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ABSTRACT

Objective: To determine the incidence and characteristics of postoperative
intra-abdominal hypertension in paediatric patients undergoing open-heart

surgery.

Methods: This single-centre study included consecutive children ( &6
years) who underwent open-heart surgery between July 20252 Qbruary
2021. Patients who entered the study were followed untilfin-hgSpital death or
hospital discharge. The study consisted of 2 part @was a prospective
observational cohort study, which was desig%gscover the association
between exposures and IAH. Posto e% tra-abdominal pressure was
measured immediately after admis he intensive care unit and every 6h

thereafter. Part Il was a %Qional study to compare the hospital-related
adverse outcomes b[% H and No-lIAH cohort.

Results: Postoperatively, 24.7% (38/154) of the patients exhibited intra-
abdomin@ rtension, while 3.9% (6/154) developed abdominal

om@ent syndrome. The majority (29/38, 76.3%) of intra-abdominal

Q

hypertension cases occurred within the first 24 hours in the intensive care unit.
Multivariable analysis showed that The Society of Thoracic Surgeons-
European Association for Cardio-Thoracic Surgery score (OR=1.86, 95%ClI
1.23-2.83, p=0.004), right-sided heart lesion (OR=5.60, 95%CI| 2.34—-13.43,
p<0.001), redo sternotomy (OR=4.35, 95%CIl 1.64-11.57, p=0.003), high

3
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baseline intra-abdominal pressure (OR=1.43, 95%CI 1.11-1.83, p=0.005),
prolonged cardiopulmonary bypass duration (OR=1.01, 95%CI 1.00-1.01,
p=0.005), and deep hypothermic circulatory arrest (OR=5.14, 95%Cl 1.15—
22.98, p=0.032) were independent predictors of intra-abdominal hypertension

occurrence. Intra-abdominal hypertension was associated with @r

inotropic support (p<0.001), more gastrointestinal complication\Q.OM),

sepsis (p=0.003), multiple organ dysfunction syndro QU!M), and

prolonged intensive care unit stay (z=-4.916, p<0.00 pitalisation (z=-

4.710, p<0.001). The occurrence of comp @tcome (p=0.009) was

significantly increased in patients with intgga-abdominal hypertension.

Conclusion: Intra-abdominal hypette is common in children undergoing

cardiac surgery and is as @ with worse hospital outcomes. Several

factors may be as&%with the development of intra-abdominal

hypertension, in@g basic cardiac physiology and perioperative factors.

Key@jc.)intra-abdominal hypertension; cardiac surgery; paediatrics;

%nal compartment syndrome; gastrointestinal complication

Trial information: this study was registered in the Chinese Clinical Trial

Registry (Trial number: ChiCTR2000034322)

URL site: https://www.chictr.org.cn/hvshowproject.html?id=41363&v=1.4
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INTRODUCTION

The postoperative occurrence of intra-abdominal hypertension (IAH) is frequent
in adult cardiac surgery, with incidence rates ranging from 27%-83% [1-6].
There is evidence to suggest that increased intra-abdominal pressure (IAP) has
an adverse effect on cardiac output, splanchnic blood flow, and é@g
mechanics, leading to postoperative organ dysfunction [1-6]. '@BQ

postoperative IAP measurement is recommended in high-risk “adult patients

outine

undergoing cardiac surgery to prevent the deleterib%ls of IAH.

A recent prospective epidemiological stu employed the updated
World Society of Abdominal Compartme rome (WSACS) guidelines [7]

showed that |IAH is associated with r mortality [8] and organ dysfunction,

even at lower levels in c Paediatric patients undergoing open-heart
surgery may be pr&

aspects of % Imonary bypass (CPB) that can potentially predispose

veloping postoperative IAH due to the various

children@ 7 such as inflammatory response, capillary leakage, and
spla@ hypoperfusion [9]. However, the incidence of IAH in this population
is poorly understood.

The primary goal of this study was to determine the incidence and
characteristics of postoperative IAH in paediatric patients undergoing open-
heart surgery. We then examined the predictors of IAH, and its impact on the

occurrence of hospital-related adverse outcomes.
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PATIENTS AND METHODS

Ethics Statement
This study was registered in the Chinese Clinical Trial Registry
(ChiCTR2000034322). Approval was obtained from the Research Ethics Board

of West China Hospital (2020, No.547), and informed consent fortheédl ic

participants were obtained from their parents/guardians. 2\
Study Population %
|Q

This single-centre study included consecutive (aged <16 years) who
underwent on-pump cardiac surgery bet uly 2020 and February 2021.

Patients with univentricular physio r those unsuitable for urine catheter

placement were exclude who entered the study were followed until
in-hospital death or Qa

with a dischar: st of died or died in a medical facility. This study consisted

Ischarge. In-hospital death include an encounter

of 2 parts. P was a prospective observational cohort study, which was
desi@o discover the association between exposures and IAH. Part Il was
a ‘tross-sectional study to compare the hospital-related adverse outcomes
between IAH and No-IAH cohort. Patients were divided into three categories
based on their diagnosis and physiology (Supplemental Table 1).

Applying the “1 in 10” rule to estimate the sample size for logistic regression,

at least 10 cases per covariate were needed in the minority class. As we had a

20z Aeniged g0 uo 1senb Aq 9+ 109./6 L 0SBAISINOIEE0 L 0 |/10P/0IHE-8OUBAPE/SIAD/WOS" dNO0IWSPEOE//:SARY WO} POPEOJUMOQ



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

zhang et al

sample of 154 people in this study, of which 38 developed IAH, we were able

to fit three variables reliably in the multivariable regression model.

IAP Measurement

Bladder pressure was measured through a Foley bladder catheter us'}Qe
modified Kron technique, a method endorsed by consensus guid@?]. An
appropriate volume of sterile saline (1 mL/kg, minimum opti e 3 mL,

maximum volume 25 mL) was instilled into the bladde was measured

using a pressure transducer calibrated to the I;@he mid-axillary line and

expressed in mmHg. All nasogastric tubes ere opened, and the patients were
ts;

not paralysed for IAP pressure m however, measurements were

taken in a completely supln o ion with adequate sedation. As infants have
a faster respiratory r @dults the acquisition of measurements at end
expiration was &glg Thus, the IAP in our study was recorded after
approxim inute to stabilise the count.

ase IAP measurements were performed after anaesthesia induction
i%atients. Postoperative IAP was routinely measured immediately after
admission to the intensive care unit (ICU) and every 6 hours thereafter until
removal of the Foley catheter, abdominal drainage, peritoneal dialysis, or in-
hospital death, whichever occurred first. IAH was defined as a sustained or

repeated pathological elevation in IAP>10 mmHg. Also, the classification of
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IAH and abdominal compartment syndrome (ACS) were defined in accordance
with the WSACS using the proposed specific diagnostic criteria for infants and

children [7] (Supplemental Table 2).

Cannulation Strategy &

Extracorporeal circulation was established via the ascending a nd the

superior and inferior vena cava. If reconstruction of the aorti @!required,

an arterial cannula was inserted into the innominate ng a prosthetic
vessel with an end-to-end anastomosis for s tivepperfusion of the upper
body or brain, while an arterial cannula %in the descending aorta for

%
perfusion of the lower body.
ICU Management @

&

Patients were v d postoperatively using pressure-controlled ventilation
(tidal vol 10”mL/kg, peak inspiratory pressure <30 cmH20, respiratory
rate - breaths/min), with adjustments to maintain normocapnia.
%dynamics were maintained via fluids or vasoactive drugs based on
central venous pressure (CVP), mean atrial blood pressure (MAP), lactate
levels, and central venous saturation. Extubation was performed once the
patient was awake, haemodynamically stable, and within an acceptable oxygen

saturation range after blood gas analysis. Transthoracic echocardiography was
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performed on postoperative day (POD) 1 to assess the adequacy of surgical
repair and ventricular function.

Nasogastric tubes were routinely placed upon admission to the ICU. Enteral
nutrition usually began within six hours of admission unless the patient was
haemodynamically unstable or extubation was anticipated. An initial hic

feed rate of 30—-100 kcal/kg/day was used, and human milk was \Qwed for
infants. Feeding was advanced when tolerated and inter 'Q@ding was
used whenever possible. Gastrointestinal (Gl) comp#ere monitored
and recorded by bedside nurses based o @finitions of abdominal

complications published by the Multi Database Committee for

Paediatric and Congenital Heart Disga ]

Data Collection &’@
e

The mechanis rlying IAH in paediatric patients after cardiac surgery
remains ccordingly, in this study, all factors suspected to influence
the @ of IAH occurrence in cardiac surgery according to previous
s% were compiled [6]. Exposures of IAH included the evaluation of
demographic data, liver and kidney function, cause of admission, the Society
of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery
(STAT) score, and intra-operative intervention. The primary outcomes were the

occurrence of IAH and ACS in children who underwent open-heart surgery.
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Secondary outcomes included composite morbidity—mortality outcomes
(Supplemental Table 3), maximal vasoactive-inotropic score (VIS) calculated
every 24 hours of ICU stay, Gl complications, sepsis, multiple organ

dysfunction syndrome (MODS), duration of mechanical ventilation, length of

ICU stay and hospitalisation [11-13]. &
Statistical Analysis < ,2

Non-continuous variables are expressed as m: nd quartile or as

absolute numbers with percentages. The Man ey U test was used to
compare continuous non-normal variable ile’ Student’s t-test was employed

to compare continuous variables. aired Wilcoxon signed-rank test was

used to compare the ba and IAP immediately after ICU admission.
Univariate and mult@

the associatio t@en the exposures and |IAH. Multivariable analysis results

gistic regression analyses were used to identify

were sur@ by estimating the odds ratios (ORs) and their respective 95%
confidence intervals (Cl). The receiver operating characteristic (ROC) curve
and area under the curve (AUC) were used to estimate the accuracy of
continuous variables in the final regression model. We also used restricted
cubic splines with three knots at the 10th, 50th, and 90th to flexibly model the

associations between CPB duration and IAH. In all comparisons, a P-value of

10
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<0.05 was considered statistically significant. Data were analysed using

Stata/SE version 17.0 (StataCorp LP, College Station, TX, USA).

RESULTS

Demographics Q&

Patient demographic information is summarised in TabIe@al, 154
consecutive patients were enrolled in this study. The median age and weight
were 25 (8.4,69.9) months and 11 (7,19.5) kg, respe %Approximately one-

fifth (22.1%) of all patients had right-sided h ion (34/154).

?\
Occurrence of Postoperativ H and ACS
A total of 1745 IAP mea@@were performed. The IAP at ICU admission
[7(5,8) mmHg] w %antly higher than that at baseline [3(2,4) mmHg, z=-
X

10.263, p<04€Q0 ure 1). Approximately one-fourth (24.7%) of the patients

(BB,Q veloped IAH during the ICU stay, while no patient had IAH at
l?k . The majority (35, 35/38) of IAH patients had grades | (n=20) and Il
(n=15) IAH, and the remaining three patients had grades Il (n=2) and IV (n=1)

IAH (Figure 2). Six patients (6/154, 3.9%) were diagnosed with ACS, yet no

patient required abdominal surgery after consultation with the general surgical

11
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team. In patients with IAH (n=38), the majority (29/38,76.3%) occurred within

the first 24 hours in the ICU.

Predictors of IAH Development

Univariate analysis showed that IAH was associated with the STA&e

(OR=1.84, 95%CI 1.22-2.77, p=0.004), redo sternotomy (OR=\Q95%CI

1.41-8.87, p=0.007), high baseline IAP (OR=1.43, 95%Cl 1 *p=0.003)

right-sided heart lesion (OR=5.12, 95%CIl 2.20-11.9

CVP (OR=1.19, 95%CIl 1.06-1.33, p=0.0 2®Ionged CPB duration
(OR=1.01,95%CI 1.00-1.01, p=0.004) a %pothermic circulatory arrest
(DHCA) (OR=5.71, 95%CI 1.30-25,15, ?.0:2). In the multivariable analysis,
when adjusted for age and s study reflects that STAT scores (OR=1.86,

95% 1.23-2.83, p=&%t—sided heart lesion (OR=5.60, 95%Cl 2.34—

13.43, p<0.001 ),Q sterhotomy (OR=4.35, 95%CI 1.64-11.57, p=0.003), high

, high baseline

baseline j bdbminal pressure (OR=1.43, 95%CIl 1.11-1.83, p=0.005),
prolghge B duration (OR=1.01, 95%CI 1.00-1.01, p=0.005) and deep
%rmic circulatory arrest (OR=5.14, 95% 1.15-22.98, p=0.032) were
linked to IAH (Table 2). Furthermore, the restricted cubic spline (RCS) curve
indicated that the risk of IAH may increase with the delay in the initial CPB

duration (Figure 3).

12
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In the “predictors of IAH” logistic model, ROC characteristics showed a
baseline CVP AUC value of 0.6487 (95%Cl 0.55-0.75, p=0.004), baseline IAP

AUC of 0.6578 (95%CI 0.56-0.76, p=0.003), and CPB duration AUC of 0.7017

A

IAH and Adverse Hospital Outcomes Q

(95%CI 0.61-0.79, p<0.001) (Figure 4a, Table 2).

Three in-hospital deaths occurred, corresponding to a mo @E of 1.9%.

Two patients had irreversible cardiac dysfunction, ed of a severe

pulmonary infection. Patients with |IAH wer @Ilkely to have greater

inotropic support at 24, 48, and 72 hour ), longer ICU duration (z=-
4.916, p<0.001), and hospitalisati 0 p<0.001). Furthermore, major
complications such as sep 0 .003), MODS (p<0.001), Gl complications

(p=0.001) and the C()K@tcome (p=0.009) also occurred more frequently
in IAH patients ( 3).

The un'C? e ghalysis demonstrated that mechanical ventilation duration

0

;%1), and IAH (OR=3.11, 95%Cl 1.30-7.44, p=0.011) were risk factors for

70Cl 1.00-1.01, p=0.001), sepsis (OR=21.88, 95%Cl| 4.24-112.86,

composite outcomes. Similarly, IAH (OR=3.60, 95%CI 1.45-8.94, p=0.006),
mechanical ventilation duration (OR=1.01, 95%CI 1.00-1.01, p=0.001), and
sepsis (OR=27.65, 95%CIl 4.99-153.25, p<0.001) were identified as

independent risk factors in the multivariable analysis (Table 4).

13
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In the “risk factors of composite outcomes” logistic model, ROC
characteristics showed a mechanical ventilation AUC value of 0.7088 (95% CI

0.58-0.84, p=0.001) (Figure 4b, Table 4).

DISCUSSION &
Despite the recent surge in interest for IAH in critically ill childr?N n IAH

in paediatric patients undergoing cardiac surgery are scar@ study aimed

to describe the clinical characteristics of IAH in chi o underwent open-
heart surgery. The outcome of our investigati vealed that 24.7% of
paediatric patients who underwent cardia y experienced IAH. Prolonged

CPB duration and DHCA, indepe y preceding the occurrence of IAH,

suggest that the inflammked by CPB may be a crucial factor in IAH
w

development. Patie& AH have various adverse hospital outcomes,
highlighting %Qortance of increasing awareness among critical care
physicia@

mar@ncreased critical iliness severity or a condition per se. The question

paediatric cardiac ICU. However, it is yet unclear if IAH is a

regains as to whether the prevention or treatment of IAH improves clinical
outcomes. Future efforts should focus on defining predictors of IAH
development in a larger cohort and identifying whether interventions aimed at

reducing IAP improve patient mortality.
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Incidence and Characteristics of I1AH

The incidence of IAH and ACS in the current study was comparable to previous
reports in critically ill children. However, it was seen less frequently in children
than in adult patients after cardiac surgery, with incidence rates ranging from

26.9%—-83.3%, according to several studies [1-6,8-9,14]. This may tQ&o

better abdominal wall compliance in children [8]. Abdominal N eis a
dynamic variable expressed as the change in the intra-alddominal volume per

change in the intra-abdominal pressure [15]. % al. reported that

abdominal compliance could decrease in the

elasticity of the abdominal wall [15].

obstructive pulmonary disease, ension, and aortic atheroma also

contribute to decreasec@al compliance in adult patients [2,15]. In
ist t

contrast, children c« heir abdomen in response to increasing intra-

abdominal vo Q&sulting in a lower IAP.

In Iin@ evious studies, the majority of IAH cases occurred early after

owing to the reduced

conditions such as chronic

ICU @sion, post open-heart surgery [2,4,5,14,16]. This result underscores
the importance of conducting IAP measurements within 24 hours after surgery,
particularly in high-risk populations. The WSACS medical management
algorithm proposes five treatment options for nonsurgical IAH management: 1)
evacuation of intraluminal contents, 2) evacuation of intra-abdominal space-
occupying lesions, 3) improvement of abdominal wall compliance, 4)

15
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optimisation of fluid administration, and 5) optimisation of systemic and regional
perfusion [7]. Once IAH occurs in children, standardised protocols should be

implemented immediately to prevent further organ dysfunction and avoid

Predictors of IAH \Q

Consistent with the limited literature on adult cardiac patiehts, were able to

discover the deleterious effects of CPB on IAP i@ patients [6,17-18].

CPB produces a generalised and vigorous infl

progression to ACS.

ry response that, when
associated with splanchnic ischaemia-re ion, may compromise the bowel

capillary endothelium, leading to in microvascular permeability and gut

oedema [17]. DHCA wa tified as an independent predictor of IAH.
This could be attriM&t

vascular terrjtori with a pronounced inflammatory response during

e fact that DHCA involves multiple ischaemic

reperfusion. similarities among these predictors further highlight the
path@tic and pathophysiological similarities of IAH/ACS between adults
and children. This enhances the probability that these risk factors are perceived
as potential evidence-based risk indicators for both adults and children until
they are formally evaluated in a prospective multicentre observational study in

these two patient populations.
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In addition to the afore mentioned predictors, the current study showed that
right-sided heart disease independently predicted the occurrence of IAH. High
preoperative CVP and postoperative right ventricular (RV) dysfunction are likely
to contribute to the development of IAH. RV dysfunction is associated with low
cardiac output and is characterised by elevated CVP [16]. Subs;%ﬂ
splanchnic venous stasis and gastrointestinal oedema may increi@ intra-
abdominal volume and lead to IAH. The increased IAP, on t Qmﬂnd, could
further compromise RV function by raising the ple% ure, increasing
pulmonary vascular resistance, and elevating t e@agm. Treatments which
could decrease IAP, such as adequate sedatiog and negative fluid balance, are

likely to break through the vicious gycl tients with RV dysfunction [2].

IAH and Adverse H&%ﬂcomes

In line with @Iiteratum, IAH was associated with a high incidence of
postoper@

[2,8146,1

plications, such as sepsis and MODS, in the current cohort

?F;cently, Gl complications have been associated with prolonged hospital
stays and increased mortality after cardiac surgery in children [20]. A
compromised splanchnic blood supply caused by low cardiac output was
considered the primary reason for Gl complications. Such an outcome indicates
that IAH may play an important role in the development of Gl complications.
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We hypothesised that increased IAP could further exacerbate abdominal organ
ischaemia by decreasing the abdominal perfusion pressure. Evidence from
prior investigations show that IAH has a detrimental effect on organ blood flow
[2,4,8]. However, further studies are warranted to elucidate the mechanisms
underlying the development of GI complications after cardiac surgery. &
We further identified IAH as an independent risk factor as d with

adverse hospital composite outcomes. The difference '%lomposite

outcomes seems to be driven mainly by liver failure iC acidosis. Liver
failure can be ascribed to severely impaire @ vascular flow due to
elevated IAP [21]. Increased lactate pro c%results from impaired oxygen
delivery, which is mainly caused ased cardiac output [2]. Several
mechanisms such as direct@ession of the heart, decreased contractility
due to displacement @phragm, and decreased venous return due to
compression of@ﬁor vena cava have been suggested to decrease
cardiac CQ n the presence of IAH [22]. The consequent liver dysfunction

can @

t%dences of in-hospital death, circulatory support, and renal insufficiency

ise lactate clearance and exacerbate lactic acidosis. However,

were not statistically significant in the composite outcomes, which may be due
to the relatively small sample size. Despite the increased morbidity and
mortality associated with IAH/ACS, it remains unclear whether the prevention

or treatment (either surgical or medical) of IAH/ACS among critically ill patients
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improves patient outcomes. Therefore, some researchers have questioned
whether these conditions are simply markers of an increased severity of critical
illness. Indeed, a high disease severity score was significantly associated with
the development of IAH and ACS in paediatric and adult studies [1,4]. With our
current understanding of the pathophysiology and epidemiology of IA

future efforts in paediatric studies should focus on defining eviden(KQed risk
factors of IAH and compartment syndrome developme ermlnlng

whether interventions aimed at reducing IAP can |mp i€nt mortality.

Limitations
This study has several limitations. Zospltal death, circulatory support,

and renal insufficiency wer in our study, probably due to the relatively

small sample size. Se @P was not employed to account for analgesia,

sedation, and nuscular blockers in our study. Third, abdominal breathing

piratory distress may have resulted in falsely high IAP
to abdominal muscle contractions. This confounding factor can
%ﬂinated by adequate sedation and/or neuromuscular blockade in
mechanically ventilated children. Forth, patients in our study were not recruited
based on a target sample size, but rather there were 154 patients available for

this study and, based on the "1 in 10" rule, we decided to create a model of
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three variables to avoid overfitting. Fifth, only statistical criteria were used to

include variables in our cohort models, and not theoretical arguments.

CONCLUSION

IAH is common in children undergoing cardiac surgery and is asso@d ith

worse in-hospital outcomes. Several factors, including basic cargdi iology

and intraoperative factors, may be associated with the deyelopment of IAH.
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FIGURE LEGENDS

Graphical abstract: The incidence of intra-abdominal hypertension in
paediatric patients after cardiac surgery. IAH: intra-abdominal hypertension;

ACS: abdominal compartment syndrome

Figure 1. The IAP at admission to ICU was significantly higher than@&e

(p<0.001). IAP, intra-abdominal pressure; ICU, intensive care

Figure 2. In the final analysis, 38 (24.7%) patients devel
hypertension postoperatively. Twenty patients had %AH, 15 had grade |l
IAH, two had grade Il IAH, and one had gra QH. Six patients (3.9%)
developed ACS. IAP, intra-abdo in% sure; |AH, intra-abdominal
hypertension; ACS, abdominal com ent syndrome.

Figure 3. RCS curves of s@ons between CPB duration and IAH. RCS
regression models w&:ted with 3 knots at the 10th, 50th, and 90th of
initial CPB d tiQThe red lines represent the 95% confidence intervals for

the spIin@ "RCS, restricted cubic spline; CPB, cardiopulmonary bypass;

AH,@abdominal hypertension; OR: odds ratio; Cl: confidence interval

Figure 4. (a) ROC curve and AUC of predictors and IAH; (b) ROC curve and
AUC of risk factors and composite outcomes. ROC, receiver operating
characteristic; AUC: area under the curve; CVP, central venous pressure; IAP,

intra-abdominal pressure; CPB, cardiopulmonary bypass.
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Table 1. Baseline clinical characteristics of patients
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Variables Total IAH No-IAH z p
(n=154)  (n=38) (n=116)
Male, n (%) 80(52) 15(39.5) 59(50.9) 0.223
Preterm birth, n 4(2.6) 4(10.5) 0(0) <
(%) 0.001
#Age (month) 25(8.4,69 13.8(5.7, 26.9(9.2,74. 1.666 0.096
.9) 55.4) 65)
#Weight (kg) 11(7,19.5 8.25(7,1 12(7,20) 1.727 0,084
) 4)
#*BMI (kg/m?) 15.6(14.2 16(14.9, 15.6(14.1,16 -1.13Q258
,16.8) 17.3) .8) \
#Preoperative ALT 16(11,21) 16(11,30 16(12,21) Q& 0.755
(IU/L) )
#Preoperative 34(27,43) 34.5(25, 34(27.4 -0.444 0.659
AST (IU/L) 47)
#Preoperative sCr 30.5(26,4 29(24,36 31.5(2 1.789 0.074
(umol/L) 0) )
STAT score, n (%) 0.003
1 64(41.6) (50)
2 61(39.6) 39(33.6)
3 19(12.3) 13(11.2)
4 10(6.5 4(10.5) 6(5.2)
Right-sided heart 34 06(42.1) 18(15.5) <
lesion, n (%) Q 0.001
Left-sided hea& ) 7(18.4) 16(13.8) <
lesion, n (%) 0.001
Others, n (% Q 97(63) 15(39.5) 82(70.7) 0.001
Emergen 4(2.6) 1(2.6) 3(2.6) 0.988
surger,
R tomy, 23(14.9) 11(28.9) 12(10.3) 0.005
9
eline  CVP 10(7.3,12 11.2(9.3, 9.2(7,12) -2.748 0.005
mHg) 2) 13.3)
#Baseline IAP 3(2,4) 4(3,5) 3(2,4) -2.985 0.003
(mmHg)
#*CPB duration 110(76,1 130.5(10 99(73,137) 3726 <
(min) 45) 9,198) 0.001
Deep hypothermic 8(5.2) 5(13.2) 3(2.6) 0.01

circulatory arrest,
n (%)
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#Fluid balance 100(35,2 87.5(20, 105(60,200) 0.526 0.602

(ml) 20) 235)
#Transfusion
needs
RBC (U) 1.5(1,1.5) 1.5(1,2) 1(1,1.5) 1277 0.242
Autologous 150(100, 160(100, 150(100,200 -0.227 0.823
blood (ml) 300) 344) )

Plasma (ml) 100(60,2 100(100, 80(20,200) -0.925 0.374

00) 200)
PLT (U) 1(1,1) 11,1)  0.75(0.5,1)  -2.159 (&Q

#Haematocrit (%)
Baseline 35(32,39) 36(36,32 35(33,37)
42)
During CPB  24(21,26) 23(20,26 24(21,26) #O0.

)

At the end of 27(25,29) 27(24,29 26(2 % -0.466 0.644
surgery )

#Non-continuous variables are expressed as

ALT, alanine aminotransferase; AST, aspa

mass index; CPB, cardiopulmonary bypa , central venous pressure; |IAP,

intra-abdominal pressure; IAH, intra- inal hypertension; PLT, platelet;

RBC, red blood cells; STAT, Th jety of Thoracic Surgeons-European

Association for Cardio-Thora”@rg

%
cf’{(/
?\

d quartile
inotransferase; BMI, body
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448  Table 2. Predictors of Intra-abdominal hypertension
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Univariable Analysis Multivariable Analysis p-\;slrue
differen
ce
OR  95%Cl Pwvalue OR 95%Cl Pvalue Coiwee
n AUCs
(95%CI
Age 0.9 \
.99-1. .204
(months) 9 0.99-1.00 0.20 Q
06 N\
Sex 3 0.30-1.33 0.225
Preoperati < k
ve sCr 0(.39 0.93-1.00 0.075 Qj ' .
(umol/L)
STAT 18 1.22-2.77 0.004 18 23 0.004
score 4 .
*Right-
sided 5.1 2.20- 2.34-
< <
heart 2 11.96 0.00 13.43 0.001
lesion (n)
*Redo Q)
3.5 4.3 1.64-
sternotom 0 1.41- 07 5 1157 0.003
y (n)
*Basellne 0.004
06-1.33  0.002 1(')2 11'%75_ 0.001 (0.55-
mmHg ' 0.75)
*Baselln 14 111- 0.003
IAP 1.13-1.82 0.003 3 1' 83 0.005 (0.56-
g) ' 0.76)
* <0.001
n o 1'0 100-1.01 0004 1'0 11'%01' 0.005  (0.61-
(min) ' 0.79)
*Deep
:;ypomerm 57 130- oo 51 145 o
: 1 25.15 ' 4 22.98 '
circulatory
arrest(n)

449  *Adjusted for age and sex in the multivariable analysis.

450  CPB,

cardiopulmonary bypass; CVP,

central

venous pressure; Gl,

451  gastrointestinal; IAP, intra-abdominal pressure, STAT, The Society of Thoracic
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Surgeons-European Association for Cardio-Thoracic Surgery; sCr, serum

creatinine.
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494  Table 3. Hospital outcomes between IAH and No-IAH cohort

Total IAH No-IAH Z
(n=154)  (n=38) (n=116)

#*Mechanical
ventilation

time(h)

#VIS (24h)
#VIS (48h)
#VIS (72h)

Gl
complications,
n (%)

Sepsis, n (%)
MODS, n (%)
Composite

outcome, n (%)

0)

La@dosis,

v n (%)
In-hospital
death, n (%)

Cardiac arrest,

n (%)

ECMO, n (%)

16.8(8.6,8 89.6(27.5, 12.3(7.9,31. -4.652 <0.001
1.2) 218.8) 4)

6.8(2,12.5) 12.8(8.20. 5.3(0,10)  -4.779 &
" Q
6(0,11) 11(8,17)  5(0,8.2) -Q}o.om
5(0,10.2)  10.4(7,12. 0(0,7.3) @ <0.001
’ S
33@ 0.001
9(5.8) 6(‘§E 3(2.6) 0.003
14(9.1) Qsj 5(4.3) <0.001
27(17% (31.6)  15(12.9) 0.009

10(6.5) 7(18.4)

AKI, n (% Q.G) 2(5.3) 2(1.7)
Liver fai @
G 12(7.8) 7(18.4) 5(4.3)

17(11) 7(18.4) 10(8.6)

3(1.9) 1(2.6) 2(1.7)

5(3.2) 1(2.6) 4(3.4)

2(1.3) 0(0) 2(1.7)
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497
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499

500
501
502
503
504
505
506
507
508
509
510
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512
513
514
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AKI, n (%) 4(2.6) 2(5.3) 2(1.7)
*ICU duration 4(2,8) 8(6,16) 3(2,6.5) 4916  <0.001
(days)

*Hospital 7(6,13)  11.5(9,19) 6(5,10) 4710  <0.001

duration (days)

#Non-continuous variables are expressed as median and quartile

AKI, acute kidney injury; CPB, cardiopulmonary bypass; ECMO; extraco&zl
membrane oxygenation; GIl, gastrointestinal; IAH, intra- minal
hypertension; ICU, intensive care unit; MODS; multiple organ\ nction

syndrome; VIS, vasoactive-inotropic score. Q~
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Table 4. Risk factors of composite outcomes

Univariable analysis Multivariable analysis p-value
f
OR 95%ClI P- OR 95%CI P- .
difference
value value
between
AUCs
Age 1.0
1.00-1.01 0.607
(months) 0 \
1.7
Sex 0.74-4.02 0.203
3
*Mechanical 0.001
1.0
ventilation 1.00-1.01 0.001 1.0 0.001 (0.58-
0 .01
(hours) 0.84)
*Postoperati Q
ve RV 0.3

dysfunction( 0
*Postoperati
ve LV
0 80-6.68
dysfunc@

C) : 4.24-
is (n)
88 112.86

*|AH () 3.1 1.30-7.44

— D

0.021

0.124
< 4.99- <
27.65
0.001 153.25 0.001
1.45-
0.011  3.60 0.006
8.94

*Adjusted for age and sex in the multivariable analysis.
AUC, area under the curve; BMI, body mass index; Cl, confidence interval; IAH,
intra-abdominal hypertension; LV, left ventricle; OR, odds ratio; RV, right

ventricle; sCr, serum creatinine;
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ABSTRACT

Objective: To determine the incidence and characteristics of postoperative
intra-abdominal hypertension in paediatric patients undergoing open-heart

surgery.

Methods: This single-centre study included consecutive children ( &6
years) who underwent open-heart surgery between July 20252 Qbruary
2021. Patients who entered the study were followed untilfin-hgSpital death or
hospital discharge. The study consisted of 2 part @was a prospective
observational cohort study, which was desig%gscover the association
between exposures and IAH. Posto e% tra-abdominal pressure was
measured immediately after admis he intensive care unit and every 6h

thereafter. Part Il was a %Qional study to compare the hospital-related
adverse outcomes b[% H and No-lIAH cohort.

Results: Postoperatively, 24.7% (38/154) of the patients exhibited intra-
abdomin@ rtension, while 3.9% (6/154) developed abdominal

om@ent syndrome. The majority (29/38, 76.3%) of intra-abdominal

Q

hypertension cases occurred within the first 24 hours in the intensive care unit.
Multivariable analysis showed that The Society of Thoracic Surgeons-
European Association for Cardio-Thoracic Surgery score (OR=1.86, 95%ClI
1.23-2.83, p=0.004), right-sided heart lesion (OR=5.60, 95%CI| 2.34—-13.43,
p<0.001), redo sternotomy (OR=4.35, 95%CIl 1.64-11.57, p=0.003), high

3
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baseline intra-abdominal pressure (OR=1.43, 95%CI 1.11-1.83, p=0.005),
prolonged cardiopulmonary bypass duration (OR=1.01, 95%CI 1.00-1.01,
p=0.005), and deep hypothermic circulatory arrest (OR=5.14, 95%Cl 1.15—
22.98, p=0.032) were independent predictors of intra-abdominal hypertension

occurrence. Intra-abdominal hypertension was associated with @r

inotropic support (p<0.001), more gastrointestinal complication\Q.OM),

sepsis (p=0.003), multiple organ dysfunction syndro QU!M), and

prolonged intensive care unit stay (z=-4.916, p<0.00 pitalisation (z=-

4.710, p<0.001). The occurrence of comp @tcome (p=0.009) was

significantly increased in patients with intgg-abdominal hypertension.

Conclusion: Intra-abdominal hypekte is common in children undergoing

cardiac surgery and is as @ with worse hospital outcomes. Several

factors may be as&%with the development of intra-abdominal

hypertension, in@g basic cardiac physiology and perioperative factors.

Key@jc.)intra-abdominal hypertension; cardiac surgery; paediatrics;

%nal compartment syndrome; gastrointestinal complication

Trial information: this study was registered in the Chinese Clinical Trial

Registry (Trial number: ChiCTR2000034322)

URL site: https://www.chictr.org.cn/hvshowproject.html?id=41363&v=1.4
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INTRODUCTION

The postoperative occurrence of intra-abdominal hypertension (IAH) is frequent
in adult cardiac surgery, with incidence rates ranging from 27%-83% [1-6].
There is evidence to suggest that increased intra-abdominal pressure (IAP) has
an adverse effect on cardiac output, splanchnic blood flow, and é@g
mechanics, leading to postoperative organ dysfunction [1-6]. '@BQ

postoperative IAP measurement is recommended in high-risk “‘adult patients

outine

undergoing cardiac surgery to prevent the deleterib%ls of IAH.

A recent prospective epidemiological stu employed the updated
World Society of Abdominal Compartme rome (WSACS) guidelines [7]

showed that |IAH is associated with r mortality [8] and organ dysfunction,

even at lower levels in c Paediatric patients undergoing open-heart
surgery may be pr&

aspects of % Imonary bypass (CPB) that can potentially predispose

veloping postoperative |IAH due to the various

children@ 7 such as inflammatory response, capillary leakage, and
spla@ hypoperfusion [9]. However, the incidence of IAH in this population
is poorly understood.

The primary goal of this study was to determine the incidence and
characteristics of postoperative IAH in paediatric patients undergoing open-
heart surgery. We then examined the predictors of IAH, and its impact on the

occurrence of hospital-related adverse outcomes.
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PATIENTS AND METHODS

Ethics Statement
This study was registered in the Chinese Clinical Trial Registry
(ChiCTR2000034322). Approval was obtained from the Research Ethics Board

of West China Hospital (2020, No.547), and informed consent fortheédl ic

participants were obtained from their parents/guardians. 2\
Study Population %
|Q

This single-centre study included consecutive (aged <16 years) who
underwent on-pump cardiac surgery bet uly 2020 and February 2021.

Patients with univentricular physio r those unsuitable for urine catheter

placement were exclude who entered the study were followed until
in-hospital death or Qa

with a dischar: st of died or died in a medical facility. This study consisted

Ischarge. In-hospital death include an encounter

of 2 parts. P was a prospective observational cohort study, which was
desi@o discover the association between exposures and IAH. Part Il was
a ‘tross-sectional study to compare the hospital-related adverse outcomes
between IAH and No-IAH cohort. Patients were divided into three categories
based on their diagnosis and physiology (Supplemental Table 1).

Applying the “1 in 10” rule to estimate the sample size for logistic regression,

at least 10 cases per covariate were needed in the minority class. As we had a
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sample of 154 people in this study, of which 38 developed IAH, we were able

to fit three variables reliably in the multivariable regression model.

IAP Measurement

Bladder pressure was measured through a Foley bladder catheter us'}Qe
modified Kron technique, a method endorsed by consensus guid@?]. An
appropriate volume of sterile saline (1 mL/kg, minimum opti e 3 mL,

maximum volume 25 mL) was instilled into the bladde was measured

using a pressure transducer calibrated to the I;@he mid-axillary line and

expressed in mmHg. All nasogastric tubes ere opened, and the patients were
ts;

not paralysed for IAP pressure m however, measurements were

taken in a completely supln o ion with adequate sedation. As infants have
a faster respiratory r @dults the acquisition of measurements at end
expiration was &glg Thus, the IAP in our study was recorded after
approxim inute to stabilise the count.

ase IAP measurements were performed after anaesthesia induction
i%atients. Postoperative IAP was routinely measured immediately after
admission to the intensive care unit (ICU) and every 6 hours thereafter until
removal of the Foley catheter, abdominal drainage, peritoneal dialysis, or in-
hospital death, whichever occurred first. IAH was defined as a sustained or

repeated pathological elevation in IAP>10 mmHg. Also, the classification of
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IAH and abdominal compartment syndrome (ACS) were defined in accordance
with the WSACS using the proposed specific diagnostic criteria for infants and

children [7] (Supplemental Table 2).

Cannulation Strategy &

Extracorporeal circulation was established via the ascending a nd the

superior and inferior vena cava. If reconstruction of the aorti @!required,

an arterial cannula was inserted into the innominate ng a prosthetic
vessel with an end-to-end anastomosis for s tivepperfusion of the upper
body or brain, while an arterial cannula %in the descending aorta for

%
perfusion of the lower body.
ICU Management @

&

Patients were v d postoperatively using pressure-controlled ventilation
(tidal vol 10”mL/kg, peak inspiratory pressure <30 cmH20, respiratory
rate - breaths/min), with adjustments to maintain normocapnia.
%dynamics were maintained via fluids or vasoactive drugs based on
central venous pressure (CVP), mean atrial blood pressure (MAP), lactate
levels, and central venous saturation. Extubation was performed once the
patient was awake, haemodynamically stable, and within an acceptable oxygen

saturation range after blood gas analysis. Transthoracic echocardiography was
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performed on postoperative day (POD) 1 to assess the adequacy of surgical
repair and ventricular function.

Nasogastric tubes were routinely placed upon admission to the ICU. Enteral
nutrition usually began within six hours of admission unless the patient was
haemodynamically unstable or extubation was anticipated. An initial hic

feed rate of 30—-100 kcal/kg/day was used, and human milk was \Qwed for
infants. Feeding was advanced when tolerated and inter 'Q@ding was
used whenever possible. Gastrointestinal (Gl) comp#ere monitored
and recorded by bedside nurses based o @finitions of abdominal

complications published by the Multi Database Committee for

Paediatric and Congenital Heart Disga ]

Data Collection &’@
e

The mechanis rlying IAH in paediatric patients after cardiac surgery
remains ccordingly, in this study, all factors suspected to influence
the @ of IAH occurrence in cardiac surgery according to previous
s% were compiled [6]. Exposures of IAH included the evaluation of
demographic data, liver and kidney function, cause of admission, the Society
of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery
(STAT) score, and intra-operative intervention. The primary outcomes were the

occurrence of IAH and ACS in children who underwent open-heart surgery.
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Secondary outcomes included composite morbidity—mortality outcomes
(Supplemental Table 3), maximal vasoactive-inotropic score (VIS) calculated
every 24 hours of ICU stay, Gl complications, sepsis, multiple organ

dysfunction syndrome (MODS), duration of mechanical ventilation, length of

ICU stay and hospitalisation [11-13]. &
Statistical Analysis < ,2

Non-continuous variables are expressed as m: nd quartile or as

absolute numbers with percentages. The Man ey U test was used to
compare continuous non-normal variable ile’ Student’s t-test was employed

to compare continuous variables. aired Wilcoxon signed-rank test was

used to compare the ba and IAP immediately after ICU admission.
Univariate and mult@

the associatio t@en the exposures and |IAH. Multivariable analysis results

gistic regression analyses were used to identify

were sur@ by estimating the odds ratios (ORs) and their respective 95%
confidence intervals (Cl). The receiver operating characteristic (ROC) curve
and area under the curve (AUC) were used to estimate the accuracy of
continuous variables in the final regression model. We also used restricted
cubic splines with three knots at the 10th, 50th, and 90th to flexibly model the

associations between CPB duration and IAH. In all comparisons, a P-value of

10
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<0.05 was considered statistically significant. Data were analysed using

Stata/SE version 17.0 (StataCorp LP, College Station, TX, USA).

RESULTS

Demographics Q&

Patient demographic information is summarised in TabIe@al, 154
consecutive patients were enrolled in this study. The median age and weight
were 25 (8.4,69.9) months and 11 (7,19.5) kg, respe %Approximately one-

fifth (22.1%) of all patients had right-sided h ion (34/154).

?\
Occurrence of Postoperativ H and ACS
A total of 1745 IAP mea@@were performed. The IAP at ICU admission
[7(5,8) mmHg] w %antly higher than that at baseline [3(2,4) mmHg, z=-
X

10.263, p<04€Q0 ure 1). Approximately one-fourth (24.7%) of the patients

(BB,Q veloped IAH during the ICU stay, while no patient had IAH at
l?k . The majority (35, 35/38) of IAH patients had grades | (n=20) and Il
(n=15) IAH, and the remaining three patients had grades Il (n=2) and IV (n=1)

IAH (Figure 2). Six patients (6/154, 3.9%) were diagnosed with ACS, yet no

patient required abdominal surgery after consultation with the general surgical

11
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team. In patients with IAH (n=38), the majority (29/38,76.3%) occurred within

the first 24 hours in the ICU.

Predictors of IAH Development

Univariate analysis showed that IAH was associated with the STA&e

(OR=1.84, 95%CI 1.22-2.77, p=0.004), redo sternotomy (OR=\Q95%CI

1.41-8.87, p=0.007), high baseline IAP (OR=1.43, 95%Cl 1 *p=0.003)

right-sided heart lesion (OR=5.12, 95%CIl 2.20-11.9

CVP (OR=1.19, 95%CIl 1.06-1.33, p=0.0 2®Ionged CPB duration
(OR=1.01,95%CI 1.00-1.01, p=0.004) a %pothermic circulatory arrest
(DHCA) (OR=5.71, 95%CI 1.30-25,15, ?.0:2). In the multivariable analysis,
when adjusted for age and s study reflects that STAT scores (OR=1.86,

95% 1.23-2.83, p=&%t—sided heart lesion (OR=5.60, 95%Cl 2.34—

13.43, p<0.001 ),Q sterhotomy (OR=4.35, 95%CI 1.64-11.57, p=0.003), high

, high baseline

baseline j bdbminal pressure (OR=1.43, 95%CIl 1.11-1.83, p=0.005),
prolghge B duration (OR=1.01, 95%CI 1.00-1.01, p=0.005) and deep
%rmic circulatory arrest (OR=5.14, 95% 1.15-22.98, p=0.032) were
linked to IAH (Table 2). Furthermore, the restricted cubic spline (RCS) curve
indicated that the risk of IAH may increase with the delay in the initial CPB

duration (Figure 3).

12

20z Aeniged g0 uo 1senb Aq 9+ 109./6 L 0SBAISINOIEE0 L 0 |/10P/0IHE-8OUBAPE/SIAD/WOS" dNO0IWSPEOE//:SARY WO} POPEOJUMOQ



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

zhang et al

In the “predictors of IAH” logistic model, ROC characteristics showed a
baseline CVP AUC value of 0.6487 (95%Cl 0.55-0.75, p=0.004), baseline IAP

AUC of 0.6578 (95%CI 0.56-0.76, p=0.003), and CPB duration AUC of 0.7017

A

IAH and Adverse Hospital Outcomes Q

(95%CI 0.61-0.79, p<0.001) (Figure 4a, Table 2).

Three in-hospital deaths occurred, corresponding to a mo @E of 1.9%.

Two patients had irreversible cardiac dysfunction, ed of a severe

pulmonary infection. Patients with |IAH wer @Ilkely to have greater

inotropic support at 24, 48, and 72 hour ), longer ICU duration (z=-
4.916, p<0.001), and hospitalisati 0 p<0.001). Furthermore, major
complications such as sep 0 .003), MODS (p<0.001), Gl complications

(p=0.001) and the C()K@tcome (p=0.009) also occurred more frequently
in IAH patients ( 3).

The un'C? e ghalysis demonstrated that mechanical ventilation duration

0

;%1), and IAH (OR=3.11, 95%Cl 1.30-7.44, p=0.011) were risk factors for

70Cl 1.00-1.01, p=0.001), sepsis (OR=21.88, 95%Cl| 4.24-112.86,

composite outcomes. Similarly, IAH (OR=3.60, 95%CI 1.45-8.94, p=0.006),
mechanical ventilation duration (OR=1.01, 95%CI 1.00-1.01, p=0.001), and
sepsis (OR=27.65, 95%CIl 4.99-153.25, p<0.001) were identified as

independent risk factors in the multivariable analysis (Table 4).

13
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In the “risk factors of composite outcomes” logistic model, ROC
characteristics showed a mechanical ventilation AUC value of 0.7088 (95% CI

0.58-0.84, p=0.001) (Figure 4b, Table 4).

DISCUSSION &
Despite the recent surge in interest for IAH in critically ill childr?N n IAH

in paediatric patients undergoing cardiac surgery are scar@ study aimed

to describe the clinical characteristics of IAH in chi o underwent open-
heart surgery. The outcome of our investigati vealed that 24.7% of
paediatric patients who underwent cardia y experienced IAH. Prolonged

CPB duration and DHCA, indepe y preceding the occurrence of IAH,

suggest that the inflammked by CPB may be a crucial factor in IAH
w

development. Patie& AH have various adverse hospital outcomes,
highlighting %Qortance of increasing awareness among critical care
physicia@

mar@ncreased critical iliness severity or a condition per se. The question

paediatric cardiac ICU. However, it is yet unclear if IAH is a

regains as to whether the prevention or treatment of IAH improves clinical
outcomes. Future efforts should focus on defining predictors of IAH
development in a larger cohort and identifying whether interventions aimed at

reducing IAP improve patient mortality.

14
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Incidence and Characteristics of I1AH

The incidence of IAH and ACS in the current study was comparable to previous
reports in critically ill children. However, it was seen less frequently in children
than in adult patients after cardiac surgery, with incidence rates ranging from

26.9%—-83.3%, according to several studies [1-6,8-9,14]. This may tQ&o

better abdominal wall compliance in children [8]. Abdominal N eis a
dynamic variable expressed as the change in the intra-alddominal volume per

change in the intra-abdominal pressure [15]. % al. reported that

abdominal compliance could decrease in the

elasticity of the abdominal wall [15].

obstructive pulmonary disease, ension, and aortic atheroma also

contribute to decreasec@al compliance in adult patients [2,15]. In
ist t

contrast, children c« heir abdomen in response to increasing intra-

abdominal vo Q&sulting in a lower IAP.

In Iin@ evious studies, the majority of IAH cases occurred early after

owing to the reduced

conditions such as chronic

ICU @sion, post open-heart surgery [2,4,5,14,16]. This result underscores
the importance of conducting IAP measurements within 24 hours after surgery,
particularly in high-risk populations. The WSACS medical management
algorithm proposes five treatment options for nonsurgical IAH management: 1)
evacuation of intraluminal contents, 2) evacuation of intra-abdominal space-
occupying lesions, 3) improvement of abdominal wall compliance, 4)

15
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optimisation of fluid administration, and 5) optimisation of systemic and regional
perfusion [7]. Once IAH occurs in children, standardised protocols should be

implemented immediately to prevent further organ dysfunction and avoid

Predictors of IAH \Q

Consistent with the limited literature on adult cardiac patiehts, were able to

discover the deleterious effects of CPB on IAP i@ patients [6,17-18].

CPB produces a generalised and vigorous infl

progression to ACS.

ry response that, when
associated with splanchnic ischaemia-re ion, may compromise the bowel

capillary endothelium, leading to in microvascular permeability and gut

oedema [17]. DHCA wa tified as an independent predictor of IAH.
This could be attriM&t

vascular terrjtori with a pronounced inflammatory response during

e fact that DHCA involves multiple ischaemic

reperfusion. similarities among these predictors further highlight the
path@tic and pathophysiological similarities of IAH/ACS between adults
and children. This enhances the probability that these risk factors are perceived
as potential evidence-based risk indicators for both adults and children until
they are formally evaluated in a prospective multicentre observational study in

these two patient populations.
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In addition to the afore mentioned predictors, the current study showed that
right-sided heart disease independently predicted the occurrence of IAH. High
preoperative CVP and postoperative right ventricular (RV) dysfunction are likely
to contribute to the development of IAH. RV dysfunction is associated with low
cardiac output and is characterised by elevated CVP [16]. Subs;%ﬂ
splanchnic venous stasis and gastrointestinal oedema may increi@ intra-
abdominal volume and lead to IAH. The increased IAP, on t Qmﬂnd, could
further compromise RV function by raising the ple% ure, increasing
pulmonary vascular resistance, and elevating t e@agm. Treatments which
could decrease IAP, such as adequate sedatiog and negative fluid balance, are

likely to break through the vicious gycl tients with RV dysfunction [2].

IAH and Adverse H&%ﬂcomes

In line with @Iiteratum, IAH was associated with a high incidence of
postoper@

[2,8146,1

plications, such as sepsis and MODS, in the current cohort

?F;cently, Gl complications have been associated with prolonged hospital
stays and increased mortality after cardiac surgery in children [20]. A
compromised splanchnic blood supply caused by low cardiac output was
considered the primary reason for Gl complications. Such an outcome indicates
that IAH may play an important role in the development of Gl complications.
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We hypothesised that increased IAP could further exacerbate abdominal organ
ischaemia by decreasing the abdominal perfusion pressure. Evidence from
prior investigations show that IAH has a detrimental effect on organ blood flow
[2,4,8]. However, further studies are warranted to elucidate the mechanisms
underlying the development of GI complications after cardiac surgery. &
We further identified IAH as an independent risk factor as d with

adverse hospital composite outcomes. The difference '%lomposite

outcomes seems to be driven mainly by liver failure iC acidosis. Liver
failure can be ascribed to severely impaire @ vascular flow due to
elevated IAP [21]. Increased lactate pro c%results from impaired oxygen
delivery, which is mainly caused ased cardiac output [2]. Several
mechanisms such as direct@ession of the heart, decreased contractility
due to displacement @phragm, and decreased venous return due to
compression of@ﬁor vena cava have been suggested to decrease
cardiac CQ n the presence of IAH [22]. The consequent liver dysfunction

can @

t%dences of in-hospital death, circulatory support, and renal insufficiency

ise lactate clearance and exacerbate lactic acidosis. However,

were not statistically significant in the composite outcomes, which may be due
to the relatively small sample size. Despite the increased morbidity and
mortality associated with IAH/ACS, it remains unclear whether the prevention

or treatment (either surgical or medical) of IAH/ACS among critically ill patients
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improves patient outcomes. Therefore, some researchers have questioned
whether these conditions are simply markers of an increased severity of critical
illness. Indeed, a high disease severity score was significantly associated with
the development of IAH and ACS in paediatric and adult studies [1,4]. With our
current understanding of the pathophysiology and epidemiology of IA

future efforts in paediatric studies should focus on defining eviden(KQed risk
factors of IAH and compartment syndrome developme ermlnlng

whether interventions aimed at reducing IAP can |mp i€nt mortality.

Limitations
This study has several limitations. Zospltal death, circulatory support,

and renal insufficiency wer in our study, probably due to the relatively

small sample size. Se @P was not employed to account for analgesia,

sedation, and nuscular blockers in our study. Third, abdominal breathing

piratory distress may have resulted in falsely high IAP
to abdominal muscle contractions. This confounding factor can
%ﬂinated by adequate sedation and/or neuromuscular blockade in
mechanically ventilated children. Forth, patients in our study were not recruited
based on a target sample size, but rather there were 154 patients available for

this study and, based on the "1 in 10" rule, we decided to create a model of
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three variables to avoid overfitting. Fifth, only statistical criteria were used to

include variables in our cohort models, and not theoretical arguments.

CONCLUSION

IAH is common in children undergoing cardiac surgery and is asso@d ith

worse in-hospital outcomes. Several factors, including basic cargdi iology

and intraoperative factors, may be associated with the deyelopment of IAH.
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FIGURE LEGENDS

Graphical abstract: The incidence of intra-abdominal hypertension in
paediatric patients after cardiac surgery. IAH: intra-abdominal hypertension;

ACS: abdominal compartment syndrome

Figure 1. The IAP at admission to ICU was significantly higher than@&e

(p<0.001). IAP, intra-abdominal pressure; ICU, intensive care

Figure 2. In the final analysis, 38 (24.7%) patients devel
hypertension postoperatively. Twenty patients had %AH, 15 had grade |l
IAH, two had grade Il IAH, and one had gra QH. Six patients (3.9%)
developed ACS. IAP, intra-abdo in% sure; |AH, intra-abdominal
hypertension; ACS, abdominal com ent syndrome.

Figure 3. RCS curves of s@ons between CPB duration and IAH. RCS
regression models w&:ted with 3 knots at the 10th, 50th, and 90th of
initial CPB d tiQThe red lines represent the 95% confidence intervals for

the spIin@ "RCS, restricted cubic spline; CPB, cardiopulmonary bypass;

AH,@abdominal hypertension; OR: odds ratio; Cl: confidence interval

Figure 4. (a) ROC curve and AUC of predictors and IAH; (b) ROC curve and
AUC of risk factors and composite outcomes. ROC, receiver operating
characteristic; AUC: area under the curve; CVP, central venous pressure; IAP,

intra-abdominal pressure; CPB, cardiopulmonary bypass.
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Table 1. Baseline clinical characteristics of patients
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Variables Total IAH No-IAH z p
(n=154)  (n=38) (n=116)
Male, n (%) 80(52) 15(39.5) 59(50.9) 0.223
Preterm birth, n 4(2.6) 4(10.5) 0(0) <
(%) 0.001
#Age (month) 25(8.4,69 13.8(5.7, 26.9(9.2,74. 1.666 0.096
.9) 55.4) 65)
#Weight (kg) 11(7,19.5 8.25(7,1 12(7,20) 1.727 0,084
) 4)
#*BMI (kg/m?) 15.6(14.2 16(14.9, 15.6(14.1,16 -1.13Q258
,16.8) 17.3) .8) \
#Preoperative ALT 16(11,21) 16(11,30 16(12,21) Q& 0.755
(IU/L) )
#Preoperative 34(27,43) 34.5(25, 34(27.4 -0.444 0.659
AST (IU/L) 47)
#Preoperative sCr 30.5(26,4 29(24,36 31.5(2 1.789 0.074
(umol/L) 0) )
STAT score, n (%) 0.003
1 64(41.6) (50)
2 61(39.6) 39(33.6)
3 19(12.3) 13(11.2)
4 10(6.5 4(10.5) 6(5.2)
Right-sided heart 34 06(42.1) 18(15.5) <
lesion, n (%) Q 0.001
Left-sided hea& ) 7(18.4) 16(13.8) <
lesion, n (%) 0.001
Others, n (% Q 97(63) 15(39.5) 82(70.7) 0.001
Emergen 4(2.6) 1(2.6) 3(2.6) 0.988
surger,
R tomy, 23(14.9) 11(28.9) 12(10.3) 0.005
9
eline  CVP 10(7.3,12 11.2(9.3, 9.2(7,12) -2.748 0.005
mHg) 2) 13.3)
#Baseline IAP 3(2,4) 4(3,5) 3(2,4) -2.985 0.003
(mmHg)
#*CPB duration 110(76,1 130.5(10 99(73,137) 3726 <
(min) 45) 9,198) 0.001
Deep hypothermic 8(5.2) 5(13.2) 3(2.6) 0.01

circulatory arrest,
n (%)

22

20z Aeniged g0 uo 1senb Aq 9+ 109./6 L 0SBAISINOIEE0 L 0 |/10P/0IHE-8OUBAPE/SIAD/WOS" dNO0IWSPEOE//:SARY WO} POPEOJUMOQ



429
430
431
432
433
434

435
436
437
438
439
440
441
442
443
444
445
446
447

zhang et al

#Fluid balance 100(35,2 87.5(20, 105(60,200) 0.526 0.602

(ml) 20) 235)
#Transfusion
needs
RBC (U) 1.5(1,1.5) 1.5(1,2) 1(1,1.5) 1277 0.242
Autologous 150(100, 160(100, 150(100,200 -0.227 0.823
blood (ml) 300) 344) )

Plasma (ml) 100(60,2 100(100, 80(20,200) -0.925 0.374

00) 200)
PLT (U) 1(1,1) 11,1)  0.75(0.5,1)  -2.159 (&Q

#Haematocrit (%)
Baseline 35(32,39) 36(36,32 35(33,37)
42)
During CPB  24(21,26) 23(20,26 24(21,26) #O0.

)

At the end of 27(25,29) 27(24,29 26(2 % -0.466 0.644
surgery )

#Non-continuous variables are expressed as

ALT, alanine aminotransferase; AST, aspa

mass index; CPB, cardiopulmonary bypa , central venous pressure; |IAP,

intra-abdominal pressure; IAH, intra- inal hypertension; PLT, platelet;

RBC, red blood cells; STAT, Th jety of Thoracic Surgeons-European

Association for Cardio-Thora”@rg

%
cf’{(/
?\

d quartile
inotransferase; BMI, body
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Univariable Analysis Multivariable Analysis p-\;slrue
differen
ce
OR  95%Cl Pwvalue OR 95%Cl Pvalue Coiwee
n AUCs
(95%CI
Age 0.9 \
.99-1. .204
(months) 9 0.99-1.00 0.20 Q
06 N\
Sex 3 0.30-1.33 0.225
Preoperati < k
ve sCr 0(.39 0.93-1.00 0.075 Qj ' .
(umol/L)
STAT 18 1.22-2.77 0.004 18 23 0.004
score 4 .
*Right-
sided 5.1 2.20- 2.34-
< <
heart 2 11.96 0.00 13.43 0.001
lesion (n)
*Redo Q)
3.5 4.3 1.64-
sternotom 0 1.41- 07 5 1157 0.003
y (n)
*Basellne 0.004
06-1.33  0.002 1(')2 11'%75_ 0.001 (0.55-
mmHg ' 0.75)
*Baselln 14 111- 0.003
IAP 1.13-1.82 0.003 3 1' 83 0.005 (0.56-
g) ' 0.76)
* <0.001
n o 1'0 100-1.01 0004 1'0 11'%01' 0.005  (0.61-
(min) ' 0.79)
*Deep
:;ypomerm 57 130- oo 51 145 o
: 1 25.15 ' 4 22.98 '
circulatory
arrest(n)

449  *Adjusted for age and sex in the multivariable analysis.

450  CPB,

cardiopulmonary bypass; CVP,

central

venous pressure; Gl,

451  gastrointestinal; IAP, intra-abdominal pressure, STAT, The Society of Thoracic
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Surgeons-European Association for Cardio-Thoracic Surgery; sCr, serum

creatinine.

452
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494  Table 3. Hospital outcomes between IAH and No-IAH cohort

Total IAH No-IAH z D
(n=154)  (n=38) (n=116)
#Mechanical 16.8(8.6,8 89.6(27.5, 12.3(7.9,31. -4.652 <<0.001
ventilation 1.2) 218.8) 4)
time(h)
6.8(2,12.5) 12.8(8.20. 5.3(0,10) -4.779 &
VIS (24h)
4)
#\V/IS (48h) 6(0,11) 11(8,17) 5(0,8.2) -%EE\0.0M
5(0,10.2) 10.4(7,12. 0(0,7.3) -4. <<0.001
VIS (72h)
” &
Gl 10(6.5) 7(18.4) 3 2@ 0.001

complications,
n (%)
Sepsis, n (%) 9(5.8)

AKI, n (% Q.G)
Liver fai @
12(7.8)
G
La@dosis,
v 17(11)

n (%)
In-hospital
3(1.9)
death, n (%)
Cardiac arrest,
n (%)

ECMO, n (%) 2(1.3)

5(3.2)

6(@%26) 0.003
MODS, n (%)  14(9.1) 3.7 5(4.3) <0.001
Composite 27(1 7&
outcome, n (%) &

(31.6)  15(12.9) 0.009

2(5.3) 2(1.7)

7(18.4) 5(4.3)

7(18.4) 10(8.6)

1(2.6) 2(1.7)
1(2.6) 4(3.4)
0(0) 2(1.7)
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AKI, n (%) 4(2.6) 2(5.3) 2(1.7)
*ICU duration 4(2,8) 8(6,16) 3(2,6.5) 4916  <0.001
(days)

*Hospital 7(6,13)  11.5(9,19) 6(5,10) 4710  <0.001

duration (days)

#Non-continuous variables are expressed as median and quartile

AKI, acute kidney injury; CPB, cardiopulmonary bypass; ECMO; extraco&zl
membrane oxygenation; GIl, gastrointestinal; IAH, intra- minal
hypertension; ICU, intensive care unit; MODS; multiple organ\ nction

syndrome; VIS, vasoactive-inotropic score. Q~
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Table 4. Risk factors of composite outcomes

Univariable analysis Multivariable analysis p-value
f
OR 95%ClI P- OR 95%CI P- .
difference
value value
between
AUCs
Age 1.0
1.00-1.01 0.607
(months) 0 \
1.7
Sex 0.74-4.02 0.203
3
*Mechanical 0.001
1.0
ventilation 1.00-1.01 0.001 1.0 0.001 (0.58-
0 .01
(hours) 0.84)
*Postoperati Q
ve RV 0.3

dysfunction( 0
*Postoperati
ve LV
0 80-6.68
dysfunc@

C) : 4.24-
is (n)
88 112.86

*|AH () 3.1 1.30-7.44

— D

0.021

0.124
< 4.99- <
27.65
0.001 153.25 0.001
1.45-
0.011  3.60 0.006
8.94

*Adjusted for age and sex in the multivariable analysis.
AUC, area under the curve; BMI, body mass index; Cl, confidence interval; IAH,
intra-abdominal hypertension; LV, left ventricle; OR, odds ratio; RV, right

ventricle; sCr, serum creatinine;
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Intra-abdominal hypertension in children after open-heart surgery

154 patients

were includec. ’

Incidence. of IAH
(n=2%,24.7%)

Summary

In this cross-sectional study of 154 children
underwent open-heart surgery, we studied the
incidence, predictors and outcomes of
postoperative intra-abdominal hypertension. And

found intra-abdominal hypertension was common Grage
in children and associated with worse hospital I

outcomes. Baseline cardiac physiology and n=20 n=15
perioperative factors may be related to the intra- 52.6% . 39.5%

abdominal hypertension.

IAH: intra-abdominal hypertension; ACS: abdo rtment syndrome
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