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Background: Spontaneous intestinal perforation (SIP) is one of the most serious surgical bowel conditions 
affecting preterm infants. There are limited data on the mortality and morbidities of very preterm infants 
[VPIs, <32 weeks’ gestational age (GA)] with SIP in China. The study aimed to describe the prevalence, 
treatment, and outcomes of SIP among VPIs in China.
Methods: This retrospective cohort study included all infants born at 24+0–31+6 weeks GA from January 
1, 2019, to December 31, 2020, and admitted within seven days after birth to the neonatal intensive care 
units in the Chinese Neonatal Network. The primary outcome was survival without major morbidities. 
The association between SIP and neonatal outcomes was evaluated using multivariate logistic regression 
controlling for possible confounders.
Results: Out of the 15,814 enrolled infants, 150 (1.0%) developed SIP with a median onset age of four 
(IQR 2–6) days. Infants with GA 24+0–25+6 weeks had the highest incidence of SIP (13/532, 2.4%), followed 
by those with GA 26+0–27+6 weeks (22/2,005, 1.1%), 28+0–29+6 weeks (44/5,269, 0.8%) and 30+0–31+6 weeks 
(71/8,008, 0.9%). Ten SIP cases were lost to follow-up with unknown survival status and 41 (29.3%) of 
the remaining 140 infants with SIP died during hospitalization. Only 29.3% of infants with SIP survived 
without major morbidities, significantly lower than those without SIP (59.2%; P<0.01). Multivariate analysis 
revealed SIP was associated with a higher risk of overall death (adjusted OR 3.36; 95% CI: 1.85 to 6.08), 
late-onset sepsis (adjusted OR 2.10; 95% CI: 1.02 to 4.31), and bronchopulmonary dysplasia (adjusted OR 
2.49; 95% CI: 1.44 to 4.30). Among all infants with SIP, 28 (18.7%) did not receive any surgical intervention. 
Laparotomy was provided to 113 (92.6%) of the remaining 122 infants, solely (84/122, 68.9%) or following 
peritoneal drainage (29/122, 23.8%), while nine (7.4%) infants underwent peritoneal drainage only.
Conclusions: Around 1% of VPIs in China developed SIP, associated with increased risk of mortality and 
morbidities. Over 90% of VPIs with SIP underwent laparotomy as initial or subsequent surgical treatment. 

Effective and evidence-based strategies are needed for the prevention and management of SIP.
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Introduction

Spontaneous intestinal perforation (SIP) is one of the most 
serious gastrointestinal complications of preterm infants. 
SIP is characterized by isolated intestinal perforation with 
relatively normal surrounding tissue, usually occurring 
at the antimesenteric border of the terminal ileum in the  
first week of life (1,2). The incidence of SIP is 1–2% among 
infants born <1,500 g or <32 weeks’ gestation (3-5), and is 
as high as 3–8% among extremely low birth weight (ELBW) 
infants (6,7). In recent years, significant efforts have 
been made to prevent preterm infants from necrotizing 
enterocolitis (NEC) with decreasing incidence. In contrast, 
the incidence of SIP has either remained steady or even 
increased (8). SIP has gradually become a dominant surgical 
bowel condition affecting the most vulnerable infants (8). 
SIP significantly increases the mortality and morbidities of 
preterm infants. The mortality rate is 29–53% in ELBW 
infants with SIP, approximately twice that in those without 
SIP (7,9-11). Major morbidities, such as bronchopulmonary 

dysplasia (BPD) (45–77%), severe retinopathy of 
prematurity (ROP) (26–28%), and neurodevelopmental 
impairment at 18–22 months corrected age (63–67%), 
are also more common in SIP survivors (4,9,11-13). 
Consequently, SIP is drawing increasing attention. To 
better understand the epidemiology, treatment practices, 
and outcomes of SIP, several large multicenter studies have 
been conducted around the world (4,10,14-16).

During the past two decades, more and more very 
preterm infants [VPIs, <32 weeks’ gestational age (GA)] 
have been treated and survived in China, while there are 
currently no data on the burden of SIP in Chinese neonatal 
intensive care units (NICUs). Therefore, the present 
study used the largest cohort of VPIs in China from the 
Chinese Neonatal Network (CHNN), aiming to provide a 
comprehensive description of the incidence, management, 
and outcomes of SIP among VPIs admitted to Chinese 
NICUs. This article is written following the STROBE 
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-23-584/rc).

Methods

Study setting and population

This study is a retrospective cohort study using the CHNN 
database. The CHNN is a collaborative research and 
quality improvement network of tertiary NICUs in China 
(17,18). There were 57 hospitals in 2019 and 70 hospitals 
in 2020 enrolled in CHNN, covering major tertiary 
perinatal centers and free-standing children’s hospitals from  
25 provinces across China. A standardized neonatal database 
has been established by CHNN to monitor outcomes 
and clinical practices of all preterm infants born with 
GA <32 weeks or birth weight <1,500 g and admitted to 
participating hospitals (19).

The current study included all infants of 24+0–31+6 weeks’ 
gestation admitted to NICUs participating in CHNN 
within seven days after birth between January 1, 2019, and 
December 31, 2020. Infants with congenital gastrointestinal 
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malformations, NEC stage ≥2 based on modified Bell’s 
staging criteria (20), and missing information on intestinal 
perforation were excluded.

Data collection

Patient data from medical records were collected and 
entered electronically into a customized program with 
built-in error checking by trained abstractors of each site. 
Operations and definitions of each item in the program 
were elucidated by a standard manual. Patient identities 
were kept confidential when retrieved for analysis (19). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Review Board of Children’s Hospital of Fudan 
University (No. #CHFU 2018-296) and recognized by all 
participating hospitals. A waiver of informed consent was 
granted owing to the use of deidentified patient data.

Exposure

Eligible infants were divided into two groups: infants with 
and without SIP. SIP was diagnosed based on radiological 
findings of intestinal perforation and absence of radiological 
features of intestinal ischemia (fixed dilated bowel loops, 
pneumatosis intestinalis, and so on), or intraoperative 
surgical report indicating SIP (4).

Outcomes

The primary outcome was survival without any of the 
following major morbidities: late-onset sepsis (LOS), BPD, 
periventricular leukomalacia (PVL), and severe ROP. The 
secondary outcomes included overall death, any of the 
major morbidities, growth assessment at discharge [growth 
velocity and extrauterine growth restriction (EUGR)], and 
treatment during hospitalization (central venous catheter, 
invasive ventilation, parenteral nutrition, blood transfusion, 
and length of NICU stay). 

Definitions

In the CHNN cohort, some infants were discharged 
against medical advice (their caregivers chose to terminate 
treatment and have them leave the hospital before the 
attending physicians recommended discharge) during 

hospitalization. In this study, infants who were discharged 
against medical advice within two weeks after the onset of 
SIP were considered to have incomplete care for SIP. If the 
infants who were discharged against medical advice still 
required intensive care (invasive or noninvasive mechanical 
ventilation, inotrope infusion, or total parenteral nutrition) 
at the time of discharge, they were assumed to die after 
discharge (21). Overall death included in-hospital death and 
death after discharge. SIP-related death referred to death 
that occurred within two weeks of SIP onset or the cause of 
death was recorded as SIP in the medical record. Antibiotics 
prescribed from the day of SIP diagnosis were considered as 
medical treatment for SIP.

GA was determined in a hierarchical order based on 
the date of in vitro fertilization, prenatal ultrasound, last 
menstrual period, and obstetric and pediatric estimate. 
Small for GA (SGA) was defined as birth weight <10th 
percentile for GA and sex according to Fenton 2013 growth 
charts (22). Intensive resuscitation at the delivery room 
included chest compression >30 seconds and the use of 
epinephrine. Respiratory distress syndrome was diagnosed 
according to clinical signs, radiologic features, and/or 
treatment with surfactant replacement. Intraventricular 
hemorrhage (IVH) was classified according to Papile’s 
criteria and grade ≥3 was considered severe (23). Early-onset 
sepsis was defined as a positive bacterial culture from blood or 
cerebrospinal fluid before seven days of age and LOS was after 
seven days of age. BPD was defined as oxygen dependency 
at 36 weeks postmenstrual age or at discharge whichever 
comes first (24). PVL was defined as periventricular cysts 
presented on brain magnetic resonance imaging or ultrasound. 
Severe ROP was defined as stage ≥3 retinopathy according 
to the International Classification (25). Growth velocity 
was calculated as the average grams gained per kilogram 
of weight per day between birth and discharge. EUGR 
was diagnosed according to: (I) discharge weight <10th 
percentile; (II) z-score change between birth and discharge 
weight >2. Fenton 2013 curves were used before 50 weeks 
postmenstrual age and the World Health Organization 
growth charts thereafter (26).

Duration of fasting and antibiotics for SIP, time to first 
full enteral feeding, rates of discharge with enterostomy and 
major morbidities, growth assessment, times of transfusion, 
length of NICU stay, and duration of central venous 
catheter, invasive ventilation, and parenteral nutrition 
during hospitalization were calculated among SIP survivors.
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Statistical analysis

Data were analyzed using IBM SPSS Statistics version 
23 (RRID: SCR_016479). Median and interquartile 
range (IQR) were used to describe continuous variables, 
whereas frequencies and percentages were used to describe 
categorical variables. Continuous variables were compared 
using the Mann-Whitney U test and the Kruskal-Wallis 
H test. Categorical variables were compared using  
Chi-squared or Fisher’s exact test. Trend tests were 
performed using linear-by-linear association. Logistic 
regression models were used to determine the association 
between SIP and neonatal outcomes, controlling for GA, 
SGA, sex, Apgar score <7 at 5 min, and antenatal steroids. 
The covariates were selected based on previous evidence 
(3,4). A two-tailed P<0.05 was considered significant.

Results

Incidence and case fatality rate of SIP

Among 15,814 eligible infants, 150 (1.0%) developed 
SIP (Figure 1). The median age of SIP onset was four  
(IQR 2–6) days (Table 1). Infants with lower GA had a 
higher incidence of SIP (P=0.02).

Ten (6.7%) SIP infants were lost to follow-up due to 
transfer to non-CHNN hospitals with unknown survival 
status, so the case fatality rates were calculated among the 
remaining 140 infants. Overall, a total of 41 (29.3%) infants 
with SIP died during hospitalization, and 38 (27.1%) cases 

were identified as SIP-related deaths (Table 1). There were 
38 (27.1%) infants discharged against medical advice, 
among which 29 cases occurred within two weeks of SIP 
onset and were considered not to receive complete care 
for SIP. Among 111 infants with complete care, twelve 
(10.8%) infants died during hospitalization, and nine (8.1%) 
were SIP-related deaths (Table 1). There was no significant 
difference in overall or SIP-related case fatality rates among 
different GA groups, either in all infants or in infants with 
complete care.

Medical treatment for SIP

The median time to reach first full enteral feeding after 
SIP was 32 (IQR 25–45) days, with the median duration 
of fasting of 10 (IQR 8–13) days (Table 1). Infants with 
lower GA showed an even longer time to reach full enteral 
nutrition after SIP. The median course of antibiotics 
prescribed for SIP was 11 (IQR 7–16) days and similar 
among different GA groups.

Surgical management for SIP

Of all infants with SIP, 28 (18.7%) did not receive any 
surgical intervention (excluding needle aspiration of free 
intraperitoneal air), of which two were transferred out and 
lost to follow-up, eighteen were discharged against medical 
advice, and the remaining eight received complete care. 
Among the 26 non-surgical infants with known survival 

Number of neonates with GA 24+0–31+6 weeks 

who were admitted within 7 days after birth: 16,785

Study population: 

15,814

SIP:

150 (1.0%)

No SIP:

15,664 (99.1%)

Exclusion (N=971):

(I)	 Congenital gastrointestinal malformations: 83

(II)	 NEC stage ≥2: 751

(III) Missing information: 137

Figure 1 Study population. GA, gestational age; NEC, necrotizing enterocolitis; SIP, spontaneous intestinal perforation.
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Table 1 Incidence, case fatality rate and medical treatment of SIP in VPIs

Incidence, case fatality rate and 
medical treatment

Gestational age
Total P value

24+0–25+6 weeks 26+0–27+6 weeks 28+0–29+6 weeks 30+0–31+6 weeks

Number of infants 532 2,005 5,269 8,008 15,814

Incidence of SIP, n/N (%) 13/532 (2.4) 22/2,005 (1.1) 44/5,269 (0.8) 71/8,008 (0.9) 150/15,814 (1.0) <0.01

Age of SIP onset, days, median (IQR) 7 (6, 9) 6 (4, 9) 4 (2, 5) 3 (2, 5) 4 (2, 6) <0.01

Case fatality rate of SIP†, n/N (%)

Among all SIP infants

Overall death 6/13 (46.2) 7/20 (35.0) 13/42 (31.0) 15/65 (23.1) 41/140 (29.3) 0.32

SIP-related death 4/13 (30.8) 7/20 (35.0) 12/42 (28.6) 15/65 (23.1) 38/140 (27.1) 0.70

Among SIP infants receiving complete care

Overall death 3/10 (30.0) 1/14 (7.1) 5/34 (14.7) 3/53 (5.7) 12/111 (10.8) 0.09

SIP-related death 1/10 (10.0) 1/14 (7.1) 4/34 (11.8) 3/53 (5.7) 9/111 (8.1) 0.72

Medical treatment for SIP‡, median [IQR]

Duration of fasting for SIP, days 10 [9, 12] 8 [5, 13] 10 [8, 13] 11 [9, 14] 10 [8, 13] 0.27

Time to first full enteral feeding after 
SIP, days

54 [33, 102] 41 [26, 57] 35 [27, 49] 29 [23, 40] 32 [25, 45] 0.03

Duration of antibiotics for SIP, days 24 [11, 25] 7 [5, 15] 11 [7, 19] 10 [8, 15] 11 [7, 16] 0.12
†, ten SIP infants were lost to follow-up with unknown survival status, so they were not included in the calculation of case fatality rate. ‡, 
calculated among SIP survivors. SIP, spontaneous intestinal perforation; VPIs, very preterm infants; IQR, interquartile range.

status, 22 (84.6%) infants died, all SIP-related (Table 2).
Among 122 infants with surgical management for SIP, 

84 (68.9%) infants received laparotomy only (Table 2). The 
remaining 38 (31.1%) infants received peritoneal drainage 
as the initial intervention, with only nine (7.4%) treated 
solely by peritoneal drainage, and 29 (23.8%) by secondary 
laparotomy following drainage. In total, there were 113 
(92.6%) infants ultimately received laparotomy. Infants with 
lower GA were more likely to have peritoneal drainage only 
after SIP (P<0.01).

Eight surgical cases were transferred out and lost to 
follow-up. Among the remaining 114 surgical SIP infants, 
nineteen (16.7%) infants died, with sixteen (14.0%) SIP-
related deaths (Table 2). Overall case fatality rates were 
similar between infants initially treated with laparotomy 
and with peritoneal drainage (16.9% vs. 16.2%; P=0.93). 
Surgical infants with complete care had lower overall and 
SIP-related case fatality rates.

Maternal and neonatal characteristics of SIP

Maternal and neonatal characteristics of infants with 

and without SIP are summarized in Table 3. Maternal 
characteristics of infants with and without SIP were similar, 
except for multiple pregnancy (40.7% vs. 30.4%; P<0.01) 
and diabetes (9.6% vs. 18.5%; P<0.01). Infants with SIP 
were of lower GA and birth weight, were more likely to 
be male (68.0% vs. 56.2%; P<0.01) and SGA (9.3% vs. 
4.9%; P=0.01), and had a higher incidence of severe IVH 
(17.3% vs. 6.3%; P<0.01) compared to infants without 
SIP. A greater proportion of infants in the SIP group 
underwent umbilical artery catheterization and were 
exposed to steroids, antibiotics, nitric oxide, inotropes, 
invasive ventilation, and blood transfusion within the first 7 
postnatal days. Caffeine was less frequently used in infants 
with SIP.

Outcomes of SIP infants

As shown in Table 4, 29.3% (41/140) of infants with SIP 
survived without major morbidities, significantly lower 
than those without SIP (9,279/15,664, 59.2%) (P<0.01). 
Univariate comparisons revealed the rates of overall 
death, LOS, and BPD were higher in the SIP group, 
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compared with the non-SIP group. Growth velocity 
during hospitalization was lower in the SIP survivors, and 
the incidence of EUGR was higher regardless of which 
diagnostic criteria were used. SIP infants were also more 
likely to receive central catheters and invasive ventilation, 
more transfusion, and longer duration of parenteral 
nutrition and hospital stay.

Multivariate analysis showed the odds of survival without 
major morbidities among infants with SIP were significantly 
lower than those without SIP after adjustment [adjusted 
odds ratio (OR) 0.35; 95% confidence interval (CI): 0.22 
to 0.56] (Figure 2). SIP was associated with a higher risk 
of overall death (adjusted OR 3.36; 95% CI: 1.85 to 6.08), 
LOS (adjusted OR 2.10; 95% CI: 1.02 to 4.31), and BPD 
(adjusted OR 2.49; 95% CI: 1.44 to 4.30).

Discussion

This was the first large multicenter cohort study providing 
detailed epidemiology of SIP among VPIs in Chinese 
NICUs. The incidence of SIP was 1.0% among VPIs, with 
an increasing trend among infants at lower GA. More than 
one fourth of SIP infants died, and only 29.3% survived 
without any major morbidities. SIP was independently 
associated with twofold to threefold higher odds of overall 
death, LOS, and BPD. Peritoneal drainage was provided 
to one third of surgical VPIs with SIP, while over 90% of 
infants ultimately received laparotomy.

SIP has become a common surgical bowel disease in 
preterm infants. It was easily confounded by NEC or gastric 
perforation but was unlikely to be misclassified in our study 

Table 2 Surgical management of SIP in VPIs

Case fatality rate and medical 
treatment

No surgical 
management

Any surgical management

Total Laparotomy only Drainage only
Laparotomy after 

drainage

Number of infants 28 122 84 9 29

Surgical management for SIP, 
n/N (%) 

28/150 (18.7) 122/150 (81.3) 84/122 (68.9) 9/122 (7.4) 29/122 (23.8)

24+0–25+6 weeks 4/13 (30.8) 9/13 (69.2) 3/9 (33.3) 3/9 (33.3) 3/9 (33.3)

26+0–27+6 weeks 6/22 (27.3) 16/22 (72.7) 11/16 (68.8) 3/16 (18.8) 2/16 (12.5)

28+0–29+6 weeks 8/44 (18.2) 36/44 (81.8) 25/36 (69.4) 1/36 (2.8) 10/36 (27.8)

30+0–31+6 weeks 10/71 (14.1) 61/71 (85.9) 45/61 (73.8) 2/61 (3.3) 14/61 (23.0)

Case fatality rate of SIP†, n/N (%)

Among all SIP infants

Overall death 22/26 (84.6) 19/114 (16.7) 13/77 (16.9) 4/8 (50.0) 2/29 (6.9)

SIP-related death 22/26 (84.6) 16/114 (14.0) 11/77 (14.3) 3/8 (37.5) 2/29 (6.9)

Among SIP infants receiving complete care

Overall death 4/8 (50.0) 8/103 (7.8) 5/69 (7.2) 2/6 (33.3) 1/28 (3.6)

SIP-related death 4/8 (50.0) 5/103 (4.9) 3/69 (4.3) 1/6 (16.7) 1/28 (3.6)

Medical treatment for SIP‡, median [IQR or range]

Duration of fasting for SIP, 
days 

26 [26, 26] 10 [8, 13] 10 [8, 13] 14 [13, 15] 10 [8, 13]

Time to first full enteral 
feeding, days

74 [74, 74] 32 [25, 45] 32 [26, 44] 55 [41, 80] 28 [22, 45]

Duration of antibiotics for 
SIP, days

7 [7, 7] 11 [8, 16] 12 [8, 16] 23 [21, 24] 9 [7, 17]

†, ten SIP infants were lost to follow-up with unknown survival status, so they were not included in the calculation of case fatality rate. ‡, 
calculated among SIP survivors. SIP, spontaneous intestinal perforation; VPIs, very preterm infants; IQR, interquartile range.
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Table 3 Maternal and neonatal characteristics of VPIs with SIP

Characteristics No SIP SIP Total P value

Number of infants 15,664 150 15,814

Maternal characteristics, n/N (%)

Maternal age, years, mean (SD) 31.09 (4.95) 31.02 (5.02) 31.09 (4.95) 0.86

Assisted reproductive technology 2,647/15,664 (16.9) 27/150 (18.0) 2,674/15,814 (16.9) 0.72

Multiple pregnancy 4,759/15,664 (30.4) 61/150 (40.7) 4,820/15,814 (30.5) <0.01

Diabetes 2,867/15,528 (18.5) 14/146 (9.6) 2,881/15,674 (18.4) <0.01

Hypertension 2,997/15,532 (19.3) 25/148 (16.9) 3,022/15,680 (19.3) 0.46

Chorioamnionitis 2,361/13,016 (18.1) 24/117 (20.5) 2,385/13,133 (18.2) 0.51

Premature rupture of membranes 8,674/14,895 (58.2) 82/143 (57.3) 8,756/15,038 (58.2) 0.83

Cesarean delivery 8,938/15,621 (57.2) 96/150 (64.0) 9,034/15,771 (57.3) 0.09

Antenatal magnesium sulfate 7,307/13,908 (52.5) 65/118 (55.1) 7,372/14,026 (52.6) 0.58

Antenatal steroids 11,574/14,722 (78.6) 100/131 (76.3) 11,674/14,853 (78.6) 0.53

Antenatal antibiotics 6,365/13,833 (46.0) 49/115 (42.6) 6,414/13,948 (46.0) 0.47

Neonatal characteristics, n/N (%)

Gestational age, weeks, median [IQR] 30 [29, 31] 30 [28, 31] 30 [29, 31] 0.01

Birth weight, grams, mean (SD) 1,330.36 (318.13) 1,213.19 (349.46) 1,329.25 (318.63) <0.01

Male 8,796/15,646 (56.2) 102/150 (68.0) 8,898/15,796 (56.3) <0.01

SGA 774/15,646 (4.9) 14/150 (9.3) 788/15,796 (5.0) 0.01

Apgar score <7 at 1 min 3,672/15,347 (23.9) 46/150 (30.7) 3,718/15,497 (24.0) 0.05

Apgar score <7 at 5 min 1,043/14,887 (7.0) 10/148 (6.8) 1,053/15,035 (7.0) 0.91

Intensive resuscitation at delivery room 606/15,132 (4.0) 10/142 (7.0) 616/15,274 (4.0) 0.06

Respiratory distress syndrome 11,392/15,640 (72.8) 112/149 (75.2) 11,504/15,789 (72.9) 0.52

Severe IVH 879/14,041 (6.3) 22/127 (17.3) 901/14,168 (6.4) <0.01

Early-onset sepsis 204/15,664 (1.3) 11/150 (7.3) 215/15,814 (1.4) 0.14

Treatment in the first 7 days, n/N (%)

Postnatal steroids 220/15,664 (1.4) 5/150 (3.3) 225/15,814 (1.4) 0.04

Postnatal NSAIDs 1,428/15,664 (9.1) 17/150 (11.3) 1,445/15,814 (9.1) 0.35

Antibiotics 13,952/15,664 (89.1) 144/150 (96.0) 14,096/15,814 (89.1) 0.01

Surfactant 8,552/15,664 (54.6) 73/150 (48.7) 8,625/15,814 (54.5) 0.15

Caffeine 12,203/15,664 (77.9) 101/150 (67.3) 12,304/15,814 (77.8) <0.01

Nitric oxide 130/15,664 (0.8) 5/150 (3.3) 135/15,814 (0.9) <0.01

Inotropes 3,271/15,664 (20.9) 68/150 (45.3) 3,339/15,814 (21.1) <0.01

Umbilical artery catheters 759/15,664 (4.8) 14/150 (9.3) 773/15,814 (4.9) 0.01

Umbilical vein catheters 6,145/15,664 (39.2) 56/150 (37.3) 6,201/15,814 (39.2) 0.63

Invasive ventilation 6,168/15,664 (39.4) 128/150 (85.3) 6,296/15,814 (39.8) <0.01

Transfusion 3,162/15,664 (20.2) 81/150 (54.0) 3,243/15,814 (20.5) <0.01

VPI, very preterm infant; SIP, spontaneous intestinal perforation; SD, standard deviation; IQR, interquartile range; SGA, small for 
gestational age; IVH, intraventricular hemorrhage; NSAID, nonsteroidal anti-inflammatory drug.
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Table 4 Neonatal outcomes and treatment during hospitalization of VPIs with SIP

Outcomes No SIP SIP Total P value

Number of infants 15,664 150 15,814

Neonatal outcomes, n/N (%)

Survival without major morbidities 9,279/15,664 (59.2) 41/140 (29.3) 9,320/15,804 (59.0) <0.01

Overall death 1,667/15,664 (10.6) 41/140 (29.3) 1,708/15,804 (10.8) <0.01

Major morbidities†

LOS 871/13,997 (6.2) 17/99 (17.2) 888/14,096 (6.3) <0.01

BPD 3,730/13,997 (26.6) 48/99 (48.5) 3,778/14,096 (26.8) <0.01

PVL 604/13,091 (4.6) 8/93 (8.6) 612/13,184 (4.6) 0.06

Severe ROP 389/12,299 (3.2) 3/90 (3.3) 392/12,389 (3.2) 0.92

Growth assessment at discharge†

Growth velocity, g/(kg·d), median (IQR) 10.16 (8.40, 11.70) 9.40 (8.03, 10.96) 10.16 (8.40, 11.70) <0.01

EUGR, n/N (%)

Weight < P10 6,163/13,240 (46.5) 65/98 (66.3) 62,28/13,338 (46.7) <0.01

Decrease in weight z score >2 from birth to discharge 2,426/13,240 (18.3) 44/98 (44.9) 24,70/13,338 (18.5) <0.01

Treatment during hospitalization†

Central venous catheters, n/N (%) 10,934/15,664 (69.8) 112/140 (80.0) 11,046/15,804 (69.9) <0.01

Duration, days, median [IQR] 21 [12, 31] 26 [10, 39] 21 [12, 32] 0.06

Invasive ventilation, n/N (%) 6,755/15,664 (43.1) 134/140 (95.7) 6,889/15,804 (43.6) <0.01

Duration, days, median [IQR] 4 [2, 9] 7 [3, 15] 4 [2, 10] <0.01

Duration of parenteral nutrition, days, median [IQR] 21 [13, 32] 39 [28, 50] 21 [13, 32] <0.01

Times of transfusion, median [IQR] 1 [0, 2] 3 [2, 6] 1 [0, 2] <0.01

Length of NICU stay, days, median [IQR] 46 [34, 60] 56 [42, 79] 46 [34, 60] <0.01
†, rates of major morbidities, growth assessment at discharge, times of transfusion, length of NICU stay, and duration of central venous 
catheter, invasive ventilation, and parenteral nutrition during hospitalization were calculated among SIP survivors. VPI, very preterm infant; 
SIP, spontaneous intestinal perforation; LOS, late-onset sepsis; BPD, bronchopulmonary dysplasia; PVL, periventricular leukomalacia; 
ROP, retinopathy of prematurity; EUGR, extrauterine growth restriction; IQR, interquartile range; NICU, neonatal intensive care unit.

as most cases were confirmed by laparotomy. Our findings 
of higher incidence of SIP in infants with lower GA were 
consistent with previous studies, but the overall incidence 
of SIP among VPIs was slightly lower than reported (5,27). 
Elgendy et al. showed a 1.6% incidence of SIP in infants 
with BW <1,500 g and with GA ≤32 weeks using a national 
dataset of the United States, and 89.9% of SIP cases were 
in the category of GA ≤28 weeks (5). Infants included in our 
study were mostly born at 28+0–31+6 weeks’ gestation, which 
might account for the comparatively lower incidence of SIP. 
Only 0.8% of infants with GA 28+0–29+6 weeks developed 
SIP, while the incidence was as high as 2.4% in infants with 

GA 24+0–25+6 weeks. However, the incidence of SIP did not 
further decrease in the larger GA group, probably due to 
the complicated and critical condition of infants admitted 
to tertiary NICUs in CHNN. Despite the relatively lower 
risk of SIP in infants with GA ≥28 weeks, attention should 
also be paid to the prevention of SIP among this group of 
infants, as they comprised a major proportion of VPIs and 
the absolute number of SIP cases was quite large. More 
studies are needed to identify risk factors of SIP, which may 
help establish specific prevention strategies. Interestingly, 
we found caffeine administration was more common in 
infants without SIP, indicating that it might play a protective 
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role in the development of SIP. Vongbhavit et al. reported 
similar results in a case-control study of preterm infants 
with birth weight <2,000 g and GA <34 weeks (28), but the 
causal relationship between caffeine and SIP remained to be 
verified.

A number of studies have demonstrated that infants 
with SIP have higher odds of death or major morbidities 
(4,5,9-11), and our results showed similar findings. More 
than a quarter of VPIs with SIP died, most of which were 
SIP-related and occurred within two weeks after the 
onset of SIP. Overall death rate of SIP was reported to be 
19.2–24.7% among VPIs in previous large population-
based studies (4,5), slightly lower than our results. It might 
be partly explained by the selection bias of the cohort 
in this study. All participating hospitals in CHNN were 
tertiary centers and the infants involved were usually much 
sicker than those from lower-level healthcare facilities, 
leading to overestimation of the case fatality rates of SIP. 
Moreover, quite a few infants with SIP were discharged 
against medical advice and the case fatality rates of SIP 
were higher in those without complete care. Encouraging 
parents to have their babies receive complete care for SIP 
might reduce the mortality of VPIs. For SIP survivors, the 
risk of LOS and BPD was also doubled, independent of GA 
and other confounding factors. Multiple mechanisms, such 
as severe inflammatory response, compromised nutrition, 
and prolonged ventilation after SIP, are expected to be 

responsible for increased risk of the morbidities but further 
studies are needed. The strong association between SIP and 
poor prognosis emphasized the importance of preventing 
SIP among VPIs.

Almost all survived SIP infants required surgical 
management. In our study, only eight infants with SIP were 
managed conservatively without any surgical intervention, 
of which four died without a chance of surgery. The other 
four who survived were relatively stable and recovered after 
less invasive options, such as peritoneal needle aspiration. 
Among VPIs with SIP who received surgery, more than 
half received laparotomy only and about three quarters of 
infants initially treated with peritoneal drainage received 
secondary laparotomy, indicating that laparotomy was 
the most commonly used surgical intervention for SIP in 
China. In the literature, however, peritoneal drainage was 
performed in the majority (64.3–89.3%) of SIP infants with 
a varied proportion (24.1–68.8%) of infants subsequently 
requiring laparotomy (29-34). Considering that peritoneal 
drainage is allowed to be performed at the bedside and 
avoids surgical complications, it is generally conducted as 
an alternative treatment for SIP, temporarily or definitively, 
especially in infants who are too unstable to tolerate 
laparotomy. The infants enrolled in previous studies were 
less mature (usually ELBW infants) than those in our 
study, which might contribute to the relatively higher rate 
of peritoneal drainage as the initial procedure for SIP. The 
optimal surgical treatment of SIP is still controversial. Both 
randomized controlled trials (35-37) and observational 
studies (29,32,38,39) have demonstrated the type of initial 
operation has no impact on survival among preterm infants 
with intestinal perforation, similar to our findings. However, 
most studies mentioned above did not distinguish SIP from 
NEC and did not separately report the outcomes for SIP. 
It is noteworthy that infants with peritoneal drainage only 
had a significantly higher case fatality rate compared with 
those receiving secondary laparotomy after drainage in 
our study, whereas other studies reported similar survival 
rates between the two groups (30,31). The reason for these 
infants to receive peritoneal drainage only was probably 
that they were critically ill and incapable of tolerating 
laparotomy, rather than that peritoneal drainage made 
laparotomy unnecessary. Analysis of the characteristics 
of infants who “successfully” avoided laparotomy after 
drainage was limited due to a small sample size (only four 
cases) and larger-scale studies are needed. 

In the postoperative recovery of SIP, parenteral nutrition 
support plays a crucial role. Enteral feeding was not started 

Survival without major morbidities

Overall death

LOS

BPD

PVL

Severe ROP

0.35 (0.22, 0.56)

3.36 (1.85, 6.08)

2.10 (1.02, 4.31)

2.49 (1.44, 4.30)

1.60 (0.61, 4.16)

0.40 (0.14, 1.08)

Adjusted OR† (95% CI)

0 1 2 3 4 5 6 7 8

Figure 2 Multivariate analysis for neonatal outcomes of VPIs 
with SIP. †Infants without SIP as the reference group; adjusted 
for gestational age, small for gestational age, sex, Apgar score  
<7 at 5 min, and antenatal steroids. LOS, late-onset sepsis; BPD, 
bronchopulmonary dysplasia; PVL, periventricular leukomalacia; 
ROP, retinopathy of prematurity; OR, odds ratio; CI, confidence 
interval; VPI, very preterm infant; SIP, spontaneous intestinal 
perforation.
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until at least one week after SIP in all GA groups in our 
study. Previous studies have reported time to initiation of 
enteral nutrition in SIP infants ranging from 6 to 26 days 
(12,31,33,40,41). Parenteral nutrition is therefore essential 
and prolonged for SIP survivors, especially for infants born 
at lower GA (12,31,41). Our results showed the median 
time to achieve first full enteral feeding was 54 (IQR 
33–102) days in infants at 24+0–25+6 weeks’ gestation, almost 
twice that of infants at 30+0–31+6 weeks’ gestation. However, 
Eicher et al. documented a significantly shorter time to 
full enteral feeding after SIP [15 (IQR 12–19) days] among 
ELBW infants in a single-center retrospective study (40), 
suggesting the potential for nutrition strategy optimization 
for infants with SIP.

The study had several limitations. First, all enrolled 
infants came from tertiary NICUs and data from less 
developed regions were lacking, which might restrict 
the generalizability of our findings. Second, details of 
surgical management for SIP were not collected, such 
as the reason for peritoneal drainage or laparotomy, the 
selection of specific procedures (enterostomy or primary 
anastomosis), and the criteria to determine the need for 
secondary laparotomy after peritoneal drainage. These 
information would further help to evaluate the benefits and 
risks of different interventions. Third, we did not follow up 
neurodevelopmental and long-term outcomes in survivors, 
which are also important for a complete assessment of SIP. 
Fourth, many antenatal and postnatal factors have been 
reported to be associated with SIP, such as magnesium 
sulfate, indomethacin, and hydrocortisone (16), but we did 
not evaluate medication use and association with SIP in our 
population.

Conclusions

Around 1% of VPIs in Chinese NICUs developed SIP, 
associated with an alarmingly high risk of mortality and 
morbidities. The majority of infants with SIP underwent 
laparotomy as initial or subsequent surgical treatment. More 
studies are needed on effective prevention interventions and 
evidence-based surgical management strategies for SIP.
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