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A B S T R A C T
Background The role of immunological evaluation is significant in selecting a suitable donor to reduce post-
transplant complications in kidney transplantation (KTx). It is unknown how often donor-specific antibody 
(DSA) positivity causes rejection or how often rejection will develop in patients who do not develop DSA 
positivity. We aimed to evaluate the relationship between the DSA changes and the KTx patients’ biochemical 
parameters.
Material and Methods The study was a cross-sectional study evaluating 45 KTx patients. Demographic and 
clinical characteristics of the patients, pre-transplant DSA values, post-transplant DSA values, and biochemical 
parameters were retrospectively scanned from the hospital system. The patients’ data were divided into three 
groups according to DSA changes.
Results DSA was negative in 21 (46%) patients and positive in 24 (54%) before transplantation. In the post-
transplant follow-up, it was observed that the DSA value became positive in 7 patients and turned negative in 
9 patients. Rejection developed in 22% of 9 patients whose DSA was positive before transplantation and turned 
negative after transplantation, and in 28% of 7 patients turned positive from negative. Estimated glomerular 
filtration rate (e-GFR) and creatinine levels in the post-transplant period were associated with the change in 
DSA. Also, e-GFR and neutrophil values were independently associated with rejection.
Conclusions Although DSA change affects kidney functions, we found that DSA positivity alone cannot 
predict rejection, and rejection may occur in the DSA-negative group. Neutrophil count and e-GFR changes 
were closely related to rejection. Therefore, DSA levels should be monitored regularly, but DSA change alone 
is insufficient for rejection evaluation.
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INTRODUCTION

Kidney transplantation (KTx) is the most effective 
treatment option for end-stage kidney disease. A suc-
cessful kidney transplant improves the quality of life and 
significantly reduces mortality risk compared to dialy-
sis treatment.1,2 The role of immunological evaluation is 
significant in selecting a suitable donor before transplan-
tation to reduce post-transplant complications.3 As in 
all organ transplants, immunological problems in KTx 
have not been fully resolved yet. One of the most critical 
follow-up goals after KTx is to reduce the risk of anti-
body-mediated rejection. Sensitisation is the most vital 
immunological mechanism for rejection before and after 
transplantation.4 The most critical risk factors for im-
munological sensitisation are incompatibility in human 
leukocyte antigen (HLA) and antibodies against these 
antigens. While reasons such as previous transplantation 
history, pregnancy, and blood transfusions are respon-
sible for pre-transplant immunological sensitisation, the 
most critical risk factors for post-transplant immunolog-
ical sensitisation are acute rejections, insufficient immu-
nosuppression, and incompatibility observed in tissue 
antigens.5,6

Donor-specific antibodies (DSA) are anti-human leu-
kocyte antigen antibodies formed against mismatched 
antigens in the donor. Many investigators have demon-
strated the effects of DSAs on graft survival, including 
graft rejection and worse graft function. It has been 
shown that de-novo anti-HLA antibodies can devel-
op even if the graft function is normal in KTx patients, 
which can predict graft dysfunction in long-term fol-
low-up.7,8 In addition, more metabolic side effects occur 
due to increased immunosuppressive therapy in patients 
with DSA positivity.9-11 

   It is unknown how often DSA positivity, which is an 
essential part of immunological follow-up in KTx, causes 
rejection or how often it will develop in patients who do 
not develop DSA positivity. We aimed to evaluate the re-
lationship between the changes in DSA values measured 
before and after KTx and the clinical and biochemical 
parameters of the patients.

MATERIAL AND METHODS

The study was cross-sectional, and ethics com-
mittee approval was obtained from Konya Necmet-
tin Erbakan University (Ethics Committee Number: 
2019-2223). The data of 45 kTx patients (all trans-

plants were from living donors and up to 4th-degree 
relatives) were scanned retrospectively, and medical 
records (including age, gender, transplantation dates, 
laboratory results, pre-transplantation induction ther-
apy, and immunosuppressive treatment regimens in 
the follow-up periods) were recorded from our hos-
pital system.

The patients ‘ DSA levels and biochemical tests 
DSA levels and biochemical tests of the patients when 
the kidney function tests stabilised after transplan-
tation were recorded as pre-transplant values. Bio-
chemical tests and DSA levels requested during the 
last control of the patients who completed at least 
three months of follow-up after kTx were recorded 
as post-transplant values. Patients were divided into 
three groups according to the changes in DSA status: 
Group 1: Patients with positive DSA levels; Group 2: 
Patients with negative DSA levels; and Group 3: Pa-
tients with stable DSA levels. 

All biochemical analyses were undertaken in the 
Central Biochemistry Laboratory of our hospital. Se-
rum creatinine was measured with the Jaffe Method. 
An automated clinical chemistry analyser measured 
serum C-reactive protein (CRP) levels with an im-
munoturbidimetric assay (Diasis Diagnostic Sys-
tem). Serum levels of calcium, phosphate, and intact 
parathyroid hormone (iPTH) were measured. iPTH 
was measured using the Elecsys PTH assay. For the 
24-hour urinary proteinuria levels, total protein con-
centration levels were measured by a turbidometric 
assay using benzethonium chloride. The results were 
expressed as mg/L.

DSA measurements 
DSA values before and after transplantation were 

studied using the Luminex method. For longitudinal 
analysis of DSA levels, bead assays were performed 
retrospectively (centralised analysis) to avoid influ-
ences of day-by-day variations in test results (test 
batches including samples from four to six patients 
each). Donor specificity was defined according to se-
rological and/or low- or high-resolution donor/recip-
ient HLA typing (HLA-A, -B, -Cw, -DR, -DQ, -DP 
on availability) provided by the local HLA lab. Test 
results were documented as mean fluorescence inten-
sity (MFI) of the immunodominant DSA. An MFI 
threshold > 1,000 was considered positive.

Statistical analysis
Analytical and graphical methods were used to 
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evaluate the data regarding normal distribution, 
kurtosis values of analytical methods, Shapiro-Wilk 
test, and coefficient of variance. The histogram and 
detrended Q-Q plot graphs were assessed among 
the visual methods, and the normal distribution was 
decided. The Mann-Whitney U test was used as a 
non-parametric test to compare the non-normally dis-
tributed numerical variables between the two groups. 
The Kruskal Wallis Test was used to reach more than 
two groups. Fisher’s exact test or Chi-square test was 
used to compare categorical variables. Binomial Lo-
gistic Regression, a Back-Step method, was used to 
independently assess the factors associated with re-
jection in those who showed rejection. If the p-value is 
less than 0.05, it is considered statistically significant. 
SPSS version 14.0 was used for statistical calculations.

RESULTS

Forty-five patients, 17 women (37.8%) and 28 men 
(62.2%), who had kidney transplants from living do-
nors, were included in this study. The mean follow-up 
period of the patients was 27 ± 18 months, and the 

mean age was 43.36 ± 13.92 years. DSA was positive 
in 24 (53%) patients before transplantation and nega-
tive in 21 (47%) patients. In the post-transplant evalu-
ation, DSA was positive in 22 patients and negative in 
23 patients. In the follow-up of 7 patients whose DSA 
was negative before transplantation, their DSA be-
came positive. In 9 patients whose previous DSA test 
was positive, DSA tests became negative in the fol-
low-up. The patients were divided into three groups: 
decreased, stable and increased DSA levels. The data 
on the biochemical properties of the groups according 
to the DSA changes were presented in Table 1. 

In this study, acute rejection developed in 7 of 
45 patients (15.6%) during the follow-up period. All 
rejections were biopsy-proven, and the mean devel-
opment time was 25 ± 19 months. While the group 
without rejection had higher estimated glomerular fil-
tration rate (e-GFR) and calcium values, the serum 
urea, creatinine, phosphorus, white blood cell count, 
and neutrophil count were statistically higher in the 
group with rejection (p < 0.05) (Table 2). In this study, 
rejection developed in 22% of the patients whose DSA 
level was positive before transplantation and became 
negative after transplantation. The rejection rate was 

8 
 

Table 1. Comparison of laboratory change according to DSA change status 
Changing Parameter Total 

(n = 45) 
medium (min):(max) 

Patients with 
decreased DSA 

(n = 12) 
medium (min):(max) 

Patients with 
stable DSA 

(n = 15) 
medium 

(min):(max) 

Patients with 
increased DSA 

(n = 18) 
medium 

(min):(max) 

 
p value 

eGFR  (ml/min) -9 (-96):(75) 5,5 (-57):(75) -6 (-42):(27) -20 (-96):(12) 0.018 
Urea (mg/dl) -13 (-56):(61) -24 (-56):(7) -14 (-53):(6) -4,5 (-43):(61) 0.056 
Creatinine (mg/dl) 0,1 (-0,4):(3) -0,1 (-0,4):(1,5) 0,1 (-0,4):(0,9) 0,4 (-0,2):(3) 0.009 
Sodium (mmol/L) 2 (-6):(8) 4,5 (-3):(8) 1 (-6):(5) 0 (-5):(4) 0.008 
Potassium (mmol/L) -0,5 

 (-1,4):(1,6) 
-0,6  

(-1,4):(-0,1) 
-0,5  

(-1,4):(-0,6) 
-0,2  

(-1,1):(1,6) 
0.103 

Calcium (mg/dl) 0,2 (-1,1):(1,9) 0,17(-0,2):(0,8) 0,2 (-0,4):(1,4) 0,2 (-1,1-1,9) 0.737 
Phosphorus(mg/dl)  0,5 (-1,9):(1,7) 0,5 (-0,7):(1,7) 0,2 (-1,9):(1,4) 0,6 (-1,3):(1,6) 0.324 
Albumine (mg/dl)  4 (-9):(15) 4 (-2):(12) 3 (-3):(15) 4 (-9):(11) 0.986 
SGPT (u/L) -5 (-58):(59) -5 (-17):(29) -5 (-17):(29) -7,5 (-58):(59) 0.999 
CRP (mg/L)  0,1 (-51,4):(33) 2,25(-10):(14,3) 0 (-51,4):(33) -0,3 (-3):(29) 0.403 
WBC (10³ /uL) -1,2  

(-12,5):(4,5) 
-3,6 

 (-2,1):(9,1) 
-0,2 

 (-8,1):(4,5) 
-1,5 

(-12,5):(2,7) 
0.139 

Neutrophil (10³/uL) -1,8 (-11):(3,1) -5 (-8,7):(1) -1,2(-8,8):(2,8) -2,9 (-11):(3,1) 0.228 
Lympohcyte (10³/L) 0,5 (-6,7):(4,3) 0,5 (-0,6):(2) 0,8 (-0,4):(3) 0,5 (-6,7):(3) 0.246 
Hemoglobin (g/dL) 1,8 (-1,6):(5,7) 1,8 (-1,2):(5,3) 1,8 (-0,4):(4,8) 2 (-1,6):(5,7) 0.979 
Platelet (10³ /L) 1 (-202):(380) -11 (-53):(139) 60 (-42):(380) -14(-202):(128) 0.027 
Proteinuria (gr/day) -0,1 (-1):(3,6) 0,03 (-0,6):(1) 0,24 (-1):(0,1) -0,1 (-0,5):(3,6) 0.018 
Parathormone (ng/L) 0  

(-831):(278) 
-15  

(-460):(67) 
0  

(-203):(128) 
-0,5 

(-831):(278) 
0.819 

eGFR: Estimated Glomeruler filtration rate, SGPT: serum glutamate pyruvate transaminase, CRP: C-reactive protein, WBC:White blood 
cell, Bold parameters indicate statistically significance 
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28% in the patient group whose DSA value was nega-
tive before and became positive after transplantation. 

Binomial logistic regression analysis evaluated the 
factors associated with rejection (p < 0.05). The lo-
gistic regression model was statistically significant, 
χ2(2) = 18.698, p < 0.001. The model explained 58.7% 
(Nagelkerke R2) of the variation in rejection and cor-
rectly classified 91.1% of cases. e-GFR and neutro-
phil values at follow-up were independently associ-
ated with rejection. In follow-up, each unit increase 
in neutrophil value was associated with rejection by 
2.13 fold; each unit decrease in follow-up e-GFR was 
associated with a 1.11-fold increased probability of re-
jection (Table 3).

DISCUSSION

In this study, we evaluated the DSA levels of the 
patients in the pre-transplant and post-transplant fol-
low-up periods and the relationship between DSA, 
biochemical parameters, and rejection status. First, 
we showed that, as expected, post-transplant DSA 
change can affect kidney function. The second sig-
nificant result was that DSA positivity alone was in-
sufficient to predict rejection, and rejection was possi-
ble in the DSA-negative group. Finally, we found that 
the two most valuable criteria for predicting rejection 
were neutrophil count and e-GFR change.

The most important risk factors for immunological 
sensitisation are the incompatibility of HLA antigens 9 

 

 

Table 2. Comparison of biochemical parameters according to rejection status 
 
Parameter 

 
Total 

Median (IQR) 
or 

n (%) 

Patient Without 
Rejection 
(n = 38) 

Median (IQR) 
or 

n (%) 

Patient with Rejection 
(n = 7) 

Median (IQR) 
or 

n (%) 

p value 

Age 46(19-68) 46(19-68) 46(20-56) 0.549 
Gender Female 17(%37,8) 14(%36,8) 3(%42,9) 1.000 

Male 28(%62,2) 24(%63,2) 4(%57,1) 
Pre-Transplant 
DSA 

Negative 21(%46,7) 18(%47,4) 3(%42,9) 1.000 

Pozitive 24(%53,3) 20(%52,6) 4(%57,1) 
DSA 
Change 

Stable or 
Decreased 

27(%60) 24(%63,2) 3(%42,9) 0.412 

Increased 18(%40) 14(%36,8) 4(%57,1) 
Tacrolimus  
At First 

On Target 17(%37,8) 14(%36,8) 3(%42,9) 1.000 
Off Target 28(%62,2) 24(%63,2) 4(%57,1) 

Tacrolimus at 
Follow-up 

On Target 29(%64,4) 24(%63,2) 5(%71,4) 1.000 
Off Target 16(%35,6) 14(%36,8) 2(%28,6) 

eGFR (ml/min) 63(13-205) 64(13-205) 36(27-62) 0.001 
Urea (mg/dl) 41(20-111) 36(20-111) 59(36-92) 0.016 
Creatinine (mg/dl)  1,2(0,5-4) 1,2(0,5-4) 1,8(1,3-2,6) 0.002 
Calcium (mg/dl) 9,5(8,4-10,7) 9,5(8,4-10,7) 8,9(8,4-9,7) 0.007 
Phosphorus (mg/dl) 3,2(1,3-4,4) 3,2(1,3-4,4) 3,8(2,9-4,1) 0.037 
Albumıne (mg/dl) 44(29-51) 44(29-51) 45(42-47) 0.975 
SGPT (u/L) 14(5-75) 15,5(5-63) 8(6,8-75) 0.316 
CRP (mg/L) 2(0,3-35) 2(0,3-35) 4,5(0,4-31) 0.825 
WBC (10³ /uL) 7,1(3,1-16) 6,9(3,1-16) 10(6,6-10) 0.042 
Neutrophil (10³ /uL) 4,5(1,6-9,3) 4,2(1,6-9,3) 7(5-8,4) 0.003 
Lympohcyte (10³ /L) 1,7(0,4-6,3) 1,7(0,4-6,3) 1,5(0,6-3,4) 0.293 
Hemoglobin (g/dL) 13,4(9,9-16,8) 13,6(9,9-16,8) 12,3(10,3-15,1) 0.259 
Platelet (10³ /L) 232(124-658) 235,5(124-658) 224(128-323) 0.398 
Proteinuria (gr/day) 0,2(0,1-4,9) 0,2(0,1-4,9) 0,3(0,1-3,7) 0.307 
eGFR: Estimated Glomeruler filtration rate, SGPT: serum glutamate pyruvate transaminase, CRP: C-reactive protein, WBC: White blood 
cell, Bold parameters indicate statistically significance 
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and antibodies against these antigens.3 De novo an-
ti-HLA antibodies can develop even if the graft func-
tion is normal in kTx patients, which can predict graft 
dysfunction in long-term follow-up.5,6 It has long been 
known that anti-HLA antibodies are a risk factor for 
worse allograft outcomes before transplantation.12,13 
With the reporting of the relationship between de 
novo anti-HLA antibody formation and rejections 
after transplantation, the effects of newly developed 
anti-HLA antibodies on graft outcomes are now more 
clearly known.7,14,15 Many studies found significant 
correlations between anti-HLA antibodies and acute 
rejection, several rejection attacks, chronic rejection, 
and decreased graft survival.8,15,16 At the same time, 
donor-specific antibodies produced after transplan-
tation were correlated with immunological compli-
cations and graft failure.17,18 In addition, some stud-
ies draw attention to the strong relationship between 
non-donor-specific antibodies and rejection.19,20 In this 
study, we didn’t find a significant association between 
DSA positivity before transplantation or an increase 
in DSA titer in the post-transplantation period and the 
development of rejection. One of the most important 
reasons this association could not be demonstrated 
may be the inability to detect non-donor-specific anti-
body-induced rejections.

Contrary to the literature, our study had no signif-
icant relationship between DSA change and rejection. 
One reason may be the inability to differentiate C1q 
(+)/(–) DSA. In recent years, it has been shown that 
C1q (+) DSAs cause a higher risk of organ rejection 
and graft loss compared to C1q (–) DSA. In studies, 
C1q (+) DSAs have been shown to have significant-
ly higher MFIs than C1q (–) DSAs, independent of 
rejection.21,22 it was also revealed that more intense 

C4d accumulation and more frequent graft loss were 
observed in kidney biopsies in patients with C1q (+) 
DSA. 

Not all individuals exposed to foreign HLA allo-
antigens are equally likely to be sensitised. Similarly, 
rejection does not develop in all patients with positive 
DSA levels or increased titers during follow-up. In 
our study, rejection developed in 4 (22%) of 18 pa-
tients whose DSA values increased during follow-up. 
In 14 (88%) patients, there was no significant change 
related to rejection. Only some individuals are equally 
susceptible, possibly due to the immunogenic differ-
ence of the antigens encountered and the differences 
in the immune response genes that are prone to form 
antibodies against foreign HLA antigens.23 The ab-
sence of rejection in every sensitive individual can be 
explained by accommodation.24 

One of the significant results of our study is the 
frequency of rejection in the DSA-negative patient 
group. Rejections due to HLA incompatibility in kTx 
are not only due to donor-specific class I and II an-
tibodies. Rejections may also result from unclassifi-
able and non-donor-specific antibody responses.18,25 
The damaging effects of these antibodies, called 
non-DSA, on graft survival are equivalent to those of 
DSAs.20 In studies of patients who developed acute 
rejection, most had HLA antibodies.26 However, it has 
been reported that 8-20% of patients did not develop 
HLA antibodies during acute rejection attacks.27 Only 
DSA levels were considered in our study, and non-do-
nor-specific antibodies were not considered. How-
ever, considering that non-donor-specific antibodies 
have the same effect on graft survival, the cumulative 
effect will be proportional to the level of DSA.28 In 
our study, 42.9% of the patients who developed acute 

10 
 

 

 

Table 3. Parameters Associated with Rejection 
 Univariate Analysis Multivariate Analysis 
 OR %95 CI p-value OR %95 CI p-value 
Calcium (mg/dl) 0,085 0,012-0,627 0,016    
Neuthrophil (10³ /uL) 1,773 1,113-2,825 0,016 2,131 1,092-4,156 0,026 
Creatinine (mg/dl) 4,333 1,015-18,49 0,048    
Urea (mg/dl) 1,044 1,002-1,088 0,041    
e-GFR (ml/min) 0,912 0,851-0,977 0,009 0,908 0,847-0,974 0,007 
e-GFR Change (ml/min) 0,955 0,921-0,99 0,012    
Creatinine Change(mg/dl) 3,887 1,01-14,959 0,048    
Among the parameters that were found to be significant related to rejection in the univariate analysis, those with p < 0.05 were included in 
the multivariate analysis. Backward Stepwise method was used in logistic regression analysis (χ2(2) = 18.698, p < 0.001 Nagelkerke R 
Square = 0.587 and the final model (step 7) is shown in the table Abbreviations: OR = odds ratio CI = confidence interval, eGFR: 
Estimated glomeruler filtration rate, Bold parameters indicate statistically significance. 
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rejection had negative DSA levels, and 57.1% were 
positive. The high rate of rejection was remarkable in 
the group with negative DSA. Our study’s data also 
supports that antibodies other than DSA may be the 
reason for rejection.

When we examined the relationship between re-
jection and changes in biochemical parameters, we 
observed that changes in e-GFR and creatinine pre-
dict rejection. Since rejection is expected and biop-
sy is planned according to the change in e-GFR and 
creatinine, the most critical indicators that alert the 
clinician to rejection are still the changes in eGFR 
and creatinine values. Because creatinine levels will 
provide late information about developing kidney in-
jury in clinical follow-up, many centres have recently 
been researching to predict both immunological dam-
age and immune sensitisation with an earlier and bet-
ter predictor. Monitoring anti-HLA antibodies after 
transplantation will be a suitable method for detecting 
chronic immune damage and early detection of rejec-
tion development in the long term. Decreased e-GFR 
value in the follow-ups in transplant outpatient clinics 
warns the clinician of rejection. This study found that 
a one-unit decrease in e-GFR during the follow-up 
period was associated with 1.11-fold increased rejec-
tion. As a result of our logistic regression analysis, 
each unit increase in neutrophil values during the fol-
low-up period was found to be 2.13-fold associated 
with rejection. Microvascular inflammation accompa-
nied by endothelial damage and inflammatory events 
dominated by neutrophils, especially in antibody-me-
diated rejections, are present in acute rejections.29-31 
Considering the increase in neutrophils as a precursor 
of inflammation, the increased risk of rejection with 
an increase in neutrophils was already an expected 
finding. 

Our study has three main limitations. First, the 
sample size was relatively small. Second, non-DSA 
antibodies were not investigated, and C1q (–) and (+) 
differentiation could not be made in patients with 
DSA positivity. Third, all of the patients enrolled in 
the study were Turkish. One should consider that our 
results cannot, therefore, be applied to all patients be-
cause of the differences between nationalities.

Despite all the studies, whether immunological 
monitoring can be performed on developing HLA 
antibodies in KTx patients is still unclear. Although 
the development of HLA antibodies is a risk for rejec-
tion, some patients may experience rejection without 

the development of antibodies, or the graft function 
may be normal despite the development of antibodies. 
For this reason, the titer, type, positivity time of the 
antibodies, and their relationship with the treatments 
should be investigated in more detail.

CONCLUSIONS

In conclusion, this study found that DSA change 
can affect kidney functions, and neutrophil count and 
e-GFR change are closely related to rejection. There-
fore, DSA levels should be monitored regularly, but 
DSA change alone is insufficient for rejection eval-
uation. Further research on more valuable markers is 
also needed to predict the risk of rejection.

Highlights
•Post-transplant DSA change may affect kidney 

function. 
•DSA positivity alone was insufficient to predict 

rejection.
•Rejection was possible in the DSA-negative 

group. 
•The two most valuable criteria for predicting re-

jection were neutrophil count and e-GFR change.
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A B S T R A C T
Background This study aims to assess pregnant women’s maternal and fetal outcomes with Takayasu’s arteritis 
(TA).
Material and Methods The study comprised ten pregnant women at the time of diagnosis or afterwards among 
the 50 patients diagnosed with TA between 2003 and 2021. Twenty-one pregnancy outcomes of 10 patients 
were obtained from hospital records and telephonic interviews. Two pregnancies were excluded due to timing 
before diagnosis.
Results Based on the angiographic classification, six patients had type 1, two had type 2b, and two had type 
1+4 TA. 63.15% of pregnancies were planned, and the rheumatologist approved 42.10%. Live birth occurred in 
16 (84.2%) of 19 pregnancies, three pregnancies (15.7%) resulted in abortion and two (10.5 %) of 19 pregnancies 
ended in neonatal death. In five (26.3%) of the 19 pregnancies, the disease was activated during pregnancy. 
Two neonatal deaths were from the two patients diagnosed with preeclampsia during pregnancy. Pre-existing 
hypertension and active disease are shared features of these two patients. After one year of follow-up, six 
pregnancies (31.5%) had active disease, and four (66.6%) had active disease both before and during pregnancy. 
While fetal data analysis revealed no congenital anomalies, four pregnancies resulted in low birth weight and 
intrauterine growth retardation (21.05%).
Conclusions The risk of developing preeclampsia and neonatal death should be considered, especially in TA 
patients with pre-existing hypertension who become pregnant during active disease.
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INTRODUCTION

Takayasu’s arteritis (TA) is a rare systemic 
granulomatous vasculitis affecting large vessels.1,2

 It is 
most frequently seen in young females and has a male-
to-female ratio of ¼. Age at onset is less than 30 in 
approximately 90% of patients.1 As the disease mainly 
affects young women of childbearing age, pregnancy 
is more common than in other vasculitides.2,3 Although 
it is a common disease in young women, it is relatively 
uncommon to be diagnosed during pregnancy.4 
Diagnosis is often delayed due to the insidious onset of 
the disease and nonspecific initial symptoms.3 However, 
obstetricians may be unfamiliar with diagnostic criteria, 
clinical activity evaluation, and management.5

While most pregnancies in women with TA are 
successful, they are predisposed to complications, 
particularly during the peripartum period.2 New-
onset arterial hypertension (HT), worsening of pre-
existing chronic HT, preeclampsia, increased risk of 
arterial occlusion, development of an aortic aneurysm, 
heart failure, and cerebrovascular accident are 
critical complications for the mother.6 Severe HT and 
preeclampsia affect 8% of the general population and 40% 
of TA patients.2 Increased blood volume, cardiac load, 
and a continual inflammatory process in the vasculature 
may aggravate vascular lesions in a pregnant woman 
with TA.7 Intrauterine growth retardation (IUGR), low 
birth weight (LBW), and even stenosis, which restricts 
regional blood flow and leads to fetal death, are all 
increased fetal risks compared to normal pregnancies.6,8,9 
In a systematic literature review of more than 200 
pregnancies in women with TA, 20% of pregnancies 
were complicated by IUGR or LBW.10 Maternal and 
fetal complications are more likely to occur in those with 
severe maternal disease.2 As a result, achieving optimal 
outcomes for mother and baby requires a focus on good 
management of this process.11

There is limited data to guide the management of 
vasculitis during pregnancy. It’s important to discuss 
maternal and obstetric complications in TA patients 
due to disease activity and primary organ damage.11,12 

Ideally, patients should have minimal disease activity 
for at least six months before conception, which 
should be maintained by drugs that can be used during 
pregnancy.11,13 No systematic reports or guidelines exist 
on monitoring pregnant TA patients and their treatment 
before, during, and after pregnancy.14 Unanswered 
questions include the risk factors for adverse obstetric 
outcomes and the effect of immunosuppressive drugs, 

aspirin, and antihypertensive medications on pregnancy 
outcomes.15

As a result, we summarised the data from 19 
pregnancies of 10 patients complicated by TA to 
determine convenient and effective peri-pregnancy 
treatment measures and monitoring methods.

MATERIAL AND METHODS

Among the 50 patients we followed up with TA 
diagnosis between 2003 and 2021, 10 patients who 
were pregnant at the time of diagnosis or after that 
were included in the study. All patients were diagnosed 
using the American College of Rheumatology 1990 
classification criteria.16 This study was conducted 
with the approval of the Uludağ University Faculty of 
Medicine Clinical Research Ethics Committee, 2011-
KAEK-26/332.

The data of 21 pregnancies of ten patients were 
evaluated retrospectively, and patients whose 
pregnancies were during or after TA diagnosis were 
included in the study. Patients were contacted by 
phone and asked about their pregnancy. Due to timing 
before diagnosis, two pregnancies were excluded. 
Nineteen pregnancies were evaluated. 

The angiographic classification of TA was defined 
based on the classification proposed by Hata et al in 
1996.17 Patients with TA were also classified according 
to Ishikawa’s severity criteria,18 which include the 
following three groups: Group 1 (patients without 
complications), Group 2 (patients with one of the 
following complications: retinopathy, secondary HT, 
aortic regurgitation, or aortic or arterial aneurysm); 
Group 2 was further subdivided into severity classes 
2a (not severe) and 2b (severe); and Group 3 (patients 
with two or more of the complications mentioned 
above).

Patient characteristics, disease severity (TA 
activity), maternal adverse events (new-onset 
arterial HT, worsening of pre-existing chronic HT, 
preeclampsia, eclampsia, hemolysis, elevated liver 
enzymes, low platelet [HELLP] syndrome), time 
(preterm delivery),  and mode of delivery (caesarean 
section [C/sec], normal spontaneous vaginal delivery 
[NSVD]) and newborn outcomes (LBW, IUGR, 
neonatal intensive care unit [NICU], congenital 
anomaly, fetal death) were evaluated. LBW was 
defined as a birth weight of less than 2,500 g, while 
preterm delivery was defined as delivery before the 37th 
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week of pregnancy.19 IUGR was defined as the fetus’s 
weight being less than the 10th centile for gestational 
age.20 In this study, we defined pregnancy morbidities 
as spontaneous abortion, therapeutic abortion, and 
fetal and maternal complications such as preterm 
birth, LBW, IUGR, congenital anomaly, NICU 
admission, preeclampsia or eclampsia, gestational 
HT, or gestational diabetes mellitus (DM).21

The World Health Organization (WHO) defines 
fetal death as the intrauterine death of a fetus, as 
a baby with no signs of life at or after 28 weeks of 
gestation for international comparison.22 Neonatal 
death is defined as an infant death before 28 days 
of age.23 Early neonatal deaths occur before the first 
seven days from birth, and late neonatal deaths occur 
between seven and 27 days of age. Postneonatal death 
is an infant death between 28 and 365 days of age.23

While determining the activation of our patients, 
we used the Indian Takayasu Clinical Activity Score 
2010 (ITAS).24 ITAS2010 with acute phase reactants 
(APR) (ITAS-A) was calculated by combining 
ITAS2010 with APR (either erythrocyte sedimentation 
rate [ESR] or C-reactive protein [CRP]) as suggested 
by Misra et al.24 

Statistical analysis
Statistical analysis was performed with the 

Statistical Package for the Social Sciences 26.0 
(SPSS, Chicago, IL) program. Continuous variables 
were expressed as medians with interquartile ranges, 
whereas categorical variables were expressed as 
percentages. The distribution of variables was checked 
with the Kolmogorov-Smirnov test.

Table 1. General characteristics of the patients (n: 10).† 
Age (years) 33.5 ± 6.04 – 34 (24:41) 
Age of disease onset (years) 23.3 ± 5.43 – 23 (16:34) 
Disease duration (years) 10.2 ± 5.9 – 9 (3:19)  
BMI (kg/m2) 25.8 ± 5.1 – 25.8 (17.8:35.2) 
Diagnosed during pregnancy  
   Yes 
   No 

 
2 (20%) 
8 (80%) 

Angiographic classification at diagnosis 
   I 
   I+4 
   2b 

 
6 (60%) 
2 (20%) 
2 (20%) 

Ishikawa classification at diagnosis 
   I 
   2a 
   2b 
   3 

 
7 (70%) 
1 (10%) 
2 (20%) 

0 
Activation of disease before pregnancy‡ 

   Remission 
   Active 
   Unknown 

 
14 (73.6%) 
2 (10.5%) 
3 (15.7%) 

Activation of disease during pregnancy‡ 

   Remission 
   Active 
   Unknown 

 
12 (63.1%) 
5 (26.3%) 
2 (10.5%) 

Activation of disease at 3 months post-pregnancy‡ 
   Remission 
   Active 
   Unknown 

 
7 (36.8%) 
3 (15.7%) 
9 (47.3%) 

Activation of disease one year after pregnancy‡ 

   Remission 
   Active 
   Unknown 

 
10 (52.6%) 
6 (31.5%) 
3 (15.7%) 

BMI: body mass index.  
The values were expressed as n (%), mean ± standard deviation – median (interquartile range) and (minimum:maximum).  
†Evaluation was made based on the course of 21 pregnancies, two of which occur before diagnosis (n: 19 pregnancies). ‡Evaluation was 
made on pregnancies. 
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RESULTS

Based on the angiographic classification, six 
patients had type 1, two had type 2b, and two had 
type 1 + 4 TA (Table 1). The mean gestational age was 
29.5 ± 4.2 years (Table 2). 63.15% of pregnancies were 
planned, and the rheumatologist approved 42.10%.

Live birth occurred in 16 of 19 pregnancies (84.2%), 

and three (15.7%) resulted in abortion. There were 
three patients (30%) with chronic HT. Preeclampsia 
was seen in two of 19 pregnancies (10.5%) and two of 
10 patients (20%). These two patients were diagnosed 
with TA during an investigation into preeclampsia 
during their pregnancy. Pregnancy outcomes of 19 
pregnancies in 10 patients with TA were shown in 
Table 3. The mean gestational age at delivery of the 

 

Table 2. Pregnancy and fetal data of patients (n: 10). 
Total pregnancies† 19 
Live births  
Age of delivery (years) 
Maternal age > 35 years at delivery 
Duration between diagnosis and pregnancy (months) 

16 (84.2%, 94.1%¥) 
29.5 ± 4.2 – 30 (23:38) 

One patient and two pregnancies 
63.8 ± 48.7 – 48 (1:180) 

Spontaneous abortion (= missed abortus) 1 (5.2%) 
Therapeutic abortion  2 (10.5%) 
Mode of delivery  
   Normal spontaneous vaginal delivery    
   Caesarean section  
   Unknown 

 
4 (21.05%) 
12 (63.1%) 
3 (15.7%) 

Pregnancy plan 
   Planned pregnancy 
   Unplanned pregnancy 

 
12 (63.15%) 
7 (36.8%) 

Approval of the rheumatologist  
   Has approval 
   No approval 
   Unknown 

 
8 (42.10%) 
10 (52.6%) 
1 (5.2%) 

Perinatal follow-ups 
   Yes 
   No 
   Unknown 

 
14 (73.6%) 

0 
5 (26.3%) 

Fetal outcomes 
   Birth weight (g) 
   Gestation week  
   Preterm birth < 37 weeks gestation‡ 
   Low birth weight  
   Intrauterine growth retardation  
   Neonatal death§ 
   Post neonatal death¶ 
   Intrauterine fetal death 
   Neonatal intensive care unit  
   Congenital malformation 

 
2,742 ± 954 – 2,895 (530:4,100) 

32.6 ± 11.5 – 38 (7:41) 
4 (25%) 

4 (21.05%) 
4 (21.05%) 
1 (5.2%) 
1 (5.2%) 

0 
2 (10.5%) 

0 

Maternal complications 
   Chronic hypertension 
   Preeclampsia 
   Gestational diabetes mellitus 
   Pregestational diabetes mellitus 
   Thyroid diseases∞ 

 
3 (15.7%) 
2 (10.5%) 
1 (5.2%) 

0 
3 (15.7%) 

The values were expressed as n (%), mean ± standard deviation – median (interquartile range) and (minimum: maximum).  
†Evaluation was made based on the course of 21 pregnancies, two of which occurred before diagnosis (n: 19 pregnancy). ‡ Abortions were 
not included. § Neonatal death occurred in the sixth day of the birth = Early neonatal death. ¶ Postneonatal death occurred in the 240. day 
of the birth. ¥ If we exclude two therapeutic abortions. ∞ hypothyroidism, subacute thyroiditis, and toxic adenoma. 
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neonates was 32.6 ± 11.5 weeks. In four pregnancies 
(26.6%), preterm birth occurred before 37 weeks of 
gestation. Two of 19 pregnancies resulted in neonatal 
death (10.4%), and the need for NICU was also seen in 
these two pregnancies. No congenital malformations 
were observed, but LBW and IUGR were observed in 
four pregnancies (21.05%).

According to ITAS2010 and ITAS.A, the disease was 
active during pregnancy in five of the 19 pregnancies 
(26.3%) and four of 10 patients (40%) (Table 4). Six 
pregnancies (31.5%) were found to have active disease 
after one-year follow-up, and four (66.6%) had active 
disease both before and during pregnancy. When 
the patients were classified according to Ishikawa’s 
severity criteria, only three were classified as class 2; 
three developed preeclampsia and oligohydramnios. 
Preeclampsia patients were in classes 2a and 2b. 
Another patient with oligohydramnios was found to 
be in 2b.

All patients except two used tumour necrosis 
factor-alpha (TNF-α) inhibitors before or during 
pregnancy. When the number of pregnancies was 
analysed, it was discovered that biologics were 

utilised before pregnancy in ten pregnancies (52.6%). 
However, the biological agent was only sustained in 
three out of ten pregnancies (30%). Regarding the 
interrupted biological agent, two of the remaining 
seven pregnancies used tocilizumab, and five used 
TNF-α inhibitors. Steroid use was found in 12 
of 19 pregnancies (63.1%); the maximum dosage 
observed was 30 mg, which just one woman used. 
Only two patients did not receive any treatment, 
including conventional, biologic disease-modifying 
antirheumatic drugs (DMARDs) and steroids. These 
two patients were the two patients who were diagnosed 
with TA as a result of preeclampsia during pregnancy.

DISCUSSION

Handling pregnant patients with TA is frequently 
challenging due to the disease’s cardiovascular 
and cerebrovascular complications and the lack of 
pregnancy-specific therapy guidelines.25 Exacerbation 
of pre-existing HT and preeclampsia are the most 
common complications of TA in pregnancy.26-28 

Table 4. Disease activity evaluation based on ITAS2010/ITAS.A scoring. 
Patients Disease activity pre-

pregnancy 
Disease activity during 

pregnancy 
Disease activity in the 

three months after 
pregnancy 

Disease activity one year 
after pregnancy 

ITAS2010 ITAS.A ITAS2010 ITAS.A ITAS2010 ITAS.A ITAS2010 ITAS.A 
1-A N/A N/A Active (4) N/A N/A N/A Active (8) Active (11) 
1-B Inactive Inactive Active (2) Active (5) Active (3) Active (5) Inactive Inactive 
1-C Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive 
1-D Inactive Inactive Inactive Inactive Inactive  Inactive N/A N/A 
2-A Inactive Inactive Inactive Inactive N/A N/A Active (4) Active (7) 
2-B Inactive Inactive N/A N/A Inactive Inactive Active (2) Active (5) 
2-C Active (2) Active (5) Inactive Inactive Active (2) Active (5) Active (4) Active (7) 
3-A Inactive Inactive Inactive Inactive N/A N/A Inactive Inactive 
4-A Inactive Inactive Inactive Inactive N/A N/A Inactive Inactive 
5-A Inactive Inactive Inactive Inactive N/A N/A Inactive Inactive 
6-A Inactive Inactive Inactive Inactive N/A N/A Inactive Inactive 
6-B Inactive Inactive Inactive Inactive Inactive Inactive Inactive Inactive 
7-A N/A N/A Active (6) N/A Active (3) N/A Active (2) Active (4) 
7-B Inactive Inactive N/A N/A N/A N/A Inactive Inactive 
7-C Inactive Inactive Inactive Inactive Inactive Inactive N/A N/A 
8-A Inactive Inactive Inactive Inactive Inactive N/A N/A N/A 
9-A Active (2) Active (5) Active (2) Active (5) N/A N/A Inactive Inactive 
9-B Inactive Inactive Inactive Inactive N/A N/A N/A N/A 
10-A N/A N/A Active (4) Active (6) Inactive Inactive Active (3) Inactive 
ITAS2010: Indian Takayasu Clinical Activity Score 2010, ITAS.A: ITAS2010 with acute phase reactants, N/A: not available. 
1-A and 7-A: The reason for being active was that the diagnosis was made during pregnancy. 1-B: spontaneous abortion, 2-B and 7-B: 
therapeutic abortion, 9-B: since the pregnancy was over, there was no three months or 1-year follow-up. 
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Infradiaphragmatic artery involvement, especially 
renal artery stenosis, appears to be the leading risk 
factor in most studies.4,15,26-29 However, in a French 
cohort of 98 pregnant women, preeclampsia and IUGR-
related renal artery involvement were not observed.30 
Similarly, two individuals with preeclampsia in our 
research had pre-existing HT and only one developed 
thickening of the renal artery wall.  

While the rate of intrauterine fetal death is 
1-2% in the general population, it is 4-5%  in TA 
patients.10,15,30,31 There were no intrauterine deaths 
in our patients, and the live birth rates were similar 
to those in healthy women, totalling 84%-94% (if 
we exclude two therapeutic abortions).15 However, 
two (10.4%) neonatal deaths from the two patients 
diagnosed with preeclampsia during pregnancy 
occurred in our research. One neonatal death on the 
sixth day of the birth was named ‘’early neonatal 
death’’ due to severe intrauterine growth restriction 
and placental ischaemia due to preeclampsia. Also, 
one neonatal death occurred in the 240. day of the 
birth named ‘‘postneonatal death’’ preeclampsia-
induced severe intrauterine growth restriction and 
placental ischaemia. These two patients had a shared 
history of pre-existing HT and active disease.

Patients with active or newly diagnosed vasculitis 
are more likely to experience disease flares, increasing 
their risk of premature delivery and miscarriage.26 
A recent study noted that preterm deliveries occur 
in 17% of patients, with ranges in the literature 
between 4 and 30% and fetal loss between 8 and 
30%.14,25,30,32 Although the median gestational age 
at delivery was 38 weeks in our study, 25% of our 
cohort had preterm birth: two due to preeclampsia, 
one for suspected placental insufficiency, and one 
due to oligohydramnios. Moreover, as reported in the 
literature, all our patients had active disease during 
pregnancy.

Pre-pregnancy diagnosis and maintaining target 
blood pressure values with strict preconceptional 
disease control have improved successful pregnancy 
outcomes.3,4,32,33 The fact that two neonatal deaths 
occurred in our study in these two patients diagnosed 
during pregnancy, and the disease remained active one 
year after pregnancy demonstrated the critical nature 
of pre-pregnancy diagnosis and disease remission, 
consistent with the literature.

It is challenging to assess disease activation during 
pregnancy. Angiography is not recommended during 
pregnancy due to the risk of fetal damage from the 

contrast material and radiation.9 ESR cannot be used 
for activity assessment as it may be elevated during 
pregnancy. CRP and colour Doppler ultrasound 
(US) are more appropriate for assessing pregnancy 
activity.9,34 Conversely, CRP is not a TA-specific 
marker and can be affected by infection, trauma, and 
other factors. As pregnancy progresses, abdominal 
vascular US usage decreases, and operator-dependent 
errors rise.9 We used ITAS-A to measure disease 
activation.

IUGR and LBW are the most frequently reported 
complications in newborns. Although previously 
reported rates ranged between 4% and 52%, this 
rate was found to be 20% in a literature review 
involving more than 400 pregnant women.28 Bilateral 
renal artery involvement is the most significant risk 
factor.15,30,32 Renin synthesis increases when the renal 
artery is obstructed, which would explain HT and 
reduced uteroplacental circulation that causes growth 
restriction.33 IUGR and LBW occurred in 21.05 % of 
pregnancies and 40% of patients in our study. One of 
these patients had involvement of both renal arteries, 
while the other one had involvement of only one renal 
artery.

Vaginal delivery and epidural anaesthesia are 
preferred in pregnant women with TA. C/sec is 
recommended in pregnant women with stage 2b 
and 3 TA to prevent cardiac decompensation due to 
increased blood pressure during uterine contractions 
and cardiac output during labour.8 Again, obstetric 
reasons such as IUGR, prolonged labour, and 
decreased fetal heartbeats are the primary reasons for 
C/sec, which occurs at a rate of approximately 50%.35-

37 Concerns about the underlying disease accounted 
for 40% of the reasons for the C/sec one study.38 In our 
study, it was observed that 63.1% of our patients had 
labour by C/sec. The high C/sec rate was considered 
a cause of concern among physicians related to TA.

Preconception counselling is vital for regulating 
cytotoxic drugs, folic acid replacement, and deciding 
the best time for pregnancy. The presence of chronic 
HT, vasculitis and active disease six months before 
conception are factors associated with poor pregnancy 
outcomes. Pregnancy should ideally be planned during 
the remission phase. Screening for blood pressure, 
renal function, cardiac status, and preeclampsia is 
crucial at regular prenatal visits. Fetal follow-up 
parameters should also be evaluated, including daily 
fetal kick count, gravidogram, serial fetal biometry, 
biophysical profile, and fetal Doppler US.39
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As with preconception counselling, patients should 
be encouraged to have routine postpartum follow-up 
(3 months), as 20-40% of patients experience flares 
during this period.26 In our study, postpartum disease 
activation was 15.7%. This rate, however, may not be 
reliable, given that 47.3% of patients did not return 
for follow-up over this period. Our study allowed us 
to self-critique and showed that we should be more 
cautious when advising patients on postpartum third-
month follow-up.

Several limitations existed in our study. This 
study didn’t have enough pregnancies to accurately 
represent all TA patients’ pregnancy morbidity. The 
retrospective design requires caution in interpreting 
our study’s findings. However, this study will help 
collect more clinical data for prospective studies on 
this rare condition. Additionally, one-year follow-
up data on disease activation help examine disease 
progression.
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A B S T R A C T
Background The earthquakes in February 2023 in Turkey had a major impact on Turkey’s health system, 
causing damage to hospitals and health centres in the affected areas. Cancer patients are one of the groups 
that are highly influenced by the disaster. The aim of this study was to evaluate some of the demographic and 
clinical characteristics of cancer patients who are getting health care in earthquake-affected areas.
Material and Methods Fifty cancer patients who lived in 11 cities of Turkey affected by the earthquake 
and were admitted to Gazi University Department of Medical Oncology after the earthquake between 15 
February 2023 and 15 March 2023 were included in the study. Data such as demographic characteristics, 
cancer diagnosis, time of cancer treatment, and earthquake history were taken retrospectively from nationally-
linked electronic records (E-nabız).
Results Breast cancer was the most common diagnosis of these patients. Most of the patients were taking active 
treatment (60%). Chemotherapy and hormonotherapy were the most common treatment modalities (20% and 
18%, respectively). The median delay in the active treatment of 14 cancer patients was 24 days (2-60).
Conclusions The earthquake disaster has led to important impacts on cancer patients’ care in most affected 
areas. The human, financial and medical resources should be improved. Especially if detailed nationally-linked 
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be an important stimulus for hospitals and healthcare systems to improve the care of patients during disasters.
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INTRODUCTION

After the earthquakes of 7.7 and 7.6 magnitudes on the 
Richter scale, originating from the Kahramanmaraş cen-
tre on February 2023, a large geographic area, including 
Turkey and also many countries such as Syria, Lebanon, 
Cyprus, Iraq and Israel, is affected. In Turkey, Kahra-
manmaraş, Hatay, Gaziantep, Malatya, Diyarbakır, Ki-
lis, Şanlıurfa, Osmaniye, Adıyaman, Adana, Elazığ were 
among the most commonly affected cities.1 The disaster 
affected many daily activities and systems, including the 
health care system. 

The earthquakes had an impact on Turkey’s health 
system. Some problems have been observed in the deliv-
ery of health services.2 Cancer patients, who experience 
many economic and psychological difficulties during the 
treatment process, are one of the vulnerable groups that 
might be affected by the disaster. This patient population 
had several challenges and many needs during and after 
a disaster. They have encountered many physical trau-
mas, such as amputations, fractures, dehydration, crush 
syndrome, and acute kidney injury. Furthermore, psy-
chological traumas caused by the disaster, such as loss of 
life in family relatives and migration, were some of the 
difficulties experienced by cancer patients in the process. 
Komuro et al. 3 also showed that Patients diagnosed with 
cancer are at risk of exposure to intense short- and long-
term psychological stress following a disaster. It was re-
ported that patients had questions regarding interruption 
of their treatment and drug therapy.

As a result of the natural disaster, many cancer pa-
tients who might migrate from disaster areas to other re-
gions throughout the process were re-evaluated and fol-
lowed up in the treatment centres they applied to. In this 
case, nationally-linked electronic records and backup 
had become critical. In Turkey, at this point, the nation-
al electronic patient (E-Nabız) database, accessible all 
over the country, was significant for the healthcare con-
tinuum. The literature showed that disruption of cancer 
treatment can worsen patients’ prognosis and survival 
outcomes.4-6 A meta-analysis demonstrated that patients 
with a diagnosis of colorectal cancer who have a delay to 
adjuvant chemotherapy after surgery have worse surviv-
al outcomes.7 Also, studies with prostate cancer patients 
and glioblastoma demonstrated poor survival outcomes 
after delay, interruption, and absence of treatments.5-8 
In this study, we evaluated some demographic and clin-
ical characteristics of cancer patients getting health care 
in earthquake-affected areas.

MATERIAL AND METHODS

Patient population 
Cancer patients who lived in 11 cities of Turkey 

affected by the earthquake and were admitted to Gazi 
University Department of Medical Oncology after the 
earthquake between 15 February 2023 and 15 March 
2023 were included in the study.

Data collection 
We retrospectively searched the hospital electron-

ic data system of the 3168 cancer patients admitted 
to Gazi University Department of Medical Oncolo-
gy between 15 February 2023 to 15 March 2023. The 
50 cancer patients with a history of being affected in 
earthquake disasters and adequate data were enrolled 
in the study. Their data, such as demographic charac-
teristics, cancer diagnosis and stage, type of cancer 
treatment, and earthquake history, were taken from 
nationally-linked (E-Nabız) electronic records. The 
study was initiated with the ethics committee’s ap-
proval (Date: 2023, Decision No: 479). All procedures 
were carried out according to the ethical rules and the 
principles of the Declaration of Helsinki.

Statistical analysis  
The SPSS software version 23 was used during 

the data process. The variables are examined for nor-
mal distribution using visual and analytical methods 
(Kolmogorov–Smirnov or Shapiro–Wilk test). De-
scriptive analyses were performed using medians for 
non–normally distributed and ordinal variables. Cat-
egorical data such as gender, cancer diagnosis, his-
tological subtype, stage of the disease, the types of 
treatment, the cities that patients came and the pres-
ence of injury were presented in counts and percent-
ages.

RESULTS

A total of 50 cancer patients who were admitted 
to our clinic after the earthquake disaster with ade-
quate data were included in this study. The median 
age of the patients were 56 (23-75) years. The demo-
graphic and clinical characteristics of the patients are 
shown in Table 1. Most of these patients were female 
(70%). Breast cancer was the most common diagno-
sis of these patients, and this diagnosis was followed 
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by gastrointestinal tract cancers, head and neck can-
cers and lung cancers. The most common histological 
breast cancer subtype was invasive ductal carcinoma 
(66.7%). Colon carcinoma (50%) was the most com-
mon gastrointestinal tract malignancy. Thirty-four 
per cent of the patients had stage IV disease on

admission. When the to our clinic, most had ECOG 
(Eastern Cooperative Oncology Group) performance 
score 1 (Table 1). The laboratory findings revealed 
acute kidney injury in 2 patients. There were no pa-
tients with neutropenia. While twenty-eight patients 
(56%) had grade 1 anaemia, 7 had grade 2 anaemia.

The cancer patients had been chiefly coming from 
Hatay and Malatya. One patient had stayed under a 
dent for 32 hours, fractured his foot, and suffered 
crush syndrome. One female patient with a cancer 
diagnosis also suffered from crush syndrome after 
earthquakes. These two patients were followed in the 
intensive care unit before being admitted to our hospi-
tal. Other patients were followed in outpatient clinics. 

Most patients were taking active treatment (60%) 
during an earthquake. Chemotherapy and hormono-
therapy were the most common treatment modali-
ties (20% and 18%, respectively). Also, 18% of the 
patients took adjuvant therapy when admitted to our 
hospital. Fourteen patients were evaluated by radio-
diagnostic methods during the follow-up period. One 
patient had a recurrent disease, and one had the dis-
ease in progression. Among the patients taking active 
treatment, no delay was recorded in 16 patients. The 
median delay in the active treatment of 14 cancer pa-
tients was 24 days (2-60). Furthermore, imaging and 
examination planning was delayed in only two pa-
tients not taking active medicine.

DISCUSSION

To the best of our knowledge, the current prelimi-
nary data is the first for evaluating some demographic 
and clinical characteristics of the cancer patients who 
lived in 11 cities of Turkey affected by the earthquake 
and were admitted to another clinic a month after the 
earthquake. We observed that the study population 
were taking mostly active treatment, and the median 
delay in active treatment of 14 cancer patients was 24 
days (2-60) after the earthquake. Ozaki et al.9 anal-
ysed 120 patients with breast cancer after the triple 
disaster in Fukushima, Japan, 2011. In this analysis, 
patients with ≥ 1-year delay increased statistically sig-
nificantly after the disaster. Most of the patients were 
presented with late-stage disease (stages 3 and 4), as-
sociated with poor prognosis. In our study, we exam-
ined the patients for a month, so we could not evaluate 
the survival outcomes of the patients. Also, Jacque-
line et al.10 showed that after the earthquake in Mex-

Table 1. Demographic and clinical characteristics of 
the patient population (n: 50). 
Age (years) 56 (23:75) 
Female gender  35 (70) 
Cancer diagnosis  
   Breast 
   Gastrointestinal tract 
   Head and neck 
   Lung  
   Genitourinary system 
   Pancreas 
   Central nervous system  
   Hepatobiliary system  
   Gynecological 

 
18 (36) 
8 (16) 
7 (14) 
6 (12) 
3 (6) 
3 (6) 
2 (4) 
2 (4) 
1 (2) 

The city of Turkey that patients came from 
   Hatay 
   Malatya 
   Gaziantep 
   Kahramanmaraş 
   Adıyaman 
   Adana 
   Diyarbakır 
   Elazığ 
   Osmaniye  
   Şanlıurfa 

 
13 (26) 
12 (24) 
6 (12) 
5 (10) 
5 (10) 
5 (10) 
1 (2) 
1 (2) 
1 (2) 
1 (2) 

Presence of any injury after earthquake 
   Staying under a dent  
   Crush syndrome 
   No 

 
1 (2) 
1 (2) 

48 (96) 
Type of active treatment 
   Chemotherapy 
   Hormonotherapy 
   Targeted therapy 
   Immunotherapy 
   Chemoradiotherapy 
   No treatment  

 
10 (20) 
9 (18) 
6 (12) 
4 (8) 
1 (2) 

20 (40) 
Tumor stage at diagnosis 
   I   
   II 
   III 
   IV 

 
3 (6) 

14 (28) 
16 (32) 
17 (34) 

ECOG performance score 
   0 
   1 
   2 

 
10 (20) 
34 (68) 
6 (12) 

ECOG: Eastern Cooperative Oncology Group.  
The values were expressed as n (%) and (minimum: maximum).  
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ico, 6% of the cancer patients had difficulty getting 
health care and delay in treatment was seen. These 
findings show the earthquake’s impact on access to 
cancer care. In addition, as soon as possible, the Turk-
ish Society of Medical Oncology created a telephone 
on-duty medical oncologist list to support the doctors 
living in affected cities to support oncology patient 
care. After that, voluntary medical oncologists made 
rotations to affected cities to continue oncology pa-
tient care chemotherapy regimens. 

In the literature, it was shown that delays in treat-
ment modalities are associated with worse survival 
outcomes.4-8 Our study has a short follow-up period 
for evaluating survival outcomes, but further studies 
with larger patient populations and more extended 
follow-up periods should be planned for analysing the 
survival outcomes.

Patients with chronic diseases like cancers may 
have many challenges and needs during disasters.11 
As well as cancer patients might have many economic 
and psychological problems during the process, they 
might also have many difficulties in their cancer care. 
Destroyed communication systems, damaged trans-
port services and loss of functionality of many medi-
cal services can lead to disruption of medical services 
for cancer patients.12 After the earthquake, outpatient 
and inpatient clinics, radiation oncology units, and 
pathology laboratories are all described in the med-
ical literature about the delivery of oncology care. In 
addition, medication can be lost or left behind. Cancer 
patients, especially those who are socially isolated, el-
derly and those with insufficient knowledge of their 
medications, are at higher risk for a worse progno-
sis.13,14

Man et al.12 emphasised that the healthcare infra-
structures, the healthcare workforce, data dispersion, 
and patient relocation are among the problems that 
patients with cancer and healthcare givers face after 
a disaster. Especially lack of treatment history (past 
cycles, plans, staging details, histological diagnosis, 
and others), drug protocols, clinical trials, and re-
search documents in cancer patients may be encoun-
tered during and after disasters.15,16 Patients should 
accompany their treatment records.11 In this case, na-
tional electronic databases of medical history reports 
of radiology, laboratory, and pathology can help phy-
sicians. In our practice, we had no difficulty getting 
information about the history of cancer treatment due 
to adequate and current nationally-linked electronic 

records (E-nabız). In addition, it is essential to edu-
cate cancer patients about their disease and treatment.

Porzio et al.17 studied cancer patients in the region 
where three earthquakes occurred in Italy. The re-
searchers maintained contact with patients through 
in-person visits or regular phone communication. 
Initially, the patients received continuous care, and it 
was observed that the rates of anxiolytic therapy, drug 
consumption, and patient compliance did not increase 
compared to the pre-earthquake period. However, 
among the cancer patients who had to evacuate the 
city but later returned, an increase in the frequency of 
post-traumatic stress disorder (PTSD) was observed. 
Furthermore, six months after the earthquake, an in-
crease in the frequency of anxiety disorders, sleep 
disorders, and depression were reported among the 
cancer patients included in the study. Based on their 
findings, the authors suggested that patients exposed 
to earthquakes should be monitored for at least two 
years. Unfortunately, we cannot present similar data 
due to the limited duration of our study’s follow-up 
period. Nonetheless, we are conducting close fol-
low-ups and observation of 50 patients in our clinic.

Our study has some limitations. Firstly, the sam-
ple size is small because, especially in the study, we 
wanted to evaluate the cancer patients a month after 
the earthquake disaster. Also, we could not examine 
the survival outcomes of the patients due to the short 
follow-up period.

Continuity is essential in oncological care. Treat-
ment schemas are individualised within specific peri-
ods. Also, it requires multidisciplinary management. 
It is known that earthquakes can be associated with 
worse outcomes for cancer patients. Disasters can 
cause psychological distress to both patients and care-
givers. In conclusion, it is essential to formulate plans 
to support and help cancer patients in these difficult 
circumstances.

CONCLUSIONS

The earthquake has greatly impacted cancer pa-
tients’ care in most affected areas. Health care for 
cancer patients must continue during and after a di-
saster. Healthcare systems of countries with a known 
high risk for disasters should consider the continuity 
of cancer patient care and establish referral systems. 
The human, financial and medical resources should 
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be provided. This disaster should be an essential 
stimulus for hospitals to improve the care of patients 
during disasters.
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A B S T R A C T
Background The primary purpose of this study was to determine the frequency of musculoskeletal pain in 
nurses working in the internal medicine intensive care unit and to determine whether there were differences 
between nurses working in the internal medicine clinic. In addition, it was aimed to determine the individual 
and professional risk factors that will cause musculoskeletal pain in nurses working in the internal medicine 
intensive care unit.
Material and Methods After evaluating eligibility, 82 volunteer nurses, 36 working in the internal medicine 
intensive care unit and 46 working in the internal medicine clinic, were included in this single-centre, cross-
sectional and descriptive study. The demographic characteristics of the participants, their regular exercise 
status and the factors related to their working conditions were determined by the questionnaire form created 
by the researchers.
Results Musculoskeletal pain was detected in 61.11% of internal medicine intensive care nurses. There was no 
statistical difference between the internal medicine intensive care and clinical nurses regarding musculoskeletal 
pain (p > 0.05). A statistically significant relationship was found between the situation of changing the patient’s 
clothes and positioning the patient and the occurrence of musculoskeletal pain (p < 0.001). No significant 
relationship was found between internal medicine intensive care nurses’ musculoskeletal pain and their 
demographic characteristics, regular exercise status and other working conditions (p > 0.05).
Conclusions Our study showed that nurses working in the internal medicine intensive care unit experienced a 
high rate of musculoskeletal pain. The study results will shed light on what kind of precautions nurses should 
take against work-related musculoskeletal pain.

Aytül Coşar Ertem1 , Uğur Ertem2

1Department of Intensive Care, University of Health Sciences, Bursa Yüksek İhtisas Training and Research Hospital, Bursa, Turkey
2Department of Physical Medicine and Rehabilitation, Uludag University Faculty of Medicine, Bursa, Turkey

The Frequency of Musculoskeletal Pain in Nurses Working in 
Internal Medicine Intensive Care Units and Related Factors

https://orcid.org/0000-0002-2767-1483
https://orcid.org/0000-0003-2142-2264


Turk J Int Med 2023;5(4):240-247   Çoşar Ertem and Ertem

241

INTRODUCTION

The World Health Organization (WHO) has defined 
work-related musculoskeletal disorders as health 
problems of locomotor apparatus, i.e. muscles, tendons, 
the skeleton, cartilage, ligaments and nerves.1 The 
incidence of work-related musculoskeletal disorders is 
high worldwide, and many risk factors depend on the 
nature of the work.2

Work-related musculoskeletal pain is a condition 
that requires global attention not only because of its 
individual health effects on workers but also because of 
its negative effects on countries’ economies. In addition, 
the social problems created by this situation are also 
significant in terms of social dynamics. Over the past 
three decades, musculoskeletal disorders have emerged 
as the third leading cause of disability-adjusted life years 
among young adults globally.3

Work-related musculoskeletal disorders are common, 
especially among healthcare professionals in direct 
contact with patients, such as surgeons, nurses, and 
therapists.4,5 The incidence of musculoskeletal pain is 
particularly high in nurses.6 In a study conducted on 
2,400 nurses related to musculoskeletal pain in Turkey, 
the 12-month prevalence was 79.5%.7 It is thought that 
the quality of the work and working conditions of the 
nurses are related to the frequency of musculoskeletal 
pain.

Due to these individual and social problems caused 
by musculoskeletal pain in employees, it is critical to take 
early measures and to make necessary improvements 
in the work areas. This situation is more important in 
professions where work-related musculoskeletal pain is 
common, especially in nurses. The primary aim of this 
study was to determine the frequency of musculoskeletal 
pain in nurses working in the internal medicine intensive 
care unit and to determine whether there was a difference 
between nurses working in the internal medicine clinic. 
In addition, it was aimed to determine the individual and 
occupational risk factors that will cause musculoskeletal 
pain in nurses working in the internal medicine intensive 
care unit.

MATERIAL AND METHODS

The study protocol was approved by the University 
of Health Sciences Bursa Yüksek İhtisas Training 
and Research Hospital Clinical Research Ethics 
Committee (Decision number: 2011-KAEK-25 

2023/08-02). The principles of the Declaration of 
Helsinki conducted the study. Consent was obtained 
from the participants who wanted to participate in the 
study voluntarily.

After evaluating eligibility, 82 volunteer nurses, 36 
working in the internal medicine intensive care unit 
and 46 working in the internal medicine clinic, were 
included in this single-centre, cross-sectional and 
descriptive study. The participants were divided into 
two groups: nurses in the intensive care unit in group 
1 (n: 36) and nurses in the clinic in group 2 (n: 46).

Participants who did not consent to participate 
in the study had a diagnosed inflammatory spine 
disease, had a congenital deformity that increased the 
risk of musculoskeletal pain, and had psychological, 
neurological and rheumatological disorders causing 
musculoskeletal pain were not included in the study. 
In addition, attention was paid to the fact that the 
participants included in the study had worked in the 
same department for at least one year and worked 
in their profession for at least one year. Finally, 
participants with chronic non-specific musculoskeletal 
pain before the study were excluded.

The data were obtained with a questionnaire 
developed by the researchers evaluating the nurses’ 
socio-demographic characteristics, working 
conditions and musculoskeletal pain. Age, gender, 
body mass index (BMI, kg/m2) and marital status of 
the nurses were recorded as socio-demographic data. 
In addition, questions about the working conditions 
of the nurses, the total working time in the same 
department, the type of shift they worked, their 
working positions during most of the daily working 
hours, whether they took part in changing patient 
clothes and took part in positioning the patient were 
recorded in the questionnaire data form. Apart from 
these, it was also questioned whether the participants 
did regular exercise (performing at least 150 minutes 
of moderate-intensity aerobic physical activity [e.g. 
walking] or 75 minutes of vigorous-intensity aerobic 
physical activity [e.g. running or jogging] throughout 
the week was defined as physically active)8 and 
recorded in the questionnaire data form. Apart from 
these data, it was questioned whether the nurses had 
musculoskeletal pain at least once exceeding 24 hours 
in the last year, and if so, in which area.

Statistical analysis
The Shapiro-Wilk test assessed whether the 

variables follow a normal distribution. Continuous 
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variables were presented as median (minimum: 
maximum) and mean ± standard deviation values. 
Categorical variables were reported as n (%). According 
to the normality test results, the Independent samples 
t-test or Mann-Whitney U test was used to compare 
the two groups. Pearson chi-square test, Fisher’s 
exact test or Fisher-Freeman-Halton test was used for 
comparing categorical variables. SPSS (IBM Corp. 
Released 2012. IBM SPSS Statistics for Windows, 
Version 21.0, Armonk, NY: IBM Corp.) was used for 

statistical analysis and p value < 0.05 was considered 
statistically significant.

RESULTS

A total of 82 nurses, 36 working in the internal 
medicine intensive care unit and 46 working in the 
internal medicine clinic, were included in the study. 
The median age of nurses working in the intensive 

Table 1. Comparison of demographic characteristics between study groups (n: 82). 
 Nurses working in the internal medicine P-value 
 Intensive care unit (n: 36) Clinic (n: 46) 
Age (years) 33.50 (24:52) 35 (25:55) 0.500a 
Gender 
   Female 
   Male 

 
32 (88.89%) 
4 (11.11%) 

 
41 (89.13%) 
5 (10.87%) 

> 0.99b 

Marital status 
   Married 
   Single 

 
24 (66.67%) 
12 (33.33%) 

 
28 (60.87%) 
18 (39.13%) 

0.589c 

Body mass index (kg/m2) 25.64 ± 3.22 25.32 ± 2.59 0.311d 
Data were expressed as n (%) and median (minimum: maximum). 
a Mann-Whitney U test, b Fisher’s exact test, c Pearson chi-square test, d independent sample t-test 

 

  

Table 2. Comparison of working conditions, regular exercise status and musculoskeletal pain status 
among study groups (n: 82). 
 Nurses working in the internal medicine P - value 

Intensive care unit (n: 36) Clinic (n: 46) 
Total working time in the current department 
(years) 

7.50 (1:20) 7 (1:22) 0.171a 

Shift type 
   Duty 
   Daytime 
   Variable 

 
18 (50%) 

5 (13.89%) 
13 (36.11%) 

 
16 (34.78%) 
12 (26.09%) 
18 (39.13%) 

0.269b 

Working position 
   Mostly standing 
   Mostly sitting 

 
33 (91.67%) 
3 (8.33%) 

 
35 (76.09%) 
11 (23.91%) 

0.063b 

Regular exercise status 
   Yes 
   No 

 
13 (36.11%) 
23 (63.89%) 

 
18 (39.13%) 
28 (60.87%) 

0.780b 

Taking part in changing patients' clothes 
   Yes 
   No 

 
29 (80.56%) 
7 (19.44%) 

 
7 (15.22%) 
39 (84.78%) 

< 0.001b 

Taking part in positioning the patient 
   Yes 
   No 

 
29 (80.56%) 
7 (19.44%) 

 
7 (15.22%) 
39 (84.78%) 

< 0.001b 

Musculoskeletal pain status 
   Yes 
   No 

 
22 (61.11%) 
14 (38.89%) 

 
20 (43.48%) 
26 (56.52%) 

0.113b 

Data were expressed as n (%) and median (minimum: maximum). 
a Mann-Whitney U test, b Pearson chi-square test. 
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care unit was 33.50 (minimum: 24 ‒ maximum: 52), 
while the median age of nurses working in the clinic 
was 35 (minimum: 25 ‒ maximum: 55). A comparison 
of the demographic characteristics of the participants 
in Group 1 and Group 2 was given in Table 1. Variables 
such as age, gender, BMI and marital status were not 
different between the groups (p > 0.05).

The comparison of the working conditions, 
regular exercise and musculoskeletal pain status of 
the participants in Group 1 and Group 2 were shown 
in Table 2. There was no statistically significant 
difference between the regular exercise status of the 
participants in both groups (p > 0.05). Musculoskeletal 

pain occurring at least once in the last year and 
exceeding 24 hours was detected in 61.11% of the 
nurses in the internal medicine intensive care unit and 
43.48% in the internal medicine clinic. Even though 
musculoskeletal pain was observed more frequently in 
nurses working in the internal medicine intensive care 
unit, no statistically significant difference was found 
between the two groups regarding musculoskeletal 
pain (p > 0.05). When both groups were compared 
regarding working conditions, it was determined that 
nurses working in the internal medicine intensive 
care unit were more involved in changing the patient’s 
clothes and positioning the patient (p < 0.001).

The distribution of musculoskeletal pain of internal 
medicine intensive care nurses was given in Table 3. 
Our current study detected musculoskeletal pain in 
61.11% of internal medicine intensive care nurses. 
Musculoskeletal pain mainly manifested itself as 
spine pain (77.27%). Low back pain (47.06%) was the 
most common pain area among spinal pain.

The relationship between musculoskeletal 
pain and demographic characteristics in internal 
medicine intensive care nurses was depicted in Table 
4. According to the results of this study, there was 
no statistically significant relationship between 
musculoskeletal pain in internal medicine intensive 
care nurses and the demographic characteristics of the 
participants (p > 0.05).

The relationship between musculoskeletal pain, 
working conditions and exercise status in internal 
medicine intensive care nurses was given in Table 
5. According to the results of the current study, 
a statistically significant relationship was found 
between the musculoskeletal pain in the internal 
medicine intensive care nurses and the situation of the 
nurses changing the patient’s clothes and positioning 

Table 3. Distribution of musculoskeletal pain in 
internal medicine intensive care nurses. 

 Frequency 
Musculoskeletal pain status 
   Yes 
   No 

 
22 (61.11%) 
14 (38.89%) 

Musculoskeletal pain area 
   Spine pain 
   Non-spine pain 
Total 

 
17 (77.27%) 
5 (22.73%) 
22 (100%) 

Spine pain area 
   Low back pain 
   Neck pain 
   Back pain 
Total 

 
8 (47.06%) 
4 (23.53%) 
5 (29.41%) 
17 (100%) 

Non-spine pain area 
   Hips and legs 
   Shoulders 
   Knees 
   Wrists and hands 
   Elbows 
   Ankles and feet 
Total 

 
2 (40%) 
1 (20%) 
1 (20%) 
1 (20%) 

0 
0 

5 (100%) 
Data were expressed as n (%). 

 

  

Table 4. The relationship between musculoskeletal pain and demographic characteristics in internal 
medicine intensive care nurses (n: 36). 
 Musculoskeletal 

pain (n: 22) 
No musculoskeletal 

pain (n: 14) 
P-value 

Age (years) 26 (29:48) 31 (24:52) 0.133a 
Gender 
   Female 
   Male 

 
19 (86.36%) 
3 (13.64%) 

 
13 (92.86%) 
1 (7.14%) 

> 0.99b 

Marital status 
   Married 
   Single 

 
16 (72.73%) 
6 (27.27%) 

 
8 (57.14%) 
6 (42.86%) 

0.471b 

Body mass index (kg/m2) 24.95 (19.50:30.20) 25.90 (23.30:34.90) 0.327a 
Data were expressed as n (%) and median (minimum: maximum).  
a Mann-Whitney U test, b Fisher’s exact test. 
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the patient (p < 0.001). There was no significant 
relationship between musculoskeletal pain, other 
working conditions, and regular exercise status (p > 
0.05).

DISCUSSION

In this study, 61.11% of nurses in the internal 
medicine intensive care unit had musculoskeletal pain. 
Although musculoskeletal pain was observed more 
frequently in internal medicine intensive care nurses 
than in the internal medicine clinic nurses, we did not 
find a statistically significant difference between the 
two groups. In addition, according to the results of the 
current study, a statistically significant relationship 
was found between musculoskeletal pain in internal 
medicine intensive care nurses and the situation of 
nurses changing the patient’s clothes and positioning 
the patient. Again, we found no significant relationship 
between the other parameters examined in the current 
study and the occurrence of musculoskeletal pain in 
internal medicine intensive care nurses.

In a study on the prevalence of work-related 
musculoskeletal diseases, 300 nurses were included 
in the sample, and it was found that almost all nurses 
(97.3%) had complaints of work-related pain in the 
last 12 months.9 In a study conducted in Nigeria, 
90.7% were clinical nurses, and 118 nurses were 
included; 84.4% of the nurses who participated in the 

survey reported that they experienced work-related 
musculoskeletal pain at some point in their work life.10 
In the same study, the most common musculoskeletal 
pains of the participants were observed in the spine 
region and especially in the lower back.10 In a study 
evaluating the prevalence and risk factors of work-
related musculoskeletal disorders in intensive care unit 
nurses in China, musculoskeletal pain was observed 
in 97% of intensive care nurses within the last year.11 
In the same study, the most common pain was spine 
pain, especially low back pain.11 The intensive care unit 
is a department that cares for relatively more severe 
patients. Compared to clinical patients, patients in 
intensive care units are generally less able to care for 
themselves and need more help from their caregivers. 
Nurses in the intensive care unit perform multiple 
procedures such as infusion, oral care and airway 
management daily. For many reasons, they take a 
more active role in patient care than nurses working 
in the clinic.12-14 The overall 12-month prevalence of 
musculoskeletal pain among nurses worldwide is 40% 
to 85%. Considering the heavy working conditions of 
intensive care nurses, this rate may increase in nurses 
working in intensive care units.15-20 In our study, 
61.11% of the nurses working in the internal medicine 
intensive care unit and 43.48% of the nurses working 
in the internal medicine clinic had musculoskeletal 
pain lasting more than 24 hours in the last year. 
According to these results, although it is said that 
the prevalence determined in our study is less than 

Table 5. The relationship between musculoskeletal pain, working conditions, and exercise status in internal 
medicine intensive care nurses (n: 36). 
 Musculoskeletal pain 

(n: 22) 
No musculoskeletal pain 

(n: 14) 
P - value 

Total working time in the current department (years) 8.73 ± 3.56 8.21 ± 5.62 0.739a 
Shift type 
   Duty 
   Daytime 
   Variable 

 
11 (50%) 
2 (9.09%) 
9 (40.91%) 

 
7 (50%) 

3 (21.43%) 
4 (28.57%) 

0.517b 

Working position 
   Mostly standing 
   Mostly sitting 

 
22 (100%) 

0 

 
11 (78.57%) 
3 (21.43%) 

0.051c 

Regular exercise status 
   Yes 
   No 

 
9 (40.91%) 
13 (59.09%) 

 
4 (28.57%) 
10 (71.43%) 

0.452d 

Taking part in changing patients' clothes 
   Yes 
   No 

 
22 (100%) 

0 

 
7 (50%) 
7 (50%) 

< 0.001c 

Taking part in positioning the patient 
   Yes 
   No 

 
22 (100%) 

0 

 
7 (50%) 
7 (50%) 

< 0.001c 

Data were expressed as n (%) and mean ± standard deviation. 
a independent sample t-test, b Fisher-Freeman-Halton test, c Fisher’s exact test, d Pearson chi-square test. 
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the literature, it is evident that it is compatible. In 
addition, in our study, musculoskeletal pain was more 
common in nurses working in the intensive care unit, 
similar to the literature. However, it was determined 
that working in the clinic or intensive care unit did not 
statistically increase the incidence of musculoskeletal 
pain in nurses. This difference is mainly due to the 
small sample size of our sample. In addition, since the 
participants evaluated the presence of musculoskeletal 
pain with the recall method, this method may be 
effective without a statistically significant difference 
between the two groups regarding musculoskeletal 
pain.

In general, the most common pain area in nurses 
with musculoskeletal pain is the spine. In addition, 
especially low back and back pain is observed 
more frequently in nurses with spine pain.21-23 In 
a questionnaire study evaluating the frequency of 
musculoskeletal pain in nurses, 569 participants were 
included. 84.7% of the participants reported a high 
incidence of low back pain in the previous 12-month 
period. Low back pain was the most frequently 
reported body region for pain, followed by the neck, 
shoulders, and upper back.24 In the current study, 
spinal pain was the most common musculoskeletal 
pain, with 77.27%, consistent with the literature. 
Low back pain (47.06%), back pain (29.41%) and 
neck pain (23.53%) are the most common spinal cord 
pains, respectively. In addition, non-spinal pain was 
observed less frequently in the current study, similar 
to the literature. Especially considering the working 
conditions of the nurses working in the intensive care 
unit, axial loading may be impaired because they 
stand more and take more responsibility in patient 
care. This can cause spinal pain. Our study also draws 
attention to these points with its results.

Our study found that the demographic 
characteristics and regular exercise status of the 
nurses working in the internal medicine intensive care 
unit were not associated with musculoskeletal pain. It 
was determined that among the working conditions of 
internal medicine intensive care nurses, taking part 
only in changing the patient’s clothes and positioning 
the patient increased musculoskeletal pain. A study 
conducted among nurses in Italy determined that 
night shift work, insufficient education, frequent 
involvement in patient care, lack of equipment, work 
department, obesity, increased age, work-related stress 
and lack of physical activity increased the occurrence 
of low back pain.25 In general, it is known that taking 

a primary role in patient care, such as bending, 
twisting, lifting heavy weights and performing strong 
movements, increases musculoskeletal pain in nurses. 
In addition, advanced age and being overweight are 
known as risk factors for musculoskeletal pain among 
nurses. Regular exercise is generally considered to 
be protective in terms of musculoskeletal pain.26-

31 Our results are not fully compatible with the 
literature because it is a single-centre and small 
sample size study. In addition, working conditions 
could be questioned in a limited way with the existing 
questionnaire. If more parameters were added, the 
working conditions could be examined more.

There were some limitations of the current study. 
First, the fact that it was a single-centre study limits 
the generalizability of the study. Secondly, the small 
sample size was also a significant limitation. In 
addition, other limitations were that it was a study 
based on the subjective evaluation of the participants 
and the collection of study data using questionnaires 
without observation. Finally, pain was determined 
only by questioning, and scales were not used; it was 
difficult to generalise the results.

CONCLUSIONS

As a result, it was shown in our study that 
musculoskeletal pain was at a high rate in nurses 
working in the internal medicine intensive care unit 
and that the pain most commonly originated from the 
spine region. In addition, it has been shown that the 
involvement of nurses in changing the patient’s clothes 
and positioning the patient increases musculoskeletal 
pain. Our study results will shed light on what 
measures should be taken for occupational diseases 
related to the musculoskeletal system in nurses. 
These results will be a guide for institutions and 
managers in the prevention of work-related diseases. 
In addition, our results will help nurses, among the 
occupational groups experiencing the most common 
musculoskeletal pain, in the early detection and 
treatment of pain.
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A B S T R A C T
Background This study aimed to investigate whether there is a difference in recurrence and progression rate 
before and after the pandemic in patients who applied for bladder cancer and/or were followed-up-treatment-
operated in the urology clinic during the pandemic.
Material and Methods A total of 116 non-muscle invasive bladder cancer (NMIBC) patients with delayed 
cystoscopy and 90 control patients with timely cystoscopy were included in the study between June and July 
2020. Demographic data of the patients were recorded. Recurrences and progression scores were calculated 
and grouped according to these scores. The cystoscopy delay time was calculated from the planned cystoscopy 
time to the performed cystoscopy time. The recurrence and progression status of the patients were recorded, 
and a comparison was made between the two groups.
Results The median age was 63.6 years (interquartile range [IQR] 35–85) in the delayed cystoscopy group and 
67.3 (25-87) in the control group. In the delayed cystoscopy group, 29 (25%) patients had tumour recurrence 
on follow-up cystoscopy, and 3 (10.34%) patients had tumour progression on subsequent TUR-BT. The mean 
cystoscopy delay time is 89.27 ± 27.35 days. As a result of the chi-square analysis performed on the group 
with 10-17 recurrence points found a statistically significant relationship between the experimental and control 
groups (χ2 =5 .792; p = .016; p < 0.05). As a result of the chi-square analysis between the experimental and 
control groups according to the progression score groups, no statistically significant correlation was found 
between the experimental and control groups (p > 0.05).
Conclusions In this study, we reported that superficial bladder cancers with low recurrence scores could wait 
3-6 months, but delaying 3-6 months in cases with a recurrence score of 10 or more increases the recurrence 
rate.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus-2, 
shortly named coronavirus disease 2019 (COVID-19), 
caused by a beta coronavirus, was declared a pandemic by 
the World Health Organization in March 2020, affecting 
millions of individuals worldwide.1 It is predicted that 
the second wave or other similar pandemics may occur. 
Treatment of other diseases was postponed for a certain 
period due to the exceeding capacity of the health system 
against the risk of transmission. In response, professional 
organisations suggested re-prioritizing surgical cases, 
especially to avoid delays in the diagnosis and treatment 
of cancer patients.2 

Bladder cancer (BC) is the seventh most commonly 
diagnosed cancer in the male population worldwide.3 
Approximately 75% of patients with BC present with a 
disease confined to the mucosa (stage Ta, carcinoma in 
situ [CIS]) or submucosa (stage T1).4 This is called non-
muscle invasive bladder cancer (NMIBC). NMIBC has 
a high probability of recurrence and progression. The 
recurrence and progression rates at five-year follow-
ups were 78% and 45%, respectively.5 Uro-oncologists 
worldwide have been troubled during the COVID-19 
era, as it is well known that delays in managing bladder 
cancer can have deleterious effects.6 It is essential to 

achieve the management of bladder cancer in such kinds 
of pandemic diseases. We aimed to investigate whether 
there is a difference in recurrence and progression rate 
before and after the pandemic in patients who applied 
for bladder cancer and/or were followed-up-treatment-
operated in the urology clinic during the pandemic.

MATERIAL AND METHODS

Here, we presented a multicenter study with the 
contribution of Urology Clinics. Ethics committee 
approval of the study was obtained (HNEAH-KAEK  
2020/139), and written consent was obtained from 
all patients. One hundred and sixteen patients with 
NMIBC bladder cancer who underwent delayed 
cystoscopy and TUR-T between June and July 2020 
were included in the study whose cystoscopy was 
postponed due to the pandemic. Also, 90 NMIBC 
patients who underwent timely control cystoscopies 
were included as a control group. Patients with 
muscle-invasive bladder cancer, patients not yet 
diagnosed with bladder cancer, patients with residual 
tumours in their first operation, and patients who did 
not accept participation were excluded from the study. 
Delays starting from the scheduled date of cystoscopy 

 
Table 1. Weighting used to calculate disease recurrence and progression scores. 
Factor Recurrence Progression 
Number of tumours 
   Single 
   2-7 
   ≥8 

 
0 
3 
6 

 
0 
3 
6 

Tumor diameter 
   <3 cm 
   ≥3 cm 

 
0 
3 

 
0 
3 

Prior recurrence rate 
   Primary 
   ≤1 recurrence/year 
   >1 recurrence/year 

 
0 
2 
4 

 
0 
2 
2 

Category 
   Ta 
   T1 

 
0 
1 

 
0 
4 

Concurrent CIS 
   No 
   Yes 

 
0 
1 

 
0 
6 

Grade 
   G1 
   G2 
   G3 

 
0 
1 
2 

 
0 
0 
5 

Total Score 0-17 0-23 
CIS: carcinoma in situ. 
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according to the EAU follow-up protocol were 
recorded as “cystoscopy delay time.” The definition 
of recurrence was characterised by the presence of 
a tumour on follow-up cystoscopy. TUR-computed 
tomography (CT) was planned under general or 
spinal anaesthesia when recurrence was detected, 
and the pathological features of the tumour were 
noted. Transurethral resection of the tumours was 
performed with the bipolar resectoscope with three 
urologists with at least five years of experience, and 
the pathologic specimens were evaluated by two uro-
pathologist.

The recurrence and progression scores of these 116 
cases were determined in the EAU 2020 Guideline’s 
NMIBC (TaT1 and CIS) section.5 To predict short- 
and long-term risks of bladder cancer recurrence and 
progression in patients, the EORTC Genito-Urinary 
Cancer Group developed a scoring system and risk 
tables. The scoring system was based on the six 
most significant clinical and pathological factors: the 
number and diameter of tumours, prior recurrence 
rate, category (ta, T1) of tumours, concurrent CIS, 
and grade of tumours. The total recurrence and 
progression scores ranged between 0-17 and 0-23, 
respectively (Table 1). 

Statistical analysis
Guideline values were compared statistically with 

the data in our study. The data analysis was done 
with IBM SPSS 25, and the frequency and percentage 
values of the variables were given. The differences 
between variables were analysed using the chi-square 
test. A p - value of < 0.05 was considered statistically 
significant in the study.

RESULTS

The median age was 63.6 years (interquartile range 
[IQR] 35-85) in the delayed cystoscopy group and 67.3 
(25-87) in the control group. The initial pathology of 
73 (62.9%) patients was Ta, and 43 (37.1%) was T1. 
In the delayed cystoscopy group, 29 (25%) patients 
had tumour recurrence on follow-up cystoscopy, 
and 3 (10.34%) patients had tumour progression on 
subsequent TUR-BT. The mean cystoscopy delay time 
was 89.27 ± 27.35 days. Demographic characteristics 
were shown in Table 2.

There was no recurrence of 13 patients who scored 
0 points, 8 (15.1%) recurrence of 53 patients who 

scored 1 to 4, 11 (28.9%) recurrence of 38 patients 
who scored 5 to 9, 10 (83.3%) recurrence of 12 
patients who scored 10 to 17 occurred. Eight patients 
who scored 10 -17 had T1 tumours, 1 had Ta high-
grade CIS, and 1 Had TaG1 5 cm tumour. As a result 
of the chi-square analysis between the experimental 
and control groups regarding recurrence scores, no 
correlation was found between the experimental and 
control groups regarding the scores of recurrence 0, 
recurrence 1-4, and recurrence 5-9 (p < 0.05). As a 
result of the chi-square analysis performed in the group 
with 10-17 recurrence points, a statistically significant 
relationship was found between the experimental and 
control groups (χ2 = 5.792; p = 0.016; p < 0.05) (Table 
3).

The progression score was shown in Table 3. 
There was no progression of 13 patients who scored 
0 points, 1 (2.38%) progression of 41 patients who 
scored 2 to 6, 1 (3.33%) progression of 38 patients who 
scored 7 to 13, 1 (3.33%) progression of 31 patients 
who scored 14 to 23 occurred. As a result of the chi-
square analysis between the experimental and control 
groups according to the progression score groups, no 
statistically significant correlation was found between 
the experimental and control groups for progression 
0, progression 2-6, progression 7-13, and progression 
14-23 scores (p > 0.05).

DISCUSSION

At the end of this study, we found that the 
recurrence rates increased in the patient group with a 
high recurrence score for cystoscopy delay, but it did 
not show any change in the progression rates.

COVID-19 has developed into a worldwide health 
problem affecting millions of individuals and has 
created many problems for patients who have bladder 
cancer in receiving care. There is no informationabout 

 
Table 2. Demographic characteristics of the patients. 
 Delayed cystoscopy 

group 
Control 
group 

Age (years) 63.6 (35-85) 67.3 (25-87) 
Gender 
(male/female) 

105/11 73/17 

Initial pathology 
   Ta  
   T1 

 
73 (62.9%) 
43 (37.1%) 

 
50 (55.6%) 
40 (44.4%) 
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the direct effect of COVID-19 and stress factors on the 
formation or progression of bladder cancer. It becomes 
an important issue to check our routine in managing 
bladder cancer. Long-term BC-specific mortality rates 
are around 1-2%, and active surveillance for recurrent 
low- and intermediate-risk NMIBCs is an important 
management option.7,8 Marcq et al.9 reported the 
role of active surveillance in low-grade non-muscle 
invasive bladder cancer (NMIBC) (Ta, T1a, < 1 cm, < 5 
lesions) revealed a 15% upgrading and 10% upstaging 
at a median follow-up of 32 months. According to 
a combined analysis of 2,596 patients from seven 
EORTC Trials, the number of tumours, tumour size, 
and the prior recurrence rate are the most important 
prognostic factors for recurrence rate, T category, 
grade, and the presence of CIS for progression rate.5 
Due to the very low recurrence and progression rates 
of NMIBC, active surveillance protocols have been 
tried to be developed. In a study in which 186 NMIBC 
patients were followed for a median of 72 months, 

progression was detected in only 2%.10 In another 
study, no muscle invasion progression was observed 
in the follow-up of 122 patients.11 In light of these 
findings, although it was reported that the cystoscopy 
interval could be opened in NMIBC follow-ups, in 
our study, it was found that there was a significant 
increase in recurrence rates, especially when the 
cystoscopies of patients with high recurrence scores 
were delayed.

In the literature, it is reported that it is safe to defer 
cystoscopy and transurethral resection of bladder 
tumour (TURBT) for recurrence in patients with 
known low-grade NMIBC bladder tumours during the 
COVID-19 pandemic.6,12,13 A recent multicenter study 
determined that delaying the cystoscopy for more than 
three months resulted in a 4.8-fold increase in tumour 
recurrence and a 6.7-fold increase in progression.14 
In our study, we observed that a delay of 3-6 months 
would not cause trouble in the NMIBC group with a 
recurrence score of 9 or less, in line with the literature. 

 
Table 3. Comparison of recurrence rates of groups according to recurrence scores. 
 Delayed cystoscopy group Control group P - value 
Recurrence score 0 
   ‒ 
   + 

 
13 

0 

 
14 

0 

1.000 

Recurrence score 1-4 
   ‒ 
   + 

 
45 

8 

 
19 

3 

0.591 

Recurrence score 5-9 
   ‒ 
   + 

 
27 

11 

 
27 

9 

0.702 

Recurrence score 10-17 
   ‒ 
   + 

 
2 
10 

 
11 
7 

0.016 

 
  

 
Table 4. Comparison of progression rates of groups according to progression scores. 
 Delayed cystoscopy group Control group P-value 
Progression score 0 
   ‒ 
   + 

 
13 

0 

 
14 

0 

1.000 

Progression score 2-6 
   ‒ 
   + 

 
40 

1 

 
18 

0 

0.695 

Progression score 7-13 
   ‒ 
   + 

 
30 

1 

 
30 

0 

0.508 

Progression score 14-23 
   ‒ 
   + 

 
30 
1 

 
27 
1 

0.737 
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We found that the delay in the cystoscopy suture had 
a significant effect on recurrence in the risky group 
with a recurrence score of 10-17. It was determined 
that there was no difference in the groups with 
recurrence scores between 0,1-4 and 5-9, but there was 
a statistically significant difference between the rates 
we obtained from the study and the rates determined 
in the Guideline in the group with a recurrence score 
between 10-17. There was no statistically significant 
difference between the progression rate in our study 
and the guideline (p > 0.05) (Table 4). Progression 
rates are consistent with our study, literature, and 
guideline rates.

The limitation of this study is that it was conducted 
with a limited number of cases and in a limited time. 
Another limitation of the study is that cancer-specific 
and overall survival could not be evaluated due to 
these patients’ lack of long-term follow-up.

CONCLUSIONS

A prevailing consensus within the literature 
substantiates the admissible deferment of the 
treatment and subsequent surveillance of NMIBC by 
a span of 3 to 6 months, particularly in the context 
of exigent circumstances such as the COVID-19 
pandemic or similar periods. This study presents 
noteworthy findings, indicating that NMIBC instances 
characterised by diminished recurrence scores may 
endure the postponement of 3 to 6 months with 
discernible prudence. Nonetheless, it is imperative to 
state that the deferment of a similar duration in cases 
where the recurrence score reaches or surpasses 10 
shows a marked escalation in the recurrence rate, 
thereby underscoring the imperative of judicious 
clinical discretion in such scenarios.

Highlights
•What’s known: NMIBC has a high probability 

of recurrence and progression. The recurrence and 
progression rates at five-year follow-ups were 78% 
and 45%, respectively.

•What’s new: NMIBC bladder cancers with low 
recurrence scores can wait 3-6 months, but delaying 
3-6 months in cases with a recurrence score of 10 or 
more increases the recurrence rate.
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A B S T R A C T
Background Serum protein electrophoresis (SPEP) is an easy test separating serum proteins based on their 
physical and chemical properties. Although it is frequently used in the differential diagnosis of multiple 
myeloma and various chronic inflammatory diseases, its value in the etiologic classification of glomerular 
diseases has yet to be studied.
Material and Methods We retrospectively reviewed the medical records of patients who underwent renal 
biopsy from 2008 to 2016 at our institution. We excluded patients who can not be classified as primary (PGn) or 
secondary glomerulonephritis (SGn). Univariate and multivariate logistic regression analyses were performed 
for the prediction of SGn. 
Results Four hundred thirty-two patients were included in the study. Of those, 57.9% had PGn. Rheumatological 
diseases, malignancies, and infections were the most common etiologic causes of SGn, accounting for nearly 
75%. Univariate analysis revealed that alpha-1 (α1), gamma (Ɣ), and albumin fractions significantly differ 
between PGn and SGn groups. ROC curve analysis determined the cut-off value of (α1*Ɣ)/albumin ratio 
as 1.48. Multivariate analysis revealed that total serum protein and (α1*Ɣ)/albumin ratio were significantly 
independent predictors for SGn (p = 0.020 and p < 0.001, respectively).
Conclusions A ratio generated by multiplying α1 and Ɣ and dividing by albumin from SPEP, an easy, reliable, 
and cheap test, may help clinicians differentiate between PGn and SGn after validation in more extensive 
prospective studies.
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INTRODUCTION

Glomerular disease is a heterogeneous group of dis-
orders affecting the functions of the glomeruli with var-
ious mechanisms.1 Clinical manifestations of glomerular 
diseases vary from asymptomatic urinary abnormalities 
to life-threatening renal and extrarenal organ dysfunc-
tions.2 Although glomerular diseases are rare, consid-
ering each histopathologic type as a specific disorder, 
they constitute roughly 10% of patients receiving renal 
replacement therapy, according to the European Renal 
Association Registry Annual Report 2021.3

Serum protein electrophoresis (SPEP) is an easy and 
reliable laboratory technique for separating serum pro-
teins into fractions based on their physical features, such 
as charge, shape, and molecular weight. Protein fractions 
in SPEP are as follows: albumin and alpha-1 globulin 
(α1), alpha-2 globulin (α2), beta globulin (β), and gam-
ma globulin (Ɣ). Although the diagnostic instruments 
develop and improve over time, SPEP  is still frequently 
preferred by clinicians, particularly since the second half 
of the 20th century.4 In clinical practice, SPEP is a con-
venient laboratory test for differential diagnoses and fol-
low-ups of numerous diseases.5,6 Also, protein fractions 
in SPEP are reported to alter in various renal diseases.7 

However, there is no recommendation for its use in the 
differential diagnosis of glomerular diseases other than 
multiple myeloma.

Various classifications of glomerular diseases were 

proposed based on aetiology, histology, and pathogene-
sis.8,9 According to the aetiology, glomerular diseases are 
classified as primary and secondary glomerular diseas-
es.10,11 Secondary glomerulonephritis (SGn) represents 
glomerular dysfunction secondary to an identifiable 
underlying or systemic cause. Although the differential 
diagnosis of primary and secondary glomerular disease 
is crucial for applying appropriate therapy to the patient, 
this classification sometimes becomes challenging in 
clinical practice despite recent biomarkers.12,13 The eti-
ological causes of histopathologically confirmed sec-
ondary glomerulonephritis are mostly rheumatological 
diseases, amyloidosis, infections, and malignancies.14,15 

These disorders are accompanied by monoclonal gam-
mopathies or marked by chronic inflammation, causing 
characteristic changes in SPEP. Therefore, in the present 
study, we investigated the predictive value of SPEP for 
classifying glomerular diseases as primary glomerulo-
nephritis (PGn) or SGn.

MATERIAL AND METHODS

We reviewed the electronic medical records of the 
patients who underwent renal biopsies between Jan-
uary 2008 and November 2016 in the Department of 
Nephrology Bursa Uludag University. The study was 
in accordance with the 1964 Declaration of Helsin-
ki. The clinical research ethics committee of Bursa 
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Figure 1. Flow chart of patient selection and study design.
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Uludag University Faculty of Medicine approved the 
study (Approval number: 2017-14/30). We extracted 
the participants’ demographic features, comorbidi-
ties, clinical manifestations, laboratory findings at ad-
mission, pathological results, treatments, and clinical 
courses. SPEP results and graphs at the time of ad-
mission were accessed from patient files or electronic 
medical records of our centre. 

Figure 1 displayed the patient’s flow chart. The 
patients were classified as PGn and SGn by two ex-
perienced nephrologists, evaluating their laboratory 
and histopathological findings and clinical courses. 
Histopathologic features of mesangial proliferation, 
tubulointerstitial polymorphonuclear inflammation, 

crescents in light microscopy, mesangial and/or dif-
fuse staining in immunofluorescence microscopy, 
monoclonal light chain staining were considered a 
secondary aetiology. Patients with membranous glo-
merulonephritis (MGN) were considered primary 
MGN whose histopathologic features were consis-
tent with typical findings and positive phospholipase 
A2 receptor (PLAR2) antibody. MGN patients with 
mesangial proliferation in their biopsy and negative 
anti-PLA2R were typed as secondary MGN. Patients 
with histopathological findings of amyloidosis, cast 
nephropathy, and monoclonal gammopathy of renal 
significance were also classified as SGn. We excluded 
patients with incomplete clinicopathological and lab-
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Table 1. Clinicopathological characteristics of the patients (n: 432). 
Parameters Values 
Age (years) 43.1 (14.0:84.0) 
Gender (Male) 246 (56.9) 
Serum urea (mg/dL) 43.0 (10.0:277.0) 
Serum creatinine (mg/dL) 1.1 (0.2:13.6) 
24-h urine protein (g/day) 4.5 (0.0:49.8) 
Indications for biopsy 
   Nephrotic syndrome 
   Nephritic syndrome 
   Isolated non-nephrotic proteinuria 
   Isolated glomerular hematuria 

 
180 (41.6) 
148 (34.3) 
96 (22.2) 
8 (1.9) 

Histopathological diagnosis  
Primary glomerulonephritides 
   MGN 
   FSGS 
   IgA nephropathy 
   MPGN 
   MCD 
   Fibrillary GN 

258 (59.7) 
84 (19.4) 
77 (17.8) 
46 (10.7) 
25 (5.8) 
24 (5.6) 
2 (0.4) 

Secondary glomerulonephritides 
   AA amyloidosis 
   AL amyloidosis 
   Lupus nephropathy 
   Crescentic GN 
   MGN 
   FSGS 
   MPGN 
   Diabetic nephropathy 
   Hypertensive nephropathy 
   IgA nephropathy 
   MGRS 
   Cast nephropathy 
   Thrombotic microangiopathy 
   MCD 
   Fibrillary GN 

174 (40.3) 
42 (9.7) 
6 (1.4) 
34 (7.9) 
25 (5.8) 
10 (2.3) 
15 (3.5) 
12 (2.8) 
8 (1.8) 
5 (1.2) 
4 (0.9) 
5 (1.2) 
3 (0.7) 
3 (0.7) 
1 (0.2) 
1 (0.2) 

MGN: membranous glomerulonephritis, FSGS: focal segmental glomerulosclerosis, MPGN: membranoproliferative glomerulonephritis; 
MCD: minimal change disease,  GN: glomerulonephritis, MGRS: monoclonal gammopathy of renal significance. 
The values were expressed as n (%) or median (minimum: maximum). 
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oratory data, those who underwent transplant kidney 
biopsy, and those who cannot be classified as PGn or SGn.

Statistical analysis
Statistical analyses were conducted operating 

SPSS, version 28.0 (IBM, NY, USA). Descriptive sta-
tistics were presented as percentages for categorical 
variables and mean with standard deviation or median 
with ranges according to the distribution of variables 
for continuous variables. Student t-test or Mann–
Whitney U test for continuous variables and Pearson’s 
Chi-squared test for categorical variables were used to 
compare the variables between groups. The optimal 
cut-off point for α1*Ɣ/albumin ratio was determined 
using receiver operating characteristic (ROC) curve 
analysis. Enter method was employed for multivariate 
binary logistic regression analysis, including factors 
with a p - value below 0.20 in univariate analysis. A 
p - value of 0.05 was set for statistical significance.

RESULTS

A total of 432 patients (43.1 [14.0-84.0] years old, 
56.9% male) were enrolled in our study. Demographic 
and clinicopathological characteristics were shown in 
Table 1. The leading cause of kidney biopsy was ne-
phrotic syndrome (41.6%), followed by nephritic syn-
drome. Approximately 60% of the cases were patients 
with PGn, and 174 had SGn. The most common histo-
pathological diagnosis was MGN in PGn, accounting 
for 32.6% of PGn cases, and amyloidosis (11.1%) in 
SGn. The etiological causes of SGn were presented 
in Table 2. Approximately half of the patients with 
SGn (49.4%) had rheumatological diseases, and sys-
temic lupus erythematosus was the leading aetiolo-
gy. Malignancy and infection were common for the 
following reasons. Nine patients were included in the 
SGn group due to clinicopathological and laboratory 
findings (mostly amyloidosis patients), but etiological 
reasons could not be revealed.

Clinical and laboratory parameters of PGn and 
SGn were compared in Table 3. Female patients were 
more common in the SGn group than in the PGn 
group. Haemoglobin level, 24-hour urine protein and 
serum total cholesterol, complement 3 (C3) and com-
plement 4 (C4) levels were significantly higher in pa-
tients with PGn. Conversely, serum urea, creatinine, 
total protein, C-reactive protein, and immunoglobulin 
G levels were significantly higher in the SGn group 

than in the PGn group. Analysis of protein fractions 
in SPEP revealed that the percentage of albumin was 
significantly higher in patients with PGn. However, 
α1 and Ɣ percentages were significantly higher in pa-
tients with SGn.

We calculated the (α1*Ɣ)/albumin ratio ([% of α1 
fraction multiplied by % of Ɣ fraction] divided by 
% of albumin fraction) using SPEP fractions, which 
differed significantly between PGn and SGn to deter-
mine the value of SPEP in distinguishing PGn and 
SGn. Figure 2A demonstrated the Box-and-whisker 
plot showing (α1*Ɣ)/albumin ratio in PGn and SGn 
groups. Figure 2B showed the ROC curve of (α1*Ɣ)/
albumin ratio, taking the presence of SGn as the end-
point of interest. In ROC curve analysis, the cut-off 
value for (α1*Ɣ)/albumin ratio was determined as 
≥ 1.48 (AUC: 0.680, sensitivity: 70.7%, specificity: 
61.2%, p < 0.001).

The results of binary logistic regression analysis 
were exhibited in Table 4. Multivariate analysis re-
vealed that serum total protein level (odds ratio [OR], 
1.768; 95% confidence interval [CI], 1.093-2.861; p = 
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Table 2. Etiological causes of secondary 
glomerulonephritides (n: 174). 
Etiological reasons Frequency 
Systemic lupus erythematosus 
Vasculitides 
Malignancy 
Infection 
Familial Mediterranean fever 
Multiple myeloma 
Diabetes mellitus 
Hypertension 
Rheumatoid arthritis 
Obesity 
Monoclonal gammopathy of renal significance 
Bronchiectasis 
Thrombotic thrombocytopenic purpura 
Lymphoproliferative disorders 
Myeloproliferative disorders 
Ankylosing spondylitis 
Psoriasis 
Mixed connective tissue disease 
Behcet’s disease 
Obstructive uropathy 
Inflammatory bowel disease 
Fabry disease 
Unknown* 

36 (20.7) 
27 (15.5) 
13 (7.5) 
13 (7.5) 
10  (5.7) 
8 (4.6) 
8 (4.6) 
7 (4.0) 
7 (4.0) 
5 (2.9) 
5 (2.9) 
4 (2.3) 
4 (2.3) 
4 (2.3) 
2 (1.1) 
4 (2.3) 
3 (1.7) 
1 (0.6) 
1 (0.6) 
1 (0.6) 
1 (0.6) 
1 (0.6) 
9 (5.1) 

*Histopathological diagnoses of patients whose etiological cause 
could not be found were AA amyloidosis, membranous 
glomerulonephritis and membranoproliferative glomerulonephritis. 
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0.020), and (α1*Ɣ)/albumin ratio (OR, 4.235; 95% CI, 
1.739–10.310; p < 0.001) were independent predictors 
for SGn. Other variables lost statistical significance in 
multivariate analysis.

DISCUSSION

To our knowledge, this is the first study assessing 

the predictive value of SPEP in classifying glomerular 
diseases as PGn and SGn. We found that α1, Ɣ, and al-
bumin fractions in SPEP differ significantly between 
PGn and SGn, and the (α1*Ɣ)/albumin ratio produced 
from the percentages of SPEP fractions was higher in 
the SGn group than in the PGn group. Furthermore, 
serum total protein level was an independent predic-
tor for SGn. 

SPEP separates the serum proteins into albumin 

 8 

 
 

  

Figure 2. A: Boxplot scheme of (α1*Ɣ)/albumin ratio in primary (PGn) and secondary (SGn) glomerulonephritis groups. The 
median was indicated as the black line, and circles expressed all individual data. B: The ROC curve (α1*Ɣ)/albumin ratio. 
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Table 3. Comparison of clinical and laboratory parameters of primary and secondary 
glomerulonephritides. 
Parameters Primary GN Secondary GN P - value 
Age (years) 42.3 (17.0:84.0) 45.2 (14.0:78.7) 0.057 
Gender (male) 162 (62.8%) 84 (48.3%) 0.003 
Serum urea (mg/dL) 39.5 (11.0:277.0) 54.0 (10.0:268.0) < 0.001 
Serum creatinine (mg/dL) 1.1 (0.2:13.6) 1.4 (0.4:13.0) < 0.001 
Serum total protein (g/dL) 5.6 (2.8:8.3) 5.9 (2.9:8.7) 0.048 
Serum albumin (g/dL) 3.0 (0.3:4.9) 3.0 (0.7:4.9) 0.792 
Total cholesterol (mg/dL) 255.0 (80.0:892.0) 200.5 (73.0:642.0) < 0.001 
Haemoglobin (g/dL) 12.9 ± 2.0 11.1 ± 2.2 < 0.001 
24-h urine protein (g/day) 4.9 (0.0:49.8) 3.9 (0.0:29.1) 0.066 
SPE-albumin (%) 51.2 (6.6:79.0) 47.3 (6.2:64.9) < 0.001 
SPE-alpha-1 (%) 5.6 (1.4:15.5) 6.2 (1.3:14.2) 0.005 
SPE-alpha-2 (%) 15.8 (2.9:39.7) 14.0 (1.5:46.2) 0.087 
SPE-beta (%) 12.7 (5.9:28.0) 12.2 (5.5:31.4) 0.210 
SPE-gamma (%) 13.1 (3.8:27.6) 16.1 (3.2:42.7) < 0.001 
ESR (mm/hour) 26.5 (2.0:120.0) 41.0 (2.0:133.0) < 0.001 
CRP (mg/dL) 0.35 (0.02:18.0) 0.8 (0.03:26.8) < 0.001 
C3 (mg/dL) 126.0 (13.0:223.0) 114.0 (13.0:260.0) < 0.001 
C4 (mg/dL) 29.4 (6.5:138.0) 25.5 (1.7:59.8) 0.008 
IgG (mg/dL) 742.0 (143.0:2320.0) 988 (190.0:3380.0) < 0.001 
IgM (mg/dL) 98.3 (16.0:434.0) 95.7 (16.0:1070.0) 0.883 
GN: glomerulonephritis, SPE: serum protein electrophoresis, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, C3: 
complement 3, C4: complement 4, Ig: immunoglobulin. 
The values were expressed as median (minimum:maximum), n (%) or mean ± standard deviation. 
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and globulin fractions based on charge-by-mass ra-
tio under an electrical field. Albumin constitutes the 
most prominent fraction of SPEP. The liver produces 
albumin, the primary determinant of plasma oncotic 
pressure. Also, it functions as a transporter of var-
ious substances in the blood.16 Numerous clinical 
conditions accompany hypoalbuminemia in which 
either decreased production or increased loss results. 
Due to its low molecular weight and glomerular loss, 
hypoalbuminemia is frequently encountered in ne-
phrotic syndrome and acute glomerulonephritis.6,17 
In addition, clinical conditions driven by inflamma-
tion are among the most noteworthy disorders caus-
ing hypoalbuminemia. In the case of inflammation, 
several mechanisms result in hypoalbuminemia: (1) 
the inhibition of the hepatic secretion of albumin me-
diated by the proinflammatory cytokine-IL6 and (2) 
the increase in interstitial volume secondary to the 
increased capillary permeability by proinflamma-
tory cytokines such as vascular endothelial growth 
factor and (3) the decrease in circulatory half-life of 
albumin.18,19 Duration and severity of inflammation 
have been associated with the severity of hypoalbu-
minemia.18 Rheumatological diseases, malignancies, 
and infections, which constitute nearly 3/4 of SGn in 

our study, are accompanied by severe inflammation at 
the whole-body level.18 In this context, we attributed 
the low albumin fraction in SPEP in SGn to the more 
prolonged and severe inflammation due to the under-
lying disease.

The α1 fraction of SPEP consists of alpha-1 anti-
trypsin (A1T), alpha-1-chymotrypsin, transcortin, and 
thyroid-binding globulin.5,20 A1T is a plasma serine 
protease inhibitor and a significant component of the 
α1 band. It increases after initiating inflammation and 
is vital in limiting tissue injury mediated by proteas-
es during inflammation.21 In inflammatory conditions 
such as infection and tissue damage, A1T may in-
crease up to six times above steady-state levels.22 Fur-
thermore, it has been reported that A1T can be used 
as a biomarker for evaluating the efficacy of chronic 
infections such as tuberculosis since it regresses af-
ter treatment.22,23 Malignancy can also increase the α1 
protein band in SPEP.20 The gamma fraction includes 
mainly serum immunoglobulins. Clonal proliferation 
of plasma cells, as occurred in multiple myeloma and 
plasmacytoma, results in monoclonal gammopathy. 
Overproducing more than one class of immunoglobu-
lins by plasma cells prompts polyclonal gammopathy, 
associated with liver disease, malignancies, chron-
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Table 4. Univariate and multivariate logistic regression analysis for the predictors of secondary 
glomerulonephritides. 
Factor Univariate analysis Multivariate analysis 
 

OR 
95% CI 

p - value OR 
95% CI p - value 

 Lower Upper Lower Upper  
Age (years) 1.011 0.998 1.024 0.086 1.016 0.991 1.042 0.222 
Gender (male [RC] vs female) 1.818 1.224 2.671 0.003 0.478 0.202 1.127 0.092 
Serum urea (mg/dL) 1.011 1.006 1.015 < 0.001 0.991 0.978 1.042 0.228 
Serum creatinine (mg/dL) 1.280 1.150 1.424 < 0.001 1.384 0.975 1.964 0.069 
Serum total protein (g/dL) 1.184 1.006 1.392 0.042 1.768 1.093 2.861 0.020 
Serum albumin (g/dL) 0.981 0.796 1.208 0.854     
Total cholesterol (mg/dL) 0.995 0.992 0.997 < 0.001 1.001 0.996 1.006 0.732 
Haemoglobin (g/dL) 0.657 0.589 0.732 < 0.001 0.856 0.665 1.102 0.228 
24-h urine protein (g/day) 0.959 0.925 0.994 0.024 0.996 0.909 1.092 0.936 
ESR (mm/hour) 1.019 1.011 1.027 < 0.001 1.011 0.994 1.028 0.223 
CRP (mg/dL) 1.219 1.109 1.340 < 0.001 1.063 0.900 1.257 0.472 
C3 (mg/dL) 0.990 0.984 0.996 < 0.001 0.988 0.974 1.001 0.074 
C4 (mg/dL) 0.971 0.953 0.989 0.002 0.981 0.949 1.014 0.260 
IgG (mg/dL) 1.001 1.001 1.002 < 0.001 0.999 0.998 1.001 0.304 
IgM (mg/dL) 1.001 0.999 1.004 0.279     
(α1*Ɣ)/albumin ratio (low 
[RC] vs high) 3.811 2.525 5.750 < 0.001 4.235 1.739 10.310 < 0.001 

OR: odds ratio, CI: confidential interval, RC: reference category, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein. 
 
  



Turk J Int Med 2023;5(4):254-261                 Serum protein electrophoresis in glomerulopathies

260

ic inflammation, and autoimmune disorders such as 
rheumatological diseases.24 All these data support the 
finding in our study that α1 and Ɣ bands are more 
prominent in SGn.

Although the absolute serum albumin levels in the 
two groups in our study were similar, significantly 
lower albumin fractions in SPEP in the SGn group 
can be explained by the global evaluation of all serum 
proteins in SPEP because it has been reported that 
total protein increases in chronic inflammation and 
malignancies, consistent with our results.4 With this 
regard, evaluation of total protein increase using frac-
tional distribution, as in SPEP, maybe more valuable 
in the differential diagnosis of glomerular diseases.

Glomerulonephritis is a heterogeneous group of 
diseases causing around 20% of ESRDs, although 
uncommon.25 To control the disease in SGn, it is 
necessary to eliminate the underlying condition in 
addition to the anti-inflammatory and immunosup-
pressive therapy used in PGn. Therefore, it is crucial 
to differentiate between PGn and SGn to direct the 
most appropriate treatment.11 However, classifying 
glomerulonephritis according to aetiology is some-
times challenging because histopathological findings 
can only sometimes identify secondary causes. Al-
though some recent biomarkers can help the clinician 
in this distinction, especially in certain types of histo-
pathological glomerulonephritis, new biomarkers are 
still needed.12,13 In this context, we proclaim that the 
(α1*Ɣ)/albumin ratio generated from SPEP, an easy, 
inexpensive, and easily accessible test, may help dif-
ferentiate PGn and SGn. By confirming our results 
with studies investigating the (α1*Ɣ)/albumin ratio 
in patients with certain glomerulonephritis types and 
more extensive prospectively designed analyses, this 
ratio may meet the urgent need for biomarkers.

The strengths of our study were that all patients 
were followed for at least five years after diagnosis 
due to the possibility of underlying systemic reasons 
for the PGn group and a relatively high number of 
participants. Nevertheless, our study had limitations: 
a retrospective design and an inability to test the pre-
dictive value of SPEP by performing particular anal-
yses for each etiological reason of SGn. Additional-
ly, accompanying conditions that may change SPEP 
findings, such as acute infection, A1T deficiency, and 
iron deficiency anaemia, may have impacted our find-
ings. Therefore, prospective studies that exclude pa-
tients with such confounding conditions must confirm 
our results.

CONCLUSIONS

We conclude that the (α1*Ɣ)/albumin ratio gen-
erated from fractions of SPEP may differentiate glo-
merular diseases between PGn and SGn. This ratio 
may help clinicians in this regard after confirmation 
of our results in more extensive prospective studies.
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A B S T R A C T
Background Bone marrow failure is a disease that develops due to different etiologies. Aplastic anaemia (AA) and 
hypocellular myelodysplastic syndrome (HMDS) are the most common bone marrow failure disorders. Treatment options 
include supportive therapy, immunosuppressive therapy, and allogeneic hematopoietic stem cell transplantation (allo-
HCT). Allo-HCT is the only curative treatment option. This study aimed to retrospectively evaluate the demographic 
characteristics, treatment, and transplantation results of patients who underwent Allo-HCT for bone marrow failure.
Methods This single-centre retrospective study enrolled 11 patients (9 with severe AA and 2 with HMDS) who 
underwent allo-HCT for bone marrow failure. The patients’ records until 17.08.2023 were analysed. Age, gender, 
diagnosis, donor age and gender, type of transplantation, pre-transplant ferritin levels, time to transplantation, volume 
of infused product, number of CD34+ cells in the infused product, post-transplant engraftment times, discharge time, 
transplant-related complications, post-transplant follow-up and overall survival times were obtained. 
Results Eleven patients underwent 12 allo-HCTs for bone marrow failure. Seven patients were male, and four were 
female. The median age was 40, and seven patients were ≥ 40 years old at the time of transplantation. Eleven transplants 
were performed from HLA fully matched siblings and one from a 9/10 matched sibling donor. Bone marrow was used 
as a stem cell source in 8 transplants and peripheral blood in 4 transplants. The conditioning regimen was fludarabine/
cyclophosphamide/anti-thymocyte globulin in all patients. The median time from diagnosis to transplantation was five 
months. The median time for neutrophil engraftment was 23 days. The median platelet > 20.000/mm3 engraftment time 
was 16 days. A statistically significant positive correlation was found between ferritin levels and platelet > 20.000/mm3 
engraftment (days) (r = 0.653, p = 0.040) and platelet > 50.000/mm3 engraftment (days) (r = 0.720, p = 0.029). There was 
a statistically significant negative correlation between the number of infused CD34 positive cells (106/kg) and platelet 
> 50.000/mm3 engraftment (days) (r = -0.670, p = 0.024). Patients were discharged in a median of 23 days. Acute graft 
versus host disease (GvHD) was observed in one patient, while chronic GvHD was not observed in any patient. The 
median overall survival time was 48 months, and the median post-transplant follow-up was 37 months. Secondary 
malignancy and MDS were not detected in any patient during the follow-up period. All 11 patients who underwent 
Allo-HCT from a matched sibling donor are alive and continue to have a complete haematological response. There was 
no increase in mortality and morbidity in patients aged 40 years and older. 
Conclusions In patients with severe AA and high-risk HMDS without comorbidities between the ages of 40 and 50, 
allo-HCT should be considered as first-line treatment in the presence of an HLA-matched sibling donor. 
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INTRODUCTION

Bone marrow failure is a group of disorders that 
develop due to different etiologies. The leading causes 
of acquired bone marrow failure include aplastic anae-
mia (AA) and hypocellular myelodysplastic syndrome 
(HMDS). AA is defined as pancytopenia with hypo-
cellular bone marrow without infiltration or fibrosis. 
Supportive therapy, immunosuppressive therapy (IST), 
and allogeneic stem cell transplantation (allo-HCT) are 
among the treatment options. Supportive therapy in-
cludes erythrocyte and platelet transfusion, prevention 
and treatment of infections, thrombopoietin mimetic 
eltrombopag, and iron chelation. Standard first-line IST 
combines horse-derived anti-thymocyte globulin (ATG) 
and cyclosporine-A (CsA).1 HLA typing should be per-
formed at the time of diagnosis for all newly diagnosed 
AA patients who may be potential transplant candidates. 
Allo-HCT is the only curative treatment option. How-
ever, it may only be a suitable option for some patients. 
Although the approach is still being determined because 
of the rarity of the diseases, bone marrow transplantation 
should be the first-line treatment in patients with severe 
AA, especially in patients aged < 40 years if there is an 
HLA-compatible sibling donor.2 The appropriate age 
limit for transplantation is gradually increasing. Trans-
plant-related morbidity and mortality is gradually im-
proving with advances in treatment. A limit between 35 
and 50 years of age has been proposed depending on the 
patient’s comorbidities in selected patients who are med-
ically fit for patients between 41 and 60.3 IST is applied 
in patients unsuitable for allo-HCT.4 

Myelodysplastic syndrome (MDS) is a clonal bone 
marrow neoplasm characterised by morphological dys-
plasia findings in hematopoietic cells, peripheral cyto-
penia(s), ineffective hematopoiesis, recurrent genetic 
abnormalities, and increased risk of transformation to 
acute myeloid leukaemia.5 The role of allo-HCT in treat-
ing low-risk MDS has yet to be fully established. It has 
been shown that progression-free and overall survival 
rates of patients with multiple molecular abnormalities 
are significantly reduced compared with patients who do 
not carry mutations. It may be recommended that these 
patients and patients with TP53 mutation be closely 
monitored, the HLA typing should be studied, and they 
should be directed to HCT.1 HMDS is an MDS subgroup 
comprising 10-15% of MDS patients characterised by 
bone marrow hypocellularity. IST is an essential compo-
nent of the clinical approach in patients with HMDS; ear-
ly allo-HCT should also be considered in some patients.6 

In this study, we retrospectively evaluated the allo-HCT 
results of patients diagnosed with acquired severe AA 
and HMDS. It was aimed to determine the clinical char-
acteristics and transplantation results of patients who un-
derwent allo-HCT for bone marrow failure.

MATERIAL AND METHODS

Patient selection
The study included patients over 18 who underwent 

allo-HCT and were diagnosed with acquired severe 
AA and HMDS in our haematology department be-
tween January 2016 and April 2023. The conditioning 
regimen: fludarabine (30 mg/m2/day; days -8, -7, -6, 
-5) + cyclophosphamide (300 mg/m2/day; days -8, -7, 
-6, -5) + ATG (rabbit sourced; 3.75 mg/kg/day; days 
-4, -3, -2, -1) in all patients. Graft versus host disease 
(GvHD) prophylaxis: methotrexate 10 mg/m2 IV on 
day +1 and CsA 3 mg/kg/day on day -1 were adminis-
tered to all patients. After transplantation, all patients 
received prophylactic acyclovir, trimethoprim-sulfa-
methoxazole, triflucan, and ciprofloxacin.

Response assessment
Neutrophil and platelet engraftment was defined 

as absolute neutrophil count > 500/mm3 and platelet 
count > 20000/mm3 on three consecutive days with-
out transfusion support, respectively. Primary graft 
failure (GF) was defined as failure to achieve engraft-
ment 28 days after HCT. Secondary GF was described 
as a neutrophil count < 500/mm3 after initial engraft-
ment. Post-treatment blood counts were classified as 
complete response (CR), partial response (PR), and 
no response.1 Standard criteria were used for stage 
2-4 acute GvHD and chronic GvHD.7,8 Chimerism 
determination was routinely performed in the 1st 
post-transplant month. Post-transplant cytomegalovi-
rus (CMV) follow-up by PCR was performed twice a 
week in peripheral blood for the first 100 days.

Statistical analysis
Statistical analyses were performed using “IBM 

SPSS Statistics for Windows. Version 25.0 (Statistical 
Package for the Social Sciences, IBM Corp., Armonk, 
NY, USA)”. The data were analysed for normality, 
and Shapiro-Wilk values were determined as p < 0.05. 
Therefore, the Spearman correlation test was used to 
determine the relationship between continuous vari-
ables. p < 0.05 was considered statistically significant.
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RESULTS

Twelve allo-HCTs were performed in 11 patients 
with bone marrow failure (9 severe AA and 2 HMDS). 
The median age was 40, and seven patients were ≥ 
40 years old at the time of transplantation. Allo-HCT 
was administered as first-line treatment in 9 patients 
and second-line therapy in 2 patients. The median 
time from initial diagnosis to transplantation was five 
months. Patient and transplant characteristics were 
summarised in Table 1. 

The median time to neutrophil > 500/mm3 engraft-
ment was 23 days, and the median time to platelet 
20000/mm3 engraftment was 16 days. 

Table 2. Results of transplantation. 
Engraftment time (days)  
   Neutrophils >500/mm3 
   Platelets >20.000/mm3  
   Platelets >50.000/mm3 

 
23 (13:31) 
16 (11:24) 
22 (14-33) 

Engraftment failure 1 (8.3) 
Discharge duration (days)  23 (20:39) 
Chimerism 30 days after 
transplantation  
   100 
   85-100 

 
6 (60) 
4 (40) 

Complication after transplantation  
   FEN 
   Grade 1-2 mucositis 
   Grade 1-2 nausea and vomiting 

 
5 (41.6) 
4 (33.3) 
9 (75) 

GvHD 
   Acute 
   Chronic 

 
1 (8.3) 

0 
CMV infection after transplant 
   Yes 
      One time  
      Two times  
   No 

 
6 (54.5) 
6 (54.5) 
3 (27.2) 
5 (45.4) 

Hematological Response  
   Complete remission 
   No response 

 
11 (91.6) 
1 (8.3) 

Last status 
   Alive 
   Exitus  

 
11 (100) 

0 
Post-transplant follow-up time 
(months)  

37.48 (4.30:92.63) 

Overall survival (months)  48.20 (9.30:95.17) 
The values were expressed as n (%) or median (minimum: 
maximum). 

 
  Post-transplant patients were complicated with fe-

brile neutropenia (FEN), grade 1-2 mucositis, and 
grade 1-2 nausea-vomiting. No focus of infection 
was found in 3 of 5 patients complicated with FEN, 
and the response was obtained with piperacillin-ta-
zobactam. E.coli was also grown in blood culture in 
2 patients, and a response was received with mero-
penem. Patients were discharged on the median 23rd 
day (20-39 days). CMV infection was observed in 
six patients. All of these were in the first 100 days 
of transplantation. Three patients experienced CMV 
reactivation for the second time after the 100th day of 
transplantation. CMV-DNA negativity was achieved 
in all patients with oral valganciclovir treatment. The 
chimerism of 6 patients who could be chimerised in 
the first month was 100%, and four patients had an 

Table 1. Patient (n: 11) and transplant (n: 12) 
characteristics. 
Number of transplants 
   Transplant for the second time 

12 
1 

Recipient Gender (female/male) 4/7 
Recipient transplant age (years) 40 (21:55) 
Diagnosis 
   Severe aplastic anaemia 
   Hypocellular MDS 

 
9 (81.8) 
2 (18.1) 

Donor  
   Sibling  
   Age (years) median, (min-max) 

 
12 (100) 

39.5 (25:63) 
Diagnosis-transplant time (months) 5 (2:35) 
Number of transfusions (U) 
   Erythrocyte suspension 
   Platelet suspension 

 
11.5 (5:55) 
12.5 (2:69) 

Pre-transplant ferritin level (µg/L) 1291 (284:3970) 
Conditioning regime 
   Flu/Cy/ATG 

 
12 (100) 

HLA matching 
   9/10 
   10/10 

 
1 (8.3) 

11 (91.6) 
Stem cell source 
   Bone marrow 
   Peripheral blood 

 
8 (66.6) 
4 (33.3) 

Infused product volume (cc)  
   Bone marrow 
   Peripheral blood 

 
1250 (320:1500) 
520 (105:720) 

Number of infused CD34+ cells (10⁶/kg)  
   Bone marrow 
   Peripheral blood 

 
0.98 (1:5.4) 
5.67 (2:6.65) 

Infused product CD34+ cell count (µL) 
   Bone marrow 
   Peripheral blood 

 
76 (52:812) 

1149 (192:4991) 
MDS: myelodysplastic syndrome, CsA: cyclosporine A, ATG: anti-
thymocyte globulin. 
The values were expressed as n (%) or median (minimum: 
maximum). 
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85-100% donor profile. Acute GvHD was observed in 
one patient, while chronic GvHD was not observed 
in any patient. After transplantation, one transplant 
was considered non-responsive, and the others were 
complete responders. Although chimerism was 100% 
in the unresponsive patient, a second allo-HCT was 
performed 15 months after the first transplant due to 
secondary graft failure from another fully matched 
sibling (patient number 8 in Table 4). The results of 
transplantation were summarised in Table 2.

There was a statistically significant positive cor-
relation between ferritin levels and platelet > 20.000/
mm3 engraftment (day) (r = 0.653, p = 0.040) and 
platelet > 50.000/mm3 engraftment (day) (r = 0.720, 
p = 0.029). A statistically significant negative correla-
tion was found between the number of infused CD34 
positive cells (106/kg) and platelet > 50.000/mm3 en-

graftment (days) (r = ‒0.670, p = 0.024) (Table 3). 
No statistically significant difference was found 

between CMV infection and age groups (< 40 and 
≥ 40 years) (p = 0.558) and between neutrophil and 
platelet engraftment times and age groups (< 40 and 
≥ 40 years) (p = 0.104 and p = 0.682, respectively). 
One patient was complicated by BK virus (during 
her second transplant) (transplant number 11 in Table 
5). Pregnancy was detected in one patient in the 5th 
month of transplantation (patient number 6 in Table 
4). No complications or disease recurrence were ob-
served during pregnancy. Delivery was performed un-
eventfully by standard vaginal delivery at 39 weeks. 

The median follow-up period was 48 months, and 
the median post-transplant follow-up period was 37 
months. All patients were still in our follow-up after 
transplantation; complete haematological responses 

Table 3. The relationship between engraftment times and various variables. 
  Neutrophil >500/mm3 

engraftment (day) 
Platelet >20.000/mm3 

engraftment (day) 
Platelet >50.000/mm3 

engraftment (day) 
Recipient transplant age r 

p 
0.361 
0.249 

0.018 
0.956 

‒0.067 
0.846 

Donor age r 
p 

0.445 
0.147 

0.198 
0.538 

0.169 
0.620 

Pre-transplant ferritin (µg/L) r 
p 

0.445 
0.197 

0.653* 
0.040 

0.720* 
0.029 

Infused product volume (cc) r 
p 

0.549 
0.065 

0.250 
0.433 

0.483 
0.133 

Number of CD34+ infused 
cells (106/kg) 

r 
p 

‒0.507 
0.092 

‒0.531 
0.076 

‒0.670* 
0.024 

Number of infused product 
CD34+ cells (µL) 

r 
p 

‒0.532 
0.075 

‒0.346 
0.270 

‒0.579 
0.062 

A correlation was significant at 0.05 level (Spearman correlation test). 
 
  

Table 4. Data of the study patients at the time of diagnosis. 
Patient 
no 

Gender Diagnosis Neutrophil 
(/mm3) 

Haemoglobin 
(g/dL) 

Platelets 
(/mm3) 

Corrected 
reticulocyte (%) 

Transfusion 
dependence 

1 Male SAA 50 7.6 13000 0.2 Yes 
2 Male HMDS 780 9.5 13700 0.9 Yes 
3 Male SAA 480 8.1 26000 0.6 Yes 
4 Male SAA 640 8.1 9600 0.5 Yes 
5 Male SAA 990 7.5 18000 2.4 Yes 
6 Female SAA 330 5.7 21000 0.7 Yes 
7 Male AA 1100 13 54000 1.3 No 
8 Female SAA 1600 3.9 8000 0.4 Yes 
9 Male SAA 600 4.9 3900 0.4 Yes 
10 Female SAA 480 9.1 4400 0.3 Yes 
11 Female HMDS 1500 6.1 19000 1.1 Yes 
SAA: severe aplastic anaemia, HMDS: hypocellular myelodysplastic syndrome.  
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continued. Secondary malignancy and MDS were not 
detected in any patient during the follow-up period. 
Patient data were given in Tables 4 and 5. 

DISCUSSION

Severe AA is a life-threatening disease with a high 
mortality rate due to bleeding and infections, and 
therefore, effective treatment is essential.9 In severe 
AA, allo-HCT with an HLA-compatible sibling donor 
is recommended in patients under 40.2 In young pa-
tients with poor risk characteristics in HMDS, HLA 
typing should be analysed. Allo-HCT should be con-
sidered in appropriate patients. Forty years is the cut-
off age for first-line HCT from a fully matched sibling 
donor in most centres. Today, improved treatment 
conditions and decreasing transplant-related morbid-
ity and mortality have raised the recommended age 
for transplantation. Although the cut-off age for HCT 
is shifting towards 50 years, a consensus has yet to 
emerge.

In our study, the median age at recipient transplan-
tation was 40 years, and seven patients were 40 or old-
er. The oldest patient was 55 years old. There was no 
correlation between the patient’s age and engraftment 
duration. Only the patient with secondary engraft-
ment failure was the oldest, and successful engraft-
ment was achieved in the second allo-HCT. No statis-
tically significant difference between patients under 
and over 40 regarding engraftment times was found. 
Therefore, the upper age limit of HCT from a fully 
matched sibling donor can be raised above 40 years 
for appropriate patients. For patients over 40 years of 
age with a fully HLA-matched sibling donor, patients 
with severe AA or high-risk HMDS with a low prob-
ability of response to IST can be transplanted in ex-
perienced transplantation centres if they do not have 
comorbidities and are willing for transplantation.

The risk of chronic GvHD increases with using 
Peripheral blood stem cells (PBSC) as a stem cell 
source. Therefore, bone marrow as a stem cell source 
is recommended for all patients with AA. PBSC are 
an alternative stem cell source when bone marrow cell 
collection is contraindicated, or the donor is unwill-
ing to donate bone marrow. Despite early engraftment 
with the use of PBSC, it has been shown that inferior 
results are obtained, especially in young patients.10 A 
study confirmed the survival advantage of bone mar-

row grafting in all age groups.11 Our study’s major 
stem cell source was bone marrow. Acute GvHD de-
veloped in 8.3% of the patients. The stem cell source 
was peripheral blood in this patient with acute GvHD. 
No patient developed chronic GvHD. Therefore, we 
reported relatively low GvHD rates compared to the 
literature.9-13 Although acute GvHD can be controlled 
in almost all cases and is associated with a very low 
risk of death, chronic GvHD remains a problem. Cu-
mulative incidences ranging from 0% to 44% have 
been reported when the marrow is used as a graft 
source.8,14-17 The incidence of chronic GvHD was 16% 
in patients in whom bone marrow grafts were limit-
ed to ≤ 2.5 × 108/kg nucleated cells.10 It was thought 
that the low rate of chronic GvHD in our study might 
be related to the low number of cells in the infused 
product.

Our cohort’s median time to neutrophil and plate-
let engraftment was within the range reported in the 
literature.12-14 The amount of CD34 positive cells in 
the infused product (106/kg) did not correlate with 
neutrophil and platelet > 20.000/mm3 engraftment 
time (days). However, there was a statistically sig-
nificant negative correlation between the number of 
CD34 positive cells in the infused product (106/kg) 
and platelet > 50.000/mm3 engraftments (days) (r = 
‒0.670, p = 0.024). In agreement with our results, a 
study conducted in allo-HCT patients suggests that 
low CD34+ cell counts in allografts may be associat-
ed with delayed platelet engraftment.18

Most of our study patients were red cell transfu-
sion-dependent before transplantation and had high 
ferritin levels. A significant positive correlation was 
found between ferritin elevation and platelet engraft-
ment times. Some studies have reported lower OS 
among patients with high pre-transplant ferritin lev-
els.19,20 This was not observed in our study cohort due 
to the small sample size.

A low stem cell dose is known to increase the risk 
of GF, and a bone marrow stem cell dose of at least 2 
× 106 CD34+ cells/kg is recommended.21 Fatal GF is 
frequently seen in 3-5% of patients with severe AA. 
The aetiology of GF includes previous immunosup-
pressive therapy, excessive transfusion, advanced age, 
viral infection, and drug effects. GF is a life-threat-
ening complication of HCT. Therapeutic strategies 
for GF include cytokine therapy, immunosuppressive 
therapy, donor leukocyte infusion (DLI), allogeneic 
PBSC, and second HCT.15 The median number of in-
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fused CD34+ cells in our study was 0.98 × 106/kg in 
bone marrow-derived products and 5.67 × 106/kg in 
PBCS. While primary GF was not observed in any 
of the patients, secondary GF was observed in one 
transplant whose stem cell source was PBCS. Similar-
ly, there were cases in the literature that were success-
fully treated for GF.13 

In our study, no fatal infection was observed in 
the post-transplant period. FEN developed in 41.6% 
of patients after transplantation. The median dura-
tion of FEN was +11th day of transplantation. There 
was no growth in the cultures of 3 of these patients, 
while gram-negative bacteria growth was observed 
in 2 patients. The incidence of CMV infection was 
50%. This rate was within the range reported in the 
literature.11,14 We also observed that CMV infection 
was significantly higher in patients transplanted after 
the COVID-19 pandemic (33% before and 67% after 
COVID-19).

The limitations of our study included the fact that 
it was a single-centre retrospective study and the 
number of patients was relatively small.

CONCLUSIONS

We concluded that allo-HCT should be considered 
first-line treatment in patients aged 40-50 with SAA 
who have HLA-matched sibling donors without co-
morbidities. Patients aged 40-50 years with a diagno-
sis of HMDS and high-risk characteristics should be 
evaluated for sibling HLA antigen compatibility, and 
transplant-eligible patients with fully matched sibling 
donors should be considered for Allo-HCT as first-
line treatment.
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A B S T R A C T
Background Contrast-enhanced imaging studies are widely used to diagnose and follow up acute 
cerebrovascular diseases. Exposure to contrast media may lead to nephropathy. This study investigated the 
incidence of contrast-induced acute kidney injury during intensive care follow-up of patients who underwent 
aneurysmal subarachnoid haemorrhage surgery and the impact of this condition on patient outcomes.
Material and Methods Patients >18 years of age with no known renal injury and admitted to the intensive care 
unit after Fisher Grade IV aneurysmal subarachnoid haemorrhage and surgery between January 2017 and June 
2022 were retrospectively analysed. Renal injury was defined as a renal injury occurring within 48 hours of 
exposure to contrast media in line with the Kidney Disease  Improving Global Outcomes criteria.
Results Among the 85 patients with subarachnoid haemorrhage who received at least one contrast medium, 
the mean age was 55, and 40% were female. 11.8% of the patients were found to have early acute kidney injury 
and were non-oliguric. At 48 hours, six, three, and one patients had Stage 1, 2, and 3 injuries, respectively. 
None of the patients required renal replacement therapy. Patients received a mean of 2 mL/kg/h saline infusion 
after contrast media administration and had a mean arterial pressure of 93.6 mmHg. There was no association 
between acute kidney injury and comorbidities, Glasgow coma scale, or APACHE II scores.
Conclusions The study found that the incidence of contrast-induced acute kidney injury was low and transient 
in patients followed at the ICU after aneurysmal subarachnoid haemorrhage (Fisher Grade IV) surgery. 
Adequate hydration and hemodynamic stability were found to be effective in reducing acute kidney injury in 
these patients.
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INTRODUCTION

Aneurysmal subarachnoid haemorrhage (aSAH) is a 
devastating condition with high mortality and morbidi-
ty.1 Acute brain injury causes changes in hemodynamic 
functions due to catecholamine fluctuations and other 
neurohumoral changes. It increases the risk of acute kid-
ney injury (AKI).2 The risk of renal dysfunction may be 
higher for patients with hypertension, diabetes mellitus, 
and those on nephrotoxic drugs. AKI occurring after 
aSAH contributes to increased mortality and morbidity.3

Computed tomography (CT) is an important imaging 
modality to diagnose and follow up various diseases. 
In some cases, intravenous contrast media (IVCM) ad-
ministration may be required to improve image quality.4 

Contrast agents used in imaging studies to diagnose and 
follow up intracranial aneurysms are thought to cause an 
increased risk of renal injury.5

IVCM administration has been reported to be the 
third most common cause of hospital-acquired AKI.6,7 

Increasing contrast media (CM) use has led to grow-
ing interest in contrast-induced nephropathy in recent 
years.6 Contrast-induced AKI (CI-AKI) is an acute de-
cline in renal function after intravascular administration 
of contrast medium without an alternative cause.8 The 
pathophysiological basis of CI-AKI has yet to be fully 
understood. Still, it is thought to be related to an interac-
tion of hemodynamic changes, an increase in free oxygen 
radicals, and direct toxic effects on renal tubular cells.9 

IVCM used in imaging is thought to increase the risk of 
AKI, especially in the high-risk population admitted to 
the intensive care unit (ICU) after aSAH.10 This study 
sought to determine the incidence of AKI according to 
Kidney Disease Improving Global Outcomes (KDIGO) 
criteria and its effects on outcomes among patients who 
had undergone IVCM-enhanced imaging during postop-
erative care at the ICU after aSAH.

MATERIAL AND METHODS

After obtaining approval from the ethics commit-
tee (2011-KAEK-25 2022/06-06), the authors scanned 
hospital records to identify adult patients aged ≥ 
18 years who had received at least one contrast-en-
hanced cranial radiologic imaging during follow-up at 
the ICU after surgery for aSAH by the same surgical 
team between January 2017 and June 2022. Patients 
were excluded if they had a history of chronic kid-
ney disease, AKI, need for dialysis at the time of hos-

pitalisation, repeated hospitalisations (referral from 
different department, readmission to intensive care 
within one month), and missing medical records (in-
complete creatinine data in the first 48 hours after IV 
contrast agents [specimen rejection]). The study was 
conducted in accordance with the Declaration of Hel-
sinki. This study used the AKI definition published in 
2012 by the KDIGO working group (Table 1).11 This 
definition was based on 24 and 48-hour levels after 
contrast exposure.

Clinical data were retrospectively analysed using 
the hospital information system database and pa-
tient medical records. The authors recorded demo-
graphic variables (age and sex), comorbidities, the 
Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, the Glasgow Coma Score (GCS), 
IV fluid therapy, urine output, haemoglobin and se-
rum creatinine levels before contrast-enhanced CT 
(CECT), serum creatinine levels at 24 and 48 hours 
after CECT, additional risk factors for AKI after ICU 
admission including sepsis, hemodynamic fluctua-
tions (mean arterial pressure below 60 mmHg and/
or need for high vasoactive drugs [> 0.1 microgram/
kg/min]), presence of potential nephrotoxic drugs 
(aminoglycosides, glycopeptides, trimethoprim-sul-
famethoxazole, loop diuretics, etc.), n-acetylcysteine 
(NAC) therapy, contrast agent used and its quantity, 
the requirement for renal replacement therapy (RRT) 
within 48 hours of CECT, length of ICU stay, need for 
permanent renal support at discharge from ICU and 
ICU discharge status.

Statistical analysis
Patient data collected for the study were analysed 

using the IBM Statistical Package for the Social Sci-
ences version 23.0 for Windows (IBM Corp., Armonk, 
NY). Descriptive values were expressed in frequency 
and percentage for categorical data and median, min-
imum, and maximum for continuous data. Intergroup 
comparisons were performed using the Mann-Whit-
ney U test, and categorical variables were compared 
using the Chi-squared or  Fisher’s exact test. Statisti-
cal significance was set at p < 0.05.

RESULTS

The study included 85 patients who were followed 
at the general ICU after aSAH surgery between Jan-
uary 2017 and June 2022 and met the inclusion crite-
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ria (Figure 1). One patient who developed meningi-
tis after aSAH surgery, one who was shocked at the 
imaging time, and one with only one kidney were 
excluded. Patients who underwent CECT imaging at 
our institution during the study’s time frame received 
iohexol (omnipaque, GE Healthcare, USA) and iopro-
mide (ultravist, Bayer Healthcare, Germany) at 0.5-
0.75 mL/kg.

According to the Fisher classification system, all 
patients in the study were diagnosed with Grade IV 
aSAH.12 The anterior cerebellar aneurysm was pres-
ent in 76 patients (89.4%), and the posterior cerebellar 
aneurysm was present in 9 (10.6%). Seventy-two pa-
tients (84.7%) had external ventricular drainage sys-
tems in the postoperative period.

Thirty-four patients (40%) were female, and 51 
(60%) were male. The median age was 55 years and 
ranged 21-86 years. Seven patients (8.2%) were smok-
ers, and 48 (56.5%) had at least one comorbid condi-

tion. Hypertension was the most common comorbid-
ity in patients with comorbidities, with 51.8% (n: 44). 
The patients had a median APACHE II score of 26 
(5-67.2) and 8 (3-15) median GCS. The mean haemo-
globin level was 11.8 g/dL (8.3-16).

Table 2 showed stages of AKI that developed with-
in the first and second day, as well as clinical and lab-
oratory parameters. At 48 hours, six, three, and one 
patient had Stage 1, Stage 2, and Stage 3 injuries, 
respectively. None of the patients required RRT. The 
length of stay at the ICU ranged from 1 to 180 days, 
with a median length of stay of 5 days. 57.6% (n: 49) 
of the patients were transferred from the ICU to the 
ward, and 42.4% (n: 36) died in the ICU. The distri-
bution of demographic and clinical characteristics of 
the patients by occurrence of AKI within the first and 
second day was given in Tables 3 and 4. There was no 
statistical difference between patients with and with-
out AKI regarding comorbidit ies, amount of

Table 1. KDIGO AKI definition.11 
AKI 
stage 

Serum creatinin Urine output 

I 1.5-1.9 times baseline or ≥ 0.3 mg/dL increase < 0.5 mL/kg/h for 6-12 hours 
II 2.0-2.9 times baseline < 0.5mL/kg/h for ≥ 12 hours 
III 3.0 times baseline or increase in SCr to ≥ 4.0 mg/dL or initiation of RRT or  

in patients < 18 years, decrease in eGFR to < 35 mL/min/1.73 m2 
< 0.3 mL/kg/h for ≥ 12 hours or 
anuria for ≥ 12 hours 

KDIGO: Kidney Disease Improving Global Outcomes, AKI: acute kidney injury, SCr: serum creatinine, RRT: renal replacement therapy, 
eGFR: estimated glomerular filtration rate. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Cerebral aneurysm (n: 386) 

No haemorrhage (n: 124) 

Aneurysmatic SAH (n: 262) 
Inappropriate data (n: 8)  
Endovascular intervention (n: 45)  
No ICU admission (n: 37) 
Fisher Grade <4 (n: 73) 
ICU readmission (n: 11) 

Aneurysmatic SAH Fisher Grade 4 (n: 88) 
Septic shock (n: 1)  
Meningitis (n: 1)  
One kidney (n: 1) 

Aneurysmatic SAH Fisher Grade 4 (n: 85) 

Figure 1. Flow chart of the study. SAH: subarachnoid haemorrhage, ICU: intensive care unit.



Turk J Int Med 2023;5(4):271-281   Korkmaz et al.

274

hydration, hemodynamic parameters, and use of 
nephrotoxic drugs.

DISCUSSION

This study analysed the KDIGO-defined incidence 
of AKI within the first 48 hours of contrast-enhanced 
imaging during ICU stay after aSAH surgery. This 
study also examined potential risk factors and effects 
on patient outcomes. Results indicate that 11.76% of 
the patients had AKI after exposure to CM. These 
patients did not require RRT during their stay at the 
ICU. RRT was neither required for seven patients with 
AKI who were discharged to the ward. The incidence 
of AKI after exposure to CM is unclear and was re-
ported in one meta-analysis, which ranged from 1% 
to 20%.13 These differences have been attributed to 
differences in the definition of AKI, patient popu-
lations and procedures, timing of patient follow-up, 
and possible changes in patient hydration status.14 The 
incidence of CI-AKI reported in the literature varies 
markedly depending on the definition. A systematic 
review published by the National Institute for Health 
and Care Excellence reported a need for full agree-
ment on the definitions for detecting AKI and pre-
dicting its outcomes.15 A prospective study by Jabara16 
used four different definitions to determine CI-AKI 
and reported that the incidence could vary between 
3.3% and 10.5% depending on the definition used.

This study aimed to determine the incidence of CI-
AKI according to the criteria adopted by the KDI-
GO in 2012, which was used in the publications of 
Laforcade et al.17 in 2021 and included in the latest 
guidelines of the French Societies of Nephrology and 
Radiology.18 Therefore, the incidence reported in our 
series may not be comparable with studies using dif-
ferent definitions. McDonald et al.19 reported an AKI 
rate of 9.9% in the group that received IVCM. How-
ever, since their study included patients undergoing 
abdominal, pelvic, and thoracic CT angiography and 
diagnostic or interventional cardiac catheterisation, 
they reported that heterogeneity between procedures 
and patient groups may affect the results. Clec’h et 
al.20 reported a CI-AKI rate of 16.78% in patients ad-
mitted to the medical-surgical ICU. They noted that 
RRT was required in 29.16% of patients, increased 
risk of death in the ICU, and prolonged length of ICU 
stay. They also stated that the populations included 
in the study had multiple risk factors for the develop-

Table 2. Distribution of acute kidney injury and 
clinical characteristics of patients (n: 85). 
Age (year) 55 (21:86) 
Gender (female/male) 34 (40)/51 (60) 
Smoking 7 (8.2) 
Comorbidities 
   Hypertension 
   Diabetes mellitus 
   Heart disease 
   Lung disease 
   Other 

48 (56.5) 
44 (51.8) 
7 (8.2) 
4 (4.7) 
3 (3.5) 
3 (3.6) 

Glasgow coma scale (GCS) 8 (3:15) 
APACHE II 26 (5:67.2) 
Before CECT  
   Haemoglobin 
   Hematocrit 
   Creatinine 
   BUN 
   eGFR 

 
11.8 (8.3:16) 

35.1 (25.3:48.7) 
0.8 (0.4:1.8) 
15.8 (4.7:35) 

96.4 (37.2:164.4) 
After CECT first day 
   Creatinine  
   BUN 
   eGFR 

 
0.8 (0.5:2.1) 

16.9 (5.6:41.0) 
91.2 (11.3:158.7) 

1. day acute kidney injury 
   non-AKI patients 
   Stage I 
   Stage II 
   Stage III 

 
75 (88.2) 
7 (8.2) 
2 (2.4) 
1 (1.2) 

After CECT second day  
   Creatinine 
   BUN 
   eGFR 

 
0.8 (0.4:4.4) 

18.3 (7.0:61.2) 
95.9 (9.8:158.5) 

2. day acute kidney injury 
   non-AKI patients 
   Stage I 
   Stage II 
   Stage III 

 
75 (88.2) 
6 (7.1) 
3 (3.5) 
1 (1.2) 

Sepsis 0 
Nephrotoxic drug after CECT (48 hours) 26 (30.6) 
Intravenous saline (cc/h; 48 hours) 141.9 (71.4:287.5) 
Blood/blood product (48 hours) 6 (7.1) 
N-acetylcysteine 12 (14.1) 
Vasoactive drug use (48 hours) 17 (20) 
RRT (within 48 hours) 0 
Length of stay in ICU (day) 5 (1:180) 
RRT after discharge 0 
ICU discharge 
   Exitus 
   Ward 

 
36 (42.4) 
49 (57.6) 

APACHE II: acute physiology and chronic health evaluation, CECT: 
contrast-enhanced computer tomography, BUN: blood urea nitrogen, 
eGFR: estimated glomerular filtration rate, RRT: renal replacement 
therapy, ICU: intensive care unit.  
The values were expressed as n (%) or median (minimum: maximum). 
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ment of AKI. The present study was conducted with 
a patient group (Fisher Grade IV aSAH), which we 
thought would have fewer confounding factors. We 
tried to determine the direct effect of CM on the kid-
ney by minimising potential clinical confounders and 
found that CM had a minimal and transient impact on 
renal function.

The American College of Radiology reported that 
AKI after exposure to CM may be associated with the 
patient’s underlying comorbidities rather than with 
CM.4 Patients diagnosed with aSAH are usually rela-
tively healthy young individuals. These patients have 
a low prevalence of comorbidities such as diabetes 
mellitus, hypertension, and heart failure.21 Although 
the patient group in this study was relatively young (a 
mean age of 55), 48 (56.5%) had at least one comor-
bid condition that could affect the kidney. In addition,  
six patients who developed AKI had at least one co-
morbidity. A history of premorbid hypertension is a 

known risk factor for aSAH.22 Although hypertension 
was present in 51.8% of the patients in this study, it 
had no significant association with AKI. However, the 
definition and duration of premorbid hypertension are 
unknown.

The incidence of CI-AKI in patients with 
mild-to-moderate renal impairment and diabetes mel-
litus has been reported to range from 9% to 50%.23 
Unlike McCullough’s series24, which included 24.8% 
diabetic patients and reported that AKI might be asso-
ciated with diabetes mellitus, the series in the present 
study had a lower incidence of diabetes (8.2%). While 
none of the patients who developed AKI on day 1 had 
diabetes mellitus, 10% of those who developed AKI 
had diabetes mellitus. Although one study reported 
that CM injection may increase susceptibility to AKI 
in patients with diabetes mellitus 25,  the present study 
found that the presence of diabetes mellitus did not in-
crease the risk of AKI. This difference may be due to 

 
Table 3. Distribution of demographic and clinical characteristics by occurrence of acute kidney injury (day 
1). 
Variables Acute kidney injury (day 1) P-value 

Absent Present 
Age (year) 56 (30:86) 52 (21:70) 0.336 
Gender (female/male) 30 (40)/45 (60) 4 (40)/6 (60) 1.000 
Comorbidities 
   Hypertension 
   Diabetes mellitus 

43 (57.3) 
41 (54.7) 
7 (9.3) 

5 (50) 
3 (30) 
0 (0) 

0.741 
0.186 
0.592 

Glasgow coma scale 8 (3:15) 9 (3:14) 0.626 
APACHE II 26 (5:63.9) 32.2 (11.3:67.2) 0.214 
Pre-CECT 
   Haemoglobin  
   Hematocrit 
   Creatinine  
   BUN 
   eGFR 

 
11.7 (8.6:16) 

35.1 (25.8:48.7) 
0.8 (0.4:1.7) 
15.8 (4.7:35) 

97.6 (37.2:164.4) 

 
12.1 (8.3:13.7) 
36.2 (25.3:40.1) 

0.9 (0.5:1.8) 
14.5 (6.9:28.5) 

87.1 (42.4:154.7) 

 
0.364 
0.433 
0.093 
0.854 
0.481 

Day 1 after CRT 
   Creatinine  
   BUN 
   GFR 

 
0.8 (0.5:1.6) 
16.4 (5.6:41) 

96.7 (11.3:158.7) 

 
1.5 (1.0:2.1) 

21.7 (8.9:39.3) 
59.1 (28.9:98.3) 

 
< 0.001 
0.035 

< 0.001 
Mean arterial pressure (first 24 h) 92.5 (66.6:121.8) 87.5 (70.3:118.9) 0.364 
Urine output (hours cc/h) 130.2 (48.8:307) 134.8 (45:200) 0.978 
N-acetylcysteine 12 (16) 0 (0) 0.344 
Length of stay at the ICU (day) 5 (1:180) 8 (2:105) 0.228 
Exit from the ICU 
   Ward 
   Exitus 

 
44 (58.7) 
31 (41.3) 

 
5 (50) 
5 (50) 

0.737 

APACHE II: acute physiology and chronic health evaluation, CECT: contrast-enhanced computer tomography. 
The values were expressed as n (%) or median (minimum: maximum). 
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the relatively younger age of the patients or the shorter 
disease duration, which may influence the develop-
ment of micro- and macrovascular complications of 
diabetes mellitus.  Kellum et al.26 reported that even 
small increases in serum creatinine may affect sur-
vival in critically ill patients. Zhang et al.27 reported 
that the development of AKI after intracranial aneu-
rysm clipping surgery was associated with poor prog-
nosis. Retrospective studies by McDonald et al.28 and 
Davenport et al.29 compared clinically similar patients 
who underwent CT scanning with or without contrast 
enhancement. Both studies achieved results similar to 
the present study; exposure to CM did not affect clin-
ical outcomes related to AKI in patients with normal 

baseline renal functions.
Serum creatinine levels and glomerular filtration 

rate are important parameters that provide informa-
tion about renal function.30 This study minimised 
confounding factors by recruiting patients with nor-
mal baseline glomerular filtration rate and creatinine 
levels. Furthermore, good baseline renal functions 
may reduce the risk of AKI after IVCM exposure in 
aSAH patients who are relatively young and have few 
comorbidities. A single-centre retrospective study by 
Clec’h et al.20 reported a CI-AKI incidence of 16.8% 
in adult patients who underwent CECT imaging for 
emergency diagnosis. However, they noted that they 
were unable to investigate how the incidence of AKI 

 
Table 4. Distribution of demographic and clinical characteristics by occurrence of acute kidney injury (day 
2). 
Variables Acute kidney injury (day 2) P-value 

Absent Present 
Age (year) 55 (23:86) 57 (21:72) 0.978 
Gender (female/male) 29 (38.7) 

46 (61.3) 
5 (50) 
5 (50) 

0.512 

Smoking 7 (9.3) 0 (0) 0.592 
Comorbidities 
   Hypertension 
   Diabetes mellitus 

42 (56) 
39 (52) 
6 (8) 

6 (60) 
5 (50) 
1 (10) 

1.000 
1.000 
1.000 

Glasgow coma scale (GCS) 8 (3:15) 13 (3:15) 0.422 
APACHE II 26.2 (5:58) 21 (8.7:67.2) 0.881 
Pre-CECT  
   Haemoglobin 
   Hematocrit 
   Creatinine 
   BUN 
   eGFR 

 
11.8 (8.6:16) 

35.1 (25.8:48.7) 
0.8 (0.4:1.8) 
15.8 (4.7:35) 

96.4 (37.2:154.7) 

 
11.8 (8.3:13.4) 
35.6 (25.3:39.4) 

0.8 (0.6:1.3) 
14.8 (11.0:34.1) 
92.4 (42.4:164.4) 

 
0.662 
0.521 
0.854 
0.989 
0.761 

CECT 48 hours 
   Creatinine  
   BUN 
   eGFR 

 
0.8 (0.4:2.0) 
17.8 (7:43) 

100.5 (36.9:158.5) 

 
1.4 (0.9:4.4) 

26.5 (16.8:61.2) 
47 (9.8:101.6) 

 
<0.001 
0.001 

<0.001 
Mean arterial pressure (first 48 hours) 93.6 (64.8:174.6) 95.2 (73.2:107.1) 0.956 
Nephrotoxic drug after CECT 23 (30.7) 3 (30) 1.000 
Hourly IV fluid (48 hours) 141.9 (71.4:287.5) 136.3 (92.5:265) 0.723 
Urine (cc/h) 132.7 (48.8:307) 115.4 (45:238.2) 0.544 
Blood/blood product (48 hours) 6 (8) 0 1.000 
N-acetylcysteine  12 (16) 0 0.344 
Vasoactive drug use  14 (18.7) 3 (30) 0.411 
Length of stay at the ICU (day) 5 (1:115) 7 (2:180) 0.317 
Exit from ICU  
   Ward 
   Exitus 

 
43 (57.3) 
32 (42.7) 

 
6 (60) 
4 (40) 

1.000 

APACHE II: acute physiology and chronic health evaluation, CECT: contrast-enhanced computer tomography, BUN: blood urea nitrogen, 
eGFR: estimated glomerular filtration rate, IV: intravenous, ICU: intensive care unit. 
The values were expressed as n (%) or median (minimum: maximum). 
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was affected by the presence of coexisting risk factors 
for kidney injury, such as sepsis, nephrotoxic drugs, 
and hemodynamic impairment, or how it was affect-
ed by CM volume and implementation of prophylactic 
measures. Hydration, a prophylactic measure against 
CI-AKI, is important in preventing ischemic condi-
tions.31 A prudent approach for all patients receiving 
CM is to ensure adequate hydration before and after 
imaging.32 Urine viscosity increases in proportion to 
the volume of CM injected. Adequate hydration has 
been shown to decrease urine viscosity.33 To better 
characterise patients regarding hydration status, this 
study analysed intravenous fluid administered to the 
patients. The guidelines published by the European 
Society of Cardiology in 201434, which contains im-
portant preventive strategies against CM-associated 
AKI, recommend peri-procedural hydration with in-
travenous saline at a rate of 1-1.5 mL/kg/h 3-12 hours 
before CM administration and 1-1.5 mL/kg/h 12-24 
h after the procedure. The patient population in the 
present study received a mean saline infusion of 2 
mL/kg/h within the first 48 hours of CM administra-
tion. This fluid regimen may have played a role in the 
transience of AKI. The same guideline recommends 
using iso-osmolar or low-osmolar CM in addition to 
hydration.34 The contrast agents administered to the 
patients in this study were nonionic iso-osmolar iohex-
ol (omnipaque, GE Healthcare, USA) and iopromide 
(ultravist, Bayer Healthcare, Germany). Some authors 
doubt whether modern iodinated (iso-osmolar) con-
trast is nephrotoxic.35 Several studies have evaluated 
the renal safety of nonionic contrast agents in patients 
with impaired renal function after intra-arterial con-
trast injection only during percutaneous coronary an-
giography (PCA).35 However, few publications have 
evaluated the incidence of CI-AKI after intravenous 
injection of iso-osmolar CM and found a low risk.36,37 
Although CI-AKI found in this study was higher than 
in previous studies, it was transient and did not lead to 
permanent kidney damage or need for renal support. 
The amount of iso-osmolar CM used for patients in 
this study was similar, approximately 0.5-0.75 mL/kg 
and may be relatively low compared to doses used in 
interventional intra-arterial applications such as PCA.

N-acetylcysteine (NAC) is most commonly used 
as a mucolytic in ICUs to facilitate ciliary activity.38 
It is also used for the treatment of paracetamol toxic-

ity39 and hepatic failure40, acute lung injury,41 sepsis, 
renal failure, and carbon monoxide poisoning.42 Tepel 
et al.43 reported that IV or oral administration of NAC 
was nephroprotective in preventing CI-AKI by elim-
inating free radicals. On the other hand, Suva et al.44 
emphasised that the use of NAC to prevent CI-AKI 
ended with inconsistent and uncertain results. There 
is no routine protocol used to avoid CM damage in 
our unit. However, NAC has been reported to be a po-
tential prophylactic treatment against CI-AKI.45 In the 
present study, NAC was used to increase mucolytic 
activity in 14.1% of the patients in the ICU. Analy-
sis of the prophylactic role of NAC against CI-AKI in 
this study did not yield a statistical difference. How-
ever, none of our patients who developed AKI had re-
ceived NAC therapy, suggesting it might be clinically 
important. This effect can be determined in future 
studies with a larger sample size.

Many studies suggested that most cases of AKI 
following contrast administration may be related to 
incidental nephrotoxic exposures (e.g., hypovolemia, 
cardiac dysfunction, and infection) that were present 
at the time of CM exposure.46,47 CI-AKI prevention 
requires discontinuing nephrotoxic drugs and adjust-
ing hemodynamic parameters.48 In the present study, 
30.6% of the patients were on nephrotoxic medica-
tions, and there was no significant difference between 
patients with and without AKI. The short hospital 
stays among the patients in this study may have played 
a role in preventing the occurrence of AKI caused by 
nephrotoxic drugs.

Zhang et al.28 reported that preoperative aneurysm 
rupture was a risk factor for AKI. The existence of a 
link mediated by cytokines in this process is yet to 
be investigated.49,50 All of the patients in this study 
were patients with ruptured aSAH. Patients with 
above-normal creatinine levels during postoperative 
follow-up at the ICU were excluded from the study to 
try to rule out the possibility of an early contribution 
of the procedure to the development of AKI. Howev-
er, cytokine release may also have an effect on AKI 
during the later period. Although the combination of 
induced hypertension, hypervolemia and hemodilu-
tion (triple-H therapy) is often utilised to prevent and 
treat cerebral vasospasm after aSAH, its efficacy and 
precise role in managing the acute phase remains un-
clear.51 In this study, triple-H therapy is hypothesised 
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to impact CI-AKI outcomes. Hemodynamically, this 
hypothesis seems supported by mean arterial pres-
sures as high as 93.6 (64.8-174.6) mmHg.

GCS is widely used to assess patients with head 
trauma or other types of acute brain injury to guide 
early treatment. Lee et al.5 investigated the incidence 
and clinical effect of CI-AKI after coil embolisation 
in patients with aSAH. They found that 50% of the pa-
tients in the CI-AKI group had a GCS below 8, com-
pared to 19.7% in the group without CI-AKI. They 
reported that a low baseline GCS score may be asso-
ciated with CI-AKI. Patients followed during postop-
erative ICU in the present study had a mean baseline 
GCS score of 8. There was no significant correlation 
between GCS and AKI observed at 24 and 48 hours 
after CM exposure. Compared with other types of 
AKI (such as ischemic AKI), contrast-induced AKI is 
usually characterised by a relatively rapid recovery of 
renal functions. Serum creatinine levels that increase 
in CI-AKI return to baseline within 3-7 days.52 Since 
AKI is typically mild,   most patients (except those 
with moderate-to-severe chronic kidney disease) are 
non-oliguric.53 This suggests that treatments to main-
tain hemodynamic stability and adequate hydration 
are effective.

In the present study, the mortality rate was 36%, 
and transient AKI that developed early during hospi-
tal stay was not associated with mortality. Ehrlich et 
al.54 reported that renal functions were not affected af-
ter contrast-enhanced CT in patients presenting with 
acute stroke, and CT angiography offered additional 
clinical value. This result is in line with the present 
study, which showed that renal injury was transient 
and reversible in patients with normal renal function 
during diagnosis and treatment.

Limitations
The major limitation of this retrospective study 

was that patients with aSAH who received CECT 
were not compared with those who did not. Thus, the 
isolated effect of aSAH on renal function could not be 
investigated. However, this can be overlooked since 
the primary aim of this study was not to determine 
the absolute toxicity of IVCM but to determine the 
incidence of CI-AKI and to identify potentially dan-
gerous conditions that should be considered before 
exposing patients to IVCM. Also, the small number 
of patients with CI-AKI may increase the possibility 
of error. Therefore, a larger-scale study may improve 
the statistical reliability of the associated findings. Fi-

nally, this study excluded patients with AKI and thus 
did not investigate the adverse effect of CM on renal 
function in patients with aSAH and AKI or CI-AKI.

CONCLUSIONS

This study found that young patients with mild co-
morbidities and without aggravating factors such as 
severe anaemia, hypovolemia, and hypotension might 
have reversible fluctuations in renal function that did 
not affect clinical outcomes. This means that clinical-
ly required imaging studies should not be avoided due 
to fear of CI-AKI.
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A B S T R A C T
Cystic lymphangiomas are benign lesions originating from lymphatic endothelial cells. It occurs due to 
developmental anomalies of lymphatic vessels. They are usually localized in the head and neck region. Cystic 
lymphangiomas of adrenal origin are very rare. This presentation aims to report a case of left-sided adrenal 
cystic lymphangioma detected incidentally on radiological examination due to abdominal pain, with clinical, 
radiological and pathological findings. A 65-year-old female patient was admitted to our clinic with abdominal 
pain. In the abdominal examination, the pain was detected in the epigastric region and left the upper quadrant 
with palpation. No pathology was observed in the complete blood count and biochemical parameters, except 
for a CRP elevation of 10.2 mg/dL. In examination with ultrasonography (US), in the left upper quadrant of 
the abdomen, in the localisation of the adrenal gland, a multilocular cystic lesion with partially dense contents, 
which is not vascularised by Doppler US, containing thin echogenic septa was detected. Enhanced contrast 
multidetector computed tomography was performed to determine the nature and characterisation of the mass. 
A 60x57 mm cystic lesion with multi-lobulated contour and fluid density was defined in the left adrenal gland. 
The patient was diagnosed with cystic lymphangioma radiologically and was operated upon due to symptoms 
and size. Pathological diagnosis was reported as cystic lymphangioma. Preoperative clinical and radiological 
correct diagnosis is critical because the treatment approach and prognosis may differ from other adrenal 
tumours or cysts.
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INTRODUCTION

Cystic lesions of adrenal origin are rare, and their 
incidence has been reported as 0.06% in the literature. 
Cystic lymphangiomas of adrenal origin, also known 
as adrenal lymphangiomas, are extremely rare tumours. 
Due to their rarity, specific incidence rates for adrenal 
lymphangiomas are not well-established in the medical 
literature.1 Cystic adrenal gland lesions are classified into 
four main histopathological groups: endothelial cysts, 
pseudocysts, epithelial cysts and parasitic cysts. Endothe-
lial-derived cysts are further subdivided into lymphatic 
and angiomatous cysts based on the histological origin of 
the endothelium. Lymphatic cysts are also called adrenal 
lymphangiomas and adrenal cyst of lymphangiomatous 
origin (ACLO) according to their single or multi-local 
status.1 Cystic lymphangiomas originate from lymphat-
ic endothelial cells. It occurs due to the developmental 
abnormality of the lymphatic channels. They are usually 
localised in the head and neck but can develop in differ-
ent body parts, including the adrenal glands. Although 
they may occur at any age, it has been reported that they 
are more common in decades 3-6, in females and on the 
right side.2

Adrenal gland cystic lymphangiomas are typical-
ly discovered incidentally during imaging studies such 
as ultrasonography (US), computed tomography scans, 
or magnetic resonance imaging performed for unrelat-
ed reasons or intra-abdominal operations.3-5 An adrenal 
gland cystic lymphangioma is characterised by forming 
cystic spaces filled with lymphatic fluid. They are usual-
ly asymptomatic. In some cases, however, larger cystic 
lymphangiomas can cause symptoms such as abdominal 
pain, a palpable mass, or hormonal imbalances if they in-
terfere with the normal functioning of the adrenal gland. 
There is limited information available about their specif-

ic characteristics and management. Treatment is surgi-
cal if necessary. When deciding on surgery for adrenal 
masses, their size, hormonal activity, imaging findings 
suggestive of malignancy, and growth rates on follow-up 
examinations should be considered.6 This presentation 
aims to report a case of cystic lymphangioma of adrenal 
origin, which was detected incidentally in the radiolog-
ical examination due to abdominal pain, with clinical, 
radiological and pathological findings.

CASE REPORT

A 65-year-old female patient was admitted to our 
clinic with a complaint of abdominal pain for three 
weeks. The abdominal examination detected pain in 
the epigastric region and the left upper quadrant with 
palpation. No pathology was observed in complete 
blood count and biochemical parameters, except for 
a 10.2 mg/dL increase in CRP. In the US examination 
of the entire abdomen, In the left upper quadrant of 
the abdomen, in the localisation of the adrenal gland, 
a multilocular cystic lesion with partially dense con-
tents, which is not vascularised by Doppler US, con-
taining thin echogenic septa was detected (Figures 1 
and 2).

In intravenous contrast-enhanced multidetector 
computed tomography (MDCT) performed for the 
nature and characterisation of the mass, a 60 × 57 mm 
cystic lesion with multi-lobulated contour and fluid 
density was defined in the left adrenal gland (Fig-
ures 3 and 4). The patient was diagnosed with cystic 
lymphangioma radiologically and was operated upon 
due to its symptoms and size. A cystic lesion on the 
cross-sectional surface measuring 6 × 5 × 2 cm was 
observed in the macroscopic evaluation. Histopatho-

 
  Figure 1. Multilobular, dense, cystic lesion with thin 
echogenic septa on abdominal ultrasonography examination.

 

 
  

Figure 2. Non-vascularized, slightly dense, multiloculated 
cystic lesion on Doppler ultrasonography examination.
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logical examination revealed that the lesion consisted 
of cystic structures lined with endothelium, and the 
case was reported as cystic lymphangioma (Figure 5). 

Radiological imaging was performed with (GE 
brand Logic S7 Expert model) ultrasound and 64-sec-
tion MDCT (Optima CT 660, General Electric Med-
ical Systems, Milwaukee, Wisconsin, USA) devices. 
Water-soluble nonionic intravenous contrast agent 
(350 mgI/mL) was administered with an automatic 
double-injector system at a dose of 1 mL/kg at a rate 
of 4-5 mL/s through an 18-gauge cannula inserted 
into the antecubital vein. Intravenous contrast agent 
timing was performed with a bolus monitoring tech-
nique.

DISCUSSION

Adrenal lymphangioma typically presents as pain-
less masses and may grow slowly over time. Symp-
toms, if present, can vary depending on the size and 
location of the cystic lymphangioma. They may in-
clude abdominal pain or discomfort, palpable mass 
in the abdomen, hormonal disturbances if the tumour 
affects the production of adrenal hormones, or com-
pressive symptoms if it presses on nearby structures. 
Mostly, adrenal gland lymphangiomas may be discov-
ered incidentally during imaging studies.7 Extensive 
lesions may produce symptoms related to rupture or 
be detected incidentally.6 Our case was admitted to 

 

 
  

 

 
  

Figure 3. Coronal computed tomography sections: non-
enhancing multilobulated cystic lesion in the left adrenal 
gland.

Figure 4. Axial computed tomography sections: 
multilobulated, non-enhancing cystic lesion in the left 
adrenal gland.

 

 
  

Figure 5. Cystic structures lined with endothelium (hematoxylin and eosin x40).
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our clinic with abdominal pain for three weeks. 
An adrenal gland cystic lymphangioma is usually 

diagnosed through imaging studies. These imaging 
techniques can help visualise the tumour and its char-
acteristics, such as size, location, and cystic nature.3-5 
The technical developments in radiology and the 
availability of devices such as US, computed tomog-
raphy, and magnetic resonance examination in many 
centres have increased the rate of diagnosing adre-
nal cystic lymphangioma cases. Radiologically, they 
appear as multilocular cystic lesions, which are ap-
proximately 3-6 cm in size, thin-walled, may contain 
septa, rarely show contrast enhancement in the walls 
and septa, and may contain millimetric calcifications 
at a low rate.2,8 Although rare, it can grow rapidly and 
reach gigantic sizes.9 During the abdominal examina-
tion performed with the US in our case, Doppler US 
revealed a multilocular cystic lesion with no vascular-
ity, partially dense content, and thin echogenic septa 
in places.

Treatment options for adrenal gland lymphangio-
mas may include surgical removal of the tumour if 
it is causing symptoms or if there is a concern for 
malignancy. In some cases, a partial or complete re-
moval of the affected adrenal gland may be necessary. 
However, a laparoscopic minimally invasive method 
can also be applied.1 There is no consensus on the 
surgical indication’s mass size. Some authors recom-
mended surgery if it is larger than 6 cm and surgery 
if it is smaller than 6 cm and has a risk of malignancy. 
Some authors have recommended surgery for masses 
larger than 3 cm.6,10 However, due to the rarity of 
these tumours, there is limited consensus on the op-
timal management approach, and decisions are often 
made on a case-by-case basis. Our patient was diag-
nosed with cystic lymphangioma radiologically and 
was operated upon due to its symptoms and size.

In the radiological differential diagnosis, adrenal 
cyst, adrenal hemangioma, retroperitoneal teratoma, 
cystic pheochromocytoma, cystic schwannoma, adre-
nal hydatid cyst and cystic metastasis can be consid-
ered.11-13 However, the multilobular lesion, containing 
septa and a dense cystic appearance, suggests cystic 
lymphangioma. If contrast enhancement occurs in ra-
diological images, it may be confused with adrenal 
carcinoma.9 In our case, a 60 × 57 mm cystic lesion 
with multilobular contour and fluid density was ob-
served in the left adrenal gland on IV contrast-en-
hanced MDCT.

Although there may be diagnostic difficulties in 

some cases before the operation, the pathological 
diagnosis of the surgically removed cyst is not diffi-
cult. Some of the radiologically diagnosed cysts are 
not included in the differential diagnosis because of 
their histologically distinctive histological features. In 
case of difficulty in diagnosis, differential diagnosis 
is made using an antibody panel such as CD31, CD34, 
pan cytokeratin AE-1/AE-3, D2-40, and factor VII 
from histopathologically similar cystic lesions.2 Since 
there was no difficulty in the differential diagnosis in 
our case, an immunohistochemical examination was 
not performed.

CONCLUSIONS

It is important to consult a qualified healthcare 
professional, such as an endocrinologist or a surgeon 
specialising in adrenal gland disorders, for an accu-
rate diagnosis and appropriate treatment plan.
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A B S T R A C T
Primary adrenal lymphoma (PAL) is an extremely rare among the causes of adrenal incidentaloma. Most were 
diagnosed with adrenal insufficiency and B symptoms (unexplained weight loss, night sweats, fever). This 
article presented a 57-year-old woman who was investigated for bilateral adrenal masses found incidentally 
on computed tomography (CT). Physical examination and laboratory tests revealed no evidence of adrenal 
insufficiency or B symptoms. Only 24-hour urinary metanephrine and normetanephrine excretion were 
increased. Tumour F-18 fluorodeoxyglucose (FDG) positron emission tomography (PET/CT) scan showed 
the greatest dimension was 14 cm in the left adrenal mass and the maximum standardised uptake value (SUV 
max) was 26.1 (relative to mean SUV in the normal liver parenchyma, which was 2). An adrenal biopsy was 
performed after taking adequate precautions against the possibility of a catecholamine crisis. Histopathology 
revealed high-grade B-cell lymphoma. Bone marrow involvement and brain metastasis were not observed. She 
received the R-EPOCH (rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin) 
regimen and intrathecal methotrexate therapy as central nervous system prophylaxis. The patient responded 
well to treatment, and close clinical follow-up continues. PAL should always be considered when a bilateral 
adrenal mass is detected.
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INTRODUCTION

An adrenal incidentaloma is incidentally detected 
adrenal lesions during routine imaging without com-
plaints or physical examination findings originating 
from the adrenal gland.1 Nonfunctional adrenocortical 
adenoma, adrenocortical carcinoma, pheochromocyto-
ma, hormone-producing adenoma, metastases, and pri-
mary adrenal lymphoma (PAL) are the leading causes 
of the aetiology. However, PAL is an uncommon cause 
of adrenal incidentaloma, representing less than 1% of 
all non-Hodgkin lymphoma (NHL).2,3 It is an aggressive 
high-grade lymphoma with a poor prognosis. Both ad-
renal gland invasion is seen in 70% of the cases.4 Hep-
atosplenomegaly, lymphadenopathy, and bone marrow 
involvement can rarely occur. Patients typically present 
with adrenal insufficiency and B symptoms (fever, night 
sweats, and weight loss). Rarely, PAL may be diagnosed 
incidentally.5-7 In this report, we present a case of an inci-
dental finding of bilateral PAL. 

CASE REPORT

A 57-year-old female with a history of hyperten-
sion presented to the emergency department with bi-
lateral flank pain (never before) after a fall. The patient 
referred to our centre as the contrast-enhanced com-
puted tomography (CT) revealed suspicious lesions 

in the suprarenal region. She was hemodynamically 
stable on admission, and her physical examination 
was unremarkable except for bilateral costovertebral 
tenderness. She had no palpable lymphadenopathy 
or splenomegaly. Her initial basic laboratory tests 
were unremarkable except for anaemia of the chron-
ic disease, mild thrombocytopenia (131 × 103/µL) 
and hyponatremia (126 mEq/L). ACTH and cortisol 
tests sent initially for adrenal insufficiency evalua-
tion were within normal range. Hyponatremia was 
consistent with a syndrome of inappropriate antid-
iuretic hormone secretion (SIADH). Elevated levels 
of beta-2 microglobulin (3,043 ng/mL) and LDH (512 
U/L) were found in laboratory tests.  A CT scan with 
adrenal protocol revealed suprarenal lesions, with the 
largest measuring 10x4 cm on the left, causing adre-
nal gland thickening and a prominent soft tissue mass 
surrounding the glands (Figure 1). A tumour F-18 flu-
orodeoxyglucose (FDG) positron emission tomogra-
phy (PET) demonstrated intensive FDG uptake in the 
left supraclavicular-mediastinal-abdominal-mesen-
teric lymph nodes and bilateral adrenal masses (Fig-
ure 2). The greatest dimension was 14 cm in the left 
adrenal mass, and the maximum standardised uptake 
value (SUVmax) was 26.1 (relative to the mean SUV 
in the normal liver parenchyma, which was 2). Before 
the left adrenal gland biopsy, in the 24-hour urine, 
metanephrine and normetanephrine levels were mea-
sured to exclude pheochromocytoma, which was 

 6 

 
  

Figure 1. Coronal and axial contrast-enhanced abdominal CT sections showed suprarenal lesions (blue arrow) on the left. 
The largest was 10x4 cm, causing adrenal gland thickening and a prominent soft tissue lesion surrounding the glands.
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found to be significantly increased (metanephrine: 
1,432 μg/24-hour, normal range: 164-558 μg/24-hour; 
normetanephrine 1,426 μg/24-hour, normal range: 
128-484 μg/24-hour). 

Alpha-blocker therapy (doxazosin 2 mg/day) was 
initiated for blood pressure control. Biopsy of the left 
adrenal mass under image guidance revealed a diag-

nosis of diffuse large B cell lymphoma with non-ger-
minal centre B cell phenotype. Immunohistochemi-
cal stains were strongly positive for CD20, Bcl-2 and 
MUM-1, with faint positivity for Bcl-6, and negative 
for CD10, CD5, and cyclin D1. Ki67 stain showed a 
proliferative index of %90. MYC staining was not 
available in the immunohistochemical examination.  

 7 

 

 
  

Figure 2. FDG-PET/CT scan showed intense FDG uptake in left supraclavicular-mediastinal-abdominal-mesenteric lymph 
nodes and bilateral adrenal masses.
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  Figure 3. FDG-PET/CT scan in the third month of treatment showed a complete metabolic response.
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Bone marrow aspiration and biopsy revealed no bone 
marrow invasion. No brain metastases were detected 
on cranial imaging. Her Eastern Cooperative Oncol-
ogy Group (ECOG) performance status was Grade 2 
at diagnosis. She was in the high-risk group by the 
International Prognostic Index (IPI). According to the 
Ann Arbor staging system, it was determined as stage 
4. The patient received three cycles of R-EPOCH (rit-
uximab, etoposide, prednisone, vincristine, cyclo-
phosphamide, doxorubicin) regimen, and intrathecal 
methotrexate therapy was included as central ner-
vous system prophylaxis. PET-CT showed a complete 
metabolic response at the three months of treatment 
control (Figure 3). R-CHOP (rituximab, prednisone, 
vincristine, cyclophosphamide, and doxorubicin) che-
motherapy treatment continued, and the patient was 
under close clinical follow-up.

DISCUSSION

Although there is no consensus, adrenal inciden-
taloma is described as an adrenal mass greater than 1 
cm in diameter detected during imaging for reasons 
other than suspected adrenal disease. The differential 
diagnosis for adrenal incidentaloma includes non-se-
creting adenomas, subclinical cortisolic adenomas, 
pheochromocytoma, adrenal carcinomas and metas-
tases. Occasionally, PAL may also be an incidental 
diagnosis on imaging.5-7 PAL is an exceptionally rare 
and aggressive form of NHL originating in the adre-
nal glands.  It represents fewer than 1% of all NHL, 
with approximately 200 cases documented in the lit-
erature.7,8 The exact aetiology of primary adrenal lym-
phoma remains largely unknown, but it is believed 
to arise from B-cell lymphocytes within the adrenal 
glands. Some studies demonstrated that Ebstein-Barr 
virus (EBV) can be a possible causative agent.9 Im-
munocompromised states, such as human immuno-
deficiency virus (HIV) infection, immunosuppressive 
therapy, or autoimmune diseases, may increase the 
risk of developing this malignancy.10 Genetic defects 
in p53 and c-kit have also been implicated in the aeti-
ology of the disease.7 

Primary adrenal lymphoma predominantly affects 
males with a median age of diagnosis around 60-70 
years. Bilateral adrenal gland invasion is seen in the 
most of the cases.7 Patients typically present with B 
symptoms, abdominal pain, back pain, and adrenal in-
sufficiency (AI), while 1% of cases are found inciden-

tally.5-7 Although 60 to 70% of patients present with 
AI regardless of the tumour size and involvement,11 
our patient did not have any AI-related symptoms and 
were completely asymptomatic except for flank pain, 
which was developed after a fall. Some studies sug-
gested that bilateral lesions and older age are factors 
significantly related to AI in PAL cases. However, the 
exact cause remains unclear.7 In addition, regarding 
differential diagnosis, adrenocortical adenomas and 
carcinomas are usually unilateral, whereas pheochro-
mocytoma and PAL are usually bilateral. Therefore, 
the differentiation of pheochromocytoma and PAL is 
very significant.

An adrenal gland biopsy should be done for de-
finitive diagnosis. Before biopsy, urine catecholamine 
levels should be measured to rule out pheochromo-
cytoma. If these levels are elevated, alpha-blocker 
therapy should be initiated to prevent a hypertensive 
crisis. Diffuse large B-cell lymphoma (DLBCL) is the 
more prevalent form of PAL, representing over 70% 
of cases.7,12 DLBCL can be further classified into two 
subtypes: germinal centre B cell (GCB) or non-ger-
minal centre B cell (non-GCB). Non-GCB subtype is 
associated with a worse prognosis.7,8

The treatment of primary adrenal lymphoma is 
challenging, primarily due to its aggressive nature 
and the lack of standardised therapeutic guidelines. 
The rarity of the disease limits the availability of 
large-scale clinical trials, resulting in no universally 
accepted treatment approach. Treatment options in-
clude chemotherapy, radiotherapy, and adrenalecto-
my. Several studies have demonstrated that adrenal-
ectomy has no benefit to survival.12-14 Chemotherapy 
with R-CHOP remains the most used treatment ap-
proach for PAL. A retrospective study of 50 prima-
ry adrenal lymphoma patients reported that patients 
treated with the R-CHOP regimen had better overall 
survival (OS) rates than patients who underwent sur-
gery and received supportive treatment only (84.2% 
vs 41.7%).10 Another study has shown that patients 
who received R-CHOP therapy had increased 2-year 
OS rates compared to patients treated with traditional 
CHOP regimens (57% vs 38%, p < 0.001).15 Addition-
ally, central nervous system involvement significantly 
decreases survival in DLBCL cases.16 Therefore, in 
our case, methotrexate was administered as intrathe-
cal prophylaxis in addition to standard chemotherapy. 
However, a recent meta-analysis showed that intrave-
nous or intrathecal CNS prophylaxis did not signifi-
cantly reduce the recurrence rate in patients at high 
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risk of CNS.17

Primary adrenal lymphoma has a poor prognosis, 
primarily due to the advanced stage of disease at di-
agnosis and the aggressive behaviour of the tumour. 
While earlier studies reported 2-year OS rates of PAL 
to be 20%, recent studies have demonstrated 2-year OS 
rates of PAL ranging between 68 and 72.5%.7,10,12 In 
another study, the estimated 5-year PAL OS rate was 
less than 20%.18 Our patients were in the high-risk 
group according to IPI score. Multiple extranodal in-
volvement is a prognostic factor for IPI score. Recent 
validation studies have also proven this.19 Several 
factors have been identified as poor prognostic indi-
cators in PAL cases. These include older age, bilateral 
involvement of the adrenal glands, larger tumour size, 
high serum lactate dehydrogenase levels, AI, nonger-
minal centre B-cell-like classification, and a high Ki-
67 proliferation index.2,12,20 All poor prognostic fac-
tors were present in our case except AI. 

Conflict of Interest
None declared.

Patient consent
Written informed consent for publication of their 

details was obtained from the patient.

Authors’ Contribution
Conception and design: M.T, N.N.G; analysis and 

interpretation of the data: M.T, N.N.G, M.I.E; draft-
ing of the article: M.T, N.N.G; Critical revision of 
the article for important intellectual content: U.Y.M, 
O.A.U; Final approval of the article: M.T, N.N.G, 
M.I.E, O.A.U.

REFERENCES

1. Fassnacht M, Tsagarakis S, Terzolo M, Tabarin 
A, Sahdev A, Newell-Price J, Pelsma I, Marina L, 
Lorenz K, Bancos I, Arlt W, Dekkers OM. Europe-
an Society of Endocrinology clinical practice guide-
lines on the management of adrenal incidentalomas, 
in collaboration with the European Network for the 
Study of Adrenal Tumors. Eur J Endocrinol. 2023 Jul 
20;189(1):G1-G42. doi: 10.1093/ejendo/lvad066.
2. Yang Y, Xie W, Ren Y, Tian H, Chen T. A case 
report of primary adrenal lymphoma: A rare but 
aggressive and invasive disease. Medicine (Bal-
timore). 2020 Jul 10;99(28):e20938. doi: 10.1097/

MD.0000000000020938.
3. Khurana A, Kaur P, Chauhan AK, Kataria SP, 
Bansal N. Primary non Hodgkin’s lymphoma of 
left adrenal gland - A rare presentation. J Clin Di-
agn Res. 2015 Apr;9(4):XD01-XD03. doi: 10.7860/
JCDR/2015/8079.5745.
4. Wang J, Sun NC, Renslo R, Chuang CC, Tabbar-
ah HJ, Barajas L, French SW. Clinically silent pri-
mary adrenal lymphoma: a case report and review of 
the literature. Am J Hematol. 1998 Jun;58(2):130-6. 
doi: 10.1002/(sici)1096-8652(199806)58:2<130::aid-
ajh8>3.0.co;2-t.
5. Grønning K, Sharma A, Mastroianni MA, Karls-
son BD, Husebye ES, Løvås K, Nermoen I. Primary 
adrenal lymphoma as a cause of adrenal insufficien-
cy, a report of two cases. Endocrinol Diabetes Metab 
Case Rep. 2020 Mar 10;2020:19-0131. doi: 10.1530/
EDM-19-0131.
6. Schreiber CS, Sakon JR, Simião FP, Tomarchio 
MP, Huayllas M, Pereira LC, Stella LC, Santomau-
ro AC Jr, Bueno SS, Fraige FF. Primary adrenal 
lymphoma: a case series study. Ann Hematol. 2008 
Oct;87(10):859-61. doi: 10.1007/s00277-008-0492-x.
7. Rashidi A, Fisher SI. Primary adrenal lym-
phoma: a systematic review. Ann Hematol. 2013 
Dec;92(12):1583-93. doi: 10.1007/s00277-013-1812-3.
8. Mozos A, Ye H, Chuang WY, Chu JS, Huang WT, 
Chen HK, Hsu YH, Bacon CM, Du MQ, Campo E, 
Chuang SS. Most primary adrenal lymphomas are 
diffuse large B-cell lymphomas with non-germinal 
center B-cell phenotype, BCL6 gene rearrangement 
and poor prognosis. Mod Pathol. 2009 Sep;22(9):1210-
7. doi: 10.1038/modpathol.2009.87.
9. Ohsawa M, Tomita Y, Hashimoto M, Yasunaga 
Y, Kanno H, Aozasa K. Malignant lymphoma of the 
adrenal gland: its possible correlation with the Ep-
stein-Barr virus. Mod Pathol. 1996 May;9(5):534-43.
10. Wang Y, Ren Y, Ma L, Li J, Zhu Y, Zhao L, Tian 
H, Chen T. Clinical features of 50 patients with prima-
ry adrenal lymphoma. Front Endocrinol (Lausanne). 
2020 Sep 24;11:595. doi: 10.3389/fendo.2020.00595.
11. Simpson WG, Babbar P, Payne LF. Bilateral prima-
ry adrenal non-Hodgkin’s lymphoma without adrenal 
insufficiency. Urol Ann. 2015 Apr-Jun;7(2):259-61. 
doi: 10.4103/0974-7796.152942.
12. Kim YR, Kim JS, Min YH, Hyunyoon D, Shin 
HJ, Mun YC, Park Y, Do YR, Jeong SH, Park JS, Oh 
SY, Lee S, Park EK, Jang JS, Lee WS, Lee HW, Eom 
H, Ahn JS, Jeong JH, Baek SK, Kim SJ, Kim WS, 
Suh C. Prognostic factors in primary diffuse large 



Turk J Int Med 2023;5(4):287-292   Tokatli et al.

292

B-cell lymphoma of adrenal gland treated with ritux-
imab-CHOP chemotherapy from the Consortium for 
Improving Survival of Lymphoma (CISL). J Hematol 
Oncol. 2012 Aug 13;5:49. doi: 10.1186/1756-8722-5-
49.
13. Ekhzaimy A, Mujamammi A. Bilateral primary 
adrenal lymphoma with adrenal insufficiency. BMJ 
Case Rep. 2016 Oct 26;2016:bcr2016217417. doi: 
10.1136/bcr-2016-217417.
14. Laurent C, Casasnovas O, Martin L, Chauchet A, 
Ghesquieres H, Aussedat G, Fornecker LM, Bologna 
S, Borot S, Laurent K, Bouillet B, Verges B, Petit 
JM. Adrenal lymphoma: presentation, management 
and prognosis. QJM. 2017 Feb 1;110(2):103-109. doi: 
10.1093/qjmed/hcw174.
15. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly 
H, Bouabdallah R, Morel P, Van Den Neste E, Salles 
G, Gaulard P, Reyes F, Lederlin P, Gisselbrecht C. 
CHOP chemotherapy plus rituximab compared with 
CHOP alone in elderly patients with diffuse large-B-
cell lymphoma. N Engl J Med. 2002 Jan 24;346(4):235-
42. doi: 10.1056/NEJMoa011795.
16. Kanemasa Y, Shimoyama T, Sasaki Y, Tamura M, 
Sawada T, Omuro Y, Hishima T, Maeda Y. Central 
nervous system relapse in patients with diffuse large 

B cell lymphoma: analysis of the risk factors and pro-
posal of a new prognostic model. Ann Hematol. 2016 
Oct;95(10):1661-9. doi: 10.1007/s00277-016-2744-5.
17. Lin Z, Chen X, Liu L, Zeng H, Li Z, Xu B. The 
role of central nervous system (CNS) prophylaxis in 
preventing DLBCL patients from CNS relapse: A net-
work meta-analysis. Crit Rev Oncol Hematol. 2022 
Aug;176:103756. doi: 10.1016/j.critrevonc.2022.103756.
18. Li S, Wang Z, Wu Z, Zhuang H, Xu Y. Clinical 
characteristics and outcomes of primary adrenal dif-
fuse large B cell lymphoma in a large contemporary 
cohort: a SEER-based analysis. Ann Hematol. 2019 
Sep;98(9):2111-9. doi: 10.1007/s00277-019-03740-9.
19. Pinar IE, Ozkocaman V, Ersal T, Ayhan EY, Gur-
soy V, Yalcin C, Orhan B, Candar O, Ozkalemkas F. 
Comparison of international prognostic indices and 
validation study for patients with diffuse large B-cell 
lymphoma in the rituximab era. Int J Hematol Oncol. 
2023;33(2):57-65. doi: 10.4999/uhod.236953.
20. Somasundaram H, Boyer PN, Casey J, Wong M, 
Shenoy V. Primary adrenal lymphoma as a rare cause 
of primary adrenal insufficiency: Challenges in man-
agement and a review of the literature. AACE Clin 
Case Rep. 2022 May 20;8(5):199-203. doi: 10.1016/j.
aace.2022.05.003.

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.


	00. Kapak
	01. What do Donor ID 1249847-2
	Yer İmi 1

	02. Maternal and Fetal ID 1290999-2
	Yer İmi 1

	03. Earthquake ID 1327111-2
	Yer İmi 1

	04. The Frequency ID 1345172
	Yer İmi 1

	05. Delayed Cystoscopy ID 1345635-2
	Yer İmi 1

	06. An Underestimated ID 1358169-2
	Yer İmi 1

	07. Retrospective ID 1359793-2
	Yer İmi 1

	08. Contrast-induced ID 1358676-2
	Yer İmi 1

	09. Adrenal Cystic ID 1336374
	Yer İmi 1

	10. An Unusual Cause ID 1348432-2
	Yer İmi 1


