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Abstract

Objectives To evaluate the correlation between echocardio-
graphic inferior vena cava (IVC) measurements and central
venous pressure (CVP) in neonates. Also, to evaluate the cor-
relation between IVC measurements and gestational age (GA)
and body weight (BW).

Methods This cross sectional analytical study was conducted
from June 2014 through June 2016 in a level III NICU. All
neonates requiring intensive hemodynamic monitoring and
having umbilical venous catheter (UVC) in place for clinical
indications were enrolled in the study. [IVC measurements
were recorded by echocardiography (ECHO) and CVP was
measured concomitantly in neonates having appropriate sized
UVC in place. IVC measurements were evaluated and com-
pared for any correlation with the CVP, GA and BW.
Results Fifty neonates with median gestation of 37 wk
[Q1 =29.2, Q3 = 37.8, interquartile range (IQR) = 8.6 wk]
and median birth weight of 2420 g (Q1 = 923.5, Q3 = 2850,
IQR =1926.5 g) were included in the study. A strong negative
linear correlation was observed between IVC collapsibility
index (IVC-CI) and CVP (r = —0.968, r* = —0.937, p 0.000).
No correlation was observed between IVC-CI and GA or BW.

>4 Muzamil Mustafa Mugloo
muzamil mustafa2000@yahoo.com

Kanchi Kamakoti Childs Trust Hospital, 12-A, Nageswara Road,
Nungambakkam, Chennai 600034, India

Department of Pediatrics, Vidal Health Care Hospitals,
Chennai, India

Department of Anesthesia and Intensive Care, Sabah Hospital,
Kuwait City, Kuwait

IVC minimum and IVC maximum diameters did not correlate
with CVP but correlated well with GA and BW.

Conclusions Echocardiographic IVC-CI measurement has a
good correlation with CVP measurement in neonates. The
clinical use will depend on the ability of IVC-CI to predict
surrogate markers of tissue perfusion in shock.
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Introduction

Cardiac output is determined by the amount of blood returning
to the heart (preload), the strength of myocardial contractility
and the resistance against which the heart must pump
(afterload) [1]. It is therefore, very important to consider pre-
load when choosing treatment strategies for cardiovascular
compromise. Despite this, methods for assessing preload in
infants are limited. Central venous pressure (CVP) is a good
approximation of right atrial pressure,which is a major deter-
minant of right ventricular end diastolic volume. Therefore,
CVP is a good indicator of right heart function [2]. CVP has
been, and often still is used as a surrogate for preload which in
turn helps to define the intravascular fluid volume status and
guide fluid management. CVP monitoring is the mainstay of
estimating intravascular fluid status and cardiac preload in
critically-ill patients [3].

The continuous monitoring of CVP via a catheter is inva-
sive and at times difficult. It is therefore important to devise
reliable and less invasive alternatives for use in neonates. The
IVC is the biggest vein of venous system with low-pressure.
The expansion of the vein reflects venous pressure changes to
a certain extent and excess of the intravascular volume. For
this reason, the IVC diameter may be an important diagnostic
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tool in evaluation of hypovolemia and hypervolemia [4]. The
diameter of IVC correlates with CVP in adults [5-8] and chil-
dren [9] and is used to estimate right heart preload and fluid
status. Aim of this study was to evaluate whether echocardio-
graphic measurement of [IVC parameters can be used to pre-
dict CVP independent of birth weight and gestation.

Material and Methods

This cross sectional analytical study was conducted from 18
June 2014 to 18 June 2016 in the Department of Neonatology,
level III NICU, Kanchi Kamakoti CHILDS Trust Hospital,
Chennai, India after clearance from the hospital ethical com-
mittee. An informed written consent was obtained from the
parent or guardian for each neonate enrolled in the study after
explaining the study. Based on the sample sizes of previous
studies in adult subjects [5, 10], considering probability of type
1 error (o) of 0.05, desired power (3) of 0.8 and to detect a
statistical significant correlation of >0.5, 50 neonates were
needed to be enrolled. All neonates admitted in the NICU with-
in the study period (requiring intensive hemodynamic monitor-
ing having UVC in place for clinical indications as per existing
NICU policy) and in sinus rhythm were included. Criteria for
exclusion were neonates with congenital heart diseases includ-
ing mild to severe L-R shunt lesions, valvular lesions, pulmo-
nary hypertension, overt right heart failure, complex cyanotic
heart diseases (to avoid influence on right heart and IVC he-
modynamics) and neonates on High frequency ventilation
(where IVC visualization is difficult). The demographic and
basic clinical data was collected in a data collection form to
gather a standard data which included patient’s sex, arterial
blood pressure (BP) (systolic BP, diastolic BP and mean BP),
heart rate (HR), oxygen saturation, status of the patient’s spon-
taneous or mechanical ventilation and mean airway pressures.

Ultrasonographic measurements of IVC were performed
with a portable VIVID-E ultrasound scanner (GE division)
with 5 MHz transducer. Measurements of IVC were ob-
tained in the supine position by placing the transthoracic
probe sensor subcostally and slowly turning it 90° counter
clockwise till an optimal view of IVC entering the right
atrium was obtained. After obtaining a 2-D image of the
IVC entering the right atrium (Fig. 1), M-mode line was
placed through the IVC either close to its entrance to the
right atrium or 1 to 2 cm caudal to the hepatic vein—IVC
junction (approximately 3—4 cm from the junction of the
IVC and the right atrium) and a M-mode tracing was ob-
tained [11]. Thereafter, freezing in M-mode using calipers
the maximum and minimum diameter of the IVC tracing
were recorded (Fig. 2). Measurements in non-intubated
neonates were obtained during their normal spontaneous
inspiration and expiration. Ventilated neonates were eval-
uated during normal ventilator cycling.

Fig. 1 2-D ultrasound showing IVC entering the right atrium

IVC collapsibility index (IVC-CI) was measured depend-
ing on whether the patient was intubated or not. In non-
intubated and ventilated neonates, the IVC-CI was defined
as the difference between maximum expiratory diameter and
minimum inspiratory diameter divided by the maximum ex-
piratory diameter. The relationship between IVC diameter and
respiratory cycle in intubated patients reverses with phases of
respiration with maximum diameter being during inspiration
due to positive pressure being delivered by mechanical venti-
lation and minimum diameter during expiration. In the index
study, IVC-CI being a ratio was defined as the difference
between maximum diameter and minimum diameter divided
by the maximum diameter without regard to phases of the
respiratory cycle as it was not possible to time inspiration
and expiration in neonates. [VC measurements were recorded
in millimeters and noted. Central venous pressure (CVP) was
measured concomitantly after performing ultrasonographic
examination in neonates having appropriate sized UVC in
place. The UVC was inserted as high UVC (if it lies above
7th thoracic vertebrae) and the position was verified by X-ray.

Fig. 2 Ultrasound showing IVC min and IVC max
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This is the existing policy of the NICU to confirm the position
with X-ray and was not intended for the study purpose. After
proper zeroing and calibration, CVP was measured by gravity
method by filling the umbilical catheter with one unit per ml
of heparinized normal saline solution and then allowing the
saline in the catheter to fall, noting the level of column in the
umbilical venous catheter. CVP was recorded in cmH,O.
Measurements of IVC-CI were then compared with invasively
measured CVP. Subsequently, measurements of IVC mini-
mum (IVC min), maximum diameter (IVC max) and IVC-
CI were evaluated and compared for any correlation with the
corrected gestational age (GA) and birth weight (BW). IVC-
CI was also evaluated for any correlation with MAP to see for
any influence of positive pressure ventilation on collapsibility
index. Categorical measurements were summarized as num-
ber and percentage. Numerical measurements like birth
weight, gestational age, corrected gestational age, body
weight and CVP are expressed as median with interquartile
ranges and others as mean with standard deviation (Table 1).
Correlations were analyzed by Spearman’s correlation coeffi-
cient (r). Linear regressionwas performed to determine coef-
ficient of determination (%) for variables found to have signif-
icant correlations. P value of less than 0.05 were considered to
indicate significance in all the statistical analyses, which were
performed using SPSS 11.5 version.

Results

Among 50 neonates enrolled, 20 (40%) were girls and 30
(60%) were boys. Forty-seven (94%) neonates were receiving
positive pressure ventilation — 4 on CPAP and 43 on mechan-
ical ventilation.

A strong negative correlation was found between IVC-
CI and CVP (Fig. 3a: r = —0.968, p 0.000), whereas there
was no correlation between IVC max and IVC min mea-
surements with CVP, (Fig. 3b: r = —0.115, p 0.425;
Fig. 3c: r = 0.286, p 0.044). Both IVC min and IVC
max correlated positively with GA (Fig. 4a: » = 0.759, p
0.000; Fig. 4b: r = 0.859, p 0.000) whereas IVC—CI did
not correlate with GA (Fig. 4c: r = 0.111, p 0.442). Both
IVC min and IVC max correlated positively with BW
(Fig. 5a: r = 0.833, p 0.000; Fig. 5b, r = 0.96, p 0.000)
whereas IVC —CI did not correlate with BW (Fig. 5c:
r=0.119, p 0.411). There was also no correlation found
between IVC-CI and MAP (r = 0.20, p 0.88). This shows
that IVC -CI is independent of both GA and BW and is
not influenced by MAP.

Linear regression analysis showed a good strength of linear
associations between variables having significant correlations.

IVC-CI and CVP (Fig. 3a), IVC min and IVC max with
GA (Fig. 4a, b), IVC min and IVC max with BW (Fig. 5a, b).

Table 1  Baseline variables
N=50

Sex (M:F) (%) 60:40
Ventilated (%) 47 (94
Gestational age

QI*-Q3° 28.9-374

IQR® 8.5
Birth weight

Q1*—-Q3° 917.2-2819.6

IQR® 1902.4
GA

Q1*—Q3° 29.2-37.8

IQR® 8.6
BW

Q1*—Q3° 923.5-2850

IQR® 1926.5
CVP

QI*-Q3° 47

IQR® 3
MAP

Mean + SD¢ 8.75+ 1.78
Oxygen saturation

Mean + SD¢ 947+18
HR

Mean + SD¢ 1457+ 17.7
SBP

Mean + SD¢ 51.6+12.5
DBP

Mean + SD¢ 30.7+5.9
MBP

Mean + SD¢ 37.9+7.7

GA Corrected gestational age; BW Birth weight; CVP Central venous
pressure; MAP Mean arterial pressure; HR Heart rate; SBP Systolic blood
pressure; DBP Diastolic blood pressure; MBP Mean blood pressure

# OI First quartile,

° 03 Third quartile,

¢ IOR Interquartile range,
4D Standard deviation

Discussion

In this cross-sectional analytical study in neonates, [VC-CI cor-
related well with central venous pressure but did not correlate
with both GA and BW. Thus IVC-Cl is not influenced by BW or
GA. The present results are similar to the results of adult studies
where IVC-CI was found to correlate well with CVP [10, 12].
However the present study demonstrated that IVC min and
IVC max both did not correlate with CVP but correlated well
with GA and BW. This is in contrast to most adult studies
where IVC diameters were found to correlate with CVP [5,
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Fig. 3 Scatters with linear regression for significant correlations between central venous pressure (CVP) and (a) IVC-CI (b) IVC max (¢) [IVC min

13]. The likely reason is the variation in bodyweight of NICU  humans is unlikely due to anatomical reasons. In a study of
neonates which is wider than that of adults, the heaviest neo-  adults by Schefold [5], patients who were ventilated in a
nate could weigh eight to ten times more than the lightest one.  pressure control mode showed significant correlation be-
Sato et al. [14] also reported in their study that IVC diameters ~ tween expiratory IVC (eIVC) and inspiratory (ilVC) diam-
(IVC min and IVC max) correlated with GA and BW in  eter and CVP. Similarly in a study by Stawicki et al. [17],
neonates. the effect of PEEP on IVC-CI failed to reach a statistical
To add, in adults the correlation between IVC-CI and significance. In the index study, the authors did not look
CVP has been mostly documented in spontaneously  for separate subgroup analysis of spontaneously breathing
breathing patients [15]. In the NICU, infants who require  patients as their study had a large percentage of ventilated
circulatory status assessment often have respiratory disor-  neonates. The likely reason is that the present study group
ders requiring mechanical ventilation. Therefore, any  included sick neonates who required intensive hemody-
method for assessing CVP in infants in the NICU must  namic monitoring, had UVC in place and must have re-
be applicable to infants under mechanical ventilation. quired some form of assisted ventilation.
During ventilation with positive end-expiratory pressure The size of the IVC is influenced by patient position, being
(PEEP) support, theoretically it is believed to affect the  smallest in the left lateral position, largest in the right lateral
CVP by increasing the intrathoracic pressure, decreasing  position, and intermediate in the supine position. This may be
venous return and increasing venous stasis, which in turn  due to increased intra-abdominal pressure and compression of
decreases cardiac output. In fact, PEEP is not transmitted  the IVC by the liver in the left lateral position. In the index

directly to the venous system. In a lung with normal com- study, for consistency and convenience of performing ECHO
pliance, no more than 25% of the PEEP is transmitted to in sick neonates authors performed all [IVC diameter measure-
the central veins. Administration of PEEP leads to com-  ments in the supine position.

pensatory increase in mean systemic pressure at which Ultrasonography is nowadays popularly-used safe, non-
venous return and cardiac output would be maintained  invasive and portable tool available in most NICU’s. Accurate
so as the system exists in the equilibrium [16]. measurement of internal structures and also large blood vessels

In the index study, the values of IVC-CI correlated well  including the IVC, are readily achieved with ultrasound [18].

with CVP in mechanically ventilated infants. This is likely Studies have shown that bedside ultrasonography can be

because PEEP-induced collapse of the inferior vena cavain  quickly learned. Hellmann et al. found that internal medicine
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Fig. 4 Scatters with linear regression for significant correlations between gestational age (GA) and (a) [IVC min (b) IVC max (¢) IVC-CI
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Fig. 5 Scatters with linear regression for significant correlations between birth weight (BW) and (a) IVC min (b) IVC max (¢) IVC-CI

residents could learn to use hand-held ultrasonography equip-
ment in conventional transthoracic echocardiograms at a
“reasonably rapid rate” [19]. DeCara et al. found that it was
feasible to teach fourth year medical students to use hand-
carried ultrasounds, and that its use also helped in bedside
diagnoses [20]. In the index study, the investigator fellow
was formally trained in ultrasonography before start of the
study. A prior ECHO was done by the pediatric cardiologist
to exclude congenital heart diseases. In the index study, the
time required to perform bedside evaluation of the inferior
vena was approximately 3 min. This trend in using portable
ultrasonography as a method of teaching medical students
combined with the present integration of this education at
the resident level ensures that if [VC measurements can pro-
vide for more accurate diagnoses, including that of intravas-
cular status, the next generation of future neonatologists will
be well-equipped to use this technology.

The limitations of the index study include: The ultra-
sonographic measurements of the IVC were not repeated by
another physician or reviewed for precision. As a result, inter-
rater reliability was not measured although previous re-
searches have demonstrated good inter-observer agreement
in the measurement of IVC as performed by pediatric emer-
gency physicians, even when they were as a group compared
to experienced pediatric echocardiography providers [21].
Future studies incorporating multiple measurements taken
by separate operators would be useful to assess the inter-
observer variability that might exist with this technique.
Secondly, the study was not blinded as both IVC and CVP
measurements were carried by the same physician who knew
about the clinical condition of the baby.

Conclusions

The present study is able to demonstrate a strong correla-
tion between CVP and IVC-CI independent of GA or BW.
Clinical use of IVC-CI in neonates needs to be

investigated further to predict surrogate markers of tissue
perfusion (e.g., lactate, mixed venous oxygen, etc.) and
availability of appropriate cut-offs.
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