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Abstract

Background Predicting fluid responsiveness is challenging in infants. It is however crucial to avoid unnecessary vol-
ume expansion, which can lead to fluid overload. We tested the hypothesis that the stroke volume changes induced
by a calibrated abdominal compression (ASV-AC) could predict fluid responsiveness in infants without cardiac disease.

Methods This prospective single center study of diagnostic test accuracy was conducted in a general pediatric inten-
sive care unit (PICU). Children under the age of two with acute circulatory failure and requiring a 10 mLkg ™" crystal-
loid volume expansion over 20 min, ventilated or not ventilated, were eligible. Stroke volume was measured by tran-
sthoracic echocardiography at baseline, during a gentle calibrated abdominal compression (22 mmHg for 30 s),

and after volume expansion. The area under the receiver operating characteristic curve (AUROC) of ASV-AC was meas-
ured to predict fluid responsiveness, defined as a 15% stroke volume increase after volume expansion.

Results Twenty-seven cases of volume expansion were analyzed, in 21 patients. Seventeen VE cases were adminis-
trated to spontaneously breathing children. Fluid responsiveness was observed in 12 cases. The AUROC of ASV-AC
was 0.93 (95% confidence interval (95%Cl) 0.82-1). The best threshold value for ASV-AC was 9.5%. At this threshold
value, sensitivity was 92% (95%CI 62-100), specificity was 87% (95%Cl 60-98), positive and negative predictive values
were 85% (95%Cl 60-95) and 93% (95%Cl 66-99) respectively.

Conclusions Echocardiographic assessment of stroke volume changes induced by a calibrated abdominal compres-
sion is a promising method to predict fluid responsiveness in infants without cardiac disease hospitalized in PICU.
Trial registration ClinicalTrials.gov registration number NCT05919719, June 22, 2023, retrospectively registered,
https://clinicaltrials.gov/study/NCT05919719.
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Background

Although volume expansion (VE) remains the corner-
stone of acute circulatory failure treatment [1-4], a sig-
nificant increase in stroke volume (SV) only occurs in
approximately 40% to 60% of VE [5-8]. Yet, the harm-
ful impact of fluid overload is well documented in chil-
dren [9, 10]. Therefore, identifying fluid responders is of
paramount importance in pediatric intensive care units
(PICUs) [6].

In children and neonates, the respiratory variability of
the peak aortic velocity (APeak) is considered the best-
validated fluid responsiveness test [6, 7, 11], but requires
specific clinical conditions that are not always met in
critically ill children [6]. Notably, APeak is only reliable
in intubated children and in the absence of spontaneous
breathing [5, 6, 8], as this test in based on cardiopulmo-
nary interactions. Only dynamic tests based on another
source of preload variation are reliable in spontaneously
breathing patients. In adults, this applies to the classic
passive leg-raising test, which relies on an endogenous,
reversible, and ventilation-independent increase in
preload through the mobilization of the venous reser-
voir of the lower limbs [12]. Passive leg-raising test is also
applicable to children, although its diagnostic accuracy
appears to be poorer than in adults [13—15]. This might
be due to a lower blood volume in the lower limbs, as leg
length is proportionately smaller in infants [16]. Con-
versely, the hepatosplanchnic venous reservoir is easily
accessible in children. A gentle abdominal compression
can rapidly mobilize the unstressed venous blood volume
from the abdominal organs, transiently increasing venous
return and cardiac preload by the same mechanism as
passive leg-raising [17].

Yet, the calibrated abdominal compression maneuver
has been scarcely evaluated to predict fluid responsive-
ness in children, whereas this technique could be very
useful for spontaneously breathing children requiring
VE. Previous reports have used this technique in postop-
erative pediatric cardiac surgery [17-19], however fluid
responsiveness using calibrated abdominal compression
has not been validated in general PICUs. We hypoth-
esized that the SV changes induced by the calibrated
abdominal compression maneuver (ASV-AC) could pre-
dict fluid responsiveness in a mixed population of venti-
lated and non-ventilated infants without cardiac disease.

Methods

The study was carried out in accordance with the Good
Clinical Practices protocol and Declaration of Helsinki
principles. It was approved by our Institutional Review
Board (Comité de Protection des Personnes Quest IV,
number 2021-A02876-35, approval date January 11 th
2022) and retrospectively registered on Clinicaltrials.gov
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(NCT05919719, June 22, 2023). Informed consent was
obtained from all parents or legal guardians for minors,
before or within 24 h after study procedures.

This study of diagnostic test accuracy was prospectively
conducted in a single general PICU of a tertiary care
center (Bordeaux University Hospital, France), from Feb-
ruary 2022 to January 2023. Infants aged <2 years with
acute circulatory failure and requiring VE (crystalloid,
10 mL.kg™! LV,, over 20 min maximum) were consecu-
tively screened. Acute circulatory failure was defined by
tachycardia (heart rate (HR) >2 standard deviations (SD)
for age) or arterial hypotension (systolic or mean arte-
rial pressure (MAP) <2 SD for age), associated with at
least one of the following criteria: oliguria (diuresis <1
mL.kg™".h™), blood lactate >2 mmol.L™, capillary refill
time (CRT) >3 s, or mottling. Exclusion criteria were pre-
term newborn under 37 weeks of corrected gestational
age, uncorrected or early postoperative congenital heart
disease, cardiogenic pulmonary edema, abdominal pain
(as subjectively perceived by the intensivist in charge of
the patient during the routine clinical abdominal palpa-
tion), postoperative period of abdominal surgery, prone
position, severe hemodynamic instability prohibiting any
test, patient restlessness, and poor ultrasound window.

In this diagnostic accuracy study, fluid responsiveness
was defined by an increase in echocardiography-esti-
mated SV >15% after VE, which is the most commonly
reported gold-standard test in pediatrics [5, 8, 20, 21]. To
measure the index test, e.g. ASV-AC, a calibrated abdom-
inal compression maneuver was performed following a
previously described standardized protocol [17]. A closed
sphygmomanometer inflated with 50 mL of air was con-
nected to a pressure-measuring device and interposed
between the operator’s hand and the patient’s abdomen.
The center of the sphygmomanometer was placed at the
center of the patient’s abdomen and covered a third of
the patient’s abdomen. The operator then performed a
gentle manual compression in an anteroposterior direc-
tion, gradually reaching a pressure of 22 mmHg for 30
s, while verifying tolerance (eFigure 1, Additional File).
Three echocardiographic measures were performed, at
baseline (T0), during the calibrated abdominal compres-
sion maneuver, after 30 s of abdominal compression (T1),
and 30 min after VE (T2). Transthoracic echocardio-
grams were performed by the intensivist in charge of the
patient using the Vivid S60 ultrasound system and the 6S
probe (GE Healthcare, Little Chalfont, United Kingdom).
At each time point, 6 consecutive aortic velocity—time
integrals (VTI) were acquired and averaged from an api-
cal five-chambers view. Consecutive VTIs were selected
irrespective of the respiratory cycle, but infants’ high res-
piratory rate ensured that both expiratory and inspira-
tory phases were obtained. Measures were performed
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Potentially eligible VE cases
(n=70)
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Excluded

Gestational age < 37 weeks (n=9)
> Investigator not available (n=24)

Index test: ASV-AC
(n=27)

Recent abdominal surgery (n=7)
Prone position (n=1)
Missing parental consent (n=2) *

Index test negative
(n=14)

Reference standard
(n=14)

Final diagnosis

Fluid responsive VE cases (n=1)
Fluid unresponsive VE cases (n=13)

Index test positive
(n=13)

Reference standard
(n=13)

Final diagnosis

Fluid responsive VE cases (n=11)
Fluid unresponsive VE cases (n=2)

Fig. 1 Study flow chart. Legend: ASV-AC, percentage of stroke volume variation between baseline and during a calibrated abdominal compression,
VE volume expansion.* For these two subjects, the study procedures were performed but we could not obtain parental informed consent to having

their child’s data retained and analysed because of language barrier

offline so that the results would not affect patients’care.
For all VTI measures recorded, a second offline analysis
was performed by the same investigator to assess intrao-
bserver reproducibility and by a second investigator to
assess interobserver reproducibility, with no access to the
results of the first analysis. All offline measurements were
performed blind to patient data and outcome of the fluid
challenge. Left ventricular ejection fraction (LVEF) using
the Teicholz method and left ventricular outflow tract
diameter (LVOTd) were measured at baseline. SV was
defined as VTIT x IT x %Mz. LVOT diameter was only
measured at baseline, as it was considered stable over the
study period. Cardiac output was the product of SV and
HR. Cardiac output was indexed by body surface area to
obtain cardiac index (CI). The change in SV during the
calibrated abdominal compression, e.g., ASV-AC (%),
was measured by the difference between SV at T1 and
SV at TO, divided by SV at TO (index test). The change in
SV after VE, e.g., ASV-VE (%) was measured by the dif-
ference between SV at T2 and SV at T0, divided by SV
at TO, a ASV-VE >15% defining fluid responsiveness. In
addition, clinical and hemodynamic baseline parameters
were collected, including patient characteristics, diagno-
sis at admission, ventilation mode, presence of spontane-
ous breathing, positive end-expiratory pressure, presence

of a vasoactive or inotropic hemodynamic support, vas-
oactive-inotropic score, and previous VE for the current
episode of circulatory failure. In addition, the intensivist
in charge of the patient reported the presumed cause of
hemodynamic failure using four categories: hypovolemia,
vasoplegia, cardiac dysfunction, and mixed or unclassifi-
able. The following variables were also collected before
and after VE: HR, MAP, mottling, CRT, urine output,
peripheral oxygen saturation, fraction of inspired oxygen,
and blood lactate if available. Due to the non-interven-
tional design of this study, central venous pressure was
not collected, as its measure was not a standard practice
in our center. Exact duration of mechanical ventilation,
PICU length of stay (discharge date minus admission
date), and mortality were collected at discharge. Finally,
the clinician’s global perception regarding fluid respon-
siveness after VE was collected immediately before the
post-VE echocardiographic assessment at T2.

The sample size was calculated with the Obuchowski
method [22], prior to data collection. A total of 24 cases
of VE were needed to detect an area under the receiver-
operating characteristic (ROC) curve (AUROC) of 0.78
[18], with an alpha risk of 0.05, a statistical power of
80%, and a 1:1 ratio of fluid responsive to unresponsive
cases.
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Patient characteristics were presented in median form
(first quartile, third quartile), or as frequencies and pro-
portions for qualitative variables. ROC curves were
drawn to determine the ability of ASV-AC to predict fluid
responsiveness (primary objective). The AUROC, with its
95% confidence interval (95%CI) represented the over-
all diagnostic accuracy of ASV-AC. The best ASV-AC
threshold value was determined using diagnostic accu-
racy. Sensitivity, specificity, positive and negative predic-
tive values, and positive and negative likelihood ratios
were identified at this threshold value, with their respec-
tive 95%CI. For categorical variables, group compari-
sons were performed with the x2 test with correction for
continuity or with an exact Fisher’s test, as appropriate.
Quantitative variables were compared using the Student
t-test when their distribution followed a normal distri-
bution, or the Mann—Whitney test otherwise. A Shap-
iro—Wilk test was used to test the normal distribution.
The Wilcoxon test was used to compare hemodynamic
parameters between before and after VE. To test linear
correlations, Spearman’s correlation coefficient was used.
We evaluated the reproducibility of VTI measurements
by calculating intraclass correlation coefficients to assess
interobserver and intraobserver reliability. To explore the
evolution of hemodynamic parameters after VE and to
compare the effect of time and group, we used a repeated
measure analysis of variance. To investigate variables
independently associated with fluid responsiveness (sec-
ondary objective), we first used a univariate binomial
logistic regression. Variables significantly associated with
fluid responsiveness (p< 0.05) were then integrated into
a multivariable binomial logistic regression model. The
two groups, e.g., fluid responsive vs. unresponsive cases,
were analyzed according to VE cases and not to patients,
as some patients underwent two VE. We performed a
sensitivity analysis using only the first VE for each patient
since repeated measurements obtained from the same
patients might be correlated. Analysis were performed
with RStudio version 4.0.3 (RStudio, PBC, Boston, MA,
USA) and the Jamovi 1.2 graphical interface (The Jamovi
project, Sydney, Australia). Differences with a P-value of
less than 0.05 were considered statistically significant.

Results

From February 2022 to January 2023, 27 consecutive
cases of VE were prospectively collected from a cohort
of 21 children (6 children underwent two VE). Two VE
were infused at a dosage of 20 instead of 10 mL.kg™". The
study flow chart is reported in Fig. 1. Patient ages ranged
from O to 13 months, and 14 were neonates. Only one
patient had an invasive arterial blood pressure moni-
toring. Demographic and clinical data are reported in
Table 1. Twenty-two VE cases (81%) were administrated
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Table 1 Population demographic and clinical characteristics

Variable Patients (N=21)
Age (days) 8(1,35)
Weight (kg) 3.80 (34,4.5)
Male (N) 11

PELODS I 6.76 +4.35
Diagnosis at admission (N)

Hypoxic-ischemic encephalopathy 8
Respiratory failure 6

Sepsis 2
Post-operative of neurosurgery 2

Other 2

Cardiac failure 1

PICU length of stay (days) 10.0 (6,14)
PICU mortality (N) 1

Duration of MV (days) 6.0 (3,9

MV mechanical ventilation, PELODS Il Pediatric Logistic Organ Dysfunction Score
Il, PICU Pediatric Intensive Care Unit. Data are reported as No., means + standard
deviation, or medians (first quartile, third quartile)

to intubated patients. They were ventilated in a pressure-
control mode in 20 VE cases with a median Mean Airway
Pressure of 10 (9,12) cmH2O. As per local guidelines, all
intubated patients were sedated with a combination of
sufentanyl (0.1-0.9 pg.kg~L.h~1) and midazolam (15-240
ug.kg™'h™') or dexmedetomidine (0.35-1.5 ug.kg™.
h™1), and two of them were curarized. Among the 5 VE
cases administrated to non-intubated patients, 2 infants
received a 20 pg.kg~L.h~! continuous morphine infusion,
and 3 received no sedation.

Twelve cases resulted in a SV increase of more than
15%, defining fluid responsiveness. Clinicians assumed
fluid responsiveness in 20 cases. The clinical and echo-
cardiographic data at baseline of both fluid-responsive
and fluid-unresponsive cases are reported in Table 2. SV
increase was higher in the fluid-responsive group than
in the fluid-unresponsive group [31% (21%—-38%) vs. 5%
(0%—9%)]. After VE, the following clinically significant
changes were observed: decrease in HR (140 [111-153]
vs. 148 [122-167] bpm, p= 0.015), increase in MAP (50
[45-63] vs. 41 [38-57] mmHg, p= 0.001), resolution of
mottling (11% vs. 26%, p < 0.001), decrease in CRT (2 [2,
3] vs. 3 3, 4] sec, p< 0.001), and increase in urine output
(3.5 [2.5-5.4] vs. 1.6 [0.8-2.5] mL.kg Lh™!, p= 0.005).
However, these changes were not significantly different
between fluid responsive and unresponsive cases. Hemo-
dynamic changes after VE, in both fluid-responsive and
fluid-unresponsive groups, are reported in Table 3.

ASV-AC was able to assess fluid responsiveness with an
AUROC of 0.93 (95%CI 0.82—1). The best threshold for
ASV-AC was 9.5%. At this threshold value, Youden index
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Table 2 Baseline group characteristics
Variable All VE cases Fluid-unresponsive cases  Fluid-responsive cases p value
(N=27) (N=15) (N=12)
Intubated (N) 22 12 10 1
Spontaneous breathing (N) 17 12 5 0.057
PEEP (cmH20) 6(5,7) 5(5,7) 6(6,7) 0332
FiO, (%) 30(2343) 35 (28,50) 25(21,30) 0.038
SpO,/FiO, ratio (%) 330(215,427) 271(197,347) 382 (322,462) 0.044
Previous VE (N) 10 3 7 0.057
Hemodynamic support (N) 10 5 5 0.706
VIS (ugkg™".min~") 0.0(0.0,5.2) 0.0(0.0,5.1) 0.0(0.0,16.4) 0.727
Heart rate (beatsmin™") 148 (122,167) 150 (122,170) 145 (122,160) 0.722
Mean arterial pressure (mmHg) 41 (38,57) 41 (39,66) 41 (37,47) 0.607
Mottling (N) 7 3 4 0.662
Capillary refill time (s) 3(34) 4(34) 3(34) 0.602
Urine output (mLkg™"h™) 16(0.8,2.5) 14(08,24) 16(08,2.7) 1
Lactate (mmol.L™") 2.7 (1.5-43) 25(1.3-46) 2.7 (1.7-3.1) 0.970
LVEF (%) 70 (65-75) 67 (65-74) 73(70,77) 0.049
VTl (cm) 93(7.8,11.5) 9.6 (8.8,11.6) 7.9(7.2,10.6) 0.092
SVi (mL.m™2) 14.5(123,18.7) 14.5(12.5,18.7) 14.6 (12.2,17.8) 0.943
Cardiac index (Lmin~".m™) 20(1432) 20(1633) 20(1.527) 0.719
Presumed cause of hemodynamic failure 0.826
Hypovolemia (N) 18 9 9
Vasoplegia (N) 2 1 1
Cardiac dysfunction (N) 2 2 0
Mixed or unclassifiable (N) 5 3 2

FiO,, fraction of inspired oxygen, LVEF left ventricular ejection fraction, PEEP positive end-expiratory pressure, SpO,/FiO, ratio of peripheral oxygen saturation to
fraction of inspired oxygen, SVi indexed stroke volume, VE volume expansion, VIS vasoactive inotropic score, VTl aortic velocity-time integral. Data are reported as No.

or medians (first quartile, third quartile)

was 0.78 (95%CI 0.21-0.98), sensitivity was 92% (95%ClI
62-100), specificity was 87% (95%CI 60-98), positive
predictive value was 85% (95%CI 60—95), negative predic-
tive value was 93% (95%CI 66-99), positive and negative
likelihood ratio were 4.89 (95%CI 1.74—13.75) and 0.10
(0.02-0.68) respectively. ROC curve is shown in Fig. 2.
Median ASV-AC was higher in fluid responders than in
fluid non-responders [14% (12%—-16%) vs. 0% (—10%—
3%), p<0.001]. ASV-AC was significantly associated
with ASV-VE (Rho =0.79, p<0.001). After adjustment
for ventilation status, ASV-AC remained significantly
associated with fluid responsiveness (OR =1.391 (95%CI
1.037-1.865), p=0.028). Pre-planned sensitivity analysis
including only the first VE for each patient; and post-hoc
sensitivity analysis conducted exclusively with per-pro-
tocol 10 mL.kg™! VE both found similar results. Similar
results were also observed in a post-hoc sensitivity analy-
sis using other definitions of fluid responsiveness (eTa-
bles 1-2, Additional File).

The reproducibility of the VTI measurement was excel-
lent: the intraclass correlation coefficients were 0.96
and 0.98 for intraobserver and interobserver reliability

respectively. No indeterminate index test or reference
standard were reported. No missing data were reported.
The calibrated abdominal compression maneuver was
well tolerated, even in non-sedated patients with a nor-
mal neurological status. No adverse events from per-
forming the index test or the reference standard was
reported, neither any discomfort nor pain, which is sup-
ported by the absence of HR variation during the maneu-
ver (Table 3).

Clinician global perception was not associated with
fluid responsiveness: clinicians assumed fluid responsive-
ness in 9 out of 12 fluid-responsive cases and in 11 out
of 15 fluid-unresponsive cases. In univariate analysis, two
baseline parameters were significantly associated with
fluid responsiveness: previous VE for the current epi-
sode of acute circulatory failure (OR =5.60 (95%CI 1.02—
30.90), p=0.048), and presence of spontaneous breathing
(OR =0.18 (95%CI 0.03-0.99), p=0.048). However, in
multivariate analysis, none of these parameters was sig-
nificantly associated with fluid responsiveness. Neither
clinical global perception nor any post-VE variation
in clinical hemodynamic parameters (HR, MAP, urine



Gotchac et al. BMC Pediatrics (2025) 25:361 Page 6 of 9
Table 3 Hemodynamic changes after volume expansion in both groups
Variable Baseline (TO) Calibrated abdominal After VE (T2) p value

compression (T1)

Group effect Time effect Interaction

Heart rate (beats.min™") 0.713 0.011 0.963
Fluid unresponsive cases (N =15) 150 (122,170) 150 (118,167) 140 (112,158)
Fluid responsive cases (N =12) 145 (122,160) 145 (123,156) 138 (112,152)
Mean arterial pressure (mmHg) 0.581 <0.001 0.049
Fluid unresponsive cases (N =15) 41 (39,66) NA 48 (45,63)
Fluid responsive cases (N =12) 41 (37,47) NA 53 (44,58)
Mottling 0.392 0.046 0817
Fluid unresponsive cases (N =15) 3 NA 1
Fluid responsive cases (N =12) 4 NA 2
Capillary refill time (s) 0.295 < 0.001 0.544
Fluid unresponsive cases (N =15) 4(34) NA 2(233)
Fluid responsive cases (N =12) 3(34) NA 2(23)
Urine output (mLkg™"h™") 0662 0.007 0.180
Fluid unresponsive cases (N =15) 14(08,24) NA 42(3.054)
Fluid responsive cases (N =12) 16(0.8,2.7) NA 26(1.04.6)
Lactate (mmol.L™") 0.841 0.940 0.559
Fluid unresponsive cases (N =15) 25(134.6) NA 23(1,34)
Fluid responsive cases (N =12) 2701.73.1) NA 3.1(193.7)
VTl (cm) 0.717 <0.001 <0.001
Fluid unresponsive cases (N =15) 9.6(8.8,11.6) 94(7.8,12.1) 10.2 (9.0,12.7)
Fluid responsive cases (N =12) 7.9(7.2,10.6) 9.5(8.8,11.9) 114 (9.8,13.9)
SVi (mL.m™) 0453 <0.001 <0.001
Fluid unresponsive cases (N=15) 14.5(12.518.7) 14.0(11.7,20.1) 15.3(13.7,20.3)
Fluid responsive cases (N =12) 14.6(12.2,17.8) 164 (15.2,204) 19.3(174,23.9)
Cardiac index (Lmin~".m™?) 0.777 <0001 <0001
Fluid unresponsive cases (N =15) 20(1.6,3.3) 2.1(16,3.3) 20(1.6,3.0)
Fluid responsive cases (N =12) 20(1.5.27) 2.2(1.83.0) 2.720,3.4)

NA not available, Svi indexed stroke volume, VE volume expansion, VTl aortic velocity-time integral. Data are reported as No. or medians (first, third quartile)

output, CRT) were associated with fluid responsiveness
in univariate analysis, although the association with post-
VE MAP variation approached statistical significance.
Binomial logistic regression analyses are reported in eTa-
bles 3—5 (Additional File).

Discussion
This study reported that SV changes induced by a cali-
brated abdominal compression maneuver could predict
fluid responsiveness with a good diagnostic accuracy in
PICU infants without underlying heart disease, regardless
of their ventilation status. No other baseline parameter
was independently associated with fluid responsiveness.
Our results are consistent with other studies on cali-
brated abdominal compression. In their study, Lee et al.
found that the variation of diastolic arterial pressure dur-
ing liver compression was predictive of fluid responsive-
ness, with an AUROC of 0.78 in children undergoing
cardiac surgery [18]. They also investigated this test in

children with single ventricle physiology and found the
best diagnostic accuracy for systolic arterial pressure var-
iation during liver compression (AUROC 0.93) [19]. Jac-
quet-Lagreze et al. used an SV-based approach and found
an AUROC of ASV-AC of 0.94 to predict fluid respon-
siveness in 39 children, including 32 postoperative cases
of congenital cardiac surgery [17]. However, the perfor-
mance of fluid responsiveness tests might be significantly
different in cardiac PICU [23], as the post-cardiotomy
context affects the Frank-Starling curve morphology.

The diagnostic accuracy observed for ASV-AC in this
study was similar to that of the APeak, which is the most
studied fluid responsiveness test in children [6, 7, 21].
The ASV-AC cut-off value of 9.5% measured in this study
is consistent with previous measures reported in the lit-
erature, using various fluid responsiveness tests [5-7, 11,
17-19, 21, 24]. However, the APeak is only validated in
children without spontaneous breathing [7, 21]. This situ-
ation is rare in clinical practice, and the tests based on
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Fig. 2 Receiver operating characteristics (ROC) curve of ASV-AC to predict fluid responsiveness. Legend: ASV-AC, percentage of stroke volume

variation between baseline and during a calibrated abdominal compression

cardiopulmonary interactions are often incorrectly used
[25]. Likewise, respiratory variability of the inferior vena
cava lacks reliability in spontaneously breathing children
[26, 27]. Conversely, in our study, most patients were
breathing spontaneously. In addition, fluid responsive-
ness prediction remains challenging in younger children.
The APeak might have a lower performance in children
under 25 months of age [7], although a study in preterm
neonates ventilated with low respiratory rate and with-
out spontaneous breathing found an excellent diagnos-
tic accuracy under these strict conditions (AUROC 0.91)
[11]. Regarding passive leg raising, Luo et al. found an
AUROC of 0.88 in 40 children, but the mean age was 3.7
years [15]. In our study, most of the patients were neo-
nates. Calibrated abdominal compression may therefore
be of particular interest in this younger population, when
strict conditions for APeak are not met.

Finally, no baseline parameter was independently asso-
ciated with fluid responsiveness. Although this result may
be due to a lack of power, it highlights the importance of
using dynamic tests. Interestingly, no association was
found between clinical assessment and fluid responsive-
ness. Likewise, no VE-induced change in hemodynamic
parameters was associated with fluid responsiveness.
However, MAP increase after VE was nearly significantly
associated with fluid responsiveness. It is possible that
with a slight increase in sample size this result would have
been significant. Nevertheless, these results support the
importance of monitoring cardiac output in PICU when
assessing response to VE, especially as clinicians’ability to

estimate cardiac output has been shown to be inadequate
[28, 29].

Our study presents several limitations. First, the num-
ber of VE cases included was relatively small. However,
it was enough to demonstrate our hypothesis in terms
of statistical power. In addition, the population was very
homogeneous in age compared with existing pediatric
studies. Second, six patients were analyzed twice. Intrin-
sic patient factors could have influenced both ASV-AC
and fluid responsiveness, but the sensitivity analysis
does not support this hypothesis. Third, more advance
invasive hemodynamic parameters would have been of
interest. However, the non-interventional design of this
study prohibited the collection of any data that was not
already being measured as part of patient care. Fourth,
fluid responsiveness was assessed using echocardiogra-
phy, i.e., an operator-dependent examination. Neverthe-
less, reproducibility was excellent and echocardiography
is widely used as a gold standard pediatric test [5, 8, 21],
transpulmonary thermodilution being marginally used
in children in clinical practice [29]. Fifth, few critically
ill patients were included in the study, and most infants
were on low doses of catecholamines and had low ven-
tilatory settings. Our findings may therefore not be gen-
eralizable to more severely ill infants. Finally, this study
included both non-intubated and intubated patients, with
or without spontaneous breathing. Although inspiratory
effort could have had a significant impact on the accu-
racy of the calibrated abdominal compression test, its
diagnostic accuracy was excellent despite the inclusion
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of these patients. Furthermore, ASV-AC remained asso-
ciated with fluid responsiveness after adjustment for
ventilation status, although the proportion of non-intu-
bated patients was insufficient to analyze this subgroup
specifically. Beyond these limits, as with any diagnostic
test, predictive value is affected by prevalence. Clini-
cians should therefore interpret the test result with cau-
tion in patients with a high pre-test probability of being
responders or non-responders.

Overall, these results suggest that calibrated abdomi-
nal compression might be one of the fluid responsiveness
tests suitable for infants in non-cardiac PICU, whether
ventilated or non-ventilated. A mini fluid challenge
might also be of interest, but the calibrated abdominal
compression test offers additional advantages: it does not
require any volume administration, it is relatively simple
and fast to perform, easy to learn, and it requires minimal
equipment. Although this study includes a significant
number of non-ventilated patients, further studies focus-
ing on this specific population are warranted.

Conclusions

Echocardiographic assessment of SV changes induced
by a calibrated abdominal compression is a promising
method to predict fluid responsiveness in critically ill
infants without cardiac disease. This maneuver can be
performed regardless of the child’s ventilation status.
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