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Abstract

Objectives To evaluate the sensitivity and specificity of inferior vena cava (IVC) distensibility index (AIVC) and respiratory
variation in peak aortic blood flow velocity (AVpeak) to predict fluid responsiveness in ventilated children with shock and
to find out the best cut-off values for predicting fluid responsiveness.

Methods In this prospective observational study, conducted in a pediatric ICU from January 2019 through May 2020,
consecutive children aged 2 mo to 17 y with shock requiring fluid bolus were included. AIVC and AVpeak were measured
before and immediately after 10 ml/kg fluid bolus administration. AIVC and AVpeak were compared between responders
and non-responders, defined by a change in stroke volume index (SVI) of >10%.

Results Thirty-seven ventilated children [26 (70.4%) boys] with median age of 60 (36, 108) mo were included. The median
(IQR) AIVC was 21.7% (14.3, 30.9) and the median (IQR) AVpeak was 11.3% (7.2, 15.2). Twenty-three (62%) children
were fluid responsive. The median (IQR) AIVC was higher in responders compared to non-responders [26% (16.9, 36.5) vs.
17.2% (8.4, 21.9); p=0.018] and mean (SD) AVpeak was higher in responders [13.9% (6.1) vs. 8.4% (3.9), p=0.004]. The
prediction of fluid responsiveness with AIVC [ROC curve area 0.73 (0.56-0.9), p=0.01] and AVpeak [ROC curve area 0.78
(0.63-0.94), p=0.002] was similar. The best cut-off of AIVC to predict fluid responsiveness was 23% (sensitivity, 60.8%;
specificity, 85.7%) and AVpeak was 11.3% (sensitivity, 74%; specificity, 86%).

Conclusions In this study, authors found that AIVC and AVpeak were good predictors of fluid responsiveness in ventilated
children with shock.

Keywords Shock - Dynamic parameters - IVC distensibility index - Respiratory variation in peak aortic blood flow
velocity - Echocardiography

Introduction with shock [2]. However, not all children with shock respond

to fluid bolus administration. The adverse consequences of

Shock can be due to multiple etiologies including hypo-
volemic, cardiogenic, hemorrhagic and septic [1]. Fluid
therapy remains the first step in resuscitation of children
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overzealous fluid administration and fluid overload are well
studied and lead to multiple complications including pro-
longed ventilation and increased mortality [3, 4].

Predicting fluid responsiveness is a challenging task in
the intensive care unit and currently various parameters are
in use for the same. The utility of static parameters includ-
ing central venous pressures (CVP) and pulmonary capil-
lary wedge pressure (PCWP) is limited. Dynamic parameters
are a result of physiological heart lung interactions and are
thought to be better predictors of fluid responsiveness [5].
However, there is no single gold standard method for pre-
dicting fluid responsiveness.
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IVC distensibility index (AIVC) and respiratory variation
in peak aortic blood flow velocity (AVpeak) are two com-
mon parameters used for predicting fluid responsiveness.
These are measured by transthoracic echocardiography and
are simple and easily available at the bedside. Gan et al.,
in a systematic review, found that only AVpeak was able
to predict fluid responsiveness whereas other parameters
including AIVC did not predict fluid responsiveness [6].
However, AIVC is one of the commonly assessed param-
eter at the bedside in an emergency setting requiring lower
skill and expertise than that is required in assessing A Vpeak.
There is conflicting evidence on the utility of AIVC to pre-
dict fluid responsiveness and data is evolving on the utility
of these parameters. Such data will inform the clinicians and
researchers on the utility and reliability of these parameters
in assessing volume status and fluid responsiveness at the
bedside. The objective of the study was to evaluate the sen-
sitivity and specificity of AIVC and AVpeak to predict fluid
responsiveness in children with shock.

Material and Methods

This prospective observational study was conducted between
January 2019 and May 2020, in the Pediatric Intensive Care
Unit (PICU), AIIMS, New Delhi. The study protocol was
approved by Institute ethics committee of AIIMS, New Delhi
(IECPG-211/23.08.2017, RT-40/28.09.2017). Written informed
consent was taken from parents/guardian before enrollment.

Children aged 2 mo to 17 y with shock requiring fluid
bolus administration were screened for inclusion. Children
with rhythm disturbances, congenital heart disease, on high
frequency ventilation, and those with increased intrabdomi-
nal pressure were excluded. Children with poor image win-
dow on echocardiography were also excluded. All eligible
children were screened and were included in the study.

The primary outcome was to evaluate the sensitivity and
specificity of AIVC to predict fluid responsiveness in children
with shock. The secondary outcomes were to evaluate the sen-
sitivity and specificity of AVpeak to predict fluid responsive-
ness, to identify the best cut-off value of AIVC and AV peak
to predict fluid responsiveness and to identify the proportion
of children responding to fluid bolus administration.

All consecutive mechanically ventilated children with
shock requiring fluid bolus administration were enrolled
after screening for exclusion criteria. Tissue hypoperfusion
was defined by the presence of two or more of the following
— altered mental status, capillary refill time greater than 2 s,
cool mottled extremities or flash capillary refill, diminished
pulses or bounding peripheral pulses, decreased urine out-
put <1 ml/kg/h (previous 6 h) and/or low blood pressure <5
centile [2, 7]. Patient details including age, demographic
details, clinical presentation were recorded. Hemodynamic
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variables including heart rate, systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean blood pres-
sure (MBP), capillary refill time, sensorium and urine out-
put were recorded. Intra-abdominal pressure was measured
through Foley catheter using two three-way adapters and
pressure transducer and children with elevated intra-abdom-
inal pressure (>10 mm Hg) were excluded [8]. All children
were ventilated to target a tidal volume of 8—10 ml/kg
(as per unit protocol) to maintain adequate oxygenation. As
per unit policy, children were sedated with midazolam and
fentanyl. Utmost care was taken to identify children with
spontaneous respiratory efforts and neuromuscular paralysis
was used in these children as required.

Echocardiographic parameters were recorded using
Philips Ultrasound CX-50 machine (Philips Ultrasound,
Bothell, Washington), using S5-1 probe. The echocardio-
graphic parameters were assessed by primary investiga-
tor (KKB) and are approved in a blinded manner by a co-
author (DK). Assessment of IVC parameters was done in
the subcoastal view. After attaining a good quality image,
IVC diameter (IVCD) was measured at 2 cm from the
right atrial margin at end inspiration and end expiration.
IVC distensibility index was measured using the formulae:
IVCDinspiration - IVCDexpiration / IVCDexpiration x 100. Three
readings were taken during three consecutive respiratory
cycles and the mean was calculated [9].

Velocity time integral (VTI) and respiratory variation in
peak aortic blood flow (AV peak) velocity were measured
in the apical five chamber view. After attaining a good qual-
ity image, using pulse-wave doppler, aortic blood flow was
recorded at the level of aortic annulus. VTI,, was measured
as a mean of three consecutive measurements over a single
respiratory cycle. Stroke volume (SV) was measured using
the formula: VTI, X aortic area. Aortic diameter (D) was
measured in parasternal long axis view and aortic area was
measured by the formula 7 X (D?)/4. Stroke volume index
(SVI) was measured using the formula: Stroke volume/
Body surface area. AVpeak was calculated as the percent-
age change in peak aortic blood flow velocity in one res-
piratory cycle. AVpeak was calculated using the formula:
(Vpeak,,,, —Vpeak,,;,)/[(Vpeak,,,, + Vpeak,;,)/2] x 100
where Vpeak,,,, and Vpeak,;, are the maximum and mini-
mum aortic flow peak velocities respectively. The mean
AVpeak was measured for three consecutive breaths [10].

Enrolled children were given crystalloid bolus at 10 ml/kg
over 20 min. Hemodynamic variables and echocardiographic
variables were recorded just before the administration of
fluid bolus and immediately after the completion of the fluid
bolus. Fluid responsiveness was defined by an increase of
SVI by >10% after fluid bolus administration.

The authors planned to enroll all the children with shock
requiring fluid boluses in pediatric ICU with no exclusion
criteria during the study period. In authors’ PICU average
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number of children admitted per year with shock is 80. The
authors targeted a sample size of 40 during the study period
based on high number of exclusion criteria.

Data were entered into Microsoft Excel and analyzed
using Stata 13 (StataCorp, College Station, TX). Categori-
cal variables are presented as numbers (%), while continuous
variables are presented as mean (SD), if normally distrib-
uted and median (IQR), if non-normally distributed. Tests
of statistical significance were applied based on the type
of variables. Variables before and after intervention were
compared using paired ‘t’ test if normally distributed and
by Wilcoxon matched-pairs test, if non-normally distributed.
Continuous variables, if normally distributed were analyzed
using ‘t’ test and if not normally distributed, were compared
using Wilcoxon rank-sum test. ROC curves were plotted for
AIVC and AVpeak. The best cut-off values with best sensi-
tivity and specificity were calculated using Youden's index.
Linear correlation was tested using spearman rank method.
A p value less than 0.05 was taken as significant.

Results

A total of 109 children were screened of which 63 were ven-
tilated. Of these 26 were excluded as per prespecified exclu-
sion criteria (Fig. 1). A total of 37 mechanically ventilated
children were enrolled during the study period. The median
age was 60 (36, 108) mo and 70% were boys. The most com-
mon focus of infection was central nervous system (27%)
followed by respiratory infection (22%). Of the enrolled
children, 16 (43.2%) had hypotensive shock and 21 (56.8%)
had compensated shock. The median (IQR) AIVC of the
study population was 21.7% (14.3, 30.9) and the median
(IQR) AVpeak was 11.3% (7.2, 15.2). Other key baseline
characteristics are summarized in Table 1.

Assessed for eligibility: n=109

Excluded:

Spontaneously breathing: 46
Congenital heart disease: 10
Refusal of consent: 5
Increased IAP: 4

HFO ventilation: 3

Poor image window: 4

v

Enrolled children: n=37

Fig.1 Study flow chart. HFO High frequency ventilation, /AP Intra abdom-
inal pressure

For the entire study population, there was a significant
change in the heart rate, systolic blood pressure, diastolic blood
pressure and mean blood pressure after volume expansion
(Table 2). There was a significant change in AIVC and AVpeak
after volume expansion (Table 2). Stroke volume increased
from 11.6 ml (9.1,22.7) to 14.1 ml (11.1, 26.9) (p<0.001) after
volume expansion for the whole study population (Table 2).

Twenty-three (62%) children were responsive to fluid bolus
as per the study definition and 14 (38%) did not respond. The
baseline characteristics including heart rate, blood pressures
were similar in responders and non-responders (Supplementary
Table S1). The median (IQR) AIVC was higher in respond-
ers when compared to non-responders [26% (16.9, 36.5) vs.
17.2% (8.4, 21.9); p=0.01]. Also, the mean (SD) AVpeak was
significantly higher in responders [13.9% (6.1) vs. 8.4% (3.9),

Table 1 Baseline characteristics of the study population

Variable Result (n=37)
Age, median (IQR) 60 (36, 108)
Sex; Boys, n (%) 26 (70.2)
Weight for age (z score), median (IQR) 2.2 (-3.0,-1.1)
Height for age (z score), median (IQR) -0.79 (-2.17,-0.32)
Weight for height (z score), median (IQR) -1.9 (-3.2,-0.86)
(n=18)
Underlying illness, n (%) 25 (67)
Oncological 7 (28)
Central nervous system 4 (16)
Respiratory 4 (16)
Renal 2(8)
Gastrointestinal 2(8)
Others 6 (24)
Focus of infection, n (%)
Respiratory 8 (21.6)
Gastrointestinal 6(16.2)
Central Nervous System 10 (27)
Skin and soft tissue 2(54)
Others 11 (29.7)
Type of shock, n (%)
Hypovolemic shock 8 (21.6)
Septic shock 28 (75.6)
Neurogenic shock 12.7)
Hypotensive shock, n (%) 16 (43.2)
Heart rate (/min), mean (SD) 141.1 (30.7)
Systolic blood pressure (mmHg), mean (SD) 82.6 (14.4)
Diastolic blood pressure (mmHg), mean (SD) 43.8 (12.1)
Mean blood pressure (mmHg), mean (SD) 56.8 (12.3)

IVC distensibility index (%), median (IQR)
AVpeak (%), median (IQR)

21.7 (14.3,30.9)
11.3(7.2,15.2)

Fluid responsive by VTI, n (%) 23 (62.1)
PEEP (cm H,0), mean (SD) 5.8 (1.3)
Tidal volume (ml/kg), mean (SD) 8.7 (2.7)

AVpeak Respiratory variation in peak aortic blood flow velocity, /VC
Inferior vena cava, PEEP Positive end expiratory pressure, V71 Veloc-
ity time integral
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Table 2 Hemodynamic
variables before and after
volume expansion in the study

population

Variable Before volume After volume expansion  p value
expansion/Baseline
Heart rate (/min), mean (SD) 141.1 (30.7) 137.2 (30.1) 0.001
Systolic blood pressure (mmHg), mean (SD) 82.6 (14.4) 89.7 (14.9) <0.001
Diastolic blood pressure (mmHg), mean (SD)  43.8 (12.1) 48 (13.2) 0.001
Mean blood pressure (mmHg), mean (SD) 56.8 (12.3) 61.6 (12.5) <0.001
AIVC (%), median (IQR) 21.7 (14.3,30.9) 14.1 (8.9,21.4) <0.001
AVpeak (%), mean (SD) 11.8 (6) 7.8 (4.5) <0.001
Stroke volume (ml), median (IQR) 11.6 (9.1, 22.7) 14.1 (11.1,26.9) <0.001

AIVC Inferior vena cava distensibility index, A Vpeak Respiratory variation in peak aortic blood flow velocity

p=0.004]. In fluid responders, there was a significant change
in the heart rate, systolic blood pressure, diastolic blood pres-
sure and mean blood pressure after volume expansion (Table 3).
Also, there was a significant change in AIVC [from 26% (16.9,
36.5) to 15.8% (10.1, 23.9), p=0.001] and the AV peak [from
15% (10.1, 16.5) to 8% (5.5, 11.1); p<0.001]. In comparison,
parameters including heart rate, blood pressure, IVC distensibil-
ity index and AVpeak were not different after volume expan-
sion in non-responders (Table 3). Of the enrolled children, 28
(75%) children required further fluid boluses and 25 (67%)
required vasoactive agents during the hospital stay.

The prediction of fluid responsiveness with AVpeak
[ROC curve area 0.78 (95% CI: 0.63-0.94), p =0.002]
and IVC distensibility index [ROC curve area 0.73 (95%
CI: 0.56-0.9). p=0.01) was similar (Fig. 2). There was a
moderate correlation of pre-bolus AVpeak with percentage
increase in stroke volume index after volume expansion
(Rho=0.42, p=0.008). However, there was only weak
correlation of pre-bolus AIVC with percentage increase
in stroke volume index (Rho=0.26, p=0.1). The best cut-
off of AVpeak to predict fluid responsiveness was 11.3%
which had a sensitivity of 74% and specificity of 86%. The

best cut-off of AIVC to predict fluid responsiveness was
23% which had a sensitivity and specificity of 60.8% and
85.7%, respectively. There was no difference in ventilator
parameters including tidal volume, peak inspiratory pres-
sure and positive end expiratory pressure between fluid
responders and non-responders (Supplementary Table S1).

Discussion

In this prospective observational study assessing the utility
of dynamic parameters to assess fluid responsiveness in chil-
dren with shock, authors found that AVpeak and AIVC are
reliable predictors of fluid responsiveness in mechanically
ventilated children.

Fluid therapy remains crucial in the resuscitation of
children with shock. Static parameters have long been used
to predict fluid responsiveness in adults and children with
shock. However, these have limitations and recent evidence
showed that they are not reliable indicators of fluid respon-
siveness [5, 11]. Dynamic parameters are a result of cardio-
pulmonary interactions and reflect the changes in cardiac

Table 3 Comparison of hemodynamic variables in fluid responders and non-responders

Variable Group Before After p value
Heart rate (/min), mean (SD) Responder 145.2 (27.8) 139.5 (27.6) 0.003
Non-responder 134.5 (35) 133.3 (34.6) 0.217
Systolic blood pressure (mmHg), mean (SD) Responder 82.1 (17.3) 91.9 (17.0) <0.001
Non-responder 83.4(7.9) 86 (10.2) 0.240
Diastolic blood pressure (mmHg), mean (SD) Responder 44.4 (13.8) 50.5 (14.5) 0.003
Non-responder 42.7 (9) 44 (10) 0.548
Mean blood pressure (mmHg), mean (SD) Responder 56.8 (14.3) 64.3 (14.1) <0.001
Non-responder 56.9 (8.4) 57.2 (8.1) 0.901
AIVC (%), median (IQR) Responder 26 (16.9, 36.5) 15.8 (10.1, 23.9) 0.001
Non-responder 17.2 (8.4,21.9) 10.3 (6.6, 16.7) 0.258
AVpeak (%), mean (SD) Responder 13.9 (6.1) 8.6 (4.6) <0.001
Non-responder 8.4 (3.9) 6.4 (4.1) 0.115

AIVC Inferior vena cava distensibility index, A Vpeak Respiratory variation in peak aortic blood flow velocity
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output/stroke volume with mechanical ventilation. These
are more prominent in hypovolemic state. Various dynamic
parameters including IVC distensibility index and respira-
tory variation in peak aortic blood flow velocity are being
used for predicting fluid responsiveness. However, there
is no single best parameter available for predicting fluid
responsiveness and is an area of ongoing research.

Various studies have found that AVpeak is a useful pre-
dictor of fluid responsiveness and cut-off values of 12-13%
(range: 7-20%) are most commonly used [12]. Wang et al.
in a recent systematic review including 302 children found
that AVpeak has good ability to predict fluid responsiveness
with a sensitivity and specificty of 89% and 85% respec-
tively with summary ROC of 0.91 (0.88-0.93) [13]. They
also found that in children less than 25 mo, the predictive
ability of AVpeak was low compared to older children. Gan
et al., in a systematic review evaluating the predictors of
fluid responsiveness in children, found that AVpeak was
the best parameter to predict fluid responsiveness [6]. In the
present study, authors found that, a AVpeak cut-off of 11.3%
had a sensitivity and specifity of 74% and 86%, respectively
with AUC of 0.78 (0.63-0.94) which is lower compared to
previous studies. This could be because of multiple reasons.
A greater proportion of children (75.6%) included in pre-
sent study had septic shock. These children could have had
early cardiac dysfunction (systolic or diastolic) which could
have affected the results. About 25% of children in present
study were <2 y old which could have affected the results as
highlighted by Wang et al. Also, a greater proportion of chil-
dren (67%) had underlying illness which could have affected

the response to acute illness. Although a useful parameter,
measuring AVpeak has some limitations. It requires techni-
cal expertise and is operator dependent. It is also affected
by various parameters including tidal volume, presence of
rhythm abnormality, heart rate/ventilatory rate ratio and the
timing of measurement. Also, the question of optimal cut-
off for predicting fluid responsiveness still remains unclear.
IVC distensibility index is a commonly used parameter to
predict fluid responsiveness in ventilated children. It is eas-
ily available at bedside, requires minimal training and is non-
invasive. Although initial studies have shown that it is a useful
marker for predicting fluid responsiveness, subsequent stud-
ies found mixed results [14, 15]. Si et al. in their systematic
review, have found that IVC distensibility index has a moder-
ate predictive ability to predict fluid responsiveness with a
sensitivity and specificity of 75% and 82% respectively [16].
In another systematic review, Xavier Filho et al. have observed
that the cut-offs used varied widely (10-20.5%) with varying
sensitivity and specificity [17]. Weber et al., in 31 pediatric
patients, found that IVC distensibility index did not predict
fluid responsiveness with AUC of 0.50 (0.29-0.71) [15].
Assessment of IVC distensibility index has some limitations. It
is not reliable in conditions of increased abdominal pressure. It
is difficult to measure in very young children, in patients with
spontaneous efforts and in children with poor quality image.
In mechanically ventilated children undergoing surgery,
AVpeak and AIVC were found to be reliable predictors of
fluid responsiveness [9]. Choi et al. in post-op cardiac chil-
dren found that both AVpeak and IVC distensibility index
are reliable predictors of fluid responsiveness [18]. However,
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Byon et al. have found that AVpeak is a reliable predictor
and IVC distensibility index was not a reliable predictor of
fluid responsiveness in children [19]. In the present study in
critically ill children with shock, authors found that AVpeak
and IVC distensibility index almost had similar ability to
predict fluid responsiveness in critically ill children with
AUC of 0.78 (0.63-0.94) and 0.73 (0.56-0.9) respectively.
The cut-off with best sensitivity and specificity for AVpeak
was 11.3% and for IVC distensibility index was 23%. With
wide range of cut-offs as observed in various studies, large
prospective studies with larger sample size are required to
find out the best cut-off values for these parameters.

The present study has a few limitations. First, the sample
size is small. Second, all the echocardiographic measure-
ments were done by a single investigator; potential for intro-
ducing operator bias. However, the authors used a mean of
three measurements which would have decreased the bias.
Also, the images were reviewed by a second investigator
which minimized the bias. Third, a greater proportion of
children had underlying illness which could have affected
the response to fluid therapy.

Conclusions

In this prospective study, authors found that AIVC and
AVpeak reliably predicted fluid responsiveness in critically
ill mechanically ventilated children with shock.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12098-023-04585-x.
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