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Background: Research concerning factors of death after neonatal surgery is scarce. Insight into mortality might
improve perioperative care. This study aimed to identify predictive factors of mortality after neonatal surgery
in a low income country (LIC).
Methods:Charts of all newborn patientswhounderwent surgical procedures under general anesthesia during the
neonatal period in our department of pediatric surgery between January 2010 and December 2017 were
reviewed.Weused univariate andmultivariate analysis to evaluate perioperative variables potentially predictive
of early postoperative mortality.
Results: One hundred eighty-two cases were included in the study: 41 newborns (28.6%) were premature
(b37 weeks of gestation) and 52 (22.5%) weighed less than 2.5 kg. The most commonly diagnosed conditions
were esophageal atresia (24%) and bowel obstruction (19%).

Forty-four patients (24%) died during hospitalization. The highest rate of mortality was observed for congenital
diaphragmatic hernia. Univariate analysis showed that perinatal predictive variables ofmortality were prematu-
rity, low birth weight, the necessity of preoperative intubation, and duration of surgery more than 2 h. Logistic
regression showed three independent risk factors, which are the duration of surgery, low birth weight and the
necessity of preoperative intubation.
Conclusion: The overall mortality in infants undergoing neonatal surgery is still high in LICs.
Knowledge of independent risk factors of early mortality may help clinicians to more adequately manage the
high-risk population.
Type of the study: Clinical research paper.
Level of evidence: III.

© 2020 Elsevier Inc. All rights reserved.
Annually, 4 million children worldwide die in the first month of life
[1]. Sub-Saharan Africa handles the largest increase in the proportion of
neonatalmortality in low andmiddle-income countries (LMICs) [2]. De-
spite the improvement in surgical techniques anesthesia and neonatal
care, neonatal surgery still presents a challenging component of pediat-
ric surgery [3–5]. In fact, neonatal surgery is associated with higher
postoperative mortality than in children [6,7]. Little is known about
the effect of neonatal surgical conditions on the overall mortality and
there is a little research concerning the factors of death after neonatal
surgery in LMICs [8–12].

A systematic review and meta-analysis of outcomes after neonatal
surgery in Africa found that the overall mortality in the last ten years
ery, Hedi ChakerHospital, Sfax,

.

was 29.1% with a few papers meeting inclusion criteria [13]. Periopera-
tive care is a priority topic in LMICs [14]. Insight into mortality among
operated newborn might improve perioperative care. This study
aimed to identify predictive factors of early mortality after neonatal
surgery in Tunisia.

1. Patients and methods

We conducted a retrospective study of collected records from ar-
chives of the department of pediatric surgery and neonatology in Hedi
Chaker Hospital of all operated neonates (0 to 30 days) under general
anesthesia between January 2010 and December 2017. Approval form
was obtained from the Hedi Chaker Hospital institutional review board.

Hedi Chaker Hospital is a public structure located in Sfax, which is
the second biggest city in Tunisia. Patients who have health insurance
in Tunisia benefit from a symbolic contribution to the health care fees
unlike private hospitals where patients pay all the hospital care costs.
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Table 1
Characteristics of patients at birth.

Characteristics of patients: N %

Consanguinity
No 94 51.6
Yes 36 19.8
Not mentioned 52 28.6

Antenatal diagnosis
No 144 79.1
Yes 38 20.9

Gender
Male 126 69.2
Female 56 30.8

Birth weight in grams (mean 2800, median 2900, range 1000–4200)
b1500 4 2.2
1500–2499 43 23.6
≥2500 135 74.2

Gestational age in weeks (mean 37.4, median 38, range 30–42)
b32 5 2.7
32–37 70 38.5
N37 107 58.8

Apgar (mean 8.14, median 8, range 2–9)
≥7 139 76.4
b7 11 6
Not mentioned 32 17.6

Age at the presentation in hours (mean 37.2 h, median 48 h)
0–168 169 92.8
N168 13 7.1

Other associated malformations
No 121 66.5
Yes 61 33.5

2234 S. Ammar et al. / Journal of Pediatric Surgery 55 (2020) 2233–2237
The department of pediatric surgery of Sfax is the fifth and the newest
built department of pediatric surgery in Tunisia. It's the sole public pro-
vider of neonatal surgery in the south of Tunisia. The computer storage
of medical information began in 2010 in the department of pediatric
surgery. That's why we began the study in 2010.

In the department of pediatric surgery of Sfax, there was no infant
ventilator except anesthesia machines from the operating room. The
postoperative neonatal carewas performed in the neonatal care unit lo-
cated in another building (maternity building) located in the front of the
department of pediatric surgery. The newborns got medical transfer
from neonatal unit to perform surgery then went back to the depart-
ment of neonatology at the end of the surgery where pediatric surgeons
and neonatologists took care of them. There were 5 seniors of neonatol-
ogy and 4 trainees during the study period. Three adult anesthesia con-
sultants and 3 postgraduate trainees provided anesthesia. The number
of pediatric surgeons increased from 30 surgeons in the country in
2010 to about 60 in 2017. Half of these surgeons spent one or two
years of their training in France to improve their performances. There
were about 350 pediatric surgeons in France in 2018 with a density of
one pediatric surgeon for 200,000 children. The number of senior con-
sultants in Sfax was 3 till 2015 and 5 till 2017 for a population of the
south of about 5 million habitants. The number of trainees was 3 in
2010 and increased to 6 in 2017.

In case of prenatal diagnosis, there was no antenatal unit or staff but
neonatologists were informed just before the birth and they planned
themedical transfer and the time of surgerywith surgeons and anesthe-
tists. Neonatologists decided if preoperative intubation was necessary.
The surgeries were scheduled during the day. No emergent surgery
was performed after 7 pm because of the lack of sufficient number of
anesthetists, technicians of anesthesia and instrumentalists. In case of
emergent night surgery, the newborn was transferred to one of the
four other departments located in the north of the country.

Patients whowere excluded from the study were thosewith insuffi-
cient data in the hospital chart or lost during follow up, patients who
were not operated under general anesthesia or were not operated in
our department or dead before surgery and cases with no parental con-
sent. Cardiac surgery and neurosurgery were not performed in our
department.

Preterm birth was defined as birth less than 37 weeks of gestation,
and low birth was defined as a weight less than 2.5 kg. Early postoper-
ative complication or mortality was defined as the occurrence of at
least one complication or death during the 30 days after surgery.

1.1. Variables collected

Preoperative variables: antenatal diagnosis, intrauterine growth
restriction, pregnancy term, birth weight, gender, associated
malformations, time of diagnosis and preoperative intubation for respi-
ratory distress before surgery.

Intraoperative variables: surgical procedure and duration of the sur-
gery. Postoperative variables: duration of intubation, the occurrence of
postoperative complications, death and duration of hospital stay.

1.2. Statistical analysis

Preoperative variables, surgical variables, postoperative variables
and outcomes were analyzed using descriptive statistics. Statistical
analyses were performed using IBM SPSS statistics 20. Categorical data
are summarized as absolute values (percentage). Continuous data
were presented as median, mean and range. Univariate then multivari-
ate analyses were performed to determine independent perioperative
factors associated with 30-day postoperative mortality. Comparisons
between groupswere donewith a Student-test for continuous variables
and chi2 test for countable variables. A logistic binary regression model
was used to determine perioperative predictive factors of 30-day post-
operative mortality. Characteristics not significantly associated with
mortality were excluded from our model of logistic regression analysis
to avoid reducing statistical relevance. P-value less than 0.05 was con-
sidered statistically significant.

2. Results

During the study period, 226 newborns that needed surgery were
admitted in the department of neonatology. Two hundred and one pa-
tients were operated in the department of pediatric surgery. There
were 170 inborn and 31 outborn babies. Twenty-five patients died be-
fore surgery and were mainly outborn babies who came from regional
hospitals. Surgical conditions of patients who died before surgery
were as follows: diaphragmatic hernia with respiratory insufficiency,
6; severe enterocolitis, 6; esophageal atresia, 4 (2 VACTERL syndrome
and 2 patients with late diagnosis and respiratory insufficiency); giant
omphaloceles, 3; volvulus with late diagnosis, 3; small bowel obstruc-
tions with late diagnosis and severe sepsis, 3. Nineteen other patients
who lived were excluded and 182 patients were enrolled in the study.

2.1. Patients and operative characteristics

There were 126 males and 56 females (sex ratio: 2.25). Pregnancy
was well followed in 150 cases (82.4%). Thirty-eight cases (20.9%) had
an antenatal diagnosis using obstetrical ultrasound. Fifty-two newborns
(28.6%) weighed less than 2.500 kg and forty-one (22.5%) were prema-
ture. Characteristics of the newborns are detailed in Table 1.

Various neonatal conditions, surgical procedures and rates of mor-
tality are detailed in Table 2. Esophageal atresia (24.2%) and small
bowel atresia (19.2%) were the most common surgical conditions.
Table 4 shows the mortality rates among different neonatal conditions.
The highest mortality rate was reported for severe enterocolitis then
neonatal diaphragmatic hernia (41.6%) followed by small bowel ob-
struction (37%).



Table 2
Mortality rate among various surgical conditions.

Neonatal condition Number Surgical treatment (n) Nonfatal complications: n (%) Mortality: n (%)

Esophageal atresia 44 - Anastomosis (41)
- Stoma (3)

18 10 (22.7)

Small bowel atresia 35 - Anastomosis (34)
- Stoma (1)

17 13 (37.1)

Diaphragmatic Hernia 24 Defect closure (24) 9 10 (41.6)
Anorectal malformation: 1 1 (3.3)
-Intermediate/high 11 -Stoma (11)
-Low 19 -Anoplasty (19)
Omphalocele 19 Primary closure (19) 8 2 (10.5)
Hirschsprung 5 -Stoma (4)

-Surgical rectal biopsy (1)
1 1 (20)

Posterior urethral valves 9 -Urinary diversion (5)
-Electroincision (4)

3 1 (11)

Testicular torsion 6 Orchidectomy/orchidopexy 0 0(0)
Enterocolitis (perforated) 6 Stoma (6) 2 4 (66.7)
Enteric duplication 1 Resection and anastomosis 1 1(100)
Renal cystic lymphangioma 1 Excision 0 (0)
Pyloric hypertrophic stenosis 1 Ramsted's pyloromytomy 1 1(100)
Neurogenic bladder Urinary diversion 0 0 (0)
Total 182 61 (33.5) 44 (24.2)

Table 4
Characteristics of infants who died during hospitalization and infants who survived and
their association with mortality.

Variables 30-day mortality OR
CI 95%

p-value

No n (%) Yes n (%)

Gender:
Male 97 (77) 29 (23) - 0.58
Female 41 (73.2) 15 (26.8)

Term:
b37 28 (59.6) 19 (40.4) 2.98

[1.44–6.17]
0.003

≥37 110 (81.5) 25 (18.5)
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2.2. Perioperative complications and mortality

The mean duration of hospitalization was 14.7 days (median: 12,
range: 1–90). Sixty-one patients (33.5%) had complicated evolution.
Six of the patients who had complicated evolution needed an early sec-
ond surgery (3.3%). Nonfatal complications (specific and nonspecific
ones) are detailed in Table 3. The main complications were hospital ac-
quired infections and cardiac or respiratory insufficiency.

Forty-four patients (24.2%) died within the first postoperative
month. The average time of early death after surgery was 9 days
(range: 0–30). Table 3 shows the causes of death for these 44 patients.

2.3. Factors associated with mortality

The univariate analysis showed that the presence of preterm birth,
the low birth weight, the respiratory distress, the necessity of preoper-
ative intubation and the duration of surgery (more than 2 h) were sig-
nificantly associated with mortality (Table 4). These factors, which
were significantly associated with mortality, were included in the
model of the logistic regression analysis. On the multivariate analysis,
three factors remain significant: the low birth weightwith themost im-
portant odds ratio (OR = 5.917 CI [2.597–13.478]), then the preopera-
tive intubation (OR = 3.611 CI [1.462–8.918]) and the duration of
surgery N2 h (OR = 5.791 CI [2.548–13.162]). The mean follow-up pe-
riod of survivors was 41 months (range: 12–94 months).
Table 3
Early nonfatal complications and causes of deaths among newborns.

Complications Nonfatal
complications
n

% Causes of
death
n

%

Severe sepsis secondary to hospital
acquired infection

19 31.2 16 36.3

Convulsion 4 6.7 2 4.6
Cardiac insufficiency 7 11.5 7 15.9
Respiratory insufficiency 13 21.3 13 29.6
Anastomotic fistula or peritonitis 5 8.2 3 6.8
Metabolic 7 11.5 3 6.8
Hemorrhage 1 1.6 0 0
Bowel obstruction 1 1.6 0 0
Intestinal intussusception 1 1.6 0 0
Evisceration 1 1.6 0 0
Prolapsed stoma 1 1.6 0 0
Urinoma 1 1.6 0 0
Total 61 100 44 100
3. Discussion

With a large cohort of ill neonates from a North African country un-
dergoing surgical procedures in a tertiary hospital, the present study
gave insight into the pattern of neonatal surgical conditions and showed
a high overall early mortality. Preoperative mortality wasmainly owing
to late diagnosis in secondary care centers. The major causes of mortal-
ity after surgery were severe sepsis, cardiac insufficiency and respira-
tory insufficiency. Independent risk factors of mortality were the low
birth weight, the necessity of preoperative intubation and the duration
of surgery.
Weight:
b2500 23 (48.9) 24 (51.1) 6

[2.8–12.6]
b0.0001

≥2500 115 (85.2) 20 (14.8)

Congenital malformation:
No 93 (76.9) 28 (23.1) - 0.64
Yes 45 (73.8) 16 (26.2)

Preoperative intubation:
Yes 26 (63.4) 15 (36.6) 2.22

[1.04–4.74]
0.035

No 112 (79.4) 29 (20.6)

Age at surgery:
≥ 8 days 15 (68.2) 7 (31.8) - 0,372
b 8 days 123 (76.9) 37 (23.1)

Duration of the surgery:
≤2 h 109 (85.2) 18 (17.8) 5.42

[2.62–11.23]
b0,0001

N2 h 29 (52.7) 26 (47.3)

Type of surgery:
Thoracic surgery 34 (66.7) 17 (33.3) - 0.53
Abdominal surgery 98 (81) 23 (19)
Urologic surgery 6 (60) 4 (40)
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In our studymaleswere predominant, similar to other studies [9,10].
A small number of population-based studies have examined the etiol-
ogy of sex differences among newborns with birth defects [15]. This
may be explained by the details of the reproductive functions or the in-
fluence of environmental and social factors. Some authors suggested the
theory of a “selective loss in utero” [16].

The overall mortality rate was high compared to recent publications
from developed countries, where mortality is below 10% [6,9,17]. This
rate was however similar to other limited resources countries series
[8–11,17]. The high mortality in LICs studies was a consequence of lim-
ited economic conditions and social factors [8,18,19]. In our series,
firstly, the low rate of antenatal diagnosis deprived newborns of the ad-
vantages of planning birth close to or within a tertiary pediatric center.
Secondly, the late recognition and referral of the birth defects may lead
to the increase ofmorbidity like respiratory insufficiency, cardiac failure,
sepsis and the need of preoperative intubation. This may also explain
the high preoperative and postoperative mortality in outborn patients
who came from intermediate care centers in our series. Thirdly, the lim-
ited number of health care professionals and a dearth of trained person-
nel with inadequate healthcare fundingmay intervene. The fact that the
two departments of neonatology and pediatric surgery are located in
different buildings raises the risk of instability during the transfer to
the operative room and the return may increase perioperative morbid-
ity. A high rate of deaths caused by neonatal sepsis was also observed.
Death in babies weighing less than 2.5 kg was important although
there were only six severe preterm babies weighing less than 1.5 kg.
This may be explained by a lack of hygiene measures associated with
the precarious state of babies.

The most common surgical disease was esophageal atresia, which
was comparable to another conducted study in India [12]. However,
there were no cases of gastroschisis. The nonexposition during preg-
nancy to risk factors should be sought (smoking, drinking alcohol…).
A high rate of mortality was also noted in infants with congenital dia-
phragmatic hernia (CDH), which was comparable to other studies
[10,20]. This condition was found to be a predictor factor of mortality
in univariate analysis. Prenatal diagnosis, intrathoracic liver, right
sided CDH, a large defect, the presence of associated malformations
and prematurity are factors associated with high mortality [21–25].
The lack of adequate clinical stability before surgery with inadequate
transfer of high-risk babies from the unit of neonatology to the opera-
tive room may be involved in outcomes after CDH repair in our series.
The time of surgery and the practice of clinical stability before surgery
were evocated in influencing the mortality rate in high risk CDH
[25,26]. The optimization of preoperative clinical stability in CDH may
decrease the mortality in CDH population. The efficacy of ECMO in re-
ducing mortality is controversial in randomized controlled trials
[26–31]. In our country ECMO is not available.

Factors statistically associated with postoperative mortality on uni-
variate analysis were prematurity, low birth weight, the necessity of
preoperative intubation, and duration of surgery more than 2 h. Only
three factors remained significant after logistic regression, which are
low birthweight, duration of surgery N2 h and the necessity of preoper-
ative intubation. A retrospective study looking into mortality after
emergency abdominal operations showed that premature infants un-
dergoing operations during the first two months of life had an expect-
edly high risk of 30-day mortality [28]. Catré et al. found that preterm
birth less than 32 weeks of gestational age was an independent factor
for severe postoperative complications [20]. Some studies [12,18,29]
showed that the age of neonates had an insignificant effect onmortality
while others showed that prematurity and low birth weight were de-
mographic factors associated with higher risk of severe postoperative
complications [28,32–36]. Collinearity between these two factors may
exist. In our study, the univariate analysis showed that prematurity
was associatedwith highmortality. However, in themultivariate analy-
sis, it was not an independent risk factor. The small number of severe
premature births in our series may explain this. In our study, birth
weight is still an independent factor of mortality after logistic
regression.

Neonatal anesthesia and surgery have an effect on the postoperative
course, whichmay influence survival [37,38].We found after logistic re-
gression that preoperative intubation owing to severe respiratory dis-
tress and duration of surgery more than two hours were also
independent risk factors of mortality. The presence of associated anom-
alies was not a significant predictor of mortality, although some anom-
alies like cardiac ones are known as an important predictor factor in
some specific prognosis systems such as Spitz risk grouping [39]. The
exact role could not be defined in this study because of the heterogene-
ity of these anomalies. The type of surgery was a significant predictor of
early mortality in some studies [20], whereas in our study it was not an
independent factor. This may be because of the heterogeneous number
of groups of different surgical procedures.

Our study is one of the few studies conducted in an LIC that investi-
gate predictive factors of mortality in surgical neonates. Some factors
are still controversial. The strengths of this study consisted in its data-
base, which included clinical and demographic details of a large sample
of neonatal surgical patients from a wide area of the country. It showed
the importance of preoperative intubation and the duration of surgery
on outcomes. Some interventions may be planned based on these re-
sults to help the next LMIC surgeon and neonatologist to face their
next neonate. The instauration of prenatal unit and staff may allow bet-
ter preoperative planning and decisions. The instauration of educational
programs for health providers to identify babies with congenital
malformations during both the prenatal and post natal period and
refer them rapidly to specialized centers would be beneficial. The in-
crease of the number of senior surgeons, anesthetists and neonatolo-
gists in public hospitals may offer better perioperative management
and better preoperative stabilization and may optimize the duration of
surgery. Finally, targeted efforts to prevent severe neonatal infections
by increasing the education of health care workers may be proposed.

The limitations of this studywere that this studywas not an exhaus-
tive research of factors of death after neonatal surgery. The effects of
blood transfusion, the preoperative sepsis, the time of day of surgery
and other clinical and biological parameters were not reviewed as sug-
gested by previous works [11,12]. Apgar score was only used in the de-
scription of patient's characteristics. It was not included in the statistical
study because of the missed values. A study of anesthetic parameters
like ASA status, hemodynamic parameters, anesthetic drugs and venti-
lation methods during surgical procedures in developing countries
would be interesting to define anesthesia related contribution to
death. The data referred to a single center. Further large studies are
needed to confirm these findings. Similar studies in similar resource
centers in the country should be performed to adequately perform
risk adjusted mortality estimates.

Despite the advancement of anesthesia, neonatal care, and neonatal
surgery the overall mortality in neonatal surgery is still high. Mortality
was found to be particularly associated with low birth weight, respira-
tory distress, and long surgery. Knowing the independent risk factors
of mortality after neonatal surgery may guide interventions to improve
results. The recognition of such factors may be used to identify patients
whowill needmore intensive care and allowsmore accurate prediction
of possible results and informed counseling of families.
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