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INTRODUCTION
Necrotizing enterocolitis (NEC) and intestinal perforation 

are the most common surgical emergencies in the neonatal 
intensive care unit [1,2]. With a prevalence of approximately 
15%, they are especially common in extremely low birth 
weight (ELBW) infants, who are also the most likely to have 
high mortality and morbidity [3] and long-term consequences 
[3]. Although there have been advances in neonatal care in 

recent decades, NEC continues to challenge pediatric surgeons. 
Peritoneal drainage (PD) was first proposed as a treatment of 
intestinal perforation in ELBW infants in 1974 by Ein et al. [4]. 
Since then, PD has been used as both a definitive treatment and 
as a temporizing approach, although which is more efficient is 
debated.

Two randomized controlled trials have compared primary 
laparotomy with PD in low birth weight infants with intestinal 
perforation [5,6]. These trials did not show that PD improved 
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Purpose: Necrotizing enterocolitis and intestinal perforation are the most common surgical emergency in the neonatal 
intensive care unit. The purpose of this study is to evaluate if peritoneal drainage (PD) is beneficial in extremely low birth 
weight infants with intestinal perforation.
Methods: Retrospective cohort study of extremely low birth weight infants with a diagnosis of intestinal perforation. They 
were received primary PD (n = 23, PD group) or laparotomy (n = 13, LAP group). Laboratory and physiologic data were 
collected and organ failure scores calculated and compared between preprocedure and postprocedures. Data were 
analyzed using appropriated statistical tests.
Results: Between January 2005 and December 2015, 13 infants (male:female = 9:4) received laparotomy. Of 23 infants 
(male:female = 16:7) received PD, 20 infants received subsequent laparotomy. There were no demographic differences 
between PD and LAP groups. And there were no differences in total organ score in either group (PD, P = 0.486; LAP, P = 
0.115). However, in LAP group, respiratory score was statistically improved between pre- and postprocedure organ failure 
score (P = 0.02). In physiologic parameter, PD group had a statistically worsening inotropics requirement (P = 0.025). On 
the other hand, LAP group had a improvement of PaO2/FiO2 ratio (P = 0.01).
Conclusion: PD does not improve clinical status in extremely low birth weight infants with intestinal perforation.
[Ann Surg Treat Res 2020;98(3):153-157]
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survival or secondary outcomes. In addition, Rees et al. [7] 
suggested that PD is neither a safe alternative to laparotomy 
in ELBW infants with intestinal perforation nor an effective 
temporizing measure. However, for ELBW infants, surgeons 
hesitate or find it hard to choose laparotomy because 
laparotomy or general anesthesia itself can be fatal for such 
infants and because the patients may worsen during the long 
procedure preparation time [8].

The purpose of our present study was, first, to review the 
results of the management of ELBW infants with intestinal 
perforation in our center and, second, to evaluate if PD showed 
benefits as a temporizing approach in ELBW infants with 
intestinal perforation in a single center during the past 10 years.

METHODS
We reviewed all cases of ELBW infants who underwent 

PD or laparotomy for intestinal perforation at Asan Medical 
Center, Seoul, Korea, from January 2005 to December 2015. We 
retrospectively collected data on gestational age, birth weight, 
Apgar score 1 and 5, type of ventilation, combined problems, 
clinical signs, and radiographic and laboratory findings. The 
study protocol was approved by the Institutional Review Board 
of Asan Medical Center (protocol number, S2019-1054-0001), and 
all study procedures complied with articles in the Declaration of 
Helsinki. Patient informed consent was waived because of the 
retrospective nature of the study. ELBW infants received 
primary PD (n = 23, PD group) or laparotomy (n = 13, LAP 
group). In the PD group, 20 patients underwent primary PD as 
a temporalizing approach followed by corrective laparotomy, 
whereas 3 patients underwent only PD.

Peritoneal drainage
PD was performed as a bedside procedure in the neonatal 

unit immediately upon detection of free air in the patient. 
The drain was inserted by the pediatric surgeon under sterile 
conditions using local anesthesia. An incision was made in the 
right or left lower quadrant of the abdomen and a drain was 
inserted. In the early period of the study, we decided whether 
the patient needed a further surgical procedure according to 
the general condition of the patient. If the patient was stable 
and the drainage contents were not dirty, we chose close 
observation without laparotomy. Between January 2005 and 
December 2008, four of 7 patients underwent laparotomy 
after PD. In the late period, we planned to perform laparotomy 
within 48 h regardless of the condition of the patient.

Laparotomy
Laparotomy was performed either in an operating room or 

in the neonatal unit depending on the patient’s condition. The 
choice of surgical procedure depended on the extent of the 

disease and the condition of the patient and the decision was 
made at the time of surgery by the surgeon. Two patients of 13 
LAP group underwent primary anastomosis and 11 patients 
underwent enterostomy. In PD group, 5 patients underwent 
primary anastomosis without enterostomy and 14 patients 
underwent enterostomy operation. One patient who underwent 
laparotomy in 2011 got PD only due to severe adhesion.

Data collection
Laboratory and physiological data were collected and 

organ failure scores were calculated and compared between 
the preprocedure and postprocedure periods. Physiological 
data, including heart rate, mean arterial pressure, inotrope 
requirement, type of ventilation, and arterial partial pressure 
of oxygen/fraction of inspired oxygen (PaO2/FiO2) ratio, were 
collected before and 24 hours after (usually, next day) treatment. 
Organ failure scores for cardiovascular, respiratory, hepatic, 
renal, and coagulation status were calculated using a modified 
sequential organ failure assessment score [9]. These scores were 
then compared between before and after the treatment (PD or 
LAP).

Statistics
Data are expressed as the mean ± standard deviation if 

normally distributed or the median (range) if not and were 
analyzed using the Wilcoxon test or Mann-Whitney test as 
appropriate using SPSS ver. 17.0 (SPSS Inc, Chicago, IL, USA). A 
P-value < 0.05 was considered significant.

RESULTS
Of the 23 infants analyzed in this study (male:female 

= 16:7) who underwent PD, 20 underwent subsequent 
laparotomy and 3 underwent only PD. Thirteen infants 
(male:female = 9:4) underwent laparotomy alone. There 
were no demographic differences between the PD and LAP 
groups, including no difference in gestational age (25 weeks 
vs. 26 weeks, respectively; P = 0.856), birth weight (710 g 
[range, 549–980 g] vs. 770 g [range, 282–970 g], respectively; 
P = 0.948), Apgar score 1 (3 [range, 1–8] vs. 3 [range, 2–5], 
respectively; P = 0.795), and Apgar score 5 (5 [range, 2–8] vs. 6 
[range, 2–7], respectively; P > 0.999) (Table 1). In the PD group, 
22 patients needed a ventilator at birth; of these 22 infants, 9 
required high-frequency oscillatory ventilation at the time of 
diagnosis of intestinal perforation. In the LAP group, 11 of the 
13 patients needed a ventilator at birth and 3 patients received 
high-frequency oscillatory ventilation at diagnosis (P = 0.434) 
(Table 1). Seventeen patients had intracerebral hemorrhage, 
germinal matrix hemorrhage, or intraventricular hemorrhage 
from grade I to grade IV in the PD group. In contrast, only 4 
patients had a brain hemorrhage in the LAP group (P = 0.022) 
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(Table 1). Three of 13 patients in LAP group were expired and 
five of 23 patients in PD group. One patient in PD group was 
expired on the operating room table during enterotomy after 
PD. Another patient was expired due to postoperative shock 
and disseminated intravascularcoagulation one day after 
enterostomy.

Cardiovascular status
There were no significant differences between the 

preprocedural and postprocedural heart rate or mean arterial 

pressure in the PD or LAP groups (Table 2). Of the 23 patients 
in the PD group, 4 (17%) required preprocedural inotropes 
compared with 9 (39%) in the postprocedure period (P = 0.063). 
In the 13 infants in the LAP group, 2 (15%) required preoperative 
inotropes and 2 (15%) required postoperative inotropes (P > 
0.999). Thus, the PD group had a worse inotropic requirement, 
although the difference was not significant.

Respiratory status
There was no significant difference in the PaO2/FiO2 ratio 

Table 1. Baseline characteristics

Characteristic PD LAP P-value

Sex, male:female 16:7 9:4
Birth weight (g) 710 (549–980) 770 (282–970) 0.948
Gestational age (wk) 25 (23–39) 26 (23–33) 0.856
Apgar score, 1 min 3 (1–8) 3 (2–5) 0.795
Apgar score, 5 min 5 (2–8) 6 (2–7) >0.999
Use of indomethacin 18 (78) 7 (53) 0.239
Use of HFOV at diagnosis of perforation 9 (39) 3 (23) 0.434
Presence of cerebral hemorrhage 17 (73) 4 (31) 0.022

Values are presented as median (range) or number (%).
PD, peritoneal drainage; LAP, laparotomy; HFOV, high-frequency oscillation ventilator.

Table 2. Changes in physiologic parameters for PD and LAP groups

Variable
PD

P-value
LAP

P-value
Pre Post Pre Post

Heart rate (bpm) 153 ± 15 158 ± 12 0.523 150±12 148±13 0.581
MAP (mmHg) 37 ± 8 36 ± 8 0.832 37 ± 8 42 ± 9 0.092
Inotropes, yes 17% 39% 0.063 15% 15% >0.999
PaO2/FiO2 ratio 243 ± 140 231 ± 83 >0.999 177 ± 81 230 ± 78 0.039

Values are presented as mean ± standard deviation unless otherwise indicated.
PD, peritoneal drainage; LAP, laparotomy; Pre, preprocedure; Post, postprocedure; MAP, mean arterial pressure; bpm, beats per 
minute.

Table 3. Organ failure scores (sequential organ failure assessment) for PD and LAP group

Organ system
PD

P-valuea)
LAP

P-valuea)

No. Pre Post No. Pre Post

Respiratory 21 2 (0–4) 2 (0–3) 0.581 13 3 (2–4) 2 (1–4) 0.031
Renal 22 0 (0–4) 0 (0–3) >0.999 13 0 (0–2) 0 (0–0) >0.999
Hepatic 22 2 (0–2) 2 (0–3) 0.453 13 2 (1–3) 2 (0–3) 0.25
Cardiovascular 22 0 (0–3) 0 (0–4) 0.289 13 0 (0–2) 0 (0–3) >0.999
Coagulation 23 2 (0–2) 1 (0–3) >0.999 13 1 (0–3) 2 (0–4) 0.727
Total score (0–20) 5.9 ± 2.9 6 ± 2.9 >0.999 6.3 ± 1.9 5.5 ± 1.9 0.227

Values are presented as median (range) or mean ± standard deviation.
PD, peritoneal drainage; LAP, laparotomy; Pre, preprocedure; Post, postprocedure.
Score: best = 0, worst = 4.
a)Wilcoxon’s matched pairs tests.
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between the pre- and postprocedure periods in the PD group 
(P > 0.999) (Table 2). There was thus no significant alteration 
in the respiratory component of the organ failure score 
(preprocedure 2 [0–4] vs. postprocedure 2 [0–3], P = 0.581) (Table 
3). On the other hand, there was a significant difference in the 
PaO2/FiO2 ratio between the pre- and postprocedure periods 
in the LAP group (P = 0.039), which resulted in a significant 
change in the organ failure score (preprocedure 3 [2–4] vs. 
postprocedure 2 [1–4]; P = 0.031).

Renal, hepatic, and coagulation status
There were no significant changes in the renal, hepatic, or 

coagulation status between the preprocedure and postprocedure 
periods in either the PD or LAP groups, as evidenced from the 
respective components of the organ failure score (Table 3). In 
addition, there were no differences in the total organ failure 
score in either group (PD, P > 0.999; LAP, P = 0.227). However, 
in the LAP group, the respiratory score significantly improved 
between the pre- and postprocedure organ failure scores (P = 
0.031).

DISCUSSION
A 2002 survey of pediatric surgeons in the United Kingdom 

reported that PD was a widely used technique for the 
management of neonates with bowel perforation [10]. That 
study found that 58% used PD as a definitive treatment, 57% 
to stabilize neonates before transfer, and 95% to stabilize 
them before laparotomy. Ein et al. [4] reported that PD before 
laparotomy in NEC improved the general condition of the 
infants. Some subsequent reports suggested that PD helped 
to improve the general condition of patients, with further 
beneficial effects on morbidity and mortality [11-13].

However, other trials found that PD did not improve survival 
in ELBW infants with intestinal perforation. A randomized 
controlled trial performed in the United States (NECSTEPS) 
showed no difference in survival at 90 days between infants 
managed with PD and laparotomy [5]. The NECSTEPS trial 
randomized infants less than 1,500 g with proven suspected 
perforation to PD or primary laparotomy but discouraged the 
use of early rescue laparotomy. Of the 55 infants included in 
their study, 5 (9%) required delayed laparotomy for clinical 
deterioration compared with 26 of the 35 infants (74%) included 
in this trial. The NET trial was another randomized controlled 
study performed in Europe [6]. This study also found that 
survival was not improved by the insertion of a drain as a 
temporizing method. Moreover, data from this trial showed 
that use of PD as a temporizing measure to stabilize patients in 
preparation for laparotomy is not an effective strategy [7].

In the past, we had considered 2 methods to be definitive 
treatments when we diagnosed ELBW infants with intestinal 

perforation [4,14]. All the patients who underwent laparotomy 
diagnosed as a NEC in this study. However, 3 patients without 
surgery could not be diagnosed with NEC because we did 
not know whether it was NEC or spontaneous intestinal 
perforation. The 3 current study patients in whom PD was used 
as a definitive procedure are currently still alive. There were no 
demographic and laboratory differences between these 3 cases 
and the other patients who underwent subsequent laparotomy. 
It is possible that we assumed that they had isolated intestinal 
perforation or early, localized NEC. However, based on the 
results of several studies, the policy of our center regarding 
the treatment of ELBW infants with intestinal perforation 
has changed and now PD is used as a temporizing method. 
We use PD to provide time when patients are too unstable for 
surgery or when the patient surroundings are not suitable for 
emergency surgery. Thus, we expected that PD would provide 
some benefits to unstable patients. Our current results have 
not shown an immediate improvement in physiologic status 
after PD. Rather inotrope requirement was increased after 
PD, although there was no significant difference between the 
groups and no improvement in the respiration parameters.

A major limitation of our present study was its retrospective 
uncontrolled design and our study has biases inherent to such a 
method; however, its purpose was to examine whether unstable 
ELBW infants with intestinal perforation benefited from PD. 
None of these infants had complications after PD, but they were 
not stabilized either. Our focus was on the bedside decision of 
whether to perform laparotomy or PD and, according to these 
results, patients are more likely to benefit when they undergo 
immediate laparotomy than PD. In addition, we take account 
of the fact that the infants in the group that underwent PD as 
a definitive treatment are all alive. It is difficult to determine 
whether PD is effective for some patients. However, if there 
are developments in the imaging techniques or laparoscopic 
surgical environment that can be applied to these unstable 
ELBW infants, PD might still be considered a useful method in 
selected infants in the future.

In conclusion, PD does not improve clinical status in ELBW 
infants with intestinal perforation. We therefore recommend 
the use of early laparotomy in infants with bowel perforation 
if the treating center is suitable for bedside operations and 
the operation can be started immediately. However, if no 
such situation is available, PD may still play a role in treating 
intestinal perforation in such infants, depending on the patient.
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