, respectively (Table 3).

Discussion

We designed this study to correlate breast lesion biopsy
results with BI-RADS assessment categories as determined by
US, mammography, and MRI, the mostly used breast imaging
modalities in daily practice. We then calculated the PPV of BI-
RADS categories 3, 4, and 5 for each imaging modality. Due to
the lack of similar studies and the relatively large sample size of
the present work, we believe that our study contributes valuable
information to the literature.

Our study revealed that benign pathologies were more
common in patients under 40 years of age, whereas malignant
pathologies were more common in those aged >40 years. This
finding is consistent with the literature and data from Turkey [2,
11]. We showed that the diagnostic accuracy of Tru-Cut biopsies
was 100%, in line with the literature [12]. Due to its low
complication rates, high diagnostic accuracy, and easy
application, Tru-Cut biopsy should be used for breast lesions.

The PPVs of US BI-RADS category 3, 4, and 5 lesions
were 2.15%, 47.44%, and 95.19%, respectively. Imamoglu et al.
reported the PPVs of US BI-RADS category 3, 4, and 5 lesions
as 0%, 29.8%, and 100%, respectively [13]. In our study, there
were several malignant cases classified as BI-RADS category 3,
as well as benign lesions classified as BI-RADS category 5. In
this regard, our study conflicts with the data presented by
Imamoglu et al., who highlighted the lack of malignant BI-
RADS 3 and benign BI-RADS 5 lesions as a limitation of their
study. We also found a higher PPV for BI-RADS 4 lesions.

In our clinic, mammography examinations are mostly
performed for women aged over 40 years for screening purposes.
Our study included patients who were diagnosed with breast
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lesions by mammography who subsequently underwent biopsy.
In our clinic, mammography is routinely performed in
combination with US. However, since our study aimed to
establish the PPV of mammaographic BI-RADS, to prevent bias,
we did not include US findings while determining
mammographic  BI-RADS categories. The PPVs of
mammographic BI-RADS category 3, 4, and 5 lesions were
3.79%, 53.45%, and 94.2%, respectively. Agacl et al. correlated
mammographic and sonographic BI-RADS categories with
pathology results and calculated the PPVs of BI-RADS
categories 3, 4, and 5 as 3.8%, 40.6%, and 100% for malignancy,
respectively [14]. The literature reports similar PPVs for
mammography findings [15-18].

In our study, 64 (15.4%) breast lesions were assessed by
MRI. All MRIs were obtained at the request of a radiologist and,
to prevent bias, US and mammography findings were not utilized
while determining MRI BI-RADS categories. MRI BI-RADS
categories were determined by evaluating morphological
characteristics and enhancement patterns. MRI enhancement
kinetics were not considered. The PPVs of MRI BI-RADS
category 3, 4, and 5 lesions were 0%, 57.89%, and 88.1%,
respectively. In their study, Mahoney et al. investigated the
positive predictive value of BI-RADS MRI and reported PPVs
for BI-RADS categories 3, 4, and 5 as 0.9%, 20.5%, and 71.4%,
respectively [19]. There is a prominent difference between the
PPVs of BI-RADS category 4 as reported by Mahoney et al. and
our results. This difference may be ascribed to differences in
methodology, as Mahoney et al. evaluated lesion morphology as
well as lesion kinetics and included more benign lesions in BI-
RADS category 4 [19]. Breast MRI is increasingly used in recent
years and it is quite sensitive in detecting breast cancer.
Sensitivity rates ranging from 94% to 100% have been reported
in the literature [20, 21]. That said, breast MRI has a relatively
low specificity due to overlapping of malignant and benign
lesions [22, 23].

The ACR states that the likelihood of malignancy is <
2% for BI-RADS3, > 2% and < 95% for BI-RADS 4, and >95%
for BI-RADS 5 [24]. Our PPVs for malighancy for BI-RADS
categories 3, 4, and 5 as assessed by US, mammography, and
MRI are consistent with those reported by the ACR,
demonstrating our success in evaluating breast lesions.

Limitations

Its retrospective and single-centered design are some of
the major limitations of our study. All biopsies were obtained
under US guidance; mammography-guided biopsy and MRI-
guided biopsy were not considered as they were not available at
the time. Moreover, we did not evaluate the subcategories of Bl-
RADS category 4. Premalignant lesions such as lobular and
ductal carcinoma in situ were excluded from the study; therefore,
they were not assessed according to BI-RADS. Finally, our study
did not include elastography, a more recent imaging modality.

Conclusion

We conclude that BI-RADS categories as assessed by
US, mammography, and MRI are highly correlated with
pathology results. Our study showed that the BI-RADS lexicon
can yield successful results that are consistent with the literature
when used correctly. Predicting the probability of cancer in
breast imaging is of great importance for patient management
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and effective communication between the radiologist and other
physicians. We recommend that all physicians dealing with
breast diseases have knowledge of the BIRADS classification.
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Abstract

Background/Aim: Although there are many studies on the effects of magnesium sulfate in the literature,
there is no publication on the effects of low doses of magnesium sulfate, as we administered in our study.
This prospective randomized study aimed to reveal that the use of low-dose magnesium sulfate (MgSOy)
shortens the onset time and prolongs the block duration of neuromuscular blockers (NMBs) without
changing the hemodynamics in patients monitored using the train-of-four (TOF) ratio.

Methods: This is a prospective randomized study. A total of 60 cases aged between 18-65 years with
American Society of Anesthesiologists classifications 1-1I who were scheduled for elective open
cholecystectomy were randomly divided into 3 groups. Notably, 15 minutes before the anesthesia
induction, 25 mg/kg MgSO, in intravenous 0.9% saline (total volume, 100 mL) was administered to the
MgS04 group (MS group), 0.03 mg/kg midazolam was administered to the midazolam group (MD group),
and the same volume of 0.9% saline solution was administered to the control group (PSS group). Nerve-
muscle conduction monitoring was performed using TOF-Watch® SX (Organon, Ireland) and anesthesia
depth was monitored with a BIS® monitor (A-2000; Aspect Medical Systems, USA).

Results: NMB onset times were 83.95 (26.8), 111.15 (28.12), and 163.7 (34.16) seconds (P=0.001) in the
MS, MD, and PSS groups, respectively. The times until additional rocuronium requirement after the
intubation dose were 60.1 (4.19), 50.8 (4.99), and 38.25 (7.27) minutes in the MS, MD, and PSS groups,
respectively, which was significantly longer in the MS group compared to the other groups (P<0.001). The
recovery time to TOF of 0.9 and time to T1 height of >95% was longer in the MS group than in the other
groups. No difference was found between the groups in terms of hemodynamic data.

Conclusion: Low-dose MgSO, administration before rocuronium injection significantly reduces
neuromuscular agent consumption without altering hemodynamics and causing a residual neuromuscular
block.

Keywords: Magnesium sulfate, Muscle relaxant, Bispectral index
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Introduction

Magnesium sulfate (MgSQ,) is prominently used as an
adjuvant drug in  multimodal anesthesia. It inhibits
norepinephrine release by blocking N-type and partially L-type
calcium channels, increases prostacyclin synthesis, and acts as a
vasodilator by inhibiting angiotensin-converting enzyme activity,
which make its use a promising strategy to induce controlled
hypotension [1, 2]. MgSO, reduces the amount of acetylcholine
released at the motor nerve terminals by inhibition of voltage-
dependent P-/Q-type calcium channels, suppresses the endplate
depolarizing effect of acetylcholine, and finally inhibits muscle
fiber membrane excitability [2, 3]. Although MgSO4 only causes
significant neuromuscular block at high plasma concentrations
(6-10 mM) [4], its use along with nondepolarizing
neuromuscular blockers (NMBs) causes the faster onset of nerve
block [5, 6], longer duration [3, 7], and strengthening of the
block effect [8-10]. In addition, MgSO, is a central nervous
system depressant that antagonizes the N-methyl-D-aspartate
receptor and inhibits the release of catecholamines [2, 11, 12].

This study aimed to reveal that the use of MgSQO, before
administering NMBs in patients monitored with the train-of-four
(TOF) ratio shortens the onset time of the block and prolongs its
duration. As a secondary outcome, we aimed to evaluate the
hemodynamic changes in patients who received MgSQ, infusion.

Materials and methods

The  American  Society of  Anesthesiologists
classifications 1-11 (age of 18-65 years; body mass index [BMI],
18.5-24.9 kg/m?) and Mallampati |-l patients scheduled for
elective open cholecystectomy were included in the study. All
patients were informed verbally and in writing about the study,
and written informed consent was obtained. Comprehensive
preoperative clinical evaluation was performed immediately after
hospitalization. Patients with rocuronium allergy, history of drug
use affecting the neuromuscular function (e.g., aminoglycosides
or phenytoin), neuromuscular diseases, hepatic, or renal failure,
or expected difficult airway and pregnant patients were excluded
from the study. All patients fasted for at least 6 hours before
anesthesia induction, and no premedication was administered.

Before starting anesthesia induction, standard
monitoring was  performed  with  electrocardiography,
noninvasive blood pressure (BP), end-tidal carbon dioxide
pressure, and peripheral oxygen saturation (SpO,). In addition,
the TOF-Watch® SX monitor (Organon, Ireland) was used for
nerve-muscle conduction monitoring, and the BIS® monitor (A-
2000; Aspect Medical Systems, USA) was used for anesthesia
depth monitoring. Before bispectral index [13] monitoring, after
wiping the forehead area with an alcohol swab, BIS electrodes
were placed and measured every 10 minutes during the
operation.

The patients were randomly divided into the following 3
groups: PSS group (saline group, n = 20), MD group (midazolam
group, n = 20), and MS group (MgSO, group, n = 20). Patients
who met the inclusion criteria were included in the groups
determined by simple randomization methods (coin toss). While
determining the number of patients in this study, we used the
number of patients in similar studies. Fifteen minutes before the

Preoperative effects of magnesium
V'S

JOSAM ¢

anesthesia induction, 25 mg/kg MgSO4 in intravenous (1V) 0.9%
saline (total volume, 100 mL) was administered to the MS group,
0.03 mg/kg midazolam was administered to the MD group, and
the same volume of 0.9% saline solution was administered to the
PSS group. At the end of the infusions, the IV line was cleared
and anesthesia induction was initiated.

Neuromuscular monitoring

Neuromuscular monitoring was performed using TOF-
Watch® SX (Organon, Oss, the Netherlands), provided that the
blood pressure muff (BP) or intravenous (IV) cannula was on the
other side. Neuromuscular functions were monitored using the
transcutaneous electrodes (Red Dots 3M Health Care®; Neuss,
Germany) placed on the cleansed skin over the ulnar nerve on
the volar side of the wrist. The position of the transducer is fixed
by placing the thumb in a hand adapter (Hand Adapters®;
Organon). To minimize motion-induced changes in the twitch
response during electromyography and prevent electrode
displacement, the arm was fixed with a special board (cardboard
TOF-Guards®; Organon) and kept in the same position
throughout the study procedure. A temperature sensor was
placed at the distal end of the forearm. Heating blankets covering
the body and arm were positioned to keep the arm temperature at
>32°C (Bair Huggers”; Arizant Healthcare Inc., Eden Prairie,
MN). Propofol 2 mg/kg and fentanyl 1 ng/kg were used for
anesthesia  induction.  After induction, TOF-Watch SX
acceleromyography was calibrated and stimulation was initiated
(supramaximal square wave, 4 stimuli of 2 Hz of 200 ms
duration with 15-second intervals). After stable baseline
measurements were obtained, a bolus dose of rocuronium 0.6
mg/kg was administered intravenously for 5 seconds. The time
elapsed after rocuronium injection, depression of up to 95% of a
single twitch (onset time), and TOF rate during neuromuscular
block were measured. Continuous TOF stimulation began at a
frequency of 2 Hz and 12 seconds. Intervals with a
predetermined supramaximal stimulation and orotracheal
intubation of the patient were performed when TOF was 0.
Neuromuscular block was measured every 20 seconds from
anesthesia induction until the end of skin closure.

In all groups, anesthesia was maintained with 50% (2
L/min) oxygen-air mixture and 60% (2 L/min) N,O to keep the
end-tidal carbon dioxide pressure between 4.6-6.0 kPa and 2%
sevoflurane ventilation to keep the BIS values between 40 and
60. The time from the start of rocuronium injection until the TOF
count reached 0 (onset of rocuronium), and the time from 95%
depression of the first twitch of TOF (T1) (rocuronium time)
were measured. Hemodynamic parameters, SpO,, EtCO,, BIS,
and TOF values of the patients were monitored and measured
regularly. Values were recorded every 10 minutes and finally
when TOF was 1. When the T4-to-T1 ratio was 90% and BIS
was >70 during skin closure, neuromuscular block was
antagonized with 10 mg/kg atropine and 20 mg/kg neostigmine,
and tracheal extubation was performed.

Statistical analysis

The Number Cruncher Statistical Systems 2007
software package program (Utah, USA) was used for all
statistical analyses in this study. In addition to descriptive
statistical methods (mean and standard deviation), one-way
paired variance analysis was used in repeated measurements of
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multiple groups, Newman-Keuls multiple comparison tests were
utilized for subgroup comparisons, paired t-test, for paired
comparisons of repetitive variables, one-way analysis of variance
for intergroup comparisons, Tukey multiple comparison test for
comparisons of subgroups, and chi-square and Fisher reality tests
for comparisons of qualitative data. P-value <0.05 was
considered statistically significant.

Results

The mean age of 60 patients (30 females and 30 males)
enrolled in the study was 47.7 (11.5) years. The patients were
divided into three groups of 20 each. Saline was administered to
the first group (PSS group), midazolam to the second group (MD
group), and MgSO4 to the last group (MS group). Patient
demographics, such as age, gender, weight, height, BMI, and
ASA distributions did not differ between the groups (P>0.05)
(Table 1). Basal and postinduction BIS, ETCO,, and SpO, values
measured during anesthesia maintenance were also similar in all
3 groups.

Table 1: Patients” demographic features and BIS values at different time-points

PSS Group MD Group MS Group P-value
(n=20) (n=20) (n=20)
Age (years) 44.15(11.95)  47.7(16.65) 44.65(11.54)  0.672
Sex (M/F) 11/9 10/10 9/11 0.819
Weight (kg) 73(21.16) 75.5(12.22) 73.95(9.94) 0.872
Height (cm) 165.6(10.05)  164.8(10.61)  166.8(10.09)  0.825
BMI (kg.m?) 27.21(9.79) 28.2(6.09) 26.66(3.67) 0.780
ASA (/1) 12 (60%) / 14 (70%) / 13 (65%) / 0.803
8 (40%) 6 (30%) 7 (35%)
BIS at baseline | 98.05(0.95) 94.75(8.85) 97.15(0.88) 0.122
BIS at injection | 37.8(6.63) 36.2(7.63) 37.5(7.52) 0.762
of rocuronium

PSS: Physiological Saline Solution, MD: Midazolam, MS: Magnesium Sulfate, BMI: Body Mass Index,
BIS: Bispectral Index, ASA: American Society of Anesthesiologists, M/F: Male/Female

Intra- or postoperative hemodynamic instability was not
observed in any patient, and the mean baseline values of
hemodynamic parameters were similar between the groups. After
anesthesia induction in all groups, systolic, diastolic, and mean
arterial BPs and heart rate were lower than the baseline values (p
> 0.05 for each group). These values increased after
laryngoscopy and tracheal intubation. The comparison of
hemodynamic parameters between the groups is summarized in
Tables 2 and 3. The onset time of neuromuscular block was
longest in the PSS group, followed by the MD group, and the
shortest time was observed in the MS group (163.7 (34.16),
111.15 (28.12), and 83.95 (26.8) seconds, respectively)
(P=0.001) (Table 4). After the intubation dose, the time until
additional rocuronium requirement for maintenance was shortest
in the PSS group, followed by the MD and MS groups (38.25
(7.27), 50.8 (4.99), and 60.1 (4.19) minutes, respectively)
(P<0.001) (Table 5).

Table 2: Heart Rate (HR) Values of Groups

HR (bpm)
PSS Group MD Group MS Group P-value
Basal 80.75(11.36)  77.55(15.24)  78.45(16.95)  0.778
Post- infusion 80.55(12.68)  80.1(25.26) 78.55(15.96)  0.939
Post- induction | 79.8(14.31) 73.2(15.42) 74.1(10.53) 0.258
Post-intubation | 82.7(14.5) 79.8(17.93) 80.5(15.3) 0.836
5th min 75.9(12.09) 68.1(14.9) 74.1(11.56) 0.145
10th min 78.8(14.6) 77.25(11.85)  73.8(8.89) 0.409
20th min 73.5(10.38) 74.65(11.21) 71.45(12.28)  0.665
30th min 75.35(14.25)  71.35(11.63)  72.1(11.43) 0.564
40th min 77.05(12.34)  69.8(14.18) 71.35(8.92) 0.142

PSS: Physiological Saline Solution, MD: Midazolam, MS: Magnesium Sulfate
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Table 3: Mean Arterial Pressure (MAP) Values by Groups
MAP (mmHg)
PSS Group MD Group MS Group P-value

Basal 97(12.65) 93.15(20.16) 91.6(13.06) 0.537
Post- infusion 93.75(9.85)  94.55(14.6) 98.05(18.67)  0.623
Post- induction | 88.9(16.08) 82.6(12.65) 83.75(14.41)  0.347
Post- intubation | 89.15(13.35)  94.05(16.01) 93.5(23.58)  0.648
5th min 99.25(13.1) 91.5(15.96) 94.9(19.07) 0.325
10th min 90.4(16.21)  88.5(17.68) 87.15(12.77)  0.806
20th min 95.2(14.49) 90.2(20.23) 93.65(20.89)  0.691
30th min 97.95(17.09)  96.7(18.33) 94.15(16.62)  0.780
40th min 99.4(14.26) 96.15(17.92) 96(18.18) 0.773

PSS: Physiological Saline Solution, MD: Midazolam, MS: Magnesium Sulfate

Table 4: Time until onset and duration of neuromuscular blockade after administration of
rocuronium (total dose 0.6 mg.kg™) in patients randomly allocated to rocuronium alone
(Control), midazolam pretreatment with rocuronium and magnesium pretreatment with
rocuronium.

PSS Group MD Group MS Group P-value
(n=23) (n=23) (n=23)
Onset; s 163.7(34.16) 111.15(28.12) 83.95(26.8)  <0.001
Duration; min | 38.25(7.27) 50.8(4.99) 60.1(4.19) <0.001
PSS: Physiological Saline Solution, MD: Midazolam, MS: Magnesium Sulfate
Table 5: Post-induction TOF values of groups
TOF \ PSS Group MD Group MS Group P-value
Post- induction | 119.3(13.21) 121.05(22.42)  107.9(12.49)  0.038

PSS: Physiological Saline Solution, MD: Midazolam, MS: Magnesium Sulfate, TOF: Train-of-Four
After the first 25 minutes of stabilization of the TOF
ratio and T1 height (P=0.362 and P=0.153, respectively), T1
height started to increase in the SF and MD groups. In the MS
group, T1 increase was seen 15 minutes after the MD group and
25 minutes after the PSS group. The TOF ratio first reached 0.9
at the 45™ minute in the SF group, 55" minute in the MD group,
and at the 65™ minute in the MS group (Figure 1).
Figure 1: TOF distribution of groups
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Discussion

In this study in which we investigated the effects of IV
MgSQ, infusion administered before rocuronium injection, the
NMB onset time was shorter in the MS group than the PSS
group. We used acceleromyography for neuromuscular
monitoring and determined the time until the start of T1 to be
longer in the MS group compared to the PSS group. The TOF
ratio reached 0.9 in a much shorter time in the PSS group than in
the MS group. Thus, the duration of the clinical effect of
rocuronium 0.6 mg/kg intubation dose was significantly
prolonged after premedication with MgSQO,. BIS scores, mean
arterial pressure, and heart rate were similar in all groups. In our
study, we used the lowest dose of MgSQO, according to the
studies performed using MgSO, so far. Thus, while increasing
the duration and effect of neuromuscular block by creating a
safer dose interval, the hemodynamics were not affected. As a
secondary gain, we did not observe residual neuromuscular block
or negative respiratory distress among the groups.
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In this study, we observed that the group treated with
MgSO, had an earlier onset time of rocuronium-induced
neuromuscular block and a longer clinical block duration than
the PSS group. We determined the NMB onset time to be
approximately 2 times longer in the PSS group than in the MS
group. We attribute this to the fact that MgSO, is similar to
“muscle relaxants.” The primary mechanism of action of MgSO,
is inhibiting the calcium-mediated acetylcholine release from the
presynaptic terminal of the neuromuscular junction [2, 3]; its
secondary mechanism is reducing synaptic sensitivity to
acetylcholine and myocyte excitability [2]. These effects
concretize the effect of nondepolarizing NMBs[12].
Accordingly, many clinical studies are reporting that MgSO4
shortens the onset time, prolongs the clinical duration, and
increases the potency of nondepolarizing NMBAs [3, 5, 7, 12,
14-21]. In all these studies, the infusion time of MgSQ,, the
rocuronium dose, and the time between MgSO, administration
and NMB injection are similar to our study. However, although
Kussman et al. [22] used a higher dose of MgSO, than our study,
they administered it as an IV bolus injection within 1 minute just
before rocuronium administration and suggested that MgSO4 did
not affect the onset time; however, it prolonged the duration of
rocuronium-induced neuromuscular block. The effect of MgSO,
on the neuromuscular junction depends on concentration and
time. Therefore, there may not be enough time left for
magnesium ions to pass to the neuromuscular endplate at a
measurable level. In our study, we administered MgSO, 15
minutes before anesthesia induction and as an IV infusion.
However, owing to the different MgSO4 regimens, anesthesia
techniques  (propofol and inhaled anesthetics), high
pharmacodynamic variability of rocuronium, and the lack of
standards for neuromuscular measurement methods, it is difficult
to compare our findings with similar previous studies.

Acceleromyography is an approved method for use in
neuromuscular research studies [23]. Although some studies
have observed that patients treated with MgSO, do not have a
significant increase in recovery parameters when monitored
through TOF [24, 25], we used TOF-Watch® for neuromuscular
monitoring in this study. Therefore, we closely monitored the
onset time and duration of action of NMBs. Neuromuscular
monitoring is mandatory to assess a TOF rate of >0.9 at which
extubation is considered safe [26]. In this study, we used the
TOF-Watch that has a special algorithm to calculate the TOF
ratio and found that the neuromuscular block time was
significantly longer in the MS group. Therefore, in line with
previous studies, we also observed a significantly lesser need for
NMBs in the MS group [16, 21, 23, 24]. However, the fact that
MgSO, decreases the height of all twitches of the TOF response
may reduce its effect on TOF fading. Therefore, in addition to
the fading of the TOF ratio, we also analyzed the time course of
changes in the height of the initial twitch of the TOF complex
(T1) and studied the T1 value and the TOF ratio in the
intraoperative neuromuscular block monitoring. When the T2
value is higher than the T1 value, the TOF value is calculated by
the T4-to-T2 ratio, and if this ratio is >1.0, a 100% value can be
assigned [27]. Even though the importance of this is questioned,
we evaluated the period until when T1 first started to form to
eliminate this risk in this study [28]. The time that T1 first started
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to form was determined as 35 minutes in the PSS group and 55
minutes in the MS group. Thus, it was observed that T1 height in
the MS group occurred 20 minutes after the PSS group. Similar
results were reported by Czarnetzki et al. [3] and by Germano
Filho et al. [29]. The duration of clinical effect of 0.6 mg/kg
rocuronium (intubation dose) was significantly prolonged after
premedication with MgSO,. Our results indicate that IV MgSO,
infusion significantly reduces the consumption of neuromuscular
agents.

BIS monitoring is considered a valuable method in
demonstrating adequate general anesthesia formation and
intraoperative awareness [13, 30-34]. To objectively evaluate the
effects of magnesium sulfate on the need for anesthesia, we kept
the BIS scores in the 40-60 range and did not find any difference
between the groups in terms of BIS scores. Ryu et al. also
suggested that magnesium has no effect on propofol
requirements in parallel with our study [24] In the literature,
investigators [25] compared different MgSO, doses in study
groups with a control group and found that the BIS values of the
study groups were significantly lower when MgSO,; was
administered by infusion. Manaa and Alhabib also found similar
results in their studies and advocated that MgSO,4 was a safe and
cost-effective additional agent in the general anesthesia regimen
because it reduced total anesthesia requirements, including
propofol, fentanyl, and rocuronium [34]. We believe that
different inhaled anesthetic agents given and inhaled at different
end-tidal concentration levels may have caused different BIS
values, which is the reason for the differences between the
studies [35]. In addition, when stable and reasonable MAC
values and hemodynamic parameters increased by 20% from
baseline, fentanyl administration may have prevented any
possible awareness experience in our study.

In our study, no significant difference was found in the
mean arterial pressures and heart rates of the two groups. In the
literature, publications are reporting that the calcium inhibitory
effect of MgSO, causes central arteriolar vasodilation and
reduces the need for anesthetic agents (fentanyl, vecuronium, and
sevoflurane), which decreases the BP and cardiac index [11, 34,
36, 37]. However, in parallel with our study, there are also
publications reporting that there is no change in heart rate [22].
We believe that this difference is caused by the differences in
analgesic drug dosage and technique, MgSO, dosage and route
of administration, patient category, and surgical operations. Our
results indicate that low-dose MgSO, administration significantly
reduced neuromuscular agent consumption without significantly
affecting mean arterial pressure and heart rate.

MgSO, concentrations of 1.8-3.1 mM were used to treat
eclamptic convulsions. Higher concentrations can cause residual
neuromuscular block and consequent fatal complications such as
respiratory and cardiac arrest [38, 39]. However, MgSQO, doses
were considered safe in our study, as magnesium toxicity started
at a serum concentration of 2.5-5 mmol/L [16], which was much
higher than the highest level in the MS group. No events that
would require discontinuation or treatment in any patient were
reported. In addition, no residual neuromuscular block or
negative respiratory distress was observed between the groups at
the time of admission to the post-anesthesia care unit and until 1
hour postoperatively.

&
A4

Page |865v



J Surg Med. 2021;5(9):862-866.

Limitations

Our study has some limitations. Although MgSO, was
infused for only 15 minutes in the current study design, it
increased peripheral blood flow, and consequently, transport of
rocuronium molecules to the motor nerve terminals may have
been accelerated compared with control patients. Ephedrine
pretreatment accelerates the neuromuscular block of rocuronium
[40].

We did not measure serum and cerebrospinal fluid
MgSO, concentrations for 2 main reasons. The intracellular and
extracellular MgSO, concentration has no clinical significance
because they do not accurately predict MgSO, levels in other
body tissues. Furthermore, because renal excretion depends on
plasma MgSO, concentration, it is difficult to assume that
doubling the infusion rate doubles the plasma MgSO,
concentration. Therefore, we cannot determine how much higher
the plasma MgSOQ, levels were.

Although the neuromuscular block was antagonized
before, initiating the evaluation of healing indices in all cases
and projecting the ongoing effects of the inversion may lead to
longer recovery times. We assumed that the overlap potential is
true for the entire population and leads to proportional increases
in recovery. However, it is difficult to predict whether such a
delay in reversing the accuracy of the MgSO, recovery
assessment in the group using MgSO4 infusion was indeed
intense. If we had shown complete restoration of neuromuscular
conduction before recovery, the reliability of the available data
would be increased.

Conclusion

Our study showed that IV MgSO, infusion administered
before rocuronium injection increases the standard intubation
initiation rate of rocuronium and decreases the duration. We also
observed that it increased the block duration of NMBs in the MS
group. In addition, we found no difference between the groups in
terms of mean arterial pressure and heart rate. Therefore, our
results indicate that low-dose MgSO, administration significantly
reduces neuromuscular agent consumption without altering the
hemodynamics and causing a residual neuromuscular block.
However, the optimal timing and duration of MgSO, remain
uncertain. In this context, further research is required.
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Abstract

Background/Aim: It is well-known that Cardiac Rehabilitation (CR) brings about a marked improvement
in depression and anxiety. As far as we know, there are no studies that research the effect of CR,
Percutaneous Coronary Intervention (PCI), and Coronary Artery Bypass Grafting (CABG) on anxiety and
depression. This study aimed to investigate the effects of the CR program on anxiety and depression and
the change of anxiety and depression symptoms in patients who underwent PCI and CABG.

Methods: This cross-sectional study included 27 patients with PCI and 16 patients who had undergone
CABG admitted to the CR program. The Beck Depression Inventory (BDI) was used to determine the
severity of depression symptoms, and the Situational and Trait Anxiety Inventory (STAI I-11) were used.
Results: After CR, the BDI, STAI-1, and STAI-2 significantly decreased in both the PCI (P<0.001,
P=0.002, and P=0.006, respectively) and CABG groups (P<0.001, P=0.001, and P=0.015, respectively)
compared to before CR. The change in BDI was higher in the CABG group (P=0.033), while there were
no significant differences between the changes in STAI-1 and STAI-2 scores (P=0.378 and P=0.361).
Conclusion: The results of this study demonstrate the CR benefits for depression and anxiety in patients
undergoing CABG and PCI. On the other hand, CABG patients show relatively more benefit in terms of
depressive symptoms. Prospective and controlled studies with larger sample sizes are needed to support
our findings.

Keywords: Anxiety, Depression, Cardiac rehabilitation, Coronary artery bypass grafting, Percutaneous
coronary intervention

grafting (CABG) patients. J Surg Med. 2021;5(9):867-870.
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Introduction

Coronary Artery Disease (CAD) increases morbidity
and mortality and decreases the quality of life [1, 2]. Coronary
artery bypass grafting (CABG) and Percutaneous Coronary
Intervention (PCI) are commonly used in the treatment of CAD,
which requires myocardial revascularization [3, 4]. Despite their
successful results, those procedures are stressful life events for
many patients and can cause anxiety and depression before and
after treatment [5]. This can negatively affect the treatment
processes and the quality of life of the patients [6].

Depression and anxiety are two significant and common
debilitating mental disorders [7]. Studies are reporting an
association between these diseases and poor prognosis and
mortality, especially among cardiac disease patients [8]. Cardiac
Rehabilitation (CR) is a multidisciplinary program that includes
the increase of physical exercise capacity, nutrition counseling,
biopsychosocial management, and identification of metabolic
cardiac risk factors [9]. Various practices, such as training the
family members, support in lifestyle change, group training, and
stress management, are also included in CR [10]. It is a well-
known approach that CR not only increases the exercise
capacities in cardiac patients but also brings about a marked
improvement in depression and anxiety [11-13]. However, it is
still not an easy-to-come-by treatment method due to the lack of
specialized centers.

After the cardiac rehabilitation program was seen to
improve anxiety and depression, the researchers investigated
whether these effects changed with the cardiac diagnosis [11, 12,
14]. Solak et al. [12] compared the CAD and CABG patients and
reported that CR improved the depressive symptoms among the
CAD patients, but not among the CABG patients. This is mostly
due to the limited number of CABG patients. On the other hand,
Sharif et al., who researched the effect of CR on anxiety and
depression in CABG patients, indicated its effectiveness [14]. As
far as we know, no studies are examining the change in the
anxiety and depression severity of patients who received CR
after PCI. Similarly, we did not encounter any studies which
research the effect of CR, PCI, and CABG on anxiety and
depression.

In the light of such information, the present study aims
first to research the effect of CR on anxiety and depression in
patients who underwent PCI and CABG. The second aim is to
compare the changes in the anxiety and depression symptoms of
the PCI and CABG patients.

Materials and methods

The files of the patients, who joined and finished the
Phase Il CR program at Sultan Abdulhamid Han Training and
Research Hospital between February 2017 and September 2018
were examined retrospectively. Twenty-seven patients who
received Percutaneous Coronary Intervention (PCI) (removing
the obstructive lesion in a coronary artery with balloon
angioplasty and/or coronary stent implantation), and 16 patients
who underwent Coronary Artery Bypass Grafting (CABG) were
included in the study. The inclusion criteria were as follows: a)
Having undergone PCI or CABG, b) Not having any physical or
metabolic diseases preventing the patient from joining the CR
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program, ¢) Having finished the CR program, d) Not having any
psychiatric disorders and/or history of psychiatric drug use
before and during CR. After the protocol of the study was
approved by the Ethics Committee of Zeynep Kamil Training
and Research Hospital (IRB: 2018/128), the data were collected,
and all the rights of the patients were protected following the
Helsinki Declaration.

The CR program consisted of 36 exercise sessions
performed over 12 weeks, 3 times a week. The vital signs of the
patients, including pulse, arterial blood pressure, cardiac rhythm,
and oxygen saturation, were monitored during the program. Each
session consisted of a 10-minute warm-up, a 30-minute
continuous aerobic exercise and the use of light hand weights,
and then a 10-minute cooling period. In addition to an exercise
program, the patients were trained in terms of diet, cardiac risk
factors, stress management, diabetes management, hypertension,
and smoking cessation.

The patients were asked to fill in the scales before the
CR started. The depression symptoms of the patients were
measured with the Beck Depression Inventory (BDI); their
anxiety statuses were measured with STAI I-11. The vital signs of
the patients, measured by the ergometer, were recorded before
and after the program.

Beck Depression Inventory (BDI), one of the most used
self-report scales to determine depressive symptoms in the
general population, consists of 21 items scored between 0 and 3.
The score interval is 0-63 and the recommended cutoff score is
17. Its validity and reliability studies were carried out in Turkish
[15].

State and Trait Anxiety Inventory (STAI I-11) was used
to determine the trait and situational anxiety levels of the
patients. It is a self-report scale that consists of two scales with
twenty items each. The situational part is used to determine how
the individual feels and what his/her feelings are at a certain time
and under certain conditions. The trait part is used to determine
how the individual generally feels. The scores of each part range
between 20-80. Elevated scores indicate a high anxiety level
[16].

Statistical analysis

Power analysis was conducted with the G*Power
software. Twenty-eight patients were needed for an 80% power,
a 5% margin of error, and a 0.5 effect size. A total of 43 patients
were included in the study; we predicted that the total patient
population loss would be around 20%. The data were analyzed
with SPSS (Statistical Package for the Social Sciences Inc.,
Chicago, IL, USA) 20.0 version. Descriptive statistics were used
to identify the properties of the data. Separation norms of
continuous variables were evaluated with the Kolmogorov-
Smirnov test. The paired t-test was used to compare results
obtained before and after CR. The student t-Test and the Mann
Whitney U test were utilized to compare two independent
groups, when suitable. The chi-square test was used for the
comparison of categorical data. P-value of <0.05 was considered
statistically significant.

Results

Socio-demographic features of the patients were
presented in Table 1. The mean age of the patients was 61.30
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(12.53) years and 37.2% were female. The mean body mass
index was 27.44 (4.31) kg/m2. Among all, 88.4% of the
participants were married and 37.2% were smokers. The
demographic data of the PCI and CABG patients were similar
(P>0.05 for all).

A comparison of the participants’ BDI and STAI I-1l
scores before and after CR based on the diagnosis was shown in
Table 2. After CR, the BDI, STAI-1, and STAI-2 significantly
decreased in both the PCI (P<0.001, P=0.002, and P=0.006,
respectively) and CABG groups (P<0.001, P=0.001, and
P=0.015, respectively) compared to before CR. The change in
BDI was higher in the CABG group (P=0.033), while there were
no significant differences between the changes in STAI-1 and
STAI-2 scores (P=0.378 and P=0.361).

Table 1: Socio-demographic features of the percutaneous coronary intervention and coronary
artery bypass grafting patients who underwent cardiac rehabilitation

Variable Total Percutaneous Coronary artery t/U Value P-value
coronary bypass grafting
intervention patients
patients
N 43 27 (62.8) 16 (37.2)
Age; Mean (SD) 61.30 (12.53) 62.37 (13.43) 59.50 (11.03) 0.722 20.475
Gender n (%)
Female 16 (37.2) 11 (40.7) 5(31.2) 0.387 °0.534
Male 27 (62.8) 16 (59.3) 11 (68.8)
BMI; Mean (SD) 27.44 (4.31) 27.53 (4.54) 27.30 (4.07) -0.124  *0.901
Marital Status; n (%)
Married 38 (88.4) 23(85.2) 15 (93.8) 0.045 0.831
Single 5(11.6) 4(14.8) 1(6.2)
Smoking; n (%)
Yes 16 (37.2) 9(33.3) 7(43.8) 0.467 0.495
No 27 (62.8) 18 (66.7) 9 (56.2)

a: Sutudnet t test, b: Mann Withney U test, c: Chi square test

Table 2: Comparison of depression and anxiety scores of the patients before and after cardiac
rehabilitation

Variable | Diagnosis Before Cardiac ~ After Cardiac  t P-value  Difference T/U P-

Rehabilitation  Rehabilitation  Value Value value

BDI; PCI 12.55 (8.50) 6.74 (4.67) 5.113 3<0.001™ -5.81 2212 50.033"
Mean(SD) (5.90)
CABG 19.0(9.91) 8.31(3.53) 4.926 9<0.001™ -10.75
(8.75)

STAI-1 PCI 36.85 (9.90) 32.48 (6.94) 3.388 90.002™ -4.37 0.891 ©0.378
Mean(SD) (6.70)
CABG 39.00 (8.42) 32.81(8.42) 4.108 20.001" -6.18
(6.02)

STAI-2 PCI 39.48 (9.01) 37.25(8.92) 2.994 20.006™ -2.22 -0.913 <0.361
Mean(SD) (3.85)
CABG 41.62 (11.30) 37.43 (10.03) 2,731 20.015" -4.18
(6.13)

BDI: Beck Depression Inventory, 2 Paired T-test, ® Student T Test, ¢ Mann Whitney U Test, * P<0.05, ™
P<0.001, PCI: Percutaneous Coronary Intervention, CABG: Coronary Artery Bypass Grafting

Discussion

We found that the CR program was associated with
significant improvement in the anxiety and depression levels of
the outpatients who wunderwent PCI and CABG. The
improvement in the depression levels of the CABG patients was
significantly higher than that of the PCI patients. The changes in
the anxiety levels of the CABG and PCI patients were similar.

Anxiety and depression are among the frequent
problems in patients with coronary artery disease and according
to many studies, they can lead to negative outcomes [1, 6].
Previous studies revealed that the CABG patients had more
severe depression and anxiety than the PCI patients [17]. In our
study, the BDI and STAI I-11 scores of the CABG patients were
higher, which may be due to the high-risk surgical operation
performed, follow-up in the intensive care unit, longer hospital
stays, and more frequent outpatient follow-up visits.

The CR program improved anxiety and depression, as
expected [18-20]. Although not exactly clear, the exercise
program implemented during CR is the most probable
mechanism for this improvement [21]. Also, we think that stress
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management and behavioral change training provided to the
patients contributed greatly. Socialization with the other patients
going through the same process may have also played a role [22].
The studies revealed that sympathetic activity, hypothalamic-
pituitary axis stimulation, and inflammatory process may be of
significance in the effects of depressive symptoms on the
cardiovascular system [23-25]. More extensive studies are
needed to clarify this mechanism.

The depressive findings of the CABG patients improved
significantly more compared to the PCI patients, a finding that is
first reported by our study. This is mostly because the CABG
patients have relatively more severe depressive symptoms.
Furthermore, the fact that CABG is performed on relatively more
severe CAD patients causes an increase in the depression
severity of the patients. On the other hand, the improvement in
anxiety scores was similar between the two groups.

Our study had some limitations, including the small
sample size and the retrospective design. Also, the anxiety and
depression scores of the patients were measured with self-report
scales. It should be noted that such scales may be easily
manipulated by the patients. Further studies should focus on
multidisciplinary interventions to increase the quality of life of
cardiac patients to improve both physical and mental health.
Prospective and controlled studies with bigger sample sizes are
necessary to support our results.

Conclusion

Our results shed light on the beneficial effect of CR on
the depression and anxiety of the CABG and PCI patients. The
CABG patients’ depressive symptoms improved more compared
to those of PCI patients. Even though the changes seen in our
study seem limited, we believe that its cumulative effect shall be
high. We recommend increasing rehabilitation programs to
prevent depression and anxiety among these patients, which may
decrease health expenses and increase the quality of life.
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Abstract

Background/Aim: The septum pellucidum (SP) is the thin layer formed by the two laminas that form the
medial wall of the lateral ventricle. When the laminas do not fuse, a cavity called cavum septum
pellucidum (CSP) or Cavum Vergae (CV) forms. CSP is a developmental anomaly with unclear
pathological significance and is common in people with neuropsychiatric diseases, especially
schizophrenia, as well as post-traumatic stress disorder, Tourette's disease, and patients who suffer from
recurrent and severe head trauma. However, few studies in the literature examine the CSP morphology
among healthy individuals. Therefore, we aimed to evaluate the morphology and variations of septum
pellucidum in healthy individuals.

Methods: In this retrospective cohort study, the septum pellucidum was morphologically evaluated in 509
patients who underwent brain Magnetic Resonance Imaging (MRI) at Sakarya University Faculty of
Medicine, Sakarya Training and Research Hospital. We classified the anatomical variations of the septum
pellucidum as CSP, CV, CVI and evaluated their dimensions.

Results: CSP was detected in 11.98% of the cases, and CV, in 1.38%. While 55.74% of individuals with
CSP were male, 44.26 % were female. The mean CSP length and height were 7.71 (2.95) mm (P=0.103),
and 2.80 (1.12) mm (P=0.649), respectively, and the mean length and height of the SP were 30.98 (7.36)
mm (P=0.001), and 11.89 (3.32) mm (P=0.042), respectively.

Conclusion: Knowledge of CSP, one of the septum pellucidum variations, is of great importance in the
differential diagnosis of midline cystic mass lesions. Its volumetric changes may be related to the
development of psychiatric disorders in childhood and adulthood.

Keywords: Septum pellucidum, Cavum septum pellucidum, Cavum vergae, Magnetic resonance imaging
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Introduction

Septum pellucidum (SP), considered a part of the limbic
system, is a vertically extending closed cavity between the lateral
ventricles, covered with ependyma on both sides, consisting of a
thin pia layer with white matter and gray matter [1]. It is attached
cranially to the corpus callosum and caudally to the columna of
fornix on the front between the rostrum and truncus corporis
callosi [2, 3]. The thickness of this partition is usually 1-3 mm,
and it is formed by the union of two separate leaves during fetal
life [4, 5]. There may be a potential gap between the two leaves,
sometimes detected at autopsy or radiological imaging [6, 8]. If
the cavity extends rostrally, it is called Cavum Septum
Pellucidum (CSP), and is in front of the foramen
interventriculare. When the cavity extends caudally and is behind
the foramen interventriculare, it is called Cavum Vergae (CV).
The cavum veli interpositi (CVI1) is in front of the quadrigeminal
(superior) cistern above the roof of the third ventricle. Cisterna
interventricularis, ventriculi tertii, transverse fissure and sub-
trigonal fissure are also used instead of CVI. It develops because
of the abnormal separation of the limbs of the fornix and is
independent from the septum pellucidum [9].

The defect in the SP structure may indicate a disruption
in the development of the hippocampus or corpus callosum
during the embryological period because the development of CP
is synchronous with the hippocampus, corpus callosum or
nucleus septalis, all limbic system structures. During the
embryological period, the growth of the hippocampus and corpus
callosum pushes the SP leaves and allows the leaves to adhere
from the back to the front. Therefore, it is thought that
dysgenesis occurring in neighboring structures will also affect SP
and may cause CSP, CV or CVI by disrupting the adhesion
process of leaves [10]. It is clearly emphasized in the literature
that the presence of CSP or CV may be an indicator of a
disruption in limbic system embryology and may be associated
with schizophrenia, obsessive-compulsive disorder or other
psychotic disorders [11-13]. Based on this information, we aimed
to evaluate SP and its variations in our study.

Materials and methods

Participants

The present retrospective study included 640 patients
who were admitted to Sakarya University Faculty of Medicine
Training and Research Hospital between 2013 and 2016. The
study protocol was approved by the local ethics committee of
Sakarya University, Faculty of Medicine
(71522473/050.01.04/113). The patients presented with
headache, dizziness, tinnitus, hearing disturbance, hemisensory
disturbance, and seizures. Initial neurological examination and
interviews confirmed that none of the 509 patients had a history
of previous intracranial hemorrhage, cerebral infarction,
meningitis, ventriculitis, neurodegenerative disease, traumatic
brain injury, intracerebral and intraventricular  cysts,
hydrocephalus, brain tumor, or psychotic disorders. One hundred
and thirty-one patients were excluded due to operation history,
structural anomaly and the presence of space-occupying lesions.
Brain MRI scans of 509 (189 males, 320 females) cases aged 1-
89 years were reviewed. The mean age of the patients was 44.99
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(18.945) years among females and 49.98 (20.46) years among
males.

Magnetic Resonance Imaging

Examinations were performed using a 1.5 T MRI unit
(Signa Voyager; GE Healthcare, Milwaukee, WI) with spine
coil, in supine position. The cranial MRI protocol included
coronal T2-weighted TSE images (TR/TE, 5102/102 ms; slice
thickness/interslice gap, 5/1.5 mm and NEX, 2), sagittal T2-
weighted TSE images (TR/TE, 4410/102 ms; slice
thickness/interslice gap, 5/1.5 mm and NEX, 2), and axial T2-
weighted Propeller images (TR/TE,6335/125 ms; slice
thickness/interslice gap, 5/1.5 mm and NEX, 1).The T2WIs at
the level of the foramen of Monro and that at the lowest level of
the body of the lateral ventricles were used as references for
identifying the CSP, CV, and CV1.

Measurements

The presence of CSP, CV and CVI investigation with
length and height measurements were made for these variations
when detected. The shape and extent of the CSP, CV and CVI
were assessed on the coronal and sagittal images. In addition, the
study group was divided into four age groups as 0-20, 21-40, 41-
60 and 60+ years to better reveal the development of CP. The
present study was performed per our institution’s guidelines for
human research. Ethics committee approval
(71522473/050.01.04/113) was obtained before starting the
measurements. All authors declare that the study was conducted
in accordance with the World Medical Association Helsinki
Declaration, "Ethical Principles for Medical Research on Human
Subjects".

Statistical analysis

Data management and statistical analysis were
performed with the statistical package for social sciences (SPSS)
version 18 for Microsoft Windows. After descriptive statistical
analyses (frequency, percentage distribution, mean (standard
deviation)) were performed, normal distribution of continuous
variables was assessed by Shapiro-Wilk and Kolmogorov
Smirnov Tests. Chi-square test was conducted to evaluate the
group difference in terms of discrete variables. Independent t-
tests were used for continuous variables meeting parametric
assumptions. The data were compared by gender. Statistical
significance was indicated by a P-value of less than 0.05.

Results

Among all, 84.64% of the cases had normal CP
anatomy. The CSP and CV incidences were 11.98% (n=61)
(Figure 1), and 1.38% (n=7) (Figure 2), respectively; however,
no CVI was not found in these cases. The incidence, length, and
height of CSP were insignificantly higher in males, while those
of CV were higher among females (71.43% vs. 28.57%) (Table
1). In the comparison of the length and height of SP, the values
of men were significantly higher than that of women (Table 1)
(Figure 3).

CP length was similar between individuals aged 0-20
years and 21-40 vyears (P=0.277). However, significant
differences existed between individuals aged 0-20 years and
those aged 41-60 years and 61+ years (P=0.001). Those in the
21-40-year age group significantly differed from those aged 41-
60 years and 61+ years (P=0.001). The CP length of individuals
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groups (P=0.001) (Table 2).

Figure 1: Presence of cavum septum pellucidum (CSP) on coronal MR image

Table 1: Evaluation of cavum septum pellucidum (CSP), cavum vergae (CV) and septum
pellucidum in terms of length, height, and width according to gender

Male Female Total P-value

CSP  n(%) 34(55.74) 27(44.26) 61(11.98)

Length Mean(SD) | 8.26(3.29)  7.02(2.34)  7.71(2.95)  0.103

Height Mean(SD) | 2.86(1.37)  2.73(0.72)  2.80(1.12)  0.649
CV  n(%) 2(28.57) 5(71.43) 7(1.38)

Length Mean(SD) | 12.04(3.06) 14.80(2.34) 14.01(1.43)  0.456

Height Mean(SD) | 51.13(1.98) 47.50(0.72) 48.54(5.78)  0.505

Width Mean(SD) | 5.43(1.43)  8.77(5.17)  7.82(4.56)  0.432
SP n (%) 153(34.7) 288(65.3) 441(100)

Length Mean(SD) | 32.59(7.36) 30.13(7.23)  30.98(7.36)  0.001*

Height Mean(SD) | 12.33(3.55) 11.66(3.17) 11.89(3.32)  0.042*

SD: Standard deviation, *P<0.01 statistically significant

Septum pellucidum and its variationsA

aged 41-60 years significantly differed from all other groups
(P=0.001). Similarly, there was a significant difference between
the CP lengths of those over the age of 61 and all other age

Table 2: Evaluation of septum pellucidum (SP) in terms of length and height according to
age groups

Age SP

Groups | n(%) length height

0-20 47(10.7)  25.49(6.42) 10.14(2.74)
21-40 131(29.7)  27.40(5.63)  10.60(2.26)
41-60 | 144(32.6) 31.43(6.57) 11.78(2.93)
61+ 119(27.0)  36.54(6.42)  14.15(3.73)

Total 441(100)

CP height was similar between individuals aged 0-20
years and 21-40 years (P=0.811). There were significant
differences between individuals aged 0-20 years and those aged
41-60 years (P=0.007) and 61+ years (P=0.001). The CP length
of individuals aged 41-60 years significantly differed from all
other groups. Similarly, there was a significant difference
between the CP heights of those over the age of 61 and all other
age groups (Table 2).

Both CP length and height were insignificantly lower in
females (P>0.05) (Table 3).

Table 3: Evaluation of septum pellucidum (SP) in terms of length and height according to
gender

Age Groups  Gender SP
n(%) length P-value  height P-value
0-20 Male 14(29.8)  28.24(6.87)  0.055 11.01(2.92) 0.164
Female | 33(70.2) 24.33(5.94) 9.78(2.62)
21-40 Male 36(27.5) 28.17(6.43)  0.341 10.61(2.46)  0.952
Female | 95(72.5)  27.11(5.30) 10.59(2.19)
41-60 Male 52(36.1) 32.25(6.91)  0.263 11.87(3.28) 0.764
Female | 92(63.9) 30.97(6.36) 11.72(2.73)
61+ Male 51(42.9) 37.24(5.77)  0.304 14.37(3.71)  0.568
Female | 68(57.1)  36.01(6.87) 3.98(3.76)
Total 441 p>0.05
Discussion

The development of the septum pellucidum is
synchronized with the development of the corpus callosum,
hippocampus, amygdala, and septal nuclei, all of which are
limbic system structures. Therefore, possible variations of
septum pellucidum can be accompanied by the variations of
these structures [8].

CSP, an indication of the abnormal development of the
brain's midline structures, is a closed space that is generally not
connected to the ventricular system and cisterna. Septum
pellucidum agenesis is seen at a frequency of 2-3/100,000 and
associated with some congenital brain anomalies, especially
holoprosencephaly, septo-optic dysplasia and schizencephaly
[14-16]. There were no individuals with septum pellucidum
agenesis in our study. The rate of CVI variation, which was also
not found among our patients, was reported as 5.54% by
Alessandro et al. [17]. Meanwhile, Satoshi et al. [18] reported an
unusually high and controversial rate of 50%. CSP volume
increases until the 32" week of gestation and then decreases
[19]. D Addriove et al. [20] found the average size of midline
cysts to be 12.4 mm prenatally. Behnaz et al. [21] reported the
cut-off value of CSP width as 7.1 mm for indicating a probability
of brain anomaly during the prenatal period. However, the
generally accepted view is that if the CSP width is 10 mm in any
period of pregnancy, it should be called a cyst instead of an
anatomical variation [18]. Dremmen et al. [22] found the
incidence of CSP to be 4.6% in their study on school-age
children. Studies on the prevalence of CSP in healthy adults have
revealed vastly different numerical results (0.1-85%). This
difference was attributed to the sensitivity of the imaging method
in many articles. Studies with a low incidence of CSP are
generally performed with CT, and those reporting higher
incidences of CSP are performed with MRI. In the study of

&
A4

v
Page |873



) Surg Med. 2021;5(9):871-874.

Oktem et al. investigating the MRIs of 3128 patients, the
incidence of CSP was reported as 3.7% [8]. In our study, the
incidence of CSP is 12%. Some studies indicate that the
association of neurological diseases with CV is much more
common than CSP. Oktem et al. reported the incidence of CV as
3.1% (8). In our study, this rate was 1.2%. Raine et al. showed
that adult patients with large CSP had significantly more
antisocial activities than patients with normal CSP [23]. Filipovic
and Teofilovski-Parapid [24] found a CSP rate of 68.63% in the
autopsy series of cases with neuropsychiatric disorders. In the
same study, the incidence of CSP in asymptomatic cases was
10.61%, and 22.96% in total. In addition, CSP length and width
are significantly higher in the symptomatic group. Cystic lesions
in the midline such as arachnoid cysts can be confused with CSP,
CV, and CVI variations due to their localization. In these cases,
distinction can be made by evaluating their relationship with the
surrounding anatomical structures, especially the third ventricle-
lateral ventricle and cisterns. Arachnoid cysts and other cystic
lesions are not related to these structures and usually present with
compression findings [25]. Most CSPs are asymptomatic and
considered anatomical variations [26]. Symptomatic CSP is rare;
its diagnosis is both difficult and controversial [27]. In
symptomatic cases, the cause is increased intracranial pressure
and the most common symptom is headache [28]. Endoscopic
fenestration is used in the safe and effective treatment of CSP
[29].

Limitations

Our study contains some limitations, one being its
retrospective nature, including results from a single center, and
the relatively small sample size.

Conclusions

SP variations which are indetectable in CT may be
detected by MRI. We wanted to share the frequency of CP
variation and detailed morphometric evaluation in the Turkish
population in this study we conducted on healthy individuals
using MRI. We think that the age-grouped data we shared for
CSP, and CV will contribute to the literature. Patients with SP
variations should be evaluated in detail in terms of other
accompanying anomalies. Due to the superiority of showing
anatomical details in the anatomy of the septum pellucidum
region, the preferred imaging method should be MRI.
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Abstract

Background/Aim: The optimal treatment method of the talar osteochondral lesions (TOLs) is still
controversial. Although the success of arthroscopic microfracture treatment (AMFx) in smaller lesions is
known, different treatment methods are tried in larger-sized TOLs. This study aimed to compare the
clinical and radiological outcomes of the single-step AMFx repair procedure and the combined application
of AMFx and cell-free scaffold (CFS) in the treatment of TOLs.

Methods: This retrospective cohort study included patients presenting with a TOL larger than 1.5 cm? and
smaller than 3 cm? between March 2015 and June 2018 who received arthroscopic treatment and attended
follow-up for at least 24 months. Eighteen patients (group 1) were treated with the AMFx method, and 16
patients (group 2) with AMFx + CFS. American Orthopedic Foot and Ankle Society (AOFAS), Visual
Analog Scale (VAS), and Tegner Activity Scores were used for clinical evaluation, and MOCART
(magnetic resonance observation of cartilage repair tissue) score was used to assess cartilage repair tissue.
Results: The mean patient age was 33.47 (8.67) years and the mean follow-up time was 32.24 (9.33)
months. There was no significant difference between the two groups in terms of age (P=0.984), body mass
index (P=0.450), defect size (P=0.081) and follow-up time (P=0.484). The median AOFAS score
increased from preoperative assessment until follow-up assessment at 12 months in groups 1 (P<0.001)
and group 2 (P<0.001). There was no significant difference between the two groups in terms of clinical
scores, or the components of the MOCART score.

Conclusion: Comparisons revealed that outcomes at the end of 24-month follow-up were similar between
two groups. Therefore, TOLs appear to benefit similarly from the AMFx and AMFx + CFS techniques.

Keywords: Talus, Osteochondral Lesion, Microfracture, Scaffold
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Introduction

Although the etiology of the talar osteochondral lesions
(TOLs) is still uncertain, these lesions are well-defined to be
cartilage injuries involving both the chondral and subchondral
layers that are thought to occur secondary to ankle trauma [1] or
ischemic causes [2]. The clinical findings of TOLs may vary
from asymptomatic disease to the presence of severe pain and
significantly worsened quality of daily life [3]. While TOL
secondary to trauma generally manifests in the anterolateral area,
ischemic lesions are usually located posteromedially [4].
Planning of treatment approach has become more important due
to the increasing incidence of TOLs [5]. The main factors
affecting treatment are the size, depth, and localization of the
TOL and the degree of subchondral bone involvement [5].
Several treatment options are available, including conservative
treatment, arthroscopic  debridement and microfracture,
mosaicplasty, allograft applications, and autologous chondrocyte
implantation [6,7]; however, it has been shown that inappropriate
treatment may lead to cartilage degeneration and osteoarthritis in
the long-term [8].

The arthroscopic microfracture (AMFx) technique is an
easily performed single-step procedure that is the most
frequently employed cartilage repair method. Today,
arthroscopic techniques are usually based on the stimulation of
bone marrow and the gathering of mesenchymal stem cells
(MSCs) in order to ensure healing [9-11]. Despite being reported
to have inadequate effectiveness in long-term follow-up due to
the high failure rate and formation of biomechanically poor
fibrocartilage in lesions larger than 1.5 cm?, the AMFx procedure
remains popular, especially for the treatment of smaller lesions
[9,10,12].

Cell-free scaffolds (CFS) are cost-effective and can be
applied as a single-step arthroscopic procedure. The application
of CFS in combination with AMFx provides a basis for the
maturation of mesenchymal stem cells from the subchondral
bone [13,14]. In addition, these biomaterials also ensure the
mechanical stability of mesenchymal stem cells by providing 3-
dimensional support [15]. Current evidence shows that,
compared to 2-dimensional support, a 3-dimensional support
environment preserves chondrocyte structure, enables relatively
better chondrocyte transformation, and procures a tissue structure
that mimics native tissue characteristics, thereby enhancing
repair [15-17].

In this study, it was aimed to comparatively present the
short-term clinical and radiological outcomes of the stand-alone
AMFx procedure and the combined AMFx + CFS application,
which are utilized in the single-step treatment of TOLSs.

Materials and methods

The study was approved by the Ethics Committee of
Acibadem University (Date 17.09.2020 /No. 2020-20/07), and
written informed consent —for the procedures and also the use of
data as part of a scientific study— was obtained from all patients.
This study was performed in line with the principles of the
Declaration of Helsinki. In this retrospective cohort study,
patients who were screened for talus focal osteochondral lesions
between March 2015 and June 2018 were evaluated. Inclusion
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criteria were as follows: Being aged between 20 and 50 years,
having received surgical treatment for Outerbridge grade 3-4
lesions larger than 1.5 cm? and smaller than 3 cm? affecting the
talar dome, having a body mass index (BMI) of <30 kg/m2, and
attending follow-up visits for at least 24 months. Patients who
were lost to follow-up, those who had a history of ankle surgery,
patients who needed revision surgery, and those who had ankle
instability or a kissing lesion were excluded from the study. The
sample size was reached by including thirty-four patients who
met the inclusion/exclusion criteria, out of a total of one-
hundred-eighteen patients who were operated for TOLs between
the dates mentioned above.

Thirty-four patients who fulfilled the
inclusion/exclusion criteria were included in the study. All
patients were operated on by one of two surgeons (A and B).
Eighteen patients (10 females, 8 males) who were operated by
surgeon A using the AMFx procedure (stand-alone) comprised
Group 1, and 16 patients (10 males, 6 females) who were
operated by Surgeon B using the combined procedure (AMFx +
CFS) (SupraFelt™, BMT Calsis, Ankara, Turkey) comprised
Group 2.

The data of the two groups were reviewed, and age,
body mass index (BMI), follow-up time, and TOL size were
recorded. The American Orthopedic Foot and Ankle Society
(AOFAS) Ankle-Hindfoot Scale, Visual Analog Scale (VAS),
and Tegner Activity Scale were determined preoperatively. They
were consistently used to evaluate clinical results during the
postoperative period. Magnetic resonance observation of
cartilage repair tissue (MOCART) score was used to evaluate
cartilage quality from magnetic resonance (MR) images [18].
The groups were compared in terms of demographics and the
size of cartilage defects, in addition to scores obtained from the
AOFAS, VAS, Tegner Activity Scale, and MOCART analysis.

In both groups, debridement was performed on cartilage
defects, and subchondral bone was reached via standard ankle
arthroscopy. A probe was used to measure the depth and size of
the lesions in millimeters. In Group 1, AMFx was performed
using a 30-degree awl on the TOL site, and the procedure was
terminated following joint debridement. In Group 2, AMFx was
also performed via the use of a 30-degree awl on the TOL site,
followed by arthroscopic application of CFS (SupraFelt™) in
order to fill the defect completely. A fixation method was not
used for scaffold stabilization, and the procedure was terminated
(Figure 1).

Figure 1: Arthroscopic images of ankle arthroscopy (A) Osteochondral lesion (OCL) of the
medial talar dome of talus (B) After debridetment of the OCL to stable margins (C)

Microfracture (AMFx) application (D) Application of the cell- free scaffold (CFS) after
AMFx (E) Image of CFS
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Statistical analysis

All analyses were performed with SPSS v21 (SPSS Inc.,
Chicago, IL, USA). The Shapiro-Wilk test was used to check
normality. Data were expressed with mean (standard deviation-
SD) or median (minimum-maximum) values for continuous
variables according to the normality of distribution and
frequency (percentage) values for categorical variables.
Normally distributed variables were analyzed with the
independent samples t-test, and non-normally distributed
variables, with the Mann-Whitney U test. Categorical variable
distributions were assessed with the Pearson Chi-square test or
the Fisher's exact test. Repeated measurements were evaluated
with Friedman's analysis of variance by ranks depending on the
normality of distribution. Pairwise comparisons were performed
with the Bonferroni correction method. Comparisons of the
changes in these variables between the groups were performed
by analyzing the differences between measurements via the
Mann-Whitney U test. P-values of <0.05 were considered to
demonstrate statistical significance.

Results

Among 34 patients included in the study, 55.5% of the
patients in Group 1 (stand-alone AMFx) and 37.5% of the
patients in Group 2 (combined procedure) were female. The
mean ages were 28.8 (6.2) and 30.4 (7.6) years in Group 1 and
Group 2, respectively. The mean BMI values were 24.2 (4.3) and
25.3 (3.6) kg/m? in Groups 1 and 2, respectively. In terms of
defect size, the mean value was 1.9 (0.3) cm? in Group 1 and 2.1
(0.4) cm? in Group 2. Follow-up durations were 42.2 (9.2)
months and 40.1 (11.6) months, in groups 1 and 2, respectively.
There was no significant difference between the two groups in
terms of demographic features and lesion size (P>0.05 for all,
Table 1).
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(Figure 2, Figure 3). Furthermore, in terms of AOFAS, VAS, and
Tegner scores reported at baseline (preoperative) and
postoperative 12" and 24" months, there were no significant
differences between the two groups (P=0.198, P=0.281,
P=0.403, respectively; Table 1).

Figure 2: AOFAS Ankle-Hindfoot Scale scores with regard to groups
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Figure 3: Tegner Activity Scale scores with regard to groups
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There was again no significant difference in MOCART
scores between the two groups (P>0.05, Table 2). Nevertheless,
we observed that Group 2 had higher scores in the surface
integration and effusion subgroups of the MOCART analysis
compared to Group 1. Subchondral bone was intact in >60% of
subjects in both groups. Effusion was identified in 22.22% and
18.75% of the patients in Group 1 and Group 2, respectively

(Table 2).
Table 2: Summary of the MOCART scoring system with regards to the surgical method

Table 1: Summary of the patient characteristics and scale scores with regard to the surgical Surgical method
method Microfracture Microfracture  + P-value
Surgical method (n=18) Scaffold (n=16)
Microfracture(n=18)  Microfracture + Scaffold (n=16) P-value I%eogg]e;;gdefect repair and filling of the defect 8 (44.44%) 9 (56.25%) 0.305
Age 33.50 (8.26) 33.44(9.39) 0.984 Hypertrophy 0 (0.00%) 2 (12.50%)
Gender ) ., Incomplete
Female 2o o se) oo 0479 > 50% of the adjacent cartilage 6(3333%)  3(18.75%)
e s ind 26(13- 3;)1 : gg -53 1‘2 0.450 < 50% of the adjacent cartilage 4(22.22%) 2 (12.5%)
0dy mass Incex 13 (3.31) 5.28 ( 3.16) 45 Subchondral bone exposed 0 (0.00%) 0 (0.00%)
Follow-up time 29 (24 - 52) 27.5 (12 - 49) 0.484 Integration to border zone
Size of the lesion 21(1.6-4) 25(1.8-3.2) 0.081 Complete 4(22.22%) 6 (37.50%) 0.685
AOFAS Ankle-Hindfoot Incomplete
Scale score : i s
Di | lit lik .33% 1.25%
Baseline 60 (50 - 66) ° 56 (52 - 66) ° 0.198 Difn;g%a\itslir:ﬁeborder visible (split like) 6 (33.33%) 5 (31.25%)
b b
;stdassessment gg (gg - gg) . gi (gg - gg) . < 50% of the length of the repair tissue 5 (27.78%) 4 (25.00%)
nd assessment (88 - 96) (92 - 96) > 50% of the length of the repair tissue 3 (16.67%) 1 (6.25%)
P (within variables) <0.001 <0.001 Surface of the repair tissue
Visual Analog Scale score B o o
Baseine 6567 167" oz et ey eETSme  04rs
b b
1st assessment 21-2 1a-2- <50% of repair tissue depth 11(6111%) 9 (56.25%)
2nd assessment 1(1-2) 1(1-2) > 50% of repair tissue depth or total degeneration | 3 (16.67%) 1 (6.25%)
P (within v_ar_lables) <0.001 <0.001 Structure of the repair tissue
Teg”ﬁf Activity Scale score . . Homogenous 6 (33.33%) 6 (37.50%) 1.000
Baseline 3@-n° 3(-4° 0.403 Inhomogeneous or cleft formation 12 (66.67%) 10 (62.50%)
1st assessment 4@2-7" 4@2-77 Signal intensity of the repair tissue
2nd assessment 4(3-7) 42-7) T2-FSE
P (within variables) <0.001 <0.001 Isointense 4(22.22%) 5 (31.25%) 0821
Complication 2 (11.11%) 1 (6.25%) 1.000 Moderately hyperintense 11 (61.11%) 9 (56.25%)
Data are given as mean (SD) or median (minimum - maximum) for continuous variables according to Markedly hyperintense 3(16.67%) 2 (12.50%)
normality of distribution and as frequency (percentage) for categorical variables Subchondral Lamina
Same letters denote the lack of statistically significant difference between repeated measurements Intact 6 (33.33%) 7 (43.75%) 0.787
- - - Non-intact 12 (66.67% 9 (56.25%
When compared to preoperative findings, both groups  sypchondral bone (66.67%) (56.25%)
exhibited a significant change in AOFAS, VAS, and Tegner et 11(6211%) 11 (68.75%) 0849
Activity scores at the 12" month (the first postoperative — Edema ‘ 5 (27.78%) 4(25.00%)
; B ) Cyst formation or degeneration 2 (11.11%) 1 (6.25%)
evaluation included in the study) (P<0.001 for all, Table 1).  Adnesions
. . No 18 (100.00%) 16 (100.00%) N/A
However, the comparison of the amount of change in scores  ves 0 (0.00%) 0 (0.00%)
showed no statistically significant differences in the AOFAS, 'ifg“s“’" M TTTS%) 13 (8125%) 1000
VAS, and Tegner Activity scores (P>0.05 for all, Table 1)  Yes 4@222%)  3(18.75%)
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There were no major complications in the patients. In
Group 1, transient Sudeck's atrophy and paresthesia were
observed, and both resolved within 6 months. In Group 2, one
patient developed a superficial infection which was successfully
treated with oral antibiotic therapy.

Discussion

The most important finding of this study was that both
the stand-alone AMFx and the combined AMFx + CFS
procedures provided decreased pain levels and yielded
considerably good clinical outcomes within the follow-up period
among patients treated for TOL. Additionally, although results
were similar in the majority of evaluations, we noted that
hyaline-like chondral tissue was better organized, and MOCART
scores were relatively higher with the AMFx + CFS technique.

Treatment for cartilage problems is still controversial,
and the options vary depending on lesion size. While AMFx
provides good clinical outcomes with the advantage of bone
marrow stimulation in the treatment of small osteochondral
lesions, it cannot achieve the desired success in large lesions
since structural support to mesenchymal stem cells is insufficient
when lesion size and depth are greater [7,19,20]. According to
the literature, AMFx is the first-line treatment for TOLs,
particularly those measuring around 1.5 cm? [9,21]. In a study by
Choi et al., 32 patients with TOLs larger than 1.5 cm? were
treated with the AMFx method, and it was reported that a
successful outcome could only be achieved in 1 patient [21].
Therefore, a size of 1.5 cm? has been described as a critical
threshold for AMFx treatment of TOLs [21,22]. Treatment
options for TOLs larger than 1.5 c¢cm? include methods that
promote the formation of fibrous cartilage with cell-containing or
cell-free scaffolds in addition to restoration techniques such as
mosaicplasty and autologous chondrocyte implantation. At the
same time, allograft use is suggested in much larger lesions [23].
However, it would be more effective to consider such restoration
techniques in revision surgeries rather than in the first-line
treatment of TOLs, since these techniques are more expensive
and complex (compared to stand-alone AMFx) and may result in
morbidity. From this standpoint, we comparatively evaluated the
effectiveness of AMFx and AMFx + CFS treatments in lesions
larger than 1.5 cm? (up to a maximum of 3 cm?) and found that
both treatment methods provided a significant improvement in
terms of clinical scores during short-term follow-up.

The interest in CFS treatment has been increasing due to
several advantages, including low cost, wide availability, and the
fact that there is no need for cell culture or a donor site [24-27].
Recent animal studies suggest that CFS is also effective in
cartilage regeneration. It can provide a well-structured
subchondral trabecular bone and enables the generation of repair
tissue rich in proteoglycans and type Il collagen, which are
important histological characteristics of the hyaline cartilage
[28,29]. In addition to the ease of using CFS as a single-step
arthroscopic procedure without the need for arthrotomy for the
treatment of TOL, CFS application was also shown to induce
chondrogenesis due to its hyaluronic acid (HA)-based scaffold
structure [30]. In a study by Kanatli et al., cell-free polyglycolic
acid (PGA) - HA scaffolds were reported to provide successful
clinical outcomes in the treatment of TOLs sized 2.5 cm? and
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greater [31]. In the present study, we also obtained successful
clinical outcomes after cell-free PGA-HA scaffold application in
the treatment of TOLs measuring 1.5 cm? - 3 c¢cm?, which is
consistent with the literature. Considered together, these results
indicate that PGA-HA-based CFSs are effective and successful
in the treatment of TOLs sized up to 3 cm?.

The AMFx + CFS group had marginally better
MOCART results; however, statistical significance was not
present in any of the comparisons —possibly due to the low
number of patients. Nonetheless, we believe it should be
emphasized that the AMFx + CFS group had better border
integration in the current study, similar to the results obtained by
Valderrabano et al. and Wiewiorski et al. [32,33]. Two studies in
the literature showed that PGA-HA-based CFS use led to a high
rate of hypertrophic healing in TOLs [31,34]; whereas, in
contrast to the literature, “none of the patients in the current
study suffered from this complication”. This was attributed to the
fact that the CFSs used in this study had a different scaffold-
matrix structure as compared to their counterparts employed in
other studies.

This study had some limitations. First of all, it had a
retrospective design and follow-up was short, which might have
prevented the identification of procedure-based differences that
could develop with time. Second, although the procedures were
carried out in a similar fashion by both surgeons, the fact that the
groups had undergone treatment by different surgeons may be a
cause of bias. Third, various important factors (age, gender,
trauma characteristics etc.) that could have had an impact on
treatment results could not be investigated separately with
subgroup analyses, since sample size was not large enough.
Finally, the lack of histological evaluation could put the current
outcome analysis in question; however, we used the MOCART
scoring system, which is accepted as an objective method that
enables the quantitative analysis of repair tissue.

Conclusion

Significant improvements in clinical scores were
observed in the short-term follow-up of patients who underwent
stand-alone AMFx and combined AMFx + CFS application for
the treatment of TOLs measuring up to 3 cm? The outcomes
were similar in both groups when compared at postoperative 12
and 24 months, and the changes in scores were also similar with
the two methods. Therefore, with respect to short-term follow-
up, both the single-step AMFx and the combined AMFx + CFS
techniques are effective in the treatment of TOLs.
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Abstract

Background/Aim: The coccyx has several variants which could sometimes be confused with fractures.
Our study aimed to alert physicians about the types of coccyges that can be easily confused with coccyx
fractures in daily practice.

Methods: Mid-sagittal and mid-coronal computerized images of 75 patients were analyzed to determine
the types of coccygeal fracture, the coccyx types, number of segments, joint fusion, coccygeal bony
spicules, subluxation, sacrococcygeal angle (SCA), intercoccygeal angle (ICA), and lateral deviation of the
COCCYX.

Results: The mean age of the patients was 43.5 (13.6) years. There were 33 (44%) males, and 42 (56%)
females. While 57 (76%) patients were thought to have a coccygeal fracture, only 18 patients (24%)
actually had them. There was a significant difference between the coccyx types mistaken for fractures and
actual coccygeal fractures (P<0.001).

Conclusion: It is essential to know the coccyx types and distinguish normal variants from fractures. If the
difference between coccyx fractures and coccyx types is known and the patients are informed accordingly,
both the loss of workforce decreases, and the necessary treatment can be started early.

Keywords: Back injuries, Coccyx, Spinal injuries, Spinal fractures
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Introduction

The coccyx is derived from the Greek word "kokkus"
because it resembles the inclined beak of a cuckoo. The coccyx
is a triangular-shaped bone consisting of 3 to 5 fused vertebral
segments at the terminal part of the vertebra [1]. It is a vital
structure because it forms a leg of the tripod together with the
two ischia and is an adhesion site for numerous pelvic muscles
and in the pelvic region [2].

Local pain on the coccyx, "coccydynia" [3], was first
described by Simpson in history [2]. The etiology is
multifactorial, and the most common cause is trauma.
Structurally, the most common causes of coccydynia are
instabilities and bone spicules. Coccydynia can be seen after an
external trauma, such as a fall, an internal trauma caused by
birth, or because of microtrauma due to prolonged sitting on hard
and uneven surfaces. Female gender and obesity are predisposing
factors that increase the risk of coccydynia. It should also be
remembered that non-organic causes may present as
somatization [4].

Coccyx fractures are the most critical cause of
coccydynia which occur after external and internal (obstetrical
fractures) trauma. After external traumas, flexion (type 1) and
compression (type 2) fractures are seen. Extension (type 3)
fractures occur after internal traumas. All three types of fractures
affect different areas. Flexion (type 1) fractures affect the
sacrococcygeal area consisting of the lower sacrum (S5) or upper
coccyx (Col). Compression (type 2) fractures affect the Col and
Co2 vertebrae. Compression (type 2) fractures are vertical, and
the fracture line extends from the upper to the lower endplate.
The lower coccyx is affected in extension (type 3) fractures [5].

In clinical examination, the sacrococcygeal area should
be inspected for the presence of pilonidal sinuses or cysts.
Masses and muscle spasms in the surrounding tissues are also
evaluated. Localized tenderness and swelling may often be
revealed by palpation of the sacrococcygeal region. In most cases
of coccydynia, a rectal examination with a thumb and an index
finger is essential. The coccyx is grasped and evaluated for pain,
tenderness, crepitation, and sacrococcygeal hypo-hypermobility.
Pain can be elicited by rectal manipulation of the coccygeal
segments or sacrococcygeal joint in patients with coccydynia.

Fracture, mass, and degenerative changes can be
evaluated in more detail. A dynamic X-ray is obtained while the
patient is sitting and standing. Typically, the coccyx moves
between 5-25 degrees on the anterior or posterior axis in the
sitting position and returns to its normal position when the
patient stands up. The presence of >25 degrees or <5 degrees
movement is considered abnormal [6]. This imaging reveals
abnormalities such as luxation and subluxation in 70% of
patients with coccydynia. In the recent years, MRI was used as a
second-line diagnostic method to investigate the coccyx. It can
reveal edema and inflammation in the tissue. Hyperintense signal
increases are noteworthy, especially in T2-weighted STIR
images, and indicate local inflammatory lesions. MRI is also
used to exclude mass diagnosis in persistent pain [3].

In coccydynia treatment, it is possible to achieve up to
90% success with conservative methods [2]. Initially, seat
cushions, NSAIDs, hot-cold applications, and manipulations are
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recommended, and lifestyle changes are implemented. Treatment
methods such as steroid injection [7] and blockade [8] are also
available for long-term pain. In case of persistent pain,
coccygectomy [9] is the last option.

The coccyx morphology of the patients was evaluated
from the computed tomography images obtained to exclude
vertebral injury. This study aimed to raise awareness about
coccyx structures and typical variants that can easily be confused
with coccyx fractures in daily practice.

Materials and methods

The ethics approval for this retrospective study was
received from Ataturk University Faculty of Medicine, Clinical
Research Ethics Committee (meeting number: 08, decision no:
07, date: 26.12.2019). This study was conducted in accordance
with the STROBE guidelines.

The files of patients presenting to the emergency service
between December 2018 and December 2019 were
retrospectively scanned. One hundred and thirty-six patients
were consulted for coccyx fractures by doctors working in the
emergency department. Inclusion criteria were complete bone
development and patients with no additional fractures. Exclusion
criteria from the study were incomplete bone development,
presence of iliac bone fracture, sacroiliac joint luxation, and
presence of femoral head or neck fracture.

After the implementation of the inclusion and exclusion
criteria, 75 patients were included in this study. Seventy-five
patients who underwent vertebral tomography in the emergency
department due to simple trauma were evaluated. Computed
tomography images of the patients were evaluated by a single
orthopedic surgeon (AZ).

Mid-sagittal and mid-coronal images were obtained
from the computed tomography images of the patients. From
these images, the type of coccyx (Figure 1), number of segments,
joint  fusion, coccygeal bony spicules, subluxation,
sacrococcygeal angle (SCA), intercoccygeal angle (ICA), and
lateral deviation of the coccyx were evaluated (Table 1).

Table 1: Definitions of terms
Definition [10]

Joint fusion Bony continuity between adjacent vertebrae on all sagittal slices (at
sacrococcygeal and/or intercoccygeal joints)

Type 1 is a slightly curved coccyx pointing downwards; type 2 is
more curved and points forwards; type 3 is sharply angulated at the
first or second intercoccygeal joint; type 4 is a coccyx with an
anterior subluxation at the sacrococcygeal or first intercoccygeal
joint; and type 5 is a coccyx with a retroverted tip.

A bone spicule projecting from the terminal coccygeal segment
Abnormal translation between two adjacent vertebrae at the
intervertebral disc.

Determined by measuring the angle between the tip of the coccyx
and a line passing through the middle of the sacrum

Coccygeal types

Bony spicule
Joint subluxation

Lateral deviation of
the tip of the

coccyx

Sacrococcygeal Formed by the intersection of a line between the midpoint of the

angle upper borders of S1 and Col and a line between the latter and the tip
of the coccyx

Intercoccygeal The intercoccygeal angle formed between the lines intersecting the

angle middle of the first and last coccygeal segments in the median plane.

Sacrococcygeal joint angle (S5-Col) and the first and second
intercoccygeal joint angles (Col-Co2 and Co2-Co3) were also
measured.

S: Sacrum, Co: Coccyx
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Figure 1: Type 1 is a slightly curved coccyx pointing downwards (A). Type 2 is more curved
and points forwards (B). Type 3 is sharply angulated at the first or second intercoccygeal
joint (C). Type 4 is a coccyx with an anterior subluxation at the sacrococcygeal or first
intercoccygeal joint (D). Type 5 is a coccyx with a retroverted tip (E).

AN

Statistical analysis

IBM SPSS Statistics 22 (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.) software was used to evaluate the findings obtained
in this study. The normality of parameter distributions was
assessed with the Shapiro Wilk test. Descriptive statistics (mean,
standard deviation, frequency) and Student's t-tests were used to
compare the parameters of the patients. Fisher's Exact tests,
Fisher Freeman Halton tests, and Yates Correction for Continuity
were used to compare qualitative data. Independent samples t-
test was used to compare quantitative data. A P-value of <0.05
indicated statistical significance.

Results

There were 33 (44%) males, and 42 (56%) females. The
mean age of 75 patients was 43.5 (13.6) (range: 19-70) years.
Coccyx types, segmentation numbers, the presence of fusion,
spicule, subluxation, lateralization, and types of coccyx fractures
were shown in Table 2 according to the number and rates of
patients.

The mean sacrococcygeal and intercoccygeal angles
obtained in the computed tomography images of the patients
with normal coccygeal variants was 110.2 (11.4) (range: 87-135)
degrees, and 41.6 (11.8) (range: 20-70) degrees, respectively.

Seven (38.9%), eight (44.4%) and three (16.7%)
patients had type 1, type 2, and type 3 fractures, respectively. A
significant difference was found between patients with coccyx
fractures and those with typical coccyx variants (P<0.001).
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Table 2: The results of the patients

Patients (n)  Percentage %  Total Patients (%)
Coccygeal types 1 25 43.9% 57 (76.0%)
2 16 28.1%
3 10 17.5%
4 4 7.0%
5 2 3.5%
Segmentation 2 10 17.5%
Numbers 3 25 43.9%
4 20 35.1%
5 2 3.5%
Fusion No 44 77.2%
Yes 13 22.8%
Spicule of coccyx  No 51 89.5%
Yes 6 10.5%
Subluxation No 49 86.0%
Yes 8 14.0%
Lateralization No 46 80.7%
Yes 11 19.3%
Fracture Typel | 7 38.9% 18 (24.0%)
Type2 | 8 44.4%
Type3 | 3 16.7%
P-value <0.001
n: number
Discussion

Being the attachment point of many ligaments, muscles,
and tendons, and changing angles in the standing and sitting
positions, the coccyx has essential and dynamic functions in the
human body. It consists of 3-5 fused vertebral segments. In 2013,
Woon et al. found that the most common number of segments
was 4, but ranged from 3-5, in a healthy adult coccyx when
examined by CT [10]. Marwan et al. examined the coccyx
morphology in the Arab community in 2014 [11] and reported
that it most contained 3 fused segments (68%). In a study by
Przybylski et al., 50.8% of coccyges had three fused segments
[12]. In our study, the number of patients with three fused
segments were 43.9%. The number of segments may vary
between ethnic groups and from person to person. In daily
practice, these morphological changes of coccyx should not be
perceived as fractures or dislocations.

Different types of coccyges were described in the
literature. The first classification was made radiologically by
Postacchini in 1983 [13]. In his study, type 1 was the most
common, with a rate of 68%. In 2004, Dennell et al. reported a
retroverted coccyx [14]. In 2007, Kerimoglu et al. suggested that
retroverted coccyx types be referred to as "type 0" [15]. In 2013,
Woon et al. added the retroverted coccyx to the literature as
"type 5" in tomographic image examination [10]. In our study,
type 1 was the most common with a rate of 43.9%. The
retroverted coccyx (type 5) was detected in only two patients.

In 2012, Woon et al. [1] performed sacrococcygeal and
intercoccygeal measurements in 112 adult CT scans. The SCA
and ICA were 166 and 143 degrees, respectively. No significant
differences existed between the two genders in terms of both
angles. SCA and ICA measurements of 202 patients in CT scans
examined by Marwan [11] in the Arab population were 110.9
and 132.5 degrees, respectively. A significant difference was
found between males and females. In our study, the SCA and
ICA were 110 and 138 degrees, respectively. The two genders
were similar in terms of SCA and ICA.

The presence of subluxation, bone spicule, fusion, and
lateralization may differ between ethnic groups. In Woon's study
in 2012, subluxation was rarely found in the New Zealand
population, bone spicule rate was 23%, and 57% of patients had
fusion [1]. In the studies of Marwan [11] and Shalaby [16],
subluxation was found in 31.7%, bone spicule, in 54%, fusion, in
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38.6%, and lateralization, in 38.6% among the Arab population.
In our study, the rates of subluxation, bone spicule, fusion, and
lateralization were 14%, 10.5%, 22.8%, and 19.3%, respectively.

Coccyx types are often confused with coccyx fractures
in daily practice. Flexion (type 1) fractures occur after a fall or
impact that affects the sacrococcygeal joint. This fracture affects
the S5 and Col vertebrae and forces the sacrococcygeal joint to
flexion (Figure 2). Flexion fractures can be confused with type 2,
type 3, and type 4 coccyges. Compression (type 2) fractures also
occur after external trauma by the compression of the first
independent coccygeal vertebra. These fractures which involve
the Col or Co2 vertebrae are also named "nutcracker fractures"”
[5]. A compression fracture makes a vertical fracture line. These
type 2 fractures are unstable. Furthermore, the fracture line could
hardly be visible on standard radiographs. Dynamic radiographs
or CT scans should be ordered to establish the diagnosis.
Compression (type 2) fractures may be mixed with type 1
coccyges (Figure 3). Extension (type 3) fractures occur in
obstetrical fractures and affect the lower coccygeal vertebra
(Figure 4). These fractures are mostly confused with coccyges
type 4 or type 5.

Figure 2: Flexion (type 1) fracture causes a forced flexion of the lower sacrum or upper
coccyx. The arrow shows the fracture line.

Figure 3: Compression (type 2) fracture affects the first independent coccygeal vertebra. The
arrow shows the fracture area.

L 2
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Figure 4: Extension (type 3) fracture occurs in obstetrical fractures and affects the lower
coccygeal vertebra. The arrow shows the fracture line.

Limitations

The limitations of our study include the small number of
patients, and its single centered design. Also, the patients were
evaluated with CT imaging only. Simultaneous studies with
multiple patients and CT and MR imaging results from many
centers can provide more detailed information.

Conclusion

Some coccyx types could be confused with coccygeal
fractures. To avoid this confusion, patients should be evaluated
with computed tomography.
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Abstract

Background/Aim: Neuroanesthesia necessitates the control of both systemic and cerebral hemodynamics,
the prevention of intracranial pressure increase, knowledge of anesthetics’ cerebral effects, and early
neurological recovery. The titration of anesthetics becomes crucial to optimize the appropriate level of
anesthesia required for surgery while reducing postoperative neurological consequences. Smartpilot® View
(SPV) is a new decision support system that uses pharmacologic models to optimize anesthetic depth and
improve patient outcomes. The goal of this study was to compare the effectiveness of SPV with standard
BIS-guided anesthesia administration in terms of intraoperative hemodynamic stabilization, anesthetic
consumption, and postoperative recovery times during intracranial mass surgery.

Methods: Following ethics committee approval, the records of the patients who underwent elective
supratentorial craniotomy between November 15, 2017 and March 15, 2018 were reviewed
retrospectively. The demographics of the patients, anesthesia and surgery times, eye opening and
extubation times, time to reach an Aldrete score of 9 and anesthetic consumptions were compared between
those who were monitored with SPV in addition to BIS (SPV Group) and those who were monitored with
solely BIS for standard anesthetic follow-up (BIS Group).

Results: A total of 139 subjects were analyzed (SPV (n=71), BIS (n=68)). Hemodynamic responses to
induction and intubation were more pronounced in the BIS group (P<0.05). Time until eye opening and
extubation were 3.6 (2.4) versus 6.06 (1.63) minutes and 5.76 (1.3) versus 9.16 (1.0) minutes in the SPV
and BIS groups (P<0.001). In the SPV Group, it took much less time to achieve an Aldrete score of 9 or
above (P<0.001). Total consumed amount of both propofol and remifentanil were significantly lower in
the SPV group (P<0.001).

Conclusion: Use of SPV compared to BIS-guided routine anesthesia follow-up improved titration and
consumption of anesthetic drugs, thereby facilitating the early recovery process in patients who underwent
intracranial mass surgery.

Keywords: Intravenous anesthetics, Propofol, Remifentanil, Anesthesia recovery period, Bispectral index,
Neurosurgery
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Introduction

Neuroanesthesia necessitates the regulation of both
systemic and cerebral hemodynamics, avoidance of intracranial
pressure changes, knowledge of anesthetics’ cerebral effects, and
prompt recovery for early neurological assessment [1]. To
achieve all these, it’s crucial to optimize the anesthetic agents
and provide the appropriate depth of anesthesia intraoperatively.

Opioids and hypnotics are routinely combined in the
clinical practice of anesthesiology. Maintaining an optimal
combination for adequate anesthetic conditions while limiting
adverse effects like hemodynamic alterations or prolonged
recovery remains a challenge especially during craniotomies [2].
The manner anesthetics are adjusted intraoperatively is likely to
have a greater impact on anesthesia quality than a specific drug
utilized. As a result, anesthetic titration becomes critical to
maintain the adequate level of anesthesia required for surgery
while minimizing postoperative neurological consequences.
Previous research revealed that the electroencephalographically
(EEG) derived Bispectral Index (BIS) can help with titration of
both intravenous and volatile anesthetics [3, 4]. The Bispectral
Index, on the other hand, can only anticipate the hypnotic effect
of anesthetic drugs and cannot assess the balance of nociception
and antinociception [5].

In recent years, new and high-tech monitors that assess
general anesthesia components including hypnosis, immobility
were developed, and anti-nociception and drug advisory display
systems that use pharmacological models to guide the
administration of anesthetic agents were commercialized [2, 6-
9]. The working principle of SmartPilot® View (SPV, Driger,
Liibeck, Germany) is based on these promising pharmacological
models.

The SmartPilot® View is a drug advisory system that
displays real-time information on actual and expected levels of
anesthesia and demonstrates the effects of combined hypnotic-
analgesic drugs. The SmartPilot® View monitor is connected to
an anesthetic workstation. As a result, all monitoring data,
patient information, ventilation, and syringe pump settings
included in the station are automatically displayed on the SPV
screen. Complex pharmacological models can be depicted in
clinical practice using this innovative technology. SmartPilot®
View allows for more precise anesthetic titration for the
specified therapeutic goals, making intraoperative decision-
making easier [8, 10]. Even though there is few research on SPV
in the literature, current studies demonstrate that SPV-guided
anesthesia enhances anesthetic management and is related with
improved anesthesia quality [8, 10].

The goal of this retrospective study was to demonstrate
that SPV would offer clinical usefulness in patients undergoing
craniotomy for supratentorial lesions. It was designed to see if
SPV-guided administration of intravenous anesthetics and
analgesics would improve titration of anesthetics and, as a result,
provide more efficient general anesthesia that meets
neuroanesthesia standards. The effect of SPV-guided anesthesia
on hemodynamics, anesthetic and analgesic requirements and
recovery profile in patients who had supratentorial craniotomy
was investigated in this study by comparing it with conventional
BIS-guided anesthesia administration.

Smartpilot® view vs. Bispectral index guided anesthesia
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Materials and methods

This retrospective study was conducted with the
approval of the Ethics Committee of Gazi University School of
Medicine (Date: 08/01/2018 - Decision No: 02) and in
compliance with the Declaration of Helsinki’s ethical principles.
Adult patients who underwent an elective supratentorial
craniotomy in the neurosurgery operating theatre between
November 15, 2017, and March 15, 2018, were reviewed
retrospectively. Preoperative anesthesia registration forms,
intraoperative anesthetic sheets, patient files, the medical
information system, and data recorded by the SPV monitor were
all used to collect data. Investigators who were not involved in
the anesthetic administration conducted the research.

The study included patients who ranged in age from 18
to 65 years, had an ASA physical classification of | to I1l, had no
kidney or liver illness and underwent total intravenous
anesthesia. Patients with an ASA physical classification of 1V, a
Glasgow coma grade of 8, those whose records could not be
reached and who were not extubated after surgery, as well as
those who had emergency surgery, awake craniotomy or surgery
requiring neuromonitoring were excluded from the study.

After data scanning, the patients were divided into two
groups: Those who were monitored with SPV in addition to BIS
(SPV Group) and those who were monitored with BIS for
standard  anesthetic  follow-up  (BIS  Group). Patient
demographics,  peroperative  hemodynamic  parameters,
anesthesia and surgery times, eye opening times (time from
discontinuation of anesthetic drugs until the patient opens his/her
eyes), extubation times (time from discontinuation of anesthetic
drugs to extubation), the time to achieve an Aldrete score of at
least 9 after tracheal extubation and the total amount of
anesthetic (propofol) and analgesic (remifentanil) consumed
were compared between the two groups. To reduce bias, patient
data were collected and compared by a researcher who were
blinded to the patient groups.

Statistical analysis

Data analysis was performed using the Statistical
Package for the Social Sciences (SPSS) for Windows 19
(Chicago IL, USA) program. Continuous data were expressed as
mean (standard deviation) or as the number of cases (n) for
categorical variables. Changes between the two categorical
variables were examined with the Pearson Chi-square test or the
Fisher Exact test. Continuous variables were compared with the
unpaired two-tailed Student’s t -test. A P-value of less than 0.05
was considered statistically significant.

Results

The data of 163 adult patients who underwent elective
supratentorial mass surgery in the neurosurgery operating theater
between November 15, 2017, and March 15, 2018 were
analyzed. Twenty-four patients were dropped from the research
because they did not meet the eligibility requirements. Figure 1
shows the study’s flow chart. In total, 139 patients were
evaluated, with 71 patients (SPV Group) monitored with BIS +
SPV and 68 patients (BIS Group) who underwent conventional
anesthetic follow-up with BIS. Electrocardiography (ECG),
blood pressure, pulse oximetry (SpO,), end-tidal carbon dioxide
(EtCO,) (Infinity Delta XL, SPV, Driger, Liibeck, Germany),A
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and Bispectral Index (BIS) (Infinity Delta XL, SPV, Driger,
Liibeck, Germany) were used to monitor the patients.
Figure 1: The study flow chart

Retrospective data collection between
November 15, 2017 and March 15, 2018

163 patients were evaluated

24 patients did not
meet the eligibility|
criteria

Assessed for
eligibility (n=139)

Allocated to SPV Allocated to BIS
Group (n=71) Group (n=68)

Excluded for data
lacking (n=0)

Excluded for data
lacking (n=0)

— Analysis (n=71) Analysis (n=68)

SPV: Smartpilot® View, BIS: Bispectral index

Target Controlled Infusion (TCI) of propofol, Schnider
effect-site concentration (Ce) model and remifentanil, Minto
effect-site concentration (Ce) model were used for the induction
and maintenance of anesthesia (Braun Space Station for infusion
pumps; Perfusor Space, Braun Medical, Germany). Scalp block
was performed in all patients.

SmartPilot® View (software version 3.00.12, Driger,
Liibeck, Germany) monitor was connected to the anesthesia
workstation. In the SPV Group, anesthesia maintenance was
decided according to Noxious Stimulation Response Index
(NSRI) values shown on the SPV screen (Figure 2). The Noxious
Stimulation Response Index was maintained between 0 and 20
for intubation, Mayfield pin placement, skin incision,
craniotomy, and dural opening, and between 20 and 50 for the
rest of the procedure in the SPV Group. For patients in the BIS
Group, a BIS of 40 to 60 was targeted to achieve routine
anesthetic follow-up.

Figure 2: SmartPilot® View (SPV) screen and Noxious Stimulation Response Index (NSRI)

réger SmantPilot View 3 00 17

Blue arrow: Noxious Stimulation Response Index (NSRI)

The Noxious Stimulation Response Index indicates the probability of tolerating and predicting the
intraoperative response to a noxious stimulus. NSRI 100 means 100% probability of response and if the
response decreases the NSRI approaches 0.

Table 1 shows the demographic information and tumor
sites of the patients. Both groups had similar demographics and
tumor sites.

Hemodynamic variables at significant time points
during the surgery are shown in Table 2. Mean baseline heart
rate (HR) and mean arterial blood pressure (MAP) were similar
among the groups with a significantly greater decrease in HR and
MAP following induction and a significantly greater increase in

HR and MAP at intubation among patients in BIS Group

Smartpilot® view vs. Bispectral index guided anesthesia
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(P<0.05). Hemodynamic changes in both groups were
comparable during other painful stimulations, maintenance of
surgery and following extubation.

Table 1: Patients” demographic data and localization of tumor

SPV Group (n=71)  BIS Group (n=68)
Age (years) 62 (16) 58 (13)
Gender (Female/Male) 34/37 36/32
ASA physical status (I/11/111) (n) | 34/29/8 26/33/9
Weight (kg) 79 (16) 83 (18)
Height (cm) 162.0 (11.7) 161.0 (17.3)
Localization of tumor (n)
Frontoparietal 23 21
Temporoparietal 30 32
Occipital 18 15

Values are expressed as mean (standard deviation) or number. No significant differences between groups.
ASA: American Society of Anesthesiologists

Table 2: Hemodynamic data: Heart rate and mean arterial blood pressure values at various
time points

HR (bpm) MAP (mmHg)

SPV Group  BIS Group  SPV Group  BIS Group
Baseline 79 (19) 77 (16) 92 (12) 94 (11)
Induction 75 (12) 63 (15)** 88 (14) 74 (14)*F
Intubation 80 (13) 89 (16)* ¥ 91 (16) 105 (18)**
Scalp block 83 (11) 85 (14)* 93 (14) 95 (16)
Mayfield placement | 78 (17) 81 (13) 89 (13) 91 (15)
Skin incision 75 (16) 77 (11) 86 (16) 87 (13)
Craniotomy 71 (14) 72 (16) 84 (17)* 84 (16)*
Dural incision 71 (14) 73 (17) 85 (16)* 83 (15)*
Maintenance 68 (11)* 69 (15)* 81 (17)* 84 (14)*
Skin closure 67 (15)* 63 (17)* 81 (16)* 83 (16)*
Extubation 80 (14) 83 (12) 94 (18) 96 (12)

Values are expressed as mean (standard deviation). SPV: Smartpilot® View, HR: Heart rate, MAP: Mean
arterial pressure, *P<0.05 vs. baseline values, T P<0.05 vs. SPV Group

The durations of anesthesia and surgery, as well as the
patients’ recovery times, are shown in Table 3. Both groups had
comparable anesthesia and surgery durations. The mean time
until eye opening was 3.6 (2.4) minutes in the SPV Group versus
6.06 (1.63) minutes in the BIS Group (P<0.001) and extubation
time, 5.76 (1.3) minutes in the SPV Group versus 9.16 (1.0)
minutes in the BIS Group (P<0.001) (Table 3). The time it took
for the patients in the SPV Group to reach an Aldrete score of 9
or above was also shorter (P<0.001).

The SPV group had considerably reduced total
consumed doses of propofol and remifentanil (P<0.001) (Table

3).
Table 3: Anesthesia and surgery times, recovery times, anesthetics consumed

| SPV Group BIS Group P-value
Duration of surgery (min) 199 (39) 187 (49) 0.454
Duration of anesthesia (min) 237 (40) 220 (37) 0.328
Time to eye opening (min) 3.6(2.4) 6.06 (1.63) <0.001
Time to extubation (min) 5.76 (1.3) 9.16 (1.0) <0.001
Time to reach Aldrete score >9 (min) | 17.4(7.8) 25.2(2.4) <0.001
Propofol consumed (mg) 1808.96 (840.8)  2419.66 (693.9)  <0.001
Remifentanil consumed (pg) 1373.81 (620.4)  1910.2 (556.7) <0.001

Values are expressed as mean (standard deviation)

Discussion

In the current study, SPV was evaluated during a target-
controlled infusion anesthesia and compared to a standard BIS-
guided practice group. Our findings show that SPV guidance
resulted in significant reductions of propofol, and remifentanil
use as well as shorter recovery times. Except for the
development of deeper hypotension following induction in the
BIS Group, hemodynamic stability was comparable in both
groups.

Target-controlled infusion (TCI) adjusts intravenous
drug infusion rates to meet target plasma concentrations using
conceptual modeling. Previous research suggests that total
intravenous anesthesia with TCI propofol and remifentanil is a
useful technique for controlling responses to tracheal intubation
and intense surgical stimulation while preserving cerebral
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autoregulation and allowing for rapid emergence from anesthesia
after supratentorial tumor craniotomy [11].

A number of clinical trials investigated the impact of
intraoperatively administered anesthetics on hemodynamic
stability, cerebral protection, recovery patterns, and nociception
after supratentorial craniotomy [11-14]. Still, it is unclear
whether the anesthetics or anesthesia technique used makes a
substantial difference in the patient outcome [15]. Even though
each anesthetic drug has a unique effect, how anesthetics are
adjusted or optimized is likely to have a greater impact on
anesthesia quality. Optimizing anesthetics throughout the
perioperative period of neurosurgery has a significant impact on
hemodynamics, cerebral blood flow, metabolism, and brain
protection, as well as the quality of emergence, postoperative
course, and recovery, all of which are used to assess anesthesia
quality.

Anesthesia administration based on pharmacological
models, which considers pharmacokinetic and pharmacodynamic
responses to maintain optimal depth of anesthesia and analgesia,
may ensure better drug titration [7, 17]. Response surface models
were developed to illustrate the combined clinical effects of two
or more drug concentrations pharmacologically [18, 19]. The
hypnotic and opioid concentrations are assessed on the x and y
axes, respectively, and the synergistic effects of drugs known as
isoboles are shown on the z axis. Some commercial products,
such as SPV, incorporated these synergistic interactions into its
operating principles. A new anesthetic depth index, the Noxious
Stimulation Response Index (NSRI), was developed based on
these response surface models and runs from 100 to 0 [20]. The
NSRI measures the likelihood of tolerating and anticipating an
intraoperative reaction to a noxious stimulus: NSRI 100 implies
a 100 percent probability of response; as the NSRI approaches 0,
the response declines [21]. The anesthetist can use this index to
evaluate the level of anesthesia that would be appropriate for the
procedure and the patient’s characteristics. In 44 subjects, NSRI
was shown to be better in predicting the response to noxious
stimulation than parameters derived from
electroencephalography and effect-site concentrations of drugs
[20].

The SmartPilot® View graphically depicts the
interaction of hypnotic and analgesic drugs with isoboles and
uses NSRI to measure the depth of anesthesia. Another benefit of
SPV is that it displays the current depth of anesthesia as well as
the expected level for the next 10 minutes [8, 10]. When opioids
and intravenous anesthetics are co-administered for anesthesia
maintenance, fifty percent probability to tolerate laryngoscopy
(TOL 50) is equal to NSRI 50, and ninety percent probability to
tolerate laryngoscopy (TOL 90) is equal to NSRI 20. A deeper
anesthesia than TOL 90 means high probability for tolerating
highly painful stimuli, which is equal to a NSRI between 0 to 20.
In our study, SPV-guided depth of anesthesia was maintained to
keep anesthesia deeper than TOL 90 (NSRI < 20) for intubation,
Mayfield pin placement, skin incision, craniotomy, and dural
opening and TOL 50-TOL 90 (NSRI 20-50) for the remainder of
the surgery. In a patient undergoing semi-awake craniotomy, Mai
and colleagues [22] successfully used SPV and TCI during
intraoperative neurophysiological monitoring. In that case, BIS
of the patient was maintained within the range of 80 to 90 that

Smartpilot® view vs. Bispectral index guided anesthesia
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was approximately equal to fifty percent probability to tolerate
shout and shake (TOSS 50 equal to NSRI 90). When BIS was
within the range of 50 to 79 and the anesthesia depth increased to
ninety percent probability to tolerate shout and shake (TOSS 90)
level, neurophysiological monitoring was affected and
considered poorly reproducible. The SPV made it possible to
maintain and coordinate the required depth of anesthesia, which
would be difficult to achieve with BIS monitoring only.

The optimal control of systemic and cerebral
hemodynamics should be addressed during anesthesia for
craniotomy. Both arterial hypotension and, as a result, cerebral
hypoperfusion, as well as an undesired hypertensive response to
a painful stimulation during craniotomy and recovery from
anesthesia, are associated with increased morbidity, mortality,
and poor neurologic outcomes. In the current study, SPV-guided
anesthesia reduced the incidence of post-induction hypotension
and intubation-induced hypertension. Hemodynamic responses in
both groups were comparable during other painful stimulations,
maintenance of surgery and following extubation. This finding
can be attributed to the effect of scalp block, which was adjusted
to all patients.

Early post-anesthesia recovery is critical following
supratentorial surgeries and ensuring that neurocognitive
function is quickly restored after surgery is an important goal in
the anesthetic management of these patients [13]. BIS
monitoring, which is the most often used monitor to evaluate the
depth of anesthesia, has been shown to have an impact on
recovery in previous studies [3, 4]. Mostly, BIS is accurate in
determining solely the hypnotic component of anesthesia, it may
not adequately reflect the even hypnotic state in some instances
[23]. Unusual BIS readings were observed as a result of
inaccurate low-voltage EEG analysis, particularly during
anesthesia recovery [24]. Furthermore, SPV gives a priori
anesthetic depth estimation, allowing anesthetic depth to be
changed, whereas BIS only provides posteriori information,
usually after a delay in response.

There was a significant difference in recovery times
between patients monitored with SPV and patients who
underwent normal anesthetic follow-up in our study. These
findings are parallel those of a previous study searched the
usefulness of SPV for a fast recovery from desflurane anesthesia
[25]. Morimoto et al. [25] discovered that the time it took
patients to open their eyes and restore orientation was much
shorter in the SPV group, concluding that SPV-guided anesthesia
is faster than BI1S-guided anesthesia. Unlike our study, Morimoto
et al. [25] used SPV at the end of the surgery, because they were
solely interested in the recovery period. During the whole
anesthetic phases in our research, SPV was utilized continuously
in the SPV group.

In another non-randomized controlled research, Cirillo
et al. [8] reported that in SPV-guided anesthesia administered
groups, volatile anesthetic consumption was reduced. The
authors, however, did not actually specify which MAC values
they used for anesthesia maintenance or at what depths
anesthesia was maintained. We can explain the reduced
consumption of sevoflurane and remifentanil in the group
monitored with SPV in our study, as SPV displays the hypnotic
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level as well as the responsiveness to noxious stimuli compared
to BIS.

Leblanc et al. [10] examined the effect of SPV on

postoperative results in patients undergoing hip fracture surgery
compared with standard anesthesia administration, assuming that
the use of SPV in older patients may be particularly
advantageous. Patients in the SPV group had better postoperative
outcomes, including a shorter hospital stay [10]. Although our
study showed a reduction in anesthetic consumption, the
consequences on patient outcomes, postoperative mortality, and
morbidity were not studied.

Limitations
The major shortcoming in this study is that it was

underpowered due to its retrospective design. Prospective
randomized controlled studies are needed to determine the
influence of SPV on overall patient outcome and justify its usage
in routine clinical practice.

Conclusion
In the current study, we investigated the effects of SPV

on hemodynamics, anesthetic drug requirements, and recovery
profile following supratentorial craniotomies and the display of
the level of anesthesia on the SPV enabled the steady
maintenance of neuroanesthesia. SmartPilot” View was effective
in maintaining intraoperative hemodynamic stability, shortening
postoperative recovery time, and reducing propofol and
remifentanil requirement.
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Abstract

Background/Aim: There are no definitive tests that determine postoperative survival in gastric cancer.
Simple and cheap laboratory markers are needed for clinicians to guide them preoperatively. The aims of
our study were to analyze the importance of preoperative glucose-lymphocyte ratio (GLR) in the prognosis
of patients with gastric cancer (GC), and to compare the success of GLR in predicting prognosis with the
success of neutrophil-lymphocyte ratio (NLR) and C-reactive protein-albumin ratio (CAR).

Methods: We carried out a cross-sectional study on 196 GC patients. CAR, NLR and GLR values were
calculated from the blood samples taken 24 hours before the surgery. Lymphovascular invasion, serosal
invasion, and the number of metastatic lymph nodes were determined, and the prediction ability of glucose
to lymphocyte ratio (GLR), neutrophil to lymphocyte ratio (NLR), and C-reactive protein to albumin ratio
(CAR) were evaluated. In addition, the effect of GLR and NLR on the ability to predict overall survival
was assessed. The mean follow-up period was 37 (6-69) months.

Results: A moderate and weak positive correlation was found between GLR, NLR and the number of
metastatic lymph nodes (r=0.415, P<0.001; r=0.193, P=0.007, respectively). GLR and NLR were
significant for predicting lymphovascular and serosal invasion (P<0.001). CAR was insufficient in
lymphovascular invasion differentiation (AUC (95% CI): 0.582 (0.501-0.662)) (P=0.529) and serosal
invasion differentiation (P=0.529). GLR significantly predicted overall survival (P=0.002). Patients with a
GLR value of <4.12 had a significantly longer overall survival than those with GLR>4.12. NLR was
insignificant for overall survival (P=0.233).

Conclusion: GLR value may contribute to the planning of the therapy process by predicting both the
prognosis of the disease and the overall survival before surgery.

Keywords: Overall survival, Gastric cancer, Predict, Glucose-Lymphocyte ratio
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Introduction

Gastric cancer is the fifth most common cancer and
ranks second among gastrointestinal tract cancers. It ranks fourth
among cancer-related deaths in the world. More than one million
new diagnoses were made in 2020, and it caused approximately
760,000 deaths [1]. The high mortality of gastric cancer is
because most cases are end-stage at the time of diagnosis. The
five-year survival rate of even stage II-1ll gastric cancers that
have a chance of surgery is around 35-50% [2]. Although there
are many subtypes of gastric cancers, adenocarcinoma is the
most common, with a rate of 95% [3]. Currently, the only
curative treatment for gastric cancer is post-surgical
chemoradiotherapy [4]. An average of twenty-five thousand
gastrectomies are performed each year in the United States
because of gastric cancer [5].

Knowing whether the operation will affect the patient's
survival or whether it will be curative is especially important for
the physician and the patient in terms of treatment decisions in
the preoperative period. For this reason, the stage of the disease
should be evaluated in detail before the operation with imaging
methods and clinical examination. There are many prognostic
evaluation methods such as histological grade, lymph node
involvement, distant metastasis, and vascular invasion. Distant
metastasis revealed by the imaging methods are unresectable.
However, even if the patients are diagnosed at an operable stage,
the 5-year survival rate after surgery is below 20%, especially in
stage 3 cancers [6]. Currently, there are no definitive tests that
determine postoperative survival, however, some markers, such
as those of the inflammatory process, may help determine the
prognosis [7, 8]. The neutrophil-lymphocyte ratio (NLR), C-
reactive protein albumin ratio (CAR), platelet-lymphocyte ratio
(PLR), and mean platelet volume were frequently researched [8,
9]. The glucose requirement increases secondary to the rapid
growth around the tumor cells. Oxidative phosphorylation
increases both to increase local immune suppression and meet
the glucose requirement of these cells, thereby increasing the
number of immature neutrophils in the blood [10]. It is also
known that diabetes and increased blood sugar increase the risk
of multiple neoplasms in the gastrointestinal tract, and elevated
blood glucose values may affect clinical overcome and overall
survival in cancer patients [11]. An increase in the rate of
glucose-lymphocyte ratio (GLR) due to hyperglycemia and
immunosuppression is expected in cancer patients. The ratio of
preoperative blood glucose level and lymphocyte counts
significantly predicts prognosis in pancreatic cancers [12]. There
is still a need for a more accurate and comprehensive assessment
system with improved sensitivity and specificity for the
assessment of prognosis. Based on this preliminary information,
the power of GLR to predict prognosis, lymphovascular
invasion, serosal invasion, and survival of patients with gastric
cancer were compared with NLR and CAR.

Materials and methods

The data of the patients who underwent gastrectomy
with the diagnosis of gastric cancer at Hitit University Erol
Olcok Training and Research Hospital between 01/01/2016 and
08/01/2021 were retrospectively analyzed after obtaining the
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approval of Hitit University Clinical Research Ethics Committee
(Date: 2021 Issue: 107). Patients over the age of 18 years who
were diagnosed with gastric adenocarcinoma and who underwent
total or subtotal gastrectomy and lymph node dissection were
included in the study. Patients with unavailable data, patients
with acute inflammatory disease, diabetes patients, patients with
comorbidities (Cushing's syndrome, glucagonoma,
hyperthyroidism, etc.), patients using drugs that increase blood
sugar glucose, individuals under the age of 18 years who
underwent gastrectomy for pathological diagnoses other than
adenocarcinoma, patients with early-stage gastric cancer, patients
who received neoadjuvant chemotherapy and patients with end-
stage disease who underwent surgery for gastric cancer but could
not undergo gastrectomy were excluded. The reason for the
exclusion of patients with early-stage gastric cancer is that
serosal invasion is not detected because the tumor does not
extend beyond the submucosa. The study was conducted per the
Declaration of Helsinki after obtaining written consent from all
patients.

Study protocol and definitions

The data of the patients, namely, age, gender, operation
time, laboratory results, hospital stay, and pathological diagnoses
were obtained from the hospital registry. Lymphovascular
invasion, serosal invasion, the lymph node number of the
patients were found, and the prediction ability of glucose
lymphocyte ratio (GLR), neutrophil lymphocyte ratio (NLR),
and C-reactive protein albumin ratio (CAR) were compared. In
addition, the effect of GLR and NLR on the ability to predict
overall survival was evaluated.

Follow-up

Overall survival (OS) was defined as the interval
between the date of pathologically confirmed diagnosis and the
date of death or last follow-up. All patients in this study were
followed up regularly by an independent researcher by a
telephone call or medical record review.

Statistical analysis

Statistical analysis was carried out using SPSS (Version
22,0, SPSS Inc., Chicago, IL, USA) software. Normally and non-
normally distributed numerical data were presented as mean
(standard deviation) and median (min-max), respectively.
Categorical data were given as frequency and percentage (%).
The Shapiro-Wilk test was used to determine whether the data
were normally distributed. In the comparison of numerical
variables between two independent groups, Student's t-test or
Mann-Whitney U test was used depending on whether the data
were normally distributed. Correlation analysis between
numerical variables was conducted with the Spearman
correlation coefficient per the data distribution. ROC (Recipient
Operating Characteristic) analysis was used to decide whether
GLR and NLR wvalues were significant in predicting
lymphovascular and serous invasion. The interpretation of the
area under the curve (AUC) calculated by ROC analysis was as
follows: 0.9-1: Excellent, 0.8-0.9: Good, 0.7-0.8: Fair, 0.6-0.7:
Poor and 0.5-0.6: Unsuccessful. Youden index (maximum
sensitivity and specificity) was used to calculate the best cut-off
point in ROC analysis. Sensitivity, specificity, positive-negative
predictive values (PPV-NPV), and likelihood ratio (L+) values
were calculated to assess the discriminating power of cut-off

&
A4

Page |890v



J Surg Med. 2021;5(9):889-893. Prognostic indicator in patients with resectable gastric cancer
¢ JOSAM *
points calculated after ROC analysis in predicting There was a moderate and weak positive correlation

lymphovascular and serosal invasion. Proportion comparisons
between categorical variables were carried out using the Chi-
square test. The Kaplan-Meier test was used to figure out the
survival times of the groups formed according to the cut-off
points determined for GLR and NLR, and the Log Rank (Mantel-
Cox) test was used to compare the survival times. P<0.05 was
considered statistically significant.

Results

After implementing the exclusion criteria, 196 patients
were included in the study (Figure 1), who were divided into two
groups according to the presence of lymphovascular invasion
(Group I, n=91) and serosal invasion (Group 1, n=57).

Figure 1: Flowchart

Gastric Cancer
n=243

Neoadjuvant
Chemothreapy

exclusion
criteria

The gender distribution of the patients in groups I and Il
(P=0.889, P=0.835, respectively), their mean ages (P=0.188,
P=0.424, respectively), and the hospital stay (P=0.077,
P=0.499, respectively) were similar. Lymphovascular invasion
and serosal invasion were significant in terms of mortality
(P<0.001) (Table 1).

Table 1: Demographic data

between GLR, NLR and the number of metastatic lymph nodes
(r=0.415, P<0.001, r=0.193, P=0.007, respectively). CAR and
the number of metastatic lymph nodes were not correlated
(P=0.094) (Figure 2).

Figure 2: Correlation between GLR and NLR and metastatic lymph node
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GLR and NLR were significant for predicting

lymphovascular and serosal invasion (P<0.001) (Table 2). CAR
was insufficient in differentiating lymphovascular invasion
(AUC (95% CI): 0.582 (0.501-0.662)) (P=0.529) and serosal
invasion (P=0.529).

Table 2: Predictive power of GLR, NLR, and CAR to predict lymphovascular and serosal
invasion

‘ Lymphovascular Invasion P-values  Serosal Invasion P-values

No (n=105) Yes (n=91) No (n=139) Yes (n=57)

GLR |3.27 (1.3-15.9) 5.23(1.3-16.5) <0.001  3.82(1.3-15.9) 5.21(1.3-16.5) <0.001
(4.03(2.67)) (6.13(3.16)) (4.56(2.93)) (6.08(3.21))

NLR | 2.83 (0.7-11.8) 3.56 (1.5-20.8) <0.001  2.91(0.7-20.8) 3.65 (1.5-15.9) 0.012
(3.26(2.05)) (4.47(3.37)) (3.62(2.79)) (4.32(2.79))

CAR | 4.13 (0.5-40.5) 4.56 (0.6-82.8) 0.049 4.31(0.5-82.8) 4.52(0.7-44.1) 0.529
(5.98(6.85)) (8.48(11.65)) (7.31(10.2)) (6.72(7.09))

Mann-Whitney U test with median (min-max) (mean, standard deviation)

ROC (Receiver Operating Characteristic) analysis
results and sensitivity, selectivity, positive-negative predictive
values, and likelihood ratio (+) values of GLR and NLR values
are presented in Table 3. The ROC curves are shown in Figure 3.
ROC analysis showed that the GLR parameter was significant in
lymphovascular invasion differentiation at a reasonable level
(0.7<AUC<0.8, Table 3), and in terms of serosal invasion, it was
at an acceptable level (0.6<AUC<0.7, Table 3). NLR parameter
was significant at an acceptable level in the differentiation of
both lymphovascular invasion (0.6<AUC<0.7, Table 3) and
serosal invasion (0.6<AUC<0.7, Table 3).

Table 3: ROC (Receiver Operating Characteristic) analysis results for GLR and NLR values
with sensitivity, specificity, positive-negative predictive values, and likelihood ratio (+)
values

Lymphovascular P- Serosal Invasion P-
Invasion value value
No Yes No Yes
(n=105) (n=91) (n=139) (n=57)
Gender Fema | 28 25 0.899* 37 16 0.835%
le (26.7%) (27.5%) (26.6%) (28.1%)
Male | 77 66 102 41
(73.3%) (72.5%) (73.4%) (71.9%)
Mortality Alive | 70 16 <0.00 74 12 <0.00
(66.7%) (17.6%) 1° (53.2%) (21.1%) 1°
Dead | 35 75 65 45
(33.3%) (82.4%) (46.8%) (78.9%)
Age 68.44(12.  70.7(12. 0.188° 69.06(11.  70.61(13.  0.424°
05) 5) 77) 51)
Duration of 15 (2-85) 16 (4- 0.077° 15(2-85)  16(8-69)  0.499°
hospitalizati 17.13 69) 17.65 19.40
on (day) (9.54) 19.35 (9.39) (12.08)
(10.94)

2 Chi-square test,  Student’s t-test with mean (standard deviation), © Mann-Whitney U test
with median (min-max)

The operation time was 183 (62) minutes in patients
with lymphovascular invasion and 177 (64) minutes in patients
without, 185 (68) minutes in those with serosal invasion and 178
(61) minutes in those without. No significant difference was

_found between groups in the duration of surgery.

Lymphovascular Invasion Serosal Invasion
GLR NLR GLR NLR
AUC (95%Cl) | 0.762 0.646 0.689 0.615
(0.692-0.831)  (0.569-0.722)  (0.608-0.770)  (0.530-0.700)
Cut-off 412 3.335 421 3.375
Sensitivity 79.1% 56% 77.2% 57.9%
(69.1-86.6) (45.2-66.3) (63.8-86.8) (44.1-70.5)
Specificity 71.4% 67.6% 61.9% 63.3%
(61.6-79.6) (57.6-76.2) (53.2-69.8) (54.6-71.1)
PPV 70.5% 60% 45.3% 39.2%
(60.6-78.9) (48.7-70.3) (35.3-55.7) (28.9-50.5)
NPV 79.7 63.9 86.8% 78.5%
(69.9-87) (54.2-72.7) (78.2-92.5) (69.6-85.5)
LR + 2.76 1.73 2.02 1.57
(2.01-3.81) (1.24-2.41) (1.56-2.61) (1.15-2.15)

GLR: Glucose to lymphocyte ratio, NLR: Neutrophil to lymphocyte ratio, AUC: Area Under the ROC
Curve, Cl: Confidence Interval, PPV: Positive Predictive Values, NPV: Negative Predictive Values, LR:
Likelihood Ratio

Figure 3: ROC curves
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The cut-off points of GLR for predicting
lymphovascular and serosal invasion were 4.12 and 4.21,
respectively. The classification success rates of these values were
56% (45.2-66.3), and 57.9% (44.1-70.5), respectively, and
selectivity were 71.4% (61.6-79.6) and 61.9% (53.2-69.8),
respectively (Table 3).

The cut-off points of NLR were 3.33 and 3.37,
respectively. The classification success rates of these values were
79.1% (69.1-86.6), and 77.2% (63.8-86.8), respectively, and
selectivity were 67.6% (57.6-76.2), and 63.3% (54.6-71.1),
respectively (Table 3).

Survival times significantly differed between the GLR
groups (P=0.002). Patients with a GLR value below 4.12 had a
significantly longer life expectancy than patients with a GLR
value above 4.12 (Table 4). There was no statistically significant
difference in survival times between the NLR groups (Figure 4).

Table 4: Kaplan Meier survival analysis results: means and medians for survival time

Groups Mean Median P-
Estimate Std. 95% Estimate Std. 95% values
Error Confidence Error Confidence
Interval Interval
Lower Upper Lower Upper
Bound Bound Bound Bound
GLR <4.12 1430.1 96.65 1240.6 1619.5 1075 101.4 896.1 1201.1 0.002°
>=4.12 |913.6 77.74 7612 1066 549 829 3865 7114
NLR <3.335 |1272.6 87.58 1101 14443 894 102.6 6929 1095.1 0.233"
>=3.335|1123.7 104.3 919.1 1328.2 549 116.7 320.1 777.8

“Log Rank (Mantel-Cox) test
Figure 4: Survival Time
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Discussion

This study analyzed the relationship between gastric
cancer and the ability of GLR, NLR, and CAR to determine the
prognosis. CAR and NLR are inflammatory response markers
that effectively predict the prognosis in various cancers [13-15].
Zhong et al. stated that GLR has an essential role in determining
the prognosis in pancreatic cancer patients, and that GLR alone
is more effective in determining the average overall survival than
NLR and CAR [12]. In another study, CAR and NLR were
shown to have strong prognostic predictive values for gastric
cancer [16]. No study investigated the value of GLR in gastric
cancer. In our study, GLR and NLR were effective both in
demonstrating lymphovascular and serosal invasion. However,
CAR could not significantly differentiate lymphovascular
invasion or serosal invasion (Table 2). A GLR cut-off value of
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4.12 was significant in showing lymphovascular invasion, with
79.1% sensitivity and 71.4% specificity. Although NLR
successfully predicts lymphovascular invasion with a cut-off
value of 3.33, it has lower specificity and sensitivity than GLR.
In predicting serosal invasion, the GLR and NLR cut-off values
were 4.21 and 3.37, respectively. GLR is better in predicting
serosal invasion than NLR. In particular, the 86.8% negative
predictive value of GLR for serosal invasion plays a critical role
in deciding neoadjuvant therapy before surgery. Lymphovascular
and serosal invasion are the most critical factors in determining
the prognosis and aggressiveness of gastric cancer [17-19]. Our
results showed that mortality was significantly higher in the
patient group with lymphovascular or serosal invasion. Previous
studies have shown that gastric cancer patients with serosal
invasion have a higher rate of peritoneal involvement and need
neoadjuvant chemoradiotherapy [20-22].

One of the important factors determining the overall
survival of gastric cancer is the number of metastatic lymph
nodes [23-26]. In this study, while NLR and GLR were
significantly related to the number of metastatic lymph nodes,
CAR was not. Since D1 and D2 lymph node dissection for
gastric cancers is still controversial, it may be useful to decide on
D2 lymph node dissection by considering the preoperative NLR
and GLR values. There are many survival analyses with NLR
and CAR values in terms of gastric cancer. A meta-analysis
conducted in 2015 revealed that increased NLR value was
inversely proportional to survival [27]. However, we observed
that the NLR value was not effective enough to predict the
overall survival, while GLR value was (P=0.002). Kaplan Meier
survival analysis revealed that the overall survival was 1430 days
in patients with a GLR value below 4.12, and 913.6 days in
patients with a GLR value above 4.12. Since there is no study on
GLR in predicting survival among gastric cancer patients, this
article may guide the future studies.

Limitations

This study inevitably has limitations as it was planned
retrospectively, including small sample size, its single-center
design, and not including gastric cancer subtypes other than
adenocarcinoma. However, we believe that we obtained
important findings, considering the absence of any other studies
examining GLR values in gastric cancer. We aim to provide
clinicians with a new and helpful tool that can be easily accessed
and calculated, in addition to traditional methods and staging
systems, while planning individualized treatment for gastric
cancer.

Conclusion

GLR value is a successful immunological indicator in
predicting lymphovascular and serosal invasion without added
cost before surgery. The correlation between the number of
metastatic lymph nodes and GLR can guide the surgeon for the
width of the lymph node dissection. Furthermore, GLR value
contributes to the planning of the therapy process by predicting
both the prognosis of the disease and overall survival before
surgery. Prospective randomized controlled studies are needed
for predictivity success of GLR value on overall survival in
gastric cancer patients.
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Abstract

Background/Aim: Percutaneous cholecystostomy (PC) is an alternative procedure to surgery in selected
patients with acute cholecystitis (AC). This study aimed to review the clinical and surgical results of
patients who underwent percutaneous cholecystostomy.

Methods: The records of patients who underwent PC for AC were evaluated for age, gender,
comorbidities, survey, catheterization timing, complications, control, removal timing, operation type,
interval time, pathology, C-reactive protein (CRP) level and white blood cell count (WBC),
ultrasonography (USG) and computed tomography (CT) results.

Results: One hundred and thirty-six AC patients who underwent PC were included in the study. The
median age was 73 (32-96) years and 57.3% of the patients were male. Out of the 136, 106 (78%) had an
American Society of Anesthesiologists (ASA) classification score of 3 or 4. The median Charlson’s
comorbidity index (CCI) score was 5 (0-13). The median timing of catheterization was 23 (20-144) hours
and length of hospital stay (LOS) was 3 (1-25) days. Dislocation was the most common complication of
PC, and 7.4% (n=10) had recurrent AC. The median time until tube removal was 26.5 (1-238) days.
Among all, 41.2% (n=56) of the patients underwent interval cholecystectomy, which equates to 76.8% of
the those performed laparoscopically. The median time until the operation was 100 (1-264) days. Chronic
cholecystitis was the most common pathology of cholecystectomy after PC. Bacterial bile cultures were
analyzed in 36 of the patients and showed positive results in 66.7%, with no overall effect on the outcome.
Nine patients (6.6%) died.

Conclusion: The importance of PC in AC increased with the Covid19 pandemic. PC was performed
especially for old patients with ASA >3, and CCI >5 due to lower complication and recurrence rates. PC
could be the final treatment for selected AC patients. Interval cholecystectomies performed after 8 weeks
had a shorter LOS and a lower rate of complication.

Keywords: Acute cholecystitis, Comorbidities, Percutaneous cholecystostomy, Recurrence
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Introduction

Acute cholecystitis (AC) is the inflammation of the
gallbladder and mostly occurs due to the obstruction of the cystic
duct by gallstones. Five percent of the ACs are acalculous. The
prevalence of gallstone is 15-20% in the population, 2% being
symptomatic, and 20% of the symptomatic patients present with
AC [1, 2]. The most common diagnostic criteria and severity
grading for AC is Tokyo Guidelines (TG). AC is divided into
mild, moderate, and severe according to TG18 severity grading.
Treatment of AC varies from supportive (antibiotic) treatment to
cholecystectomy due to severity and/or patients’ comorbidities or
health conditions [3].

Percutaneous  cholecystostomy  (PC) is an
ultrasonography  (USG)-guided, percutaneously performed
drainage procedure, which is an alternative to surgery in selected
AC patients [4]. PC is indicated in severe cholecystitis
(according to TG18), AC patients with American Society of
Anesthesia (ASA) classification >3 or Charlson’s comorbidity
index > 6 score, in malignant biliary tract lesions, bile duct
stricture dilatation, bile duct fistula output diversion, or biliary
tract decompression in cholangitis [5]. PC became more
important for AC treatment during the Covid-19 pandemic
independent from comorbidities or surgical high risk [6]. There
is no literature on the optimal timing for tube placement of PC.
However, lower procedure-related bleeding and lower hospital
stay were reported with early tube placement (<24 hours) [7].
Tube removal is suggested 3-6 weeks after placement because of
tract maturation. However, the mean tube removal time was
reported as 89 days in the literature [8]. Major or minor
complication rate varies from 2.4 to 16%, and mortality rate
ranges between 0-1.4% [9]. PC can be the final treatment in
selected patients with higher surgical risk and/or patent cystic
duct at cholecystography with or without cholecystolithotomy, or
a bridge treatment for early or elective cholecystectomy [10].

This study aimed to assess the percutaneous
cholecystostomy results of 136 acute cholecystitis patients.

Materials and methods

The Ethics Review Committee of University of Health
Sciences, Okmeydani Training and Research Hospital approved
this study (Decision no: 668, date: 23.05.2017). The records of
the patients who underwent percutaneous cholecystostomy for
acute cholecystitis between 01 January 2015 and 01 January

2021 were evaluated retrospectively (Figure 1).
Figure 1: Flowchart showing the patients included in the study

158 percutancous
cholecystectomy paticnts
21 patients who underwent PC for

L 5| cholangitis and pancreatitis were
excluded.

136 who underwent PC for acute
cholecystitits were included in the
study.

Age, Gender, Length of Hospital
Stay, Comorbidities, Inflammatory
markers, Ultrasonography,
Computed Tmography,
Percutancous Catheterization,
Elective Cholecystectomy, Survey
Results evaluated
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An interventional radiologist performed US-guided PC
with the transhepatic approach (Figure 2) and checked it with a
cholecystography (Figure 3).

Figure 2: Ultrasound-guided transhepatic percutaneous cholecystostomy images: A: The
catheter is on the gallbladder wall, B: The catheter is within the gallbladder.

Patients’ age, gender, comorbidities, catheterization
timing, length of hospital stay (LOS), endoscopic retrograde
cholangiopancreatography (ERCP), CCI, ASA classification
score, time until surgery, and survey were noted. Charlson’s
Comorbidity Index (CCI) was calculated as Charlson et al. [11]
described. Baseline, pre-procedural and discharge levels of C-
Reactive protein (CRP) (g/dl), white blood cell count (WBC)
(10%/dl), baseline levels of neutrophil percentage (Neu%),
neutrophil lymphocyte ratio (NLR), platelet count (PLT)
(10%dl), international normalization ratio (INR), creatinine
(mg/dl) levels were assessed. The size of the gallbladder, wall
thickness, contents of gallbladder, and size of major calculi were
determined using USG and CT. The size and complications of
the catheter, bile culture results, isolated pathogens, imaging for
catheter control, time until removal, and catheter removal
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Page |895v



Surg Med. 2021;5(9):894-899.

J

indications were considered the catheterization results. Operation
type and indications of initial open surgery and conversion to
open surgery, time until the operation, postoperative intensive
care unit requirement, and postoperative pathology results were
evaluated as the cholecystectomy results.

Whether the patient underwent operation was recorded
as yes/no, survival was noted as alive or exitus, the size of
gallbladder, as hydropic or normal, the contents of the
gallbladder, as sludge, the size of the stones as <3 mm, or >3
mm, and CT results, as not performed, performed but negative or
performed and positive. Catheter complications were noted as
none, dysfunction, dislocation, abscess, removed, and recurrence.
Whether bile culture was obtained was assessed as no or yes (if
yes, negative or positive). Catheters were controlled
ultrasonographically or with a cholecystography. Catheter
removal indication was grouped as final treatment, during
surgery, removal without surgery and exitus. Operation types
included laparoscopic, initial open surgery, or conversion to open
surgery. Postoperative pathological examination results were
grouped as chronic cholecystitis, active chronic cholecystitis,
xanthogranulomatous cholecystitis, ulcerous active cholecystitis,
ulcerous active follicular cholecystitis, or chronic follicular
cholecystitis.

In addition to the comparisons of the PC patients in our
dataset according to the mentioned criteria, treatment types of the
AC cases from the first wave of the Covid-19 outbreak were
compared with those treated during the study period. The first
wave of the Covid19 outbreak was defined as the period between
11.03.2020 and 01.07.2020. The number of all AC patients
during the evaluated period was 993, 31 of which were treated
during the first wave of the Covid-19 pandemic. This being a
retrospective study, any potential bias which may be introduced
from the fact that the study groups were not randomized should
be kept in mind.

Statistical analysis

Statistical analysis performed with SPSS 16.0 (Chicago,
SPSS Inc.), The age, LOS, catheterization timing, wall thickness,
major calculi size, laboratory results, catheter removal time, and
operative time were reported as median (minimum-maximum).

Results

Out of the 158 patients who underwent percutaneous
cholecystostomy, 136 patients who had acute cholecystitis were
included in the study. The median age was 73 (32-96) years and
57.3% (n=78) were male. The median CCI was 5 (0-13). Only
8% (n=11) of the patients had no comorbidities. The most
common comorbidities were hypertension (HT) (50.7%, n=69),
diabetes mellitus (DM) (46.3%, n=63), coronary artery disease
(CAD) (34.5%, n=47), and chronic obstructive pulmonary
disease (24.2%, n=33). The median time until catheterization
was 23 (20-144) hours, and the median length of hospital stay
was 3 (1-25) days. Fourteen percent (n=19) of the patients
underwent ERCP, 41.2% (n=56) underwent cholecystectomy,
and 6.6% (n=9) of the patients died (Table 1).

The median of CRP at admission (baseline), before the
cholecystostomy and at discharge were 184.02 (0.92-426.72)
g/dl, 211.5 (8.75-494.17) g/dl, and 104 (3.3-382), respectively.
The median WBC count at admission, before the
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cholecystostomy and at discharge were 15.35 (3.43-32.2) 10%dl,
13.07 (3.3-33.1) 10%dl, and 9.14 (2.9-20.5), respectively. The
median Neu%, NLR, PLT count, INR and serum creatinine
values were 86.2 (61.8-95.8) %, 12.14 (2.1-68.4), 233.5 (86-512)
10%dI, 1.16 (0.88-2.58), and 0.93 (0.53-6.71) mg/dl, respectively
(Table 2).

One hundred and twelve patients (82.4%) had hydropic
gallbladders. The median gallbladder wall thickness was 5 (4-17)
mm. Other radiologic findings (USG and CT) are shown in Table
3.

Table 1: Patient demographics (n=136)

Age (years)* 73 (32-96)
Gender n (%)
Male 78 (57.3%)
Female 58 (42.7%)
Charlson’s Comorbidity Index* 5 (0-13)
Comorbidities n (%)
None 11(8%)
Hypertension 69 (50.7%)
Diabetes 63 (46.3%)
Coronary Arter Disease 47 (34.5%)
Chronic Obstructive Pulmonary Disease | 33 (24.2%)
Tumor 13 (9.5%)
Cerebrovascular Disease 12 (8.8%)
Alzheimer 11 (8.1%)
Chronic Renal Failure 10 (7.3%)
Congestive Heart Failure 8 (5.9%)
ASA classification score n (%)
ASA 1-2 30 (22%)
ASA3 83 (61%)
ASA 4 23 (17%)
Catheterization timing (hours)* 23 (20-144)
Length of hospital stay (day)* 3(1-25)
ERCP n (%)

No 117 (86%)
Yes 19 (14%)
Operation n (%)

No 80 (58.8%)
Yes 56 (41.2%)
Survey n (%)
Alive 127 (96.3%)
Exitus 9 (6.6%)

* Median (Minimum-Maximum)

Table 2: Patients’ laboratory findings

CRP (g/dl)*

A 184.02 (0.92-426.72)
BC 211.5 (8.75-494.17)
D 104 (3.3-382)
WBC (10%dly*

A 15.35 (3.43-32.2)
BC 13.07 (3.3-33.1)

D 9.14 (2.9-20.5)
Neu%* 86.2 (61.8-95.8)
NLR* 12.14 (2.1-68.4)
PLT (10%dly* 233.5 (86-512)
INR* 1.16 (0.88-2.58)
Creatinine (mg/dl)* | 0.98 (0.53-6.71)

* Median (Minimum-Maximum) PLT: Platelet, INR: International Normalization Ratio, WBC: White blood
cells, Neu%: Neutrophil (%), NLR: Neutrophil lymphocyte ratio, CRP: C-reactive protein, (A)
Administration (BC) Before Cholecystostomy (D) Discharge

Table 3: Results of the patients’ radiologic findings

Ultrasound n %
Size of gallbladder

Hydrops 112 824
Normal 24 176
Wall thickness (mm)* 5 (4-17)
Contents of gallbladder n %
Sludge 21 153
Calculi (<3mm) 36 265
Calculi (>3mm) 79 582
Size of major calculi (mm)* | 13.9 (3-39)
Computed tomography n %
Not Performed 79 582
Performed but negative 7 12
Performed and positive 50 88

* Median (Minimum-Maximum)

The most common catheter size was 8F, used in 83%
(n=113). Two patients (1.5%) had catheter dysfunction, 2.2%
(n=3) had catheter dislocation, and 7.4% (n=10) had recurrence.

Among the thirty-six patients (26.4%) who had their
bile cultures obtained, no pathogens were isolated in 33.3%
(n=12). Escherichia coli was the most common pathogen isolated
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from the bile culture with a rate of 50.0% (n=12), with Klebsiella
pneumonia, and Enterobacter cloaca both following with 12.5%
(n=3). Only 23.5% (n=32) of the patients had their catheter
controlled with a cholecystography. The median catheter
removal time was 27 (1-228) days, 41.2% (n=56) of the patients
had their catheter removed during surgery, while 22.8% (n=31)
had their catheter removed as final treatment (Table 4).

Among 56 patients who were operated, 76.8% (n=43)
underwent laparoscopic cholecystectomy, and the operations of
14.3% (n=8) began laparoscopically but were converted to open
surgery. Previous upper GIS surgery and ventriculoperitoneal
shunt were the indications of initial open surgery, while severe
adhesions and organ injury were the indications of conversion to
open surgery. The median time until the operation was 100 (1-
264) days. Twenty-one operated patients (38.2%) required
intensive care. The most common postoperative pathological
examination results were xanthogranulomatous cholecystitis in
23.2% (n=13), chronic cholecystitis in 21.4% (n=12), and active
chronic cholecystitis in 19.7% (n=11) (Table 5).

Table 4: Results of percutaneous catheterization (n=136)

Size of catheter n %
8F 113 83
10F 17 12.5
7F or 9F 6 45
Complication of catheter n %
None 128 941
Dysfunction 2 15
Dislocation 3 2.2
Subcutaneous abscess 1 0.7
Remove 2 15
Recurrence 10 7.4
Bile culture n %
No 100 736
Yes 36 26.4
Negative 12 333
Positive 24 66.7
Isolated pathogens n %
Escherichia coli 12 50.0
Klebsiella pneumoniae 3 12,5
Enterobacter cloacae 3 12.5
Citrobacter freundii 1 4.2
Serratia marcescens 1 4.2
Pseudomonas aureginosa 1 4.2
Enterococcus faecalis 1 4.2
Enterococcus raffinosus 1 4.2
Enterococcus durans 1 4.2
Catheter control imaging n %
Ultrasonography 104 765
Cholecystography 32 235
Catheter Removal Time (day)* | 26.5 (1-238)
Catheter removal indication n %
Final treatment 31 22.8
During surgery 56 41.2
Removal without Surgery 42 30.8
Exitus 7 5.2

* Median (Minimum-Maximum)

Table 5: Results of cholecystectomy (n=56)

Operation Type n %
Laparoscopic 43 76.8
Open 5 8.9
Previous Upper GIS Surgery 4 80
Ventriculoperitoneal Shunt 1 20
Laparoscopic Conversion Open 8 14.3
Severe Adhesions 7 87.5
Organ Injury 1 125
Operation Interval Time (day)* 100 (1-264)

Postoperative Intensive Care Unit | n %

No 34 618
Yes 21 382
Pathology of Gallbladder n %
Chronic 12 214
Active Chronic 11 197
Xanthogranulomatous 13 232
Ulcerous Active 7 125
Ulcerous Active Follicular 9 16.1
Chronic Follicular 4 7.1

*Median (Minimum-Maximum)
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rate of conversion to open surgery was higher (18.8%), mean
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LOS was longer (3.8 days), and the rate of perioperative
complications was higher (12.5%) (Table 6).

Comparing the treatment types of the patients from the
first wave of the Covid-19 pandemic with all AC patients in the
study period revealed a lower rate of cholecystectomy and a
higher rate of PC during the pandemic period (Table 7).

Table 6: Results of cholecystectomy by interval (n=56)

Interval* <8-week, n=16 >8-week, n=40

n % n %
Laparoscopic | 11 | 68.8 32 80.0
LCO** 3 18.8 5 12.5
Open 2 12,5 3 7.5
Complication | 2 125 3 7.5
LOS (day) 3.8 3.1

*Operation interval time (day), ** Laparoscopic Convert to Open

Table 7: AC treatment type comparison between the first wave of the Covid-19 pandemic
and the total evaluated period

1.1.2015/1.1.2021* 11.3.2020/1.7.2020**

n % n %
AC 993 31
Treatment Type
Medical 521 52.4 21 67.7
PC 136 13.7 7 22.6
Cholecystectomy | 337 33.9 3 9.7

* All patients, ** First wave of the Covid-19 pandemic

Discussion

Percutaneous cholecystostomy (PC) has a life-saving
role for severe AC patients who cannot tolerate surgery. The
indications of PC include (1) failure of medical treatment, (2)
severe sepsis or intensive care requirement, (3) suspicion of
gallbladder necrosis/perforation, (4) suspicion of gallbladder
empyema, (5) surgeon’s choice, (6) rejecting surgery, and (7) old
age [12].

PC can be performed under USG, CT or endoscopic
USG (EUS) guidance. The disadvantages of CT and EUS-guided
PC are radiation exposure, the need for more experience, and
sedation or general anesthesia requirement [13, 14]. In our study,
PC was performed by an experienced interventional radiologist
with 100% technical and clinical success under USG guidance
with the transhepatic approach. The indications of PC in our
study were CCI >5, ASA >3, and/or old patients who did not
respond to medical treatment.

Older age is an important criterion for PC. The mean
age of PC patients varies between 54.7-83 years, and it is
predominant among males with rates of 52.7-78.3% reported in
the literature [12]. Anderson et al. [15] studied 3,961 PC patients
and reported the mean age of PC as 72.9 years, older than that of
cholecystectomy patients (54.4 years), and the rate of male
patients who underwent PC and cholecystectomy as 52.7%, and
38.9%, respectively. We reported the mean age for
cholecystectomy as 51.76 years and the rate of males as 53.4% in
our previous study [16]. In our current study, the median age was
73 years and 57.3% of the patients were male, both of which
were similar to those reported in the literature.

Comorbidities affect not only surgical but also
anesthetic morbidity and mortality. In the literature, the
comorbidities were evaluated with ASA classification or CCI
and only diabetes, coronary arterial disease or tumor were
reported [12]. Bakkaloglu et al. [17], Hiesh et al. [18], and Peters
et al. [19] used ASA classification to assess the comorbidities
and stated that three quarters of PC patients were ASA 3 and the
rest were ASA 4. In our study, the percentage of ASA 3 and 4
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patients was 78%. Anderson et al. [15], Bolues et al. [20], and
Kawasneh et al. [21] used CCI for evaluating the comorbidities,
and reported the mean CCI values as 3.9, 3.2 and 55
respectively. DM, HT, and CAD are the most common
comorbidities of the elderly. Lin et al. [20] reported the
comorbidities of elderly AC patients as HT (54.1%), DM
(39.3%), CVD (24.6%) and CAD (22.9%). In our study, the
median CCI was 5 (0-13), and the most common comorbidities
were HT, DM, and CAD with rates of 50.7%, 46.3%, and 34.5%,
respectively.

Ninety-five percent of AC patients had calculous
cholecystitis (CC); therefore, PC was most performed for CC.
The rates of PC performed for acalculous cholecystitis (ACC)
varies from 3.1% to 42.5% in literature [12]. PC without
cholecystectomy was reported as the final treatment of ACC in
76.3% [13, 22]. In our study, 15.4% of the PC was performed for
ACC, and PC was the final treatment for only 19% (n=4) of
those with ACC.

CRP and WBC count were the most used inflammatory
biomarkers for AC, and important predictors of severity [16].
WBC increased early and decreased quickly as a response to
treatment; however, CRP increased later and decreased slowly.
The decreased CRP, WBC and fever were signs of inflammatory
response to PC. WBC decreased from 19.97 to 8.37 10%/uL, and
CRP, from 248.7 to 25 mg/l in 72 hours after PC [23]. In our
study, the median WBC decreased from 15.36 to 9.14x10%dlI;
however, CRP increased before cholecystostomy compared to
the level at admission, but decreased at discharge (211.5, 184.02,
and 104 g/dl respectively).

Increased wall thickness, and pericholecystic fluid are
the most common findings in the radiologic evaluation of AC.
USG and/or contrast-enhanced CT were used for imaging in
acute gallbladder pathologies. Hydropic gallbladder is an
important finding for performing PC and a sign of obstruction of
cystic duct. A hydropic gallbladder was reported in 74.2%, and
the mean wall thickness was 6 (1.93) mm among patients with
AC [24]. In our study, 82.4% of the patients had hydropic
gallbladders, and their median wall thickness was 5 (4-17) mm.
Also, 12.3% of the CT-performed patients had false negative
findings.

Hemorrhage, dislocation, dysfunction, self-removal, or
bile leakage are the complications of PC. In the literature, the
complication rates of transabdominal and transhepatic PC were
32.3% and 12.1%, respectively [13]. Recurrence rate varied from
18-20.6%, and the mean time until recurrence, from 65 to 660
days. Malignancy, calculous cholecystitis, common bile duct
stone, shorter than 44 days of PC duration were the risk factors
of recurrence. Thirty-eight percent of the recurrence patients’
catheters were functional [25, 26]. The removal time of catheters
varied from 2 to 193 days, and there was no correlation between
clinical outcomes [27].

In our study, the complication rate was 5.9% (n=8), and
the dislocation of catheter was the most common complication,
seen in 37.5% (n=3). Ten patients (7.4%) had recurrent AC after
PC, which is lower than those reported in the literature. Ninety
percent of the recurrent diseases were CC, only 30% (n=3) had
their tube removed within the first 44 days following PC, and
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none had any tumors. The median removal timing of the catheter
was 27 (1-228) days.

Bile cultures were obtained from 93.5% of the patients
who underwent PC, among which 60.3% came back positive.
The most common isolated pathogen was Escherichia coli
(28.7%), which was followed by Kilebsiella spp, and
Enterobacter spp with rates of 17.14% each [28]. In our study,
bile cultures could be obtained from 26.4% (n=36) of the
patients, and a positive culture result was reported in 66.7%
(n=24). Escherichia coli was the most common isolated pathogen
with 50% (n=12), followed by Klebsiella pneumoniae and
Enterobacter cloacae both at 12.5% (n=3).

Interval or delayed cholecystectomy, cholecystoscopy
with lithotripsy, cystic duct stenting or removal after
cholecystography ~ would  be  performed  after PC.
Cholecystectomy was performed in 30-43% of the PC patients
within 30-120 days [10, 29]. Initial open approach (16% vs 3%)
or conversion to open surgery (26% vs 13%) were significantly
higher in cholecystectomies performed after PC [30]. In the
literature, there is no consensus about the favorable timing of
interval cholecystectomy after PC. Woodward et al. [31]
recommended a waiting period of 4 to 8 weeks after PC, due to
increased surgical complication risk before 4 weeks, and after 8
weeks, whereas Altieri et al. [37] suggests that performing an
early cholecystectomy (< 8 weeks) is associated with a higher
risk of complications and longer hospital LOS compared to those
performed at >8 weeks.

In our study, 40.4% of the PC patients underwent
cholecystectomy within a median of 100 days, and
cholecystectomies performed within <8 weeks were associated
with a higher risk of complications (11.8%, n=17) and a longer
LOS (3.8 days). Initial open approach and conversion to open
surgery rates were lower than those in the literature, with 9% and
12.8%, respectively.

The most common postoperative pathological findings
of the gallbladder among 1960 samples include chronic
cholecystitis  (67%), follicular cholecystitis (12%), and
xanthogranulomatous cholecystitis (0.3%).
Xanthogranulomatous cholecystitis is a rare, uncommon variant
of chronic cholecystitis. The reported incidence varies from 0.3
to 1.9% in western countries, but increases up to 9% India [32,
33]. In our study, chronic cholecystitis was the most common
pathology (41.1%), and the rate of xanthogranulomatous
cholecystitis was 23.2%, higher than that reported in the
literature.

PC was the final treatment for AC patients whose bile
drainage from the gallbladder to the common bile duct was
observed with a cholecystography, those not suitable for surgery,
patients with malignancy, or acalculous cholecystitis. USG could
not show the drainage of bile but revealed dislocation or other
complications, such as abscess. The rate of PC performed as the
final treatment of AC was varies between 43%-94% in the
literature [34]. In our study, only 23.5% of the PCs were
controlled with cholecystography, PC was the final treatment of
22.8% AC patients, and 5.2% of the patients’ tubes were
removed because of death.

In the literature, the thirty-day mortality rate of PC
varies between 2.5-16.7%. The higher mortality rate of PC was
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related with older age and comorbidities (especially malignancy)
more than cholecystectomy [35, 36]. In our study, the mortality
rate was 6.6%, similar with the literature.

The importance of PC increased with the Covid-19
pandemic worldwide [6]. Due to the decrease in resources (staff,
ICU beds, operating rooms, etc.) because our hospital became a
pandemic hospital during this period, AC patients which required
cholecystectomy were treated conservatively or with PC more
frequently.

Limitations

Its retrospective design and lack of comparison with AC
patients who were conservatively or surgically treated were the
two main limitations of our study. Additionally, the number of
patients who underwent surgery post-PC was relatively low.
High-quality prospective randomized trial studies about post-PC
management are needed to reach a consensus on the topic.

Conclusion

PC is an important low-recurrence, low-complication
alternative procedure to surgery in AC, especially for old patients
with multiple comorbidities and high surgical risk. Its
significance was revealed even more during the first wave of the
Covid-19 where institution resources for surgery were scarcer.
USG-guided transhepatic approach is a common and safe
technique of PC. Some AC, especially ACC, could be treated
with PC. Dislocation is the most common complication of PC.
Recurrence of AC is another important problem of PC and may
require further treatment such as surgery. Interval or delayed
cholecystectomy could be performed after PC in selected
patients. Xanthogranulomatous cholecystitis is rare, but it must
be kept in mind that it is more common in cholecystectomies
performed after PC. Our study suggests interval
cholecystectomies performed after 8 weeks results in shorter
LOS and lower rates of complication.
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Abstract

Background/Aim: Coronavirus Disease 2019 (Covid-19) is a pandemic with fatal effects on the
respiratory and cardiovascular systems. Early recognition of complications in the cardiovascular system in
Covid-19 disease will guide our treatment management. Therefore, we aimed to examine the changes that
occurred in the ECGs of patients with a Covid-19 infection in the last year who were admitted with
palpitations.

Methods: Patients who presented to the Cardiology and Internal Medicine outpatient clinics with a
complaint of palpitation between June 2021 and July 2021 and who had a Covid-19 infection in the last
year were included in this study. A total of 212 patients with a history of Covid-19 and a control group of
185 people without Covid-19 history and cardiac diseases were compared. At admission, QTc, Tp-e
interval, frontal QRS-T angle, and fragmented QRS were evaluated on Electrocardiography (ECG).
Results: Among patients with a history of Covid-19 disease, there were 127 (59.91%) males and 85
(40.09%) females. Within the control group, 71 (38.38%) were males and 114 (61.62%) were females. In
patients who had a Covid-19 infection, QTc (OR: 1.071, 95% CI: 1.042-1.100, P<0.001), frontal QRS-T
angle (OR: 1.054, 95% CI: 1.015-1.095, P=0.007), and Tp-e interval (OR: 1.253, 95% CI: 1.140-1.377,
P<0.001) were significantly increased. The difference in fragmented QRS (P=0.230) was not significant
in logistic regression analysis.

Conclusion: We found increased QTc, Tp-e, and fQRS-T angles in patients who had Covid-19 disease, all
of which indicate ventricular repolarization abnormality. Therefore, those with Covid-19 infection should
be followed up for malignant arrhythmias.

Keywords: Covid-19, ECG, fQRS-T angle, QTc, Tp-e interval
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Introduction

Coronavirus disease (Covid-19) is defined as "severe
acute respiratory syndrome (SARS-CoV-2)" by the World Health
Organization [1, 2]. Clinical manifestations range from fever and
cough, which are the symptoms of simple respiratory infection,
to severe acute respiratory syndrome (ARDS) in Covid -19
infection [3]. Covid-19 can also cause undesirable effects on the
heart and cardiovascular system [4], and various clinical
conditions such as acute coronary syndrome, myocarditis,
arrhythmias, and heart failure were reported [5, 6].
Electrocardiography (ECG) has a vital role in demonstrating
cardiac damage and arrhythmic events to explain the clinical
changes occurring during Covid-19 infection and give an idea
about the problems that may occur in the future. Therefore, the
primary aim of our study was to examine the arrhythmic state
after cardiac injury, based on ECG findings such as QTc, Tp-e
interval, frontal QRS-T angle (fQRS-T), and fragmented QRS
(fFQRS) in patients who had Covid-19.

Materials and methods

Study design

Patients who visited the Sanliurfa Mehmet Akif Inan
Training and Research Hospital Cardiology Outpatient Clinic
and Internal Medicine Outpatient Clinic with complaints of
palpitation between June 2021 and July 2021 and who were
Covid-19-positive in real-time reverse-transcription (RT-PCR)
test within the last year were included in the study. The patients
included in the study were divided into two groups. The ECG
and laboratory findings of those with a history of Covid-19 in the
1% group (n=212) and those of the healthy population without a
history of Covid-19 infection in the 2" group (n=185) were
compared. Patients with ECG abnormalities such as a bundle
branch block or atrioventricular block as well as a history of
coronary artery disease, previous cerebrovascular event, systolic
heart failure, left ventricular hypertrophy, severe heart valve
disease, permanent pacemaker, chronic kidney or liver failure,
hyperthyroidism, hypertension, pregnancy, electrolyte imbalance
were also excluded.

In this prospective study, demographic characteristics,
age, gender, hypertension (HT), diabetes mellitus (DM), and
smoking history were recorded from the patients' history.
Laboratory findings included glucose, urea, creatinine, sodium,
potassium, AST, ALT, hemoglobin values, lymphocyte, and
neutrophil counts. The Harran University ethics committee
approved this study, and written informed consent was obtained
from all patients (decree no: HRU/21.12.19).

Electrocardiographic examination

After resting in supine position for 10 minutes, 12-lead
ECG recordings were obtained from all cases, with a paper speed
of 25 mm per second, a height of 10 mm/mV, and a filter range
of 0.16-100 Hz. QT and Tp-e interval measurements were
calculated. The QT interval was defined as the distance from the
beginning of the Q wave until the end of the T wave. The
corrected QT interval (QTc) according to the heart rate was
calculated using Bazett's formula. The Tp-e interval was defined
as the distance between the peak of the T wave and the endpoint.
Tp-e interval measurements were made in the precordial leads [7,
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8]. The frontal QRS axis and T-axis were obtained from the
automatic report of the ECG device, and these angles were
controlled. Frontal QRS-T angle (fQRS-T angle) was defined as
the absolute difference between the QRS axis and T-axis (frontal
QRST angle = QRS axis — T-axis). When this angle exceeded
180°, the current angle was subtracted from 360° and
recalculated [9]. Fragmented QRS was defined as the RSR
pattern in at least two consecutive leads and/or the presence of
notching in the R and S waves [10].

Statistical analysis

All analyses were performed with SPSS v21 (SPSS Inc.
Chicago, Illinois, USA). Shapiro-Wilk test was used to check
whether the data were normally distributed. Data were presented
as mean (1% quartile — 3" quartile) for continuous variables and
frequency (percentage) for categorical variables. Non-normally
distributed variables were analyzed with the Mann-Whitney U
test. The Pearson chi-square test was used to assess categorical
variables. Logistic regression analysis was performed to
determine the risk factors for the presence of Covid 19. Variables
that were statistically significant in univariate analyses were
included in the regression models. P-values of less than 0.05
were considered statistically significant.

Results

The distribution of age, presence of DM, level of ALT
was similar among the two groups. Gender, hypertension,
smoking, WBC, MPV, neutrophil count, lymphocyte count,
monocyte count, platelet count, glucose, potassium, urea, AST,
albumin, QT, QTc, fQRS-T angle, and Tp-e interval were related
with the presence of Covid-19 (Table 1). The distribution of
ECG variables by groups is shown in Figures 1-4.

Figure 1: QT value by groups Figure 2: QTc value by groups

covipig Control covipig Control

Group Group

Figure 3: Frontal QRS value by groups
L] E

CoviD19 Control
Group Group

Figure 4: Tp-e interval value by groups
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Frontal QRS
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Multiple logistic regression analysis was performed to
identify the important factors related to Covid-19. Smoking (OR:
0.182, 95% CI: 0.049-0.675, P=0.011), neutrophil count (OR:
1.094, 95% CI: 1.053, 1.138, P<0.001), urea level (OR: 1.074,
95% CI: 1.011-1.141, P=0.020), AST level (OR: 1.057, 95% CI:
1.003-1.114, P=0.040), QT (OR: 0.915, 95% CI: 0.886-0.945,
P<0.001), QTc (OR: 1.071, 95% CI: 1.042-1.100, P<0.001),
frontal QRS-T angle (OR: 1.054, 95% CI: 1.015-1.095,
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P=0.007), Tp-e interval (OR: 1.253, 95% CI: 1.140-1.377,
P<0.001) were associated with COVID 19. Other variables
included in the sample, such as gender (P=0.280), hypertension
(P=0.304), WBC (P=0.142), MPV (P=0.686), RDW (P=0.404),
lymphocyte (0.565), platelet (P=0.547), glucose (P=0.464), K

(P=0.727), and fQRS (P=0.230) were not (Table 2).

Table 1: Clinical variables by groups
Group

COVID-19 Control P-value
Gender
Male 127 (59.91%) 71 (38.38%) <0.001
Female 85 (40.09%) 114 (61.62%)
Age (years) 54.00 (33.00 - 70.00) 51.00 (44.00 - 57.00) 0.356
DM 51 (24.06%) 34 (19.32%) 0.261
HT 54 (25.47%) 26 (14.29%) 0.006
Smoking 55 (25.94%) 72 (41.11%) 0.001
WBC 8.92 (6.3.00 - 12.00) 8.07 (6.87 - 9.52) 0.010
MPV 10.40 (9.70 - 11.00) 10.50 (9.90 - 11.20) 0.039
RDW 13.20 (12.60 - 14.65) 13.80 (13.00 - 14.50) 0.033
Neutrophils 8.74 (4.17 - 71.00) 4.83 (4.00 - 6.00) <0.001
Lymphocyte 2.31(1.51 - 8.00) 2.40 (1.69 - 2.90) 0.034
Monocytes 0.91 (0.56 - 4.20) 0.64 (0.51 - 0.80) <0.001
Hgb 14.10 (12.35 - 15.25) 13.50 (12.50 - 15.00) 0.143
Hct 42.05 (37.85 - 45.45) 41.10 (38.60 - 45.30) 0.575
Platelet 245.00 (193.50 - 288.50)  268.00 (222.00 - 323.00)  0.001
Glucose 122.50 (102.00 - 177.50)  102.00 (91.90 - 110.20) <0.001
Sodium 139.00 (136.00 - 141.00) ~ 139.00 (137.00 - 141.00)  0.551
Potassium 4.48 (4.10 - 4.80) 4.29 (4.00 - 4.58) 0.001
Urea 33.00 (24.5 - 44) 27.90 (23.60 - 37.50) <0.001
Creatinine 0.96 (0.78 - 1.14) 0.82 (0.71-0.94) 0.501
ALT 18.85 (11.40 - 30.50) 18.00 (14.50 - 27.50) 0.057
AST 22.65 (16.40 - 33.95) 21.00 (16.00 - 27.00) <0.001
Albumin 39.27 (32.95 - 44.85) 4.40 (4.00 - 4.60) <0.001
QT 364.50 (330.00 - 390.00)  417.00 (388.00 - 438.00)  <0.001
QTc 406.00 (390.00 - 423.00)  396.00 (373.00 - 412.00)  <0.001
Fragmented QRS | 25 (11.79%) 9 (4.86%) 0.014
Frontal QRS 89.00 (77.00 - 102.00) 73.00 (56.00 - 80.00) <0.001
Tp-e interval 89.00 (84.50 - 98.00) 76.00 (71.00 - 79.00) <0.001
Death 23 (10.85%) 0 (0%) N/A

AST: Alanine Aminotransferase; ALT: Alanine Aminotransferase; QTc: Corrected QT range, DM: Diabetes
mellitus, Hgb: Hemoglobin, Hct: Hematocrit, HT: Hypertension, MPV: Mean platelet volume, RDW:
Erythrocyte distribution width, WBC: White blood cell count Data were presented as mean (1st quartile —
3rd quartile) for continuous variables and as frequency (percentage) for categorical variables.

Table 2: Key factors of COVID 19, multiple logistic regression analysis

B Standard Wald  P- Exp(B) 95.0% Confidence

coefficient  Error value Interval for Exp(B)
Smoking -1.706 0.67 6.482 0011 0.182 0.049 0.675
Neutrophils | 0.090 0.020 20.949 <0.001 1.094 1.053 1.138
Urea 0.072 0.031 5411 0.020 1.074 1.011 1.141
AST 0.055 0.027 4238 0.040 1.057  1.003 1.114
QT -0.089 0.016 29.253 <0.001 0.915 0.886 0.945
QTc 0.068 0.014 24696 <0.001 1.071 1.042 1.100
Frontal QRS | 0.053 0.019 7.402  0.007 1.054 1.015 1.095
Tp-e interval | 0.225 0.048 21,92 <0.001 1.253 1.140 1.377
Continuous | -19.596 5.273 13.812 <0.001 <0.001

Dependent variables: COVID-19; Nagelkerke R2=0.919

Discussion

This study determined increased QTc, Tp-e interval, and
fQRS-T angle, which are vital markers of potentially fatal
arrhythmias on surface ECG. The increase in these parameters
occurs with the delay in the action potential, which indicates
myocardial repolarization. Since ECG is a non-invasive test used
to obtain rapid results in evaluating the cardiovascular system,
we can also evaluate myocardial repolarization using parameters
such as QT interval first and then Tp-e interval and QRS-T angle
[11]. As previously known, increased QT and QTc values can
result in malignant arrhythmias and sudden cardiac death [12,
13]. Although the measurement of the QT interval and the
calculation of the Tp-e interval are not easy, they are unlikely to
be repeated. Hence, researchers have started to use the fQRS-T
angle, which both shows ventricular repolarization and is
automatically calculated by the devices in ECG because of its
repeatability [14]. The QRS angle is easily and reproducibly
calculated as the difference of the automatically calculated QRS
and T-angles in the frontal plane [15]. The fQRS-T angle can be
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affected by the variables in the action potential. The fQRS-T
angle is safer in clinical use compared to the QT interval [16].
Various studies were performed, especially on ventricular
repolarization, and a study by Mayet et al. [17] found QTc to be
longer in left ventricular hypertrophy (LVH). Using a different
method, Ziilkif et al. [9] found that the reflection of these
parameters, which indicate repolarization, on the ECG
significantly increased the fQRS-T angle in patients with LVH.
Excluding those with ECG findings suggesting left ventricular
hypertrophy in our study renders the increased QTc values more
significant. Parameters indicating myocardial repolarization are
closely associated with ventricular arrhythmias and mortality
[18]. This may cause myocardial damage and subsequent fatal
arrhythmias in Covid-19 infection [12]. To the best of our
knowledge, there is no study in which QTc, Tp-e, and fQRS-T
values are examined together in patients with Covid-19 infection.
This study investigated the potential for ventricular
repolarization abnormality and arrhythmia with myocardial
damage after Covid-19 infection. This finding may be important
for the approach to arrhythmias associated with Covid-19. Sinus
tachycardia and ST-T changes are observed in most of these
patients [19]. Again, Bertini et al. [20] detected atrial fibrillation
in 22% of those who had palpitations among those who had
Covid-19 infection. The increase in QTc, Tp-e interval, and
fQRS-T-angle, which are indicators of myocardial repolarization
observed in the ECG in our study, may cause arrhythmic events.
Conduction, repolarization abnormalities, and ventricular
arrhythmias, including ECG changes such as QTc prolongation,
may reflect myocardial injury directly or indirectly associated
with Covid-19 pneumonia [21]. fQRS, another parameter
examined in our study, reflects non-specific myocardial
depolarization and is an indicator of myocardial fibrosis on the
ECG. In a study conducted by HA Barman et al., fQRS was
observed more frequently in patients who needed intensive care,
but this was associated with cardiac damage and mortality [21].
While fQRS was significant in intergroup variables in our study,
its absence in multivariate analysis suggests that acute
myocardial damage may heal over time or that depolarization
abnormality that does not progress to fibrosis is reversible.

Limitations

Although we obtained crucial findings in our study,
there are some limitations, some of which are the need for more
patients, and the wide age distribution. Also, our control group
was not similar to the COVID-19 group regarding gender and
smoking frequency distribution, which causes a limitation.
However, since both gender and smoking status were stated as
risk factors in some literature studies, we did not form the control
group in a matched way concerning these factors, and our results
were in accordance with the literature in general. In addition, we
tried to find out how effective these variables were by
performing multivariate analyses. We reduced the likelihood of
bias that could occur consequently.

Conclusion

In conclusion, the increase in QTc, Tp-e, and fQRS-T
values in those who had Covid-19 infection, especially in those
admitted with palpitations, may cause cardiac events that may
result in malignant arrhythmias after ventricular repolarization
abnormality.
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Abstract

Background/Aim: Enuresis nocturna is an important problem that negatively affects the self-confidence
and quality of life of millions of children. Controversial points still exist regarding the treatment algorithm
of enuresis. This study aimed to discuss the approach to this condition which deeply affects the child and
their family and contribute to the literature by analyzing the success in the treatment steps.

Methods: This study was conducted by reviewing the files of the patients who presented to the pediatric
bedwetting outpatient clinic between May 2017 and March 2019 with the complaint of nocturia. The
diagnoses and treatment outcomes were recorded from the patient files. The first step was motivation
therapy, the second step was alarm treatment, and the third step was drug therapy, which were combined if
necessary.

Results: Among 95 primary monosymptomatic enuresis nocturna patients with a mean age of 8.5 years, all
patients received supportive treatment to increase motivation as the first step. The second step consisted of
alarm treatment administered to 32 patients and as the third step, medical drug treatment was prescribed to
eight. Enuresis decreased in 58% of the patients receiving motivation therapy, 63% of the patients
receiving alarm therapy and >90% of the patients receiving drug therapy; however, it relapsed when the
medication was discontinued.

Conclusion: According to the experience acquired in this study, a specific enuresis polyclinic is important
in terms of ease of presentation for patients, and motivation treatment should be the first line of treatment.
Other treatment steps can be added as necessary. All three steps in primary monosymptomatic enuresis
nocturna can be combined or administered alone.

Keywords: Enuresis, Bedwetting clinic, Children, Treatment
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Introduction

Enuresis is defined as involuntary urination while asleep
for no organic reason and is inappropriate in a child older than 5-
7 years, which is considered the age of developing urinary
control [1-3]. Enuresis nocturna is seen in approximately 25% of
children aged 5 years, and with a spontaneous recovery rate of
15% each year, this rate falls to <10% at the age of 7 years [4].
Monosymptomatic enuresis indicates involuntary urination [4-6].
Polysymptomatic enuresis refers to the presence of an added
lower urinary system symptom, such as the patient feeling
urgency, frequent urination, dysuria, or dripping [4].

Primary enuresis nocturna is defined as the child not
having had a dry night for at least 6 months, and secondary
enuresis originates from the onset of a new medical condition
such as urinary infection, obstructive sleep apnea, diabetes
insipidus, diabetes mellitus, hypothyroidism, kidney disease, or a
new psychological stress [7-9]. Primary monosymptomatic
enuresis nocturna (PMEN) cases constitute more than 80% of all
enuresis patients [4, 6].

PMEN leads to problems affecting both the child and
their family. Children with PMEN may not wish to see a doctor
because of guilt and shame as a result of psychological pressure
from the family. The most important step in the treatment of
monosymptomatic enuresis nocturna is making enough time for
the patient and motivating the child and family to follow the
treatment. To achieve this, it is necessary to form a good
relationship with the child. When it is explained that there is
nothing to be ashamed of and the patient and the family are
reassured that it will get better, the patient relaxes and has
increased motivation for treatment. Treatment consists of non-
pharmacological approaches such as behavioral interventions,
alarm devices, bladder exercises, and treatment for constipation
if present. Pharmacological agents include desmopressin,
tricyclic anti-depressants, and anti-cholinergic medication [3].

The aim of this study was to discuss the treatment
approach to patients who presented to the pediatric bedwetting
outpatient clinic and were diagnosed with PMEN, and to
contribute to the literature by analyzing the success in the
treatment steps.

Materials and methods

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Ethics approval was
obtained from the tertiary university hospital ethics committee
before starting the study (Ethical Committee Approval Number:
07/26/2021).

A retrospective examination was made of the files of
108 patients aged 6-18 years who presented to the pediatric
bedwetting outpatient clinic between May 2017 and March 2019
with the complaint of nocturia. A total of 13 patients with
secondary or polysymptomatic enuresis nocturna were excluded
from the study. Ninety-five patients over the age of 6 years
whose only symptom was urination during sleep were included
in the study with the diagnosis of PMEN. The anamnesis,
physical examination and ultrasound findings of the patients
were recorded from the files, together with the treatment
protocols applied and the outcomes during follow-up. Following
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the described treatment protocol and current guidelines [3], the
treatment consisted of three stages: The first stage was
behavioral and supportive  treatment (encouraging
communication, giving rewards when the number of dry wakes
increases, etc.), the second stage was alarm treatment, and the
third stage was drug (only desmopressin) prescription. Other
medications were not used due to side effects. The next stage
was tried if unsuccessful in the prior stages, or the treatment
steps were combined. The age, gender, and treatment outcomes
of the patients were recorded, and the results were evaluated.

Statistical analysis

Statistical analysis was conducted using the Statistical
Package for the Social Sciences for Windows (SPSS Inc.,
Chicago) 22 package program. Variables were expressed as
mean (standard deviation) or minimum-maximum. Proportional
data about the children were expressed as numbers (n) and
percentages (%).

Results

Evaluation was made of a total of 95 patients diagnosed
with PMEN, comprising 63 (66%) males and 32 (34%) females
with a mean age of 8.5 years (range, 6-18 years). The physical
examination, urine examination and urinary system ultrasound
examination results were normal in all patients before beginning
the treatment. As the first step, all the patients received
behavioral therapy, fluid was restricted, and all patients
underwent detailed motivational interviews. Alarm treatment
was the second stage. The use of the alarm was explained to the
family, who used it at their discretion. A total of 32 (34%)
patients used the alarm devices. As the third stage, desmopressin
was prescribed to 8 (8.4%) patients who attended boarding
school. There was no patient who received alarm and drug
therapy together.

In all 55 (58%) patients who only received first-stage
treatment, the frequency of urination decreased from the first
week onwards in all cases, but because of an increase again after
6-8 weeks, there was a request for a further motivational
interview. Of the patients who received first and second stage
treatment, 20/32 (63%) reported benefit from the alarm
treatment, and in these patients there was no loss of motivation
and subsequent request for a further motivational interview. In
the third stage treatment, desmopressin was used for 3 months,
after which the frequency of urination decreased by >90% in all
the patients. After terminating the desmopressin treatment, the
frequency of urination increased. No drugs other than
desmopressin were used. Difficulty in waking from sleep was
reported by 82 (86%) patients and not by 13 (14%). There was a
history of PMEN in at least one parent of 53 (56%) patients.

Discussion

Enuresis is not only a disease affecting millions of
children worldwide, with negative effects on self-confidence and
quality of life, but also constitutes a social problem [3].
Involuntary urination creates a feeling of embarrassment in
children and they do not wish anyone outside the family to know
of it. Treatment of PMEN patients has been attempted by
physicians of several branches [3]. To raise awareness and to be
able to persuade children to consult doctors comfortably, we
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designed a “pediatric bedwetting outpatient clinic” within the
Pediatric Surgery Outpatient Clinic. The patients and their
parents stated that their concerns about the department and
physician to which they should apply were eliminated because of
this separate outpatient clinic. The establishment of such a
specialized clinic in hospitals will be more useful for PMEN
patients than the main branch polyclinics.

It has been reported that when one of the parents has a
history of PMEN, the likelihood of seeing it in the child is 44%,
and this rate increases to 77% when there is such a history in
both parents [3]. In the current study, 56% of the patients had at
least one parent with a history of PMEN.

PMEN is considered a benign disease that does not
require comprehensive investigation. The most important
approach is the taking a detailed history and performing a
thorough physical examination during the first evaluation. The
American Pediatric Academy and the International Child
Continence Association do not recommend routine renal
ultrasound in children who present with PMEN [10]. In some
publications, urine analysis and/or a bladder diary have been
suggested [3-8]. Kovacevic et al. [10] reported that according to
their clinical experience, the use of urine analysis as a single test
in children with PMEN was generally worrying for parents as
they wished to discount anatomic disorders in the urinary tract.
All patients in the current study underwent urine analysis and a
urinary ultrasound, which turned out normal. Performing these
tests in addition to a detailed history and physical examination is
debatable and it has been suggested that there is no need for
further investigation.

Success in PMEN treatment is the correct diagnosis of
the underlying agent. After a diagnosis of PMEN, the child
should be talked to and evaluated with at least one of the parents
present. Various studies suggest that it should be explained to the
child in a comprehensible way that this condition is not a fault of
the child, there is no shame, it is extremely common in children
and will recover as the child grows [3, 4]. All patients in the
current study underwent interviews to motivate and increase the
self-confidence of the child. The parents reported that after each
interview, the urination reduced.

In recent years, alarm treatment is used extremely
frequently, either alone or in combination and as the first option
in treatment [11]. Alarm treatment has been reported to condition
the nervous system and can increase bladder capacity [3, 12].
When alarm treatment is used regularly for a sufficient period, a
success rate of 75% has been reported [3]. However, problems
can be experienced such as the family not adapting to the alarm
device and abandoning the treatment. In the current study, the
use of alarm treatment and the outcomes were explained to the
families, who used it at their discretion. In 32 patients, alarm
treatment was administered throughout 3 months in addition to
the supportive motivation treatment. Of those who used the
alarm treatment, 20 (62.5%) reported that they had seen a benefit
in the form of staying dry for 2 consecutive weeks.

Pharmacological drugs are recommended as the third
line PMEN treatment, and include desmopressin, anti-cholinergic
agents, and tricyclic anti-depressants [11, 13]. The efficacy of
drug treatments alone or in combination is not clear [3, 13].
Desmopressin was administered to eight of the current study
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patients who attended boarding school, as the onset of the effect
of this drug is rapid and it has a lower side-effect profile than
other drugs. Adolescents at boarding school are embarrassed by
their peers but with the early effect of desmopressin taken one
hour before going to bed, the number of dry nights increased.
However, when desmopressin was discontinued, the frequency
of bedwetting increased again.

Alternative treatment methods such as acupuncture,
hypnosis, and psychotherapy are also used in PMEN treatment,
albeit not routinely. No alternative treatment was given to any of
the patients in this study.

Limitations of this study include its retrospective design
and the relatively low number of patients. There is a need for
further, prospective comparative studies with a greater number of
patients.

Conclusion

The status of the patient and their family must be taken
into consideration in the selection of treatment. Based on our
experience, a specific enuresis outpatient clinic is important in
terms of ease of presentation, and motivation treatment should be
the first line treatment, with other treatment steps added as
necessary. All three steps in PMEN treatment can be
administered combined or alone.
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Abstract

Background/Aim: Covid-19 pandemic (Cov19) has affected the world since December 2019. The
management of acute appendicitis (AA) has also changed distinctly during the Cov19 outbreak. The aim of
this study is to evaluate and compare the results of AA during the pre-pandemic period and the first wave
of the Cov19 outbreak.

Methods: Patients diagnosed with AA from March to July 2019 (pre-pandemic, 2019), and from March to
July 2020 (first wave of the pandemic, 2020) were included in this study, and evaluated for age, gender,
nationality, length of stay (LOS), ultrasonography (USG), computed tomography (CT) findings, C-reactive
protein level (CRP), white blood cell count (WBC), treatment results, operation type, and pathological
examination results retrospectively.

Results: One hundred patients from 2019, and seventy-seven patients from 2020 were included in the
study. The male ratio, false negative USG, number of CTs performed (especially among conservatively
treated patients), CRP levels, the rate of conservative treatment were higher, and LOS was longer among
patients treated in 2020 (P<0.05 for all). In 2019, 91.8% of the AA operations were performed
laparoscopically, whereas in 2020, 73.2% of them were open operations (P<0.001). Complicated AA was
more frequent in 2019 than in 2020 (12.2% vs 9.8%).

Conclusion: During the Cov19 pandemic, a longer LOS, and a higher ratio of male to female AA patients
were observed. CT was more useful during the Cov19 pandemic for diagnosing AA and especially for
choosing the suitable patients for conservative treatment. Conservative treatment was preferred more
frequently than surgery with a lower recurrence rate in selected uncomplicated patients; and for surgery,
the open technique was preferred more frequently during the Cov19 pandemic.

Keywords: Acute appendicitis, Covid-19 pandemic, Conservative treatment, Appendectomy
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Introduction

Covid 19 (Cov19) pandemic, which started in December
2019 in Wuhan, China, affected the world from January 2020
until today. All healthcare services and staff had to deal with
Cov19 patients due to the high intensity and severity of disease.
Curfew, the flexible working hours of health institutions and the
risk of Covl9 contamination from hospitals caused decreased
admission of patients to the hospital and increased the number of
more complicated diseases [1]. In addition, treatment algorithms
of surgery, as well as emergency surgery, were changed to
protect the patients, health professionals and critical resources,
namely, hospital and intensive care unit (ICU) beds [2].

Acute appendicitis (AA) is the most common
emergency surgery disease and mostly treated with surgical
intervention. Detailed examination and imaging have become
more important and difficult due to complaint of abdominal pain,
vomiting, diarrhea, and fever which are the gastrointestinal
symptoms of Cov19 as well as AA [3]. Appendectomy is the
surgical treatment of AA and is performed with the open (OA) or
laparoscopic (LA) methods. LA has fewer wound infections and
post-operative pain, shorter length of hospital stays and earlier
return to work; however, the intra-abdominal abscess rate is
higher than OA. Conservative treatment of acute appendicitis is
recommended in selected uncomplicated patients with 41-85%
effectiveness and 20% recurrence rate [4]. Conservative
treatment or OA was recommended during the initial stages of
the Cov19 outbreak by some study groups [5]. This study aimed
to compare the differences in the management of acute
appendicitis during the Cov19 pandemic with the same period a
year ago.

Materials and methods

After receiving institutional approval from the ethics
committee of Prof. Dr Cemil Tasgioglu City Hospital (16 June
2020 date and 249 number), the accessible records of AA
patients from March 2019 to July 2019, and from March 2020 to
July 2020, were evaluated retrospectively.

The period from March to July 2020, the first wave of
the Cov19 pandemic, is hereinafter referred to as the pandemic,
and the one from March to July 2019, the same period a year
ago, is hereinafter referred to as the pre-pandemic period.

Patients’ age, gender, nationality, length of hospital
stays (LOS), ultrasonography (USG), and computed tomography
(CT) findings, white blood cell (WBC) count, C-reactive protein
(CRP) levels, and treatment were evaluated in terms of the
pandemic and the pre-pandemic period retrospectively. The
nationality criterion was classified as a citizen or a noncitizen.
USG and CT criteria were classified as not performed, performed
but negative, performed and positive, and the diameter of
appendix was evaluated from the USG or the CT result.
Treatment was evaluated as conservative or operated. Patients’
results were evaluated according to the treatment type in the
pandemic and the pre-pandemic period.

Operated patients were additionally evaluated according
to the operation type, pathology, pathological diameter of the
appendix, luminal pathology, and additional pathology
comparing the pandemic and the pre-pandemic periods (Figure

Covid-19 pandemic and management of acute appendicitis
V'S

JOSAM ¢

1). The operation type was evaluated as laparoscopic, open, or
laparoscopic converted to open. Pathological examination results
were categorized as acute appendicitis, phlegmonous
appendicitis,  suppurative  appendicitis and complicated
appendicitis (appendicitis which is complicated by a local or
contained perforation with an appendiceal abscess or mass
formation). Luminal pathology was evaluated as fecaloid and
obliterated. Additional pathology was evaluated as neuroma,
serrated adenoma, diverticulum, and neuroendocrine tumor.

Figure 1. Surgical and pathological results of operated patients by period
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Statistical analysis

Statistical analysis was performed with SPSS 16.0
(Chicago, SPSS Inc.). Age (years), LOS (days), USG diameter
(mm), CT diameter (mm), CRP (mg/dl), WBC (10°%uL), and
pathological diameter (mm) were presented as mean (SD).
Nonparametric values were evaluated with the Mann Whitney U
test, and parametric values were evaluated with the t-test.
P<0.05 was considered significant.

Results

One hundred patients from the pre-pandemic period and
seventy-seven patients from the pandemic were included in the
study. The mean age was 34.4 (13.9) in the pre-pandemic period,
and 34.7 (15.7) during the pandemic (P=0.87). During the
pandemic, the percentage of male patients was higher, and the
percentage of noncitizen patients was lower. The mean LOS was
1.45 (1.1) days in the pre-pandemic period, and 2.48 (1.8) days
during the pandemic. The difference in gender distribution,
nationality and LOS were significant (P=0.002, P=0.024, and
P<0.001 respectively) (Table 1). While USG was preferred more
often in the pre-pandemic period, CT was preferred more often
during the pandemic (Table 1). There was no significant
difference in the mean appendix diameter on USG and CT
between the two periods (P=0.394, and P=0.157 for USG and
CT results respectively) (Table 1). The mean CRP in the pre-
pandemic and pandemic periods were 56.7 (75.1) mg/dl and 93.4
(97.9) mg/dl, respectively (P=0.006). There was no significant
difference in WBC counts between the pre-pandemic and
pandemic periods (Table 1).
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Table 1: The results of patients by period

Parameters Pre-pandemic  Pandemic  P-value
Age* 34.4(13.9) 34.7(15.7) 0.87
Gender n % n % 0.002
Female 38 38 13 16.9

Male 62 62 64 831
Nationality n % n % 0.024
Citizens 82 82 72 935
Noncitizens 18 18 5 6.5

LOS* 1.45(1.1) 2.48(1.8) <0.001
UsG n % n % 0.001
Not Performed | 0 0 6 78

Performed 100 100 71 922

USG Diameter* | 9.5 (2.1) 9.9(3.3) 0.394
CT n % n % <0.001
Not Performed | 57 57 21 273
Performed 43 43 56 723

CT Diameter* | 11.5 (2.8) 10 (4.1) 0.157
WBC* 15.1 (4.4) 146(43) 051
CRP* 56.7 (75.1) 93.4(97.9) 0.006
Treatment n % n % <0.001
Conservative 2 2 36 46.8

Operated 98 98 41 532

*Median (standard deviation), LOS: Length of Stay, USG: Ultrasonography, CT: Computed Tomography,
WBC: White Blood Cell, CRP: C-Reactive Protein

In the pre-pandemic period, the mean age of the
conservatively treated patients was 63.5 (7.8) years, while that of
the operated ones was 33.8 (13.3) years. The difference in age
was statistically significant (P=0.002). There was no significant
difference in gender, nationality, and LOS between the
conservatively treated and operated patients during this period
(Table 2). None (0/2) of the conservative, 27.3% (27/98) of the
operated had negative USG findings (P=0.549). None (0/2) of
the conservative and 58.2% (57/98) of the operated had no CT;
0% (0/2) of the conservative, 7.3% (3/41) of the operated had
negative CT findings (P=0.162). There was no significant
difference in the mean appendix diameter in USG and CT, WBC
levels, and CRP levels between the conservatively treated and
operated patients (P=0.771, P=0.443, P=0.185, and P=0.668
respectively) (Table 2).

During the pandemic, there was no significant
difference in age, gender, nationality, or LOS between the
conservatively treated and operated patients. 8.3% (n=3) of the
conservative, 7.3% (n=3) of the operated had no USG; 42.4%
(14/33) of the conservative, 44.7% (17/38) of the operated had
negative USG findings (P=0.936). Four (11.1%) of the
conservative and 41.5% (n=17) of the operated had no CT;
12.5% (4/32) of the conservative, 12.5% (3/24) of the operated
had negative CT findings. The difference in those without CTs
was statistically significant (P=0.007). Like it was the case in the
pre-pandemic period, there was no significant difference in the
mean appendix diameter in USG and CT, WBC levels, and CRP
levels between the conservatively treated and operated patients
(P=0231, P=0.854, P=0.069, and P=0.441 respectively) (Table
2).

Table 2: The results of patients by period with treatments

Parameters Pre-Pandemic Pandemic
Conservative  Operated P Conservative  Operated P
Age* 63.(7.8) 33.8(13.3) 0.002 38.3(17.9) 31.6 (12.8) 0.063
Gender n % n % 0782 n % n % 0.208
Female 1 50 37 378 4 11.1 9 22.0
Male 1 50 61 62.2 32 889 32 780
Nationality n % % % 0.679 n % n % 0.542
Citizens 2 100 80 81.6 33 917 39 951
Noncitizens 0 0 18 184 3 8.3 2 49
LOS* 1.5(0.7) 1.45(1.1) 00947 2.81(16) 22(1.8 0133
usG n % n % 0.549 n % n % 0.936
Not Performed | 0 0 0 00 3 8.3 3 73
Performed 2 100 98 100 33 917 38 927
USG Diameter* | 9.1 (1.3) 9.5(2.1) 0.771 9.3(1.6) 10.6 (4.3) 0.231
CT n % n % 0.162 n % n % 0.007
Not Performed | 0 0 57 58.2 4 111 17 415
Performed 2 100 41 418 32 889 24 585
CT Diameter* | 10 (1.4) 11.6(2.9) 0443 9.9(4.1) 10.1(4.3) 0.854
WBC* 11 (0.4) 15.1(4.4) 0.185 13.7(3.5) 155 (4.8)  0.069
CRP* 34.1 (40) 57.2(75.7) 0.668 102.6(82.8) 85.1(110) 0.441

* Mean (Standard Derivation), LOS: Length of Stay, USG: Ultrasonography, CT: Computed Tomography,
WBC: White Blood Cell, CRP: C-Reactive Protein
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Evaluation of the results of operated patients by period
revealed that 91.8% (n=90) in the pre-pandemic period had LA,
whereas 73.2% (n=30) in the pandemic had OA (P<0.001)
(Table 3).

Out of the conservatively treated patients during the
pandemic, only two patients (5.5%) had recurrence in the 6
months that followed the treatment. More specifically, one
recurred in 13 days, and the other in 29 days. Both patients were
treated conservatively again.

The occurrence rate of any of the evaluated pathologies,
namely, perforated appendicitis (P=0.818), obliterated
appendicitis or fecaloid (P=0.13), and diameter of appendix
(P=0.925) were similar between the two periods. The pathology
results by period are shown in Table 3.

Table 3: The results of operated patients by period

Parameters Pre-Pandemic  Pandemic P-value
Type of operation n % n % <0.001
Laparoscopic 90 918 9 22
Open 7 7.1 30 732
Laparoscopic convert open | 3 3.1 2 48
Pathology n % n % 0.818
Acute appendicitis 26 26.5 12 293
Phlegmonous appendicitis | 39  39.8 15 36.6
Suppurative appendicitis 21 21.4 10 244
Perforated appendicitis 12 12.2 4 98
Pathologic diameter * 9.4 (2.3) 9.5(3) 0.925
Luminal pathology n % n % 0.13
Fecaloid 50 51 19 46.3
Obliterated 14 143 11 26.8
Added pathology n % n % 0.004
Neuroma 0 0 1 24
Serrated adenoma 1 1 2 49
Diverticulum 0 0 4 98
Neuroendocrine tumor 1 1 0 0
* Mean (Standard Derivation)

Discussion

Appendicitis occurs with luminal obstruction of the
appendix by lymphoid hyperplasia (related to viral illnesses,
upper respiratory infection, mononucleosis, and gastroenteritis),
appendicoliths, parasites, foreign bodies, Crohn's disease,
cancers or carcinoid syndrome [6]. Appendicitis which occurs by
lymphoid hyperplasia or spontaneous passage of appendicolith
can heal without an appendectomy [7]. However, phlegmonous,
suppurative, or complicated appendicitis (gangrenous, perforated
or with abscess) require appendectomy [8].

The most common emergency surgical disease was AA
with 31.84%, followed by anal abscess with 13.8%, and acute
cholecystitis with 9.45% during the first wave of the Cov19
pandemic [9]. Tankel et al. [10] reported a decreasing incidence
of AA during Cov19. During the Cov19 pandemic, the ratio of
AA patients to the total number of patients admitted to the
emergency department increased (1.35% (77/5707) vs. 1.16%
(100/8624)) in our hospital.

Romero et al. [11] and Finkelstein et al. [12] reported
the mean age as 38.2 and 41 years, respectively, in the pre-
pandemic period, and as 36.6 and 44 years, respectively, during
the pandemic. They stated that female was the most common
gender with 52% and 73%, respectively, before the pandemic,
and 56% and 61.8%, respectively, during the pandemic. There
was no significant difference in terms of age and gender in the
comparative studies about AA during the Cov19 pandemic. Also,
there was no difference in the mean age of acute care surgery
patients between the pre-pandemic and pandemic periods;
however, there was a significant change in the most common
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gender between the periods with female being the most common
gender with 50.9% before the pandemic, but male being the most
common gender with 66.6% during pandemic [9]. There was no
difference in terms of age and gender (higher male ratio)
between the conservatively treated or operated patients by period
[13, 14]. The rate of noncitizen AA patients our previous study
was 15.1% (95/628) from 2014 to 2018 [15].

In our study the mean age was 34.4 (13.9) in the pre-
pandemic, and 34.7 (15.7) in the pandemic period. There was no
difference in age between conservatively treated and operated
patients during the pandemic; however, conservatively treated
patients were older before the pandemic. Eighteen percent
(n=18) and 6.5% (n=5) of the patients were non-citizens during
the pre-pandemic and pandemic periods, respectively. Third
decade and male gender were the risk groups of AA during the
pandemic for both conservatively treated and operated patients.
Travel bans significantly decreased the rate of noncitizen AA
patients during the pandemic.

Lower length of hospital stay is desired and favored
during the pandemic to decrease the contamination of Cov19 and
to empty the beds for a new outbreak. Some studies reported no
differences in LOS between these periods [16-17]; however,
Kvasnovsky et al. [18] reported a significantly higher LOS for
AA during the pandemic. Conservatively treated AA patients had
longer LOS than the operated patients in both periods [14, 19]. In
our study, LOS was significantly higher among all AA patients
during the pandemic. Conservatively treated patients in both
periods had insignificantly longer LOS. During the pandemic,
the number of conservatively treated patients was higher than the
surgically treated, hence, a longer LOS was expected.

History and physical examination are the essential
parameters for diagnosing and differential diagnosing acute
abdominal pain (AAP) as well as AA with 43-59% accuracy.
Plain radiographies have limited indication for diagnosing AAP,
USG is the initial imaging with advantages of ease of
accessibility, cheaper cost, and safety. The correct diagnosis
rates of AAP in USG and CT were 53-83%, and 61.6-96%,
respectively. The sensitivity and specificity of diagnosing AA by
USG were 76% and 95%, respectively, and 99% and 84%,
respectively, for CT imaging [20, 21]. Cov19 has gastrointestinal
symptoms which mimic AAP such as AA, and CT becomes
more useful and important for diagnosing AA during the Cov19
outbreak [22]. Somers et al. [23] reported that the rate of imaging
used for AA was 70.27% in the pre-pandemic, and 89.9% in the
pandemic periods. CT was the most common imaging method
used for AA with 54.05% during the pre-pandemic, and 69.64%
during the pandemic periods; however, USG was used in 10.8%
before the pandemic, in 12.5% during the pandemic. Antakia et
al. [16] reported a significant decrease in USG use (16.5% vs
24.1%); however, a significant increase was observed in CT use
(87.5% vs 69.8%) during the pandemic for AA imaging. The
diameter of the appendix being > 7mm was a sign of AA. In our
study, USG was performed to all AA patients during the pre-
pandemic period but was performed to 92.2% of AA patients in
the pandemic with a higher false negativity rate (27% vs 40.3%).
CT was performed more frequently during the pandemic (72.3%
vs 43%), with higher false negativity rates (12.5% vs 7%). The
performance and false negativity rates of USG were similar for
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the conservatively treated and operated patients in both periods,
but CT was preferred more frequently, especially for
conservatively treated patients during the pandemic. The
diameter of the appendix at both USG and CT during both
periods was not a predictor for surgery.

WBC and CRP are the most common inflammatory
markers for diagnosis, and also a part of scoring system which is
used to diagnose and predict the severity of AA. WBC >
14x10°/1, and CRP > 5mg/dI supports the diagnosis of AA [24].
In previous studies, there is contradicting results for differences
in WBC and CRP levels between the two periods. Gannesh et al.
[25] reported lower levels of WBC (12.9 vs 13.2 x10%L), and
higher levels of CRP (82 vs 69 mg/dl), but Mai et al. [26]
reported higher levels of WBC (14 vs 12.2 x10%/L), and lower
levels of CRP (43 vs 56 mg/dl) in AA during the pandemic.
Lower WBC and CRP were reported for conservatively treated
AA both in the pre-pandemic (14.2 vs 15.3 x10%L, and 25.9 vs
64.8 mg/dl respectively), and the pandemic periods (12.5 vs 15.9
x10°%L, and 24.5 vs 50 mg/dI respectively) [13, 14]. In our study,
overall WBC levels were insignificantly lower during the
pandemic, while overall CRP levels were higher. CRP levels
were also higher independently for both the conservatively
treated and operated patient groups during the pandemic.
Another observation was that while in the pre-pandemic period,
the mean CRP levels of the operated patients were higher than
those of conservatively treated patients, it was the opposite in the
pandemic period. However, since the number of conservatively
treated patients was only 2 in the pre-pandemic period, no
statistical analysis was performed on this observation.

Nonoperative treatment for uncomplicated and selected
AA is recommended and have been a part of guidelines, with
27.4% recurrence rate in one year. Hansson et al. [27] reported
that AA patients with CRP <60 g/L, WBC <12 x 10%L, and age
<60 years could be treated conservatively with 89% accuracy
[21]. The management algorithms of emergency disease have
changed during Cov19 [28, 29]. The management of acute
appendicitis involves, if possible, conservative treatment as an
outpatient, short hospitalization, operation with an open
technique and under regional anesthesia [16]. AA was managed
conservatively in 5.4-22.2% of the patients during the pre-
pandemic period, which increased to 7.8-100% during the
pandemic [30]. In our study, conservative treatment was
performed in 46.8% (36/77) of the AA patients with 5.5% (n=2)
recurrence rate during the pandemic.

Phlegmonous, suppurative, and complicated AA were
treated surgically. LA was performed more frequently than OA
for AA recently, with lower postoperative pain, LOS, wound
infection, and higher intraabdominal abscess rate. Sixty to eighty
percent of the appendectomies were performed laparoscopically
in tertiary centers with 1-2 days LOS, and 1-3% complication
rate [31]. Javanmard-Emamghissi et al. [32] reported the OA rate
as 56.1%, and conversion to open surgery rate as 10.7%;
however, Lotfallah et al. [14] reported the OA rate as 35.5% and
conversion to open surgery rate as 3.2% during the pandemic. In
our study, while 91.2% of the AA underwent LA in the pre-
pandemic with 3.1% conversion rate, OA was performed in 72%
of the AA patients during the pandemic.
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Gao et al. [33] reported an increased rate of complicated
appendicitis due to delayed admission or surgery and decreased
intention to seek treatment at Cov19. Fonseca et al. [17] reported
the rate of complicated AA as 15.2% in the pre-pandemic period,
and as 33.3% during the pandemic. In our study, the lower rate
of complicated AA and luminal pathology implied the accurate
indication and timing of appendectomy during the pandemic.

Limitation

The main limitation of this study was the fact that it was
not a prospective randomized controlled trial. The number of
conservatively treated patients during the pre-pandemic was only
two, therefore, conservatively treated patients could not be
evaluated statistically. Also, the differences in the management
of AA patients during the initial and later stages of the Cov19
pandemic should be evaluated.

Conclusion

During the first wave of the Cov19 pandemic, the ratio
of AA patients to the total number of patients admitted to the
emergency department was larger compared to the pre-pandemic
period. The mean LOS was longer, and a higher ratio of male to
female AA patients was seen in our department. USG had no
effect on choosing conservative or surgical treatment; however,
CT was particularly useful for the diagnosis of AA and choosing
suitable patients for conservative treatment, and it was performed
more frequently during the Cov19 pandemic. CRP levels of
conservatively treated AA patients increased in the Covl19
pandemic. We saw more patients being treated with no surgery
with lower recurrence rates for selected uncomplicated cases
during the pandemic. The open surgical technique was
performed more often. As a result, even though surgery is the
widely accepted method for treating AA for centuries, this study,
albeit limited, suggests that in conditions where the resources of
a hospital may be limited, the treatment of uncomplicated AA
can be managed conservatively with a low recurrence rate.
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Abstract

Background/Aim: The number of obese patients undergoing elective surgery is increasing day by day.
However, there are conflicting data in the literature about factors predicting difficult tracheal intubation in
obese patients. The aim of this study was to evaluate the commonly used predictors of difficult intubation
in obese patients (body mass index (BMI) >35 kg/m?) who wish to undergo elective surgery and to
examine the association of neck circumference and obesity type with difficult intubation.

Methods: This observational, cross-sectional, prospective study was performed after obtaining approval
from the ethics committee. Obese patients over the age of 18 years, requiring tracheal intubation,
undergoing elective surgery, and with a BMI greater than 35 were included in this study. Patients with a
history of cervical spine anomaly or trauma, congenital facial anomaly or trauma affecting this region,
those who would undergo emergency surgery, patients with a known history of difficult airway or upper
respiratory tract disease, and those with planned awake intubation were excluded from the study.
Preoperative anesthetic evaluation was performed for all patients, their relevant measurements were
obtained, and medical histories were taken as required for the study. The association of the patients’ BMI,
Mallampati classification, thyromental distance, Cormack-Lehane grade, obstructive sleep apnea, neck
circumference, and obesity type with difficult intubation was evaluated. Preoperative and peroperative
measurements were recorded in the follow-up forms.

Results: A total of 85 patients, 62 females and 23 males, between the ages of 19 and 77 years were
included in this study. A significant difference was found in the patients’ BMI, neck circumference,
thyromental distance, Mallampati classifications, and Cormack-Lehane grades in terms of intubation
difficulty (P<0.001, P<0.001, P<0.001, P<0.01, P<0.01, respectively). Patients who underwent difficult
intubation had lower thyromental distance but greater BMI, neck circumference, Mallampati classification,
and Cormack-Lehane grade. It was determined that a neck circumference of >50 cm increased the risk of
difficult intubation 8.323 times.

Conclusion: Neck circumference and thyromental distance are significant predictors for difficult
intubation and laryngoscopy in morbidly obese patients.

Keywords: Obesity, Difficult intubation, Neck circumference, BMI

undergoing elective surgery. J Surg Med. 2021;5(9):912-916.
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Introduction

Difficult airways, one of the major causes of
perioperative mortality and morbidity, are a major cause of
concern for anesthesiologists. Difficulty in managing the airway
is the single most common cause of anesthesia-related death and
brain damage [1]. Therefore, predicting a potentially difficult
intubation means that measures can be taken to minimize the risk
[2].

The number of obese patients undergoing elective
surgery is increasing with each passing day, and
anesthesiologists must be prepared to handle all perioperative
care of obese patients. In particular, they should understand the
effects of obesity on the airway and be prepared to manage the
airway correctly [3, 5]. Several reviews in the literature reported
that endotracheal intubation is more difficult in obese patients
than in lean patients [6]. However, this claim is controversial
because no other studies such an association [7-11]. While one
study stated that morbid obesity increases the rate of difficult
intubation three times, there are others in the literature that
reported that there is no relationship between morbid obesity and
difficult intubation [12, 13]. However, in general, airway
management in obese patients is considered a challenge for many
anesthetists [12].

Many attempts have been made to develop reliable
predictors of difficult intubation and difficult laryngoscopy, but
none of them have high diagnostic accuracy, particularly in
obese patients [14]. The best known and recommended
predictors include parameters such as the Mallampati
classification, thyromental distance measurement, obstructive
sleep apnea (OSA), male gender, and increased age [14, 15].
However, some studies in the literature report that none of these
predictors yield satisfactory results in obese patients. There is
limited literature and conflicting results about the relationship
between neck circumference and difficult intubation [16, 17].
Contrary to two studies that reported that neck circumference
greater than 43 cm was associated with difficult intubation,
Neligan et al. [13] could not find a relationship between the neck
circumference and difficult intubation in their study.

There are few studies examining the relationship
between neck circumference and difficult intubation in obese
patients and no studies on whether the obesity type is a
significant risk factor for difficult intubation. Therefore, in this
study, we sought to evaluate the predictors of difficult intubation
such as the Mallampati classification, BMI, thyromental
distance, OSA in obese patients (>35 kg/m?) undergoing elective
surgery in our clinic, and we aimed to investigate the association
of the neck circumference and obesity type with difficult
intubation.

Materials and methods

The study protocol was approved by Marmara
University Medical Faculty, Ethics Committee for Clinical
Studies (no: 09.2021.135) and conducted in accordance with the
Declaration of Helsinki.

Patients above 18 years of age, with an American
Society of Anesthesiologists (ASA) score of I-IIl, who were
candidates for elective surgery, and whose BMI was >35 kg/m?

Correlation between neck circumference and obesity type with difficult intubation
V'S

JOSAM ¢

were included in the study to investigate whether the neck
circumference and obesity type constituted risk factors for
difficult intubation in obese patients. The patients were operated
under general anesthesia and underwent endotracheal intubation.
Before the surgery, the patients were informed about the
measurements and tests that would be performed on the face and
neck, and they gave their informed consent. Patients with a
history of cervical spine anomaly or trauma, congenital facial
anomaly or trauma affecting this region, those who would
undergo emergency surgery, patients with a known history of
difficult airway or upper respiratory tract disease, and those with
planned awake intubation were excluded from the study. The
patients were evaluated by resident anesthesiologists before the
operation. Pre-anesthetic evaluations were made by assessing for
age, gender, physical condition according to the ASA, and the
presence of OSA. The patients underwent physical examinations
for height and weight measurements; the BMI was calculated on
the basis of height and weight of the patients. The Mallampati
score and thyromental distance assessments were noted. With the
help of a tape measure, the neck circumference was measured at
the level of the thyroid cartilage with the patient in neutral
position. Before induction, patients underwent
electrocardiogram, pulse oximetry, and noninvasive arterial
blood pressure monitoring. Preoxygenation was administered for
3 minutes. Operating tables were set in the ramp position. Mask
ventilation, performed with a face mask of appropriate size, was
evaluated using the Han Classification, and difficult intubation
was assessed with the IDS. Tracheal intubation was considered
successful when a capnography waveform was observed, and the
sounds of both lungs could be equally heard by auscultation.

Statistical analysis

For statistical analysis, the statistical software R version
2.15.3 (R Core Team, 2013) was used. The study data were
reported using minimum, maximum, mean, standard deviation,
median, first quartile, third quartile, frequency, and percentage.
The Shapiro—Wilk test and graphical reviews were used to check
whether quantitative data were normally distributed. The Mann—
Whitney U test was used for inter-group assessments of non-
normally distributed variables. Pearson’s chi-squared test,
Fisher’s exact test, and Fisher—Freeman—Halton exact test were
used to compare qualitative data. Multivariate logistic regression
analysis was performed to identify the factors affecting difficult
intubation. Statistical significance was set at P<0.05.

Results

The data associated with the patients included in our
study are presented in Table 1. The patients were between the
ages of 19 and 77 years, with a mean age of 45.87 (13.33) years.

The BMI values of the cases ranged from 35 to 60
kg/m? ~with an average of 43.79 (6.05) kg/m% neck
circumference ranged from 36 to 59 cm, with an average of
47.83 (6.41) cm; and thyromental distance ranged from 4.5 to 10
cm, with an average of 6.84 (1.13) cm. Neck circumference was
<42 cm in 18.8% of the cases (n = 16) and >42 cm in 81.8% (n =
69).

The Mallampati classification of the cases ranged from
1 to 4, with an average of 2.31 (1.13) and the Cormack-Lehane
grades ranged from 1 to 4, with an average of 1.96 (0.81). The
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number of intubation attempts made on the cases ranged from 1
to 4, with an average of 1.59 (0.82).

Table 1: Information on demographic features

Min-Max (Median)  Mean (SD)
Age 19-77 (45) 45.87 (13.33)
BMI 35-60 (43) 43.79 (6.05)
Neck circumference 36-59 (47) 47.83 (6.41)
Thyromental distance 4.5-10 (7) 6.84 (1.13)
Mallampati 1-4 (2) 2.31(0.93)
Cormaclehen degree 1-4 (2) 1.96 (0.81)
Number attempt 1-4 (1) 1.59 (0.82)

n %
Gender
Female 62 729
Male 23 27.1
DM
+ 50 58.8
- 35 41.2
HT
+ 50 58.8
- 35 41.2
OSA
+ 66 776
- 19 224
Neck circumference
<42 16 18.8
>42 69 81.2
Restricted neck movement
+ 67 78.8
- 18 21.2
Obesity type
Peripheral 20 23.5
Central 65 76.5
Ramp
No 0 0.0
Yes 85 100.0
Difficult Mask
No 47 56.0
Yes 37 44.0
Instrument used for intubation
Direct laryngoscope (DL) 57 67.1
DL+Guide 14 16.5
VL 11 129
VL+Guide 3 35
Intubation
Resident (experience <2 years) | 16 18.8
Resident (experience 2 years) 44 51.8
Specialist 25 29.4

Approximately 72.9% of the patients (n = 62) were
female and 27.1% (n = 23) were male.

Diabetes mellitus (DM) was present in 41.2% of the
cases, hypertension (HT) in 41.2%, and OSA in 22.4%.
Approximately 21.2% of the patients had limited neck mobility.
About 23.5% had peripheral obesity and 76.5% had central
obesity.

Ramps were used in all cases. Mask ventilation was
difficult in 44% of the cases.

Approximately 67.1% of the patients were intubated
with the Macintosh blade, 16.5% with the Macintosh blade and
guide, 12.9% with a video laryngoscope, 3.5% with a video
laryngoscope and guide.

There was no difference in the age of the patients in
terms of intubation difficulty (P>0.05). A significant difference
was found in the patients’ BMI, neck circumference, thyromental
distance, Mallampati classifications, and Cormack—Lehane
grades in terms of intubation difficulty (P<0.001, P<0.001,
P<0.001, P<0.01, P<0.01, respectively). Patients who
underwent difficult intubation had lower thyromental distance
but greater BMI, neck circumference, Mallampati classification,
and Cormack—Lehane grade. There was no significant difference
in the percentage of intubation difficulty in terms of gender, DM,
HT, OSA, and neck circumference (P>0.05).

The percentage of intubation difficulty was higher in
patients with neck circumferences >42 cm, limited neck
mobility, presence of central obesity, and difficult mask
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respectively). The cut-off values associated with difficult
intubation were established for BMI, neck circumference,
thyromental distance, Mallampati classification, and Cormack—
Lehane grades. According to the evaluations, these cut-off values
were >46 kg/m? for BMI, >50 cm for neck circumference, <6.5
cm for thyromental distance, >2 for Mallampati classification,
and >2 for Cormack—Lehane grade.

Multivariate logistic regression analysis was performed
to identify the factors affecting difficult intubation (Table 2).
Intubation difficulty was included in the analysis as a dependent
variable, and BMI, neck circumference, thyromental distance,
Mallampati classification, Cormack-Lehane grade, restricted
neck mobility, obesity type, and mask ventilation difficulty were
included as independent variables. The model derived from the
analysis performed using the backward elimination method was
statistically ~ significant  (x’=73.640, P<0.001).  Neck
circumference, thyromental distance, Mallampati classification,
and Cormack-Lehane grade were found to have significant
effects in the model. A neck circumference of >50 cm increased
the risk of difficult intubation 8.323 times [odds radio (OR)
(95% confidence interval (Cl)) = 8.323 (1.175, 58.970);
P=0.034]. A thyromental distance of <6.5 cm increased the risk
of difficult intubation 40,475 times [OR (95% CI) = 40.475
(3.227, 507.637); P=0.004]. A Mallampati classification score
>2 was increased the risk of difficult intubation 16,129 times
[OR (95% CI) = 16,129 (1.606, 161.967); P=0.018]). A
Cormack-Lehane grade >2 increased the risk of difficult
intubation by a factor of 13.449 [OR (95% CI) = 13.449 (1.294,
139.827); P=0.030].

Table 2: Comparisons for difficult intubation

Difficult Intubation Test P-value
No Yes value
Median Median
(Q1.Q3) (Q1,Q3)
Age 47 (385,56.5) 43 (37, 50) -1.410 %0.159
41 (38,45.25) 50 (47, 51) 4.008 2<0.001*
BMI
Neck Circumference 45 (41.25, 53 (51, 57) 4.897 <0.001*
48.5)
Thyromental distance 7 (6.75, 8) 6 (5.5, 6) 5.293 4<0.001*
Mallampati 2(1,2) 3(3,3) 5.595 3<0.001*
Cormaclehen level 2(1,2) 3(2,3) 6.054 <0.001*
n (%) n (%) Test P-value
value
Gender 1.435 0.231
Female 46 (74.2) 16 (25.8)
Male 14 (60.9) 9(39.1)
Diabetes Mellitus (DM) 1.713 0.191
DM (-) 38 (76) 12 (24)
DM (+) 22 (62.9) 13 (37.1)
Hypertension (HT) 0.392 €0.531
HT(-) 34 (68) 16 (32)
HT(+) 26 (74.3) 9(25.7)
Obstructive Sleep Apnea 1.899 0.168
(OSA)
OSA(-) 49 (74.2) 17 (25.8)
OSA(+) 11 (57.9) 8 (42.1)
Neck circumference (cm) 8.213 °0.002*
<42 16 (100) 0(0)
>42 44 (63.8) 25 (36.2)
Restricted Neck Mobility 11.053 0.001*
(RNM)
RNM(-) 53 (79.1) 14 (20.9)
RNM(+) 7(38.9) 11 (61.1)
Obesity type 4.747 0.029*
Peripheral 18 (90) 2 (10)
Central 42 (64.6) 23 (35.4)
Face Mask Difficulty 33.850 °<0,001*
Difficult(-) 46 (95.8) 2(4.2)
Difficult(+) 14 (37.8) 23 (62.2)

@ Mann-Whitney U test, results are presented as median (first quartile, third quartile), °
Fisher’s exact test, ° Pearson chi-square test, * P<0.05

_ventilation (P=0.002, P=0.001, P=0.029, and P<0.001,
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Discussion

The number of obese patients undergoing elective
emergency operations is increasing with every passing day.
Difficult intubation and difficult mask ventilation defined as
difficult airways are observed at increased rates in obese and
morbidly obese patients. In our study, we determined that neck
circumference, thyromental distance, Mallampati classification
and Cormack-Lehane grade are independent risk factors for
difficult intubation in obese patients.

There is conflicting evidence in the literature about the
relationship between obesity and difficult tracheal intubation
[17]. Although Butler et al. [18] found the Mallampati
classification to be useless in evaluating preoperative intubation
difficulty in their study, there are other studies showing that the
Mallampati test is a more valuable predictor when supported by
other airway assessment tools. Ittichaikulthol et al. [19] found
the modified Mallampati test alone to have low sensitivity and
specificity as a predictor of difficult intubation, but they reported
that the combined use of thyromental distance and modified
Mallampati test yielded significant results. Shailaja et al. [20]
and Ozdilek et al. [21] showed that a score of IlI-IV in
Mallampati classification in obese patients is a predictor of
difficult intubation. In our study, we found that the Mallampati
classification was an independent risk factor for difficult
intubation in obese patients, and that the risk of difficult
intubation increased 16.129 times when the Mallampati score
was >2.

There are different interpretations in the literature as to
whether obesity alone is a risk factor for difficult intubation [22].
While some studies failed to associate obesity and BMI with
difficult intubation, others concluded that obesity increases the
risk of difficult intubation [12, 23]. The reason for this difference
is that there is no universal definition of difficult tracheal
intubation and there is no linear relationship between BMI and
difficult intubation and the threshold value for BMI. Lundstrom
et al. [2] reported that a BMI >35 kg/m? is an independent risk
factor for difficult and unsuccessful intubation. In their study
which compared normal-weight and obese patients (n = 263),
Juvin et al. [16] found that the rate of difficult intubation was
higher in obese patients. In contrast, Brodsky et al. studied 100
morbidly obese patients and stated that obesity is not an
independent risk factor for difficult intubation [10]. Riad et al.
[17] showed that a high BMI is an independent predictor for
difficult intubation in a study conducted in 2016, and they
reported that a BMI higher than 50 kg/m? increased the risk of
difficult intubation five times. In a meta-analysis by Shiga et al.,
the risk of difficult intubation was three times higher in morbidly
obese patients than in normal-weight patients [12]. In contrast,
Neligan et al. [13] and Brodsky et al. [10] did not find a
relationship between morbid obesity and difficult intubation. In
our study, we found that a BMI value higher than 46 kg/m?® was
significant for difficult intubation in obese patients.

OSA is a risk factor for difficult mask ventilation and
difficult intubation in obese patients. Considering the high
closing pressure of the pharyngeal airway in OSA patients, this
association is easily understood [24]. Some studies in the
literature showed high rates of OSA in patients with difficult
tracheal intubation. Siyam et al. [25] and Kim et al. [26] showed

Correlation between neck circumference and obesity type with difficult intubation
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that tracheal intubation with direct laryngoscopy is more difficult
in OSA patients than in patients without OSA, but no
comparison was made between the BMIs of the patients in these
studies.

There is limited data and conflicting evidence in the
literature regarding the relationship between neck circumference
and difficult intubation. In addition, the cut-off value for neck
circumference, which may be associated with difficult
intubation, has not been exactly established [17]. In addition to
publications stating that neck circumference alone is not a
significant predictor for difficult intubation, Gonzalez et al. [7]
conducted a study with 70 morbidly obese and 61 non-obese
patients, in which intubation was categorized as difficult at IDS
>5 and not difficult at IDS = 5 and below, and they found that a
neck circumference of >43 cm increased the risk of difficult
intubation in both obese and non-obese patients. Langeron et al.
[21] also emphasized that a neck circumference of >43 cm is a
risk factor for difficult intubation. In their study conducted in
2002, Brodsky et al. [10] reported that neck circumference is an
independent risk factor for difficult intubation and that the risk of
difficult intubation increases seven times as the neck
circumference increases from 40 cm to 60 cm. Riad et al. [17]
conducted a study with 104 morbidly obese patients in 2016 and
showed that neck circumference >42 cm was an independent risk
factor for difficult intubation, and it increased the risk of difficult
intubation five times. Contrary to these studies, in their study
conducted with 180 obese patients in 2009, Neligan et al. [13]
stated that neck circumference was significant in the prediction
of difficult laryngoscopy but was not useful in the prediction of
difficult intubation. However, in their study conducted with 120
obese patients in 2018, Ozdilek et al. [21] reported that neck
circumference was not a risk factor for difficult mask ventilation
or for difficult laryngoscopy. In line with studies using
ultrasound measurement, which reported that large neck
circumference contributes to difficult intubation due to fat
deposition in the anterior soft tissue of the neck, Raju Vegesna et
al. [27] showed that neck circumference has the highest
significance as a parameter in terms of difficult intubation [28].
In their study that compared 123 obese and 125 non-obese
patients, Kim et al [26] found that  neck
circumference/thyromental distance ratio is a better predictor of
difficult intubation than the Mallampati classification or neck
circumference measurement alone. Consistent with the studies by
Brodsky et al. [10] and Riad et al. [17], our study found that neck
circumference was an independent risk factor for difficult
intubation in obese patients, and neck circumference >50 cm
increased the risk of difficult intubation eight times.

There are some studies in the literature claiming that
BMI cannot distinguish between adipose tissue and lean body
mass; therefore, a high BMI alone is not significant for obesity
and accompanying complications. These studies stated that
obesity pathology is closely related to body fat distribution [4,
29-31]. These views emphasize that what matters is not the
patient’s actual BMI, but visceral adiposity, which defines where
this excess weight is stored. Whether a person has an apple- or
pear-shaped body morphology matters. Apple-shaped individuals
have proportionally more abdominal fat, a case defined as central
obesity. Many studies have found them to be at higher risk for
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perioperative  complications [31, 32]. Although waist
circumference and BMI are related to each other, it has been
frequently stated in the literature that waist/height ratio (central
obesity) means a higher risk rate in terms of type 2 diabetes,
dyslipidemia, HT, and cardiovascular diseases [32]. However,
there are very limited data in the literature on the relationship
between obesity type and difficult airway/difficult intubation. In
a study examining the effects of morbid obesity on the difficult
airway, it was found that the risk of difficult intubation is higher
in males than in females because most morbidly obese women
carry excess weight on their hips and thighs (classical “pear”
shape), whereas morbidly obese men carry excess weight on
their trunks and abdomen. They also reported that morbidly
obese men have more pretracheal fat mass and larger back fat
pads, resulting in anatomical changes in the upper neck and
airway that increase the risk of difficult intubation. This view is
supported by some studies suggesting that there is a significant
relationship between neck circumference and central obesity and
that the height of the neck circumference is an indicator for
central obesity. The multivariate logistic regression analysis
performed in this study showed that central obesity type is not an
independent risk factor for difficult intubation but has a
significant association with difficult intubation.

Limitations

One of the limitations of our study was the inability to
standardize the evaluation of patients in terms of difficult
intubation owing to the different levels of education, skill, and
experience of the anesthetists who performed intubation.

Secondly, our use of a video laryngoscope as the first
choice instead of the Macintosh blade in some patients who were
believed to be at high risk for difficult intubation may have
resulted in a failure to make objective evaluations among
patients in defining difficult intubation.

In addition, because there are few studies examining
whether the type of obesity is significant in terms of difficult
intubation in obese patients, we believe that new studies with a
larger number of patients should be performed by a single

anesthesiologist and practitioner following standardized
techniques.
Conclusion

Thus, the findings of this study showed that BMI, neck
circumference, thyromental distance <6.5 cm and Mallampati
classification >2 are important predictor factors in morbidly
obese patients. These important measurements should be
evaluated in the pre-anesthesia examination for possible difficult
intubation.
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Abstract

Background/Aim: Closure of anterior tympanic membrane perforation is surgically demanding with high
rates of graft failure. The anterior tab flap (ATF) technique is a modification of underlay tympanoplasty
which claims higher success rates for repairing anterior and subtotal perforations. Our main aim was to
compare graft take rates of ATF and underlay techniques in anterior tympanic membrane perforations.
Method: In this retrospective cohort study, 41 patients with anterior tympanic membrane perforations who
underwent tympanoplasty at a tertiary referral center were analyzed. The patients were grouped according
to the technique used. Demographic, clinical, and follow-up information as well as preoperative and
postoperative 6"-month audiometric data were collected and compared between the groups.

Results: Four patients were lost to follow-up. Eighteen patients in the ATF arm and 19 patients in the
underlay arm were compared. Graft take rates were 94.4% in the ATF group and 73.7% in the underlay
group (P=0.180). An air conduction threshold average of <30 dB was observed in 76.5% in the ATF group
and 63.1% in the underlay tympanoplasty group (P>0.05). The postoperative ABG of the ATF and
underlay group patients were less than 20 dB in 76.5% and 78.9%, respectively (P>0.05). No graft
lateralization, anterior blunting, or cholesteatoma were observed.

Conclusion: ATF is a safe and effective technique with a higher success rate for repairing anterior
tympanic membrane perforation.

Keywords: Anterior tab flap, Tympanoplasty, Anterior pull-through, Kerr flap, Underlay

ﬁ How to cite: Mutlu F, Durmus K, Oztiirk M, Deger HM. Comparison of anterior tab flap and underlay tympanoplasty techniques in anterior tympanic membrane perforations. J Surg ]

Med. 2021;5(9):917-920.

Page |917



Surg Med. 2021;5(9):917-920.

J

Introduction

Tympanoplasty is one of the widely performed and
understood otologic procedures over the years [1]. Maintaining a
healthy middle ear cleft and restoration of hearing are its main
goals. Although graft take rates are high for posterior and central
perforations, anterior tympanic membrane perforation is
clinically challenging for surgeons. The absence of medial
support mechanism for grafts, relatively less vascularity of the
region, scarcity of anterior epithelial reserve, and poor exposure
are the main reasons for graft failure in anterior tympanic
membrane perforations [2-3].

Several different tympanoplasty techniques and
modifications were described to establish an intact tympanic
membrane for anterior perforations. The underlay technique is an
easy to perform and less time-consuming method that is
commonly used throughout the world. The absence of reliable
support and resulting graft medialization is the main drawback of
the underlay technique [4-5]. To prevent anterior reperforations
and decrease graft medialization, the anterior tab flap (ATF)
method, a modification of the underlay technique was advocated
with higher success rates. In this modification, the tip of the graft
is anchored to a 1-2 mm tunnel created lateral to the anterior
fibrous annulus and external auditory canal wall skin [5-7].

This study aimed to compare graft take rates of the ATF
and underlay techniques in anterior tympanic membrane
perforations.

Materials and methods

The patients with anterior tympanic membrane
perforations operated on between 2015-2019 in a tertiary referral
center were the subjects of this study. After institutional review
board approval was granted from the Kocaeli University Ethics
Committee of Non-invasive Clinical Research on 11/12/2019
with the number of GOKAEK 2019/349, a retrospective chart
review was performed. Data regarding the preoperative and the
postoperative 6"™-month air conduction thresholds (ACT), bone
conduction thresholds (BCT), air-bone gaps (ABG), the
postoperative 6"-month tympanic membrane status, surgical
technique, operative details, and follow-up information were
collected.

We included the patients with perforations affecting
more than 30% of the whole tympanic membrane, with a
perforation margin to the anterior fibrous annulus of less than 1
mm. All procedures were performed under general anesthesia
using an operating microscope through a retroauricular approach.
Temporalis muscle fascia and conchal cartilage with one-sided
perichondrium were used as graft materials. Patients with
cholesteatoma or retraction pockets were excluded, but those
with ossicular chain discontinuity were included in the study.

The decision of the technique to be used was made
intraoperatively. The underlay technique was used in patients
with a clear view and access to the anterior tympanic membrane
remnant. The ATF technique was preferred in patients with less
than 1 mm anterior tympanic membrane remnant after
disepitelization or anterior marginal perforations with an
unhindered view of the anterior tympanomeatal angle.

Management of anterior tympanic membrane perforations
V'S

JOSAM ¢

ATF Technique

The ATF technique is well described in the literature [6-
8]. The retroauricular approach is preferred in our clinic to
increase the exposure of the anterior tympanomeatal angle and
the anterior extent of the perforation. Temporalis muscle fascia
and conchal cartilage with the perichondrium are harvested
routinely. The edges of the perforation are refreshed. During
tympanomeatal flap elevation, the manubrium of the malleus is
carefully freed from the membrane. Sclerotic plaques which are
close to the perforation and the larger ones causing hearing
impairment are removed. Ossicular movement is controlled at
this step and ossiculoplasty is performed if required. A 2-mm
anterior stab incision 2 mm lateral to the annulus is made on the
anterior meatal skin usually at the 2 to 4 o’clock position in right
ears and the 8 to 10 o’clock position in the left ears. An anterior
meatal tunnel is created deep into the annulus, carefully
preserving the fibrous annulus, and the middle ear is entered.
Temporalis fascia graft is fashioned according to the perforation,
leaving an anterior tab, or pointed tip to be delivered through the
meatal tunnel. Temporalis fascia graft is then positioned under
the tympanomeatal flap over the manubrium of the malleus. The
anterior tab portion is placed near the anterior meatal tunnel and
pulled through the tunnel with micro-suction tubes, alligator
forceps, or right-angled hooks. This maneuver anchors the fascia
graft anteriorly. To further support the temporalis fascia
medially, a thinned cartilage perichondrium composite graft of 5
mm is positioned on the malleus handle under the fascia graft
and dry gel foam is placed into the anterior mesotympanum to
further support the grafts medially. The tympanomeatal flap is
then placed back into the anatomic position and stabilized
laterally with gel foam soaked in antibiotic solution. The incision
is closed in layers, antibiotic-coated ribbon gauze is inserted in
the ear canal, and a standard pressure dressing is applied.

Underlay Technique

The underlay technique used in our clinic for anterior
perforations is similar to the classical underlay technique [6].
The difference is the release of the malleus handle from the
tympanic membrane to use for medial support. Temporalis fascia
graft is placed over the manubrium of the malleus under the
tympanomeatal flap. In this approach, a larger (~6-8 mm)
cartilage perichondrium composite graft is positioned onto the
malleus handle to support the fascia graft anteriorly. Also, dry
gel foam is inserted into the anterior mesotympanum to support
both grafts medially. The rest of the procedure is the same in
both techniques.

Patients are called for routine control visits on the 2"
postoperative day, first week, 3" week, 2" month, and 6™ month.
Ribbon gauze in the ear canal is removed on the 2" day and the
patients start using 0.3% ciprofloxacin and 0.1% dexamethasone
ear drops three times a day for 3 weeks. Stitches are removed at
1 week postoperatively. Tympanic membrane repair is expected
at the 3™ week but hearing status is evaluated at 2" and 6"-
month postoperative controls.

Audiologic Assessment

Patients’ audiometry tests were performed per the ISO
standards within a maximum of one month before the surgery,
and at the last control after surgery (Audiometer: Interacoustic,
AC40, Denmark). ACT, BCT, and ABG are evaluated at 500,
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1000, 2000, and 4000 Hz. An ABG within 20 dB, or a hearing
level within 30 dB considering the average pure tone thresholds
of 500, 1000, 2000 Hz, 4000 Hz, are considered functional
hearing success [1].

Statistical analysis

IBM SPSS statistics 21 (IBM Corp, Armonk, NY)
software was used for data analysis. The chi-square test was used
to compare graft take rates and hearing improvement. Odds ratio
(OR) and 95% confidence intervals (CI) were given in
parenthesis. Shapiro-Wilk test was used for the analysis of
normality. ABG closure rates were evaluated using related
samples Wilcoxon signed-rank test. P-values of less than 0.05
were considered significant.

Results

Forty-one patients with anterior tympanic membrane
perforations were operated on between 2015-2019 in our tertiary
referral center. All patients had chronic tubotympanic otitis
media with anterior tympanic membrane perforation. Of these
patients, four were lost to follow-up, so 37 patients were
included in the study. Nineteen patients underwent underlay
tympanoplasty, and 18 patients underwent ATF modification of
underlay tympanoplasty.

In the ATF group, the median age of 18 patients was
30.4 (20.8, 43.8) years. The female to male ratio was 8/10.
Tympanoplasty was performed on the right ear in 11 cases and
on the left ear in 7 patients. Four patients were revision cases,
previously operated with other techniques, but perforation
persisted. The ossicular chain was mobile in 16 patients and
immobile in 2. In one of these immobile ossicular chain patients,
the incus was removed, and a partial ossicular replacement
prosthesis was inserted between the cartilage composite graft and
stapes head for hearing restoration. The incus lenticular process
and stapes suprastructure were eroded in the remaining patient,
and a total ossicular replacement prosthesis was positioned on
the mobile footplate.

In the underlay group, the female to male ratio was 12/
7, and the median age of 19 patients was 35.0 (26.0-48.0) years.
The right to left ear ratio was 8/11. Three cases were revision
surgeries. The ossicular chain was mobile in 17 patients. The
lenticular process was eroded and incudostapedial conduction
was ensured with glass-ionomer bone cement in one patient. In
the other one, the incus was removed and malleostapedopexy
was performed. Malleostapedial connection was established with
the glass-ionomer bone cement. The clinical data of both groups
are given in Table 1.

Table 1: Clinical summary of both groups

| Anterior tab flap group
Number of patients 18

Underlay group  P-value
19

Age 30.4 (20.8,43.8) 35.0(26.0,48.0) 0.461
Female to Male Ratio | 8/10 12/7 0.343
Right Ear/Left Ear 117 8/11

Revision Surgery 4 3

Ossiculoplasty 2 2

Graft take rate 17/18 (94.4%)
Age is presented as median (25-75%).

The average follow-up time was 18 months in the ATF
group and 9 months in the underlay group. Graft take rates were
17/18 (94.4%) in the ATF group and 14/19 (73.7%) in the
underlay group. No statistical difference was found between the
two groups in terms of graft success rate (P=0.180). One of the

14/19 (73.7%)
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graft failure patients in the ATF group was re-operated for slit-
like re-perforations, and complete tympanic membrane closure
was achieved afterward. One of five patients with postoperative
defective graft in the underlay group was re-operated, but the
perforation persisted. None of the patients exhibited graft
lateralization or anterior blunting. Two patients in the ATF group
and one patient in the underlay group had a postoperative
purulent discharge. These infections had resolved with
appropriate care and antibiotics. After the treatment, complete
tympanic membrane closure was achieved in all 2 patients in the
ATF group, however, perforation persisted in the infected ear in
the underlay group. The patient in the underlay group did not
agree to a revision.

One cochlear implant candidate patient was not
evaluated for hearing statistics. In terms of hearing status, the
median of the average of 500-1000-2000-4000 Hz preoperative
ACT and BCT values were 32.5 dB and 10.0 dB, respectively, in
the ATF group, versus 42.5 dB and 15.0 dB, respectively, in the
underlay group (Table 2). The median of sixth-month
postoperative air and bone conduction thresholds were 22.5 dB
and 11.3 dB, respectively, in the ATF group versus 23.8 dB and
16.3 dB, respectively, in the underlay group. The differences in
the ACT were significantly better in both groups. The BCT
levels did not deteriorate statistically. The preoperative and
postoperative median of the ABG in the ATF group were 22.5
and 12.5, respectively (P=0.023). The preoperative and
postoperative median of the ABG in the underlay group were
25.0 and 12.5, respectively (P=0.003). One patient in the ATF
group was operated on to prepare for cochlear implantation, so
she was excluded from hearing assessment.

Table 2: Audiological outcomes of both groups

\ Pre-operative
Anterior Tab Flap Group (N=17) ACT | 32.5 (30.0-40.0)
BCT | 10.0 (8.1-16.3)
ABG | 22.5 (18.1-29.4)
Underlay Group (N=19) ACT | 42.5 (26.3-50.0)
BCT | 15.0 (8.8-25.0)
ABG | 25.0 (17.5-32.5)

Post-operative
22.5(18.1-30.0)
11.3(7.5-17.5)
12.5 (3.8-18.8)
23.8 (18.8-40.0)
16.3 (8.8-23.8)
12.5 (3.8-18.8)

p value
0.031
0.118
0.023
0.004
0.135
0.003

Median and range values of 500-1000-2000-4000 Hz pure tone audiometry and air-bone gap results are
presented in the table (Unit: dB). ACT: Air-Conduction Threshold, BCT: Bone-Conduction Threshold,
ABG: Air-Bone Gap

Air conduction threshold of under 30 dB was reached in
76.5% in the ATF group, and 63.1% in the underlay
tympanoplasty group (P>0.05). The ATF and underlay group
patients had postoperative ABGs less than 20 dB in 76.5% and
78.9% (P>0.05). No difference for functional hearing success
was detected among the groups (P=0.586, OR: 1.15, 95% CI:
0.24-5.56).

Analyses of the preoperative and postoperative ABG
closure rates alone demonstrated a significant difference in the
underlay group (pre-op ABG: Median: 25, interquartile range: 19
vs post-op ABG: Median: 15, interquartile range: 12) (P=0.031).
However, the decrease in ABG was not significant in the ATF
group (pre-op ABG: Median: 23, interquartile range: 9 vs post-
op ABG: Median: 13, interquartile range: 14) (P=0.083).

Discussion

Tympanoplasties for anterior tympanic membrane
perforations are surgically demanding, thus, surgical approaches
have lower closure rates compared to other perforations [1-2].
Reasons for graft failure include scarcity of vascular supply,
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difficulty in access, and lack of medial support for the graft [2].
Many different techniques and modifications of underlay and
overlay tympanoplasties have been described with increased
graft survival in anterior tympanic membrane perforations [2-3].
The ATF technique is one of the modifications of the underlay
technique described to solve this problem. In this technique, a
small tab of fascia is anchored to the anterior wall to provide
durability for the graft while preserving the anterior acute
tympanomeatal angle.

The proposed technique was first introduced by Bailey
in 1976 [6]. In his underlay fixation technique, small tongues of
the fascia graft were drawn under the fibrous annulus both
superiorly and anteriorly through 2-4 mm tunnels on the anterior
bony canal wall. In 1986, Primrose and Kerr defined the anterior
hitch method for anterior marginal perforations [7]. This method
was a modification of the underlay fixation technique using only
one anterosuperior tunnel. Sharp et al. exercised the Kerr flap in
47 patients with a 97.5% graft take rate [8]. Later in 1996, Kerr
published his series with a 100% success rate in 20 patients [9].
Instead of creating an anterior tunnel, Harris et al. [5] made the
anterior incision just lateral to the annulus. With their anterior
pull-through technique, they reported an 84.6% perforation
closure rate in 13 patients. They proposed that performing this
modification was easier and less time-consuming than the
anterior hitch method.

Our experience with the ATF method was similar to the
previous reports [5,8,9]. In contrast to overlay techniques,
creating a small tunnel on the anterior wall did not cause anterior
blunting. The decision to do underlay or ATF can be made
intraoperatively, just before trimming the fascia. Indeed, the ATF
method requires more time and experience [5,7]. We believe
creating a 2 mm tunnel provides more support for the graft and
pulling the anterior tab through the tunnel is not very difficult.
However, in cases with obstructed views of the anterior tympanic
annulus due to anterior bony overhang or anatomical reasons, the
ATF method may not be feasible. Although this technique can be
used in the transcanal, endaural, and postauricular approaches,
the postauricular route provides a better view of the anterior wall
and more mobility to the surgeon [6].

In the literature, 84.6% to 100% graft take rates were
published with the ATF method [5, 7-11]. However, there is only
one study comparing the ATF method with the underlay
techniques. In this random prospective clinical trial, D’Eredita
and Lens [11] compared the ATF technique with standard
underlay myringoplasty in children. The closure rate at 2 years of
follow-up was 93.2% in the ATF technique and 84.6% in the
underlay technique. Although they achieved insignificantly
better results with the ATF technique, their results were not
limited to anterior perforations. In anterior perforations, they still
achieved better results with the ATF technique (91.3% vs 78.9%)
[11]. Our results were consistent with this study (94.4% in the
ATF arm and 73.7% in the underlay tympanoplasty arm).

The most common graft failure in our underlay group
was medialization of the anterior border of the cartilage. If this
medialization occurs without fascia or pericondrium on the free
margin, it is difficult to restore.
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The main drawbacks of our study were the small sample
size, lack of randomization, and non-homogeneity of the groups
in terms of ABG and ossicular problems.

Conclusion

ATF is a safe and effective technique for repairing
anterior tympanic membrane perforations. None of the patients
had anterior blunting or graft lateralization at 18 months follow-
up. Although insignificant, higher graft take rates were achieved
with the ATF technique compared to underlay tympanoplasty.
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Introduction

Deep venous thrombosis (DVT) has a wide range of
symptoms. If asymptomatic, it is defined as subclinical DVT. It
may cause mortality due to a pulmonary embolism. Venous ulcer
and postphlebitic syndrome may occur in untreated patients.
Cancer, postoperative long-term bed dependency, sedentary
lifestyle, advanced age, obesity, tobacco use, organ failure,
neurological diseases, hereditary causes, increased platelet count,
and increased red blood cell distribution width may have a
predisposing effect [1, 2]. In the Caucasian race, which includes
Turkey, DVT cases are observed at a rate of 50-124/100,000 per
year [3]. Innovations are needed in the prevention, diagnosis,
follow-up, and treatment of DVT because it is a very common
disease with high morbidity and mortality due to venous
thromboembolism [4]. There are many treatment methods of
DVT, including interventional techniques. However, no studies
are comparing these methods with each other in terms of
vascular endothelial damage. The absence of endothelial damage
is essential for the effectiveness of the treatment and prevention
of recurrence. In this study, a comparison was made between
mechanical thrombectomy and the ultrasonic intravascular
thrombectomy system in terms of endothelial damage.

Materials and methods

The study was initiated after the approval was granted
by Sivas Cumhuriyet University Animal Experiments Local
Ethics Committee with the decision numbered 65202830-
050.04.04-319. The study was conducted on a total of three
groups and twenty-four rabbits. There were eight rabbits in each
group (New Zealand white rabbits, 6-8 months old, males
weighing 3.2-3.5 kg, females weighing 2.75-3 kg). The rabbits
were housed in equally sized cages and at a constant temperature
of twenty degrees, in a laboratory environment capable of
receiving twelve hours of the night and twelve hours of daylight.
Standard rabbit food was used in all rabbits and their water was
changed every other day. 90 mg/kg subcutaneous ketamine and 3
mg/kg intraperitoneal xylazine were administered to the animals
for anesthesia before surgical applications.

Group 1: No procedures were performed on the animals
in this group. At the end of the experiment, iliac vein samples
were obtained after sacrification.

Group 2: DVT was created in the iliac vein and a
mechanical thrombectomy was performed. At the end of the
experiment, iliac vein samples were obtained after sacrification.

Group 3: DVT was created in the iliac vein and
thrombectomy was performed with the ultrasonic intravascular
thrombectomy system. At the end of the experiment, iliac vein
samples were obtained after sacrification.

Acute DVT was induced in each study group by
catheter-mediated fibrin application previously described by Itoh
et al. [5]. The common iliac vein was thrombosed with a fibrin-
coated catheter of 0.9 mm in diameter. In the study of Itoh et al.,
thrombosis was observed to start approximately within 2 minutes
after fibrin administration and reached the desired level at the
20" minute. Therefore, thrombectomy began 1 hour after
thrombosis developed. Surgical procedures were performed
under general anesthesia and per the ethical rules. The iliac veins
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of the animals were explored and a thrombectomy was
performed so that both the thrombectomy catheters were visible
and manually felt. A mechanical thrombectomy catheter (Fogarty
catheter) and an ultrasonic intravascular thrombectomy system
catheter (Mavera Medical Devices Inc.) were used for
thrombectomy. The samples removed after the animals were
sacrificed were evaluated histopathologically and comparisons
were made separately for each group.

Histopathological method

The common iliac vein tissues were fixed in 10%
neutral formalin solution and embedded in paraffin blocks after
routine alcohol-xylol procedure. The 5 p sections on the
polylysine slides were stained with hematoxylin-eosin, the size
of the thrombotic mass was evaluated under a light microscope,
and the damage to the endothelium was evaluated as shown in
the table (Table 1).

Table 1: Histopathological scoring system of endothelial damage
Histopathological Score

Thrombus in the entire lumen (3)
Thrombus in half of the lumen (2)
Thrombus in a quarter of the lumen (1)
No thrombus (0)

Statistical analysis

The data were analyzed with the SPSS 20.00 program
(StataCorp LP, College Station, TX, USA). The difference
between the groups was determined by the Kruskal Wallis test,
one of the nonparametric tests, and the differing group was
assessed with the Mann Whitney U test. A P-value of <0.05 was
considered statistically significant.

Damage to the entire endothelium (3)
Damage to half of the endothelium (2)
Damage to the quarter of the endothelium (1)
No damage (0)

Results

Statistically significant differences were found between
the groups in terms of both thrombosis and endothelial damage
in the common iliac veins (Table 2).

Table 2: Statistical comparison of groups according to results

Groups ‘ Thrombosis  Endothelial
Damage

Group 1 (Control group) 0.16(0.40)c  1.33(0.51)b

Group 2 (Mechanical thrombectomy group) 2.16(0.40)a  2.16(0.40)a

Group 3 (Ultrasonic intravascular thrombectomy 1.16(0.40)b  2.16(0.40)a

system group)

Statistical Significance (P-value) <0.05 <0.05

Table 3: Differences between the groups in terms of endothelial damage in the post-hoc
Dunn test (Std: Standard)

Sample 1-Sample 2 Test Std. Std. Test P-
Statistic Error Statistic value

Ultrasonic intravascular thrombectomy 1.063 4.464 0.238 0.812

system vs. the control group

Mechanical thrombectomy vs. the control | -18.937 4.464 -4.242 0.000

group

Ultrasonic intravascular thrombectomy -20.000 4.464 -4.480 0.000

system vs. mechanical thrombectomy

The lumen of the iliac vein was completely covered
with a thrombotic mass in the mechanical thrombectomy group,
and leukocyte infiltration was observed in the thrombotic mass.
The ultrasonic thrombectomy group had a mild thrombotic mass
and mild leukocyte infiltration, while no thrombotic mass was
found in the control group. In the ultrasonic thrombectomy
group, the wvascular endothelial structure had a normal
histological —appearance, whereas in the mechanical
thrombectomy group, moderate degeneration and desquamation
were observed in the vascular endothelial cells. There was no
endothelial injury in the control group (P<0.001) (Figure 1)
(Table 3).
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Figure 1: Common iliac vein sections stained with hematoxylin-eosin, light microscope
images showing thrombotic masses and endothelial damage
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Discussion

Although venous thrombosis can be seen in any vein,
lower extremity DVTs cause life-threatening complications such
as pulmonary thromboembolism and postphlebitic syndrome
more often. DVT, seen at a rate of 1% in older ages, is most
common in the lower extremities and pelvic veins [6]. The
postphlebitic syndrome is seen in 5-10% of the lower extremity
DVT patients [7].

Symptoms begin to appear in most patients shortly after
thrombosis develops. The first 2 weeks are considered acute
DVT, 2-4 weeks, subacute DVT, and >4 weeks, it is defined as
chronic DVT. DVT treatment can also vary depending on the
stage of the disease. Medical, interventional, and surgical
methods are used according to the stage of the disease.
Commonly used interventional treatment methods include
mechanical thrombectomy, aspiration thrombectomy,
pharmacomechanical thrombectomy, and ultrasonic
thrombectomy [8, 9].

Each of the methods used to prevent postphlebitic
syndrome has a great advantage. All significantly reduce the
development of postphlebitic syndrome as a result of vein
recanalization [10-12]. These methods help not only to prevent
changes in the chronic phase but also to eliminate complaints in
the acute phase, reduce thrombus burden and shorten lysis time
[13-15]. In addition, they reduce hospital costs by preventing
long hospitalizations [16]. However, the use of significant
amounts of fibrinolytic agents in pharmacomechanical methods
increases the risk of bleeding [17].

Open surgical methods are still an option in the
treatment of acute DVT. Studies are reporting that it has a
reliability of close to 100% in preventing postphlebitic syndrome
[18]. All the methods and techniques listed can be used alone or
in combination [19, 20] in lower and upper extremity thrombosis
[21].

This study compared conventional —mechanical
thrombectomy and ultrasonic thrombectomy methods on a rabbit
DVT model in terms of thrombus load, presence of thrombus,
and endothelial damage. Based on our results, ultrasonic
thrombectomy was superior to conventional thrombectomy in
clearing the thrombus and reducing the thrombus load as well as
endothelial damage.

This study was designed to evaluate the early phase of
acute deep vein thrombosis. In daily life, most patients clinically

Atransform from acute deep vein thrombosis to chronic deep vein
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thrombosis. This shows that it is more effective to monitor long-
term results. The most important outcome expected in the early
period in the treatment of acute DVT is the reduction or
complete elimination of the thrombus load. Therefore, the lower
thrombus load in ultrasonic thrombectomy is an indication that
the device has the desired feature. In addition, minimal
endothelial damage in the ultrasonic thrombectomy group can be
considered a positive sign of long-term results.

Limitations

There are several limitations to our study. First, only
two of the thrombectomy methods were compared. The study
being an animal experiment limited the chance of a long-term
follow-up. In addition, clinical studies including long-term
follow-ups are needed.

Conclusion

We observed that the ultrasonic thrombectomy method
minimized early thrombus load and caused minimal endothelial
damage. These findings suggest that the ultrasonic
thrombectomy method can be successfully used in the treatment
of acute deep vein thrombosis.
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Abstract

Background/Aim: Many factors affect the results of a surgical operation, one of which is the harmony of
the materials used during surgery with the tissue. Zirconia is a material with antimicrobial properties, high
surface sensitivity and robustness. This study was conducted to observe the acute and subacute effects of
the nano-based zirconia surgical blade on living tissue.

Methods: The study was conducted after approval was granted by the Sivas Cumhuriyet University
Animal Experiments Local Ethics Committee with the decision number 65202830-050.04.04-33. A total of
16 rats were used in the study. Eight were incised with classic steel surgical blade and eight, with nano-
based zirconia surgical blade. A total of 4 incisions were performed to each rat and the incisions were
closed with 3.0 polypropylene suture. Tissue samples were obtained from the incisions on day 0, 3, 7 and
21, and examined histologically.

Results: The epidermis layer thickness on days 7 and 21 (P=0.030, P=0.025), the dermis layer thickness
on days 3 and 7 (P=0.035, P=0.030), muscle layer thickness on days 7 and 21 (P=0.030, P=0.025) were
significantly increased and inflammatory cells were significantly less on days 3, 7 and 21 (P=0.030,
P=0.020, P=0.025) in the nano-ceramic surgical blade compared to the other group. Collagen tissue
density was significantly higher in favor of the nano-ceramic blade on the 3™ and 7" days (P=0.025,
P=0.020).

Conclusion: Nano-based zirconia surgical blade has been shown to have positive effects on wound
healing. The use of nano-based zirconia surgical blade should be kept in mind in patient groups with
wound healing problems.
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Introduction

The final goals after a surgical operation are the rapid
and scarless healing of the wound, and the absence of infection.
The wound healing process depends on many factors [1]. Some
of these components are interchangeable and technological
advances have contributed positively to the wound healing
process. One of the disciplines contributing to these positive
developments is nanotechnology. With its advancement, the
design of the materials changed, their effectiveness increased,
and their advantageous properties have been brought to the fore.
Nano-based drugs, diagnostic and therapeutic tools have begun
to be used in clinical practice. It will be possible to use many
nano-based instruments in surgical operations in the near future.
One of the factors affecting wound healing is the features of the
instruments used in surgery. Today, many methods are used to
make a surgical incision, such as a conventional steel surgical
blade, laser, CO,, and electrocautery, with each having their
advantages and disadvantages. Our study is the first animal
experiment on nano-based zirconia surgical blade, but there are
publications of material science of this issue [2-4]. This study
aimed to investigate the histological changes in the surgical
wound created with a nano-based zirconia surgical blade in a rat
model.

Materials and methods

Animals

All experimental protocols were performed according to
the guidelines for the ethical procedures of experimental animals
and approved by the Sivas Cumhuriyet University local ethics
committee for laboratory animal care and use. Male/female
Wistar rats weighing 220-240 g were obtained from experimental
animal center of Sivas Cumhuriyet University. The animals were
kept under a 12-h-light-dark cycle in a room temperature of 20—
22 °C and a relative humidity of 50-65% and had free access to
standard laboratory food and water. After the back hair was
removed by a clipper, the rats were anesthetized with
intraperitoneal injection of ketamine (30 mg/kg, CEVA
SanteAnimale, Brussels, Belgium) and xylazine (10 mg/kg,
Rompun, Bayer Animal Health, Brussels, Belgium). For the first
3 days after surgery, each animal was administered ceftriaxone
sodium intramuscularly (30 mg/kg). In all rats, euthanasia was
performed under ketamine/xylazine anesthesia.

Experimental groups and treatments

The study was carried out after approval was granted by
Sivas Cumhuriyet University Animal Experiments Local Ethics
Committee with the decision number 65202830-050.04.04-33.
The animals were cared for and housed in the experimental
animal laboratory of Sivas Cumhuriyet University. A total of
sixteen rats were included, among which 8 were incised with
nano-based zirconia surgical blades (H2 Zzir Medikal,
Kiitahya/Turkey) (Figures 1-2) and eight, with classic steel
surgical blades (Braun, Tuttlingen/Germany), the latter
comprising the control group. A total of four incisions were
made on each rat, two to the right and two to the left, with 1 cm
to the middle part of the dorsum. A specimen was taken from the
near right side cranial incision for histological examination on
postoperative day 0, at the 12" hour. Three days after the first
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incision, a specimen was taken from the incision near the left
side. Seven days after the first incision, a specimen was taken
from the right caudal incision. Finally, after 21 days, the
specimen was taken from the caudal incision near the left side
for histological examination. All incisions were closed with
prolene sutures and daily dressings were performed with
standard povidone iodine solution. The procedure was performed
separately for each group and under general anesthesia. No rats
died during the procedures. On the 21st day, after the last tissue
samples were taken, all rats were sacrificed with high dose
anesthetic agents.

Figure 1: Nano-based ceramic surgical blade

Figure 2: Appearance of the surgical model of the study

Histological examination

Wound skin tissue samples were obtained from the
control and experimental groups on days 0 (12 h), 3, 7, and 21 by
a scalpel for histological observation. After a 36-hour fixation in
Bouin's solution, all the investigated tissues were embedded in
paraffin blocks, cut into 5-um-thick serial sections, mounted on
glass slides coated with poly-L-lysine, and subjected to
hematoxylin-eosin (HE; Thermo Fisher Scientific) staining for
morphological assessment.

Skin sections were examined for depth of epidermis,
dermis, and muscle layer at the center of each wound. Specific
features were used based on location and characteristics of the
layer to measure the thickness. The epidermis is the outermost
layer of the skin composed of keratinized, stratified squamous
epithelium. Directly lying beneath the epidermis and above the
subcutaneous layer is the dermis, which consists of connective
tissue, cellular elements, and ground substance. Inferior to the
subcutaneous layer is the muscle layer composed of mature
myocytes. In this study, dermis and subcutaneous layers were
evaluated together as a single layer due to thickness differences
between skin sections. The thicknesses of the layers were
measured using ImageJ software (ImageJ; National Institutes of
Health, Bethesda, MD). The percentage of each skin section
occupied by resident mononuclear cells was measured using the
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IHC Toolbox plug in for ImageJ software. Briefly, the numbers
of dark purple-colored pixels were identified with “color
deconvolution function” by separating the HE stains. It was
quantified and represented as a percentage relative to the total
number of pixels per skin section. Skin sections were also
stained with Masson’s trichrome to observe the site of collagen
deposition per skin section. The percentage of collagen was
calculated using the ImageJ software as described previously [5].
An algorithm was used to deconvolve the color information
acquired with stained sections. The number of blue colored
pixels was quantified and represented as a percentage relative to
the total number of pixels per skin section.

Statistical analysis

Statistical analysis was performed using the SPSS
(version 24.0, StataCorp LP, College Station, TX, USA)
software package. The Kruskal Wallis test was used to compare
the differences between the groups in the histopathological
examination of the data obtained semi-quantitatively. The
differing groups were identified by the Mann Whitney U test. A
P-value of <0.05 was considered statistically significant.

Results

The epidermis, dermis, muscle tissue, collagen tissue
and inflammatory cells were similar in the samples taken at the
12" hour of the first incision. The epidermis layer thickness on
days 7 (140pm vs 100pum) (P=0.030), and 21 (110um vs 40pm)
(P=0.025), the dermis layer thickness on days 3 (900pm vs
500um) (P=0.030), and 7 (1500pm vs 1100um) (P=0.035),
muscle layer thickness on days 7 (200pum vs 100pum) (P=0.025),
and 21 (320um vs 210um) (P=0.030) were significantly
increased and inflammatory cells were significantly less on days
3 (10% vs 25%)(P=0.030), 7 (15% vs 30%)(P=0.020), and 21
(8% vs 20%) (P=0.025) in the nano-ceramic surgical blade
compared to the steel blade group (Figure 3, 4). Collagen tissue
density was significantly higher in favor of the nano-ceramic
blade on the 3™ (38% vs 30%) (P=0.025) and 7™ (30% vs 15%)
days (P=0.020) (Figures 5, 6).

Figure 3: Epidermis: * #P=0.030 vs. NSCB 7d, SB 7d, NSCB 21d, and SB 21d.

Dermis: * *#P=0.035 vs. NSCB 3d, SB 3d, NSCB 7d, and SB 7d.

Muscle: *#P=0.030 vs. NSCB 7d, SB 7d, NSCB 21d, and SB 21d.

Infiltrating Mononuclear Cells: * * ##p=0.020 vs. NSCB 3d, SB 3d, NSCB 7d, SB 7d,

NSCB 21d, and SB 21d.
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Figure 4: Representative images of skin sections stained with hematoxylin and eosin.
Infiltrating mononuclear cells were assessed by color deconvolution followed by
quantification of dark purple stain. Thickness of the epidermis, dermis, and muscle layers of
skin (mean with SD).
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Figure 5: Collagen Composition: * #P=0.025 vs. NSCB 3d, SB 3d, NSCB 7d, and SB 7d.
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Figure 6: Representative images of skin sections stained with Masson’s trichrome. Collagen
composition was assessed by color deconvolution followed by quantification of blue stain
(mean with SD). #, ## P=0.025 P<between nano ceramic surgical blade and steel surgical
blade group.

NCSB: nano-ceramic surgical blade, SB: surgical blade

Discussion

Wound healing is a complex process involving
cytokines, as well as matrix and components. This process is
divided into three phases, namely, the inflammation,
proliferation, and maturation phases [6, 7]. The inflammation
phase includes the first 5-day period, when fibrin formation and
angiogenesis are highest for the stabilization of the wound. The
cellular elements that dominate the wound tissue are neutrophils
and monocytes. The proliferation phase covers days 5 to 14, and
collagen production from fibroblasts is highest. In this phase,
wound contraction is achieved by the action of myofibroblasts,
and the wound size begins to decrease [8]. Maturation phase
refers to the process after the 14™ day and sometimes takes years.
In this phase, type 3 collagen is transformed into to the more
robust type 1 collagen, helping to restore tissue to its original
strength. It is observed that the tissue regains approximately 95%
strength after about 6 weeks of wound is formed [7, 9]. Local
and systemic factors play a major role in wound healing. Local
factors include tissue blood flow (oxygenation), hematoma or
seroma development in the wound site, infection, over-pressure
wound dressing, surgical technique, foreign bodies, necrotic
tissue, local steroid use, tissue edema, and radiotherapy.
Systemic factors include advanced age, anemia, lack of nutrition,
systemic steroid use, cytotoxic drug use, sepsis, diabetes, uremia,
severe pain, and connective tissue diseases [1, 10, 11]. Although
there are a number of studies on the various components of
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wound healing, studies on the effects of the materials used in the
surgical incisions on wound healing are limited.

Studies show that methods such as CO, assisted
incision, ultrasound-assisted incision, and laser incision are
superior to conventional steel surgical blades. Ryu et al.
conducted a study on wound healing in the oral mucosa of the
Guinea pig and showed that Er, Cr: YSGG laser incision group
had less TNF-a and TGF-B1 expression in the wound tissue
compared to CO, scalpel, indicating better wound healing [12].
Carreira and colleagues showed that the CO, laser surgical blade
had a better healing process than the conventional surgical blade,
resulting in fewer leukocytes, minor tissue trauma, and reduced
albumin extravasation in the skin incision. It was also noted that
postoperative patient comfort was increased due to less pain and,
better cosmetic results were obtained in CO, laser group [13].
Jawad and colleagues studied wound healing on the rabbit model
with the steel scalpel. They found that the best wound healing
occurred after the 14" day of surgery [14].

Demir and colleagues studies the rabbit oral mucosa and
demonstrated that Neodymium-Doped Yttrium Aluminium
Garnet (Nd-YAG) laser facilitates soft tissue operations and
provides faster wound healing [15]. Tuncer et al. compared the
conventional surgical blade and CO, laser surgical blade in terms
of postoperative pain relief need and showed that CO, laser
surgical blade group needed less painkillers [16]. In the study
conducted by Kara et al. Nd-YAG laser was shown to cause less
pain and fewer postoperative side effects compared to the
conventional surgical blade [17]. Pearce and colleagues
compared the microscalpel with the conventional surgical blade
in a rat model and found similar results among the two surgical
blades in terms of all surgical outcomes, including inflammation
[18].

The elevated cost of the mentioned methods, the lack
usability in every surgical field and the unique structure of each
tissue are the main obstacles against the widespread use of these
devices. For this reason, the classic steel surgical blade is still
widely used and seems indispensable for practical surgical life.
There are also studies on changing the structure of the classical
surgical blade. As reported by Tsai et al., the sharpness of the
surgical blade increased with coating. Coating of the traditional
surgical blades with ZrCuAlAgSi in the form of thin glass film
may render them more useful in surgery [19]. Kelley et al.
reported that the classical steel double-blade tissue cutters for
microtomes yielded much better results in tissue sampling [20].
Mftah et al. investigated the properties, cytotoxicity, and
antimicrobial properties of sulphated nano-zirconia. Sulphated
nano-zirconia was found to have strong antibacterial properties
against gram-positive and gram-negative bacteria, and its wide
use was proposed in biomedical applications [2]. There are many
methods to increase the sharpness of surgical blades. Sharpness
is an important aspect of ceramic scalpels. To provide this
sharpness, Kuai and colleagues used ELID grinding technology
and demonstrated that more feasible results were achieved
compared to traditional methods [3]. Kuai and his colleagues
reported that a sharper surface was obtained in the nano ceramic
scalpel along with ELID grinding technology [4].

According to our quantitative comparison of the
histomorphological data, nano-based zirconia surgical blade has
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positive effects on wound healing. Increased collagen
composition and epidermis, dermis, and muscle layer thickness,
along with reduced levels of inflammatory cell infiltration
indicate that the nano-based zirconia surgical blade results in
better wound healing compared to the traditional steel scalpel.

Limitations

There are several limitations to our study. First, only
two types of the surgical blade were compared. Second,
conducting an animal experiment limited the chance of a long-
term follow-up.

Conclusion

The nano-based zirconia surgical blade has been shown
to accelerate wound healing process compared to the
conventional steel surgical blade. It seems likely in the near
future that the nano-based zirconia surgical blade will be
preferred for surgical interventions in selected patients with
wound healing problems.
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Abstract

Background/Aim: During the pandemic, eye symptoms increased. This study aimed to investigate the
effects of online education on ocular surface symptoms, which was a part of the distance learning model
during the COVID-19 pandemic, to be able to prevent the formation of irreversible damage.

Methods: This cohort study included 315 students who were undertaking online education and presented
at the Ophthalmology Department of a university hospital. The sociodemographic data, Schirmer test
results, tear break-up time (TBUT) and Ocular Surface Disease Index (OSDI) scores of the students were
noted. The data were analyzed using SPSS v. 22.0 software and a value of P<0.05 was considered
statistically significant.

Results: Evaluation was made of 315 students with a mean age of 14.48 (5.86) years (range: 6-29 years).
Of these, 159 were studying at a high school or university, and 267 had been participating in online
education for >6 hours per week. New symptoms had developed in the eyes of 213. The Schirmer test
results were 8.74 (3.76) mm in the right eye and 8.90 (3.86) mm in the left eye. TBUT was 9.95(3.60)
seconds in the right eye and 10.15 (3.58) seconds in the left. The mean OSDI score was 26.39 (11.85).
OSDI was significantly negatively correlated with the Schirmer results and TBUT (r=-0.883, P<0.05, r= -
0.793, P<0.05, respectively), while Schirmer and TBUT were positively correlated (r=0.871, P<0.05).
Conclusion: With the continuation of education online during the COVID-19 pandemic, televisions,
computers, and tablets were commonly used. This increased screen time led to the development of new
symptoms causing significant changes in the OSDI, TBUT, and Schirmer tests.

Keywords: COVID-19, Online education, Tear break-up time, Schirmer, OSDI
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Introduction

At the end of 2019, a series of treatment-resistant cases
of pneumonia of unknown cause was determined in Wuhan,
China, by Dr. Wenliang Li. He warned that this could become an
epidemic, and in March 2020, the novel coronavirus disease
2019 (COVID-19) caused by SARS-CoV-2 virus infection was
declared a global pandemic by the World Health Organization
(WHO) [1, 2]. This virus was one of the most rapidly spreading
viruses in history. By 1 January 2021, 83.5 million cases had
been diagnosed worldwide in 222 countries, with 1.82 million
deaths [2].

With rapidly increasing numbers of cases from the
beginning of the pandemic, national leaders and the WHO started
to implement measures to protect public health. One of the most
important was quarantine and the immediate temporary cessation
of face-to-face education [3]. With these quarantine measures, 20
million students were no longer physically attending school, and
in Turkey, as throughout the world, education was converted to a
distance learning model [2, 4]. Televisions, computers, and
tablets became an indispensable part of daily life as a part of the
online education model. Exposure to digital screens is known to
harm eye health [5, 6]. With the prolonged time spent using
televisions, computers, and tablets for education during the
pandemic, there was an increase in ocular complaints. The main
reasons for these symptoms are ocular surface disorders and
accommodation problems stimulated or exacerbated by digital
screen exposure [7-9].

This study aimed to investigate the effects of online
education on the ocular surface symptoms of the students, which
was a part of the distance learning model during the COVID-19
pandemic, to be able to prevent irreversible damage with early
diagnosis and treatment. With simple recommendations, it was
aimed to protect ocular health.

Materials and methods

This cohort study was conducted in the Ophthalmology
Department of a tertiary level university hospital. Approval for
the study was granted by the Clinical Research Ethics Committee
of Kahramanmaras Sutcu Imam University Faculty of Medicine
(Decision no:06, dated:12/04/21). This study is registered in the
Clinical  Trial  Registry  (ClinicalTrials.gov Identifier:
NCT04960696). All procedures followed the principles of the
Helsinki Declaration. The study sample consisted of 315
students, aged 6-30 years, participating in online education who
presented at the Ophthalmology Polyclinic within 2 months.
Patients were excluded from the study if they were aged <6 years
or >30 years, had communication difficulties, were not students,
or were not continuing education online.

All patients underwent the Schirmer test, the Tear
Break-Up Time (TBUT) test, and the Ocular Surface Disease
Index (OSDI) scoring, and filled a sociodemographic form
created by literature review. The sociodemographic data were
collected by face-to-face interviews. The OSDI scoring was
performed face-to-face with a questionnaire consisting of 12
items in 3 sections regarding ocular symptoms, sight-related
functions, and environmental factors. Each item is scored
between 0-4 points, and the final score is calculated by
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multiplying the total points by 25 and dividing the result by the
number of items. Thus, the total points range between 0-100 and
are evaluated as follows: 0-12 points: Normal, 13-22 points:
Mild, 23-32 points: Moderate, and 33-100 points: Severe ocular
surface damage.

In the TBUT test, fluorescein is dropped into both eyes,
and after several blinks, the cornea is examined
biomicroscopically under cobalt blue. The time of the formation
of two black dots is considered the tear break-up time. A time of
>10 secs is normal.

In the Schirmer test, the results are obtained from a
special filter paper placed between the eye and the lower eyelid
outer third. The cut-off value is 10mm and values >10mm are
considered normal.

Statistical analysis

Data obtained in the study were analyzed using SPSS v.
22.0 software. Conformity of the data to normal distribution was
assessed with the Shapiro-Wilk test. Categorical data were
analyzed with the Chi-square test. The ANOVA test was used for
comparisons between the groups. Spearman correlation analysis
was utilized for group correlations. Continuous data were
presented as mean (standard deviation (SD)), and categorical
data, as number (n) and percentage (%). A value of P<0.05 was
considered statistically significant.

Results

An evaluation was made of a total of 315 students with
a mean age of 14.48 (5.86) years. The sociodemographic data
and responses to the questionnaire are shown in Table 1.

Table 1: Sociodemographic and survey data of the students included in the study

Groups n Percent (%)
Gender Male 153  48.6
Female 162 514

Education status Primary school 78 24.8

Middle school 78 24.8

High school 78 24.8
University 81 25.7
Weekly Online Education Period <6 hours 48 15.2
6-12 hours 117 371
>12 hours 150 476
Online Education-related Screen Exposure | <30 minutes 51 16.2

30-60 minutes 60 19.0
61-120 minutes 99 31.4
>120 minutes 105 333

Developed New Symptoms Yes 213 676
No 102 324
What Symptoms Have Developed Sensitivity 156  49.5
Itching 123 39.0
Redness 135 428
Sting-Burning 74 235
Watering 75 23.8

Blurred vision 90 28.5

N: Numbers of subjects

The data showing the quality, amount, and evaluations
of the tears of the students are shown in Table 2. The overall
mean Schirmer test results were 8.74 (3.76) mm in the right eye
and 8.90 (3.86) mm in the left eye. Mean TBUT was 9.95 (3.60)
secs in the right eye and 10.15 (3.58) secs in the left eye.
According to the OSDI grading, 86 (27.3%) students were within
normal limits, 95 (30.1%) had mild, 54 (17.1%) had moderate,
and 80 (25.3%) had severe ocular surface damage. The mean
OSDI score of the whole sample indicated moderate ocular
surface damage.

The subgroup examinations (education status, duration
of online education per week, education-related screen exposure)
of the OSDI, Schirmer, and TBUT results and the post-hoc
analyses are shown in Table 3.
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Table 2: The results of the Shirmer test, tear break-up time and OSDI score of the students
participating in the study

Minimum  Maximum  Mean
Shirmer Test
Right eye(mm) | 2 15 8.74 (3.76)
Left eye(mm) 3 12 8.90 (3.86)
Total(mm) 2 15 8.82 (3.66)
TBUT
Right eye(sn) 4 18 9.95 (3.60)
Left eye(sn) 6 15 10.15 (3.58)
Total(sn) 4 18 10.15 (3.58)
OSDI scores 45 61.6 26.39 (11.85)

TBUT: Tear Break Up Time, OSDI: Ocular Surface Disease Index

Table 3: Group comparisons of the test results measured by the questionnaire answers of the
students participating in the study

JOSAM

OSDI scores Shirmer test TBUT
N Mean P- Mean P- Mean P-
value* value* value*
Education  Primary 78 14.00 <0.05 11.54 <0.05 12.08 <0.05
status school ? (15.46)"¢9 (3.25)Pcd (3.21)°cd
Middle |78 27.47 8.69 10.00
school (21.75)*4 (3.99)2¢ (4.00)*¢
High 78 2233 8.35 9.96
school © (21.29)* (2.90)¢ (3.30)*
University | 81  41.19 6.78 8.22
d (18.73)20¢ (2.66)*"¢ (2.63)*0¢
Weekly <6 hours® |48 13.47 <0.05 11.06 <0.05 12.38 <0.05
online (23.37)°¢ (3.88)>¢ (3.38)>°
education  6-12 117 28.30(19.19) 8.46 9.38
period hours® (3.50)° (3.26)°
>12 150 29.04 8.38 9.82
hours® (21.84)° (3.44) (3.59)°
Online <30 51 801 <0.05 10.41 <0.05 12.35 <0.05
education- minutes® (16.42)>¢ (2.40)° (3.09)%¢
related 30-60 60 20.07 10.35 11.35
screen minutes® (20.91)* (4.29)° (3.66)°¢
exposure  61-120 99 2529 9.27 9.88
minutes® (18.61)* (3.58)¢ (3.31)*04
>120 105 39.98 6.74 8.34
minutes® (18.75)20¢ (2.79)*0¢ (3.08)*0¢
Developed Yes 213 31.10(18.06) <0.05 7.63 <0.05 8.79 <0.05
new (3.19) (2.97)
symptoms No 102 7.93 (12.51) 11.88 13.28
(2.92) (2.92)

TBUT: Tear Break Up Time, OSDI: Ocular Surface Disease Index, *ANOVA, **Groups
that were significant in the post-hoc analysis were given as superscript.

OSDI was significantly negatively correlated with the
Schirmer results and TBUT (r= -0.883, P<0.05, r= -0.793,
P<0.05, respectively), while Schirmer and TBUT were
positively correlated (r=0.871, P<0.05).

Discussion

One of the main precautions taken during the COVID-
19 pandemic was the conversion of education to an online
model. This model was of great importance concerning the
quarantine and lockdown but resulted in students spending more
time using televisions, computers, and tablets. The longer digital
screen exposure increased the ocular complaints of the students.
Ocular surface disorders and accommodation problems
stimulated or exacerbated by digital screen exposure are the main
reasons for these symptoms.
Of the total 315 study participants, 162 were female and
50.4% were studying at a high school or university. Among all,
52.3% undertook an online education of <12 hours per week, and
a screen time exposure of >1 hour before and/or after online
education was reported by 64.8%. In the study by Bostanci in
2016 [10], ocular symptoms increased with digital screen
exposure, and in a study on computer use and sight, Shantakuri
[11] reported that as digital screen time use increased, new
symptoms were developing in the eyes, the most common being
redness and burning. In the current study, new ocular symptoms
were had developed after the introduction of online education in
213 students. The most common included sensitivity in the eyes
in 49.5%, redness in 42.8%, and itching in 39%. It is thought that
asa result of increased digital screen exposure, the amplitude of

Eye health during the pandemic

blinking is disrupted, and with the development of epithelial
damage, more sensitivity, redness, and secondary itching
develop.

The OSDI results of the middle school and high school
students were similar according to the post-hoc test, while the
other subgroups showed significant differences. In a study by
Schiffman [12] and Simavli [7], the OSDI score was correlated
with screen exposure. In the current study, the highest mean
points were found among university students, and these were
classified as severe ocular surface damage. There may be several
effective factors, such as the longer lesson hours of university
students, weaker family, and social ties, and auto-control
mechanisms, and spending a longer time on extra-curricular
projects, thesis preparation, social media, and digital gaming
platforms.

The OSDI score was significantly high in those who
were studying >6 hours per week online, but there was no
significant difference between the groups who undertook 6-12
hours and >12 hours of online education. OSDI scores were
highest in the group who received more than 2 hours of online
education per week, who were considered to have severe ocular
surface damage. Students who developed new symptoms after
online education were determined to have a moderate level of
ocular surface damage. In a study of young adults by Pang in
2020 [13], screen time was reported to affect dry eye symptoms,
and in another study by Mishra [14], entitled, “The effect of
digital screen exposure on the ocular surface”, it was reported
that as digital screen time exposure increased, so did the OSDI
score and dry eye symptoms. Associated with the decrease in
blink reflex in digital screen-focused education, there is thought
to be insufficient irrigation of the corneal surface epithelium and
impaired tear functions. It must also not be forgotten that another
main factor is that the screen light is not at an equal level to that
of the environment.

The Schirmer test results were examined within the sub-
groups. The lowest measurement was obtained among the
university students, who were considered to have dry eyes. The
results of the middle school and high school students were
similar, and there was a statistically significant difference
between the other groups. In the group receiving >6 hours per
week online education, dry eye was determined at a significantly
higher rate. The results of the groups receiving 6-12 hours and
>12 hours online education were similar. A significant difference
was found between the group with >2 hours of education-related
screen exposure and the other groups concerning dry eye
classification. The results of the groups with <2 hours of
exposure were similar. Dry eye was significantly more common
in the group that developed new symptoms after online
education. Similar results were reported in a study by Mehra et
al. [15], as an increase in the rate of dry eye in parallel with an
increase in digital screen exposure. In a study of office workers
by Uchino et al. [16], the extent of dry eye disease was
determined at a high rate associated with the duration of screen
exposure. Kawashima et al. [17] also investigated office workers
and determined an increase in tired eyes and the diagnosis of dry
eye with increased screen exposure. With a series of simple
precautions, these diagnoses were reduced by 75%.
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In the current study, the Schirmer test results were
negatively affected in parallel with screen exposure. The high
Schirmer test values measured in primary school students, those
with few online lesson hours, and those with low education-
related screen time were an indicator of this finding. Unlike the
previous studies in literature, the reason that this study was
conducted on a sample of students with no known systemic
ocular disease was to be able to determine ocular surface
problems which may develop associated with the use of
televisions, computers, and tablets in online education during the
pandemic.

The TBUT measurements were low (below the cut-off
value) in university students, those with >6 hours per week
online education, and those with > 1-hour education-related
screen exposure, with significant differences between these and
the other groups. The TBUT was affected in the group that
developed new ocular symptoms after the onset of online
education. In a study of dry eye patients, Yigit et al. [18] showed
that the TBUT value decreased as screen exposure increased.
Glimiis et al. [19] examined the effect of computer use on ocular
parameters and determined a negative relationship between
TBUT and increased periods of computer work. In the
workplaces and social life of the modern technological age,
digital screen use has increased even more with the pandemic.
The mandatory increase of screen exposure for students can be
considered the reason for the decrease in TBUT values. In the
current study, OSDI was significantly negatively correlated with
Schirmer and TBUT, and a significant positive correlation was
found between Schirmer and TBUT.

Similar results were seen in the study of Gilimiis et al.
[19]. In a study of the relationship between OSDI and ocular
parameters by Balyen [20], OSDI was significantly correlated
with Schirmer and TBUT. These results in the literature and
those of the current study demonstrate that increased digital
screen exposure due to online education harms ocular health.

The limitations of this study include the small sample
size, limited follow-up time, and differences in the digital
materials used.

Conclusion

The continuation of education online during the
COVID-19 pandemic significantly increased the use of
televisions, computers, and tablets. In addition to the
development of new symptoms, this increase caused significant
changes in the OSDI, TBUT, and Schirmer tests. It can be
recommended that easily applicable measures be conveyed to
students before, during, and after online education, and
information given in various ways can draw the attention of the
families.

The development of eye symptoms in students should
be noticed by the family, and the student should immediately be
taken to a primary level family healthcare center and/or an
ophthalmologist for early diagnosis and treatment. Eye
symptoms that initially seem unimportant may cause irreversible
eye diseases in the future. The results of this study suggest that
there is a need for studies of more extensive series at the national
level.

JOSAM
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Abstract

Background/Aim: Acute kidney injury may occur due to renal ischemia and hypoxia during coronary
artery bypass surgery. Monitoring of renal regional tissue oxygenation might be useful to determine renal
hypoxia. We aimed to investigate whether renal oxygen saturation values differ between diabetic and non-
diabetic patients and evaluate the relationship between intra-operative renal oxygen saturation values and
postoperative renal function.

Methods: Forty consecutive patients aged 18-65 years, who underwent elective coronary artery bypass
grafting, were included in this prospective case-control study. Body mass index >30 kg/m® and the
presence of renal damage were considered the exclusion criteria. Group | consisted of diabetic patients (n
= 20), and Group Il consisted of non-diabetic patients (n = 20). Near Infrared Spectroscopy (NIRS)
recorded renal saturation values just before the intubation as the basal value and every 10 minutes after
intubation in all patients. Creatinine clearances and glomerular filtration rates were calculated along with
blood urea nitrogen and creatinine values on the postoperative 1% and 3" days of all patients.

Results: The two groups were similar in terms of gender, age, body mass index, duration of surgery, cross-
clamp time, and total cardiopulmonary bypass duration (P>0.05). While there was no difference between
baseline values, significant differences were found between preoperative BUN and creatinine and POD 3
BUN and creatinine values in Group 1 (P=0.003 and P=0.046, respectively) and Group 2 (P=0.018 and
P=0.030, respectively). There was no significant difference between two groups in renal oxygen saturation
values considering both basal and post-intubation measurements (P>0.05 for all). However, an earlier
decrease in renal oxygen saturation values was seen in diabetic patients (P<0.05). There was no significant
relationship between the changes in intraoperative renal oxygen saturation values and postoperative renal
function (P>0.05 for all).

Conclusion: Although coronary artery graft bypass surgery does not lead to a significant difference in
renal saturation values, as determined by Near Infrared Spectroscopy, in diabetic patients compared to
non-diabetic patients, NIRS may be helpful and beneficial to show renal ischemia in these patients.

Keywords: Diabetes mellitus, Coronary artery bypass grafting, Near-infrared spectroscopy, Acute kidney
injury

artery bypass grafting surgery. J Surg Med. 2021;5(9):932-936.
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Introduction

Acute kidney injury (AKI) is seen after coronary artery
bypass grafting (CABG) with an incidence of up to 45%. It is
generally associated with prolonged mechanical ventilation and
intensive care unit stay and is probably accompanied by
increased mortality [1-4].

Near-Infrared  Spectroscopy (NIRS) noninvasively
monitors the regional oxygen saturation. It works continuously
by measuring the concentration of oxygenated and non-
oxygenated hemoglobin in the local tissue area of selected
organs [5].

A correlation was shown between urinary biomarkers
and low renal saturation values, as detected by NIRS, including
the need for renal replacement therapy after cardiac surgery [6].
Contrary to these findings, there was no correlation with the
development of AKI [2-4]. Although urinary output amount,
blood urea nitrogen (BUN) and creatinine levels have been used
as the preliminary indicators for renal function in CABG patients
perioperatively, studies which compare renal oxygen saturation
values by NIRS with postoperative renal functions are rare [1].
Therefore, evaluation of such a relationship remains
controversial.

Even in diabetic patients without nephropathy, a known
micro-vascular complication of chronic diabetes, the risk of
developing AKI after cardiac surgery is higher than in non-
diabetic patients [7]. Therefore, early prediction of the
development of AKI in diabetic patients who undergo cardiac
surgery may have an impact on the morbidity and mortality.

This study aimed to compare the peri-operative renal
oxygen saturation values measured by NIRS in diabetic and non-
diabetic adult patients undergoing CABG and evaluate the
possible relationship between the peri-operative renal oxygen
saturation values with postoperative urinary indicators including
urine output, BUN and serum creatinine values.

Materials and methods

This study prospectively investigated patients aged 18-
65 years who underwent elective CABG between January 2015
and January 2016 at Ankara University Faculty of Medicine
Department of Cardiovascular Surgery after the approval of the
Ankara University School of Medicine ethics committee
(23.11.2015/18-763-15). The study was conducted in compliance
with the Declaration of Helsinki. Written consent was obtained
from all patients.

Patients with coronary artery disease and those
undergoing elective CABG were included in the study. Emergent
surgery, BMI >30 kg/m? and diabetes-induced renal micro- or
macro-vascular complications were regarded as the exclusion
criteria.

The patients were grouped into two as diabetic (Group
1) and non-diabetic (Group 2). Patients with type Il diabetes
mellitus who were taking oral antidiabetic and/or insulin therapy
without any known renal micro- or macro-vascular
complications were included in Group 1.

An a priori power analysis was conducted using
G*Power3 (Faul, Erdfelder, Lang, & Buchner, 2007) to test the
difference between two independent group means using a two-

Renal oxygen saturation and renal function following CABG
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tailed test, a medium effect size of d=0.50, and an alpha of 0.05.
Result showed that a total of 32 participants with two equal sized
groups of n = 16 was required to achieve a power of 0.80. So, it
was planned to have at least 20 patients in both groups. Patients
were consecutively included in the groups from the beginning of
the study, considering the presence or absence of diabetes.

Demographic and clinical features of the patients (age,
gender, and BMI) and perioperative (duration of the surgery,
cross-clamp time, and total cardiopulmonary bypass duration)
and postoperative findings were recorded using a prospectively
held database. Hematocrit (%) levels were recorded
preoperatively, after induction, pre-CABG, post-CABG, and
before the transfer to the intensive care unit in all patients. Urine
output was monitored hourly until discharge from the ICU. BUN
(mg/dL) and creatinine (mg/dL) values of all patients were
measured preoperatively, and on the 1% and 3" postoperative
days (POD 1 and POD 3, respectively). Creatinine clearance
(ml/min) and glomerular filtration rate (GFR) were calculated
according to following formulas [8]:

e For creatinine clearance, the Cockcroft-Gault formula
was used:

Creatinine Clearance (ml/min) = [[140 - age (years)] X
weight (kg)] / [72 x serum creatinine (mg/dL)] (multiply by 0.85
in females).

e For GFR calculation, the simplified Modification of

Diet in Renal Disease Study equation was used:

GFR [ml/ min/1.73 m?] = 186 x [serum creatinine
(mg/dL)] **** x [age (years)] %*% x (0.742 if female).

Peri-operative follow-up

All  patients were routinely monitored via
electrocardiography, pulse oximetry and non-invasive blood
pressure tracing before the induction of anesthesia. Invasive
radial artery monitoring was performed before the induction in
patients with an ejection fraction (EF) of <50%. Following
monitoring, midazolam (0.06 mg/kg) (Demizolam, ampoule, 15
mg/3 ml, Actavis, Istanbul, Turkey) was administered after
intravenous access. For induction of anesthesia, 6 mg/kg
thiopental sodium (Pentothal Sodium, ampoule, 1 g, Abbott,
Istanbul, Turkey), 0.1 mg/kg vecuronium bromide (Norcuron,
ampoule, 4 mg, Schering Plough, Istanbul, Turkey) and 1
mcg/kg fentanyl (Fentanyl, ampoule, 0.05mg-ml, 10 ml, Johnson
& Johnson, Istanbul, Turkey) were administered. After
intubation, oxygen and air mixture was given at 2-4 L per
minute. The tidal volumes of patients were set at 6 mL/kg,
aiming to have an end-tidal carbon dioxide pressure value of 33-
35 mmHg.

Direct blood pressure monitoring with radial artery
cannulation was performed in all patients whose blood pressures
were non-invasively monitored, and central venous pressure
monitoring was performed with right internal jugular vein
catheterization. In addition to sevoflurane (Sevoran Liquid,
liquid, Abdi Ibrahim, Istanbul, Turkey) with a minimum alveolar
concentration of 1.3, remifentanil infusion at a dose of 0.05
mcg/kg/min (Ultiva, vial, 1 mg, Glaxo Smith Kline, Istanbul,
Turkey), intermittent doses of midazolam and muscle relaxant
vecuronium bromide were used in maintenance anesthesia.

Partial oxygen saturation, lactate, and hematocrit levels
were routinely recorded. Renal saturation values were recorded
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with NIRS at baseline, and every 10 minutes following
intubation. After the termination of maintenance anesthesia
following CABG, all patients with stabilized vital parameters
were transferred to the cardiovascular surgery intensive care unit,
intubated.

Renal NIRS technique

NIRS electrodes were placed at the intersection of the
posterior axillary line with the 12" rib on both sides of all
patients to evaluate intraoperative renal perfusion. To decide the
exact value of renal oxygen saturation, the lowest value obtained
from both sides was regarded as the final measurement. Renal
oxygen saturation (rO,) values were obtained as the basal
measurement before the intubation and 10 minutes after
intubation (Figure 1).

Figure 1: Renal NIRS measurement

Statistical analysis

Patients in both groups were compared in terms of
gender, age, ejection fraction, BMI, operation time, cross-clamp
and cardiopulmonary bypass periods and concomitant disease.

The data were analyzed in the SPSS for Windows 15
package program (SPSS, Inc., Chicago, IL, USA). Mean
(standard deviation) values were presented for variables with a
normal distribution, median (min-max) values were used for
non-normally distributed variables, and the number of cases (%)
were used for nominal variables. The significance of differences
between the groups was determined by the t-test, and those
between the median values was assessed by the Mann Whitney U
test. Nominal variables were evaluated by Pearson Chi-Square or
Fisher exact test. The paired t-test was used if the variation
distribution according to time was normal before and after the
treatment, and the Wilcoxon test was used in case of non-normal
distribution. Analysis of variance was used for repeated
measures if the variation of the distribution of the repeated
measures obtained before and during the treatment period was
normal. In case of non-normal distribution, the Friedman test
was used. Spearman correlation test was utilized when the
relationship between continuous variables was non-normal, and
the Pearson correlation test was used when it was normal. P
values of <0.05 were considered statistically significant.
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Results

There were 14 males and 6 females in Group 1 and 16
males and 4 females in Group 2. The groups were similar in
terms of gender distribution, age, BMI, duration of the surgery,
cross-clamp time, and total cardiopulmonary bypass duration
(P>0.05 for all) (Table 1).

Table 1: Demographic and clinical data of the groups

v

‘ Group 1 Group 2 P-value
n=20 n=20

Age (year)" 62.2 (10.7) 63.7 (8.2) 0.602
Gender (F/M) 6/14 4/16 0.465
BMI (kg/m?)* 27.3(2.1) 26.7 (2.3) 0.289
Duration of surgery (min)* 262.7 (45.2) 264.5(45.1) 0.640
Cross-clamp time (min) * 56.6 (21.6) 60.1 (19.9) 0.620
Total cardiopulmonary bypass duration (min)¥ | 104.2 (35.8) 116.1(22.4)  0.149

¥ mean (standard deviation), F: Female, M: Male, BMI: Body mass index

There was no significant difference between the groups
considering hematocrit values in the preoperative period and
during the surgical procedures (Table 2). However, there was a
significant decrease in hematocrit values before CABG, after
CABG and at the end of surgery compared to the preoperative
values in intra-group analyses. In Group 1, the hematocrit value
of 39.07 (6.5) % decreased to 32.30 (6.7) % just before CABG,
to 24.6 (4.0) % after CABG and to 26.79 (3.7) % at the end of
the surgery (P<0.05 for all). Such significant decreases were also
seen in Group 2 (Table 2).

There was no significant difference between the two
groups in terms of BUN, creatinine, creatinine clearance and
GFR values during the preoperative period, at POD 1 and POD 3

(Table 3).
Table 2: Hematocrit values (%)

Preoperative After Before After At the end of

induction CABG CABG surgery

Group 1 | 39.07 (6.5) 34.98 (6.2) 32.30 (6.7) 24.6 (4.0) 26.79 (3.7)
Group 2 | 37.07 (8.7)  34.98 (5.4) 33.64 (6.3) 25.60 (3.0) 26.46 (3.5)
P- 0.862 0.495 0.620 0.429 0.947
value?

¥: mean (standard deviation), *: P-value between the groups

Table 3: Intra- and intergroup comparison of the urinary indicators

Parameter® Group 1 Group 2 P-value® P-value! P-value?
BUN (mg/dL) 16.9(6.9) 15.4(5.6) 0.602 - -
BUN (mg/dL) POD 1 16.7 (6.4) 16.9(6.3) 0.947 0.920 0.224
BUN (mg/dL) POD 3 22.6(7.7) 19.8(7.0) 0.253 0.003 0.018
Creatinine (mg/dL) 1.0(0.2) 0.9 (0.1) 0.640 -- --
Creatinine (mg/dL) POD 1 1.0 (0.3) 1.1(0.3) 0.277 0.145 0.014
Creatinine (mg/dL)POD 3 11(0.3) 1.1(0.3) 0.495 0.046 0.030
CrCl (ml/min) 90.8(36.2) 90.8 (21.1) 0.820 - -
CrCI (ml/min) POD 1 87.0 (40.7) 79.6 (27.8) 0.758 0.263 0.027
Cr CI (ml/min) POD 3 83.5(39.2) 83.1(24.8) 0.512 0.126 0.040
GFR (ml/ min/1.73 m?) 84.3(27.3) 86.5(15.9) 0.495 - -
GFR (ml/ min/1.73 m?) POD 1 | 79.7 (28.3) 74.4 (25.9) 0.414 0.247 0.024
GFR (ml/ min/1.73 m?) POD 3 | 76.0 (30.1) 78.1(21.9) 0.461 0.117 0.044

¥: mean (standard deviation), BUN: Blood urea nitrogen, POD 1: postoperative day 1, POD 3: postoperative
day 3, CrCl: creatinine clearance, GFR: Glomerular filtration rate, °: When two groups are compared. *:
When the values of group | are compared with baseline (preoperative value). 2: When the values of group Il
are compared with baseline (preoperative value).

In group 1, there were significant differences between
preoperative BUN and creatinine values and POD 3 BUN and
creatinine values (P=0.003 and P=0.046, respectively).
However, no significant association was found between
creatinine clearance and GFR (Table 3).

Similar to Group 1, significant differences were found
between preoperative BUN and creatinine values and POD 3
BUN and creatinine values in Group 2 (P=0.018 and P=0.030,
respectively). In addition, creatinine clearance and GFR values
significantly decreased at POD 3 compared to preoperative

values (P=0.040 and P=0.044, respectively) (Table 2),
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There was no significant difference between Groups 1 2
in terms of urine volume (ml) before, during and after CABG
(Table 4).

Table 4: Comparison of total urinary volume (ml) during POD 1

| Before CABG*  During CABG*  After CABG*
Group 1 | 195 (158) 916 (464) 500 (343)
Group2 | 195 (180) 1044 (473) 556 (238)
P-value | 0.620 0.355 0.383

¥: mean (standard deviation)

There was no significant difference between the
baseline rO, levels of the patients (Figure 2). Although the
pattern for the decrease in rO, measurements was similar until an
average of 110 minutes after the start of surgery, there was a
significant difference at this point between Group 1 and 2
(P<0.05). In addition, an earlier decrease was observed from the
baseline value of rO, in Group 1 compared to Group 2 (Figure
2).

Figure 2: rO, changes over time

90
Regional
oxygen
saturation wpe= Group 1
. wfil= Group 2
bodbodd vy
50

Basal

*: P<0.05 when compared to Group 1 and Group 2, ¢: P<0.05 when compared to baseline
values in Group 1, W: P<0.05 when compared to baseline values in Group 2

Discussion

Renal oxygen saturation levels measured by NIRS was
lower compared with basal in diabetic and non-diabetic patients
undergoing CABG. Although it was significantly lower in
diabetics than in non-diabetics, it did not make sense clinically
when creatinine and urine output levels were considered.

During open heart surgery, ischemic changes that may
occur in splanchnic organs such as the liver and the kidney lead
to an increase in postoperative hospital stay, morbidity, and
mortality rates. Ascione et al. [9] found that damage to the
splanchnic organs was more prominent in patients who were
treated with extracorporeal circulation. They also mentioned that
more than 24 hours is required for the development of such
symptoms. In a case series of 500 patients who underwent
cardiopulmonary bypass and who were alive after 24 hours,
Khilji et al. reported that acute renal failure rate (creatinine >2.5
mg/dl) was 7%, rate of acute renal dysfunction (creatinine 1.6-
2.4 mg/dl) was 20.4% and the mortality rate in patients with AKI
was 88% [10]. This shows how important it is to follow the
circulation in the splanchnic organs during open heart surgery.

Owens et al. [5] observed renal oxygenation of the
patients who underwent pediatric cardiac surgery in the peri-
operative and postoperative 48-hour period with NIRS and found
that low renal oximetry follow-up was correlated with acute
renal failure. In our study, the change in the values of renal

Renal oxygen saturation and renal function following CABG
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oxygen saturation in each patient did not exceed 20%.
Reductions of more than 20% from the baseline tissue oxygen
saturation values with the NIRS method are considered
significant. In addition, there was no significant difference
between the baseline measurements of renal oxygen saturation in
terms of NIRS values between the diabetic and non-diabetic
groups in the present study. No significant correlation was found
between changes in intra-operative renal NIRS values and
postoperative renal function. However, although there was no
significant between the renal NIRS values between the two
groups, rO, started to fall earlier in Group 1 (the diabetic group)
than Group 2 (the non-diabetic group). This decrease reached a
significant level at the 110" minutes of the operation. In both
groups, the decrease in rO, levels was increased as the duration
of surgery was prolonged (not given in the text).

This is considered undetected nephropathy, a
microvascular complication that develops in diabetic patients.
Even 20-30% of the patients undergoing coronary artery surgery
have diabetes, the patients with diabetic nephropathy were not
included in the study [11, 12]. Although the duration of the
diagnosis of diabetes mellitus was not considered in patients with
type Il diabetes in our study, exclusion of the patients with
nephropathy could not be effective to prevent such co-existence.

Although there is no clear and precise information on
the use of NIRS in adult patients, we are convinced that NIRS
may be useful in monitoring liver and the kidney oxygenation,
particularly in patients at risk for renal and ischemic events in
appropriate (non-obese patients) cases. The present study was
conducted on the diabetic and non-obese patients (BMI <30
kg/m?) who may be at risk for peri-operative renal ischemia.
Therefore, the NIRS method may be a meaningful way to
evaluate the somatic oxygen saturation in appropriate adult
patients.

Hyperglycemia, which may be present in diabetic
patients, is known to adversely affect overall postoperative
outcomes [13]. Thus, DM is an independent and potent risk
factor for renal insufficiency [14]. In a study by Stallwood and
colleagues [15], CABG has been shown to increase the risk of
renal insufficiency 2.6-fold. Although this may suggest that the
cardiac surgical procedures in diabetic patients may further
increase renal insufficiency, there was no significant difference
in BUN, creatinine, creatinine clearance and GFR between the
diabetic and the non-diabetic groups in our study. Therefore,
large-scale prospective studies are needed to clarify this
controversial issue.

AKI, a common complication following CABG, is
associated with high mortality, extended hospital stays, and
increased health expenditures [16]. The frequency of AKI after
open heart surgery ranges between 5-48%. The short- and long-
term mortality risk increased significantly in the postoperative
period in patients with AKI [17]. In the present study, although
the longer follow-up periods following CABG were not studied,
there was no short-term mortality in both groups.

Serum creatinine level and/or GFR values are used to
evaluate the renal functions in the peri-operative periods for
almost all types of major surgical procedures. These variables are
strong indicators for AKI that can develop postoperatively [18].
In this study, serum creatinine and BUN values were within
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normal limits in all patients preoperatively due to the inclusion
criteria. In addition, there was no statistically significant
difference between GFR and creatinine clearance in both groups
preoperatively. However, significant increases at POD 3 BUN
and creatinine values were observed in both groups. Although
creatinine clearance and GFR values significantly decreased at
POD 3 in Group 2, the small size of the groups may cause such
difference.

Anemia predisposes to AKI [19]. The presence of
anemia before CABG alone or in combination with pre- and
post-CABG is known to be associated with postoperative AKI
development and increased mortality [20]. Prolonged duration of
CABG causes an increased rate of hemolysis, and as a result,
free hemoglobin acts as an endogenous toxin causing pigment
nephropathy. Therefore, the increased duration of CABG also
causes an increased risk of AKI [21]. In this study, the decrease
in renal NIRS by the duration of the surgery was correlated;
therefore, it may have a significant impact on prospective
studies.

Some of the challenges we face in this study suggest
that there is a need for novel studies on NIRS for evaluation of
somatic oxygenation in adult patients undergoing open heart
surgery. Since the distance between the somatic organs and the
skin is close in pediatric patients, the data obtained with NIRS
are reliable, but the reliability of the data obtained with NIRS
may be decreased, especially in adult and obese patients. The
ideal way to overcome this problem is to locate the NIRS probes
where the kidneys are closest to the skin via preoperative
ultrasonographic evaluations. That way, it can be possible to find
exact points in which the distance between the skin and the
kidney is within 2 to 2.5 cm- the optimum distance for these
probes. Failure to perform such an evaluation may disturb the
interpretation of the results. For that reason, the patients with
BMI <30 kg/m?® were included in the study.

Limitations

This study has some limitations. First, the number of
patients in both groups was low, and AKI did not develop in the
study group, so the results could not be evaluated in relation to
the development of AKI. Second, ultrasound was not used for the
placement of renal NIRS probes; therefore, it was not possible to
determine whether the distance between the skin and the kidney
was 2-2.5 cm. This can have an impact on the reliability of the
results obtained.

Conclusion
NIRS may be helpful and beneficial to show renal ischemia in
patients following CABG. Although it was significantly lower in
diabetics than in non-diabetics, it did not correlate with
creatinine and urine output levels. However, large-scale
prospective studies including adult obese patients and use of
ultrasonography to localize the NIRS probes are needed.
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Abstract

Background/Aim: Laparoscopic Heller myotomy with Dor fundoplication (LHD) is a widely used
surgical method in achalasia treatment. However, it has not been well studied in terms of symptomatic
relief effect and anti-reflux success in the long term. This study aimed to investigate the long-term success
of LHD on symptom relief and acid reflux control.

Methods: Patients who underwent LHD between February 2011 and June 2020 were included in this
retrospective cohort study. Patients’ demographics, post-operative follow-up outcomes and esophagitis
signs on endoscopy were retrieved from the institutional database. Eckardt scores of all study patients were
calculated. Those with insufficient follow-up data were excluded. Disease free rates were calculated using
the Kaplan-Meier analysis.

Results: A total of 24 patients, 11 males and 13 females, were included. The mean age of all patients was
47.9 (11.3) years. The median follow-up time was 71.0 (12.0-117.0) months. Cumulative symptomatic
relief (Eckardt <3) rate of LHD was 87.5% (21/24). Kaplan-Meier analysis showed that the time-
dependent probability of Eckardt score being <3 at 3 and 5 years after the surgery were 100% and 94.7%,
respectively. The mean expected survival time with Eckardt score <3 was 102.5 (95% CI: 87.6-117.3)
months. The post-LHD esophagitis rate was 20.8% (5/24). The probability of no reflux esophagitis at 3
and 5 years after the surgery were 95.0% and 89.4%, respectively. The mean expected esophagitis-free
survival was 94.2 (95% CI: 80.6-107.7) months.

Conclusion: LHD seems successful and safe in terms of long-term symptomatic relief and acid reflux
control in the surgical treatment of achalasia.

Keywords: Achalasia, Laparoscopic Heller-myotomy with Dor-fundoplication, Long-term results,
Esophagitis
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Introduction

Achalasia is a rare primary esophageal motility disorder
characterized by the lack of peristaltic activity and partial or total
loss of lower esophageal sphincter (LES) relaxation in response
to swallowing [1]. Selective degeneration of inhibitory neurons
in the myenteric plexus responsible for esophageal peristalsis and
LES relaxation is the culprit mechanism. Since a functional
obstruction occurs in gastroesophageal junction, esophageal
dilatation is seen. The most common complaints include
dysphagia, regurgitation, chest pain and weight loss. Diagnosis is
made by esophagogastroduodenoscopy, barium esophagogram
and manometry [2].

Treatment protocols are not curative, and the primary
goal is to relieve symptoms and help foods pass through
esophagus by decreasing LES pressure. Non-surgical approaches
include pharmacological agents, endoscopic botulinum toxin
injection, pneumatic dilatation and peroral endoscopic myotomy
(POEM). The surgical treatment methods are Heller myotomy
and esophagectomy [3].

The gold standard surgical treatment is laparoscopic
Heller myotomy (LHM) with added partial anti-reflux
procedures. Although some centers suggest a myotomy of 3 cm
on the gastric side, performing a myotomy of at least 6 and 2.5
cm on the esophageal and gastric sides, respectively, is a well-
accepted approach [2, 4]. The partial anti-reflux procedure to be
preferred is not clear. The most used partial fundoplication
methods include Toupet (posterior, 270 degrees) and Dor
(anterior, 180 degrees). In Toupet, the edges of the myotomy are
kept separate, the abdominal esophagus is totally mobilized and
gastrica breves are totally cut to obtain a mobile fundus [4]. In
Dor fundoplication, however, the mucosa exposed following the
myotomy is covered by the fundus and since total mobilization
of abdominal esophagus is not necessary, posterior dissection is
useless. Plus, gastrica breves are not necessarily cut given no
need of extended fundal mobilization [5]. Toupet versus Dor
fundoplication procedures were compared in randomized
controlled studies with no significant differences in terms of
post-operative reflux [6-8]. These results suggest that the
fundoplication method of choice is at the surgeon’s discretion.
We prefer LHM with Dor fundoplication (LHD) in our center. In
this context, we designed this study to report our experiences in
terms of intra and post-operative complications, long-term
symptomatic relief and success of acid reflux control.

Materials and methods

Patients with achalasia who presented with LHD
between February 2011 and June 2020 were included in this
retrospective cohort study. Diagnoses of all included patients
were  made based on  esophagogastroduodenoscopy,
esophagogram and esophageal manometry findings. The
patients’ demographics, pre- and post-operative weights, disease
durations, esophageal dilatation size, operation notes, intra- and
post-operative complications, and duration of post-operative
follow-up and endoscopic findings were retrieved from the
institutional database. Eckardt scores were calculated. Those
with insufficient follow-up data were excluded. The study was
conducted in accordance with the Helsinki Declaration and
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approved by Haydarpasa Numune Training and Research
Hospital Clinical Research Ethics Committee (HNEAH-KAEK
2021/212).

Preoperative esophagograms were obtained with barium
until 2018. Since it was not available in our country from that
year on, water-soluble opaque agents were used. Japanese
Esophageal Society (JES) classification was used to determine
the dilatation degree in the esophagogram [9]. Accordingly, the
patients were divided into three, as those with grade | (maximal
esophageal diameter of less than 3.5 cm), grade Il (between 3.5
and 6 cm) and grade Il (more than 6 cm) dilation. Manometry
was performed with the conventional method (5-channel
catheter).

Eckardt score is a widely used and well-established
grading system in the assessment of symptom and treatment
effectiveness [10]. Four major symptoms are inquired
(dysphagia, regurgitation, chest pain and weight loss) and graded
between 0-4. A total score of equal to or lower than 3 is
considered successful in the evaluation of the treatment. Those
with post-operative Eckardt scores of >3 were asked when their
first complaint began and the duration between surgery and the
beginning of complaints was considered successful post-surgical
time. Time to detection of post-operative esophagitis via
endoscopy was also noted. The Los Angeles classification was
used to determine severity of esophagitis in our center [11]. Los
Angeles grade A or higher (B, C, D) was defined as endoscopic
esophagitis.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics
version 25.0 software (IBM Corporation, Armonk, NY, US).
Categorical data were expressed as numbers (n) and percentage
(%) while quantitative data were given as mean (SD) and median
(min-max). The clinical success (Eckardt score <3) and
esophagitis-free survival rates were displayed by the Kaplan-
Meier survival curves. Cumulative survival rates for 3 and 5
years, and the mean expected duration of life without reflux were
also calculated at a 95% confidence interval.

Results

A total of twenty-four patients, 11 males (48.8%) and
13 females (51.2%), had undergone LHD between February
2011-June 2020. The mean age of the patients was 47.9 (11.3)
years. Half of patients had undergone pneumatic dilatation
before surgery. Preoperative degree of dilatations were grade | in
3 (12.5%), grade Il in 15 (62.5%) and grade Ill in 6 (25%)
patients. Table 1 shows the patients’ characteristics.

Table 1: Baseline characteristics of patients

n=24
Age (years) 47.9 (11.3)
Gender
Male 11 (45.8%)
Female 13 (54.2%)
Pre-op BMI (kg/m?) 23.0 (5.6)

Duration of disease (months)
Prior history of pneumatic dilation

48.0 (12.0-360.0)
12 (50.0%)

Maximum esophageal diameter (cm) | 5.12 (1.04)
Pre-op ECKARDT score 8.5 (5.0-12.0)
Degree of dilation

Grade | (<3.5 cm) 3 (12.5%)
Grade II (>3.5 ¢cm <6.0 cm) 15 (62.5%)
Grade III (>6.0 cm) 6 (25.0%)

Three trocars of 5 mm and 2 trocars of 12 mm (5 ports
in total) were used in LHD. The median operation time was 150
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(120-210) minutes. Mucosal injury occurred in 2 patients (8.3%)
and were repaired. One (4.2%) patient had a bleeding of 300 cc
and 1 (4.2%) patient had vagal injury. Operation was switched to
open surgery in 1 patient owing to adhesions secondary to
previous intra-abdominal surgery. The median duration of
hospital stay was 4 (3-5) days. Among post-operative
complications, 1 (4.2%) patient had atelectasis and 1 (4.2%) had
wound infection (open surgery case). No perforation or delayed
peritonitis was noted in the post-operative period. The median

follow-up time was 71 (12
Table 2: Other clinical findings

-117) months (Table 2).

Parameter Value

Operative time (min) 150.0 (120.0-210.0)
Blood loss (ml) 0.0 (0.0-300.0)
Intraoperative complications 4 (16.7%)
Esophageal/gastric mucosal injury | 2 (8.3%)

Blood loss > 200 mi 1 (4.2%)

Vagus nerve injury 1 (4.2%)

Length of hospital stay (days) 4.0 (3.0-5.0)
Postoperative complications 2 (8.3%)
Atelectasis 1 (4.2%)
Surgical site infections 1(4.2%)

Post-op BMI (kg/m?) 26.4 (4.5)
Post-op Eckardt score 2.0 (0.0-5.0)
Post-op Eckardt score >3 3 (12.5%)
Post-op esophagitis 5 (20.8%)
Follow-up time (months) 71.0 (12.0-117.0)

LHD resulted in symptomatic relief in 21 of 24 patients
(87.5%) (Eckardt <3). We had 3 patients with a post-operative
Eckardt score of more than 3 (12.5%). Kaplan-Meier analysis
showed that the time-dependent probability of Eckardt score <3
at 3 and 5 years after surgery were 100% and 94.7%,
respectively (Figure 1). The mean expected survival time with
Eckardt score <3 was 102.5 (95% CI: 87.6 — 117.3) months. Five
(20.8%) of 24 patients had post-operative esophagitis. Severity
was Los Angeles grade A in 4 patients and B in one. Figure 2
shows the Kaplan-Meier esophagitis-free survival curve.
Accordingly, the probability of no reflux esophagitis at 3 and 5
years after the surgery were 95.0% and 89.4%, respectively. The
mean expected esophagitis-free survival time was 94.2 (95% CI:
80.6 — 107.7) months.

Figure 1: Kaplan-Meier analysis on time-dependent probability of patients with Eckardt
score <3

survival rates for Eckardt score < 3
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Discussion

Dr. Heller first performed the transabdominal myotomy
in the gastric cardia and esophagus approximately 100 years ago
[12]. The myotomy technique was modified over the years. The
first LHM was performed by Shimi et al. [13] in 1991. Post-
operative reflux rates were reported as high as 60% when Heller
myotomy was performed alone; however, thanks to the addition
of Dor fundoplication, this rate decreased down to 17% [14].
Eventually, the gold standard treatment was established as Heller
myotomy plus partial anti-reflux procedures. Since it does not
necessitate posterior dissection and covers the exposed
esophageal mucosa, we prefer the Dor fundoplication (anterior,
180 degrees).

LHM has favorable results. Zaninotto et al. [15]
reported a success rate of 90% in their study with a median
follow-up duration of 2.5 years covering 407 patients.
Schlottmann et al. [16] noted a 87% success rate (Eckardt <3) in
a study including 147 patients with a median follow-up duration
of 22 months. In their study on 896 patients with a median
follow-up duration of 5.2 years, Costantini et al. [17] reported
that LHM resulted in esophageal symptom control in 84.3% of
patients over 10 years. Fukushima et al. reported the success
rates of LHM as 95.3%, 86.5% and 73.5% over 1, 5 and 10
years, respectively, in their study on 530 patients with a median
follow-up duration of 50.5 months [18]. In our study with 70.1
months of median follow-up duration, which included 24
patients, the cumulative symptom relief rate of LHM (Eckardt
<3) was %87.5. Kaplan-Meier analysis showed that the
probability of Eckardt score <3 over 3 and 5 years were 100%
and 94.7%, respectively. Mean expected survival time with
Eckardt score <3 was 102.5 (95% CI: 87.6 — 117.3) months. In
light of these data, it can be concluded that LHM is still one of
the most effective methods in long-term achalasia treatment.

We had 3 patients with a post-operative Eckardt score
>3. One of these underwent pneumatic dilatation because of
severe dysphagia. Two (one of them who underwent pneumatic
dilatation) of these 3 patients were consistent with JES grade |
(<3.5 cm), while the other one was consistent with JES grade I1I.
Fukushima et al. reported that JES grade | patients had the
highest risk of recurrent dysphagia [18]. High-resolution
manometry (HRM) has recently been used in the diagnosis of
achalasia. Achalasia was divided into three in the Chicago
classification based on HRM findings for a better treatment
algorithm, as type I, Il and Il [19]. Type Il is also named as
spastic achalasia. Studies suggest that the risk of recurrent
dysphagia following LHM is the highest in type Il patients.
Besides, the vast majority of those with type IllI disease
correspond to JES grade | (<3.5 cm) [18]. Costantini et al. [17]
reported that symptomatic recurrences mostly occurred in type
Il disease. Of the 3 patients with Eckardt score >3 following
LHD in our study, 2 were in the JES grade | group, suggesting
that these patients had type Il spastic achalasia. Although
similar results were recently reported in the study comparing the
newly popular POEM versus LHM in terms of symptom control,
in Type Il spastic achalasia, POEM is preferred over LHM since
it yields a longer myotomy line [20]. We would probably
recommend POEM if we have had the chance to know whether
these two cases to had type 111 disease or not. However, it should
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be kept in mind that POEM carries a risk of reflux esophagitis in
50% of cases [2]. Nowadays, POEM seems to be preferable in
recurrent cases and in the primary treatment of type 111 achalasia.

Nearly all centers add partial anti-reflux procedures to
LHM to better control the reflux. Rawling et al. [6] conducted a
multicenter randomized controlled study to investigate which
partial fundoplication should be performed. They noted no
difference between Dor and Toupet regarding acid reflux
symptoms. These data were confirmed by two additional
randomized controlled studies and two meta-analyses [7, 8, 21,
22]. Considering these data, which fundoplication method to be
used was left to the surgeon’s preference. We have been using
the Dor fundoplication. Post-LHD reflux esophagitis occurrence
rates vary between 6-35% [18, 23-25]. This wide range of
recurrence rates may be due to the different times elapsed until
post-operative endoscopy and follow-up durations. Fukushima et
al. [18] reported the rate of post-LHD reflux esophagitis as
34.4% in those with a follow-up duration of more than 10 years.
In our study with a median of 71 month-follow-up time, the post-
LHD esophagitis rate was 20.8%. Although this finding seems
relatively high, 4 of 5 patients had mild (Los Angeles grade A)
and 1 had moderate (Los Angeles grade B) esophagitis. No one
had Los Angeles grade C or D disease. The Kaplan-Meier
analysis predicted an esophagitis-free survival of 3 and 5 years as
95% and 89.4%, respectively. Besides, the mean expected
esophagitis-free survival was 94.2 (95% CI. 80.6 — 107.7)
months. All these data suggest that LHD is successful in long-
term acid reflux control.

Limitations

Limitations of the study include its retrospective design,
lack of HRM, confirmation of reflux esophagitis findings
without 24 h ambulatory pH monitoring and low sample size. Its
non-comparative nature is another limitation. Although self-
reporting of symptoms may yield a potential bias regarding
objectivity, we used the Eckardt scoring system, which is widely
used in the symptom assessment of achalasia.

Conclusion

LHD seems successful and safe in terms of symptomatic
relief and acid reflux control in the surgical treatment of
achalasia. However, determining the subtypes of achalasia via
HRM before the treatment may possibly lead to more successful
results. Further studies with a higher patient number and longer
follow-up period are needed to verify our findings.
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Abstract

Background/Aim: Multicenter controlled studies were conducted on the effect of anti-Tumor Necrosis
Factor (TNF) agents in rheumatoid arthritis (RA) and varying effectiveness rates were reported. These
agents have different advantages over each other. We aimed to compare the disease activation parameters
in patients with RA at the beginning and the 52" week of therapy in patients who were followed up in our
center and started on anti-TNF (etanercept, adalimumab, and golimumab), and examine the effects of the
drugs that are used by comparing them with each other.

Methods: This retrospective cohort study included 187 patients with RA who were started on anti-TNF
therapy because the disease activity could not be controlled by the concomitant use of at least three
different conventional Disease-Modifying Anti-Rheumatic drugs, and whose adequate response to anti-
TNF were observed at the 12th-week follow-up. RA disease activity was measured using the 28-joint
Disease Activity Score incorporating erythrocyte sedimentation rate (DAS-28 ESR) and the patients were
evaluated by a Health Assessment Questionnaire (HAQ). For each drug group, disease activation and
laboratory parameters were compared before treatment initiation and at 52 weeks of treatment. These
values were then compared between the drug groups.

Results: The mean age of 187 patients included in the study was 52.70 (10.17) years, 119 (63.6%) were
female and 68 (36.4%) were male. Of the patients, 63 (33.7%) were using adalimumab, 62 (33.2%) were
using etanercept and 62 (33.2%) were using golimumab. In all patients, there was a significant
improvement in all parameters except mean corpuscular hemoglobin, gamma-glutamyl transferase, and
creatinine. There were significant changes in hemoglobin, leukocyte and platelet count, erythrocyte
sedimentation rate, C reactive protein, neutrophil count, serum albumin, DAS-28 ESR, and HAQ levels in
all three groups (P<0.05).

Conclusion: There were no differences in efficacy between adalimumab, etanercept and golimumab
therapies, which were planned considering the comorbidities and drug preferences of the patients. In
addition to controlled studies, real-life data to be reported by rheumatology centers will help us obtain
more accurate information about the therapy results of anti-TNF agents.

Keywords: Arthritis, Rheumatoid; Adalimumab, Etanercept
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Introduction

Rheumatoid arthritis (RA) is the most common chronic
inflammatory rheumatic disease which inflicts irreversible
damage on the joints. Although it affects the joints and
periarticular structures, it can cause comorbid syndromes due to
extra-articular involvement, such as rheumatoid nodules, lung
involvement, and vasculitis. RA creates a significant burden for
both the individual and society [1]. The individual burden
consists of physical disability due to musculoskeletal
dysfunction, decreased quality of life, and other comorbidities
[2]. The socioeconomic burden includes medical costs, loss of
workforce, and social isolation [3]. Therefore, early diagnosis
and initiation of effective therapy are important to reduce
inflammation and subsequent damage and functional loss.
Technological developments in recent years revealed new
therapeutic targets. The definition of new classification criteria
and novel effective therapy strategies provided significant
improvements in all outcomes of the disease [4-9].

The use of anti-tumor necrosis factor (anti-TNF) is a
revolutionary therapy. Anti-TNF agents facilitate the
achievement of therapy targets with their rapid and powerful
effects and significantly increase the rates of controlling disease
activation. Etanercept (ETN), Adalimumab (ADA), and
Golimumab (GOL) are approved for use in the therapy of RA.
ADA and GOL are monoclonal anti-TNF-a full IgG1 antibodies,
while ETN is an extracellular domain of TNF receptor 2/1gG1-Fc
fusion protein. ETN is administered once a week, ADA once
every 2 weeks, and GOL once every 4 weeks by subcutaneous
injection.

In the 2021 American College of Rheumatology (ACR)
RA therapy guideline, it is stated that anti-TNFs can be used
preferably in combination with conventional Disease-Modifying
Anti-Rheumatic drugs (cDMARDSs) such as methotrexate, or
alone [10]. Although many studies report that the anti-TNF
agents have similar effects, contradictions remain. Structural
differences were reported to create differences in both efficacy
and toxicity [11, 12]. In addition, the rates of primary or
secondary therapy resistance that can be seen in these drugs
differ [13].

Response to medication delays reaching the therapy
goal and requires re-evaluating the treatment alternatives. RA
affects a significant part of the population and creates a serious
cost burden on the healthcare system. Regular follow-up of the
patients and making the necessary interventions improve the
prognosis of the disease and reduce all kinds of negative
outcomes.

In our daily practice as clinicians, we think it is
important to know which of these drugs is the most effective for
our patients and whether their effects differ. This study aimed to
statistically compare the disease activation parameters in patients
with RA at the beginning and in the 52" week of anti-TNF
therapy in patients who were followed up in our center, and
comparatively examine the effects of these drugs.
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Materials and methods

Study design

This retrospective cohort study included 187 patients
who presented to the rheumatology department between August
2017-January 2021 and were diagnosed with RA according to
the 2010 College of Rheumatology / European League Against
Rheumatism (ACR/EULAR) classification criteria [14]. Patients
aged 18 years and older, who were started on anti-TNF (ETN,
ADA, GOL) therapy because the disease activity could not be
controlled by the concomitant use of at least three different
cDMARDs and who continued anti-TNF agents with an adequate
response to the therapy at the 12th-week follow-ups were
enrolled. The 12"-week response criterion consisted of the 28-
joint Disease Activity Score, incorporating an erythrocyte
sedimentation rate (DAS-28 ESR) decrease of 1.2 units from
baseline and DAS-28 ESR <3.2. The patients included in the
study were those who did not receive biologic DMARD
(bDMARD) therapy before, did not stop or delay their
medication after starting the anti-TNF therapy, and did not
switch to another drug. We only included patients who received
anti-TNF plus 15 mg methotrexate once a week and non-
steroidal anti-inflammatory therapy if needed to ensure standard
conditions. We did not include patients using cOMARD other
than methotrexate and steroids.

In the clinic where the study was conducted, care is
taken to use all biological drugs in equal proportions, provided
that the co-morbidity and drug preferences of the patients are
considered. Although our study is retrospective, the sizes of our
study groups are very close.

Participants

Inclusion criteria

The study inclusion criteria were set as follows: Patients
aged 18 years and over who were regularly followed up and
treated by the anti-TNF agents ADA, ETN, and GOL for RA in
the rheumatology clinic, without a history of bDMARD use.

Exclusion criteria

The exclusion criteria were set as follows: Patients aged
under 18 years, with a history of alcohol and substance abuse,
other uncontrolled medical disorders, and overlap syndromes
with RA.

Data collection

All patients’ demographic characteristics and clinical
data were analyzed. The clinical data included duration of
disease, drugs used at the time of admission and before, habits
(smoking, alcohol, etc.), and history of other systemic diseases.
Laboratory findings, namely, C-reactive protein (CRP, mg/L),
albumin (g/dL) levels, ESR (mm/h), and complete blood count
parameters were obtained from the hospital records. DAS 28
ESR and Health Assessment Questionnaire (HAQ) values
calculated by the rheumatologist during follow-ups were
obtained from the patient files.

Measurement tools

Disease Activity Score 28-joint count -erythrocyte
sedimentation rate (DAS28-ESR): DAS28-ESR is used to
determine the severity of RA using ESR along with the number
of sensitive and swollen joints. The number of swollen joints is
determined by a visual analog scale and ESR levels. The
DAS28-ESR score ranges between 0 and 9.4.
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Health Assessment Questionnaire (HAQ): HAQ is a
comprehensive instrument designed to evaluate a patient's health
status. HAQ is one of the measures of the ACR Core Data Set for
the assessment of RA disease activity and patient-oriented
outcomes, including disability, drug-associated side-effects,
discomfort, cost of care, and mortality. It includes 20 items
divided into the eight subcategories of dressing, arising, eating,
walking, hygiene, reaching, gripping, and usual activities to
determine patients' ability to use upper or lower limbs. Each item
of HAQ is rated on a 4-point scale ranging from 0 to 3. The final
HAQ index ranges from 0 to 3 and is scored by averaging the
items from all eight categories. A HAQ score <0.3 is considered
normal; however, the average HAQ of the population has been
shown to increase with age [15].

Sample size

Since this is a retrospective study, the sample size was
not calculated. It has been reported that at least 40 patients
should be included in each group with 90% potency to evaluate
the efficacy in biological drug studies used in RA [16].

Statistical analysis

Statistical Package for the Social Sciences (SPSS 22.0
for Windows) was used for data analysis. The Kolmogorov-
Smirnov test was performed to check the normality of the
quantitative variables. Descriptive variables were presented as
mean (standard deviation (SD)) for quantitative variables, and as
frequencies and percentages (%) for qualitative variables. In-
group significant differences were assessed with the dependent
sample T-test for quantitative variables. In addition, an ANOVA
test with Bonferroni (post-hoc analysis) was utilized to assess the
differences between the three groups. The significance of
difference for qualitative variables was analyzed using the y? test.
P-values of <0.05 were considered statistically significant.

Results

The mean age of 187 patients included in the study was
52.70 (10.17) years, 119 (63.6%) were female and 68 (36.4%)
were male. Of the patients, 63 (33.7%) were using ADA, 62
(33.2%) were using ETN and 62 (33.2%) were using GOL.
Distribution and comparison of demographic characteristics of
the patients according to drug groups are presented in Table 1.
There was no difference between the drug groups in terms of
demographic characteristics (P>0.05).

Table 1: Distribution and comparison of demographic characteristics of patients according to
groups
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(0.001<p<0.038). At the end of the first year, there was no
increase in the number of additional diseases compared to pre-
therapy (n=29, 15.5%). There were significant changes in the
hemoglobin, leukocyte and platelet count, ESR, CRP, neutrophil,
albumin, DAS-28, and HAQ levels in all three groups (P<0.05).
A significant decrease was found in lymphocyte counts in the
ETN and ADA groups, and in the ALP levels in the GOL group
(Table 3).

Table 2: Comparison of the laboratory and disease activation parameters of the patients
before anti-TNF therapy and in the 52" week of treatment

All Subject (n=187) P-value*
Before (mean (SD))  After (mean (SD))
Hemoglobin (g/dl) 12.20 (1.62) 13.07 (0.90) <0.001
Leukocyte (/ml) 7728.07 (1767.73) 6290.96 (1518.49)  <0.001
Thrombocyte (10%/ml) | 245.68 (63.84) 226.81 (52.77) <0.001
MCV (fL) 86.02 (3.24) 86.44 (2.49) 0.027
MCH (pg) 26.23 (2.31) 26.06 (1.74) 0.301
ESR (mm/h) 40.30 (9.76) 12.67 (4.37) <0.001
CRP (mg/L) 21.37 (8.68) 2.80 (1.47) <0.001
Neutrophil (/ml) 5612.57 (1848.81) 3577.81(1350.51)  <0.001
Lymphocyte (/ml) 1855.56 (382.33) 1617.38 (382.33) <0.001
Albumin (g/L) 4.24(0.18) 4.45 (0.16) <0.001
ALT (U/L) 17.27 (7.48) 16.13 (3.09) 0.006
AST (U/L) 16.98 (4.66) 15.99 (3.11) 0.038
ALP (U/L) 84.49 (19.07) 81.14 (12.88) 0.024
GGT (U/L) 24.73 (10.45) 23.32(7.90) 0.078
Creatinine (mg/dL) 0.73(0.15) 0.71 (0.11) 0.115
DAS 28-ESR 5.89 (0.19) 2.60 (0.42) <0.001
HAQ 1.30 (0.24) 0.33(0.11) <0.001

MCV: mean corpuscular volime, MCH: mean corpuscular hemoglobin, ESR: erythrocyte sedimentation
rate, CRP: C reactive protein, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, ALP:
Alkaline phosphatase, GGT: Gamma glutamyl transferase, DAS 28-ESR: 28-joint Disease Activity Score
incorporating erythrocyte sedimentation rate, HAQ: Health assessment questionnaire, SD: Standard
deviation, *: Dependent T test was used.

Table 3: Distribution and comparison of laboratory and disease activation parameters of
patients before anti-TNF treatment and in the 52" week of treatment according to drugs

All subject Etanercept Adalimumab  Golimumab  P-value
n=187 n=62 n=63 n=63
Age, mean (SD) 52.70 53.03 52.06 (9.59)  53.00 (11.52) 0.834 *
(10.17) (9.42)
Sex n(%) 0.9404
Female 119 (63.6) 40 (64.5) 39 (61.9) 40 (64.5)
Male 68(36.4) 22(35.5) 24 (38.1) 22 (35.5)
Age of diagnosis (year) | 45.61 46.13 44.65 (9.80) 46.08 (11.27) 0.651 *
mean (SD) (10.11) (9.24)
Presence of additional | 29 (15.5) 11 (17.7) 11 (17.5) 7(11.3) 0.532 &
comorbidities n(%)

SD: Standard deviation, *: ANOVA test was used; & :y? test was used.

One hundred and thirty-nine (74.3%) patients (n=187)
had RF positivity and 117 (62.6%) had Anti CCP positivity. The
distribution and in-group comparison of laboratory and disease
activation parameters measured before and at the 52" week of
therapy are shown in Tables 2 and 3.

In all patients, there was a significant improvement in
all parameters except MCH, GGT, and creatinine

Etanercept (n=62) P- Adalimumab (n=63) P- Golimumab (n=62)  P-
value* value* value*

Before After Before After Before After
Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD)

Hemoglobin {12.29 1321 <0.001 12.06 12.89 <0.001 12.24 13.11 <0.001

(g/dL) (1.70) (0.86) (1.63) (1.04) (1.53) (0.74)

Leukocyte 7890.48 639597 <0.001 7768.40 6524.44 <0.001 7524.68 5948.71 <0.001

(/ml) (1798.87) (1557.13) (1854.06) (1506.05) (1651.54) (1454.04)

Thrombocyte |238.17 223.80 <0.001 255.90 235.28 <0.001 242.80  221.20 <0.001

(103/ml) (70.59)  (61.69) (54.73)  (44.11) (65.01)  (50.91)

MCV (fL) 85.63 86.11 0.092 86.20 86.44 0.461 86.23 86.75 0.151
(2.43) (2.36) (4.11) (3.03) (2.95) (1.97)

MCH (pg) 25.79 25.82 0.908 26.47 26.39 0.771 26.42 25.98 0.116
(254)  (1.83) (224)  (1.75) (210) (162

ESR (mm/h) [41.74 12.87 <0.001 39.56 12,51 <0.001 39.63 12.65 <0.001
(8.84) (4.71) (10.45)  (4.08) (9.91) (4.37)

CRP (mg/L) |21.59 2.85 <0.001 21.80 2.76 <0.001 20.71 2.79 <0.001
(8.85) (142 (4.43) (150 (8.86)  (1.51)

Neutrophil ~ [5666.29 3682.90 <0.001 5676.98 3589.84 <0.001 5493.39 3460.48 <0.001

(/ml) (1773.44) (1433.82) (2001.01) (1225.98) (1784.92) (1397.30)

Lymphocyte [1841.77 1586.13 0.003 2078.10 1720.95 <0.001 1643.23 1543.39 0.093

(/ml) (719.72)  (328.07) (825.22) (421.60) (489.93) (373.90)

Albumin 4.26 4.46 <0.001 4.24 4.50 <0.001 4.24 4.41 <0.001

(g/L) (0.16) (0.15) (0.23) (0.17) (0.15) (0.13)

ALT (U/L) |16.36 16.15 0.766 18.15 16.04 0.064 17.30 16.22 0.238
(5.15) (3.07) (9.76) (3.42) (6.75) (2.78)

AST (U/L) |17.10 16.25 0.152 17.46 16.10 0.071 16.38 15.63 0.160
(4.44) (3.13) (5.81) (3.43) (3.38) (2.74)

ALP (U/L) |79.76 81.42 0.464 85.41 80.11 0.054 88.29 81.90 0.016
(17.94)  (12.05) (20.66)  (15.83) (17.74)  (10.21)

GGT (U/L) |24.35 21.65 0.055 27.87 25.57 0.157 21.92 22.71 0.460
(9.18) (7.07) (13.52)  (8.29) (6.68) (7.87)

Creatinine 0.74 0.71 0.136 0.70 0.69 0.885 0.75 0.73 0.216

(mg/dL) (017)  (0.13) (0.15)  (0.12) (0.12)  (0.10)

DAS 28-ESR (5.90 2.56 <0.001 5.93 2.61 <0.001 5.85 2.62 <0.001
(0.20) (0.49) (0.18) (0.44) (0.17) (0.47)

HAQ 131 0.35 <0.001 1.30 0.32 <0.001 1.31 0.32 <0.001
(0.25)  (0.14) (0.23)  (0.14) (023)  (0.13)

*: Dependent T test was used.

While the pre-therapy values were similar in all three
groups, the lymphocyte count, albumin, and GGT levels
measured after the therapy were significantly different (P=0.024,
P=0.005, and P=0.015, respectively). Subgroup analysis
revealed that in the ADA group, lymphocyte count (P=0.027)
and albumin (P=0.003) levels were higher than in the GOL
group, and GGT levels were higher compared to the ETN group
(P=0.016) (Table 4).

The distribution and comparison of the changes in
therapy and evaluation parameters according to the groups are
presented in Table 5. A significant difference was found in the
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change in ALP and albumin levels (P=0.005 and P=0.043,
respectively). In subgroup analysis, the change in albumin level
was significantly higher in the ADA group compared to the GOL
group (P=0.005). The decrease in ALP level was significantly
higher in the GOL group compared to the ETN group (P=0.047).

No serious side effects were observed in any of the
patients included in the study.

Table 4: Comparison of pre-treatment and end-of-first year values of patients receiving

Etanercept, Adalimumab and Golimumab treatment

Etanercept (n=62) Adalimumab (n=63) Golimumab (n=62) P-value

Mean (SD), n(%) Mean (SD), n(%) Mean (SD), n(%)
Before treatment
Hemoglobin (g/dL) 12.29 (1.70) 12.06 (1.63) 12.24 (1.53) 0.710*
Leukocyte (/ul) 7890.48 (1798.87)  7768.40 (1854.06) 7524.68 (1651.54)  0.505*
Thrombocyte (10%/ml) | 238.17 (70.59) 255.90 (54.73) 242.80 (65.01) 0.274*
MCV (fL) 85.63 (2.43) 86.20 (4.11)) 86.23 (2.95) 0.507*
MCH (pg) 25.79 (2.54) 26.47 (2.24) 26.42 (2.10) 0.193*
ESR (mm/h) 41.74 (8.84) 39.56 (10.45) 39.63 (9.91) 0.368*
CRP (mg/L) 21.59 (8.85) 21.80 (4.43) 20.71 (8.86) 0.790*
Neutrophil (/M) 5666.29 (1773.44)  5676.98 (2001.01) 5493.39 (1784.92) 0.826*
Lymphocyte (/ml) 1841.77 (719.72) 2078.10 (825.22) 1643.23 (489.93) 0.053*
Albumin (g/L) 4.26 (0.16) 4.24(0.23) 4.24 (0.15) 0.807*
ALT (U/L) 16.36 (5.15) 18.15 (9.76) 17.30 (6.75) 0.441*
AST (U/L) 17.10 (4.44) 17.46 (5.81) 16.38 (3.38) 0.423*
ALP (U/L) 79.76 (17.94) 85.41 (20.66) 88.29 (17.74) 0.059*
GGT (U/L) 24.35 (9.18) 27.87 (13.52) 21.92 (6.68) 0.052*
Creatinine (mg/dL) 0.74 (0.17) 0.70 (0.15) 0.75(0.12) 0.133*
RF positivity 47 (75.8) 42 (66.7) 50 (80.6) 0.1944
Anti-CCP positivity 43 (69.4) 32 (50.8) 42 (67.7) 0.0594
DAS28-ESR 5.90 (0.20) 5.93(0.18) 5.85(0.17) 0.058*
HAQ 1.31(0.25) 1.30 (0.23) 1.31(0.23) 0.990*
After treatment
Hemoglobin (g/dL) 13.21 (0.86) 12.89 (1.04) 13.11 (0.74) 0.125*
Leukocyte (/ml) 6395.97 (1557.13)  6524.44 (1506.05) 5948.71 (1454.04) 0.084*
Thrombocyte (10%/ml) | 223.80 (61.69) 235.28 (44.11) 221.20 (50.91) 0.285*
MCV (fL) 86.11 (2.36) 86.44 (3.03) 86.75 (1.97) 0.367*
MCH (pg) 25.82 (1.83) 26.39 (1.75) 25.98 (1.62) 0.176*
ESR (mm/h) 12.87 (4.71) 12.51 (4.08) 12.65 (4.37) 0.897*
CRP (mg/L) 2.85(1.42) 2.76 (1.50) 2.79 (1.51) 0.941*
Neutrophil (/M) 3682.90 (1433.82)  3589.84 (1225.98) 3460.48 (1397.30)  0.657*
Lymphocyte (/ml) 1586.13 (328.07) 1720.95 (421.60) 1543.39 (373.90) 0.024*
Albumin (g/L) 4.46 (0.15) 4.50 (0.17) 4.41 (0.13) 0.005*
ALT (U/L) 16.15 (3.07) 16.04 (3.42) 16.22 (2.78) 0.907*
AST (U/L) 16.25 (3.13) 16.10 (3.43) 15.63 (2.74) 0.518*
ALP (U/L) 81.42 (12.05) 80.11 (15.83) 81.90 (10.21) 0.725*
GGT (U/L) 21.65 (7.07) 25.57 (8.29) 22.71 (7.87) 0.015*
Creatinine (mg/dL) 0.71 (0.13) 0.69 (0.11) 0.73 (0.10) 0.228*
DAS28-ESR 2.56 (0.49) 2.61 (0.44) 2.62 (0.47) 0.752*
HAQ 0.35 (0.14) 0.32 (0.14) 0.32 (0.13) 0.444*

RF: Rheumatoid factor, Anti CCP: Cyclic Citrullinated Peptide Antibody, SD: Standard deviation, *:

ANOVA test was used; & :y? test was used.

Table 5: Comparison of the changes in Etanercept, Adalimumab and Golimumab treatments
before and after the first year of treatment

Etanercept (n=62) Adalimumab (n=63)  Golimumab (n=62)  P-value*

Mean (SD) Mean (SD) Mean (SD)
Hemoglobin (g/dL) 0.92 (1.38) 0.83 (1.29) 0.86 (1.57) 0.935
Leukocyte (/ml) -1494.51 (1968.50)  -1243.95 (1981.13) -1575.96 (1739.40)  0.596
Thrombocyte (10%/ml) | -14.37 (162.61) -20.61 (236.81) -21.59 (276.52) 0.172
MCV (fL) 0.48 (2.24) 0.23 (2.56) 0.52 (2.83) 0.796
MCH (pg) -0.03 (2.06) -0.08 (2.24) -0.44 (2.18) 0.444
ESR (mm/h) -28.87 (8.95) -27.04 (11.24) -26.98 (9.67) 0.492
CRP (mg/L) -18.74 (8.43) -19.03 (7.96) -17.92 (8.49) 0.740
Neutrophil (/ml) -1983.38 (1649.38)  -2087.14 (2084.66) -2032.90 (1693.54)  0.951
Lymphocyte (/ml) -255.64 (647.99) -357.14 (770.09) -99.83 (460.24) 0.080
Albumin (g/L) 0.19 (0.15) 0.26 (0.19) 0.16 (0.10) 0.005
ALT (UIL) -0.21 (5.61) -2.10(9.12) -1.08 (7.15) 0.365
AST (U/L) -0.84 (4.59) -1.35(5.72) -0.74 (4.14) 0.754
ALP (UL) 1.66 (17.75) -5.30 (21.40) -6.38 (20.30) 0.043
GGT (U/L) -2.70 (10.91) -2.30 (12.76) 0.79 (8.36) 0.147
Creatinine (mg/dL) -0.03 (0.18) -0.01 (0.18) -0.01(0.13) 0.564
DAS28-ESR -3.33 (0.49) -3.32(0.41) -3.23 (0.46) 0.362
HAQ -0.96 (0.24) -0.98 (0.20) 0.98 (0.20) 0.770

SD: Standard deviation, *: ANOVA test was used.

Discussion

In our study, we aimed to statistically compare the
disease activation parameters at the beginning and the 52" week
of anti-TNF therapy in patients who were followed up in our
center, and comparatively examine the effects of the drugs used.
We showed that there was a significant decrease in DAS28-ESR,
CRP, ESR, and HAQ scores at the 52" week of therapy in
patients who were started on ADA, ETN, and GOL due to RA.
In addition, the effects of ADA, ETN, and GOL therapies at the
end of 52 weeks were similar.

Well-defined mediators of inflammation such as
interleukin 6 (IL-6), interleukin 1 (IL-1), interferon-gamma,
especially the pro-inflammatory cytokine TNF secreted from B
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and T lymphocytes stimulated as a result of inappropriate
activation of the immune system, play role in the pathogenesis of
RA [17]. Among these cytokines, TNF has been shown to have
the most critical role [18]. After this was discovered, controlling
the inflammation pathway that starts with TNF and blocking the
effects of TNF became one of the main goals of treatment in
reducing the chronic effects of RA. For this purpose, anti-TNF
agents with different molecular structures targeting TNF began
to be used. ETN, which blocks the membrane and soluble form
of TNF [19], ADA, which prevents TNF from binding to its
specific receptor [20], and GOL, which blocks the soluble and
transmembrane form of TNF, are three of these drugs [21].

Many studies investigated the effectiveness of ADA,
ETN, and GOL therapies, albeit not comparatively. It was
reported that the combination of anti-TNF agents with MTX
provides permanent clinical improvement and reduces
radiographic progression in patients with RA. Evaluation of the
patients according to the ACR response criteria revealed that the
efficacy of anti-TNF agents in patients using this combination
was similar [22].

Studies report that patients using ADA plus MTX had a
better clinical course and radiographic progression than patients
using MTX alone [23-25]. Also, patients using ETN plus MTX
had better clinical course compared to patients using ETN or
MTX alone [26]. The efficacy of GOL was demonstrated by
multicenter studies conducted with different patient groups
investigating the efficacy and safety of the drug [27-29]. Unlike
all these multicenter studies, we compared the laboratory and
disease activation scores for each anti-TNF agent at therapy
initiation and the end of 52 weeks and found a significant
difference in inflammation parameters and disease activation
scores at the 52" week of therapy in all three anti-TNF agents.
However, the effects of the three agents did not significantly
differ when compared to each other. Another result of our study
is that the serum ALP level was higher in patients using ETN
than in patients using the other two agents, while the GGT level
decreased with therapy in patients using ETN and ADA but
increased with GOL therapy. Larger and controlled studies are
needed to evaluate this finding more accurately.

Limitations

Its single-center and retrospective design, and the sparse
number of patients are the two main limitations of this study.

Conclusion

In this retrospective study, we found that there were no
significant differences in the efficacy between ADA, ETN and
GOL therapies, which were planned considering the
comorbidities and drug preferences of the patients. In addition to
controlled studies, real-life data to be reported by rheumatology
centers will help us to obtain more accurate information about
the therapy results of anti-TNF agents. Larger studies with larger
patient groups are needed for the reliability of these data.
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Abstract

Background/Aim: Sinonasal complaints are frequently observed in patients with obstructive sleep apnea
(OSA). This study aimed to correlate the severity of OSA with sinonasal complaints.

Methods: A total of 90 patients, including 30 patients with mild, 30 with moderate, and 30 with severe
OSA, were enrolled in this cross-sectional study. None of the patients received any treatment for OSA at
the time of enrollment. All participants were asked to complete the SNOT-22 questionnaire. Subdomain
scores obtained from the patients with the SNOT-22 questionnaire, total scores, and scores obtained for
each complaint were investigated for any correlations with severity of OSA. Also, mild, moderate, and
severe OSA groups were compared with each in terms of these scores.

Results: A significant, positive correlation was found between AHI values and “nasal obstruction,” “runny
nose,” “lack of a good night's sleep” and “waking up tired” items of the SNOT-22 (P=0.008, P=0.022,
P=0.037, P=0.005, respectively) and nonrhinologic otolaryngologic subdomain scores (P=0.036). A
significant, positive correlation existed between the severity of OSA and sleep subdomain score (P=0.039)
and the total score (P=0.047) in addition to all the above-mentioned elements. There was no difference
between mild and moderate OSA groups in nasal obstruction and runny nose complaints (P=0.858,
P=0.990, respectively) but a difference was noted between mild and severe (P=0.016, P=0.011,
respectively), and moderate and severe OSA groups (P=0.015, P=0.011, respectively). While there was no
difference between mild and moderate (P=0.268), and moderate and severe OSA groups (P=0.036) in
terms of the 'waking up tired' item, the mild and severe OSA groups differed significantly (P=0.009).
Conclusion: OSA causes various sinonasal complaints such as nasal obstruction, runny nose, and waking
up tired. An increase in OSA severity leads to an increase in these complaints, and treatment may lead to
increased quality of life.

Keywords: Obstructive sleep apnea, Sinonasal complaints, Apnea-hypopnea index
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Introduction

The collapse of the upper airway during sleep is the
hallmark of OSA and breathing is interrupted for at least 10
seconds [1, 2]. Complete cessation of breathing is repeated many
times during sleep, due to which the amount of oxygen in the
blood decreases and several systems are adversely affected [3].
In the treatment of OSA, numerous methods are used to prevent
the collapse of the upper respiratory tract. These therapeutic
modalities generally include Positive Airway Pressure (PAP)
therapy, surgical interventions, and medical treatments. The
target organ in most of these treatments is the upper respiratory
tract. The effects of OSA on many systems in the body were
investigated in several studies in the literature [4-6]. However,
there are a limited number of studies revealing the impact of
OSA on the upper respiratory tract and related complaints.

This study aimed to investigate the correlation between
OSA severity and sinonasal complaints.

Materials and methods

This study was conducted in the otorhinolaryngology
department of a tertiary hospital after the approval of the local
ethics committee (Yozgat Bozok University Clinical Research
Ethics Committee, Ref. No=2017-KAEK-189 2019.04.24 08)
was obtained. Ninety patients who were diagnosed with
obstructive sleep apnea by a polysomnography test performed in
our institution were included in the study. Thirty of these patients
had mild, 30 had moderate and 30 had severe obstructive sleep
apnea. The minimum sample size (30 patients in a group) was
calculated for each group at a 95% significance level and 90%
statistical power based on a similar study [7]. Written informed
consent was obtained from all subjects before enrollment. Those
with upper respiratory tract infection, allergic rhinitis, eustachian
dysfunction, nasal septum deviation, nasal polyposis, previous
otolaryngological operations, ear pathology, psychiatric diseases,
and smokers were not included in the study. Forty-nine patients
were male and 41 were female. The mean age of the patients was
54.60 years. Polysomnography was performed on all patients
using a 31-channel ALICE 6 LDe device (Respironics,
Murrysville, PA, USA). AHI values obtained as a result of
polysomnography were recorded in all participants. The patients
were divided into 3 groups according to their AHI values as
mild, moderate, and severe OSA. A special effort was made to
assign 30 patients to each group. Before inclusion in the study, it
was ensured that the patients were not receiving any treatment
for obstructive sleep apnea. All patients were asked to fill in the
SNOT-22 questionnaire. There are 22 complaints including the
rhinologic, nonrhinologic-otolaryngologic, sleep, and
psychological complaints in the SNOT-22 questionnaire. Patients
are asked to rate these complaints according to the problems they
have experienced within the last 2 weeks. Each item is rated as
follows: 0=No problem, 1=Very mild problem, 2=Mild or slight
problem, 3=Moderate problem, 4=Severe problem, 5=Very
severe problem. The rhinologic complaints subdomain contains
'need to blow nose', 'nasal obstruction', 'sneezing’, 'runny nose',
'postnasal drip', 'thick nasal discharge’, 'loss of smell' and 'taste
complaints’; nonrhinologic-otolaryngologic subdomain includes
‘cough’, 'ear fullness', 'dizziness', ear pain, facial pain/pressure'
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complaints; the sleep subdomain comprises ‘difficulty falling
asleep’, ‘'waking up at night', ‘lack of a good night's sleep’,
‘waking up tired' complaints, and the psychological subdomain
has ‘fatigue’, 'reduced productivity', 'reduced concentration’,
‘feeling frustrated/restless/irritable, sad, embarrassed'
complaints. A low total SNOT-22 score indicates a better quality
of life. Subdomain scores, total scores, and scores obtained for
each complaint were correlated with the AHI scores and severity
of OSA in the patients, obtained by the SNOT 22 questionnaire.
The mild, moderate, and severe OSA groups were compared
with each other in terms of subdomain scores, total scores, and
scores obtained for each complaint in SNOT-22.

Statistical analysis

SPSS software (version 20.0 for Windows, IBM Corp.,
Armonk, NY, USA) was used for all data analyses. Spearman
Correlation Analysis was used to correlate SNOT-22 parameters
with AHI values and severity of OSA. A P-value of less than
0.05 was considered significant. The Kruskal Wallis test was
used to compare mild, moderate, and severe OSA groups in
terms of SNOT-22 data. Bonferroni Correction and Post hoc tests
were used for the significantly differing parameters. The P-value
obtained with Bonferroni Correction was 0.017. A P-value of
less than 0.017 in post hoc test results was considered
statistically significant.

Results

No difference was found between the groups in terms of
age, gender, and body mass index (P=0.548, P= 0.140, and
P=0.798, respectively).

AHI values were significantly positively correlated with
'nasal obstruction’, 'runny nose', 'lack of a good night's sleep’,
‘waking up tired' items (P=0.008, P=0.022, P=0.037, P=0.005,
respectively) and nonrhinologic-otolaryngologic subdomain
scores (P=0.036, Table 1).

Table 1: Correlation between SNOT-22 items and AHI/OSA Degree

SNOT-22 items Score P-value
Mean (SD) AHI OSAS Degree

Rhinologic 5.89 (4.17) 0.172 0.102
Need to blow nose 0.88 (1.14) 0.856 0.694
Nasal Obstruction 1.47 (1.37) 0.008" 0.012"
Sneezing 1.09 (0.97) 0.371(-)  0.485(-)
Runny Nose 0.34 (0.78) 0.022" 0.006"
Postnasal Drip 1.01 (1.31) 0.992(-) 0.952
Thick Nasal Discharge 0.31(0.74) 0.445 0.465
Loss of Smell and Taste 0.79 (1.16) 0.292 0.235
Non Rhinologic Otolaryngologic Complaints | 4.09 (3.69) 0.036" 0.040"
Cough 0.93 (1.14) 0.159 0.177
Ear Fullness 1.00 (1.11) 0.212 0.155
Dizziness 1.07 (1.15) 0.531 0.600
Ear Pain 0.39 (0.80) 0.567 0.428
Facial Pain/Pressure 0.70 (1.09) 0.532 0.493
Sleep 8.09 (4.51) 0.050 0.039
Difficulty falling asleep 1.44 (1.57) 0.797(-)  0.853
Wake up at night 2.14 (1.37) 0.123 0.146
Lack of good night’s sleep 2.10 (1.58) 0.037" 0.040"
Waking up tired 2.40 (1.27) 0.005 0.004"
Psychological 6.23 (5.27) 0.623 0.448
Fatigue 1.36 (1.34) 0.118 0.064
Reduced productivity 1.08 (1.35) 0.508 0.404
Reduced concentration 0.99 (1.31) 0.164 0.109
Frustrated/Restless/irritable 1.17 (1.33) 0.689 0.313
Sad 0.89 (1.20) 0.249 0.191
Embarrassed 0.76 (1.03) 0.790 0.843
Total 24.31(13.84)  0.072 0.047"

* Statistically significant, (-) Negatively correlated

The severity of OSA was significantly, positively
correlated with the 'nasal obstruction’, 'runny nose’, 'lack of a
good night's sleep’, 'waking up tired' items (P=0.012, P=0.006,
P=0.040, P=0.004, respectively) and nonrhinologic-
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otolaryngologic, sleep, total SNOT-22
P=0.039, P=0.047, respectively, Table 1).

Comparison of 3 groups concerning SNOT-22 items
revealed a statistically significant difference between the three
groups in 'nasal obstruction’, 'runny nose', and 'waking up tired'
items (P=0.019, P=0.007, P= 0.017, respectively, Table 2).
While there was no statistically significant difference between
mild and moderate OSA groups (P=0.858) in terms of 'nasal
obstruction’, a significant difference was found between mild and
severe OSA groups (P=0.016) and between moderate and severe
OSA groups (P=0.015). The mild and moderate OSA groups
(P=0.990) were similar in terms of 'runny nose', while mild and
severe OSA groups (P=0.011) and moderate and severe OSA
groups (P=0.011) significantly differed. The mild and moderate
OSA groups (P=0.268) and the moderate and severe OSA
groups (P=0.036) did not differ in terms of the 'waking up tired'
item, while the mild and severe OSA groups did (P=0.009).

Table 2: Comparison of three groups in terms of SNOT-22 items

scores (P=0.040,

JOSAM

SNOT-22 items Kruskal Post Hoc Tests
Wallis P-value
P-value Mild/Moderate Mild/Severe Moderate/Severe

Rhinologic 0.105

Need to blow nose 0.074

Nasal Obstruction 0.019" 0.858 0.016" 0.015
Sneezing 0.767

Runny Nose 0.007" 0.990 0.011" 0.011"
Postnasal Drip 0.325

Thick Nasal Discharge 0.088

Loss of Smell and Taste 0.488

Non Rhinologic | 0.121

Otolaryngologic

Cough 0.278

Ear Fullness 0.336

Dizziness 0.698

Ear Pain 0.498

Facial Pain/Pressure 0.687

Sleep 0.120

Difficulty falling asleep 0.422

Wake up at night 0.327

Lack of good night’s sleep 0.102

Waking up tired 0.017" 0.268 0.009" 0.036
Psychological 0.312

Fatigue 0.110

Reduced productivity 0.384

Reduced concentration 0.152

Frustrated/Restless/irritable | 0.373

Sad 0.417

Embarrassed 0.972
Total 0.098
* Statistically Significant

Discussion

The collapse of the upper airway during sleep is the
hallmark of OSA and breathing is interrupted for longer than 10
seconds. This cessation of breathing is known as apnea, and it
occurs many times during sleep. Hypoxia due to apnea adversely
affects several systems. Mouth breathing is frequently observed
in OSA patients [8]. The autonomic nervous system is also
affected in OSA [9]. Furthermore, many craniofacial
abnormalities such as mandibular insufficiency, maxillary
hypoplasia, the inferior position of the hyoid bone, narrowing of
the posterior airway, and drooping soft palate can be encountered
[10, 11]. Tonsillar hypertrophy, hypertrophy of the base of the
tongue, nasal septum deviation are also common pathologies
seen in OSA. There may be also an increase in the frequency of
sinonasal complaints due to the interruption of the air passage
from the upper respiratory tract, frequent mouth breathing,
frequent anatomical disorders related to the upper respiratory
tract, and changes in the autonomic nervous system. Various
studies demonstrated an increase in sinonasal complaints among
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OSA patients [12, 13]. In the literature, a reduction is reported in
these complaints with CPAP treatment [14].

SNOT-22 is not a diagnostic test, but a method used in
the follow-up of various pathologies that measures the quality of
life. In previous studies, SNOT-22 items were divided into
various subdomains [15, 7]. In this study, similar to previous
studies, SNOT-22 items were divided into 4 groups as
rhinologic, nonrhinologic-otolaryngologic, sleep, and
psychological subdomains. This distinction allowed the
evaluation of subdomain scores as well as the total score in
various pathologies. It is not surprising that higher scores were
obtained in the sleep subdomain in OSA. In many studies in the
literature, sleep-related complaints were more severe in patients
with OSA compared to the control group or those with other
pathologies. Moxness et al. [16] found that all sleep parameters
were higher in the OSA group than in the control group.
However, higher scores were obtained in the OSA group in all
parameters, except for 3 of the 20 items evaluated in this study.
Lanchanas et al. [17] compared OSA patients with chronic
rhinosinusitis patients in terms of sinonasal complaints in their
study. Except for the 'difficulty falling asleep' item, higher scores
were obtained for all other sleep-related items in the OSA group.
On the other hand, Kuan et al. [7] did not reveal a correlation
between OSA severity and sleep-related complaints in their
study. However, the number of participants in this study was
small. Ji et al. [18] compared patients with OSA and chronic
rhinosinusitis in terms of symptom profile and found that nasal,
extranasal, and ear-facial symptoms were more common in
patients with chronic rhinosinusitis, while psychological and
sleep subdomain scores were higher in patients with OSA.
However, when the sleep-related items were analyzed one by one
in this study, no significant difference was found between the
two patient groups. In our study with ninety participants, a
correlation was found between the “waking up tired” and “sleep”
subdomain score and the AHI score. Although OSA is a sleep-
related pathology, it does not result in a significant increase in all
sleep-related complaints.

In numerous studies in the literature, patients with
chronic sinusitis were compared with patients with OSA in terms
of sinonasal complaints. Again, many studies have investigated
the severity of sinonasal complaints in OSA. The reason for this
is that in daily practice, rhinologic and nonrhinologic sinonasal
complaints are frequently encountered in patients with OSA.
When studies comparing patients with OSA with patients with
chronic rhinosinusitis in the literature are reviewed, it is seen that
patients with chronic rhinosinusitis have higher scores than those
with OSA in postnasal drip and nasal discharge complaints [17,
18]. Considering the pathophysiology of chronic sinusitis, this
result is not surprising. On the other hand, the absence of a
significant difference between chronic sinusitis, which is a
pathology that directly affects the upper respiratory tract, and
OSA in terms of other rhinologic and non-rhinologic elements
suggests that OSA causes rhinologic and non-rhinologic
complaints more frequently. In our study, a correlation was
found between AHI score, OSA severity and nasal obstruction,
runny nose, and nonrhinologic-otolaryngologic complaints.
Furthermore, a difference was found between the three groups in
terms of nasal obstruction and runny nose complaints, and this
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difference is more pronounced when comparing patients who
suffer from severe OSA with other groups.

Depressive symptoms and cognitive impairments are
frequently observed in OSA patients [19]. Sleep quality was
associated with depression, anxiety, and stress [20]. Although
there are more detailed tests to reveal psychiatric disorders, there
is also a psychological subdomain in the SNOT-22
questionnaire. This subdomain allows evaluation of the patients
in this respect as well. In several studies in the literature, in
which  SNOT-22 was used, high scores were found in
psychological items in OSA patients [16, 17]. However, in some
studies, no correlation was detected between the severity of OSA
and these items [7]. Similarly, a study in the literature showed
that there was no difference in terms of psychological factors in
the comparison of OSA patients with chronic sinusitis patients
[18]. In our study, no correlation was found between the AHI
score and psychological parameters, and there was no difference
between mild, moderate, and severe OSA groups concerning
psychological elements. This result can be attributed to the fact
that the psychological elements in the SNOT-22 test roughly
assess the psychiatric condition.

The high number of patients can be considered the
strength of our study. On the other hand, we had no control
group. Further studies with more patients, including the control
group, may provide more detailed information on this subject.

Conclusion

OSA causes various sinonasal complaints such as nasal
obstruction, runny nose, and waking up tired. An increase in
OSA severity leads to an increase in these complaints, and
treatment may lead to an increased quality of life.
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Abstract

Background/Aim: The performance of the right ventricular myocardium is crucial in various pathological
states and the right ventricular dysfunction has a prognostic value in pulmonary embolism. We sought to
bring out which parameters were helpful in predicting a normal right ventricular function in patients with
acute pulmonary embolism.

Methods: Consecutive 100 acute pulmonary embolism patients, who were hospitalized and confirmed by
computed tomography angiography, were enrolled in this cohort study. All patients’ demographics,
symptoms on admission, risk factors, electrocardiography and laboratory findings, and hemodynamic
parameters were assessed. Echocardiography was performed in the first 24 hours. The study group of
pulmonary embolism patients was divided into two groups based on their basic characteristics: Patients
with normal right ventricular function and patients with right ventricular failure.

Results: The average age of the patients was 63 (16) years, with 48 (48%) of them being male. Twenty
three patients (23%) had normal RV functions. According to the multiple logistic regression analysis, age
(P=0.041, OR: 1.174, 95% CI: 1.007 to 1.368), oxygen saturation (P=0.026, OR: 1.372, 95% CI: 1.039 to
1.812) and heart rate (P=0.049, OR: 1.160, 95% CI: 1.001 to 1.346) were independent predictors of
normal RV function. The setting in which all three parameters (Age, Heart rate, Oxygen saturation) were
positive was considered AHO index=1, with a positive predictive value of 100% a sensitivity of 44%, a
negative predictive value of 85.6% and a specificity of 100% (AUC: 0.717, 95% CI: 0.619 to 0.803) for
normal RV function.

Conclusion: In acute pulmonary embolism patients who were younger than 53 years of age with a heart
rate of <118 bpm and an oxygen saturation of >90% (AHO index=1), right ventricular functions were
normal. Accordingly, without the need of computed tomography angiography or echocardiography, the
clinician may predict normal right ventricular function with available demographic and noninvasive
hemodynamic parameters.

Keywords: Acute pulmonary embolism, Right ventricular function, Age, Heart rate, Oxygen saturation
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Introduction

Although acute pulmonary embolism (PE) is a life-
threatening cardiopulmonary disease, an important decrease in its
morbidity and mortality has been accomplished over the years
through early diagnosis, risk assessment and recently developed
treatment methods [1-4]. The development of shock or
hypotension, right ventricular (RV) dysfunction and myocardial
damage are the most important prognostic risk factors for acute
PE patients which undertake a critical role in determining the
optimal strategy of treatment [5-7].

The presence of right ventricular dysfunction indicators
such as dilatation of RV in an echocardiographic image,
hypokinesia or extreme pressure loading, RV dilatation in spiral
BT, increase in BNP or NT-Pro BNP and increased cardiac
pressure in right cardiac catheterization indicate a medium-risk
PE group [8-12]. Patients with no evidence of RV dysfunction or
myocardial damage are considered the low-risk PE group. With
the detection of low-risk PE patients, performing outpatient
follow-up and treatment will be possible [1].

In this study, we sought to bring out which
hemodynamic parameters were helpful in predicting a preserved
RV function in the PE population.

Materials and methods

A total of 100 participants were hospitalized after being
admitted to the emergency room and subsequently diagnosed
with acute PE by tomographic angiography

(CTA). The existence of RV dysfunction is considered
when classifying patients with acute PE. Group | consisted of
patients with RV failure (n: 77) and group Il consisted of patients
with normal RV function (n: 23). The following data were
collected: Symptoms and time of admission to the emergency
room, susceptibility conditions, history of coronary artery
disease, diabetes, hypertension and chronic obstructive
pulmonary disease (COPD), vital signs at the time of admission
to the hospital, blood gas analysis, admission blood parameters,
and the results of an electrocardiogram (ECG), transthoracic
echocardiography, lower extremity Doppler ultrasound, contrast-
enhanced computed tomography and ventilation perfusion
imaging and other diagnostic procedures. Within the first 30
minutes after presenting to the emergency room, vital signs and
blood samples were collected. Hypertension is defined as having
two or more blood pressures >140/90 mmHg during the
measurement period or taking antihypertensive medications. A
fasting blood glucose level of 126 mg/dl or higher, or taking
antidiabetic medications, is defined as diabetes. An abnormal
stress test result, the evidence of ischemia, or a coronary
angiography confirming >50% coronary artery stenosis, or a
clinical history of coronary artery disease are used to determine
the coronary artery disease. S1Q3T3, right bundle branch block
pattern, and right preventricular T wave variation are the rhythm
and ECG results related to the right ventricular load. The study
was conducted in accordance with the Declaration of Helsinki
and was approved by the ethics committee of the
Kahramanmaras Faculty of Medicine with the decision
numbered 2018/22.
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Echocardiography was performed within 24 hours after
admission. Using 2.5 to 5 MHz probes, the Vivid 7 system (GE
Healthcare, Wauwatosa, WI, USA) was used to evaluate all
inspections at all participating sites. According to contemporary
guidelines [13], the modified Simpson method is used to
calculate ejection fraction with a defined chamber size.
Echocardiography is used to evaluate RV dysfunction, RV
dilation, increased tricuspid regurgitation jet rate, and pulmonary
artery systolic pressure (SPAP). In addition, right ventricular
dilation (right ventricular size> 3.4 cm in the basal plane or> 3.8
cm in the median plane) is associated with RV dysfunction, as is
the presence of McConnell's sign [13]. According to the
recommendations [14], the intensity of the color blood jet
Doppler signal is combined with the width of the venous
contraction to identify severe tricuspid regurgitation. The
calculation of pulmonary artery systolic pressure was performed
as previously described [15].

Statistical analysis

Continuous variables with a non-normal distribution
were presented as mean, standard deviation (SD), or interquartile
range (IQR), while categorical variables are expressed as
percentages. As a measure of the test accuracy, the area under
the curve (AUC) was estimated. The investigators compared
AUCs using the Z test. Patients with acute PD were divided into
two groups: Group A, including patients with right ventricular
failure, and group B, including patients with normal right
ventricular function.

When the distribution was skewed, the 2-test was used
to compare categorical variables, the independent sample t-test,
to evaluate normally distributed continuous data, and the Mann-
Whitney U test, to compare the patient groups. The Pearson or
Spearman correlation tests were used to determine the correlation
between variables. To quantify the relationship between the
factors and the complete RV function, we used univariate
analysis. Variables that were significant in univariate analysis
and other potential confounders were used in the multiple
logistic regression model using forward progressive techniques
to assess independent prognostic factors of maintained RV
function.

Results

Of all enrolled 100 consecutive patients, the mean age
was 63 (16) years. The study group was gender balanced (52%
female, 48% male).

Table 1 shows the differences in hemodynamic,
electrocardiographic, echocardiographic, and laboratory results
between the two groups of patients with acute PE, as well as
their concomitant diseases. Except for age, a history of chronic
obstructive pulmonary disease, and recent surgery history, both
groups had similar baseline characteristics. The group with a
preserved right ventricle function (Group B) was younger and
had fewer patients with COPD and a previous surgery. In
physical examination, Group B patients’ heart rate was
significantly slower and oxygen saturation was significantly
better than those in Group A. In electrocardiographic parameters,
group B tended to have slightly but significantly fewer patients
with atrial fibrillation. Group B also had significantly better
creatinine and alanine aminotransferase levels.
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Univariate analysis was performed to the parameters in
Table 1 to quantify any relationship with normal right ventricular
function (Table 2). The statistically significant parameters were
included in the multiple logistic regression analysis (Table 3),
which showed that age (P=0.041, OR: 1.174, 95% CI: 1.007 to
1.368), oxygen saturation (P=0.026, OR: 1.372, 95% CI: 1.039
to 1.812) and heart rate (P=0.049, OR: 1.160, 95% CI: 1.001 to
1.346) were independent predictors of preserved right ventricle
function. ROC analysis brought out the cut-off values of these
parameters for normal right ventricular function: For saturation it
was >90% (60% sensitivity, 86.2% specificity, AUC: 0.750, 95%
CI, 0.645 to 0.838, Figure 1) and for heart rate it was < 118 bpm
(100% sensitivity, 51.6% specificity, AUC: 0.803, 95% ClI,
0.702 to 0.881, Figure 2). The cut-off value for age was < 53
years (65.2% sensitivity, 88.3% specificity, AUC: 0.788, 95%
Cl, 0.695 to 0.864, Figure 3). The setting in which all three
parameters were positive was considered AHO index=1, with a
positive predictive value of 100%, a sensitivity of 44%, a
negative predictive value of 85.6% and a specificity of 100%
(AUC 0.717, 95% CI 0.577 to 0.857, figure 4) for normal right
ventricle function.

Table 1: Baseline characteristics of groups

Patients with right Patients with normal P-value

ventricular right ventricular

failure (n:77) function (n:23)
Mean age, years 67(14) 49(16) <0.001
Gender, female, n, % 38 (49%) 14 (61%) 0.232
Hypertension, n, % 36 (47%) 6 (26%) 0.062
Diabetes mellitus, n, % 22 (29%) 3 (13%) 0.105
Coronary artery disease, n, % 22 (29%) 4 (17%) 0.195
COPD, n, % 22 (29%) 2 (9%) 0.040
Admission symptoms
Dyspnea, n, % 54 (70%) 13 (57%) 0.167
Chest pain, n, % 17 (22%) 9 (39%) 0.088
Hemoptysis, n, % 7 (9%) 0 (0%) 0.150
Syncope, n, % 8 (10%) 2 (9%) 0.585
Symptom duration
<6 hours, n, % 3 (4%) 1 (4%) 0.655
6-12 hours, n, % 8 (10%) 1 (4%) 0.339
12-24 hours, n, % 16 (21%) 5 (22%) 0.564
> 24 hours, n, % 50 (65%) 16 (70%) 0.442
Immobilization, n, % 16 (21%) 3 (13%) 0.309
Previous history of PE, n, % 5 (7%) 1 (4%) 0.580
Previous history of DVT, n,% | 4 (5%) 2 (9%) 0.420
Previous history of surgery, n, % | 11 (14%) 8 (35%) 0.033
Systolic blood pressure, mm Hg | 104(19) 110(17) 0.243
Diastolic blood pressure, mmHg | 64(15) 68(14) 0.300
Heart rate, beats/minute 116(20) 98(13) 0.009
Oxygen saturation, % 82(9) 89(11) <0.001
Electrocardiography parameters
Atrial fibrillation, n, % 26 (34%) 3 (13%) 0.044
Right bundle branch block, n, % | 30 (39%) 5 (22%) 0.100
S1Q3T3, n, % 18 (23%) 2 (9%) 0.102
T wave changes, n, % 33 (43%) 7 (30%) 0.206
Deep venous thrombosis, % 30 (40%) 5 (22%) 0.093
Laboratory findings
Hemoglobin, gr/dl 13(2) 12.8(1.7) 0.643
Albumin, gr/dL 3.0(0.6) 3.2(0.7) 0.210
Creatinine, mg/dL 1.3(1.0) 0.8(0.4) 0.017
Alanine aminotransferase, IU/L | 99(209) 40(36) 0.024
Troponin |, ng/mL 0.16(0.4) 0.08(0.16) 0.458
D-Dimer > 1500 ng/ml, n,% 52 (77%) 10 (56%) 0.137

COPD: Chronic obstructive pulmonary disease, DVT: Deep venous thrombosis, PE: pulmonary embolism

Table 2: Univariate predictors of normal right ventricular function

P-value OR (95% CI)
Mean age, years <0.001 0.931 0.899-0.963
Heart rate, beat/minute 0.001 0.947 0.916-0.979
Creatinine, mg/dL 0.005 0.079 0.013-0.466
Oxygen saturation, % 0.014 1.092 1.018-1.172
History of surgery, % 0.033 0.313 0.107-0.911
COPD, n,% 0.066 0.238 0.051-1.102
Atrial fibrillation, n,% 0.066 3.399 0.924-12.498
Hypertension, n,% 0.084 2.488 0.886-6.988
D-Dimer > 1500 ng/ml, n,% 0.084 0.385 0.130-1.139

All the variables from Table 1 were examined and only those significant at P<0.1 level are shown. Cl:
Confidence interval; OR: Odds ratio, Abbreviations in Table 1.
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Table 3: Multiple predictors of normal right ventricular function

| P-value OR (95% CI)
Oxygen saturation, % 0.005 1.377 1.104-1.716
Heart rate, beat/minute | 0.008 0.887 0.812-0.970
Mean age, years 0.010 0.867 0.777-0.967

Multiple logistic regression analysis including P<0.05 level from Table 2.
ClI: Confidence interval; OR: Odds ratio
Figure 1: ROC curve for Oxygen saturation Figure 2: ROC curve for Heart rate
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Discussion

To the best of our knowledge, this is the first study
demonstrating that an index comprising three quantitative
parameters, age and heart rate and oxygen saturation,
significantly predicts preserved RV functions in patients with
sudden onset PE.

Acute PE is a complex cardiopulmonary disease and
rapid risk stratification has become the most important part of
treatment. A great variety of clinical, echocardiographic, and
blood markers are used in this classification. Hypotension or the
presence of shock is still the most important prognostic factor.
Guidelines suggest the prognostic use of troponin and natriuretic
peptides [1]. In addition, several laboratory parameters such as
gamma glutamyl transferase [16], red cell distribution width
[17], uric acid [18], heart-type fatty acid-binding protein (H-
FABP) [19], copeptin, and mid-regional pro-adrenomedullin
(MR-proADM) [20], were shown to be associated with mortality
in PE, without adequate sensitivity and specificity.

In acute PE, it is well known that mortality is higher in
patients who exhibit compromised RV functions. Right heart
failure is a critical part in the vicious cycle of death in embolism:
Occlusion of pulmonary arterial branch, increased pulmonary
arterial pressure, decreased systemic arterial pressure, increased
sympathetic tone and neuroadrenal hormones to maintain
pressure, increased RV workload and wall tension of the RV due
to pulmonary arterial pressure and finally, right heart failure [21-
25]. It is critical to diagnose RV compromise in embolism,
because it changes the therapeutic approach. Plain
anticoagulation is almost enough for patients with low or
intermediate risk, however; thrombolytic agents are advised for
patients with cardiogenic shock (26). Guidelines advise
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clinicians to check the RV status with echocardiography in
patients who are not in shock but whose clinical status is
concordant with heart failure [27]. Computerized tomography is
another option to determine RV failure [28]. Furthermore,
natriuretic peptides are also known as surrogates for right heart
failure in PE. The severity of hemodynamic compromise and RV
dysfunction in acute PE were demonstrated through plasma
levels of natriuretic peptides [29].

At this point, we suggest an index, which is a
combination of three parameters, to predict preserved RV
functions. As discussed above, when all three parameters (age
and heart rate and oxygen saturation values) are within
determined cut-off limits, the indicator has a positive predictive
value of 100 percent and a negative predictive value of 85.6%,
according to research. These three parameters are obtained very
easily and most importantly, in a noninvasive way.

Limitations

The current study has some limitations. Because of its
monocentric nature, our research was constrained. As a result,
the findings cannot be generalized to the full population of PE
patients. The sample size, which is relatively small, was the most
significant constraint. It should be noted that a limited sample
size may have an impact on the wide percent 95 CI. It's possible
that a combination of natriuretic peptides and other indicators
like troponins might be utilized to monitor blood pressure.
However, because we have echocardiography, natriuretic
peptides are rarely used in our center.

Conclusion

Right ventricular function can be evaluated by many
non-invasive methods that are not expensive, routinely available,
and bedside procedures, such as computed tomography,
radionuclide methods, and magnetic resonance imaging. Using
the AHO index, we found that physicians can rule out RV
dysfunction in acute PE with very high precision. Our findings
need to be confirmed by randomized prospective studies with
larger patient populations.
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Abstract

Background/Aim: Diabetes mellitus (DM) is thought to have adverse effects on the male reproductive
system. Metformin (MTF) is a widely used drug in the treatment of DM. This study hypothesized that
MTF can reduce the harmful effects of DM on the male reproductive system in addition to diabetes
treatment.

Methods: Twenty-one adult (15-18 g, 11-12 months) C57BL6 male mice were randomly assigned to three
groups, as follows: The Control group (C), Diabetes group (D), and Diabetes + Metformin (D+MTF)
treatment group. Groups D and D+MTF were fed a diet composed of 60% fat for four weeks. DM was
created by administering a single dose of 30 mg/kg streptozotocin intraperitoneally (i.p.). MTF was given
through gavage at a dose of 300 mg/kg/day. At the end of the experiment, sperm parameters were
evaluated in the testicular tissue. Histomorphology features and immune expressions of VEGF, Caspase-3,
and Ki-67 were evaluated in testicular tissue sections stained with Hematoxylin and Eosin (HE).

Results: Sperm concentration, motility, and morphological characteristics of diabetic mice were
significantly reduced compared to control, and MTF-treated mice. Seminiferous tubule diameters and
Johnsen scores were significantly higher in the control and D+MTF groups when compared to the diabetic
group. VEGF and Ki-67 immune expression were significantly higher in the control and D+MTF groups
compared to the D group (P=0.001, and P=0.002, respectively). Because of D, Caspase-3 positive cell
density was higher in the D group compared to the control and D+MTF groups (P=0.002).

Conclusion: Diabetes mellitus had adverse effects on sperm parameters and the testicular tissue. High
glucose levels with decreased VEGF immune expression damaged spermatogenic cells and decreased
proliferation and differentiation due to impaired intratesticular vascularity. MTF treatment reduced the
damage in spermatogenic cells and contributed to the differentiation and division of cells through the
restoration of vascularization.

Keywords: Metformin, Type 2 Diabetes, Obese
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Introduction

Diabetes mellitus (DM) is one of the most common
persistent diseases affecting more than one hundred million
people worldwide. It is a metabolic disease characterized by
hyperglycemia that causes long-term damage to many organs,
including the heart, eye, kidney, nervous system, and the
vascular system. Diabetes develops a result of a deficiency in
insulin secretion (T1DM) or a decrease in the sensitivity of tissue
to insulin (T2DM) [1, 2].

DM may cause chronic hyperglycemia-related
reproductive complications. It has been reported that high
glucose causes increased oxidative stress and apoptosis in
testicular cells, thus causing infertility [3-5]. A study revealed
that increased oxidative stress in diabetic rats caused DNA
damage in the testis, loss of sperm cells, and delay in
spermatogenesis [5]. Similarly, another study proved that DM
caused apoptotic cell death in germ cells in testicular tissue in
rats, and the condition was the leading cause of infertility [3].

High blood glucose levels can harm blood vessels and
cause endothelial disorders. Therefore, DM is considered an
essential risk factor for cardiovascular diseases [6]. Vascular
endothelial growth factor (VEGF), also known as vascular
permeability, is a component of vessel wall endothelial cells and
an angiogenic factor that causes proliferation and increased
permeability [7, 8]. VEGF was effective in proliferation and
differentiation during the spermatogenesis process [9]. It is
known that DM causes testicular cell death by inducing the
apoptosis pathway. Experimental studies have shown that
cellular apoptosis results from testicular damage because of
oxidative stress induced by hyperglycemia [10].

Despite increasing knowledge on T2DM risk factors,
the incidence and prevalence of the disease continue to increase
globally. Early diagnosis and safe and effective treatments can
reduce morbidity and mortality by preventing or delaying
complications [11]. MTF, a dimethyl biguanide, is a
hypoglycemic drug usually prescribed for the control of T2DM.
MTF has a direct eliminating effect against ROS. It improves the
level of oxidative stress in DM by supporting the impaired
antioxidant defense system [12].

In T2DM obesity cases, MTF treatment improves sperm
abnormalities and increases the decreased sperm count. In
humans, serum testosterone and LH pulsatility may be increased
in individuals treated with MTF for few months [13]. This
indicates that MTF can modulate testicular steroidogenesis and
increases pituitary LH pulsatility, regulating Leydig cell
functions [14].

This study aims to histopathological and
immunohistochemically investigate the effects of MTF on obese
mice with T2DM in terms of sperm parameters and testicular
tissue.

Materials and methods

Test animals and ethical statement

In this study, twenty-one 11-12 week*old C57BL6 male
mice, weighing an average of 15-18 grams, were used. The study
was performed in the Sakarya University Animal Laboratory per
the international guidelines after approval was obtained from the
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Animal Care and Use Ethics Committee (04.09.2019/30). All
mice were adapted to the laboratory environment for one week
(kept in wire cages, 12/12 h light/dark-light cycle, at 22°C,
temperature, in 50-60% humidity) before the study began. The
21 mice in our study were divided into three groups, regardless
of any trait. There were seven mice in each group.

Test design

Control Group (C): Mice in this group were fed average
mouse food (consisting of 14.3% protein, 4% fat, 65.4% starch,
and 16.3% sugar, fibers, vitamins, and minerals) and tap water
for eight weeks. No further action was taken.

Three days after DM was induced, 14 animals were
again randomly divided into two groups composed of 7 mice, as
the diabetes and metformin treatment groups.

Diabetes Group (D): Mice in this group were underwent
the diabetes induction protocol. Hyperglycemia was induced by
feeding with HFD for four weeks. T2DM was created by
administering 30mg/kg STZ intraperitoneally. Animals
continued to be fed with HFD for another four weeks after they
developed DM.

Diabetes and Metformin Group (D+M): After DM was
created with the administration of 30mg/kg STZ IP, MTF
(300mg/kg/day) [15] was dissolved in 0.09% isotonic solution
and given through gavage for four weeks. After DM occurred,
the mice were fed an average standard diet. At the end of the
eight-week study, the animals were sacrificed using cervical
dislocation with overdose anesthesia (pentobarbital 100 mg/kg
IP) twenty-four hours after the last treatment. Tissue samples
obtained for histopathological examinations were fixed in 10%
buffered formalin.

Diabetes protocol

For inducing hyperglycemia in the D groups, mice were
fed HFD with a total energy of 25.07 kJ/g, mostly from fats, 20%
from protein, and 20% from carbohydrates (52.2% starch, 14%,
3 proteins, 17.2% fat, and 16.3% fibers, sugar, essential vitamins
and minerals) [16]. The rats fasted for 16 hours at the end of 4
weeks. After 16 hours of fasting, streptozotocin (STZ), (Cayman
Chemical Temno, 13104, USA) was dissolved in 0.05M citrate
buffer (pH 4.5) and a single dose of 30 mg/kg was administered
intraperitoneally [17]. Fasting blood glucose stages were
measured with the glucometer (Roche Diagnostics, Basel,
Switzerland) from blood samples taken from the tail vein 72
hours after STZ administration. Mice with fasting blood glucose
levels of 150-250 mg/dL were considered hyperglycemic and
used in the test.

Sperm collection

Mature sperm cells were obtained from the epididymis
with the stripping method. Epididymal sperms were counted
using the method described by Yokoi et al. [18]. At the end of
the experiment, 10 pl of the epididymal sperm suspension was
obtained from the three groups in phosphate buffer saline (PBS),
and sperm count was performed in the Makler counting chamber.
Their concentrations were recorded by multiplying by the
dilution ratio. The morphology of 200 spermatozoa were
evaluated after staining of the samples of each mouse in the three
groups, which were examined at 40X magnification under the
light microscope, and their percentages were calculated. Sperm
morphology was evaluated according to the Kruger criteria [19].
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Testicular histopathology

For evaluation under the light microscope, testicular
tissue samples of mice were fixed with Bouin's fixative and
embedded in paraffin. Before sectioning, samples were cooled at
-20°C. Sections of 3-5 pm thickness sliced with Thermo
Scientific  Microm HM40E (Otto-Hahn-Strassela 69190
Walldorf, Germany) microtome were placed on slides after they
were opened in a gelatine (Gelatine, Foodland, Ewald-
GelatineGmbH, Meddersheimer Str 50, 55566 BadSobernheim,
Germany) in hot water bath. Sections were stained with H-E.
(Merck KGa A 6427 Darmstadt, Germany) to examine the
histological structure.

The germinal layer thickness of seminiferous tubules

Testicular tissue samples were embedded in paraffin
after fixation and tissue determination using 10% neutral
buffered formalin. To evaluate seminiferous tubule diameters
morphometrically, we took 5-micron thick sections from tissue
blocks. Then the areas were stained with HE. More than 20
sections were taken from each block. The germinal layer of the
seminiferous tubules was measured using the NIS-Element
(USA) camera and software. Mean diameters of the germinal
layer (um) of the seminiferous tubules were measured for each
testis [21].

VEGF, Caspase-3, and KI-67 IHC staining

The tissue samples, cut in 4 microns from the paraffin-
embedded blocks, were deparaffinized and washed with
decreasing concentrations of alcohol solutions. The preparations
in citrate buffers were subjected to heat treatment for 20 minutes
in the microwave. After that, all preparates were placed in blocks
of 3% H202 with endogen peroxidase activity. The primary
antibodies were Caspase-3(Genetex), VEGF(Genetex), and Ki-
67(Genetex), in 1/300 ratio, after which the secondary antibodies
(UltraVisionLarge Volume DetectionSystem Anti-rabbit by
LabVision, HRP) were evaluated. The producing company's
procedures were implemented in each step. Diamino benzidine
(DAB) was used to make the paint visible. Mayer's hematoxylin
was used for contrast coloring. The preparations were covered by
the mounting medium (Aqueous Mounting Medium by ScyTek).
The area and intensity of brown staining were assessed using
ImageJ software (ImageJ, NIH, Bethesda, MD).

Statistical analysis

Statistical analyses were performed using the SPSS 22.0
package program (SPSS Inc. and LeadTech. Inc. Chicago. USA).
Numerical data were presented as mean (standard deviation)
(SD). Shapiro-Wilk test was used to check the normality of
distribution. The One-way ANOVA and the Kruskal Wallis tests
were used to compare more than two variables. The Tukey HSD
was used for variables with homogeneous in-group significance
and variances, and Tamhane's T2 test was utilized for non-
homogeneous variables. P-values of <0.05 were considered
significant.

Results

Body weight and blood sugar levels

The body weight and blood glucose values of the mice
in the experimental groups are shown in Table 1. At the
beginning of the study, the mean body weight and blood glucose
levels were similar between the three groups (P>0.05). A
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statistically significant increase was observed in the D and D+M
groups' body weights compared to the C group at week 4
(P=0.006, P=0.006, respectively). Mean body weight at the end
of week 8 was significantly higher in the D+M when compared
to the C and D groups (P=0.001 for both).

At the end of week 4, a significant increase was
observed in mean blood glucose levels in groups D, and D+M
fed with HFD compared to group C fed with standard mice food
(P<0.001 for both). There was no significant difference in blood
glucose levels between the D and D+M groups (P>0.05). After
MTF treatment for 4 weeks, blood glucose levels in the D+M
group were significantly lower compared to the untreated group
D (P<0.001), while they were significantly higher than in group
C (P<0.001).

Light microscopic results of sperm parameters

The results of light microscopic evaluation of sperm
parameters are presented in Table 2. DM caused a significant
decrease in all sperm parameters. Sperm density, percent
motility, percent motility/immobility in situ, and percent of cells
with normal morphology decreased significantly (P<0.05).
These parameters were significantly decreased in the D group,
and the mean values of the D+M group were close to those of the
C group (P<0.001 for comparisons of all parameters).

Table 1: Body weights and blood glucose values of study groups at baseline, 4th and 8th
weeks

Groups Body weight (g) Blood sugar (mg/dL)
(n=7) Mean(SD) Mean(SD)
Baseline 4" week 8" week Baseline 4™ week 8" week
C 16.57(0.34) 19.17(0.57) 22.35(0.40) 89.50(1.22)" 91.02(1.83)" 91.57(1.03)

D 16.44(0.28) 20.18(0.55)° 29.50(1.03) 230.28(17.21) 138.22(8.18) 271.31(9.08)
D+MTF | 16.47(0.24) 22.52(0.47)" 17.20(0.36)" 181.37(68.02) 120.80(23.61) 140.72(2.95)"

C: Control, D: Diabetes, D+MTF: Diabetes and Metformin treatment group.SD:Standard deviation, *P<0.05
compared with C and D+MTF, **P<0.001 compared with C and D, # P<0.001 compared with DM and
DM+MTF.

Table 2: Microscopic sperm parameters evaluation results in all groups

Parameters c D D+MTF P-value
Mean(SD) Mean(SD) Mean(SD)
Sperm Count (millions) | 29.14(3.89) 16.43(1.27)  26.57(1.51) <0.001
Motility (%) 32.86(4.80) 17.57(2.51) 27.57(2.07)  <0.000
0.024
On-site mobility (%) 17.142(4.80)  11.43(2.44) 13.57(2.44) 0.016
Immotile (%) 50(7.07) 71(4.51) 58.86(2.34)  <0.001
0.011
0.001
Morphology (%) 25(2.94) 14.43(3.10) 22.86(2.34)  <0.001
Johnsen Score 8.86(0.69) 6(0.82) 8.43(0.53) <0.001

C: Control group, D: Diabetes group, D+MTF: Diabetes and Metformin treatment group, SD: Standard
deviation

Histopathological findings and Johnsen score

Under the light microscope (Figure 1), the testicular
tissue belonging to group C showed a normal seminiferous
tubule and spermatogenic structure (Figure 1-A), and tight
connective tissue. The tunica albuginea, and seminiferous
tubules within the testicular lobules separated by septa extending
interiorly from the capsule seemed normal. In the testes of group
D (Figure 1-B), there was severe atrophy in most seminiferous
tubules, decrease in the number and layer of spermatogenic cells,
and separation of spermatogenic arrests, and intercellular
junctions. Tissue sections of the testicles (Figure 1-C) taken from
the D+M treated group had areas close to the healthy histological
seminiferous tubule organizational structure similar to group C.
Furthermore, spermatozoa accumulated in the spermatogenetic
layers and seminiferous tubule lumen. Separations were less
observed in the intercellular connections in the seminiferous
tubules of these groups compared to group D (Figure 1). There
was no significant difference in terms of the Johnsen scores
between the C and D+M groups (P>0.05). The Johsen scores in
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both groups were significantly higher than that of the D group.
The p values were P<0.001 and P=0.031, respectively (Table 2).

Seminiferous tubules diameter

The diameters of seminiferous tubules in group D were
significantly decreased compared to groups C and D+MTF
(P=0.004, P=0.006, respectively). There was no significant
difference between the D+MTF group and the C group (Figure
3).
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Immunohistochemical results

VEGF and Ki-67 immune expression increased in C and
D+M groups, and Caspase-3 expression decreased (Figure 2). In
group D, on the contrary, Caspase-3 immune expression
increased, while VEGF and Ki-67 decreased. VEGF and Ki-67
expression significantly increased in groups C and D+M, when
compared with group D (P=0.001 and P=0.002, respectively).
Caspase-3 expression was increased in group D compared to
groups C and D+M (P=0.002). There was no difference between
Caspase-3 expression in C and D+M groups (P>0.05). Although
VEGF and Ki-67 expression increased after metformin treatment
in the D+M group, statistical differences were observed
compared to the C group. P values were P=0.002 and P=0.001,
respectively.

Figurel: Seminiferous tubule preparations of the study groups, stained with H.E., 100X, 100 scale bar. Control group (C), diabetes group (D), and diabetes metformin treatment group
(D+MTF). The typical testicular structure is seen in 1A. In 1B, seminiferous tubule structures are observed with reduced diameters. Distorted seminiferous tubule layers were remarkable
in this group. In 1C, seminiferous tubules with increased diameters due to metformin effect are observed. In this group, the seminiferous tubule layers were prominent enough to
distinguish.

groups. Dark brown marked cells are considered positive. These cells indicate increased expression of the target protein Caspase-3. The black arrow heads in Figure 2-H show the

Caspase-3 positive cell.
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Figure 2: Comparison of seminiferous tubule (st) diameters of the experimental groups. Control group (C), diabetes group (D), and diabetes metformin treatment group (D+MTF).
Kruskal Wallis, the continuation of the Mann-Whitney test. ** P<0.05 The st diameters of the C group were higher than those of the D group. # P<0.05 The st diameters of the D+MTF
group were more significant than the D group. There was no statistical difference in ST diameters between the C and D+MTF groups.
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Discussion

This study evaluated the protective effect of Metformin
in  HFD/STZ-induced diabetic testicular tissue and the
histological changes using Caspase-3, Ki-67, VEGF immune
expression staining and microscopic sperm parameters.

DM is a common health problem that impairs
reproductive functions in men and women. In diabetic mice, high
glucose levels can impair testicular function and cause infertility
[22, 23]. A study stated that in diabetic mice, it also caused a
decrease in the diameter of the seminiferous tubules, and
damaged spermatogenic cell morphologies and epithelial layers
[24].

Clinical studies point out that metformin provides
satisfactory results in the treatment of patients with
oligoasthenoteratospermia (OAT). It is thought that metformin
has significant effects on decreasing insulin and globulin-
dependent sex hormone levels and improving serum androgen
levels and semen quality in OAT patients [25]. However, the
mechanism by which metformin repairs spermatogenic function
and the damage caused by obesity is still unknown. The
functioning of a normal testis is determined by the cycle of
spermatogenic cells formed by normal functioning Sertoli and
Leydig cells. When we examined the preparations stained with
HE, we observed that HFD-S caused not only obesity but also a
decrease in the diameters of the seminiferous tubules. The results
proved that the diameters of the seminiferous tubules and the
Johnsen score were remarkably higher in the D+M group
compared to the untreated D group. These values were
significantly lower in group D, which was not treated in the same
way, compared with group C. The same situation resulted in
decreased sperm parameters and poor-quality sperm. Sperm
parameters and in C and D+M groups were significantly higher
in comparison with Group D. Studies are indicating that the
sperm count, motility, and morphology of the DM groups are of
lower quality when compared to the control groups, similar to
the results of this study [26]. Niknamand and Mahmoudi [27],
reported that sperm count and morphology were significantly
disrupted and seminiferous tubule diameters decreased in
diabetic rats.

Expression of the Ki67 protein is related to cell division.
The interphase Ki67 protein is mainly located in the nucleus on
the surface of most chromosomes [28]. In this study, Ki67-
positive cell counts increased remarkably in the spermatid of
groups C and D+M rats compared to group D. These results
indicate the positive effects of Metformin treatment on the
diabetic testis during oxidative stress. Previous studies indicated
that the proliferative activity of germ cells decreased in the
testicular tissues of diabetic mice due to STZ, whereas increases
in cell apoptosis were observed [4, 24, 29]. Diabetes is
associated with increased oxidative stress, which damages the
nuclear DNA of sperm and oocytes. Antioxidant agents are
known to help alleviate the oxidative damage associated with
DM. In this study, the number of caspase-3-positive cells in the
germinal epithelium increased remarkably in group D. On the
other hand, the number of Caspase-3 positive cells markedly
reduced after Metformin treatment in the D+M group. Similar to
our study, in which the lowest caspase-3 levels were seen in
group C, studies reported that hyperglycemia-induced apoptosis
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is regulated by activating the caspase-3 pathway [30] and that
Caspase-3 expression is higher in the diabetes groups compared
to the control groups [31].

The angiogenic factors, VEGF and VEGF receptors are
produced in both the Sertoli and Leydig cells [32]. VEGF
induces spermatogonia proliferation and is essential for the
homeostasis of germ cells [33]. VEGF also stimulates
microvascular permeability and affects the passage of
spermatogonia through tight junctions in the Sertoli cells [34]. A
study stated that the amount of testicular VEGF decreased in
diabetic mice, and the decrease in VEGF level was associated
with increased apoptosis and testicular damage [35]. In our
study, we observed that VEGF expression was almost
undetectable in the testicular tissues of the DM group compared
to the control group, in line with the literature. These results
suggest that the decrease in VEGF expression resulting from DM
may cause decreased endothelial permeability and insufficient
angiogenesis, resulting in vascular disorders.

Limitations

The diversity of antibodies used in the evaluation could
be increased.

Conclusion

This study showed that type 2 DM induced by HFD and
streptozotocin harms the spermatogenesis stage of mice, and
causes quantitative, motility-related and morphological changes
in semen quality. Deterioration of seminiferous tubule histology
increased the apoptosis rate of testicular cells and the
deterioration of the intratesticular vascular structure. We think
that metformin administration probably regulates glucose
metabolism, contributes to the restoration and repair of the
damaged intratesticular vascular structure with its effect on
weight loss and antioxidant support. We have the opinion that
supporting the vascular structure improves semen parameters and
reduces spermatogenic cell apoptosis.
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Introduction

Peripheral arterial disease (PAD) is one of the most
common diseases which increases with age. More than 20% of
the >70-year-old population has a PAD. It also aggravates the
risk of cardiovascular morbidity and mortality about 5 to 6 times
[1].

Atherectomy is considered a minimally invasive
endovascular surgery technique for removing atherosclerotic
plaques in stenosed arteries. It seems to increase the success of
angioplasty in the treatment of a PAD [2, 3].

When blood cannot pass through the arteries to nourish
the peripheral tissues due to atheroma plaques, various
symptoms, such as ischemia, pain, pulseless, claudication,
coldness, loss of sensation, and motor dysfunction occur. The
refinement and use of endovascular procedures in the treatment
of PAD continue to grow at a rate of about 4.8% per year, hence,
the rate of surgical procedures decreases at a rate of 6.6% [4, 5].
This study aimed to evaluate the 2-year follow-up results of 34
patients who underwent rotational atherectomy and drug-coated
balloon therapy.

Materials and methods

Study design

Ethics committee approval was granted by the Ethics
Committee of Istanbul Medipol University on 03.18.2021, with
the decision number 361. All patients or their legal
representatives  signed informed consent forms before
hospitalization.

The data of consecutive patients who underwent
rotational atherectomy or drug-coated balloon angioplasty
between  August 2016-January 2019 were evaluated
retrospectively. The findings of the patients were recorded from
the hospital records and patients’ files. All patients had
symptoms of PAD and total occlusion was determined by CT
angiography.

Our first choice in the treatment of patients with
moderate renal insufficiency not on dialysis and previously
occluded, stenotic arteries was open surgical repair for
atherectomy. In three patients, the superficial femoral artery was
occluded proximally, and the guidewire could not be passed
antegrade or retrograde from the popliteal artery. In these
patients, femora-popliteal bypass was the treatment of choice,
and they were excluded from the study.

Procedures

Patients’ lesions were preoperatively determined by CT
angiography. All patients received acetylsalicylic acid, statin,
and cilostazol if they had severe distal lesions [6]. Local
anesthetics and midazolam were administered. The artery was
punctured with the aid of ultrasonography. The femoral sheath
was inserted, and 5000U of intra-arterial heparin was given for
anticoagulation. In proximal lesions, the arterial puncture was
performed contralaterally with the crossover technique or
brachial access was achieved first, and after dilatation of
common iliac arteries, the crossover technique was performed
from other extremities, as in the case shown in Figure 1. We also
used the ipsilateral antegrade approach in cases of mid and distal
SFA lesions. Hydrophilic guidewires were preferred to pass
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through the arteries, but in totally occluded lesions, naviCross
0.018" support catheter (Terumo) was used. The Rotablator
System (Boston Scientific Corporation; Scimed, Plymouth, MN,
USA) was used in all cases, after which drug-coated balloons
were used in the femoropopliteal section of arteries. In the
infrapopliteal target vessels, lesser-sized guidewires of 0.014
were utilized.

Figure 1 shows the pre-procedural CT angiography of a
patient and Figure 2 depicts the preoperative DSA angiography
of the occluded SFA. The post procedural rotational atherectomy
and recanalization of the SFA is shown in Figure 3. The distal
pulses of this patient were palpable both after the procedure and
during the follow-up period of 2 years. The patients were
heparinized for 24 hours to ensure an aPTT level between 50-70.
Then they were discharged with acetylsalicylic acid (100
mg/day) and clopidogrel (75 mg/day) [6]. In bilateral cases, the
other side was intervened one week later.

Figure 1: Diagnostic CT Angiography of a patient with distal aorta, bilateral iliac and
femoral arterial occlusion and multiple stenosis

Figure 2: Preprocedural DSA angiography of
an occluded right superficial femoral artery

Figure 3: Postprocedural DSA angiography
of the right superficial femoral artery

Becanalisation of]

The right PFA
¥ occluded SFA

Stubbing of
the SFA

Statistical analysis

The analyses were performed with the Statistical
Package for Social Sciences (SPSS) software. The variables were
presented as percentages for categorical variables and mean and
standard deviation. The Pearson correlation coefficients were
used for correlation analysis. A P value 0f<0.05 was considered
statistically significant.
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Results

A total of 34 patients were enrolled in the study. There
were 23 males (67.64%) and 11 females (32.35%). The mean age
of patients was 65.55 (8.36) years. Seventeen patients had
diabetes mellitus, 12 were using oral antidiabetic drugs and 5
were using insulin for diabetes mellitus. Ten of 17 diabetic
patients were male (58.82%). Ten patients smoked one packet of
cigarettes per day. Ten had hyperlipidemia, for which they were
using antihyperlipidemia medications (Table 1).

Table 1: Patients” demographic findings

| Male Female Total (n)
Gender 23(67.64%) 11 (32.35%) 34
Diabetes Mellitus ~ Oral Drugs use | 7 (20.58%) 5 (14.70%)
Insulin 3(8.82%) 2 (5.88) 17 (50%)
Smoking 8 (23.52%) 1 (2.94%) 9 (26.47%)
Hyperlipidemia 6(26.47%)  4(20.58%) 10 (29.41%)

The symptoms of patients included claudication in less
than 50 meters, resting pain (n=15) and ischemic lesions or
necrosis (n=7). The mean ABI was 0.57 (0.17). All patients' CT
angiographies was investigated, based on which the atherectomy
procedure was performed (Figure 1). In terms of Rutherford
classification, 14 patients (41.17%) were grade 1, category 2
with moderate claudication, 6 (17.64%) were grade I, category 3
with severe claudication, 8 (23.52%) were grade 11, category 4, 6
(14.70%) were grade Ill category 5 with non-healing ulcer
(Table 2.). Regarding TASC (Trans-Atlantic Inter-Society
Consensus classification, the Number of Type A, Type B, Type
C, Type D patients were 3, 5, 11, and 15, respectively. Six cases
had bilateral SFA lesions. While ten patients had iliac artery
lesions, 4 had bilateral lesions. In the anatomical evaluation of
lesions regarding the GLASS classification, the number of
patients with SFA grade 1, grade 2, grade 3, and grade 4 were 3,
5, 11, and 15, respectively.

Urea and creatinine levels were evaluated before
atherectomy. Moderate renal insufficiency of patients not on
dialysis was treated by open surgery to prevent the risk of
dialysis. All patients except one were discharged in 24 hours
regarding clinical findings. In physical examination, 16 patients’
(47.05%) ATP pulses and 6 patients’ (17.64%) both ATP and
ADP pulses were palpable. While 8 patients’ (23.52%) both ATP
and ADP pulses were bi-phasic positive by hand Doppler
(Hununtleigh Mini Dopplex Handheld Doppler System), 4
patients’ only ATP pulses were positive by hand Doppler
examination. The primary outcomes were mortality and
amputation rates, while the secondary outcomes were
perioperative complications, such as hematoma, infections, cost-
effectivity, and duration of hospitalization. There was no
mortality, and 2 patients’ amputations were performed at the
metatarsal necrotic region in a month due to previous necrotic
lesions, saving their heels. In clinical findings, while only two
patients had hematoma at the insertion site, there was swelling
and hematoma in a patient’s thigh region. He needed 600 ml of
erythrocyte transfusion. Once his control CT angiography
revealed no extravasation, he was discharged on the 3"
postprocedural day uneventfully. The other 33 patients were
discharged in 24 hours without any complications.

The clinical and angiographic findings of patients
improved. In outpatient follow-ups, Doppler USG was
performed. In the 3 postprocedural month, 94.1% of patients

A(n=32) had no clinical symptoms (P<0.01), 2 needed additional
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balloon angioplasty and stenting due to decreased blood flow and
severe stenosis of the superficial femoral artery. At 1 year
follow-up examinations, 2 patients needed a femora-popliteal 8
mm polypropylene synthetic graft bypass, and one needed
stenting to the superficial femoral artery. In 2 years, 27 patients
(79.4%) were clinically stable without any symptoms and 2
patients had undergone femora-popliteal 8 mm polypropylene
synthetic graft bypass (Table 3). The ankle-brachial index
increased significantly from 0.57 (0.17) at baseline to 0.85
(0.24), 0.82 (0.18), 0.80 (0.21) (P=0.02) at 3 months, 12 months,
and 24 months respectively.

In follow-up, patients who had the re-interventional
procedures or surgical bypass operation were clinically and
radiologically (Doppler Ultrasonography) stable, without any
complications.

Table 2: Rutherford classification of PAD

Grade | Category  Clinical Description n (%)

| 2 Moderate claudication 14 (41.17)
| 3 Severe claudication 6 (17.64)
1 4 Ischemic rest pain 8 (23.52)
1 5 Minor tissue loss — non-healing ulcer, 6 (17.64)

focal gangrene with diffuse pedal ischemia
Table 3: Reinterventions of patients in follow up of 3 months, 1 year and 2 years

\ 3 months 1 year 2 years
No symptoms | 32 (91.1%) 29 (88.2%) 27 (79.4%)
PTA-Stenting | 2 (5.88%)  1(2.94%) 0
Surgery 0 2 (5.88%) 2 (5.88%)
Discussion

Various atherectomy devices were developed by the
manufacturers with the main aim of preserving the arterial
structure and decreasing restenosis rate, as well as other
complications such as dissection and distal embolization. The
technology is developing mainly not to disturb or block the blood
flow by the destruction of the smooth luminal wall or causing
subintimal dissections [7]. In our study, we used the Rotablator
System of Boston Scientific Corporation; Scimed, Plymouth,
MN, USA). The leading edge has the capability to shave the
plaque in 360 degrees [8, 9]. The principle of these devices is to
cut the atheroma plaques by layers without destruction of the
intimal layer of arteries.

The debris of atheroma plaques is small and can be
digested by resident cells without causing embolization [10].
Rotational atherectomy devices significantly increase the luminal
area and volume so the patients' comfort increases without using
stents. Very short hospitalization duration and lack of general
anesthesia administration also decrease mortality and morbidity
in PAD patients, which increases the cost-effectivity. The advent
of atherectomy devices also increases the effectiveness of drug-
coated balloons by increasing the release of paclitaxel through
the arterial wall to the media layer, so the compliance and
volume of arteries increase. The need for metallic stents
decreases more after atherectomy procedures compared to
traditional angioplasty procedures [11]. The patients are saved
from long-term stent-related complications like intimal
hyperplasia, broken stent, occlusion by thrombus, and access
difficulties in the branching point of arteries [12, 13].

The primary patency rates with directional atherectomy
were 88% and 79% in one- and two-years of follow-up,
respectively, in our study. The primary patency rate approaches
60% at 12 months with directional atherectomy as a stent-alone
technique, whereas orbital atherectomy in conjunction withA
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balloon angioplasty and stenting achieved primary patency rates
of 90% [14], as in our study. Some studies indicate that about
20% of patients have restenosis and need additional
interventional procedures or may lose their extremities [15]. In
our study, 32 patients (91%) had no symptoms in 3-month
follow-ups. This ratio decreased to 79% in two years. While 7
patients required reintervention, only 4 of the patients needed a
surgical approach (11.7%). The patients’ limbs were salvaged
from major amputation by invasive interventions. Only the
previous necrotic sections were amputated in 2 patients.

Atherectomy offers the advantages of surgical
endarterectomy by removing atherosclerotic plaques while
remaining a minimally invasive and percutaneous method [16].
These devices are major treatment options for peripheral vascular
disease. Peripheral arterial disease patients are generally
diabetics and demonstrate a gradual, age-related impairment in
vascular function, which causes multiple additional pathologies
requiring surgery [17]. Additional lesions in the aorta or iliac
artery increase the mortality and morbidity of the surgery. Lesion
morphology is an important determinant of success and long-
term patency. Balloon angioplasty is the procedure of choice for
iliac artery occlusive lesions. Stent placement should be reserved
for angioplasty failures [18] but in our cases, all iliac arterial
lesions were severe and included long segments. The desired
opening of the arterial lumen could not be achieved following
balloon angioplasty without stent implantation. So, we preferred
to implant stents in the narrowed or occluded long-segment iliac
arteries. Postoperative antiaggregant treatment also should be
aggressive in longer grafts, which increases postoperative drug-
related risk for bleeding complications [19].

In our study, about 50% of patients were diabetic, and
the mean age was 65 years. In this age group, widespread disease
also increases the risk of surgery and general anesthesia.
Interventional procedures pose lower risks regarding general
anesthesia, the opening of the abdomen, and results in low
hospitalization duration, and decreased wound infection and
bleeding. Major complications of open vascular procedures are
wound complications, graft infections, and poor runoff.
Occlusion and anesthesia-related complications occur at a rate of
30%. Patients with PAD are generally elderly, and patient-related
risks include increased age, cardiac and renal disease, high
American Society of Anesthesiologists score, and those relating
to the administration of general anesthesia. The mortality within
the first month was about 5% (1% for claudication and 8% for
acute ischemia) and the amputation rate was 7% [20]. In our
study, there were no major complications, but one patient had
thigh swelling. The other patients were discharged within 24
hours with cure. Amputation was performed in 2 patients in the
previously necrotic metatarsal region. In two years of follow-up,
only 3 patients required open surgery. In this study, the primary
outcomes were mortality and amputation rates, while the
secondary outcomes were perioperative complications, such as
hematoma, infections, cost-effectivity, and duration of
hospitalization. Rotational atherectomy provides decreased
hospitalization duration and low complication risk, especially for
high-risk patients. Also, the risk of redo interventions or need for
primary open vascular surgery decrease.
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Limitations

The limitation of the study is the relatively low number
of patients.

Conclusion

Atherectomy devices have become the treatment of
choice in the management of peripheral vascular disease.
Opening the natural lumen of the arteries gives the patients time
before open vascular surgery.
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Abstract

Background/Aim: In pulmonary lobectomy operations, the operation is performed with one-lung
ventilation by collapsing the related lung. Postoperative expansion failure on the deflated side is a critical
issue. We aimed to correct the expansion failure and atelectasis with the recruitment maneuver performed
at the end of the operation.

Methods: A total of 61 cases who underwent elective lobectomy under one-lung ventilation were included
in this double-blind and prospective study. They were randomized into two groups comprising thirty and
thirty-one cases. The first group included patients in whom the cycling recruitment maneuver (CRM) was
performed, and the second group comprised patients who underwent the manual recruitment maneuver.
Both groups were ventilated similarly during the one-lung ventilation period. After switching to double-
lung ventilation, a standardized cycling recruitment maneuver was performed in the first group, and a
high-volume manual recruitment maneuver with an anesthetic reservoir bag was used in the second group.
Preoperative and postoperative inspiratory and hemodynamic parameters, wakefulness level, pain scores,
developments of complications and durations of the hospitalization were noted. Expansion failure and
atelectasis were evaluated both with chest radiography and thorax computerized tomography.

Results: There was no statistically significant difference among the two groups in terms of age, smoking,
duration of operation, preoperative forced expiratory volume in 1 second (FEV1), SpO2 levels, respiratory
and hemodynamic parameters noted during the operation, invasive arterial pressure monitoring results,
electrocardiogram (ECG) findings, modified Aldrete score (MAS), and visual analogue scores (VAS)
(P>0.05 for all). The gender distribution and types of operations performed were also similar. No
complications were observed. Expansion failure was seen in 23.3% and 48.8% (P=0.042) of the patients in
the cRM and mRM groups, respectively. Additional procedures were needed in 4 patients (13.3%) in the
cRM group and in 11 patients (35.5%) in the mRM group. The duration of hospital stay was significantly
shorter in the cRM group (P=0.045). Regression analysis revealed a 3.08-times increase in the incidence
of expansion failure in the mRM group compared to group cRM.

Conclusion: In pulmonary lobectomy operations, we observed that with the utilization of the recruitment
maneuver which is performed after switching to double-lung ventilation, the rate of expansion failure, the
need for additional procedures and duration of hospital stay decreased.

Keywords: Atelectasis, Cycling recruitment management, Expansion defect, Lobectomy
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Introduction

Pulmonary complications are common after surgery and
cause an increase in mortality and morbidity [1, 2]. The
development of postoperative pulmonary complications depends
on the anesthetic agents, surgical technique, and patient
characteristics [3]. Major morbid complications may develop
after lung resection operations, such as independently developing
expansion defect and atelectasis along with prolonged air leak
(PAL) [4-7]. The incidence of atelectasis and PAL varies
depending on the underlying disease, lung structure and type of
resection [5]. PAL is usually caused by the lung parenchyma
after lobectomy [7]. Air leak usually ends in 2-3 days when the
lung re-expands [8]. Prevention of the development of prolonged
air leak requires a meticulous surgical technique. Naturally, the
remaining lung can be filled by bringing the costae closer
together, healing the mediastinum on the operative side, raising
the diaphragm, or somehow ensuring that the lung on the
operative side remains open [8-10]. In the postoperative period,
negative intrapleural aspiration, chest tube insertion and
respiratory physiotherapy contribute to the expansion of the lung
and the prevention of atelectasis [9-11]. For the treatment of an
expansion defect or residual air space, stapler use during surgery,
suture line-support structures, fibrin adhesive use, decortication
of the thickened pleura, separation of the inferior pulmonary
ligament, pleural awning and pneumoperitonium can be
considered [9, 12, 13]. The incidence of PAL in large series is
15.2%. The residual air gap ratio is between 10-30%. Eighty
percent are usually reabsorbed within 4 weeks. Ninety percent
may also be monitored for a year. Of these, 9% persist from 1
year to 10 years, and 5% of those with persistent air leaks are
also infected [1, 8, 9].

These complications may be reduced thanks to the use
of low tidal volume (Vt) during surgery, lower fractionated
inspiratory oxygen (FiO) and end-expiratory positive pressure
(PEEP), “Preventive Ventilation Strategy” [14, 15] and
postoperative care including early mobilization, respiratory
physiotherapy, and postoperative continuous positive airway
pressure (CPAP) [1, 9, 16-19].

It is a routine practice to continue the operation by
deflating the lung to be operated on, inserting a double lumen
tube and performing single lung ventilation. Intrapulmonary
shunting is observed in 15-40% due to complete deflation of the
operated lung during single lung ventilation performed in the
lateral position [12]. Atelectasis in the compressed zones of the
lung is also shown by computed tomography (CT) [1, 12, 17].
Atelectatic zones and hypoventilated areas in the ventilated lung
lead to ventilation/perfusion (V/Q) disorders and contribute to an
increase in the shunt seen in the deflated lung [1, 12]. Atelectasis
is a predisposing factor for ventilator-induced lung injury (VILI),
the development of pneumonia, prolonged oxygen demand with
hypoxemia, antibiotic treatment and even mechanical ventilation
need [1, 14, 15]. For complete and uncomplicated recovery in the
postoperative period, the remaining lung section after resection
must completely fill the ipsilateral hemithorax as it re-expands.
The necessity of additional procedures such as bronchoscopy,
CPAP, respiratory physiotherapy performed to provide
expansion after expansion defects and atelectasis in the
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postoperative period in both the deflated and ventilated lung
increase the length of hospital stay and the treatment costs [1].

The recruitment maneuver is often used in the intensive
care unit and in the peroperative period due to its positive
contribution to gas exchange. In this study, a standardized
cycling recruitment maneuver (cRM) and manual recruitment
maneuver (MRM) were used. Mechanical ventilation began with
10 cmH,O PEEP, 20 cmH20 PEEP-over pressure. After the
PEEP value was increased to 15 and 20 cmH.O at 1-minute
intervals, it was waited for 1 minute at each step and decreased
by 2 cmH,0. This maneuver, which reduced PEEP to 8 cmH-0,
took a total of 9 minutes. With this prospective, randomized and
double-blind study, the effects of these maneuvers on
postoperative expansion defect, atelectasis development, the
need for additional procedures and hospital stay were
investigated.

Materials and methods

Patient characteristics

Sixty-one volunteers aged between 18-70 years in the
ASA (American Society of Anesthesiologists) 1-2 category who
underwent elective lobectomy were included in this double blind
randomized controlled trial. The volunteers were randomly
assigned numbers (RANDOM.ORG: True Random Number
Service). Two groups consisting of 30 and 31 patients were
created. Patients who required emergency operation, were
uncooperative, had any contraindications for PEEP, those who
received pleural awning, were given sub-diaphragmatic air, had
contraindications to the drugs to be used, or were known to have
atelectasis before elective lobectomy were excluded from the
study. Group | consisted of patients who underwent cRM and
Group 1l consisted of those who underwent high-volume
uncontrolled mRM with an anesthetic reservoir bag.

Technique of anesthesia

No premedication was performed on the patients before
surgery. A thoracic epidural catheter was inserted through T7 —
T8 in all cases during preoperatively. The catheter was advanced
epidurally about 6-8 cm and 10 mL of bolus bupivacaine
(0.25%) was administered after a 2.5 mL-test dose (15 pg of
adrenaline+20 mg of Lidocaine). Immediately afterwards,
patient-controlled epidural analgesia was started in continuous
mode with bupivacaine and fentanyl (1mg-2pg/ml). Before
epidural catheterization, 500 mL of colloid solution, an
intravascular volume extender (Voluven™), was administered,
and fluid maintenance was continued with ringer lactate at 8
mL/kg/h. Epidural analgesia is the best pain relief method in
thoracotomies. Using this method of analgesia, it was aimed to
prevent the pain of patients with a low pain threshold from
interfering with their mobilization and coughing in the
postoperative period. After providing sedation with midazolam
(0.03 mg/kg), 100% FiO, was given as an inhaler for 3 minutes.
2 pg/kg fentanyl, 1.5-2mg/kg propofol, 0.1 mg/kg vecuronium
were administered as slow bolus during induction of anesthesia.
A double-lumen endobronchial tube was inserted into the trachea
of all patients. Anesthesia was maintained with a Draeger
Primus® (Draeger AG, Libeck, Germany) anesthesia device
with sevoflurane (0.5-2%) and 50% N,O. When it was clinically

&

&
A4

v
Page |965



Surg Med. 2021;5(9):964-968.

N

necessary, a bolus dose of vecuronium (0.015 mg/kg) was
administered.

All patients were given 0.5 FiO, in volume control
mode, with a VVt of 6-8ml/kg, PEEP of 6cm H»0, RR (respiratory
rate) of 12/min, I/E (Inspiratory/Expiratory time ratio) of 1/2.
When thoracotomy began, the lung to be operated on was
deflated. Ventilation continued with a Vt of 3-4 ml/kg, a PEEP
of 6 cmH20, a RR of 12-15 to keep EtCO; between 30-40 during
single-lung surgery.

Study plan

The following ventilatory settings were followed when
switching to double lung ventilation in the cRM group: Pressure
Controlled Ventilation (PCV) mode, FiO2: 1, RR: 12/min, I/E:
1/1, PEEP-overpressure: 20 cmHO, PEEP: 10 cmH0O, and
target peak inspiratory pressure (PIP) was adjusted to a
maximum of 40 cmH2O. Ventilated was performed in these
settings for 1 minute. PEEP was increased to 15 cmH;0 and 20
cmH,0 every 1 min. Afterwards, the PEEP value was reduced by
2 cmH20 each minute until 8 cmH,0. Finally, when PEEP
reached 8 cmH;O and PEEP-overpressure reached 20 cmH-0,
after waiting for 1 minute, the patient was ventilated with both
lungs in PCV mode with PEEP: 8 cmH,0, PIP: Vt 6-8 ml/kg,
FiO,: 0, 5, RR: 12/min, I/E: Y. Ventilation was continued with
the same settings until extubation. During this procedure, the
hemodynamic parameters of patients were monitored with GE
B30 Patient Monitor (GE Healthcare, USA) or peripheral oxygen
saturation (SpO2). If deterioration was observed, the procedure
was stopped, and normal ventilation was switched to, and the
patient was removed from the study. The recruitment maneuver
took a total of 9 minutes.

At the end of the resection, which was performed to the
patients included in the mRM group, double lung ventilation
began, and the anesthesia reservoir bag was used for about 2 min
with FiOz: 1, Vt: 10-15 ml/kg, RR: and PaCO,. 40 mmHg for
continuous and high-volume ventilation. The post-maneuver
settings in volume control mode were as follows: FiO2. 0.5 Vt:
6-8 ml/kg, PEEP: 6 cmH20, RR (respiratory frequency): 12/min,
I/E (Inspiration/Expiration time ratio): %. Ventilation continued
at these settings until extubation.

Intraoperative follow-up

Invasive arterial pressure, electrocardiogram (ECG),
SpO,, and hourly urine output monitoring were performed. At the
beginning and the end of each hour, arterial blood gas (ABG)
was analyzed and partial O, and CO; pressures (PaO, and
PaCO;) and pH values were noted. Hemodynamic parameters
and SpO; values were recorded continuously. High FiO, need
due to hypoxemia and sudden SpO, decrease that may develop
during single lung ventilation were taken note of, along with the
type of lung resection performed on the patient.

Postoperative follow-up method

The physicians and health personnel who followed the
patients were blinded to the study groups. All patients had the
following parameters noted at the end of the operation: Alertness
level (Modified Aldrete Score), heart rate (CAD), arterial
pressure (TA), SpO, respiratory and hemodynamic parameters in
the recovery unit. The patients were transferred to the wards
once stable. Postoperative analgesia was provided at hours 0-1-2-
4-12-24-48 with bupivacaine and dentanyl (1.25 mg/ml + 5
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pg/ml) via patient-controlled epidural analgesia. Pain was
evaluated with the Visual Analogue Scale (VAS) at the 1%
postoperative hour. The VAS was intended to be kept <3.

PA lung X-ray and Thorax CT were obtained the same
night, approximately 1 hour after being transferred to the ward as
part of the routine follow-up, and expansion defect was evaluated
as either present or absent. This assessment was routinely
performed by the same experienced thoracic surgery specialist.
The thoracic surgeon who performed the evaluation did not
know which group the patient belonged to, both during and after
the operation. In addition to the radiological evaluation, the
patients were also evaluated in terms of complications.
Nasotracheal aspiration, tube thoracostomy, CPAP-BiPAP
(Bilevel Positive Airway Pressure) and bronchoscopy procedures
performed on the patient from the postoperative period until
discharge were noted as additional procedures. As long as the
patient was in the operating room, the follow-up was performed
by the same anesthesia technician and the same anesthesiologist.
The follow-up in the ward was performed by the thoracic surgery
team. The data of each patient were recorded in the follow-up
form.

Statistical analysis

The design and data collection of our study follow the
The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statements. Power analysis was
performed with the G power software, with an alpha value of
0.05 and a power of 80%. For 20% expansion failure in the
group that underwent the cycling recruitment maneuver (CRM),
and %40 expansion failure in the manual recruitment maneuver
(cRM) group, at least 25 patients were needed. The data obtained
in the study were evaluated with SPSS (Statistical Package for
Social Sciences for Windows, Armonk, NY: IBM Corp.) v.22.0
with a 95% confidence interval and a significance level of
P<0.05. Compliance with the normal distribution was assessed
using the Kolmogorov Smirnov and Spiro-Wilk One-Sample
tests. Since the data showed a normal distribution, parametric
hypothesis tests were performed. Independent samples t-test was
used for quantitative data among the independent groups, and
Pearson chi-square test or Fisher's exact tests were used to assess
qualitative data. To determine the effect of groups on the
expression defect, logistic regression analysis was performed.

Results

The study included 61 lobectomy surgery patients who
met the criteria for inclusion. According to the mode of double
lung ventilation, the patients were divided into 2 groups. There
was no significant difference between the groups in terms of age,
duration of surgery, smoking, preoperative Forced expiratory
volume in 1 second (FEV1), SpO; values and the respiratory and
hemodynamic parameters recorded during the preoperative
period. The invasive arterial pressures and ECG monitoring
findings were similar between the two groups. A decrease in the
SpO; value was intervened with and brought to normal levels
with FiO; increase. There was no significant difference between
the groups in PaO; and PaCO; values in arterial blood gas
analysis at the beginning of the operation and at the beginning of
each hour. The groups were also similar in terms of pH values,
alertness levels recorded with the Modified Aldrete Score in the
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first 30 minutes postoperatively, VAS assessment, gender
distribution and the type of operation performed (Tables 1 and
2).

Table 1: Quantitative data and significance levels

Group | N Mean SD P-value

Age, years cRM |30 59.90 9.12 0.10
mRM | 31 5571 10.53

Use of tobacco, n cRM |30 3543 2627 0.49
mRM | 31 31.29 19.49

Duration of operation, minutes cRM |30 17433 80.97 0.97
mRM | 31 173.35 80.01

Oxygen saturation, % cRM |30 9487 418 0.60
mRM | 31 9542 4.10

FEV1, L cRM | 30 23504 480.37 0091
mRM | 31 24305 601.20

VASO cRM |30 8.83 0.46 0.96
mRM | 31 8.84 0.45

VAS4 cRM |30 552 1.15 0.48
mRM | 31 5.29 1.30

VAS8 cRM |30 4.34 1.45 0.82
mRM | 31 4.26 1.44

VAS15 cRM |30 372 0.92 0.64
mRM | 31 3.61 0.92

VAS24 cRM |30 334 0.55 0.94
mRM | 31 3.35 0.55

Postoperative hospitalization, days c¢cRM | 30 5.83 2.59 0.02*
mRM |31 9.03 6.51

* P<0.05 Independent Samples T test, n: number, SD: Standard deviation, cRM: group of cycling
recruitment maneuver, mRM: group of manual recruitment maneuver, FEV1: Forced expiratory volume in 1
second, VAS: visual analogue scores

Table 2: Comparison of gender and performed surgery according to group

n(%) ‘ Group
cRM mRM Total P-value
Gender  Male 24(80%) 25(80.6%)  49(80.3%)
Female | 6(20%) 6(19.4%)  12(19.7%)  0.949
Surgery RUL 14(46.7%)  15(48.4%)  29(47.5%)
Others 16(53.3%) 16(51.6%) 32(52.5%) 0.893

* P<0.05, Pearson Chi-Square Test, cRM: group of cycling recruitment maneuver, mRM: group of manual
recruitment maneuver, RUL: Right upper lobectomy

When evaluated for additional procedures performed to
treat the resulting expansion defect, additional procedures were
required in 4 patients (13.3%) in the cRM group, and 11 patients
(35.5%) in the mRM group (P<0.05) (Table 3). The length of
hospitalization was significantly shorter in the cRM group
(P<0.05). There were no complications associated with the
recruitment process.

Regression analysis revealed that the MRM group was
3.08 times more likely to have an expansion defect than the cRM
group (P<0.05) (Table 4).

Table 3: Distribution of expansion defects and additional procedures by groups

cCRM mRM Total P-
n(%) n(%) value
Expansion defect and None | 23 (76.7%) 16 (51.6%) 39(63.9%) 0.042*
atelectasis Exist 7(23.3%) 15(%48.8%)  22(36.1%)
Additional procedure None | 26 (86.7%) 20 (64.5%) 46(75.4%)
Exist | 4(13.3%) 11(35.5%) 15(24.6%) 0.045*

*P<0.05, Pearson Chi-Square Test, n: number, cRM: group of cycling recruitment maneuver, mRM: group
of manual recruitment maneuver

Table 4: The logistic regression model

B P-value  O.R. 95.0% ClI for Exp(B)
Lower Upper
cRM 1125  0.045* 3.080 1.024 9.262
Constant | 0.065  0.857 1.067

*P<0.05, Logistic regression, B: beta coefficient, OR: Odds ratio, Cl: confidence interval, cRM: group of
cycling recruitment maneuver

Discussion

In subtotal lung resection operations, the recruitment
maneuver positively affects arterial oxygenation by contributing
to alveolar gas exchange during the peroperative period [12, 13,
16, 20, 21]. Although almost all rehabilitation studies in the
literature aim to reduce the complications experienced during the
peroperative period. This study was conducted to evaluate the re-
expansion of the lung in the postoperative period and differs
from other studies.
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Expansion defects can be caused by poor lung
compliance [8]. In this study, since the average FEV1 between
the groups was similar, it can be said that the lung compliance of
both groups was equal. With preoperative values, it is seen how
close both groups are to each other in terms of many variables.
Some expansion defects seen after lobectomy are caused by
small damages to the lung parenchyma, and when the lung re-
expands, this air leak mostly ends in 2-3 days [8]. It is of great
importance that the lung is expanded in case of air leak. With the
applied recruitment maneuver, immediate expansion is provided
after the procedure, which leads to the air leak terminating
earlier. According to the results of this study, the 2-3-day period
required for re-expansion in the postoperative period is
significantly shortened by cRM, which is a standardized
recruitment maneuver.

Compression atelectasis develops in the dependent areas
of the lung during single-lung ventilation [12]. However, we
observed no atelectasis in both groups in the dependent lung,
possibly because an optimal PEEP value was given stably
throughout the operation [15]. In addition, due to the complete
deflation of the nondependent lung in the lateral position,
atelectatic areas were formed during the re-ventilation period.
For complete and uncomplicated recovery in the postoperative
period, it is necessary that both the parenchyma remaining after
resection in the independent lung completely fills the same side
hemithorax with re-expansion, and the atelectatic areas in the
dependent lung are fully re-expansed. In this study, a complete
and uncomplicated recovery was achieved at a statistically
significant level thanks to the cycling recruitment method.

The prevention of complications that may occur after
thoracotomy surgery and early recovery of respiratory function
are the most important factors in postoperative pain control. The
superiority of the administration of analgesics in the epidural
space to other methods is known [4]. In this study, postoperative
pain control was achieved at the desired level by inserting a
catheter into the epidural space before the operation. The fact
that there is no significant difference between the two groups in
the postoperative VAS assessment suggests that pain control was
sufficient.

Our rate of expansion defects in the remaining lung
after resection was 48% in the mRM group and 23.3% in the
cRM group, which was significantly different. The rates may be
relatively high as they were detected with postoperative thorax
CT. In the light of the available data, it can be said that the used
cycling recruitment maneuver reduces the expansion defect.

Additionally, fewer additional procedures were
performed on the patients in the cRM group versus the mRM
group, which also shows that the cRM group yielded positive
results in terms of expansion defect.

Two known surgical methods are the application of
pleural awning and creation of pneumoperitoneum to prevent
postoperative expansion defects [9, 11, 22]. With these methods,
the pleural cavity is reduced, allowing the remaining lung to
fully fill the corresponding hemithorax. When applied during the
operation, a recruitment maneuver is known to contribute to gas
exchange [13, 15-17, 20, 23-25]. In addition, in the mRM group,
logistic regression model revealed that the probability of an
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expansion defect to be 3.08 times higher compared to the cRM
group.

Its single-center design is the most prominent limitation
of this study.

Conclusion

The cycling recruitment maneuver used when switching
from single lung ventilation to double lung ventilation during the
peroperative period results in significant reduction in expression
defects, atelectasis development, the need for additional
procedures. Also, hospitalization is significantly shorter, which
lowers hospital costs.
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Abstract

Background/Aim: Congresses, scientific fairs on an academic platform, are held in numerous disciplines
all over the world and bring physicians together. Through these congresses, the physicians can follow the
latest developments in their profession and present their work. Many researchers first present their work in
a congress, then update their work in the light of the feedbacks and publish them in a peer-reviewed
journal. Although many oral and poster presentations are made in scientific congresses, a small portion are
finally published in a peer-reviewed journal. This may be because the effort spent in preparing an abstract
is much less than that spent during the preparation of an entire manuscript. However, the publication of a
presentation in a peer-reviewed journal is a gold standard factor showing the quality of research and that it
is worthy of publication. More detailed congress abstract evaluation criteria and their proximity to the
procedures involved during the journal acceptance stage will likely enhance the publication rate. The
purpose of this study was to perform a detailed evaluation of presentations at congresses held by the
European Society of Trauma and Emergency Surgery (ESTES) in 2013, 2014, 2015 and determine their
rates of publication in peer-reviewed journals.

Methods: The booklets for three consecutive annual ESTES congresses (2013, 2014, 2015) containing
presented papers were accessed online. All oral and poster presentations were analyzed, and published
studies in peer-reviewed journals that are indexed in Google Scholar database until 2019 were identified.
These published studies were then analyzed and used to determine the Publication Factor for Congress
(PFC) for these congresses.

Results: The total number of presentations at ESTES congresses in 2013-2015 was 1746, of which 878
were oral (50.2%) and 868 (49.8%) were in poster form. 450 (25.7%) of these were subsequently
published in peer-reviewed journals that are indexed in Google Scholar database. 148 of the published
papers (32.9%) were based on poster presentations, and 302 (67.1%) were from oral presentations.
Conclusion: The publication rate of oral and poster presentations presented at the 2013-2015 ESTES
congresses from the date of the congress to 2019 was 25.7%. Oral presentations were published more than
poster presentations. It suggests that the papers with high publication potential have a high tendency to be
presented as oral presentations by the authors. Determination of publication rates and publication factor for
a congress at specific intervals may increase the motivation of authors at the participation and submission
stages and strengthen the brand value.

Keywords: Congress, Publication factor, Trauma, Emergency, Publication
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Introduction

Congresses, scientific fairs on an academic platform, are
held in numerous disciplines all over the world and bring
physicians together. Through these congresses physicians can
follow the latest developments in their profession, researchers
share their experiences and present their work, and get to hear
the experiences of other colleagues. This enables scientific
findings to be used more widely in clinical practice. These
organizations also lead up to novel studies and create new
professional networks.

For reasons such as time and financial considerations,
scientists cannot attend all these congresses. It is therefore more
logical and practical for them to select from among these and
attend only a few. Another problem for researchers is predatory
conferences. In other words, they seek to be selective. It is
increasingly difficult to determine which congress is the right
address for sharing the work [1]. Since scientific organizations
holding congresses have observed this reality in recent years,
they started to demand descriptions that could be considered as
the Publication Factor for Congress (PFC). Congress organizers
attempt to give potential participants some idea about the quality
of congresses by determining some parameters that will specify
the PFC. They seek to emphasize parameters such as the identity
of the speakers attending, and their H indices and their important
studies. In addition, factors such as the number of congress
participants and the number of research studies presented have
also become important parameters in terms of the interest in and
quality of a congress. Moreover, subsequent publication status of
the studies presented at a congress is also indicative for the
quality of the presentations submitted to it, and this ratio has
become a significant parameter in determining the PFC. One
systematic review showed that only 1/3 abstracts are
subsequently published [2]. Congresses with a high publication
rate may attract more participants. Although care is generally
taken during the evaluation of submissions sent to scientific
conferences, the extensive examination procedure required by
several scientific journals is not available at congresses [3]. The
fact that the presentations made at the congresses are now a
condition for academic progress, as in our country, places
important responsibilities on congress organizers and congress
scientific committees.

The purpose of this study was to perform a detailed
evaluation of presentations at congresses held by European
Society of Trauma and Emergency Surgery (ESTES) in 2013,
2014 and 2015 and determine their rates of publication in peer-
reviewed journals. The ESTES congress was chosen for this
study because of its high international participation.

Materials and methods

The primary endpoint of this study was to determine the
subsequent publication rates in peer-reviewed journals of oral
and poster presentations at three ESTES congresses held in 2013,
2014 and 2015, together with the affecting factors. The
secondary endpoint was to establish a PFC parameter.

Data collection

An average of 1500 surgeons and residents from
different countries attend the annual ESTES congress. Up-to-date
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information is provided at these scientific assemblies in the form
of oral and poster research presentations, panels, courses and
lectures by invited speakers.

The booklets for three consecutive congresses (2013,
2014, and 2015) containing presented papers were accessed
online (http://www.estesonline.org/past-congresses/). Oral and
poster presentations appear in the online congress booklet
including the study name, author names, and the country and city
where the study was performed. Data obtained from the congress
booklets were transferred to a computer database using Microsoft
Excel (Microsoft Inc, Redmond, WA, USA) software. All
presentations were analyzed and verbal and poster papers, author
names and paper titles were recorded by years. After recording
all presentations in these three ESTES congresses, the author
scanned the author names and study titles of these presentations
online on the Google Scholar database
(https://scholar.google.com.tr/) in December 2019. Other
popular databases such as Pubmed, and Web of Science was also
scanned but most published articles were not detected in these
databases. Since the database with the highest number of
publications is the Google Scholar database, the data obtained
from this platform were used in the study. When studies meeting
the research criteria and published in peer-reviewed journals
were identified, the journal name, year of publication, type of
study, whether it was single- or multi-center, the country in
which it was performed, index information for the publishing
journal, the journal IF, and number of citations of the published
paper since the time the record was made were investigated on
Web of Science and recorded.

Statistical analysis

The Statistical Package for the Social Sciences software
(SPSS, version 21, SPSS Inc, Chicago, IL, USA) was used for all
statistical calculations. All data are presented as median with
interquartile range values for continuous variables and as
percentage values for categorical variables. The Kolmogorov-
Smirnov test was used to identify the normal distribution of
variables. The Chi-square test was used to compare categorical
variables, whereas the Mann-Whitney U test and the Kruskal-
Wallis test were used to compare continuous variables. Statistical
significance was considered as P<0.05 using a confidence
interval of 95%.

Results

The total number of presentations at these congresses in
2013-2015 was 1746, of which 878 were oral (50.2%) and 868
(49.8%) were in poster form. Four hundred fifty (25.7%) of these
were subsequently published in peer-reviewed journals. One
hundred forty-eight of the published papers (32.9%) were based
on poster presentations, and 302 (67.1%) were from oral
presentations (Table 1). Distributions of papers by years and
publication rates are shown in Figure 1.

When subsequently published papers were classified in
terms of study design, the most common were retrospective
studies at a rate of 40.4% (n=182), followed by prospective
studies at a rate of 32.4% (n=146), and experimental studies and
case reports. Four hundred thirty-two published presentations
(96%) were single-center, and 18 (4%) were multi-center.
Ninety-six of the presentations (21.3%) were from the
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Netherlands, 76 (16.8%) were from Germany, and 48 (10.6%)
were from the USA.

Table 1: Descriptive characteristics

No. %
Type of presentation
Oral 302 671
Poster 148 329
Year of presentation
2013 127 28.2
2014 127 28.2
2015 196 43.6
Type of study ?
Retrospective 182 404
Prospective 146 324
Experimental 48 10.6
Case report 41 9.1
Review 24 5.3
Multicenter 18 4.0
Meta-analysis 3 0.6
Study center
Single-center 432 96.0
Multi-center 18 4.0
Country where the study was performed °
The Netherlands 96 213
Germany 76 16.8
USA 48 10.6
Japan 23 5.1
France 20 44
United Kingdom 17 3.7
Turkey 13 2.8
Italy 10 2.2
Journal index
SCI 94 209
SCI-E 236 524
Other 120 26.7
Journal IF (n=380) ¢
<1 39 10.3
1-2 116 305
>2 225 592
Mean (SD) = 2.6 (0.2),
Median (Min-Max) = 2.2(0.07-47.8)
Number of citations (n=446) ¢
0-9 276 613
10-19 99 22.0
>20 71 15.7
Mean (SD) = 12.3 (19.8), Median (Min-Max) = 6(0-164)

2 A study may be of more than one type and from more than one country. ® Countries producing fewer than
10 studies are not shown in the table. ¢ IF values of 70 journals cannot be found in database. ¢ Citation
information of 4 articles cannot be found

Figure 1: Percentages of abstracts published per year (OP — Oral presentation, PP — Poster
presentation, PR — Publication rate)
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Of the 450 articles published in 197 different
internationally and nationally reviewed journals from various
countries, 148 (40.8%) were clustered in 10 journals (Table 2).
The largest number of papers was published in the journal
‘Injury’, (n= 51, 11.3%). Examination of the indices of the
published presentations revealed that 52.4% were in Science
Citation Index-Expanded (SCI-E), 20.9% were in Science
Citation Index (SCI), and 26% were in other databases.

The mean IF of the journals in the time of publication of
the presentations was 2.52 (2.79), and the median IF was 2.199
(min-max=0.07 - 47.8). When types of presentation were
compared with the IFs of the publishing journals, oral
presentations were published in journals with higher IFs than
poster presentations (P=0.001, MWU). No statistically
significant difference was determined between journals’ IF and
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year of publication or number of centers in which a study was
performed (P>0.05).

As this paper was being prepared, 15.8% (n = 71) of
published presentations received 20 or more citations, 22% (n =
99) received 10-19 citations, and 61.3% (n = 276) received 0-9
citations. The 127 published abstracts in 2013 received a total of
1585 citations, with a mean value of 12.68 (20.91) (range O -
164). The 127 published abstracts in 2014 received 1751
citations, with a mean value of 14.01 (16.69) (range 0 — 111).
The 196 published abstracts in 2015 received 2061 citations,
with a mean value of 10.52 (20.097) (range 0 - 163). Citation
rates of papers published from the presentations of 2015
congress were significantly lower than those presented in 2013
and 2014 (P<0.016 for both, Bonferroni adjustment).

Citation rates for publications derived from oral
presentations in all years were higher than those from poster
presentations (P<0.001 MWU), and multi-center publications
attracted more citations that single-center publications (P=0.039
MWU).

The second endpoint was to develop a simple
mathematical parameter as an indicator of the academic quality
and scientific validity of a congress, called PFC. PFC values can
be calculated by dividing the total PFC values in the years of
publication of presentations published in journals through the
study period by the total number of presentations submitted to
the congress. The total PFC in 2013 was 279.317 for 423
presentations (270 oral presentations and 153 posters). The PFC
was 0.660 in 2013, of 0.379 in 2014 with 695 presentations (353
oral presentations, 342 posters) (total PFC 263.507), and 0.665 in
2015 with 628 presentations (255 oral presentations, 373 posters)
(total PFC 417.922) (Table 3).

Table 2: The 10 journals publishing the greatest numbers of presentations

Journal Name Number and IF (Impact  Journal
percentage of studies Factor) index
published (%)

1. Injury 51 (11.3%) 1.834 SCI-E
2. European Journal of Trauma and 35 (7.8%) 1.781 SCI-E
Emergency Surgery
3. The Journal of Trauma and Acute | 17 (3.8%) 3.377 SCI-E
Care Surgery
4. World Journal of Surgery 14 (3.1%) 2.768 SCI-E
5. Scandinavian Journal of Trauma. 13 (2.9%) 2.556 SCI-E
Resuscitation and Emergency
Medicine
6. International Orthopaedics 12 (2.7%) 2.384 SCI-E
7. Journal of Orthopaedic Trauma 12 (2.7%) 1.826 SCI
8. World Journal of Emergency 12 (2.7%) 3.798 SCI-E
Surgery
9. Archives of Orthopaedic and 11 (2.4%) 1.973 SCI-E
Trauma Surgery
10.Plos One 7 (1.6%) 2.776 SCI-E
Table 3: Annual statistics for ESTES congresses
Parameter 2013 2014 2015
Publication 0.660 0.379 0.665
Factor for
Congress (PFC)
Mean PFC (SD) 2.56 (2.79) 2.41(1.31) 2.57 (3.768)
Min:0.230- Min:0.070- Min:0.140-
Max:17.168 Max:9.203 Max:47.831
Poster 28 36 84
Presentation 1.76(1.474) 2.05(1.187) 1.92(0.696)
Number and Min:0.230- Min:0.70-Max:4.840  Min:0.181-
mean (SD) PFC Max:6.630 Max:3.198
Verbal 99 91 112
Presentation 2.75(2.20) 2.52(1.336) 2.95 (4.66)
Number and Min:0.330- Min:0.108- Min:0.140-
mean PFC Max:17.168 Max:9.203 Max:47.831
Citation Number 1585 1751 2061
and Mean (SD) Mean:12.68(20.91) Mean:14.01(16.69) Mean:10.52(20.097)
(Min 0-Max 164) (Min 0-Max 111) (Min 0-Max 163)
Publication Rate 30.02% 18.27% 31.21%
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Discussion

Presentations at congresses are very important in terms
of disseminating up-to-date research findings in all branches of
medicine. The subsequent publication of these in peer-reviewed
journals is a basic aim of research. Several studies have analyzed
the publication rates of studies published at congresses in
different branches. The branches with the highest publication
rates in different studies are oncology (74%), orthopedics (64%)
and anesthesia (50%) [4-6]. To date, 25.7% of presentations
made at the three annual ESTES congresses held in 2013-2015
have been published in peer-reviewed journals. The publication
of a presentation in a peer-reviewed journal is a gold standard
factor showing the quality of research and that it is worthy of
publication. More detailed the congress abstract screening
committee evaluation criteria and their proximity to the
procedures involved during the journal acceptance stage will
likely enhance the publication rate. Factors such as the absence
of explicit written acceptance criteria for a congress, a large
number of presentations, and a short review time may cause
many studies to be rejected by a journal even if they are accepted
by the congress [7].

Problems such as the congress registration obligation,
and author’s transport, registration and accommodation costs can
reduce authors’ motivation to submit abstracts. One previous
study of problems experienced during the abstract-to-manuscript
stage revealed that the authors of abstracts submitted to the
congresses and then got rejected are much more pessimistic
regarding their work being published in peer-reviewed journals
[8]. Another study cited insufficient time and low priority being
attached to the abstract to manuscript stage as the main reasons
for presentations not being published [9]. The effort expended in
preparing an abstract is much less than that spent during the
preparation of an entire manuscript. The conversion of abstracts
into entire manuscripts is therefore a lengthy procedure, and
author time limitations are the main reason for failure to be
published [10]. Authors with academic affiliations have also
been shown to be more successful at the publication stage [7].

Literature shows that a mean 50% of oral presentations
and 35% of poster presentations are published [11]. However,
other studies have determined no difference between oral and
poster presentations [12-14]. It is generally believed that better
designed presentations and those of greater scientific interest will
be accepted as oral presentations by the congress committee, and
that oral publications have a better chance of publication [15]. In
the present study, too, oral posters were published at a higher
rate than poster presentations. Oral presentations were also
published in journals with higher IFs and attracted more
citations. The principal reason for this may be that the authors
who regard their papers as important in terms of effort and value
will seek to submit these as oral presentations, while those
regarded as less important may be submitted as poster
presentations. The authors of oral presentations being exposed to
direct questions, suggestions, and feedback from reviewers
following submission may create an opportunity for them to
revise and improve the manuscript, and this may also result in
oral presentations having higher publication rates.

If a scientific publication attracts a large number of
citations, this generally shows that it is regarded as high quality.
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A high number of citations also encourages the interest of other
researchers in these publications and their contributions to the
literature. The lowest mean citation number in this study was
found in 2015, with 10.52 (20.097). The reason why this figure is
lower than in the preceding two years, despite being quite high
compared to the the rates previously reported in the literature,
may be that less time had elapsed since publication compared to
studies published earlier [16].

International databases show that papers which receive
greater number of citations are published in journals with higher
IFs. The presence of congress presentations in an international
database is regarded as indicating that these are better prepared
and of higher quality. Although the fact that national databases
were not investigated in this study and that only the Google
Scholar database was scanned might be regarded as a limitation,
this is in fact a more suitable method for showing the quality of
congresses.

Since they are more extensive, investigate large
populations, and are more difficult to perform, multi-center
studies are generally of greater scientific value than single-center
research. Multi-center studies may therefore be published in
journals with higher IFs and attract more citations. In this study,
it was found that multi-center studies received more citation than
single-center studies. Although the difference was statistically
significant, the low number of multicenter studies may have
prevented a more accurate comparison.

There is no universal PFC code for conference
proceedings or conferences. IF is applicable for only journal
rankings. However, there are a number of parameters by which
conferences can be ranked, such as the Conference Proceeding
Citation Index
(http://wokinfo.com/products_tools/multidisciplinary/webofscien
ce/cpci/), SClmago  (through “H Index”  measure)
(http://www.scimagojr.com/journalsearch.php?g=conference&tip
=jou), CORE Conference/Journal Ranking (http://core.edu.au/),
Conference Proceedings Citation Index- Science
(http://mjl.clarivate.com/scope/scope_cpci-s/) etc. Unfortunately,
many of these ranking websites do not include medical sciences,
and focus largely on computer science, electrical and electronic
engineering, and communications. Of course, these web sites
largely classify congresses on the basis of specific parameters
and provide ranking lists for them. De Simone et al. used a
mathematical calculation method to determine PFC values,
although this was based on the proportions of lecturers’ “mean
H-index of lecturers normalized for the lecture topic” and
“number of lectures on the topic at congress” [18]. Lecturers’ H
index values are not the sole factor bestowing high quality on a
congress, and the quality of the presentations and future
publication rates in peer-reviewed journals are also important
parameters showing the scientific quality of congresses.
Therefore, the IF value calculated in De Simone et al.’s study
gives participants a prospective outcome, while the congress IF
value calculated in the present study gives more of a
retrospective outcome. The simultaneous evaluation of both
parameters together will therefore elicit a more useful approach
in selecting the best congress.

It may take up to three years for presentations to be
published in peer-reviewed journals following their appearance
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at congresses, and not all presentations from 2015 that would be
eventually be published might have been determined by the time
of this study, and some might not yet have been accepted by such
journals. This may have resulted in both a lower number of
published presentations and in a low citation count [7]. Although
the publication rate was highest in 2015, there is a strong
possibility that more studies will be published in the next 1-2
years.

Only the Google Scholar database was scanned in this
study. The fact that other databases in addition to Google Scholar
were not scanned may have led to other presentations recorded in
other international or domestic databases being missed.
Additionally, the congress booklets were scanned for a three-
year period. Scanning over a longer period might have increased
the chance of achieving a higher publication rate.

Although the rate of publication of ESTES congresses
oral and poster presentations in peer reviewed journals in 2013,
2014 and 2015 was investigated in this study, it can be adapted
to all congresses and become a universal evaluation parameter.

A publication rate of 25.7% was determined at the time
of this study for ESTES congresses held between 2013-2015.
Oral presentations were published more than poster
presentations. It suggests that the papers with high publication
potential have a high tendency to be presented as oral
presentations by the authors. The mean IF of the journals in
which papers were subsequently published was 2.52 (2.79), with
a median value of 2.199 (min-max 0.07 - 47.8). This study
investigated publication rates from the time of ESTES
congresses in 2013, 2014 and 2015 to 2019, together with other
factors impacting publication. Determination of congress
publication rates or PFC at specific intervals may increase the
motivation of the authors for participation and submission stages
and strengthen the brand value.
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Abstract

Background/Aim: Anti-epileptic drugs are long-term medications; thus, side-effects are frequently seen.
An important but insufficiently known side-effect is the emergence of metabolic bone diseases. The
mechanism of this entity is not clearly known, but it is usually seen with the use of cytochrome
P450 enzyme-inducing anti-epileptics. However, recent studies demonstrated that non-enzyme-inducing
molecules also cause bone mineral impairment. The aim of this study was to shed light on the pathogenesis
of anti-epileptic metabolic bone disease using bone turnover markers.

Methods: This comparative, prospective case-control study included 37 patients followed-up in our
outpatient clinic and 39 healthy control subjects. All the patients were female, aged over 18 years and in
the premenopausal period, and had received the same anti-epileptic treatment for at least 3 months. Male
patients, females who were <18 years old, pregnant, in the postmenopausal period, those with
osteoporosis, gastrointestinal malabsorption, physical impairment that may prevent normal ambulation,
endocrine and metabolic disease, musculoskeletal and joint disease or a history of medication use were
excluded from the study. A healthy control group was formed of age-matched premenopausal women,
with no disorders causing gastrointestinal malabsorption, no physical impairment preventing normal
ambulation, no endocrine or metabolic disorder, or history of medication use that may affect bone
turnover. The levels of serum calcium, alkaline phosphatase, 25-hydroxyvitamin D, osteoprotegerin and
bone-specific alkaline phosphatase were assessed, and the results were recorded.

Results: Evaluation was made of 37 female epilepsy patients with a mean age of 30.8 (8.1) years and a
healthy control group of 39 age- and body mass index-matched females (P=0.69, P=0.85, respectively).
The mean duration of AED use was 6.1 (5.5) years. The calcium (P=0.09), phosphate (P=0.906) and
alkaline phosphatase (P=0.22) levels were similar in both groups. The levels of 25-hydroxyvitamin D
(P=0.049), osteoprotegerin (P=0.025), and bone- specific alkaline phosphatase (P=0.037) were
significantly lower in the epilepsy group.

Conclusion: Our study showed that serum levels of osteoprotegerin and bone-specific alkaline
phosphatase, which are markers of increased bone formation, were lower in epilepsy patients. Probably
many factors cause the bone mineral disorder seen in epilepsy patients. Antiepileptic use is one of them.
These results suggest that antiepileptics may not only affect enzyme induction but also bone turnover.
Neurologists should be aware of this issue and monitor patients regularly with respect to bone
mineralization to enable early treatment when necessary.

Keywords: Antiepileptic drugs, Metabolic bone disease, Osteoporosis, Osteoprotegerin, Bone-specific
alkaline phosphatase

How to cite: Yildiz BT, Koca TT, Seyithanoglu M, Aykan DA. Investigation of the effect of anti-epileptic drugs on bone metabolism using osteoprotegerin and bone-specific alkaline
phosphatase: The direct effects of antiepileptic drugs on bone metabolism. J Surg Med. 2021;5(9):974-977.
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Introduction

Epilepsy, one of the most common diseases at any age
[1], is estimated to affect approximately 50 million people
worldwide [2,3]. Most epilepsy patients use anti-epileptic drugs
(AED). However, AEDs have many side effects which can cause
patients to discontinue use, resulting in treatment failure. One of
these is metabolic bone disease, which may range from bone
mineral reduction to pathological fractures [4, 5]. However, the
mechanism of this side effect is still unclear. Some authors
advocated that enzyme-inducing anti-epileptic drugs (EIAED)
cause secondary hypocalcemia and hyperparathyroidism by
increasing vitamin D metabolism [6-8] and recent studies have
shown that non-enzyme-inducing anti-epileptic drugs (NEIAED)
can also lead to bone mineral deficiency [9, 10]. These recent
outcomes suggest that factors other than enzyme induction play a
role in the emergence of this side-effect, raising the question of
whether anti-epileptic drugs have a direct impact on bone
turnover.

The aim of this study was to investigate the effects of
AEDs on bone mineralization using bone turnover markers and
determine at which stage this side-effect occurs. To the best of
our knowledge, this is the first study to have used bone-specific
alkaline phosphatase (BALP) and osteoprotegerin (OPG)
concurrently as two important bone turnover markers.

Materials and methods

This comparative, prospective case—control study
included female patients aged >18 years who were being
followed up in our outpatient clinic and had received the same
anti-epileptic treatment for at least 3 months.

Male patients, and females aged <18 years, or who were
pregnant or in the postmenopausal period were excluded from
the study. Other exclusion criteria were the presence of
0steoporosis, gastrointestinal malabsorption, physical
impairment that may prevent normal ambulation, endocrine and
metabolic disease (e.g., thyroid disorders, Cushing’s Syndrome,
hypogonadism, diabetes), musculoskeletal and joint disease (e.g.,
rheumatoid arthritis), or a history of medication use (e.g.,
corticosteroids, proton pump inhibitors).

A healthy control group was formed of age-matched
premenopausal women, with no disorder causing gastrointestinal
malabsorption, no physical impairment preventing normal
ambulation, no endocrine or metabolic disorder, or history of
medication use that may affect bone turnover.

A record was made for each patient of age, height,
weight, body mass index (BMI), treatment duration, disease
duration and type of antiepileptic medication prescribed. The
levels of serum calcium (Ca), phosphate (P), alkaline
phosphatase (ALP) and 25-hydroxyvitamin D [25(0OH)D] were
assessed and recorded. For the measurement of osteoprotegerin
(OPG) and bone-specific alkaline phosphatase (BALP), fasting
blood samples were withdrawn into anticoagulant-free tubes, and
then centrifuged at 4000 rpm for 10 minutes after coagulation at
room temperature. The serum BALP and OPG levels were
determined using commercial ELISA kit procedures (201-12-
1494; SunredBio, China, 201-12-1559; SunredBio, China).

The effect of anti-epileptics on bone metabolismA
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This study was conducted in accordance with the
Declaration of Helsinki. The ethical board approval was obtained
from Kahramanmaras Siit¢ii Imam University Ethics Committee
(Number: 2018-03/06).

Sample size analysis

The sample size was determined using G*Power version
3.1 software. The minimum total sample size was calculated to
be 68 (two groups, 34 per group) subjects with 90% power at a
95% confidence interval with a two-tailed alpha of <0.05 and a
0.80 effect size (). A total of 76 participants, 37 in the patient
group and 39 in the control group, were included in the study.

Statistical analysis

Data obtained in the study were analyzed statistically
using SPSS for Windows v. 22 software (Statistical Package for
the Social Sciences, IBM Corporation, Armonk, NY, USA).
Continuous data were presented as mean (standard deviation
(SD)) values and categorical variables were summarized as
number (n) and percentage (%). The Kolmogorov Smirnov test
was used for the evaluation of normal distribution. Comparisons
between groups were made using Chi-square tests for categorical
variables, Independent Samples Student’s t-tests for normally
distributed continuous variables and Mann-Whitney U-tests
when the distribution was skewed. A P-value of <0.05 was
considered statistically significant.

Results

Evaluation was made of 37 female epilepsy patients
with a mean age of 30.8 (8.1) years and a healthy control group
of 39 age and BMI-matched females (P=0.69, P=0.85,
respectively). The mean duration of AED use was 6.1 (5.5)
years. Monotherapy, most commonly levetiracetam, was found
in 20 (54.05%) patients, and 17 (45.95%) patients were on
multiple drug regimens. The Ca (P=0.09), P (P=0.906) and ALP
(P=0.22) levels were similar in both groups. The levels of Vit D
(P=0.049), OPG (P=0.025), and BALP (P=0.037) were
significantly lower in the epilepsy group (Figures 1, 2, 3) (Table
1). In the correlation analysis of the study group data, OPG was
positively correlated with vitamin D (rho = 0.479 / P=0.01) and
BALP (rho = 0.571 / P=0.001), and negatively correlated with
ALP (rho = -0.398 / P=0.036). The correlation analysis results
are summarized in Table 2.

Table 1: Descriptive and analytical characteristics of the groups

Epilepsy (n=37) Control (n=39) P-
Mean (SD) Mean (SD) value
median (min- median (min-
max) max)
Age (years) 30.8 (8.1) 27.8 (5.9) 0.69
Duration of antiepileptic drug use 6.1 (5.5) -
(months)
BMI (kg/m?) 24.3 (3.6) 24.5 (5.5) 0.85
Ca** (mg/dL) 9.1(0.4) 9.2 (0.36) 0.09
Vit D (ug/L) * 6.9 (5) 8.0 (4.6) 0.049
ALP (U/L) 75.7 (26.7) 69.3 (18.1) 0.22
P (mg/dL) 3.4 (0.46) 3.4 (0.48) 0.906
Osteoprotegerin ** 31 (13-751) 33.3(12.7-725) 0.025
Bone-specific ALP ** 28.5(19.2- 49.4 (22.2- 0.037
885.9) 864.8)

BMI: body mass index, ALP: alkaline phosphatase, P: phosphorus, * Independent Samples t-
test, ** Mann Whitney U-test, P<0.05, statistically significant difference

No correlation was found between the duration of drug
use and Vit D level (rho=-0.229; P=0.173), OPG (rho= -0.311,;
P=0.108), and bsALP (rho=-0.125; P=0.512).
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The levels of Ca (P=0.205), Vit D (P=0.95), ALP
(P=0.36), OPG (P=0.46), and BALP (P=0.89) were similar in
both the monotherapy and polytherapy groups.

Figure 1: Boxplot of osteoprotegerin according to the groups
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Figure 2: Boxplot of bone-specific alkaline phosphatase according to the groups
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Figure 3: Boxplot of vitamin D according to the groups
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Table 2: Correlation analysis of the study group (epilepsy)

Osteoprotegerin ~ Bone-specific ALP
rho/P-value rho/P-value
Age (years) 0.233/0.232 -0.327/0.078
BMI (kg/m?) -0.194/0.323 -0.242/0.198
Duration (months) | -0.311/0.108 -0.125/0.512
Ca™ 0.178/0.366 0.324/0.081
VitD 0.479/0.01* 0.324/0.081
ALP -0.398/0.036* -0.155/0.414
P-value 0.092/0.641 0.228/0.226
Osteoprotegerin - 0.571/0.001*

BMI: body mass index, ALP: alkaline phosphatase, P: phosphorus, * Spearman Correlation test, P<0.05:
statistically significant difference
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Discussion

The results of this study demonstrated that serum levels
of OPG and BALP were lower in epilepsy patients compared to
healthy control subjects. As both are markers of increased bone
formation, the low levels in patients using AEDs suggests that
anti-epileptics have a direct effect on bone mineralization.

AEDs are known to cause bone metabolism diseases,
and although some studies have been carried out on this subject,
no consensus has been reached and the pathogenesis is still a
matter of debate.

Whereas earlier studies considered that the effects of
AEDs on the cytochrome p450 enzyme system caused this side-
effect, more recent studies have shown that NEIAED also cause
bone mineral impairment.

Shen et al. [3] found that the use of both enzyme-
inducing and non-enzyme inducing AEDs increased the risk of
fractures, with a higher risk resulting from EIAED use.

Singla et al. [11] compared the levels of serum Ca, P,
parathormone (PTH), vitamin D, ALP levels and DEXA scores
of 25 AED users and 25 healthy control subjects. Serum Ca and
protein levels were significantly decreased and serum PTH and
ALP levels were significantly increased in AED users. In the
comparisons between EIAED and NEIAED users, with the
exception of ALP, no significant difference was found between
the groups with respect to the changes in parameter levels. It was
suggested that AEDs may affect the bone metabolism through
some other mechanisms in addition to enzyme induction.

Although studies have been conducted using routine
blood tests, Hamed et al. [8] used bone turnover makers as in the
current study and found that epileptic patients had significantly
lower serum Ca, 250HD, OPG and higher Soluble Receptor
Activator of Nuclear Factor-KappaB Ligand (RANKL) levels
than the control subjects. It was concluded that low serum OPG
and high RANKL levels indicated increased bone turnover.
Although no correlation was found between serum parameters
and the duration of treatment, a correlation was reported between
the duration of treatment and bone mineral densities (BMD)
measured using dual-energy X-ray absorptiometry (DEXA).

In an experimental animal model, Simko et al. [13]
found a highly significant decrease in the OPG/RANKL* ratio in
the phenytoin group. (*: Receptor Activator of Nuclear Factor-
KappaB Ligand)

Although patients may have bone metabolism disorders
due to anti-epileptics, these disorders may not be detected in the
early stages on bone mineral densitometry or in routine blood
tests such as Ca, P and ALP. In the current study, bone turnover
markers were used to identify the effects of anti-epileptics on
bone metabolism. There is known to be a balance of bone
remodeling throughout life, and these events are mediated by
osteoblasts producing bone matrix and osteoclasts that degrade
it. OPG is a protein that inhibits osteoclastic bone resorption
[14]. As in the study by Hamed et al. [8], OPG was used in the
current study to investigate the effect of AEDs on bone turnover,
and the results were consistent with those of Hamed et al. The
OPG levels were significantly lower in the epilepsy group.
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BALP, which is synthesized by osteoblasts and assumed
to be involved in the calcification of the bone matrix, is
considered a highly specific marker of the bone-forming activity
of osteoblasts [15]. Different results have been reported in
studies related to BALP.

Kir et al. [16] evaluated an epileptic patient group given
carbamazepine and found no significant difference from the
control group with respect to BALP levels. In the current study,
serum BALP levels were lower in epilepsy patients than in the
control group. These results demonstrate that AEDs impair bone
mineralization by directly affecting bone turnover.

Limitations

Since the number of our patients was not high enough,
we could not compare patients using AEDs as EIAED and
NEIAED. In the future studies, by increasing the number of the
patients, bone turnover markers can also be compared between
patients who use EIAED and NEIAED.

Conclusion

Neurologists should be aware of this issue and monitor
these patients regularly in terms of this complication. This
situation is complicated by the presence of many factors which
affect bone mineralization, a lack of studies on this subject, and
the use of combined anti-epileptic treatments in some patients.
There is a need for further studies of the pathogenesis of these
side-effects to enable effective treatment planning.
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Abstract

Background/Aim: Gestational diabetes mellitus is a common metabolic problem in pregnancy, and its
prevalence ranges between 5-20%. Hofbauer cells are tissue macrophages of the feto-placental component
that are raised in the villous tree of the placenta during pregnancy, but their quantity falls off with growing
gestational age. We theorize that Hofbauer cells play a significant role in placental pathophysiology in
GDM by controlling the MDMX (mouse double minute X/MDM4/HDMX) gene.

Methods: We performed immunohistochemistry on human placental specimens to determine cell-specific
expression of MDMX in Hofbauer cells (HC) among the control and GDM (n=8 in each group) groups
with matching gestational ages.

Results: Immunohistochemical analysis revealed that MDMXs were secreted by Hofbauer cells in the
placental villous tree and compared to the placenta got from normal pregnancies, significantly higher
MDMX HSCORE levels were detected in placenta Hofbauer cells (32.8 (24.52) vs. 190.1 (32.54),
P=0.001) of the GDM group.

Conclusion: We revealed Hofbauer cells to be a source of MDMX secretion in human placenta. MDM2
levels in Hofbauer cells are also increased in GDM. This study found higher levels of MDMX in the
Hofbauer cells from GDM placentas, suggesting an induction of MDMX secretion. GDM interaction in
placental Hofbauer cells may contribute to GDM-associated feto-placental complications. Further studies
are needed to define the significance of this relationship.

Keywords: Gestational diabetes mellitus, Mouse double minute X expression, Hofbauer cells, Placenta
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Introduction

Gestational diabetes mellitus GDM is defined as
maternal hyperglycemia due to insulin resistance that develops
during pregnancy, causing placental low-grade inflammation
resulting in neonatal and maternal mortality and morbidity [1].
GDM prevalence is 11.5% among pregnant women [2], and it is
associated with chronic low-grade inflammation of the placenta
[2].

Fetal placental macrophages, or Hofbauer cells (HBCs),
are present in the placental villous tree from the blastocyst
implantation until delivery [2]. Hofbauer cells (HBCs) are
characterized by high expression of the surface protein CD163
[3]. Hofbauer cells, located in the chorionic villi of the human
placenta, are an essential part in controlling the pregnancy and
providing homeostasis that is crucial for fetal growth [2]. It is not
clearly explained how Hofbauer cell function varies in healthy
pregnancy and specifically in pregnancies complicated by
gestational diabetes, preeclampsia, and viral diseases [2].

We hypothesize that the human placenta bares
functional, metabolic, and immunological cells in which
Hofbauer cells play an essential role by altering many
transcriptional gene expressions. MDMX (mouse double minute
X/MDM4/HDMX) is the major negative regulator of p53, which
regulates apoptosis in the villus tree. P53, the "guardian" of the
human genome, is a tumor suppressor that is mutated in all
cancers [4]. P53, the tumor suppressor gene, coordinates DNA
repair, mitochondrial  respiration, cellular  metabolism,
autophagy, and cellular responses to metabolic and
environmental stress. In GDM, p53 is also upregulated in
placental villi, in part due to hypoxia, metabolic and oxidative
stress. The proteins MDM2, E3 ubiquitin ligase, and MDM4
coordinate the tumor suppressor gene p53 in proliferating cells.
MDM2 and MDMX control p53 levels during growth [5].
Previous investigations demonstrate that p53 plays a significant
role in the improvement of diabetes mellitus [4]. We hypothesize
that the Hofbauer cells play a critical role in placental
pathophysiology in GDM by regulating the MDMX gene.

Materials and methods

This prospective experimental laboratory study used
placental samples collected from normal pregnant women who
had never received steroid treatment, were suitable for their
gestational age, and had no pathology, as well as those collected
after delivery from patients diagnosed with gestational diabetes
mellitus. Serial paraffin sections of human placental specimens
were obtained from the University of South Florida per the
protocol approved by the Ethics and Human Investigation
Committees of the University of South Florida (approval
number: 00015578) [6]. Written and verbal informed consent
were obtained from each patient. Power Analysis was performed
with G*Power 3.1.9.7 software with an a err prob of 0.05, and a
power (1-B err prob) of 0.95. At 5% alpha error, 95% power (1-
B), d=5.53 (large) and 95% confidence interval (CI), the sample
size was calculated as 6. Due to case losses and possible
negativities, the study was completed on 16 placental samples.
All samples were grouped according to clinical diagnosis:
Control (n=8) or GDM (n=8).
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Immunohistochemistry

5-um serial endometrial sections were incubated
overnight at 56°C [5]. After deparaffinization, the slides were
boiled in 10 mM citrate buffer (pH 6.0) for 15 min for antigen
retrieval [5, 6]. The sections were then immersed in 3%
hydrogen peroxide (in 1/1 methanol/distilled water) for 10 min to
quench the endogenous peroxidase activity [6]. After washing
with Tris-buffered saline (TBS; pH: 7.4) x3 for 5 min, the slides
were incubated in a humidified chamber with 5% blocking goat
serum (Vector Laboratories, Burlingame, CA) in TBS for 30 min
at room temperature [6]. Excess serum was then drained and the
slides were incubated with a primary rabbit polyclonal MDMX
(1:150; Cell Signaling Technology, Danvers, MA) in 1% normal
goat serum overnight at 4°C [6]. The sections were washed x3
for 5 min with TBS, and then biotinylated goat anti-rabbit 1gG
(Vector Laboratories) was added at 1:400 dilution for 30 min at
RT. The antigen-antibody complex was detected using an avidin-
biotin-peroxidase kit (Vector Laboratories) for 30 min at RT.
DAB (3, 3-diaminobenzidine tetrahydrochloride dihydrate;
Vector Laboratories) was used as the chromogen to visualize
immunoreactivity, and sections were slightly counterstained with
hematoxylin.

Immunoreactive ~ MDMX  levels  were  semi-
quantitatively evaluated using the following intensity categories:
0, no staining; 1+, weak but detectable staining; 2+, moderate, or
distinct staining; 3+, intense staining [6]. As defined already, a
histological score value (HSCORE) was obtained for each tissue
by summing the percentages of cells colored in each intensity
group and multiplying this value by the weighted intensity of
color, applying the formula HSCORE= X Pi (i + 1), where i
describes the intensity scores and Pi is the corresponding
percentage of cells. In each slide, five randomly chosen sections
were assessed under the light microscope (x40 magnification),
and the percentage of cells for each intensity within these
sections was established at various time points by two
researchers who were blinded to the type and origin of tissues
[7]. The intra-individual and inter-individual coefficients of
variation were 10 and 12%, respectively, for the HSCORE
evaluation. The average HSCORE of two examiners was used
(Figure 1).

Statistical analysis

Results were analyzed using the Mann Whitney U test.
Analyses were performed using SigmaPlot version 12.5 (Systat
Software, Inc, San Jose, California, USA). A P-value of <0.05
was considered statistically significant in binary comparison.

Results

The mean gestational ages in the control and GDM
groups were 39.1 (0.5) weeks and 38.8 (0.8) weeks, respectively.
The two groups were similar in terms of mean gestational age
(P=0.89). CA163 immunohistochemical staining revealed that
MDMXs were produced by Hofbauer cells in a placental villous
tree. MDMX immune activity was detected in high levels in the
HBCs of GDM placental samples (Figure 2). This immune
reaction was poor in the cytoplasmic region and intensive in the
nuclear region of the HBCs. When the intensity of this
immunostaining was quantified numerically, the following was
found: The HSCORE of the control and GDM group HBCs were
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132.8 (24.52), and 190.1 (32.54), respectively (P=0.001).
MDMX immunostaining intensity was significantly higher in the
GDM group (Figure 2).

Figure 1: Increased MDMX immune reactivity in the GDM placental villous tree. Picture
symbolizes histological score (HSCORE) levels for Normal MDMX (n = 8) and GDM
MDMX (n = 8) in placental villous tree samples. Bars represent (Mean (SD) *p < .001
compared to Normal and gestational age-matched GDM MDMX.
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Figure 2: Association of CD 163 immunohistochemical staining with MDMX level in the
placental villous tree. Demonstrative micrographs for the immunoreactivity of CD 163 and
MDMX in placental villous tree serial sections

Discussion

GDM prevalence is 11.5% in the Asian pregnant
population and creates a major obstetric problem, increasing
mortality and morbidity in both the pregnant women and the
offspring. Differences in diagnostic criteria, screening methods
and work environment result in heterogeneity in the prevalence
of Gestational Diabetes Mellitus (GDM) [8]. The human
placental unit is sensitive to the high maternal glucose level and
reacts to the adaptive variations in arrangement and function [9].
GDM is associated with high maternal and placental glucose
levels, therefore resulting in a chronic low-grade inflammation of
the placental villous tree [1]. An overproduction of pro-
inflammatory mediators is found during blastocyst implantation
and the developing embryo in the decidua and placenta from
GDM. Maternal hyperglycemic environment-induced changes
create pro-inflammatory and anti-inflammatory pathways that
negatively affect the embryo and placental development in GDM
[9-11].

Numerous studies have elucidated the possible role of
regulator gene functions in the development and progression of
GDM in the human placenta [12-14]. In this study, we
researched whether placental villous tree MDMX levels vary in
GDM. In addition, we posited that Hofbauer cells play a crucial

_role in placental pathophysiology in GDM, regulating the
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MDMX production, and found higher levels of MDMX in
Hofbauer cells obtained from the GDM placenta, suggesting the
induction of MDMX production by GDM [12]. To address this
hypothesis, we identified phenotypic Hofbauer cells in the
placental villous tree with surface markers of CD163 in
immunohistochemical staining. Our immunohistochemical
staining results reveal that MDMXs were mainly produced by
the Hofbauer cells in the placental villous tree [15]. Moreover,
significantly higher MDMX H scores were detected in the
placentas of Hofbauer cells obtained from GDM patients [15].
During placental inflammation, Hofbauer cells produce different
regulatory genes, proinflammatory cytokines or mediators that
destroy or produce the villous cell boundary and trigger or
destroy damaging responses as a continuity of chronic
inflammation and anti-inflammatory balance [16].

Macrophages modulate tissue homeostasis and are
widely distributed in the placenta during pregnancy, as the initial
field of antimicrobial defense [2]. Placental macrophages,
identified as Hofbauer cells (HBCs), are found in the villous tree
[2]. HBCs are placed in the villous tree of the placenta in both
healthy and pathological pregnancies such as those with GDM,
preeclampsia and IUGR [2, 3].

Previous research shows that Hofbauer cells have a
phenotype related with regulatory and anti-inflammatory
reactions in the human placenta [2], and they are believed to play
a critical role in regulating the pregnancy and maintaining a
homeostatic environment important for fetal development [2,
17]. It is not yet clear how Hofbauer cell function changes in
normal pregnancy and exceptionally in GDM, IUGR,
preeclampsia, and viral infections [2]. New research
recommends that diabetes/hyperglycemia impair the anti-
inflammatory profile of the HBCs by arousing these cells to gain
an inflammatory capacity [2, 3]. They are defined as anti-
inflammatory M2 separated cells, stimulating tolerance and
tissue remodeling [2]. They express surface markers such as
CD163, CD206, and only intermediate or low levels of MHC-II
proteins (MHC-I1 low). Their primary functions are tissue repair,
wound healing and angiogenesis, as well as feto-maternal
tolerance induction [3]. HBCs are present in all IUGR
pregnancies and in 70% of GDM pregnancies [3].

Feng et al. [18] showed an increased infiltration of the
chorionic villi by Hofbauer cells in GDM and inflammatory
diseases of the placenta, such as villous inflammation of
unknown etiology. Another study described a similar
phenomenon in pregnancies complicated with GDM [19].
However, the role of Hofbauer cells is unclear under these
conditions.

Previous studies have shown that MDMX are critical
regulators of the tumor suppressor p53 and are overexpressed in
many human malignancies [4]. It is two negative regulators — the
E3 ubiquitin ligase MDM2 and its homologue, MDMX, which
strongly regulate the tumor suppressor protein p53 in healthy
cells [20]. Under stress conditions, such as DNA breakage, p53
escapes MDM2- and MDMX-induced functional inhibition and
degradation and blocks proliferation of injured cells by
promoting cell cycle delay, DNA repair, senescence, or apoptosis
[20]. Considerable evidence points that stress signals promote
phosphorylation of the MDM2 and MDMX, leading to the
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activation of p53 [20]. Furthermore, MDMX and MDM?2 are
major negative regulators of p53 that control apoptosis in the
placental villous tree. This regulator gene plays an important part
in placental progress, consisting of vasculogenesis and
angiogenesis [16]. The vasculogenesis and angiogenesis
processes in the villous tree of the placenta are also administered
by the expression of vascular endothelial growth factor (VEGF)
by HBCs (villous macrophages) and trophoblast cells [16,17].
We investigate what is known about the main origin of this
MDMX regulator gene [4]. MDMX is a negative regulator of
p53 activity in vivo and in vitro [4]. A new research has
established that control of p53 protein action is needed for
healthy embryogenesis, tumor suppression, and cellular response
to DNA damage [4]. Moreover, destruction of the p53-binding
protein MDMX leads to embryo lethality in mid-gestation, a
phenotype that is wholly protected by the lack of p53 [4]. Mice
with homozygous MDMX and p53 null mutations develop
normally [4]. These investigations confirm that MDMX behaves
as a crucial negative regulator of p53 in vivo [4]. Recent studies
show that increased p53 expression in the placental villi is
associated with the placental dysfunction observed in pre-
eclampsia and IUGR, suggesting that p53 plays a primary
pathogenic role [21]. In contrast, the natural inhibitor of p53,
MDMX, is expressed within the HBCs in term pregnancy, likely
reflecting a change in the balance of p53 and MDMX with
gestation. However, the structural basis of a stress-induced p53
activation remains inadequately known due to a lack of technical
means to develop site-specifically phosphorylated MDM2 and
MDMX proteins for biochemical and biophysical investigations
[20]. Unfortunately, the role of MDMX does not describe the
GDM pathophysiology in the human placental unit. Further
molecular studies are required to understand the role of MDMX,
which is produced by Hofbauer cells (HBCs), in the
pathophysiology of GDM on the placenta.

Limitations

We are mindful of the limitations of our research. First,
we designed our study on a particularly limited group of patients.
In this research, we show that in vitro placenta immunostained
HBCs had high MDMX levels. We first concentrated on the
information that MDMX gene expression of HBCs has a key
position in GDM. We observed that high glucose triggered
increased expression of MDMX gene expression. Using
immunohistochemical staining, we confirmed the increase in
MDMX in response to high glucose in the villous tree of the
placenta.

Conclusion

These immunohistochemical studies showed that the
MDMX levels in HBCs is significantly lower than in
uncomplicated term pregnancies. However, HBC MDMX
density was found in all trials. So, there is an important variation
in HBCs’ MDMX density between GDM and normal gestations.
HBCs were identified using immunohistochemistry, with the
macrophage marker CD 163. Our investigation sheds light on the
fields of molecular researchers on human placenta that can better
describe these innate regulatory gene functions. Hofbauer cells
are a source of MDMX secretion in the human placenta.
Hofbauer cell levels of MDMZ2 are also increased in GDM. This
study found higher levels of MDMX in the Hofbauer cells of the
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GDM placenta, suggesting the induction of MDMX secretion by
GDM interaction. Further studies are needed to define the
significance of this relationship.
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Abstract

Background/Aim: Non-alcoholic fatty liver is quite common among modern populations, and simpler
methods are researched for its early diagnosis and therapy. Studies are stating that vitamin D deficiency
could play a role in the etiopathogenesis of fatty liver. This study aimed to compare the efficacy of
metformin and vitamin D therapy in improving fatty liver disease.

Methods: A total of 86 patients with non-alcoholic fatty liver disease were included in this case control
study and classified into four groups according to the treatment received. In the study group, 23 patients
were using metformin only, and 21 patients were using both metformin and vitamin D. Twenty-one
patients were using vitamin D only, and 21 patients were on a diet and an exercise regimen (control
group). Weight, BMI, waist circumference, fatty liver index (FLI), HOMA-IR, AST, ALT, GGT,
triglyceride parameters were evaluated before and after four weeks of therapy.

Results: There was a significant regression in the fatty liver disease of the patients who used both
metformin and vitamin D (FLI-%5, 90 (11.1) P=0.025). Among patients who used only metformin and
only vitamin D, the decrease in FLI was not significant (P>0.05); however, FLI was observed to
significantly decrease in the control group (-7.30, P=0.018). The serum CRP levels were also observed to
significantly decrease in the control, Met and Met-D vit groups (P=0.025, P=0.002, P=0.006,
respectively).

Conclusions: The combination of vitamin D and metformin therapy could positively contribute to the
improvement of NAFLD in patients with vitamin D deficiency.

Keywords: Fatty liver, Metformin, Vitamin D

control study of comparison of vitamin D and other common therapy modalities. J Surg Med. 2021;5(9):982-987.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) describes
the visceral adiposity of the liver without secondary causes (e.g.,
heavy alcohol use). NAFLD is the known leading cause of
cryptogenic cirrhosis [1]. NAFL and nonalcoholic steatohepatitis
(NASH) are the two subgroups of NAFLD. NAFL is the adiposis
of the liver without significant inflammation signs, while NASH
indicates inflammatory steatohepatitis [2].

The pathogenesis of NAFLD is still controversial. The
dominant hypothesis is the “double-hit model” suggested by Day
and James [3]. The first hit is made by free fatty acids in the
liver, accumulation of the triglycerides (TG), insulin resistance
(via lipolysis and hyperinsulinemia) and obesity (leptin
resistance). Because of these mechanisms, proinflammatory
cytokines are secreted and oxidative stress occurs, resulting in a
chronic inflammatory state. Both mechanisms make the second
hit, which is the progression of the liver damage to
steatohepatitis and fibrosis. Insulin resistance is important in
NAFLD pathogenesis. The fat content of the liver affects insulin
sensitivity more than visceral adiposity [4]. This supports the
hypothesis that fatty liver has a direct role in the insulin
resistance pathogenesis.

Metformin was first used in the 1950s and is the first
step therapy for type 2 diabetes mellitus patients today [5]. It
reduces gluconeogenesis in the liver, stimulates glucose uptake
at the muscles and increases fatty acid oxidation at the adipose
tissue, causing decreased blood glucose [6]. As a result,
peripheral insulin sensitivity increases. Metformin prevents
adipose tissue growth not only by the direct inhibition of
adipogenesis, but also with the modulation of the synthesis or
secretion of adipokines [7]. Adiponectin, induced by metformin,
stimulates AMPK (AMP-activated protein kinase) directly and
prevents hepatic lipid accumulation by increasing free fatty acid
oxidation and decreasing its synthesis. In a hepatic steatosis rat
model, metformin was shown to downgrade hepatomegaly,
hepatic fat accumulation, and cause a regression in elevated liver
functions test by reducing hepatic tumor necrosis factor-a (TNF-
o) expression [8].

Vitamin D receptors (VDR) are localized in the
mononuclear cells in the peripheral blood and in various tissues
containing activated T cells in the human body. There are
epidemiologic proofs which show that vitamin D deficiency is an
independent risk factor for NAFLD [9]. In healthy individuals
with normal liver enzymes, low vitamin D levels were strongly
and independently associated with NAFLD [10]. Another study
shows that the severity of vitamin D deficiency is related with
the histopathological severity of NAFLD and the patients with
low vitamin D levels are at more advanced stages of liver
steatosis and fibrosis [11]. According to the meta-analyses, the
probability of an NAFLD patient having vitamin D deficiency is
increased 1.26-fold [12].

This study aimed to research the effect of metformin
and vitamin D monotherapies and combination therapies.

Materials and methods

This retrospective study was performed on the patients
over 18 years of age who visited the Yeditepe University Internal
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Medicine outpatient clinic between 2015-2018. The ethics
approval for the study was obtained from Yeditepe University
Clinical Trials Ethical Committee (Approval form number: 1267
/ Chairperson: Prof. Dr. T. CELIK) on 27 October 2016.

The study was conducted per the principles of the
Declaration of Helsinki, and in compliance with all international
and national laws and regulations. Patients gave their written
informed consent before any procedures were performed.

The inclusion criteria were as follows:

e Being over 18 years old

e Having mild and moderately elevated levels of liver
function tests and/or hepatosteatosis in ultrasonography

o >09050 FLI

e <30 ng/dl vitamin D levels

e Complete anthropometric and laboratory measurements

The exclusion criteria included having any of the

following:
e  Acute viral hepatitis
e Alcoholic hepatitis
e  Autoimmune hepatitis
e  Toxic ischemic hepatitis
e  Aliver mass
e Pancreatitis and/or cholangitis attack
e Steroid, antiepileptic, antiviral, antifungal drug use

The following parameters were evaluated at baseline
and at the end of 6 months: Age (year), Height (cm), Weight
(kg), waist circumference (cm), vitamin D level (ng/ml),
HOMA-IR, CRP (mg/dl), AST (U/l), ALT (U/l), GGT (U/l), and
TG (mg/dl). Fatty liver index (FLI) is calculated using waist
circumference, triglyceride and GGT and shows the percentage
of fat deposition of the liver. It is correlated with hepatosteatosis
in ultrasonography. Values below 30% indicate no
hepatosteatosis those>60% are significantly indicative of
steatosis [13].

Calculation of FLI
FLI

e

0,953+log(TG)+0,139+*BMI1+0,718+l0g(GGT)+0,053*waist circumference—15,74!

= 1+ e0,953*log(TG)+0,139*BMI+0,718*log(GGT)+0,053*waist circumference—15,

* 100[13]
Creation of study groups
MetDvit Group: 21 patients using Metformin+ D vitamin
Met Group: 23 patients using only Metformin
Dvit Group: 21 patients using only D vitamin
Control group: 21 patients using neither Metformin, nor D
vitamin
Metformin was used at 1000-3000 mg/day for 6 months.
Vitamin D was used at 50000 Units/week for 4-6 weeks.
Statistical analysis
Minimum-maximum, mean and standard deviation
values were included in descriptive statistics. The distribution of
the variables was assessed by a coefficient of variation,
Skewness — Kurtosis tests, histogram, detrended plot, and the
normality test of Kolmogorov-Smirnov. The data were
considered parametric if three or more tests mentioned above
were positive.

The investigators used the Post Hoc test to identify if
the sample size was sufficient. Then, the data were grouped into
Control group (Geontror), Dvit group (Gpvir), Metformin group
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(Gmer) and Metformin and Dvit groups (Gwet.ovi) before and after
the treatment. The groups were not compared with each other
according to all treatment outcomes, because the study was
retrospective. The groups were not randomized, and power
analysis was not performed. Even the control group's outcomes
were noted from the files of the patients examined in the Internal
Medicine Department. Therefore, the investigators performed a
One Way Anova test to all pre-treatment values. The non-
differing data were selected, and their outcomes after the
treatment were compared between the groups with a Mann
Whitney U test.

The values obtained before and after the treatment were
compared within the groups with a paired sample t-test or
Wilcoxon test. The post-treatment data were evaluated for
correlation with Pearson or Spearman Correlation Tests.
P<0.012 was considered significant in the Post Hoc Bonferroni
test, and P<0.05 was considered significant in others.

Results

Forty-four (51%) patients were male, and forty-two
(49%) were female. The mean age and height of the participants
were 41.2 (11.4) years, and 170.8 (9.3) cm, respectively.

The demographic data and the pre- and post-treatment
values are shown in Table 1.

Table 1: Descriptive pre-treatment data

Pre-treatment data | Female Male Overall

Mean (SD) (n) Mean (SD) (n) Mean (SD) (n)
Age (years) 41,5 (11.5)(42) 41.6 (11.6) (44) 41.2 (11.4) (86)
Height (cm) 163.7(5.1) (42) 177.7(5.7) (44) 170.8 (9.3) (86)
Weight (kg) 78.4(13.7) (42) 94.5(14.5) (44) 86.5 (16.2) (86)
BMI (kg/m2) 29.2 (4.9) (42) 30.0 (4.7) (44) 29.5(4.8) (86)
Waist C. (cm) 98.4(13.1) (42) 105.4(9.8) (44) 102.0 (12.0) (86)
D vit (ng/ml) 16.5(8.4) (42) 18.0 (7.7) (44) 17.8(7.5) (86)
FLI (%) 53.2(24.1) (42) 73.4(18.1) (44) 63.3(24.1) (86)
HOMA IR 4.0(2.3) (39) 4.5(2.5) (37) 4.2(2.3) (76)
CRP (mg/dl) 3.5(4.8) (34) 3.9(3.2) (40) 3.7(3.5) (74)
ALT (U/1) 22.1(9.3) (42) 54.2(41.6) (43) 38.1(36.1) (85)
AST (U/l) 21.9(6.9) (42) 33.2(20.6 (42) 27.6(16.5) (84)
GGT (Ull) 22.7(13.8) (42) 52.3(52.5) (44) 37.4(41.1) (86)
TG (mg/dl) 140.2(52.8) (42)  198.7(118.0)(44)  171.5(98.8) (86)

Within-group comparison

Geontrot: The decrease in TG and FLI and the increase in
vitamin D following treatment were significant (P=0.034,
P=0.013, and P=0.01). There were no significant differences
between morphological (weight, BMI, waist circumference), or
laboratory values (IR, CRP, AST, ALT, GGT) between the pre-
and post-treatment periods.

Gpyit: Vitamin D had significantly increased after the
treatment (P=0.001). There were no significant differences
between the morphological (weight, BMI, waist circumference),
or laboratory values (IR, CRP, AST, ALT, GGT, TG) and FLI
between the pre- and post-treatment periods.

Table 2: Inter-group comparison
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Gwet: The decrease in morphological data (weight, BMI,
waist circumference, P=0.013, P=0.019, and P=0.008,
respectively), along with that in HOMA-IR values (P=0.02) was
significant, while the increase of vitamin D and the decrease of
CRP, AST, ALT, GGT, and TG, and FLI were not.

Gmerovit: The decrease in morphological data (weight,
BMI, waist circumference, P=0.07, P=0.016, and P=0.011,
respectively), the increase in vitamin D, and the decrease in
HOMA-IR (P<0.001, and P=0.015 respectively), and the
decrease in FLI were significant (P=0.025). The decrease in
CRP, AST, ALT, GGT, and TG were insignificant (Table 2).

Inter-group comparison

The groups were similar in terms of pre-treatment CRP,
AST, ALT, GGT, TG values (P>0.05). Therefore, they were
included in the intra-group comparison tests (Table 3).

Table 3: Inter-group comparison of post-treatment CRP, ALT, AST, GGT, and TG

Comparable | Group-Group z P-value
Data (n-n) Mean(SD)
CRP-at GconlroI-GDvit (n:21-n:21) (62(88) - 23(25)) -2.245 0.025*
GcontroI—GMet (n:21-n:23) (6-2(8-8) - 5-1(3-9)) -0.554 0.579
GcontroI—GMetrDvit (n:21-n:21) (6-2(8-8) - 2-3(2-1)) -1.935 0.053
Gouit-Gmet (n21-n23) (2.3(2.5) - 5.1(3.9)) -3.039  0.002**
Gpvit-Gmet-duit (n:21-n:21) (2.3(2.5) - 2.3(2.1)) -0.080  0.936
Gmet-Gmet-duit (n:23-n:21) (5.1(3.9) - 2.3(2.1)) -2.708  0.006**
ALT-at Geontrol-Govit (rz21.nz21) (49.8(48.4) - 33.9(31)) 0.793  0.118
GconlroI-GMet(nzzl-n:23) (498(484) - 369(175)) -0.231 0.817
Geontrol-Gmet-Duit(n:21-n:21) (49.8(48.4) - 31.2(22.2)) -0.849  0.396
GDvil-GMel (n:21-n:23) (339(31) - 369(175)) -1.823 0.068
Gpvit-Gmet-bvit (n:21-n:21) (33.9(31) - 31.2(22.2)) -0.170  0.865
Gmet-Gmet-nuit (n:23-n:21) (36.9(17.5) - 31.2(22.2)) -1.526  0.127
AST-at Geontrol-Gowit z1n21) (30.6(16.5) - 24(10.6)) 1563  0.428
Goontrol-Gwmet (n21-n:23) (30.6(16.5) - 28.6(11.7)) -0.183  0.855
Geontrol-Gmet-uit (n21-n:21) (30.6(16.5) - 34.5(44.7)) -0.862  0.389
Gpvit-Gmet (n:21-n:23) (24(10.6) - 28.6(11.7)) -2.155  0.031*
Gouit-Gwmet-duit (n21-n:21) (24(10.6) - 34.58(44.7)) -0.562 0.574
Gtet-Gwet Dt (n23n:21) (28.6(11.7) - 34.5(44.7)) -1.174  0.240
GGT-at Geontrol-Govit (n:21-n:21) (33.9(22.4) - 30.4(23.8)) -0.667  0.505
Geontrol-Gmet (n21-n23) (33.9(22.4) - 48.6(67.9)) -0.400 0.689
Geontrol-Gmet-duit (n:21-n21) (33.9(22.4) - 28(24)) -1.007 0.314
GovitGuet (n21.n23 (30.4(23.8) - 48.6(67.9)) -1.070  0.285
Gpvit-Gmet-puit (n:21-n:21) (30.4(23.8) - 28(242)) -0.290 0.772
Gwmet-Gwet-duit (n23-n:21) (48.6(67.9)- 28(24)) -1.835  0.067
TG-at Geontrol-Govit (r21nz1) (124.7(68.9) - 139.9(72.5)) -1.032  0.302
chn(roI-GMet (n:21-n:23) (1247(689) - 168(625)) -2.503 0.012*
Geontrol-Gmet-uit (n:21-n21) (124.7(68.9) - 72.7(131.5))  -1.887  0.059
Gpuit-Gwmet (n:21-n:23) (139.9(72.5) - 168(62)) -1.821  0.069
Govit-Gmet-bvit (n:21-n:21) (139.9(72.5) - 172.7(131.5)) -1.120 0.263
Get-Gmet-puit (n23-n:21) (168(62) - 172.7(131.5)) -0.729  0.466

* P<0.05, ** P<0.01, Mann Whitney U test

Gconlml (n:21) GDvil (n:21) GMeI (n:23) GMe&-Dvil (n:21)
Before After P-value | Before After P-value Before After P-value Before After P-value
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Weight 81.1(10.5) 80.4(9.8) 0.4° 76.7(11.6) 76.8(11.2) 0.79° 91.2(16.1) 88.6(16.4) 0.012™ | 95.6(18.7) 93(17.9) 0.007**P
BMI 27.95(2.8) 28.2(2.6) 0.37" 26.7(3.5) 26.8(3.5) 0.76° 30.7(4.5) 29.8(4.5) 0.009™" | 32.3(6) 31.1(5.3) 0.010*"
Weirc 100(9.9) 98.2(9.3) 0.06° 94.4(7.5) 94.5(7.7) 0.93° 106.1(11) 103.6(10.2)  0.034*P | 107.2(14.3) 104.3(13.2)  0.010*"
Dvit 20.5(7.5) 24.8(9.4) 0.01*" 13.9(5.7) 29.1(13.8) <0.001***P | 18.8(6.3) 21.9(8.6) 0.08" 17.6(9) 27.8(9.5) <0.001***P
FLI 57.4(23.4) 50.1(24.8)  0.018*" | 50.6(21.9) 46(22.1) 0.18° 73.4(22.9) 68.9(22.9) 0.09° 72.2(22.5) 66.3(26.9) 0.025*P
HOMA-IR | 3.4(1.1) 3.2(1.2) 0.38" 2.8(0.9) 2.7(0.9) 0.90" 5.6(3.1) 3.5(1.6) 0.020™ | 5.2(2.8) 3.9(1.9) 0.02*"
CRP 4.0(4.2) 3.7(3.8) 0.66" 2.7(3.1) 2.3(2.7) 0.60" 4.8(3.5) 4.6(3.4) 0.90" 2.8(2.8) 1.9(1.6) 0.21"
ALT 46.4(31.8) 46.7(45) 0.84" 32.3(23.5) 33.9(31) 0.86" 40.5(21.2) 36.9(17.5) 0.58" 34.1(23.4) 31.2(22.2) 0.41%
AST 32.4(28.9) 29.3(16.9) 0.18"% 23.2(7.8) 24(10.6) 0.89" 28.8(9.3) 29.1(11.8) 0.81" 25.9(11) 24.5(9.8) 0.36"
GGT 34.4(23.2) 33.1(24.2) 0.75° 33.9(23.8) 30.4(23.8) 0.25° 50.7(70) 48.6(67.9) 0.24" 28(24) 29.3(21.9) 0.71"
TG 150.8(114.1)  120(64.9) 0.034*" | 166.3(72.7) 139.9(72.5) 0.14% 180.3(53.9)  168(62) 0.36° 172.7(131.5)  181.8(139) 0.40"
* P<0.05, ** P<0.01, *** P<0.001, p: Paired sample t test, w: Wilcoxon test
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The post-treatment decrease in the CRP level of Gpyit
was significant (P=0.025) compared with that in the G¢gnor, just
as the post-treatment increase of TG in Gy, (P=0.012) compared
to the Geonwrol- The decrease in the CRP and TG levels of Gyet.puit
groups were insignificant (P=0.053, and P=0.059 respectively)
compared with those in the Geono. The post-treatment decrease
in the CRP and AST levels of Gp,; were significant (P=0.002,
and P=0.031, respectively) compared to those in Gy, The post-
treatment data of Gpit and Guerpvie Were similar. The post-
treatment decrease in the CRP level of Gyerpvir Was significant
(P=0.006) compared to that of Gy (Table 4). The laboratory
values not mentioned above yielded insignificant results in the
intra-group analysis.

Table 4: Inter-group comparison of post-treatment CRP

CRP-at GDVil GMeI GMel-DviI
Groups(Mean (SD)) Mean (SD)
2.3(2.1)
P-value  P-value  P-value
Geontrol (6-2(8.8)) 0.025* 0.579 0.053
Gpvit (2.3(2.5)) 0.002**  0.936
Gwet (5.1(3.9)) 0.006**

* P<0.05, **P<0.01, Mann Whitney U test

Figure 1: Correlation of FLI with treatment outcomes
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Correlations between post-treatment outcomes

A positive correlation was found between FLI,
morphological outcomes (weight, BMI, waist circumference) and
FLI (P<0.001, P<0.001, and P<0.001 respectively), and various
post-treatment laboratory values (HOMA-IR, CRP, AST, ALT,
GGT, TG) (P=0.009, P<0.001, P<0.001, P<0.001, P<0.001,
and P<0.001 respectively). Post-treatment vitamin D was not
correlated with FLI, while it was positively correlated with waist
circumference (P=0.019) (Figure 1).

HOMA-IR was positively correlated with the
morphological outcomes (weight, BMI, waist circumference) and
the ALT level after treatment (P=0.005, P=0.013, P=0.007, and
P=0.027, respectively). Post-treatment CRP was also positively
correlated with the morphological outcomes (weight, BMI, waist
circumference) (P=0.016, P=0.004, and P=0.062, respectively)
and the ALT, AST, GGT, TG level after the treatment (P=0.012,
P=0.029, P=0.026, and P=0.010, respectively).
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Discussion

This is the first study investigating the therapeutic
efficacy of vitamin D alone and in combination with metformin
in non-alcoholic liver fattening. We used the “Fatty Liver Index”
for liver fattening and treatment outcomes were evaluated with
FLI, laboratory and anthropometric parameters. The most
interesting result of this study is that the FLI decrease was
significant in the control group, which did not use metformin or
vitamin D, and in the Gye.pvi According to the rest of our
results, it can be stated that vitamin D has a reductive pleotropic
effect on the fatty liver when combined with Metformin.

CRP is an inflammation parameter, and it shows the
pleotropic effect better than FLI, because the FLI is affected by
TG, BMI and waist circumference. The decrease in CRP levels is
another striking result of this study. In the Dvit and Met-Dvit
Groups, CRP levels were significantly decreased after therapy.

The first study on the relationship between fatty liver
and vitamin D was performed on 262 patients with metabolic
syndrome at Sapienz University in 2011. Vitamin D deficiency
was more common in fatty liver patients, and FLI and 25 (OH)
vitamin D levels were negatively correlated [10]. In this study,
there was no correlation between vitamin D and FLI, the
probable reason being the inclusion of patients with low vitamin
D levels only.

In another study conducted on 82 NAFLD cases, the
changes in the fat parameters with exercise and diet were
investigated, and despite the reduction in calories and vitamin D
intake an increment was observed in serum 25-hydroxy vitamin
D levels of the NAFLD patients. This resulted in an
improvement in serum vitamin D levels and metabolic
parameters without vitamin D supplementation in NAFLD
patients [14].

Another study investigated the effects of different doses
of Metformin on liver biochemistry (aminotransferases),
histology and metabolic syndrome [15]. In 2001, Marchesini et
al. [16] performed a non-randomized study using metformin
(administered for 4 months, 1.5g/day) in 20 patients with non-
diabetic NASH and found a significant improvement in insulin
resistance, aminotransferase levels, liver morphology and
volume in the treated group compared to the diet group.
Histologic recovery could not be evaluated because biopsy was
not performed. In another study on 17 non-diabetic patients who
received metformin, the effect of metformin (twice a day 850
mg) vs. dieting on the fatty liver was investigated by biopsy and
no histologic difference was detected. However, ALT, AST,
BMI, and insulin resistance markers significantly improved when
compared with the control group [17]. In this study, there was no
change in liver enzymes or cholestasis tests but BMI, waist
circumference and HOMA-IR results decreased in the Met
group, while Vitamin D did not increase.

Metformin was compared with placebo among NAFLD
patients in a meta-analysis including 417 cases evaluating 4-12
months of follow-up results. In the treated group, there were
significant improvements in ALT (-8.12 U/l), AST (-4.52 U/l),
HOMA-IR (-0.61), and BMI (-0.82 kg/m2), and insignificant
improvements in histological response (steatosis, inflammation,
hepatocellular ballooning, and fibrosis). Current information
shows that metformin improves liver function, HOMA-IR, and
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BMI to some extent, but does not improve histological response
in NAFLD patients [18].

In this study, HOMA-IR was significantly reduced by
2.10 in the Met group, by 1.30 in the MetDvit group, and
insignificantly reduced by -0.121 in the Dvit group. In the
control group, however, HOMA-IR did not change. Reduction in
AST, ALT, GGT levels were significant in none of the groups.
This might be due to the fact that initially, the baseline values
were not high.

Although vitamin D was not administered to the control
group, Fatty Liver Index and TG were decreased. These changes
could be explained by doing more exercise, more sunbathing and
adaptation to diet in the control group patients, who focused
mostly on a lifestyle change.

All findings considered, it is safe to state that a
combination of Metformin and vitamin D is more effective on
liver fattening than single therapies. Also, various new peptide
hormones, for example, preptin, can be associated with vitamin
D and insulin resistance and cause NASH [19].

Limitations

The low number of cases prevented strong
interpretations of the results. Also, due to the retrospective and
single center nature of the study, no randomization could be
performed. Further larger, prospective and randomized
controlled trials evaluating histological outcomes are needed to
shed light on the effect of metformin and vitamin D on fatty liver
disease.

Conclusion

Our study showed that a combination of vitamin D and
metformin could positively contribute to the regression of fatty
liver. Clinical trials with metformin give hope in managing liver
diseases by improving the metabolic features of fatty liver
disease.
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Abstract

Background/Aim: Hip fractures, commonly observed worldwide, cause severe functional problems and
pose an economic burden. This study investigated the effects of different surgical approaches of joint
capsule repair on morbidity and mortality and aimed to increase the quality of life after surgery with the
most proper treatment option.

Methods: This prospective case-control study was conducted on 186 patients over 65 years of age
admitted to our clinic from 2006 to 2012 for displaced femoral neck fracture. All patients were treated via
a hemiarthroplasty. The patients (66 males, 110 females with an overall mean age of 80.43 years (70-90))
were followed up regularly. All patients were divided into two groups: Group 1 was treated with capsular
repair, and Group 2 without. The groups were compared in terms of pre-and peri-operative data,
demographics, concomitant diseases, post-operative complications, mortality rates, pain level, and hip
scores. Hospitalization time, average surgical duration, and time from fracture to the operation were also
noted.

Results: We found no significant differences between the groups in terms of surgery preferences
(P>0.05). The survival of patients was significantly higher, blood loss was significantly less, and
perioperative mortality rates were insignificantly lower in the noncapsular repair group (P=0.005,
P=0.015, and P=0.515, respectively).

Conclusion: The use of capsule repair during hip hemiarthroplasty in patients over 65 years of age had no
negative impact on mortality or morbidity. Surgical preference changes during hip arthroplasty procedures
are essential.

Keywords: Gestational diabetes mellitus, Mouse double minute X expression, Hofbauer cells, Placenta

ﬁ How to cite: Yetis M, Yurdakul E. The effects of capsular repair on quality of life after hip arthroplasty with the anterolateral approach. J Surg Med. 2021;5(9):988-991. ]

Page |988



Surg Med. 2021;5(9):988-991.

J

Introduction

Hip fractures are a significant public health problem and
can lead to disability, reduced quality of life, and increased
mortality. In general, hip fractures affect around 1.5 million
people per year worldwide and mainly occur in the elderly [1].
There are different treatment choices. Hip arthroplasty (HA) is
one of the most preferred orthopaedic surgical operations due to
its high success rate, early restoration, and low procedure-related
morbidity. It contributes to early ambulation and good functional
recovery. It can control the pain of patients and improve function
and limb deformity. While reaching the hip joint in surgical
treatment, approaches differ according to surgical experience. In
this regard, the anterolateral and posterolateral approaches are
frequently used to reach the hip joint. In addition to lower
dislocation rates, the anterolateral approach provides particularly
good acetabulum visualization. However, patients are more
likely to have lameness due to the weakness of the gluteus
medius.

HA with the posterior approach has the advantages of
less soft tissue injury, shorter operation time, less bleeding
volume, and faster recovery. At present, the posterior approach
for hip arthroplasty is more commonly used than the anterior
approach [2]. However, complications after the posterior
approach are higher than those in the anterior approach,
especially early post-operative dislocation.

Most of these patients have severe cardiovascular,
respiratory, and hematopoietic system diseases. One of the most
common complications in patients during the peri-operative
period is anaemia treated primarily by blood transfusion. In the
literature, many studies found that 30% to 70% of the elderly
patients with hip fractures needed a peri-operative allogeneic
blood transfusion [3, 4].

The hip joint capsule stabilizes the hip joint and the
lower extremity; however, it is incised and frequently excised
during hip arthroplasty. Depending on the surgical method,
whether capsule repair is performed is an important technical
detail. However, its effect on joint proprioception and other risk
factors is still controversial [5].

The purpose of this controlled trial was to compare the
results of arthroplasty using the anterior approach, investigate
whether the rates of post-operative morbidity and mortality differ
between the two groups, and whether the type of capsule repair
affects the patient's activity scoring.

Materials and methods

Study population

A total of 186 hip fracture patients were treated with an
arthroplasty from 2006 to 2012. The same surgeon group
undertook all HA procedures in the anterolateral approach.
Medical data were collected retrospectively. The patients
participating in the study were divided into two groups based on
the capsular repair. The first group comprised 95 hips, whose
anterior capsule was excised during surgery, while the second
group included 91 hips.

The surgical technique used for the two groups of
patients, the standard anterolateral approach, was identical apart
from the means of managing the anterior capsule. During this
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surgical procedure, the rectus femoris muscles and piriformis
tendon were split in the insertion site on the trochanter and
carefully separated from the posterior capsule. The demographic
variables, used medications and comorbidities, types of fractures,
hospitalization and surgery dates, time and cause of death, as
well as the seniority levels of the operating surgeon and
anesthesiologist were noted. In addition, patient age, sex, and
pre-fracture ambulatory status, and their number of comorbidities
were all retrieved. The general state of health was defined by the
number of significant comorbidities, which are diabetes mellitus,
congestive heart failure, cardiac arrhythmias, ischemic heart
disease, previous cerebrovascular accidents, renal disease,
Parkinson’s  disease, hypertension, chronic  obstructive
pulmonary disease, and anticoagulation therapy. Patients'
ambulatory status was determined using the Barthel Index of
Activities of Daily Living and the Harris Hip Score. Post-
operative pain was assessed using the Likert pain score with
responses ranging from 0 to 10. Additionally, peri-operative data
and post-operative complications were noted. The regional
scientific ethics committee of Ahi Evran University approved the
study with the number 2018-07/68 on 10.04.2018.

Surgical technique

The same group of doctors performed all surgeries. The
patients were divided into repair and dissection groups based on
the articular capsule repair status during surgery. While the
patient was lying in supine position on the edge of the large
trochanter table, a Watson-Jones incision was performed. The
muscles were separated by dissection, and the capsule was
opened longitudinally along the femoral neck.

Using the "H" -shaped articular capsule incision, based
on cutting the hip articular capsule throughout the direction of
the femoral neck, the articular capsule was opened on both sides
to reach the femoral head, femoral neck, and upper edge of the
acetabulum. The stability of the hip joint was assessed in both
groups, with the hip joint at 45 degrees of external rotation or
internal rotation or 90 degrees of flexion. For repair, the articular
capsule flaps were encircled to the front of the femoral neck and
appropriately overlapped with a 2/0 vicryl suture. Smith and
Nephew uncemented Hydroxyapatite-coated biotype total hip
prostheses were used.

Postop care protocol

The patients were mobilized with two canes and
allowed full weight-bearing immediately postoperatively, with
no movement restrictions. They received the standard
rehabilitation care of the department.

Statistical analysis

Kolmogorov-Smirnov and Shapiro-Wilk tests were used
to test quantitative variables for normality of distribution.
Among the normally distributed quantitative variables, the
differences between the groups were assessed with the
independent t-test. Conversely, the analysis of non-normally
distributed quantitative variables was performed with the Mann-
Whitney U test. Qualitative variables were analyzed with the chi-
square and Fisher’s Exact tests. Descriptive statistics of normally
distributed continuous data were presented as mean (SD), and
descriptive statistics of non-normally distributed data, with
median (min-max). Observation numbers (N) are given for
qualitative variables. A P-value of 0.05 was considered
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significant. Statistical analysis of the study was performed with
the SPSS v21.0 software for Windows.

Results

A total of 1050 registry entries fulfilling the inclusion
criteria were identified and included in the study. The study was
conducted with 186 patients, of which 66 (35.5%) were male,
and 120 (64.5%) were female (n = 120/186). The overall mean
age was 80.43 (7.47) years. Their mean length of hospital stay
after the operation was 3 (1-11) days.

In this study, capsule repair was performed in 95
patients, while 91 were repaired with the noncapsular method. Of
the 186 patients included in the study, 87 were operated on the
right and 99 on the left. Descriptive information of variables
from the patients, classified based on their operation methods, is
given in Table 1.

Table 1: Demographic features of the patients underwent hip arthroplasty

Variables Capsule Repaired Non-capsule Repaired ~ P-value
Group 1 Group 2
(n=95) mean (SD)  (n=91) mean (SD)
Gender
male 36 30 0.687
female 59 61
Age 81.46 (7.63) 79.36 (7.18) 0.055
Dementia
Yes 4 3 0.919
No 91 86
BMI 26.46 (4.24) 26.62 (4.50) 0.804
Fracture Type
Collum 53 53 0.855
Trochanter 42 36
Side
Right 45 43 0.980
Left 50 48

The effects of capsule repair on the variables during and
after the surgery, such as intraoperative blood loss, transfusion,
Likert pain scale, Harris hip score, and walking aid, were
evaluated and statistically illustrated in Table 2.

Forty-one patients (22.04%) in Group 1, and 35 patients
(18.81%) in Group 2 had died by the end of the follow-up period,
and 13 (6.98%) of 186 patients died in the hospital. The
mortality rates of the patients who had surgery are given below
(Table 3).

Cox regression analysis revealed that among the
patient's age, gender, the surgeon's experience, and surgical site,
only the age of the patients was a significant risk factor for
mortality. The HR ratio, which indicates the increased risk of
mortality caused by a one-unit increase in the patient’s age, was
1.07 (P<0.001). The HR ratio for gender was 1.528. Men were
found at 1.528 times higher risk of periodic death (P=0.066).
The side of the operated hip was not a significant parameter for
mortality outcome (P=0.637). The HR ratio for the side of the
operated hip was 1.117. Again, the surgeon's experience (HR:
1.016) was not a significant risk factor for survival (P=0.532).
The result of the analysis is given in Table 4.

The mean survival of patients who did and did not
undergo capsule repair were 34.50 (1-82) months, and 45 (1-86)
months, respectively. According to these results, the survival of
patients without capsule repair was higher than that of patients
who underwent a capsule repair. However, based on the
Wilcoxon (Gehan) value calculated for two different surgery
preferences, the Kaplan-Meier test result, and the Log Rank
(Mantel-Cox) value were insignificant (P=0.209 and P=0.532,
respectively) (Figure 1).
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Table 2: The comparison of surgery outcomes between the study groups

Variables Capsule repaired ~ Non-capsule repaired  P-value
(Group 1) (Group 2)
(n=95) range (n=91) range

Intraoperative blood loss (cc) | 450(200-700) 400(250-700) 0.015
transfusion (Unit)
0 18 35
1 18 25 0.000
2 36 27
3 19 2
4 4 2
Mortality
Yes 41 35 0.515
No 54 56
Time-until-death (months) 34.5 (1-82) 45(1-86) 0.695
Likert pain scale
0 12 7
1 23 39 0.057
2 6 35
3 14 10
Harris hip score 78(0-94) 80(0-96) 0.005
Walking aid
Yes 26 2 0.878
No 69 67
Table 3: The mortality rate after discharge
Time point (months) \ Right  Left Total
0-12 21 27 48
13-24 4 8 12
25-36 4 1 5
37-48 6 2 8
>49 0 3 3
Total 35 41 76
Table 4: Cox regression to analyze factors that impact survival after the surgery

B SE Wald P-value  HR 95.0% CI for HR

Lower  Upper

Gender 0.424 0.234 3.297 0.066 1.528  0.967 2.415
Age 0.075 0.018 17.889 <0.001 1.078 1.041 1.116
Side 0.111 0.235 0.222 0.637 1117  0.705 1.770
Surgeon experience | 0.016  0.026  0.390 0.532 1.016  0.966 1.069

Figure 1: Comparison the surgery techniques according to surival after the surgery
(P=0.532) (Kaplan Meier curves)
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Discussion

Fractures of the hip are common in older adults.
Osteoporosis, comorbidities, and increased levels of minor
trauma increase the incidence and complicate the treatment of
such fractures [6]. Hip replacement surgery, total or partial
arthroplasty, is a currently accomplished therapeutic modality
that encourages repairing the damaged hips. In addition, under
favorable conditions, surgical approaches for hip arthroplasty
should attain capsule repairing as well. The HA method has
recently gained popularity in improving the quality of capsule
repair and assuring strength in the long term [5].

Many surgical approaches for total HA aim to maximize
capsule preservation and/or repair capsule incisions, while others
excise the capsule to improve exposure. Capsule preservation
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and repair can help lower dislocation rates and maintain the
defenses of the native hip against hypermobility [5, 7].

Capsule repair combined with HA allows the ligaments
to wrap and stretch around the surface of the head of the repaired
capsule’s leash in a range of motion identical to the native hip.
After follow-up, the combination of capsule repair and HA yields
better short-term results than total HA despite the age of the
patients, as is reported in the study of Zang et al. and Lu et al.
Capsule protection and repair help prevent early post-operative
hip joint dislocation and positively affect hip biomechanics [8,
9].

The most important result of the present study was
elucidating the slight effects of HA on mortality and quality of
life in treating hip fractures. This study also examined the impact
of different surgical approaches on mid-term clinical results.

In this study conducted with 186 patients, blood loss
was higher in patients who underwent capsule repair compared
to those who did not.

Common causes of failure in surgical applications are
the treatment of osteonecrosis and delayed hip arthroplasty.
Owing to minimized muscle damage, decreased blood loss, and
early functional recovery, the anterior approach is popularized
and currently preferred by 10% of orthopedic surgeons
performing HA [10]. It is known that older patients do not
tolerate re-do surgery, therefore, the anterolateral approach is
more convenient than posterolateral one [11]. Only patient age
was a significant risk factor for the mortality. On the other hand,
the survival of patients who did not undergo capsule repair was
higher than the group.

Conclusion

The anterior or posterior capsular repair preference for
primary HA procedure hardly affects post-operative long-term
morbidity, hip quality and activity scores, and does not affect
mortality.

The present study has enough sample size and presents
long-term follow-up results. We evaluated various demographic
features and their possible effect on the procedural outcomes;
nevertheless, a more detailed evaluation of chronic diseases
(such as osteoporosis) and their impact on procedural long-term
success could be performed in further studies.
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Abstract

Corneal and conjunctival intraepithelial neoplasia is a slowly progressive ocular surface lesion with low
malignant potential. Owing to the high recurrence rates, cryotherapy or topical chemotherapy is used with
surgical treatment. In this paper, we report the histopathologic findings and treatment of a case of
intraepithelial neoplasia that began in the conjunctiva and progressed to the cornea. A 75-year-old woman
presented with complaints of redness, irritation and lacrimation in her left eye for around 1 month. Slit-
lamp examination revealed a papilliform mass on the nasal conjunctiva along with involvement of the
adjacent corneal epithelium. Conjunctival excisional biopsy showed a moderate epithelial dysplasia.
Topical 0.04% mitomycin C was administered 4 times daily for 3 weeks. No recurrence was observed in
the following 18 months.

Keywords: Conjunctival intraepithelial neoplasia, Dysplasia, Mitomycin C

Introduction

Ocular surface squamous neoplasia (OSSN) encompasses the ocular surface epithelial
tumor spectrum from intraepithelial dysplasia to invasive squamous cell carcinoma. Corneal and
conjunctival intraepithelial neoplasia may spread in the cornea with conjunctival and limbal
origin and are slowly progressing lesions with low malignancy potential. These lesions, which
do not pass the basal membrane, are histopathologically mild, moderate, or severe dysplasia [1].
Factors such as smoking, exposure to ultraviolet light, ocular surface injury, vitamin A
deficiency, human papilloma virus infection and acquired immunodeficiency syndrome play
roles in disease development [2, 3]. Promoter mutations in the telomerase reverse transcriptase
gene were identified as contributing factors by Scholz et al. [4] in patients with conjunctival
OSSN.

The distinction between invasive and non-invasive conjunctival epithelial lesions is
crucial for their treatment. Therefore, incisional and excisional biopsies, which may indicate the
invasiveness of the lesion, are useful for obtaining a definitive diagnosis. Although surgical
excision remains the first choice of treatment modality, the introduction of topical
chemotherapy in recent years has rapidly changed the therapeutic approach [5]. Owing to the
high recurrence rates, complementary treatments such as cryotherapy and topical chemotherapy
are applied after surgical excision. Mitomycin C (MMC), 5-fluorouracil and interferon a2b are
among the chemotherapeutic agents used for medical treatment [6, 7].

In this study, we aimed to assess the treatment and outcome of a patient with
intraepithelial neoplasia beginning in the conjunctiva and progressing to the cornea.
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Case presentation

On ocular examination, her best-corrected visual acuity
was 0.00 logMAR in the right eye and 0.5 in the left eye.
Biomicroscopic examination revealed a grade 4 cataract in the
left eye and papilliform mass in the nasal conjunctiva of nearly
3x4 mm (Figure 1). Neovascularization was not observed in the
cornea. A grey opaque lesion and an epithelial defect were found
in the area adjacent to the limbus in the nasal cornea. Split-lamp
examination of the cornea revealed that the lesion did not reach
the stroma. The anterior chamber and fundus examinations, as
well as the anterior and posterior segment examinations of the
right eye were normal. The patient was considered to have an
intraepithelial neoplasia beginning from the conjunctiva,
extending to the cornea. She was informed of the possible
complications and asked to sign a consent form. The excisional
biopsy from the lesion was performed with 2-mm clear margins.
A 0.02% MMC solution (Mitomycin C Kyowa, Kyowa Hakko
Kogyo Co Ltd., Tokyo, Japan) was administered for 30 seconds
to the open tissue, which was then irrigated with physiologic
serum. The conjunctival wound site was not sutured, and the
sclera was left open. Corneal epithelial debridement was
performed with a blunt spatula. Tissue excised from the
conjunctiva was sent to the pathology department for
histopathological assessment. After the patient’s epithelium had
fully healed, MMC (0.04%, 4x1) treatment was begun on the
fifth postoperative day and continued for 3 weeks. Ocular
irritation and conjunctival hyperemia were observed during the
treatment but ceased after MMC drop treatment was stopped.
The histopathological sections of the tissue showed moderate
epithelial dysplasia (Figure 2, 3). Immunohistochemistry was
human papilloma virus negative. Examination of the patient at 1
month did not reveal staining of the conjunctiva and cornea. No
cloudiness was observed in the cornea. The patient had a cataract
surgery on the same eye 2 months after the initiation of the
topical MMC treatment. After the surgery, the visual acuity in
the left eye increased to 0.00 logMAR. The patient was followed
up with slit-lamp biomicroscopy for recurrence, with check-ups
every month for 6 months and then every 3 months thereafter.
Recurrence was not observed during the 18 month-follow-up
(Figure 4). Written informed consent was obtained from the
patient for the publication of this report and the accompanying
images.

Figure 1: Papilliform mass in the nasal conjunctiva of the left eye
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Figure 2: Histopathological picture showing acanthosis in the epithelium, increased
cellularity and moderate dysplasia (Hematoxylin & Eosin x10)

Figure 4: Postoperative image after excision of neoplasm and cataract surgery

Discussion

The aim of treatment for corneal and conjunctival
intraepithelial neoplasia is to remove the neoplastic epithelium
and prevent recurrence. The most important criterion for
determining the recurrence rate is excision with positive surgical
margins [8]. The recurrence rate after primary excision with
pathologically clear margins is 33% [9]. Owing to the high
recurrence rates, ocular surface damage such as limbal stem cell
damage and corneal and conjunctival scarring may develop
because of repeated surgery. Cryotherapy or topical
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chemotherapy was used with surgical treatment to prevent
recurrences and avoid risks. Adjuvant topical chemotherapy has
several advantages, including targeting of the tumor cells,
treatment of the entire ocular surface, simplicity of the treatment
and reduced patient morbidity. As a topical chemotherapeutic
agent, MMC was used for the treatment of microscopic disease
and prevention of recurrence after surgical excision. MMC is
used for both pigmented and non-pigmented epithelial tumors [5,
10].

MMC is an antibiotic isolated from Streptomyces
caespitosus that affects the cell cycle as an alkylating agent. In
topical application under aerobic conditions, MMC generates
free radicals and has a cytotoxic effect. MMC-related changes in
the ocular surface epithelium may persist for at least 8 months
after topical treatment [11]. Before MMC was used for ocular
surface neoplasia treatment, it was commonly used in glaucoma
and pterygium surgery owing to its antiproliferative effect on
subconjunctival fibroblasts. MMC was first shown to be
effective against corneal intraepithelial neoplasia by Frucht-Pery
and Rozenman [12] in 1994, and later studies supported its
efficacy for ocular surface tumors [10, 13]. Currently, MMC is
used as a complementary treatment for corneal and conjunctival
intraepithelial neoplasia. Treatment uses 0.02% or 0.04% MMC
doses after surgical excision [6, 13]. In topical use, MMC has a
higher rate of adverse effect than 5-fluorouracil and interferon
a2b. On the other hand, MMC as a monotherapy has high
efficiency, and the conjunctival intraepithelial neoplasia
resolution time is shorter [5]. We thought that our patient, who
had a conjunctival mass removed from the same localization 1
year previously, had a recurrent conjunctival intraepithelial
neoplasia. Owing to the corneal and conjunctival involvements
in our case, we applied 0.02% MMC during surgery and topical
0.04% MMC treatment after surgery to prevent recurrence.
During the follow-up examinations, no recurrence was found in
the cornea or conjunctiva.

Although MMC is accepted as a safe chemotherapeutic
agent for topical treatment of ocular surface neoplasia, temporary
ocular side effects such as hyperemia, chemosis, corneal
epitheliopathy and scleral thinning may be observed. These side
effects usually regress with the addition of topical steroids or
nonsteroidal anti-inflammatory drugs or interruption of MMC
chemotherapy. Rarely observed but significant complications are
limbal stem cell deficiency, scleromalacia, cataracts and corneal
ulcers [14, 15]. Cornea and scleral melting can be prevented by
waiting for epithelial healing before topical MMC application
after surgical excision. Severe complications were not observed
in our patient, and mild side effects such as conjunctival
hyperemia and lacrimation resolved after MMC drop application
was stopped. No sequelae developed.

Conclusion

Topical MMC administration after surgical excision and
corneal debridement may be a highly effective and reliable
adjuvant treatment choice for conjunctival and corneal
intraepithelial neoplasia to reduce recurrence rates. The
effectiveness of MMC for ocular surface neoplasia treatment can
be better determined in further prospective studies.
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Abstract

Retroperitoneal tumors are extremely rare and the vast majority are malignant tumors. One of the least
determined benign retroperitoneal tumors is schwannoma. We report the case of a 64-year-old male patient
who had a solid mass in the left infrarenal space shown by computed tomography (CT). Percutaneous CT-
guided biopsy of the mass was performed, and histopathological examination revealed a schwannoma. The
mass was resected laparoscopically. Surgical resection of retroperitoneal tumors is difficult due to
posterior deep location and adjacent major vessels and nerves. The laparoscopic approach for
retroperitoneal tumors may allow better visualization of the surgical field, reduction of postoperative pain,
and better cosmesis. Laparoscopy seems to be a safe and feasible method in the treatment of schwannomas
and other retroperitoneal tumors.

Keywords: Schwannoma, Retroperitoneal tumors, Laparoscopy
Introduction

Primary retroperitoneal masses constitute a heterogeneous group of lesions that are
categorized as solid and cystic. Solid lesions can be divided into four groups by origin:
Mesenchymal, neural, germ-cell, and lymphoproliferative. Most cases are malignant tumors, of
which approximately 75% are mesenchymal in origin [1]. Schwannomas are mostly benign
tumors originating from the Schwann cells in the neural sheaths of peripheral nerves.
Retroperitoneal schwannomas are rare, accounting for 0.5 to 3% of all schwannomas, and 1% of
all retroperitoneal neoplasia [2, 3]. Schwannomas, which are most seen in the third to fifth
decade of life, usually appear as a single lesion [4]. They are visualized in the form of a massive
lesion with smooth contours, and benign radiological features that cannot be clearly
distinguished from nerve fibers. They usually have a capsule that originates from the
epineurium surrounding the nerve sheath. Although they mostly comprise a homogeneous
internal structure and are solid, they may enlarge, and a heterogeneous radiological appearance
of a cystic-necrotic nature may be observed since the retroperitoneal space is wide and suitable
for tumor expansion. We would like to present our case of a retroperitoneal schwannoma treated
laparoscopically. This case report followed the CARE guidelines for case reports.
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Case presentation

We report the case of a 63-year-old male patient who
presented with left lower abdominal pain. Written informed
consent was obtained from the patient for publication of this case
report and accompanying images.

Clinical findings

A 63-year-old male with left lower abdominal pain
presented to our general surgery outpatient clinic. He had no
history of past abdominal surgery. He had mild hypertension and
diabetes mellitus (DM), and he was using medication for the
latter only. There were no complaints of nausea-vomiting,
diarrhea, constipation, or fever. There were no significant
features in physical examination or laboratory findings.

Diagnostic focus and assessment

A smoothly contoured iso-hypodense solid mass lesion
sized 52x48x68 mm (APXTRxCC) was detected in the left
retroperitoneal area at the level of L2-L3 vertebral corpora
within the paravertebral-perirenal fatty plans on intravenous and
oral contrast-enhanced abdominal CT examination (Figs.1a, 1b,
1c). After the contrast injection, the lesion did not show
significant contrast enhancement. Nonspecific millimetric
calcifications were observed within the internally homogenous
lesion. The lesion showed a close relationship to the left renal
vascular structures in its anterior segment, and abdominal aorta
medially, but had no obvious invasion findings. In addition, the
boundaries between the left kidney and the iliac muscle could be
selected clearly. The lesion had no connection with
intraabdominal formations but mildly extended towards the
vertebral column in the anteromedial-inferior part. Neural
foramen or spinal canal extension of the lesion could not be
differentiated on CT in sagittal, coronal, and axial plans in
multiplanar examinations. A percutaneous CT-guided biopsy of
the mass was performed, and histopathological examination was
consistent with a retroperitoneal schwannoma.

Figure 1: IV and oral contrasted abdominal CT examination of the patient a) On an axial
section, solid mass lesion (star) with a smooth contour and millimetric calcifications is seen
adjacent to the left iliac muscle and aorta in left pararenal fatty plans b) On the coronal
section, the close relationship of the lobulated contoured lesion with the left kidney and renal
vascular structures is observed (star) ¢) On the sagittal section, although the mass (star) was
in the paravertebral area, its relationship with the nerve roots could not be visualized on CT.
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Therapeutic focus and assessment

The surgical procedure was carried out with a
transperitoneal approach with the patient in the supine position.
Three trocars were used for a transperitoneal approach. First, an
11 mm trocar was inserted under the umbilicus. A 30-degree
laparoscope was introduced through this trocar. Two 5 mm
trocars were inserted at the lower midline and right upper
quadrant (Figure 2). The tumor, which was exposed by
mobilizing the descending colon from the retroperitoneum, was
in the left pararenal area and had close contact with the aorta. It
was widely dissected from the left ureter and gonadal vessels
using LigaSure™ (Medtronic Parkway Minneapolis, USA)
(Figure 3). The resected specimen was placed in a protected bag
and extracted through a small incision that was created by
extending the 11-mm umbilical port. After hemostasis and saline
irrigation, a closed surgical drain was placed in the surgical bed.
The total operation time was 120 min, the blood loss was about
100 mL. No perioperative complications were encountered. The
resected specimen was 6.5x6.5 cm in size (Figure 4). The patient
was discharged on the fourth postoperative day. The tumor was
diagnosed as a benign schwannoma through histopathological
examination. There were no postoperative complications.

Follow-up and outcomes

There was no recurrence during the 2-year follow-up.

Figure 2: Trocar incisions. The mass was removed in the bag by the expansion of the 10 mm
trocar incision

Figure 3: Preservation of ureter and gonadal vessels, which are released laterally, and the
relationship of the mass with the sympathetic truncus
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Figure 4: Benign schwannoma was 6.5x6.5 cm in size
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Discussion

Schwannomas are benign neoplasms arising from the
nerve sheath mostly in the cephalocervical region (44.8%) and
limbs (32.6%) and are rarely situated in the retroperitoneal space
(0.7%) [5]. Retroperitoneal schwannomas are mostly
asymptomatic, slow-growing tumors. Although the tumor arises
from the peripheral nerve sheath, they rarely cause clinically
detectable neurological deficits. In our case, the mass was found
incidentally, and the patient had nonspecific abdominal pain.

Complete surgical resection of the tumor is the ideal
method of treatment [6], after which recurrence is rare. Only
patients who undergo partial resection are reported to have
recurrence. Schwannomas have a complete envelope, which is
not tightly adhered to surrounding tissues. Therefore, they can be
removed completely. Hemorrhage is a serious intraoperative risk
in case of injury to major vessels [7]. Despite the controversy
about the best approach, laparoscopic surgery was considered
appropriate for the treatment of this tumor. Laparoscopic surgery
permits the magnification of the retroperitoneal space and allows
the best visualization of the surgical field in addition to the well-
known other advantages [5]. This type of operation requires
extensive experience in laparoscopic surgery because meticulous
dissection is needed to preserve important vascular structures and
nerves.

There are few reports on laparoscopic resection of
nonadrenal retroperitoneal tumors and the majority are case
reports. Ahn et al. [8] presented the largest case series to show
the feasibility and safety of laparoscopic resection of nonadrenal
retroperitoneal tumors. In this study, even when the tumors were
large or near the vascular structures, laparoscopic resection of the
tumors was performed easily by experienced hands. Using the
laparoscopic approach to treat large tumors remains debatable
and there is no established correlation between tumor size and
malignant transformation. Advances in radiologic techniques
allow the differentiation of benign and malignant lesions.
Laparoscopic resection can be viewed as a first-line treatment
option for tumors that are thought to be benign, even in large
retroperitoneal tumors. In our case, a 68 mm retroperitoneal
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schwannoma that was adjacent to the aorta was resected without
complications. However, patients with tumors larger than 10 cm
are not deemed appropriate for laparoscopic resection because
larger incisions would be needed to excise the specimens.
Moreover, if malignancy is suspected in the preoperative
radiologic studies or frozen section, laparotomy should be
considered for wide dissection. Thus, there is no consensus on
whether the laparoscopic approach can be used routinely for
malignant lesions.

A retroperitoneal schwannoma is exceedingly rare and
generally asymptomatic. Since the treatment of choice is
complete excision to minimize the risk of recurrence,
preoperative radiological evaluation is important. Moreover, the
excision of retroperitoneal tumors is difficult and the
laparoscopic approach requires extensive experience. This
presented case demonstrates that laparoscopic resection of
retroperitoneal tumors, even when tumors are large or adhered to
adjacent vascular structures, is safe and feasible if there is no
suspicion of malignancy on preoperative radiologic images.
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Abstract

Epidermolysis bullosa (EB) is a rare hereditary disorder characterized by an abnormal increase in the
fragility of the skin and mucosal surface and recurrent blistering. Blisters and scar formation can be seen in
tissues even after a minor trauma. Due to the healing of this disease by leaving a contracted scar tissue, the
findings, especially on the airway, may cause important anesthetic problems. In addition, the protection of
the skin and the mucosa during the procedures to be performed, prevention of new bulla formation and
prevention of infection constitute the main difficulty in anesthesia management. This case report describes
the anesthesia management for the dental treatment of a patient diagnosed with dystrophic epidermolysis
bullosa (DEB) and aims to review the current information.

Keywords: Epidermolysis Bullosa, Dystrophic Epidermolysis Bullosa, General anesthesia
Introduction

Dystrophic Epidermolysis Bullosa (DEB) is an autosomal recessive disease
characterized by diffuse dystrophic scarring, deformities, and severe involvement of mucous
membranes. Even a minimal trauma can cause massive separation of the skin and mucosa from
the underlying tissue [1, 2]. The biggest challenge in anesthesia management in EBD cases is
the protection of the skin and mucous membrane integrity and airway control.

In this case report, our anesthesia approach in an EBD patient scheduled for dental
treatment under general anesthesia is presented and the current literature is reviewed.

ﬁ How to cite: Tetiker S, Alpay N. Anesthesia management in dystrophic epidermolysis bullosa: A case report. J Surg Med. 2021;5(9):998-1001. ]
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Case presentation

Dental treatment under general anesthesia was planned
for a 17-year-old male patient with EBD weighing 20 kg. He had
a history of surgery due to right knee joint contracture. On
physical examination, there were extensive scar tissue and
eroded lesions accompanied by hemorrhagic dryness on the
extremities. Neck extension and mouth opening were limited due
to contracted scars and ongoing hemorrhagic, drying lesions.
Therefore, mallampati assessment could not be made. In indirect
laryngoscopy, the vocal cords were bilaterally mobile, and the
passage was open. In the laboratory examination, blood
biochemistry, PT, PTT, INR, and hemogram values were within
normal reference ranges.

In the preoperative unit, a tourniquet was applied, an
intravenous (1V) line was opened with a 22-G cannula and fixed
with vaseline gauze. Due to the expected difficult airway,
various size masks, laryngoscope, endotracheal tube (ETT),
flexible fiberoptic laryngoscope, flexible laryngoscope, and
appropriately sized styles were prepared. Tracheotomy
preparation was made.

The head of the patient, who was carefully placed on the
operating table, the leg with flexion contracture, and the heel of
the foot were supported with a silicone cushion. Oxygen
saturation was monitored with a clip probe on different fingers
instead of an adhesive finger probe. For electrocardiography
(ECG) monitoring, the non-gel adhesive parts of the ECG
electrodes were cut and fixed with a silk patch. Noninvasive
blood pressure (NIBP) monitoring was planned before, after
intubation, and when needed and was performed by placing wet
cotton under the blood pressure cuff.

Figure 1: The endotracheal tube was fixed with a vaseline bandage.

Prophylactic intravenous ranitidine (1 mg/kg) and
cefotaxime (50 mg/kg) were administered. Since difficult airway
was considered, induction was performed with inhalation
anesthetics. Using sterile gloves, the face mask was placed on the
face with vaseline gauze without causing any damage to the skin,
and anesthesia was induced with 4-8% sevoflurane and oxygen.
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Eyes were protected with moisturizing eye pomade and
protective gauze. After securing the airway, muscle laxity was
achieved with 0.5 mg/kg rocuronium bromide. A lubricated
Macintosh was used to prevent mucosal trauma. Endotracheal
intubation was performed with a no. 5 endotracheal tube, which
was fixed with a vaseline bandage (Figure 1). Anesthesia was
maintained with O2: N20 (40:60 ratio) and 1-1.5% sevoflurane.
Methylprednisolone (1 mg/kg) was administered. Perioperative
hemodynamic parameters were stable. Postoperative analgesia
was provided with 10 mg/kg paracetamol. At the end of the
operation, the neuromuscular blockade was antagonized with 2
mg/kg sugammadex. Extubation was performed when there was
sufficient spontaneous breathing. There were no complications
perioperatively, except for the development of fresh blisters on
the buccal mucosa. The patient was observed in the postoperative
recovery unit for 2 hours (Figure 2), then transferred to the ward,
and was discharged after 24 hours. The parents were informed
about the case report, and their written consent was obtained.

Figure 2: Observation of the patient in the postoperative recovery unit
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Discussion

Epidermolysis bullosa is an autosomal dominant or
recessive disease characterized by recurrent bullae and scar
tissue formation due to increased fragility of the skin and
mucosa. A bulla is formed as a result of mutations in genes
encoding the proteins in the epidermis or the basement
membrane (dermo epidermal junction). Repetitive bulla
formation with minimal mechanical trauma is the characteristic
finding in all types of EB. Four major types have been defined:
EB simplex (EBS), Junctional EB (JEB), dystrophic EB (DEB),
and Kindler syndrome. Other than cutaneous involvement,
tracheolaryngeal complications, oral mucosal involvement,
anemia, malnutrition, osteoporosis, growth and growth
retardation, and cardiomyopathy may be observed [3]. Infection
is common, and wound healing is delayed due to decreased
immunity and long-term corticosteroid use. Recessive dystrophic
EB is characterized by widespread dystrophic scarring,
deformities, and severe involvement of mucous membranes,
beginning at birth. Adhesion of the fingers and toes and
limitation of movement due to pseudosyndactyly are frequently
observed. Skin biopsy, tooth extraction, and care, eye surgery,
contracture and adhesion surgery in the extremities, skin
grafting, esophageal dilatation due to esophageal stricture are
common surgical procedures. Anesthesia procedures can be
extremely difficult due to airway distress, ankyloglossia,
excessive skin sensitivity, deformities, and wounds. Because of
oropharyngeal and esophageal lesions, patients have
malnutrition, anemia, electrolyte disturbance, and decreased
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immunity, which may change the pharmacokinetic effects of
anesthetic agents.

The type of anesthesia technique is determined by the
expected duration and type of surgery. In their study in which
they reviewed the anesthesia records of patients with EB, Van
Den Heuvel et al. reported that only patients requiring orofacial
surgery were managed with standard general anesthesia, and
deep sedation/analgesia technique was preferred in procedures
such as wound dressings, esophageal dilatation, and syndactyly
[4]. Regional anesthesia techniques can be preferred with or
without general anesthesia in cooperative adult patients [5].

It is essential to know the EB subtype in EB patients. In
autosomal recessive DEB, studies state that oropharyngeal bulla
formation after endotracheal intubation, and postoperative stridor
is less common, and dilated cardiomyopathy association is more
frequent. Oral involvement, ankyloglossia, early tooth decay
development, and imperfect tooth alignment are more common
than other types. Subglottic stenosis, choanal and nasal stenosis,
excessive paratracheal and intranasal granulation tissue,
gastroesophageal reflux, and coexistence of renal and cardiac
diseases are more common in JEB. EBS is more frequently
associated with muscular dystrophy [5, 6].

The IV cannulation should be performed by a manual
tourniquet procedure and fixed with non-adhesive silicone tapes
in the preoperative preparation phase. Preoperative sedation may
be beneficial in children with vascular access [6].

Atropine or glycopyrrolate, and antacid prophylaxis
such as sodium citrate in case of a history of reflux or esophageal
stricture, are wuseful to reduce excessive saliva release.
Hydrocortisone treatment may be required in patients on long-
term steroid therapy.

The biggest challenge in anesthesia management in EB
patients is airway management and prevention of mucosal
damage. In this patient group, detailed airway examination
should be performed for anesthesia risk assessment. Decreased
mouth opening due to contracture formation and development of
temporomandibular joint motion limitation may cause position
difficulties in laryngoscopy [7]. It is essential to prepare for
tracheotomy considering the possibility of airway complications
such as intubation difficulty, post-extubation edema, and
obstruction. Lubricants should be applied to the laryngoscope
blade before use. The endotracheal tube should be smaller than
standard formulas suggest. ETT should be fixed with non-
adhesive silicone bandages so as not to cause lip or skin damage.
If nasal intubation is required in dental procedures, suturing can
be used for tube fixation. Using a hard face mask, mandibular
thrust, and oral airway can easily damage the skin, lips, tongue,
and mucous membranes. For this reason, soft masks should be
preferred, and gelled oral airways should be used. Silicone-based
tape should be applied to the areas where the mask will contact
the face. NgLY et al. suggested using high flow oxygen as a
preferable method instead of a face mask in children with
difficult airways since it does not harm the mucosa and the skin
[8].

Fiberoptic intubation is less traumatic than direct
laryngoscopy and should be the first choice for EB patients with
difficult airway. A video laryngoscope can be helpful. Studies
are suggesting that the use of a laryngeal mask (LMA) should be
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preferred in a difficult airway scenario because the cuff increases
the formation of blisters by putting pressure on the pharynx wall.
There are also publications showing that LMA, pre-lubricated
with a water-based gel that is smaller than the customarily
prescribed size, can be used safely [6, 9]. After difficult
intubation, 0.25 mg/kg (maximum 8 mg) dexamethasone can be
used to reduce postoperative airway edema. In our case,
induction of anesthesia with an inhalation agent was preferred
for the control of the airway, a mask with a soft air cushion was
carefully used on a vaseline bandage in areas where it contacted
the skin, and no complications occurred due to mask ventilation
and intubation.

In EB patients, pressure and friction can cause new
blisters and wounds to form. Therefore, avoiding friction and
trauma during anesthesia, surgery and other procedures and
preventing the formation of new blisters is the most important
part of these patients’ anesthesia management. The patients’
transportation should be managed carefully, silicone pads should
be placed on the required areas on the operating table, and it
should be ensured that the bed sheet in contact with the patient's
skin is appropriately placed. Self-adhesive tapes and wraps that
are applied directly to the skin that may cause friction should be
avoided. Instead, silicone adhesive tapes, gel, or vaseline
dressings should be preferred. Minimal intervention and
monitoring are recommended for EB patients [2]. ECG follow-
up should be done by fixing the electrodes, whose adhesive part
is cut and only the gel part is left, with silicone adhesive tapes.
Pulse oximetry can be measured by using a ‘clip probe' instead of
an adhesive finger probe. NIBP tracking can be performed by
placing cotton pads between the sleeve and the skin surface.
Since no significant blood loss and hemodynamic deterioration
were expected in our case, NIBP monitoring was used only when
necessary. ECG electrodes were applied as recommended in the
literature. Skin and mucosal damage were minimized by
applying careful monitoring and handling.

Nasopharyngeal and rectal temperature probes should
be used with caution and avoided if possible. Aspiration should
be performed with lower pressure, protecting the mucosa.

EB patients are prone to ophthalmic complications.
Especially in surgical procedures to be performed in the prone
position, cornea and conjunctiva damage should be avoided, and
adequate support should be provided with appropriate equipment
and silicone pillows. It is important to cover the eyes with
moisturizing eye pomade.

Anesthetic agents should be selected considering the
accompanying systemic diseases, patient age, and difficulty in
airway management. If there is IV access, intravenous induction
is generally preferred. Propofol, thiopental and ketamine can be
used safely in these patients [10, 11]. Induction with inhalation
agents is safe in cases where a difficult airway is expected. In
cases where the intravenous route cannot be provided,
sevoflurane and isoflurane are the preferred agents. Inhalation
anesthesia and TIVA can be used for the maintenance of
anesthesia. In our case, after induction of anesthesia with
sevoflurane, maintenance of anesthesia continued with inhalation
anesthesia, and no complications developed. Suxamethonium,
one of the muscle relaxants, should be used with caution due to
its hyperkalemic potential. Muscle relaxants such as atracurium,
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vecuronium, rocuronium bromide are frequently used. The
duration of action of these drugs may be prolonged in the
presence of hypoalbuminemia. However, it has been shown in
some studies that this was not observed, and it can be used safely
[11, 12].

Local anesthesia without a vasoconstrictor should be
preferred for oral surgery. In postoperative analgesia,
paracetamol, nonsteroidal anti-inflammatory drugs (NSAIDS)
and opioids can be used safely [13].

Conclusion

Preoperative and perioperative care and teamwork,
minimal monitoring, and preparation for difficult airway
scenarios are important in the anesthetic management of EB
patients to prevent skin and mucosal damage and formation of
new blisters.
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