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Abstract
Background The outcomes of neonatal surgical cases has steadily 
improved in the last decade. However, limited local data are avail-
able in Indonesia regarding the contributing factors and outcomes 
of surgical procedures in neonates.
Objective To determine the incidence of infection and mortality 
in neonatal surgical cases in Saiful Anwar Hospital, Malang, East 
Java, Indonesia.
Methods This retrospective cohort study included neonates who 
underwent abdominal surgery over a period of 20 months from 
January 2021 to August 2022. Data collected included subjects’ 
basic demographics, primary surgical diagnoses, associated con-
genital anomalies, pre-operative conditions, and referral status. 
These parameters were analyzed in relation to the incidence of 
infection and mortality in the 30 days after surgical procedure. 
Results Of fifty-four neonates in this study, the most common 
neonatal surgical conditions were anorectal malformation, fol-
lowed by necrotizing enterocolitis and Hirschsprung’s disease. The 
mortality rate at 30 days was 48%. The most common associated 
factors was sepsis (OR 2.129; 95%CI 1.039 to 3.126; P<0.001).  
Other factors, such as: age at presentation, gender, gestational 
age, birth weight, referral patient, pre-operative respiratory failure/
hemodynamic instability, associated congenital anomalies, and 
emergency procedures, were not associated with mortality. The 
survival time in the sepsis group [17.30 (1.68-13.98) days] was 
significantly lower than in the non-sepsis group [25.95 (1.63-
22.76) days] (P< 0.001).
Conclusion Sepsis is a risk factor for mortality in neo-
nates following abdominal surgery. Identification of this 
risk factor and early intervention are important to im-
prove outcomes. [Paediatr Indones. 2023;63:S8-S13; 
DOI: https://doi.org/10.14238/pi63.01.2022.S8-S13 ].
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The outcomes of neonatal surgical cases has 
steadily improved in developed countries. 
This has been attributed to a better 
understanding of neonatal physiology, 

improvement in specialist surgical techniques and 
anesthesiology, as well as improved diagnostic facilities 
and neonatal intensive care.1 UNICEF reported in 
2016 that mortality due to congenital abnormalities 
was estimated to be 10% of the overall neonatal 
mortality rate, many of whom require surgery in the 
neonatal period.2 Unfortunately, there are limited 
data regarding the contributing factors and outcomes 
of surgical conditions in neonates that contribute to 
the significant portion of neonatal mortality.

There are several challenging aspects of surgical 
management of neonates. Neonates have unique 
differences in physiology, such as vulnerability to 
electrolyte and fluid imbalances compared to older 
children and adults. They also have a different 
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disease profile, and often have associated congenital 
anomalies, as well as increased risk for sepsis due to 
an immature immune system. Many factors could be 
potentially responsible for neonatal surgical outcomes, 
including infections. Infection was a major risk factor 
associated with morbidity and mortality in neonates 
following surgical procedures.3 A study in South 
Africa reported that sepsis was a major contributing 
factor in the development of morbidity and mortality 
in neonates with surgical procedures.4 Another study 
showed that surgical site infections are a frequent 
and significant problem in infants operated on for 
abdominal birth defects, and related to morbidity 
and mortality.5  The aim of this study was to describe 
the incidence of neonatal surgical conditions and 
report the outcomes, including neonatal infection and 
mortality. To the best of our knowledge, this is the first 
study to identify outcomes of neonatal infection and 
mortality following abdominal surgical procedures in 
Indonesia.

Methods 

A retrospective cohort study of all neonates who 
underwent abdominal surgical procedures at the 
Neonatology Department, Dr. Saiful Anwar Hospital, 
Malang, East Java, from January 2021 to August 2022 
was done. The medical record information extracted 
were age at presentation/referral, gestational age, 
birth weight, sex, diagnosis, associated congenital 
anomalies, and pre-operative conditions. These 
parameters were compared to the main outcomes of 
incidence of infection and mortality. 

All patients who underwent surgery for 
gastrointestinal or abdominal wall conditions were 
included if they were under 28 days of age for full term 
infants or under 40 weeks corrected gestational age 
for premature neonates. The following diagnoses for 
neonatal congenital gastrointestinal conditions were 
evaluated: anorectal malformation (ARM), biliary 
atresia (BA), spontaneous intestinal perforation 
(SIP), Hirschsprung’s disease (HD), inguinal 
hernia (IH), malrotation with volvulus (MV), 
necrotizing enterocolitis (NEC), esophageal atresia +/
tracheoesophageal fistula (OA±TOF), omphalocele 
(OMPH), gastroschisis (GS), hypertrophic pyloric 
stenosis (HPS), and jejunoileal atresia (IA). Patients 

with incomplete medical record data, who died 
prior to receiving surgery, or had undergone surgery 
outside the neonatal period or at another hospital 
were excluded. 

The incidence of infection and outcome within 
30 days of admission were reported, including neonatal 
infection and mortality. Sepsis was defined as systemic 
inflammatory response syndrome (SIRS) in the 
presence of suspected or proven infection. SIRS is a 
widespread inflammatory response that may or may 
not be associated with infection. Thus, two or more 
of the criteria in the definition.6 must have been met, 
with one being abnormal temperature or leukocyte 
count, to diagnose sepsis. 

The study protocol was approved by the 
Institutional Ethics Committee of Saiful Anwar 
Hospital. Results were expressed as means/medians, 
ranges, and percentages. Analyses were conducted 
using SPSS version 23 for Windows (SPSS Inc., Chicago, 
IL, USA) software. Results with P values <0.05 were 
considered to be statistically significant. 

Results

Fifty-four neonates underwent abdominal 
surgery and met the inclusion criteria during the study 
period. There were 32 males and 22 females, with a 
male to female ratio of 1.4:1. The mean gestational 
age was 38.5 (SD 7.2) weeks and mean birth weight 
was 2,350 (SD 892) g. The median age at presentation 
was 2 (IQR 1-5) days. Almost all subjects were referral 
patients born elsewhere and referred to our hospital 
(87%). The most common neonatal abdominal 
surgical conditions were ARM, followed by NEC 
and HD. The characteristics of subjects and their 
presenting surgical diagnoses are described in Table 1.

The outcomes of patients at 30 days were 
recorded (Table 2). Twenty-six patients died during 
the 30 days after surgical procedures. The most 
common reported cause of death was sepsis. Twenty-
three patients were discharged without morbidity (11 
subjects) or while awaiting the next surgical plan (12 
subjects). There were two patients who underwent 
repeat surgery, including repair of breakdown of 
anastomosis and stoma, related to surgical site 
infections.

Factors potentially associated with 30-day 
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Table 1. Clinical characteristics and demographic data

Characteristics (N=54)

Median age at presentation (IQR), days       2 (1-5)

Gender, n (%)
Male
Female

   32 (59)
   22 (41)

Mean gestational age (SD), weeks         38.5 (7.2) 

Gestational age, n (%)
Preterm
Term

      12 (22.2)
      42 (77.8)

Mean birth weight (SD), g 2,350 (892)

Admission status, n (%)
Born at Saiful Anwar Hospital
Outside referrals

     7 (13)
   47 (87)

Associated congenital anomaly, n (%)    22 (41)

Presenting surgical diagnosis, n (%)
Necrotising enterocolitis
Gastroschisis
Omphalocele
Hirschsprung’s disease
Anorectal malformation
Tracheo-esophageal atresia
Duodenal atresia
Jejunoileal atresia
Malrotation ± midgut volvulus

     9 (16)
   4 (7)
   5 (9)

     8 (15)
   28 (52)

   2 (3)
   3 (5)
   2 (3)
   1 (2)

Table 2. Surgical neonates’ outcomes at 30 days 

Outcomes, n (%) (N=54)

Discharged, without morbidity 11 (21)

Discharged, awaiting results and/or primary surgery 12 (23)

Repeat surgery 2 (3)

Not yet discharged 3 (5)

Died 26 (48)

mortality in neonates with abdominal surgical 
procedure were analyzed by logistic regression test. 
Sepsis, both pre- and post-operative, and pre-
operative respiratory failure/hemodynamic instability 
were significantly correlated with mortality (OR 
2.129; 95%CI 1.039 to 3.126; P<0.001 and OR 0.778; 
95%CI 0.233 to 1.167; P=0.041, respectively). Other 
factors such as age at presentation, gender, gestational 
age, birth weight, referral or inborn patients, associated 
congenital anomaly, and emergency procedures were 
not significantly associated with mortality within 30 
days of admission (P>0.05) (Table 3).

Univariate analysis of time of referral, reported 
sepsis, and mortality revealed that the mean age at 
referral was 4.04 (SD 3.33) days, with a range of 1-17 

days. Delayed referral (more than 5 days) was not 
associated with sepsis (OR 0.295; 95%CI 0.074 to 
1.177, P=0.048).  

The survival rates of the sepsis and non-sepsis 
groups were analyzed by Kaplan-Meier (Figure 1). 
The survival time in the sepsis group was significantly 
lower than in the non-sepsis group (P=0.001), with 
median survival time of 17.30 (1.68-13.98) days and 
25.95 (1.63-22.76) days, respectively. 

Discussion 

Here we report the prevalence of neonates undergoing 
surgical procedures and analyze risk factors associated 
with sepsis and mortality. The most common 
abdominal surgical conditions were ARM, followed 
by NEC and HD, which were comparable to 
that of two neonatal surgical units at hospitals 
in Egypt (ARM, followed by esophageal atresia/
tracheoesophageal fistula and HD).7 Anorectal 
malformation is a common cause of neonatal intestinal 
obstruction, with clinical manifestation of abdominal 
distension. Necrotizing enterocolitis, especially with 
gastrointestinal perforation, shows increased odds 
of mortality. More than 90% of patients with HD 
were diagnosed during the neonatal period because 
of increased awareness and improved diagnostic 
methods.7 

Neonatal surgical cases require care in specialized 
centers offering high-risk neonatal support, with 
neonatology and pediatric surgical specialties. 
Neonates who are ill and have other risk factors such 
as preterm birth, low birth weight, chromosomal 
defects, genetic syndromes, or congenital anomalies, 
require management in highly dedicated neonatal 
intensive care units.8 However, studies that assessed 
for risk factors or predictors of mortality in neonates 
undergoing surgical procedures have been limited. 



Brigitta I.R.V. Corebima et al.: Factors associated with infection and mortality in neonates following abdominal surgery 

Paediatr Indones, Vol. 63, No. 01 (Suppl.), March 2023 •S11

Figure 1. Kaplan-Meier survival estimates of sepsis and non-sepsis groups

Table 3. Risk factors associated with mortality within 30 days of admission

Risk factors OR 95%CI P value

Preterm 0.325 0.025 to 0.987 0.889

Low birth weight 0.667 0.127 to 1.021 0.755

Male 0.117 0.038 to 0.725 0.519

Referral 0.398 0.098 to 1.572 0.405

Associated congenital anomaly 0.445 0.076 to 1.066 0.123

Emergency procedure 0.235 0.077 to 0.975 0.569

Pre-operative respiratory failure/hemodynamic instability 0.778 0.233 to 1.867 0.041*

Sepsis 2.129 1.039 to 3.126 0.001*

Delayed referral (>5 days) 0.295 0.074 to 1.177 0.048*

*P values < 0.05 were statistically significant

Many possible factors are responsible for mortality 
in neonates. Factors that impact neonatal surgical 
outcomes can be grouped as pre-operative, intra-
operative, and post-operative. Prematurity and low 
birth weight are associated with poor prognosis in 
neonates.9 A multivariate analysis showed gestational 
age and birth weight to be significant independent 
predictors of mortality, owing to immature immune 
and organ system function in preterm neonates.10 In 
our study, we reported outcomes of neonatal surgery 
at 30 days after surgical procedures. The incidence of 
mortality was 48%, with sepsis as the most common 
reported cause of death. A retrospective descriptive 
study of neonates who underwent emergency surgery 
in Uyo, Nigeria reported an overall mortality following 
surgery of 62.2%. Case fatality rates ranged from 0% 
for HD to 100% for tracheo-oesophageal fistule.11 

Another study conducted in Coimbra, Portugal 
reported overall in-hospital mortality of 6.4%, with 
causes of death including multiple organ dysfunction 
and preterm-related factors. Screening analyses 
of adverse outcomes showed that the presence of 
preterm birth (under 37 week gestation), very preterm 
(under 32 week gestation), low birth weight (under 
2,500 g), very low birth weight (< 1,500 g), large 
for gestational age, acquired surgical indication, 
American Society of Anesthesiologists (ASA) physical 
status score 3 or above in at least one procedure, 
abdominal surgery, necrotizing enterocolitis, and the 
need for intraoperative cardiopulmonary resuscitation 
maneuvers were each significantly associated with 
higher risk of mortality.3 Preterm and low birth weight 
infants had increased risk of sepsis due to immature 
immune systems, potentially due to impaired innate 
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immune function. Prematurity increases morbidity and 
mortality amongst neonates undergoing surgery,12 with 
identified risks including systemic sepsis, septic shock, 
pneumonia, unplanned intubation, and bleeding/
transfusions as the most common postoperative 
complications.13

In our study, risk factors such as age at 
presentation, gender, gestational age, low birth 
weight, and associated congenital anomalies were not 
significantly associated with mortality within 30 days 
after surgery.  Among our subjects, the proportion of 
very premature infants who underwent abdominal 
surgery was low compared to full term infants. Overall, 
the survival time in the sepsis group was significantly 
lower than in the non-sepsis group, with median 
survival times of 17.30 (range 1.68-13.98) days and 
25.95 (range 1.63-22.76) days, respectively. 

In our study, pre-operative respiratory failure/
hemodynamic instability is not a factor for mortality. 
However, a study in Tunisia reported high overall 
mortality in infants undergoing neonatal surgery, with 
independent risk factors including the duration of 
surgery and the necessity of preoperative intubation.14

Delayed presentation has been reported to 
be a risk factor for mortality in neonatal surgical 
emergencies in developing countries. A study in Kenya 
reported that a median age of 3 days at presentation 
was correlated with higher mortality,15 while another 
study  in Nigeria reported that the 65.5% mortality 
in neonatal surgical cases was associated with delayed 
presentation, of which 7.5% were ill on arrival and 
died during resuscitation. They attributed the delay 
to late diagnosis financial constraint, lack of adequate 
means of transportation, among others.16 We also 
analyzed time of referral with outcomes of sepsis 
and mortality. Delayed referral (more than 5 days) 
significantly correlated with mortality within 30 days, 
but not with sepsis. However, we did not evaluate 
the underlying reasons for delayed referrals. Some 
unorthodox practices such as inadequate neonatal 
resuscitation, instability during transport, and delayed 
referral were reported to be associated with higher 
mortality.17 Finally, the training of birth attendants 
in the recognition of neonatal surgical emergencies 
and having an efficient emergency transport system 
especially in rural areas for immediate referral has 
been suggested to curtail delayed referral and possibly 
improve outcomes.

In conclusion, mortality rate following neonatal 
abdominal surgery is high in Dr. Saiful Anwar 
Hospital, Malang, East Java. The factor associated 
with mortality is sepsis; pre-operative respiratory 
failure/hemodynamic instability and delayed referral 
are not correlated with mortality within 30 days 
after surgical procedure.  Identification of this risk 
factor and early preventive measures are important 
in future strategic planning to improve the outcomes 
of neonates following abdominal surgery in this unit. 

Conflict of interest

None declared. 

Funding acknowledgment

There were no specific grants from any funding agency in the 
public, commercial, or not-for-profit sector.

References 

1.	 UNICEF. Neonatal mortality. [cited 2020 Jan 22]. Available 
from: https://data. unicef. org/ topic/ child- survival/neonatal- 
mortality/. 

2.	 Ameh EA, Seyi-Olajide JO, Sholadoye TT. Neonatal surgical 
care: a review of the burden, progress and challenges in sub-
Saharan Africa. Paediatr Int Child Health. 2015;35:243-51. 
DOI: https://doi.org/10.1179/2046905515Y.0000000033.

3.	 Catré D, Lopes MF, Madrigal A, Oliveiros B, Viana JS, Cabrita 
AS. Early mortality after neonatal surgery: analysis of risk 
factors in an optimized health care system for the surgical 
newborn. Rev Bras Epidemiol. 2013;16:943-52. DOI: https://
doi.org/10.1590/s1415-790x2013000400014.

4.	 Withers A, Cronin K, Mabaso M, Brisighelli G, Gabler T, 
Harrison D, et al. Neonatal surgical outcomes: a prospective 
observational study at a Tertiary Academic Hospital in 
Johannesburg, South Africa. Pediatr Surg Int. 2021;37:1061-
8. DOI: https://doi.org/10.1007/s00383-021-04881-7.

5.	 Eeftinck Schattenkerk LD, Musters GD, Nijssen DJ, de 
Jonge WJ, de Vries R, van Heurn LE, et al. The incidence 
of abdominal surgical site infections after abdominal birth 
defects surgery in infants: a systematic review with meta-
analysis. J Pediatr Surg. 2021;56:1547-54. DOI: https://doi.
org/10.1016/j.jpedsurg.2021.01.018.



Brigitta I.R.V. Corebima et al.: Factors associated with infection and mortality in neonates following abdominal surgery 

Paediatr Indones, Vol. 63, No. 01 (Suppl.), March 2023 •S13

6.	 Gomella TL, Cunningham MD, Eyal FG, Tuttle DJ, editors. 
Neonatology: management, procedures, on-call problems, 
diseases, and drugs. New York: McGraw-Hill Education 
Medical; 2013. p.?

7.	 Chirdan LB, Ngiloi PJ, Elhalaby EA. Neonatal surgery in 
Africa. Semin Pediatr Surg. 2012;21:151-9. DOI: https://
doi.org/10.1053/j.sempedsurg.2012.01.007.

8.	 Ekenze SO, Ajuzieogu OV, Nwomeh BC. Neonatal surgery in 
Africa: a systematic review and meta-analysis of challenges 
of management and outcome. Lancet. 2015;385:S35. DOI: 
https://doi.org/10.1016/S0140-6736(15)60830-3.

9.	 Ullrich SJ, Kakembo N, Grabski DF, Cheung M, Kisa P, 
Nabukenya M, et al. Burden and outcomes of neonatal 
surgery in Uganda: results of a five-year prospective study. 
J Surg Res. 2020;246:93-9. DOI: https://doi.org/10.1016/j.
jss.2019.08.015.

10.	 Manchanda V, Sarin YK, Ramji S. Prognostic factors 
determining mortality in surgical neonates. J Neonatal Surg. 
2012;1:3.  PMID: 26023362.

11.	 Ilori IU, Ituen AM, Eyo CS. Factors associated with mortality 
in neonatal surgical emergencies in a developing tertiary 
hospital in Nigeria. Open J Pediatr. 2013;3:231-5. DOI: 
https://doi.org/10.4236/ojped.2013.33040.

12.	 Collins A, Weitkamp JH, Wynn JL. Why are preterm 

newborns at increased risk of infection? Arch Dis Child Fetal 
Neonatal Ed. 2018;103:391-4. DOI: https://doi.org/10.1136/
archdischild-2017-313595.

13.	 Skertich NJ, Ingram MC, Ritz E, Shah AN, Raval MV. The 
influence of prematurity on neonatal surgical morbidity and 
mortality. J Pediatr Surg. 2020;55:2608-13. DOI: https://doi.
org/10.1016/j.jpedsurg.2020.03.024.

14.	 Ammar S, Sellami S, Sellami I, Hamad AB, Hbaieb M, Jarraya 
A, et al. Risk factors of early mortality after neonatal surgery 
in Tunisia. J Pediatr Surg. 2020;55:2233-7. DOI: https://doi.
org/10.1016/j.jpedsurg.2020.05.035.

15.	 Tenge-Kuremu R, Kituyi PW, Tenge CN, Kerubo J. Neonatal 
surgical emergencies at Moi Teaching and Referral Hospital 
in Eldoret-Kenya. East Central Afr J Surg. 2007;12:36-9.

16.	 Osifo DO, Oriaifo IA. Factors affecting the management 
and outcome of neonatal surgery in Benin City, Nigeria. 
Eur J Pediatr Surg. 2008;18:107-10. DOI: https://doi.
org/10.1055/s-2008-1038485.

17.	 Gangopadhyay AN, Upadhyaya VD, Sharma SP. Neonatal 
surgery: a ten-year audit from a university hospital. Indian 
J Pediatr. 2008;75:1025-30. DOI: https://doi.org/10.1007/
s12098-008-0205-4.


