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ABSTRACT: Objectives: Fluid overload is common after congenital cardiac surgeries. This requires early application
of peritoneal dialysis (PD) in infants to improve surgical outcomes. The objective of this study is to ascertain the
factors correlated with the necessity for PD in infants, thereby informing the prophylactic placement of PD catheters
intraoperatively. Methods: This was a single-center retrospective study. Infants aged three months or younger who
underwent congenital cardiac procedures at the Fuwai Hospital between 2021 and 2022 were included. Patients with
chronic renal failure or without RACHS-1 categories were excluded. Based on whether postoperative PD treatment was
performed, the patients were classified into PD and non-PD groups. Preoperative and intraoperative parameters were
compared between the groups to identify factors for postoperative PD treatment. Results: A total of 405 eligible patients
were enrolled, with 35 and 370 patients allocated to the PD and non-PD groups. Multivariable analyses revealed that
age (OR 0.563, 95% CI 0.348–0.911, p = 0.019), preoperative cystatin C level (OR 1.028, 95% CI 1.003–1.053, p = 0.03),
cardiopulmonary bypass (CPB) minutes (OR 1.015; 95% CI 1.006–1.024, p = 0.001) and blood lactate level after weaning
from CPB (OR 1.453, 95% CI 1.173–1.800, p = 0.001) were predictors for PD treatment. The ROC curve determined the
following cutoff points for postoperative PD treatment: age less than 1 month, cystatin C level above 1.36 mg/L, CPB
duration exceeding 130 min and blood lactate levels greater than 4 mmol/L. The multiple ROC curve demonstrated a
sensitivity of 0.875, specificity of 0.826 and an area under the curve of 0.902. Conclusions: To facilitate the initiation of
postoperative PD treatment, it is advised that intraoperative prophylactic PD catheterization be concurrently performed
in patients presenting with all four identified factors.

KEYWORDS: Peritoneal dialysis; congenital heart disease; surgery; infant

1 Introduction
Fluid overload is common in infants after congenital heart disease surgery, with its pathogenesis poten-

tially associated with capillary leak syndrome, the critical preoperative condition, inflammatory response
during cardiopulmonary bypass (CPB) and the presence of low cardiac output syndrome [1]. In addition, a
bidirectional relationship exists between fluid overload and acute kidney injury, which can cause extended
durations of postoperative mechanical ventilation, increased hospitalization periods and fatal outcomes [2].
Given the highly immature development of physiological systems, neonates and infants are particularly prone
to experiencing fluid overload during surgical procedures, which may result in a poor prognosis and delayed
recovery [3].
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Renal replacement therapy and diuretics can be used to treat fluid overload [4]. The comparative efficacy
of these approaches has been a focal point of research [5]. Renal replacement therapy is advocated for early
implementation in pediatric patients with postoperative fluid overload, as recent studies have demonstrated
its superiority over diuretic monotherapy in enhancing surgical outcomes. A single-center randomized trial
involving 73 infants under 6 months of age following surgery for congenital heart disease was conducted by
Kwiatkowski DM and colleagues. The infants were divided into two groups: 32 received furosemide and 41
received peritoneal dialysis (PD). The children in the PD group did not experience any related complications,
but those in the furosemide treatment group had higher fluid overload, longer duration of ventilator and
inotropic drug use and higher electrolyte disorder. According to the conclusion, PD should be actively
employed in patients with postoperative acute renal injury and a high risk of fluid overload [6]. A single-
center retrospective study of 48 children who required renal replacement treatment after cardiac or thoracic
surgery was conducted by Hames DL and colleagues. Through multivariable analysis comparing the survival
group (n = 12) with the death group (n = 36), it was observed that delayed initiation of renal replacement
therapy after acute kidney injury correlated with increased mortality rates [7]. Pan and colleagues performed
a retrospective propensity score-matched analysis involving 45 pairs (90 patients) of children who underwent
PD treatment after congenital heart disease surgery. They found that patients in the early PD group (initiated
within 6 h of ICU admission) experienced reduced durations of mechanical ventilation, lower vasoactive
inotropic score, shorter treatment durations, and faster achievement of a negative fluid balance compared to
those in the non-early PD group [8].

At present, PD and continuous renal replacement therapy are recognized as established renal replace-
ment therapy modalities within the postoperative intensive care unit setting [9]. PD treatment is particularly
advantageous in the context of infant and neonatal care, offering a reduced impact on circulation and
eliminating the need for vascular access. However, the initiation of PD must be prompt, as the onset of
peritoneal edema can significantly diminish the therapeutic benefits. The catheterization process for PD is
an invasive surgical intervention that comes with inherent risks and potential complications [10].

The objective of this study is to delineate the factors for PD treatment in infants following surgical
procedures and to utilize these factors to inform the prophylactic placement of PD catheters during surgery.

2 Methods

2.1 Inclusion and Exclusion Criteria for Patients
All pediatric patients who underwent surgery for congenital heart disease at the Fuwai Hospital between

2021 and 2022 were included in this study (n = 4776). Specifically, infants aged three months or younger
were enrolled (n = 417). The study excluded certain patients: 1) debridement, thoracotomy for hemostasis,
epicardial pacemaker insertion and other procedures not classified as RACHS-1 (n = 11); or 2) preoperative
chronic renal failure (n = 1). After exclusions, 405 eligible patients were divided into two groups according
to whether they underwent postoperative PD. Group 1 consisted of patients who received PD (n = 35), while
Group 2 comprised those who did not (n = 370).

2.2 Data Collection
The medical records included whether the patient received PD treatment, where the PD catheter was

placed (in the intensive care unit or operating room) and whether the patient received PD combined with
continuous renal replacement therapy.

Preoperative data encompassed a range of demographic and clinical variables, including gen-
der, age, premature birth, weight, preoperative ventilator support, emergency surgery, chromosomal
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abnormality, RACHS-1 categories, types of congenital heart disease or surgical methods. Additionally,
laboratory parameters such as serum creatinine level, blood urea nitrogen level, and cystatin C level
were recorded.

Intraoperative data included CPB time, aortic cross-clamp time, lactate level after CPB weaning,
intraoperative urine output volume, left ventricular ejection fraction measured by transesophageal echocar-
diography and instances of delayed sternal closure.

Patient information was retrieved through a comprehensive search of the hospital’s database and
electronic medical record system.

2.3 Indications and Treatment Procedures of PD Treatment
PD is an active treatment strategy at our center. Following postoperative measures to ensure circulatory

stability (enhanced myocardial contractility, reduced ventricular afterload and arrhythmia control) for
postoperative oliguria (urine output <1 mL/kg/h) with volume overload (increased central venous pressure
with edema), intravenous diuretics and aminophylline therapy were then administered if the urine output is
still unsatisfactory. If oliguria persists for more than four hours, PD treatment is initiated in the absence of
contraindications [11]. For those with a PD catheter inserted intraoperatively, PD is commenced promptly.
Otherwise, the PD treatment is initiated once the bedside catheter insertion by the surgical team is completed.

The procedure for PD catheter insertion in the intensive care unit is as follows: After induction of anes-
thesia, a median longitudinal or transverse incision of approximately 1–2 cm in length is made at a location
2–3 cm caudal to the umbilicus. Sequential dissection through the peritoneum, skin, and subcutaneous tissue
is performed to gain access to the peritoneal cavity. The PD catheter is then positioned in the rectovesical
pouch or pouch of Douglas, along the line of the pubic symphysis. Following catheter placement, the skin
incision is closed in layers using sutures. The PD catheter is connected in a Y-configuration to the PD fluid
input and output lines using a three-way connector. Finally, a small piece of gauze is applied to the wound
site to prevent leakage and to secure the catheter against displacement.

The procedure for PD catheter insertion in the operating room is as follows: Before closing the chest,
a small incision is made in the peritoneum horizontally through the median sternotomy, and a right-
angle clamp is inserted through this incision, with the tip reaching 1.5 to 2.0 cm beside the umbilicus. The
abdominal wall is then pushed outward from the abdominal cavity, and the skin is incised with a No. 11
surgical blade. Electrocautery is used to stop bleeding and the entire layer of the abdominal wall is cut open.
This incision is small, just enough to accommodate the tip of the right-angle clamp; continuing to push
the abdominal wall upward, ensuring a certain gap between the peritoneum and the intestines, a full-layer
figure-eight suture is made around the abdominal wall incision using a No. 4 corner needle with silk thread,
in preparation for fixing the PD catheter; the PD catheter is pulled into the abdominal cavity from outside
through this abdominal wall incision, and is fixed with prepared silk thread; 6-0 Prolene is used to suture
the peritoneum incision horizontally across the diaphragm.

In the conduct of PD, a 4.25% peritoneal dialysate solution is utilized. To this solution, 200 U/L of
heparin is incorporated to prevent clotting, and the temperature is carefully adjusted to range between
37○C and 40○C prior to infusion. The standard volume for infusion is calculated at 10 mL per kilogram
of body weight, with each dialysis cycle lasting for 60 min. As fluid retention improved, the duration of
the dialysis cycle is extended, culminating in the discontinuation of PD following a 3-h cycle. When PD is
found to be inadequate in alleviating the fluid overload, it is imperative to transition to continuous renal
replacement therapy.
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The contraindications of PD include the following: 1) Recent abdominal surgery within the past week;
2) Active peritonitis or necrotizing enteritis; 3) Uncorrected abdominal wall defects, including omphalocele
and diaphragmatic hernia; 4) The presence of a ventriculoperitoneal shunt [12].

2.4 Statistical Analysis
Statistical analysis was performed using the SPSS software (version 25.0; IBM Corporation, USA). The

Shapiro-Wilk test was used to assess the conformity of the continuous variables to the normal distribution.
Normal distribution was expressed as the mean plus or minus the standard deviation, whereas a non-normal
distribution was expressed as the median accompanied by the interquartile range. Categorical variables are
displayed in a numerical form, accompanied by their respective percentages. Missing values were estimated
using expectation maximization. An independent t-test was used for normally distributed continuous
variable analysis. Otherwise, the Wilcoxon rank-sum test was used for nonnormally distributed variables.
Categorical variables were analyzed using the chi-squared test, correction for continuity, or Fisher’s exact
test. Binary logistic regression was used to determine the correlation between variables and outcomes. The
ROC curve was used to show the sensitivity, specificity, area under the curve (AUC), and cutoff point of the
variables. Statistical significance was set at p < 0.05.

2.5 Ethical Support
This study was approved by the Ethics Committee of the Fuwai Hospital (ID: 2022-1859). Because this

was a retrospective study, the requirement for informed consent was waived. The ethical principles of the
1975 Declaration of Helsinki were followed in this study.

3 Results

3.1 General Results
Among the 405 eligible patients, 37 underwent PD catheter insertion, 22 underwent dialysis catheter

implantation in the operating room (2 patients who did not receive PD treatment were included in Group
2) and 15 underwent dialysis catheter implantation in intensive care unit. Group 1 consisted of 35 patients;
Group 2 consisted of 370 patients. The types of congenital heart disease or surgical methods used for the
patients are shown in Table 1.

Table 1: Case of congenital heart disease type or surgical methods for patients

Items Group 1
(n = 35)

Group 2
(n = 370)

Coarctation of the aorta 10 49
Transposition of the great arteries 8 26

Interrupted aortic arch + truncus arteriosus 4 5
Anomalous origin of the left coronary artery from the pulmonary artery 4 5

Total anomalous pulmonary venous connection 3 24
Double outlet right ventricle 2 20

Mitral valvuloplasty 1 20
Pulmonary stenosis 1 24

Interrupted aortic arch 1 2
Ventricular septal defect 1 93

(Continued)
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Table 1 (continued)

Items Group 1
(n = 35)

Group 2
(n = 370)

Tetralogy of Fallot – 19
Tricuspid valvuloplasty – 19

Modified blalock-taussig shunt – 15
Atrioventricular septal defect – 14

Patent ductus arteriosus – 10
Atrial septal defect – 9

Unifocalization operation – 3
Pulmonary artery banding – 3
Aortopulmonary window – 2

Aortic valvuloplasty – 2
Truncus arteriosus – 2

Modified konno procedure – 1
Pulmonary atresia with ventricular septal defect – 1

Right ventricle to pulmonary artery conduit – 1
Pulmonary artery sling – 1

In this study, none of the patients were treated with PD because of contraindications. Two patients
received a combined continuous renal replacement treatment because of the low efficacy of PD. No other
complications were observed to be dialysis.

3.2 Univariable and Multivariable Results
The preoperative data of age, weight, preoperative creatinine, blood urea nitrogen, cystatin C, preop-

erative ventilator assistance, and RACHS-1 categories showed statistically significant differences (p < 0.05)
between the two groups in univariate analysis. Table 2 displays the details of the preoperative data and
statistical analyses of the two groups.

Table 2: Preoperative data of the two groups of patients

Item Total (n = 405) Group 1 (n = 35) Group 2 (n = 370) p value
Age (month) 2.0 (0.6, 3.0) 0.4 (0.2, 1.2) 2.0 (0.7, 3.0) <0.001

Gender (case, %)
0.804Male 234 (58) 22 (63) 212 (57)

Female 171 (42) 13 (37) 158 (43)
Weight (kg) 4.4 (3.5, 5.5) 3.5 (3, 4.3) 4.5 (3.6, 5.5) <0.001

Premature Birth (case, %) 17 (4) 3 (9) 14 (4) 0.34
Preoperative ventilator

Assistance (case, %)
16 (5) 7 (20) 9 (2) <0.001

Emergency surgery (case, %) 3 (1) 1 (3) 2 (1) 0.62
Chromosomal Abnormality

(case, %)
1 (0.2) 0 (0) 1 (0.3) 1.0

(Continued)



622 Congenit Heart Dis. 2025;19(6)

Table 2 (continued)

Item Total (n = 405) Group 1 (n = 35) Group 2 (n = 370) p value
RACHS-1 Categories (cass, %)

<0.001

Level 1 19 (5) 0 (0) 19 (5)
Level 2 159 (39) 3 (9) 156 (42)
Level 3 153 (38) 13 (37) 140 (38)
Level 4 65 (16) 15 (43) 50 (14)
Level 5 9 (2) 4 (11) 5 (1)

Creatinine (μmoI/L) 27.6 (20.3, 34.8) 36.6 (26.3, 56.9) 26.9 (20.1, 33.5) <0.001
Blood Urea Nitrogen (mmol/L) 2.9 (2.0, 4.1) 4.0 (2.6, 5.2) 2.9 (2.0, 4.0) 0.006

Cystatin C (mg/L) 1.3 (1.1, 1.5) 1.4 (1.3, 1.8) 1.3 (1.1, 1.5) <0.001

CPB time, aortic cross-clamp time, deep hypothermic circulatory arrest, lactate level after CPB weaning,
intraoperative urine output volume and delayed sternal closure were significantly different between the two
groups (p < 0.05). Details of the intraoperative data and statistical analyses of the two groups are shown
in Table 3.

Table 3: Intraoperative data of the two groups of patients

Item Total (n = 405) Group 1 (n = 35) Group 2 (n = 370) p value
CPB time (minutes) 99 (73, 136) 161 (129, 210) 94 (71, 130) <0.001

Aortic cross-clamping time
(minutes)

60 (42, 88) 91 (73, 130) 58 (41, 84) <0.001

Deep hypothermic circulatory arrest
(case, %)

14 (3) 5 (14) 9 (2) <0.001

Lactic acid (mmol/L) 2.3 (1.5, 3.1) 4.4 (2.3, 6.8) 2.2 (1.4, 3.0) <0.001
Urine output (mL/kg) 9.5 (3.3, 20.5) 17 (11, 32) 9.0 (3.0, 20) 0.002

Left ventricular ejection fraction (%) 60 (45, 63) 56 (49, 61) 60 (45, 63) 0.418
Delayed chest closure (case, %) 6 (1) 3(9) 3(1) 0.004

Note: CPB: cardiopulmonary bypass.

Indicators with statistical differences were analyzed using multivariate analysis. The results of logistic
regression are presented in Table 4.

Table 4: The results of multivariable analysis

Item OR 95% CI p value
Age (month) 0.563 0.348–0.911 0.019

Cystatin C (mg/L) 1.028 1.003–1.053 0.03
CPB time (minutes) 1.015 1.006–1.024 0.001

Lactic acid (mmol/L) 1.453 1.173–1.800 0.001

Note: CPB: cardiopulmonary bypass.
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3.3 ROC Curve Results
The ROC curve results showed that age less than 1 month (sensitivity 0.714, specificity 0.703, area under

the curve 0.752), preoperative cystatin C higher than 1.36 mg/L (sensitivity 0.706, specificity 0.621, area under
the curve 0.688), CPB time longer than 130 min (sensitivity 0.765, specificity 0.747, area under the curve
0.825) and lactate level exceeding 4 mmol/L after weaning from CPB (sensitivity 0.559, specificity 0.892, area
under the curve 0.764) were the cutoff points for postoperative PD. The multivariate ROC curve analysis
showed that the sensitivity, specificity, and area under the curve were 0.875, 0.826, and 0.902, respectively.
The multivariate ROC curve is shown in Fig. 1.

Figure 1: Multivariable ROC curve of age, cystatin C, cardiopulmonary bypass time and lactate in predicting
postoperative peritoneal dialysis treatment (AUC = 0.875)

4 Discussion
PD employs diffusion and ultrafiltration mechanisms to progressively and steadily eliminate excess fluid

and solutes from the bloodstream. This process is facilitated by the semi-permeable nature of the peritoneal
membrane. A significant advantage of PD is its minimal impact on hemodynamics and the absence of a
requirement for arterial and venous access. Furthermore, infants and neonates, relative to adults, exhibit a
larger peritoneal surface area in proportion to their body surface area, which enhances the efficacy of PD [13].
In the early postoperative period following cardiac surgery, the incomplete recovery of cardiac function,
hemodynamic instability and challenges in establishing vascular access often preclude the initiation of early
continuous renal replacement therapy in infants. Consequently, PD is frequently selected as the treatment of
choice in clinical settings [14].

In the clinical management of patients experiencing fluid overload, early initiation of PD is advocated
and is supported by research. If preoperative and intraoperative data can predict the need for postoperative
PD, this information can be used to determine whether to prophylactically place PD catheters. However,
there is currently a lack of direct evidence. In our study, we select preoperative and intraoperative data,
drawing on both our clinical experience and the existing body of literature to find out possible predictors.
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This study identified CPB as a factor for postoperative PD treatment. In pediatric patients with
congenital heart disease, extended CPB duration is a well-established risk factor for acute kidney injury [15].
Our finding is corroborated by a previous study that identified prolonged CPB as a predictor of postoperative
PD treatment in children [16]. The discrepancy between the 150-min threshold in that study and the 130-
min threshold in ours is not contradictory; it reflects the different age groups studied. Their study included
children under three years, while our cohort comprised infants less than three months old. The 130-min CPB
duration threshold is more pertinent for predicting the need for postoperative PD in this younger and more
vulnerable population.

An additional significant finding of our study is that newborn age (<1 month) is a factor for postoperative
PD treatment. In the context of congenital cardiac disease, young age is a definitive risk factor for acute renal
injury following surgical intervention [17]. The younger the patient, the less developed their organs are, and
consequently, the higher the likelihood of multi-organ dysfunction, including renal dysfunction. A lot of
studies have proved that neonates are particularly susceptible to acute renal injury, which escalates the risk
of complications and mortality [18].

Cystatin C is an endogenous marker that reflects changes in glomerular filtration rate and is less
susceptible to external influences, making it a reliable indicator of kidney function [19]. A study specifically
focusing on newborns demonstrated that cystatin C is highly correlated with acute kidney injury in neonates,
with a diagnostic threshold greater than 2.2 mg/L [20]. Our research indicates that preoperative cystatin C
levels exceeding 1.36 mg/L are a significant predictor for postoperative PD treatment in children (normal
range 0.51–1.09 mg/L). The cutoff points identified in these studies are not in conflict; they reflect the earlier
initiation of renal replacement therapy in our center, leading to a lower cutoff point. It is important to
emphasize that, due to cystatin C’s minimal influence by extrarenal factors, it is more suitable for application
across different centers when assessing the same age group of patients. Further investigations are necessary
to determine the applicability of these findings to children of varying ages.

Low cardiac output syndrome is a risk factor for the acute kidney injury following pediatric cardiac
surgery [21]. Lactic acid, with a level of 4 mmol/L, serves as a marker for diagnosing low cardiac output
syndrome [22]. Our study identified that elevated lactate level, specifically greater than 4 mmol/L after CPB
weaning, is an independent risk factor for children who undergo postoperative PD treatment. This finding
aligns with existing literature.

Congenital heart disease is occasionally associated with chromosomal abnormalities [23], which may
influence the outcomes of cardiac surgery. However, only one patient in Group 2 was identified with a
chromosomal abnormality (Williams syndrome) and statistical analysis revealed no significant difference
between the two groups. Two factors may be responsible for this phenomenon. Firstly, prenatal screening
in our country has improved significantly, leading to an increased rate of pregnancy termination for those
with severe chromosomal abnormalities. Secondly, patients included in this study were too young (less
than three months) to exhibit a noticeable developmental delay, which may have obscured the presence of
chromosomal abnormalities.

Our study has several limitations. The relatively small number of patients constrained our ability to
identify risk factors associated with poor efficacy of PD (combined with continuous renal replacement
therapy). Therefore, further research with an expanded sample size is imperative to elucidate these risk
factors. Given that this was a single-center study, the conclusions of our study may not be applicable to other
centers. Consequently, future multi-center studies are essential to validate the applicability of our results
across different clinical settings.
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5 Conclusions
To facilitate the initiation of postoperative PD treatment, it is advisable to consider the prophylactic

insertion of a PD catheter during surgery for congenital heart disease, provided that four specific criteria are
concurrently satisfied: age less than 1 month, preoperative cystatin C above 1.36 mg/L, CPB time longer than
130 min and lactic acid level greater than 4 mmol/L after weaning from CPB.
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