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Oz

Amacg

Santral vendz basing 6lgimi hastalarin hacim duru-
munu tespit etmek icin etkili bir yontemdir. Bununla
birlikte, pndmotoraks gibi hayati tehdit eden kompli-
kasyonlar ortaya cikabilir. Ultrasonografik 6lgiimlerin
invaziv santral vendz basincin bir gostergesi olarak
kullanilabilecegini disiinmekteyiz.

Gerec¢ ve Yontem

Calismamiz, Ocak 2015-Ocak 2016 tarihleri arasinda,
18 yasin uzerinde olan ve Acil Yogun Bakim Unite-
mizde internal juguler vene (1JV) santral vendz kateter
yerlestirilen 81 hasta lizerinde gergeklestirildi. internal
juguler vendeki kanin yiksekligi, internal juguler ven
kollapsibilite indeksi (1JV-Ki) ve kaval indeks (Ki) ult-
rasonografi ile dl¢uldi. Daha sonra invaziv santral ve-
ndz basing (SVB) dl¢lldi ve hastalar disik SVB ve
normal SVB gruplari olarak iki gruba ayrildi ve bu l¢
yontem acisindan gruplar arasinda istatistiksel olarak
anlamlihk arandi.

Bulgular

Yas ortalamasi 68,58 + 13,33 idi. Hastalarin 54'0 (%
66,6) erkekti. Kirk alti hasta (% 56,8) mekanik venti-
lasyon altindaydi. Dustuk SVB grubu 62 hastadan (%
76,5) olustu. Ortalama invaziv SVB 4,83 £ 4,26 mmHg

idi. 1JV-Ki ve invaziv SVB ile Ki (r= 0,267, p=0,016 ve
r=0,319, p=0,04), 13V yiikseklik yontemi ve Ki ile inva-
ziv SVB olgumi arasinda anlamh korelasyonlar vardi
(r=-0,231, p=0,03 ve r=0,357, p=0,01). Ki ile invaziv
SVB o6lcumu arasinda herhangi bir korelasyon izlen-
medi (r = -0,010, p = 0,368).

Sonug

Noninvaziv santral ventz basing 6l¢im yontemleri in-
vaziv santral ven6z basing dizeyleri icin bir gosterge
olarak kullanilabilir. 13V-Ki, SVB'I tahmin etmek igin
yararli bir arag¢ olabilir. 13V 6lgimleri, dzellikle hipo-
volemik hastalarda vena cava inferior dlgimlerinden
daha iyi sonu¢ vermektedir.

Anahtar Kelimeler: Santral vendz basing, internal
juguler ven, Kollapsibilite Indeksi, Vena cava inferior,
Ultrason, Korelasyon

Abstract

Objective

Central venous pressure measurement is an effective
method to detect the volume status of the patients.
However, life-threatening complications such as
pneumothorax may occur. We assume that ultraso-
nographic measurements may be used as a surroga-
te of invasive central venous pressure.
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Materials and Methods

Our study has been conducted between January
2015-January 2016 on 81 patients who were over
the age of 18 and to whom a central venous cathe-
ter has been placed in the internal jugular vein (13V)
in our Emergency Intensive Care Unit. The height of
the blood column in the internal jugular vein, internal
jugular vein collapsibility index (IJV-CI) and the caval
index (Cl) of vena cava inferior have been measured
by ultrasound. Then, invasive central venous pressu-
re (CVP) has been measured and the patients were
separated into two groups as low CVP and normal
CVP groups and statistically significance was sought
between groups in regard of these three methods.

Results

The mean age was 68.58+13.33 years. Fifty-four of
the patients (66.6%) were male. Forty-six patients
(56.8%) were mechanically ventilated. Low CVP
group consisted of 62 patients (76.5%). Mean invasi-
ve CVP was 4.83+4.26 mmHg. There were significant

Introduction

Central venous pressure (CVP) is still being used in
the intensive care unit and emergency department
settings to evaluate the volume status of critically ill
patients. As well as it is an invasive measurement
method with risks of major complications such as
pneumothorax, noninvasive measurement methods
of CVP with bedside ultrasonography has gained
popularity lately. Internal jugular vein (IJV) height,
diameter and area measurement, vena cava inferior
(VCI) diameter measurement and calculation of ca-
val index (percentage of the relative decrease in vena
cava inferior diameter with deep inspiration) can be
mentioned among these methods.

Although it is proven that these methods correlate
with invasive CVP values, none of them has become
a part of the routine in the assessment of the critically
ill. Noninvasive CVP measurement is first described
in 1930 by Sir Thomas Lewis employing physical exa-
mination and measurement of the height of the blood
column which provides the intraluminal distention of
the I3V (1). Unfortunately, this method did not achie-
ve the desired accurate results, especially in obese
and elder patients because of the dependency on the
physical examination (2). Despite the technological
advancements and the variety of noninvasive CVP
measurement methods, invasive CVP measurement
is still used in clinics where these technologies are not
readily available.
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correlations between 1JV-Cl and invasive CVP along
with the CI (r=-0.267, p=0.016 and r=0.319, p=0.04,
respectively), IJV height method and CI as well as
invasive CVP measurement (r=-0.231, p=0.03 and
r=0.357, p=0.01, respectively). The CI did not yield
any correlation between invasive CVP measurement
(r=-0.010, p=0.368).

Conclusion

Noninvasive central venous pressure measurement
methods may be used as a surrogate for invasive
central venous pressure levels. The 1JV-Cl may be
a useful tool to estimate CVP. Measurements of 1JV
yields better results than the measurements from
vena cava inferior (VCI) especially in volume deple-
ted patients.

Keywords: Central venous pressure, internal jugu-
lar vein, collapsibility index, vena cava inferior, ultra-
sound, correlation

This study aimed to seek a correlation between inva-
sive CVP and noninvasive CVP values which are esti-
mated by bedside ultrasonographic methods which are
a noninvasive estimation of CVP according to the he-
ight of the blood column in the 13V (1JV height estima-
tion method) and, 1JV collapsibility and caval indexes.

Materials and Methods

This prospective cohort study was performed betwe-
en January 2015 and January 2016 in the emergen-
cy intensive care unit of a tertiary medical center with
450 admittances annually. Eighty-one patients older
than 18 years, to whom were placed a central venous
catheter in their IJV with various indications were en-
rolled. This study was approved by the local ethics
committee (Adnan Menderes University School of
Medicine Ethics Committee of Non-interventional Cli-
nical Researches, 2014/419) and written consent was
obtained from the patients or first degree relatives or
their legal representatives when the patient is unable
to cooperate. Age, sex, respiratory status (spontaneo-
us or mechanically ventilated), the height of the blood
column in the 13V, diameters of 13V, and VCI at both
inspiration and expiration and invasive CVP values
were recorded for all patients.

Inclusion criteria were as follows: Patients older 18
years old and patients who already have central ve-
nous catheters in 1JV. The exclusion criteria were de-
fined as: Patients younger than 18 years old, patients



with pregnancy, known tricuspid valve regurgitation,
cor pulmonale, elevated cardiac enzymes, and history
of radiotherapy or surgery to the neck region.

The 1V measurements were performed in two steps.
An adequate amount of ultrasound gel has been used
to minimize the effect of the compression by preventing
the transducer from contacting the skin. First, a 4-13
MHz linear transducer was used to obtain the diameter
of the 1JV both at the end of the inspiration and the
expiration at the level of cricothyroid membrane while
the patients were in the supine position. The largest
and the smallest diameters of the 13V were measured
and then an 13V-Cl was calculated according to this
formula: (Maximum diameter of IJV-Minimum Diame-
ter of 13V/Maximum diameter of 1JVx100%) (3). Then,
the patient was brought to the semi-recumbent positi-
on with the patient’'s head elevated at the angle of 45
degrees. The transducer was then placed on 13V in the
longitudinal plane and the vein was identified with com-
pression and color Doppler imaging. The height of the
IJV was measured as the vertical distance between the
narrowing point of the vein and the sternal angle. The
CVP was estimated by adding 5cm to this height.

Caval index measurement was performed in the well
acknowledged, conventional fashion with a 1-5 MHz
convex transducer while the patients were in the su-
pine position. The largest and smallest diameters of
VCI was recorded. The caval index then was calcu-
lated as follows: (Maximum Diameter-Minimum Dia-
meter)/Maximum Diameter x %100. With all data ob-
tained, an estimation of noninvasive CVP was made
according to the collapsibility of VCI (4).

Positive end-expiratory pressure (PEEP) was set to 5
cmH,O0 in patients who were mechanically ventilated
during measurements to ensure achieving the physi-
ological state as possible (5). Following the completi-
on of the ultrasonographic measurements, the caval
index has been calculated and recorded. Then the
catheter was connected to the monitor (LifeScope
BSM-3763, Nihon Kohden Corp., Tokyo, Japan) and
an invasive CVP value was obtained.

All ultrasonographic measurements were performed
by the first author of this study who has a country-wi-
de certification on Emergency Ultrasonography using
Hitachi Aloka Prosound Alpha 6 ultrasound device
(Hitachi Aloka Medical America Inc., CT, USA), blin-
ded in invasive CVP value.

According to the invasive CVP values, a threshold
of CVP lower than 8 cmH,O was determined as low
CVP. This value was selected based on the Surviving
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Sepsis Campaign 2012 Guidelines (6). Thus, the pa-
tients were divided into two groups. Statistical rela-
tionships between the two groups and a correlation
between noninvasive CVP estimation methods and
the invasive CVP levels were investigated.

Statistical Analysis

All statistical calculations were made using SPSS
20.0 (IBM Corp. Released 2011. IBM SPSS Statistics
for Windows. Version 20.0. Armonk, NY: IBM Corp.).
The statistical significance level was determined as
0.05. A Chi-square test was performed to analyze the
statistical similarity between groups. Mann-Whitney U
was used to investigate significant difference between
groups among all measurement methods. Spearman
correlation test was performed to detect the correlati-
on between estimated and invasive CVP values.

Results

Eighty-one patients (27 females and 54 males) with the
mean age of 68.58+13.33 were included in the study.
An overview of the patient characteristics is given in
(Table-1). Of the 81 patients, 35 patients were breat-
hing spontaneously while 46 of them were intubated
and mechanically ventilated. Besides, 62 of them had
an invasive CVP value under 8 mmHg (76.5%). The
mean invasive CVP level was 4.83+4.26 mmHg in all
groups. This value was 3.00+2.38 in the low CVP group
and 10.84+3.45 in the normal CVP group (p=0.000).

The mean 13V collapsibility index was 29.02+23.53 in
the low CVP group and 16.32+13.61 in the normal CVP
group (p=0.02). With a cut-off level of 13.09% accor-
ding to the ROC curve analysis, this method detected
low CVP with a sensitivity of 74.2% and a specificity
of 63.2% (AUC=0.677, p=0.02) (Graphic 1). The IV
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Graphic 1
ROC Curve analysis for the Internal Jugular Vein Collapsi-
bility Index (AUC=0.677, p=0.02)
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height method estimated a mean CVP of 5.03+4.29
and 8.57+2.65 mmHg in the low and normal CVP
groups, respectively (p=0.00). The caval index me-
asurement was 32.60+£25.91 in the low CVP group
and 25.42+27.24 in the normal CVP group (p=0.61).
Chi-square test did not yield significant differences
between the two groups (x2=6.98, p=0.08) (Table-2).

Spearman’s rho test showed a negative correlation
between 1JV-Cl and invasive CVP measurements

Comparison of Noninvasive CVP Measurement Methods

(r=-0.267, p=0.016). We found a positive correlation
between 13V height method and invasive CVP values
(r=0.357, p=0.01). Besides, the measurements with
the 13V height method were negatively correlated with
the 1JV-Cl measurements (r=-0.231, p=0.03). Also,
there was a significant correlation between 1JV-CI
and caval index (r=0.319, p=0.04). On the other hand,
the caval index method did not show any correlation
between the invasive CVP measurements (p=0.36)
(Table-3).

Table 1 Demographic and Diagnostic Characteristics of the Patients

Overall Low CVP Group Normal CVP Group P
Age (years) 68.5+13.3 68.9+12.1 67.4+£16.9 0.95
?ne)x (malelfemale) 54/27 42120 12/7 0.71
Respiratory Status (spontaneously
breathing/Imechanically ventilated) 35/46 27/34 8/11 0.91
(n)
Mean Invasive CVP (mmHg) 4.83+4.26 3+2.38 10.84+3.45 0.00

Table 2 Bedside ultrasound measurements of the internal jugular vein and inferior vena cava

Measurement Method Lo (i\él;)G roup EE (g\él; CISHE p

13V Collapsibility Index (%) 29.02+23.53 16.32+13.61 0.02
13V Height (Estimated CVP as mmHg) 5.03+4.29 8.57+£2.65 0.00
Caval Index (%) 32.60+25.91 25.42+27.24 0.61

Table 3

Spearman correlation coefficients between ultrasound measurements and the invasive central venous

pressure.
Comparison Between Measurement Methods r p

13V Collapsibility Index and Invasive CVP -0,267 0,016
13V Height Method and Invasive CVP 0,357 0,01
13V Height Method and Caval Index -0,231 0,03
13V Collapsibility Index and Caval Index 0,319 0,04
Caval Index and Invasive CVP -0,101 0,368
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Discussion

Central venous pressure is still being used in the de-
termination of the volume status of the critically ill.
Alongside the technological advancements in medi-
cine, it is now almost a necessity to measure CVP
noninvasively due to major complication risks despite
the routine use of ultrasound in catheter placement.
With the integration of the ultrasound in clinical practi-
ce, particularly in central venous catheter placement,
this procedure has become safer (7). Nevertheless,
risks of life-threatening complications and rates of
long-term morbidities (e.g. catheter-related bloodst-
ream infections) should not be underestimated. In a
recent Cochrane systematic review (8), total compli-
cation rates of IJV cannulation, arterial puncture, and
mechanical complications were 13.5%, 9.4%, and 3%
respectively. Besides, the use of ultrasound yielded a
decrease in the rates of total complications, arterial
puncture, and mechanical complications 71%, 72%,
and 73% respectively (8). We believe that this is ano-
ther reason to be in search of a noninvasive volume
estimation method.

In a recent study, Haliloglu et al reported that the 1JV-
Cl detected the volume depletion in non-ventilated
patients with sepsis with a sensitivity of 78% and a
specificity of 85% (9). However, their study was con-
ducted in non-mechanically ventilated patients and
the mean age of the study population was lower than
ours which the absence of PEEP might have influen-
ced the right atrial pressures. Also, the competency
of the regulatory mechanisms of the vascular tone
according to age might have had played a role dissi-
milarly to our study. In 2019, Parikh et al (10) reported
that 1JV-CI correlates with the right atrial pressures
that they measured invasively which represents quite
a similarity to our study. In a recent review, Pourmand
et al (11) reported that the cut-off value of IJV-Cl is
39% to use for the detection of the volume depletion
but the basis of this value is unclear. In our study, this
value was lower than Pourmand’s. We assume that
this might be originated from the unequal distributi-
on of the patients with sepsis in our study population.
Considering these two reports,

In 80 healthy volunteered patients, Unliier et al (12),
compared the height of the IJV before and after a blo-
od donation of 450 ml. Additionally, they investiga-
ted the 13V collapsibility index, and they detected a
significant decrease in the height of the 13V after the
donation. Thus, they proposed that this finding can
be used to detect the early phase of hypovolemia. Li-
kewise, Nik Muhamad (13) et al suggested that the
measurement of the height of the 1JV might correlate
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well with the invasive CVP values. Parallel to these
reports, we also found a correlation between the 13V
height method and the invasive CVP values (p=0,01).
On the other hand, 13V measurement method can be
time-consuming especially in the emergency settings,
the patient should be placed in a semi-recumbent po-
sition exactly, the tapering portion of the blood column
in the 13V must be marked correctly, the horizontal line
from this point should be parallel to the surface, and
the vertical measurement to the sternum should be
performed accurately.

Another noninvasive volume estimation method in our
study was measuring the collapsibility index of VCI.
However, there are controversies regarding the utility
of the caval index in the literature. A decade ago, Nag-
dev et al (14) suggested that in patients with more
than 50% collapse in VCI, CVP was <8 mmHg, thus,
showing a strong correlation with low CVP values.
This was coherent with the well-known clinical ap-
proach of the volume estimation with the caval index.
Also, Orso et al (15) investigated whether caval ultra-
sound could detect low volume status in dehydrated
elderly patients with elevated BUN/Creatinine levels
and found that a caval index is a reliable tool for the
detection of the volume depletion. Additionally, Aydin
et al (16) particularly claimed that the end-expiratory
diameter of VCI shows a strong correlation with in-
vasive CVP values. Discrepantly, our findings of the
caval index were different than these studies. When
literature is reviewed, it is acknowledged that more
recent studies question the value of VCI measure-
ments. Although in a relatively small group of critically
ill patients, Govender et al (17) found no correlation
between caval index and CVP.

In a study, where Kent et al (18) suggested that the
correlation between 1JV-Cl and the caval index is qu-
estionable, we found a significant correlation between
IJV-CI and the caval index. However, we must admit
that this correlation is not as strong as expected due
to the low level of a correlation coefficient. We assu-
me that this relationship may be better understood
with additional studies containing a larger number of
participants.

When all ultrasonographic methods of this study are
reviewed together, we may suggest that the methods
involved with the internal jugular vein yields better re-
sults. Furthermore, 1JV-Cl is a better tool to estimate
a noninvasive CVP than CI especially in the patients
with low CVP, in another words the volume depleted
patients.

Our study has several limitations. First, our sample
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size consisted of intensive care unit patients, and
most of them were diagnosed with sepsis (42%) whi-
ch they were mostly volume-depleted and in need of
aggressive fluid resuscitation and inotropic agents.
We think this is the main reason why the mean inva-
sively measured CVP was 4.4 mmHg in our sample
size. Additionally, 62 of our patients (76.5%) had an
invasive CVP value of <8 mmHg. This hampered us
to make a comparison with an adequate number of
patients who had an invasive CVP value of 28 mmHg.
Second, we enrolled both spontaneously and mec-
hanically ventilated patients into our study. This may
have influenced the calculation of the caval index and
other ultrasound parameters. Third, we did not stratify
for the use of vasopressors or the use of sedatives
that could affect the measurements, and fourth our
measurements were accomplished by only one ultra-
sonographer, thus we did not compare inter- or int-
ra-rater reliability of the ultrasound techniques.

Conclusion

Noninvasive CVP estimation methods with bedside
ultrasonography can be useful and used instead of
invasive CVP measurement. Among these methods,
although it may be time-consuming methods involving
I3V may be more accurate than Cl when investigating
volume depleted patients. In particular, IJV-CI, with a
cut-off level of 13.09%, a low CVP state can be esti-
mated with a sensitivity of 67.7% and a specificity of
63.2%.

Acknowledgments

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

References

1. Lewis T. Early signs of cardiac failure of the congestive type.
BMJ 1930;(1): 849-52.

2. Eisenberg PR, Jaffe AS, Schuster DP. Clinical evaluation com-
pared to pulmonary artery catheterization in the hemodynamic
assessment of critically ill patients. Crit Care Med 1984;12:
549-53.

3. Jassim HM, Naushad VA, Khatib MY, Chandra P, Abuhmaira
MM, Koya SH et al. 13V collapsibility index vs IVC collapsibi-
lity index by point of care ultrasound for estimation of CVP: a
comparative study with direct estimation of CVP. Open Access
Emerg Med 2019;11:65-75.

4. Barbosa-Hernandez G. Echo IV. In: TD Raj. Data interpretati-
on in anesthesia: A clinical guide (1st Ed), Midwest, Springer,
2017;311-6.

5. Citilcioglu S, Sebe A, Ay MO, Icme F, Avci A, Gulen M et al. The
relationship between inferior vena cava diameter measured by
bedside ultrasonography and central venous pressure value.
Pak J Med Sci 2014;30(2):310-5.

6. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal
SM et al. Surviving Sepsis Campaign: international guidelines

246

10.

11.

12.

13.

14.

15.

16.

17.

18.

Comparison of Noninvasive CVP Measurement Methods

for management of severe sepsis and septic shock, 2012. In-
tensive Care Med. 2013;39(2):165-228.

Saugel B, Scheeren TWL, Teboul J. Ultrasound-guided central
venous catheter placement: a structured review and recom-
mendations for clinical practice. Crit Care 2017;21:225.

Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultra-
sound guidance versus anatomical landmarks for internal ju-
gular vein catheterization. Cochrane Database of Systematic
Reviews 2015;1: CD006962.

Haliloglu M, Bilgili B, Kararmaz A, Cinel i. The value of internal
jugular vein collapsibility index in sepsis. Ulus Travma Acil Cer-
rahi Derg 2017;23(4):294-300.

Parikh R, Spring M, Weinberg J, Reardon CC, Farber HW.
Use of ultrasound-measured internal jugular vein collapsibi-
lity index to determine static intracardiac pressures in patients
with presumed pulmonary hypertension. Ann Intensive Care
2019;9:124.

Pourmand A, Pyle M, Ymane D, Sumon K, Frasure SE. The
utility of point-of-care ultrasound in the assessment of the volu-
me status in acute and critically ill patients. World J Emerg Med
2019;10(4):232-8.

Unltier EE, Kara PH. Ultrasonography of jugular vein as a mar-
ker of hypovolemia in healthy volunteers. Am J Emerg Med
2013;31:173-7.

Nik Muhamad NA, Safferi RS, Robertson CE. Internal jugu-
lar vein height and inferior vena cava diameter measurement
using ultrasound to determine central venous pressure: a cor-
relation study. Med J Malaysia 2015;70(2):63-6.

Nagdev AD, Merchant RC, Tirado-Gonzalez A, Sisson CA,
Murphy MC. Emergency department bedside ultrasonog-
raphic measurement of the caval index for noninvasive de-
termination of low central venous pressure. Ann Emerg Med
2010;55(3):290-5.

Orso D, Guglielmo N, Federici N, Cugini F, Ban A, Mearelli F,
et al. Accuracy of the caval index and the expiratory diameter
of the inferior vena cava for the diagnosis of the dehydration in
elderly. J Ultrasound 2016;19:203-9.

Aydin SA, Ozdemir F, Taskin G, Ocakoglu G, Yildirnm H, Koksal
O. Is there a relationship between the diameter of the inferi-
or vena cava and hemodynamic parameters in critically ill pa-
tients? Niger J Clin Pract 2015;18:810-3.

Govender J, Postma |, Wood D, Sibanda W. Is there an as-
sociation between central venous pressure measurement and
ultrasound assessment of the inferior vena cava? Afr J Emerg
Med 2018;8(3):106-9.

Kent A, Patil P, Davila V, Bailey JK, Jones C, Evans DC, et
al. Sonographic evaluation of the volume status: Can internal
jugular or femoral vein collapsibility be used in the absence of
IVC visualization? Ann Thoracic Med 2015;10(1):44-9.



