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Background: In patients with intestinal atresia, associated congenital anomalies and prematurity are the main predictors
of mortality in high-income countries (HIC). In low-and middle-income countries (LMIC), late referrals and lack of
resources contribute to mortality. This study aims to describe the outcome of small bowel atresia at a tertiary institution
in a LMIC.

Methods: A retrospective descriptive and analytical study was done on all neonates admitted with small bowel atresia
from 1 January 2010 to 31 October 2016. Birth demographics, status on arrival, atresia type, surgical interventions and
clinical course were analysed in relation to outcomes including mortality.

Results: The study included 92 patients. Thirty-three patients had duodenal atresia and 59 jejunal atresia. Median gestation
was 34 weeks, with average birth weight 2.2 kg. Seven were diagnosed antenatally and 13 (14.1%) were born in a tertiary
institution. A cardiac congenital anomaly was present in 43.5%. Late referrals comprised 72.8%. Sixty per cent were
dehydrated and 55.4% were septic on arrival. The median age at surgery was 7.5 days after being admitted, for a median
of 2 days. The median age reaching full feeds was 18 days, and 28.6% had a feeding intolerance. The median number of
septic episodes were two and the median length of stay 28 days. Of the 92 patients, 8.7% were palliated and 10.9% died.
Mortality was strongly associated with prematurity and sepsis with hospital stay.

Conclusion: Despite late referrals, our mortality was comparable to HICs. We overcame this burden due to access to
resources, sophisticated equipment and a low surgical complication rate. The length of stay could be decreased with a

feeding protocol and discharge goals.
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Introduction

Intestinal atresia can be defined as a congenital absence of
what should be a patent lumen, resulting in either a complete
obstruction or a stenosis. The worldwide incidence of
intestinal atresia ranges between 2.5 and 3 per 10 000 live
births. Associated anomalies are not uncommon and occur
in up to 50% in those with duodenal atresia. This includes
growth retardation, prematurity and cardiac lesions. The
frequency of associated congenital anomalies is less in those
with jejunal and ileal atresia.!*

Major advances in neonatal intensive care and neonatal
surgery has led to the mortality of infants with intestinal
atresia decreasing from 50% in the 1950s to between 5-10%
currently.” However, due to under-resourced health systems,
mortality in low- and middle-income countries (LMICs)
remains as high as 30%.%¢

Factors influencing mortality vary between high-income
countries (HICs) and LMICs. In HICs, the strongest
predictors of mortality are prematurity, associated congenital
abnormalities and low birth weight.>” In LMICs, late
presentation, lack of resources such as parenteral nutrition,
lack of trained staff, high sepsis rates and dehydration also
influence mortality.®

South Africa is an LMIC which has an under-resourced
state healthcare system that provides services for 80% of the
population. Neonatal care is centralised in the urban areas
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with poor infrastructure in the smaller cities and rural areas
that are unfavourable for advanced care of surgical neonates.
This study aimed to determine, in a tertiary care hospital
with specialised services for neonatal surgery, the effect
of status on arrival and clinical course on the outcome of
neonates admitted for treatment of small bowel atresia, and
to compare to those of other LMICs and HICs.

Methods

A retrospective descriptive study design that included all
patients admitted with small bowel atresia to Universitas
Academic Hospital (UAH) from 1 January 2010 to 31
October 2016 was done. UAH 1is a tertiary centre in
Bloemfontein and located in central South Africa. The
hospital is the only paediatric surgery referral centre for
the Free State Province, Northern Cape Province, parts of
the Eastern Cape Province and the neighbouring country
Lesotho. The hospital serves a population of 6.1 million
people from a large geographical area. Neonatal transfers
have many logistic factors, including travel time of up to 12
hours. The two paediatric surgeons employed at UAH see
approximately 20 cases of small bowel atresia per year. The
hospital has a neonatal intensive care unit with ventilatory
facilities and parenteral nutrition available.

The names of patients with small bowel atresia were
obtained from the paediatric surgical statistical records.
Patient information was extracted from patient notes on
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the MediTech® system and the hospital files. Information
regarding birth history, status on arrival with regards to
hydration, sepsis and age, in hospital management with
regards to age at surgery, surgical management, time to full
feeds, and outcomes were recorded on a data sheet by the
researchers. The diagnosis of small bowel atresia should
be made within 24 to 48 hours of life, so we defined a late
referral as an arrival later than day two of life. We defined
sepsis as having clinical or biochemical signs of sepsis.

Data were captured and analysis was done by the
Department of Biostatistics, Faculty of Health Sciences,
University of the Free State. The results were summarised by
frequencies and percentages (categorical variables), means
and standard deviations (SD) or percentiles (numerical
variables). Comparisons between groups were done using
contingency tables with chi-squared or Fisher’s exact tests
as appropriate. A level of significance was accepted as a
two-tailed p-value < 0.05.

Approval was obtained from the Health Sciences Research
Ethics Committee of the UFS, Free State Department of
Health, and relevant department heads. To ensure patient
confidentiality, no identifying detail was captured on the
data sheets.

Results

In total, 92 patients were included in the study. Patients
were almost evenly distributed along gender (Table I).
Their median birth weight was 2.2 kg (SD 0.6 kg; range 980
g-3.6 kg) with an average gestation of 35 weeks (SD 3.7
weeks; range 2442 weeks). Only 7.6% of the patients were
diagnosed antenatally. While 55.4% of the patients were
born in the low birth-weight category, the weight for age
was deemed appropriate for 60.7%.

Table I: Birth history of patients diagnosed with small bowel atresia
(n=92)

Variable n %
Gender
Male 46 50.6
Female 45 49.4
Antenatal diagnosis
Yes 7 7.6
No 85 92.4
Weight for age
Small for gestational age 32 36
Appropriate for gestational age 54 60.7
Large for gestational age 3 34
Birth weight category
Extreme low birth weight (< 1 kg) 1 1.1
Very low birth weight (1-1.49 kg) 13 14.1
Low birth weight (1.5-2.49 kg) 51 55.4
Normal birth weight (2.5-4.2 kg) 27 29.4

The majority of the patients were born in the Free State
(69.6%), followed by the Northern Cape (26.1%) and
Lesotho (4.4%). Figure 1 shows the institution at which
delivery occurred. The low percentage of tertiary deliveries
was due to only seven of the 92 patients being diagnosed
antenatally.
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Figure 1: Site of delivery

Twenty-three of the patients were HIV exposed of which 19
had a negative birth polymerase chain reaction (PCR) test
result. PCR test results were not available for the other four
patients.

Thirty-three of the 92 patients were diagnosed with
duodenal atresia. Specific type was not documented in the
patient files. Jejunal atresia types were recorded according
to the Grosfeld classification’ (Figure 2).

The most common associated congenital abnormality was
a cardiac lesion (43.5%). Five (5.5%) had trisomy 21 and
all were diagnosed with duodenal atresia. Sixteen patients
(17.4%) had malrotation. The patients with malrotation
were equally distributed among duodenal atresia and jejunal
atresia. Other associated congenital abnormalities were
oesophageal atresias (5.4%) and anorectal malformations
(4%, that all occurred in patients with duodenal atresia.
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Figure 2: Type of jejunal atresia
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Other anomalies that were encountered were colonic atresia
and annular pancreas (3 each) and one each of a Meckels
diverticulum, situs inversus, gastric duplication, Dandy
Walker malformation, hypospadias and foetal alcohol
syndrome.

The patients arrived at a median of 4 days after birth
(range 1-46). Sixty-seven (72.8%) arrived later than day 2
after birth. All of the late arrivals were due to a delay in
the diagnosis. Fourteen babies had multiple reasons for late
arrivals in addition to delayed diagnosis, which included:
transport delays (n = 9), obtaining a passport (n = 4) and no
intensive care bed available (n = 1).

Fifty-six (60.9%) had signs of dehydration and 44
(52.2%) had abnormal electrolytes. Comparing the effect
of late referrals on hydration, it was found that there was
a strong association between late referrals and dehydration,
with a p-value of 0.0005. Fifty-one (55.4%) patients were
suspected of having sepsis or had raised infective markers
on admission and all were started on antibiotics.

Comparison with regards to number of septic episodes,
time admitted prior to surgery, length of stay and mortality,
showed no statistical significance between the groups.

Although 40 of the septic patients were late referrals,
there was no significant association between late referrals
and sepsis on admission (p = 0.18). The patients’ age at
arrival had no statistically significant effect on mortality
(p = 0.57). If the patients were referred late, their age
at surgery was older (p < 0.0001). The patients stayed in
hospital for a median of 28 days (range 2-90 days). However,
the age at surgery had no significant effect on length of stay
(» = 0.14). In the group that was referred late, patients were
operated on a median of 2 days after admission (range 1-54
days). There was no statistical association between being
referred late and length of time admitted prior to surgery
(» =0.27) (Table II).

Table II: Contingency table summarising outcomes of late and
timeous referrals

Late Timeous
referral referral Significance
>48 hours <48 hours
Number of patients (1) 67 25 p=0.567
Septic on admission (n) 40 25 p=0.1777
Prior surgery hospital _
days, median (range) 2 (1-54) 1.5 (1-24) p=02716
Length of stay days, _
median (range) 25 (3-90) 34 (2-77) p=0.253
Mortality, n (n palliated) 5(6) 3(2) p=0.507*

* p-value for n

The median age at the time of their first surgery was 7.5
days (range 1-73 days), after being admitted for a median
number of 2 days (range 1-54 days). A primary repair was
done in 81 of the 92 patients. The patients with duodenal
atresia received a Kimura diamond-shaped anastomosis,
and the patients with jejunal atresia had a tapered, end-end
anastomosis. Due to the presence of other anomalies, such
as oesophageal atresia, colonic atresia, and distal bowel
perforation, six of the patients had a different approach
during their index surgery. Three patients were palliated:
one was due to cardiac arrest in theatre and two for having
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insufficient residual bowel for survival. The 16 patients with
malrotation received a modified Ladd’s procedure.

Two patients had anastomotic leaks: one had sealed off
and the other patient had overt contamination from an
anastomotic leak. Four patients developed short bowel
syndrome and three patients developed wound sepsis. In
addition to the two patients with anastomotic leaks, one
patient was re-operated for a later bowel perforation and
three for anastomotic strictures.

Feeding intolerance was present in 26 (28.6%) patients.
The median days to full feeding was 18 days (range 7-88
days), with the median number of days on intravenous
nutritional support at 11 days range. Parenteral nutrition-
associated liver disease hepatitis developed in 15 (16.3%)
patients.

The duodenal atresia group took a median of 19 days
(range 9-88 days) to reach full feeds. They were more prone
to develop a feeding intolerance and took longer to reach
full feeds (p = 0.05). The jejunal atresia group took a median
number of 17 days to reach full feeds (range 7-55 days).
There was no association between the number of septic
episodes and the time to full feeds (p = 0.39), and age at
surgery to time to full feeds (p = 0.10).

Sepsis occurred in 84 patients in this study. The median
number of septic episodes per patient during their hospital
stay was 2 (range 1-8 episodes). There was no association
between the children who were HIV exposed and the number
of septic episodes (p = 0.74). The most common organisms
cultured were Candida and gram-negative species. There
was a strong positive association between the number of
septic episodes and length of stay (p < 0.0001).

The median length of stay in hospital was 28 days for both
duodenal and jejunal atresia patients. Eighteen (19.6%) of
the 92 patients included in this study died. Eight of the 18
patients were palliated due to: short bowel syndrome (2),
liver failure as a result of long-term TPN (1), sepsis (2),
and multi-organ failure (5). The number of septic episodes
had no significant influence on mortality (p = 0.76). The
presence of associated congenital abnormalities had no
effect on mortality. Gestation had an effect on mortality, as
prematurity was associated with mortality (p = 0.045).

Discussion

Only seven of the 92 patients were diagnosed with small
bowel atresia antenatally. Small bowel atresia can be
diagnosed antenatally with great accuracy. Studies from
the UK have shown that intestinal atresia can be diagnosed
antenatally between 75-100% of the time.”

Authors report variable results depending on gestational
age and operator experience.”!

Much of the morbidity and cost in treating a patient is due
to late presentation and subsequent sequalae of inadequate
management in peripheral hospitals. Patients diagnosed
antenatally arrive up to 4 days earlier.!! One can argue that
there is an immense benefit in adequate parental counselling
and pre-delivery planning as well as eliminating waiting
times for transport.

The outcomes of surgery in HIV-positive patients are
well documented and suggest an increased morbidity and
complication rate by almost 12 times.'>!* Even when infants
are simply HIV exposed, they will have an impaired passive
immunity. Infants awaiting surgery for repair of their atresia
are kept nil per mouth. Thus, they will not benefit from the
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protective antibodies found in breastmilk. This, alongside an
immature immune system, will increase their susceptibility
to neonatal sepsis and postoperative complications. No
statistically significant association between HIV exposure
and the number of septic episodes postoperatively was
found. This can be due to a small sample size of our HIV-
exposed patients as well as the ubiquitous nature in the
diagnosis of neonatal sepsis.

As a group, cardiac lesions were the most common general
associated congenital anomaly found, which is in line with
international literature.>?

Duodenal atresia occurs due to defects in foregut
canalisation and is more associated with other congenital
anomalies.!! Trisomy 21 occurs in up to 30% of patients with
duodenal atresia, which is in line with our results since all
the children diagnosed with trisomy 21 had duodenal atresia
and 15.2% of those with duodenal atresia had trisomy 21. It
can also be linked with VACTERL association, therefore as
expected, all patients with either an anorectal malformation
or oesophageal atresia occurred in the group with duodenal
atresia.

In comparison, jejunal atresia occurs later in gestation
and is a result of an isolated vascular event, which causes
ischaemia of the adjacent bowel and therefore less associated
congenital abnormalities are found.'?

Delay in presentation, long waiting times in peripheral
hospitals and delays in transport, all contribute to late
referrals in LMICs. Studies from Nepal, India and China
confirm this pattern of late referrals, with patients presenting
on average on day 3 or even day 7 (range 1-28 days) of life.
Late presentation may attribute to mortality rates of up to
28'5%.8,11,14-16

Bilious vomiting and failure to pass normal meconium
are common clinical signs in intestinal atresia. Furthermore,
bilious vomiting in an infant necessitates an emergency
referral to a paediatric surgeon. Even though it was not
statistically analysed in our study, it was found that almost all
of the study subjects vomited bile-stained fluid; sometimes
for many days, prior to presenting to our institution. Missing
this common sign, along with a lack of resources, further
delays the diagnosis and referral process.

By the time infants present at our institution, they are
dehydrated and many of them septic. This can be attributed
to continued vomiting and a delay in initiating the correct
treatment, such as intravenous fluid resuscitation and
recognising sepsis. Dehydration and acid-base disturbances
(29.6%) and renal impairment (5%) on arrival have been
shown in other studies from LMICs.!!

Three of the six relook operations done were for
anastomotic strictures. Anastomotic leaks after surgery for
small bowel atresia are rare. If they occur, the consequence
can be devastating. The rate of anastomotic leaks in our
study is (2%) compared with literature in HICs (2%).'%!7

After surgery for small bowel atresia, an ileus is expected.
Infants should reach full feeds, on average, 21 days
postoperatively for both jejunal and duodenal atresia.!®!
Feeding intolerance has been shown to increase morbidity
and mortality as well as length of stay.?*?! Prolonged
parenteral nutrition exposes an infant to develop TPN
hepatitis and central line-associated sepsis. This can be
prevented by starting SMOF-lipid TPN when it is expected
that the patient might require TPN for more than 2 weeks.
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Sepsis and septic episodes will also delay the progression
of feeds.

Neonatal sepsis increases the mortality of premature
and lower birth weight infants. Due to the low yield of a
positive blood culture to diagnose neonatal sepsis, the
present practise is to treat a septic episode not only based on
a positive blood culture but on clinical suspicion. Clinical
sepsis alone has an increased mortality that could not be
explained by any other morbidities other than infection.??
Coagulase-negative staphylococcus is a common pathogen,
specifically in the presence of central lines. This is followed
by gram-negative organisms. There is a growing concern
regarding the increasing incidence of fungal sepsis. This can
be seen in this study as well, as the most general organism
cultured was Candida.

With regards to small bowel atresia and sepsis, in LMICs,
sepsis contributed to the postoperative mortality. This is not
seen in HICs.

Our length of stay was considerably longer compared to
other institutions. Studies from India and China reported a
length of stay between 11 and 17 days, respectively.!!:14

It often happens that patients wait for transport out of
our institution, and we do not have adequate down referral
centres to discharge patients in order to achieve full enteral
feeds or to complete current treatment.

There is a marked difference in mortality between HICs
(10-15% due to prematurity and other congenital anomalies)
and LMICs (30% due to lack of infrastructure, skilled
personnel, surgical complications, sepsis, prematurity) in
patients with small bowel atresia.!l-!417

It is important to consider that we lack resources to care
for children with short bowel syndrome. Therefore, our
mortality rate is higher, as we had to palliate infants who
were clinically at risk of developing short bowel syndrome.
In our study, we found that only prematurity was strongly
associated with mortality. This is in keeping with literature
from HICs.> We suspected that the massive burden of late
referrals would influence our mortality, but this was not
the case. We believe that access to well-trained personnel,
nutritional support, critical care support and a low surgical
complication rate are the reasons for our low mortality in the
face of late referrals

Conclusion

Improved education of healthcare workers with regards to
danger signs, such as bilious vomiting, as well as improving
antenatal care and screening programmes should counteract
late referrals and their consequences. A clear protocol on
initiation and advancement of feeds, discharge goals and
adequate down referral centres could decrease the length
of stay and costs associated with it. Further improvements
in our infrastructure such as central line teams, neonatal
SMOF-lipid TPN bags, and a multidisciplinary team to care
for short bowel syndrome patients could also improve our
morbidity and mortality.
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