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ABSTRACT

Introduction: There is no consensus in the available literature whether the coexistence of Down’s syndrome has 
adverse effect on the outcomes of neonates born with congenital duodenal atresia. Materials and Methods: A 
total of 29 neonates with congenital duodenal atresia were retrospectively studied for demographic details, sepsis 
parameters at admission, management, morbidity, and mortality. The neonates who were premature (<37 weeks 
of gestation), those having associated cardiac/gastrointestinal malformations and/or those who were 
hemodynamically unstable at initial presentation were excluded from the study. The subjects were divided into 
two groups ‑ one without associated Down’s syndrome (Group A) and those with Down’s syndrome (Group B), 
and subsequently compared. After collection of data, statistical analysis was done and relative/attributable 
risks were studied. Results: The sepsis parameters such as total leukocyte counts, erythrocyte sedimentation 
rate, serum procalcitonin levels, and serum C‑reactive protein levels were significantly increased, and the 
platelets were significantly decreased at admission in Group B subjects, as compared to Group A subjects. 
There were no complications noted in Group A, while Group B had significant morbidity. The neonates with 
congenital duodenal atresia with Down’s syndrome had 3.27 times more relative risk of mortality than those 
without Down’s syndrome. Down’s syndrome appears to be an independent risk factor for mortality in isolated 
congenital duodenal atresia with attributable risk of 37.8%. Conclusion: The presence of Down’s syndrome is 
a significant independent adverse risk factor of outcomes in isolated congenital duodenal atresia.
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INTRODUCTION

Congenital duodenal atresia is the most common cause 
of neonatal intestinal obstruction with a reported inci‑
dence of 1:2500–1:10000  [1]. Congenital duodenal 
atresia could be either because of extrinsic or intrin‑
sic causes. Complete failure of recanalization results 
in duodenal atresia which presents in the immediate 
neonatal period, whereas incomplete recanalization 
results in duodenal stenosis, or duodenal web that can 
have a variable and delayed presentation [2].

Advancements in surgical operative techniques, 
post‑operative intensive care, and early nutritional 
rehabilitation have improved the survival outcome 
of duodenal atresia. The most important medical 
causes of post‑operative mortality are due to complex 

cardiac anomalies, prematurity, sepsis, and pneu‑
monia and the most common surgical complications 
seen are anastomotic leak and gastroduodenal pare‑
sis  [3]. Associated congenital anomalies have been 
identified as an independent risk factor for mortal‑
ity in duodenal atresia, with prematurity and low 
birth weight increasing the mortality risk  [4,5]. Lit‑
erature suggests that Down’s syndrome per se does 
not affect the survival of duodenal atresia postoper‑
atively; however, the association of multiple anoma‑
lies, especially major cardiac anomalies, can affect 
the outcome [3,6].

Down’s syndrome is the most common genetic dis‑
order associated with mental retardation and is also 
associated with a high incidence of congenital heart 
diseases and gastrointestinal malformations.
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Table 1: Baseline variables

Variable Non‑Down’s 
 (n=18)

Down’s  
(n=11)

Birth weight (Mean) 2400 g 2800 g

Age at 
admission (Mean)

8 days 7 days

Sex (Males) 10 7

Sex (Females) 8 4

Time from diagnosis 
to surgical 
intervention (Mean)

8 h 8 h

10  patients  (8 in non‑Down’s syndrome group and 
2 in Down’s syndrome group) had barium studies in 
addition to the upright abdominal X‑rays that were 
done in all the 29 neonates.

The inclusion or exclusion from the study did not alter 
the course of clinical management for the baby in the 
hospital, and the study was approved by the insti‑
tute’s ethical committee.

Statistical analysis was done using open EPI sta‑
tistical software. The comparison was done using 
two‑tailed t‑test. P < 0.05 was taken as statistically 
significant. For proportions, Chi‑square test and rela‑
tive and attributable risks were calculated.

RESULTS

The demographic data of the patients in two groups 
are given in Table  1 and were comparable. Most of 
the babies underwent surgery within 24 h of diag‑
nosis. All the neonates underwent diamond‑shaped 
duodenoduodenostomy. The type of duodenal atre‑
sia diagnosed in each of the two groups is mentioned 
in Table  2. The post‑operative management after 
surgical correction of duodenal atresia is depicted 
in Table  3. The post‑operative complications were 
compared between both the groups and are shown 
in Table 4; none of the 29 patients had anastomotic 
leak.

The laboratory sepsis parameters at the time of 
admission were compared between the two groups 
and are shown in Table 5. However, despite the dif‑
ferences in the laboratory parameters, the infants in 
both the groups were clinically stable at the time of 
surgery. It was found that TLC, ESR, and PCT were 
significantly higher in Down’s group compared to 
non‑Down’s group  (P  <  0.05). Platelets were signifi‑
cantly reduced in the Down’s group compared to 
non‑Down’s group (P < 0.05).

The children with Down’s syndrome have an 
increased susceptibility to infections due to various 
inherent abnormalities in the immune system and 
anatomical comorbidities. The clinical relevance 
of this predisposition to sepsis has not been well 
defined in neonates and in the relevance to post‑op‑
erative outcomes [7,8].

This study was conducted to determine whether an 
underlying immunological dysfunction predisposes 
neonates with Down’s syndrome to an increased risk of 
sepsis, as against commonly held opinion that Down’s 
syndrome does not affect the surgical outcome. Early 
identification of sepsis can lead to early initiation of 
treatment, which can help in improving the outcomes 
of neonates diagnosed with duodenal atresia. Hence, 
this study was conducted to study the role of sepsis 
markers such as C‑reactive protein (CRP) and procal‑
citonin  (PCT) as prognostic indicators of outcome in 
neonates with duodenal atresia.

MATERIALS AND METHODS

This study was a retrospective cohort study con‑
ducted in three tertiary care hospitals in Hyder‑
abad, India. The data were collected over a period of 
12 years, from 2000 to 2012. The data were collected 
from patients’ hospital records  (case records, inten‑
sive care unit (ICU) registers, ward registers, and the‑
ater records) after obtaining consent from the parents.

All the 29 neonates diagnosed having congenital duo‑
denal atresia who satisfied inclusion criteria were 
included in the studies. We divided these subjects into 
two main groups ‑ control group comprised neonates 
with congenital duodenal atresia but not associated 
with Down’s syndrome (Group A) (n = 18) and neonates 
with congenital duodenal atresia with a confirmed 
diagnosis of Down’s syndrome  (Group  B)  (n  =  11). 
Down’s syndrome was diagnosed antenatally on 
karyotyping after amniocentesis in three neonates, 
whereas eight neonates were diagnosed postnatally 
with fluorescence in situ hybridization  (FISH) for tri‑
somy 21. All 18 neonates in the control group were 
tested negative on FISH for trisomy 21.

To negate the effect of associated congenital anom‑
alies and prematurity, we excluded neonates with 
major cardiac and gastrointestinal malformations, 
preterm neonates (<37 weeks of gestation), neonates 
with severe sepsis, and hemodynamically unstable 
neonates from the present study.

Sepsis parameters studied at admission included 
CRP, total leukocyte counts  (TLCs), platelet counts, 
serum PCT, and micro erythrocyte sedimentation 
rate  (ESR) levels. Outcome studied was mortality 
before discharge from the hospital.
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This study showed that infants with Down’s syndrome 
had a significantly higher mortality rate compared 
to infants in the non‑Down’s group  (P  =  0.04220; 
RR = 3.27; AR = 37.8%) [Table 6].

DISCUSSION

Congenital duodenal atresia is a common cause of 
neonatal intestinal obstruction, with a reported inci‑
dence of 1:2500–1:10000. Males are more commonly 
affected than females [1].

Down’s syndrome is commonly associated with sev‑
eral developmental abnormalities of the gastrointes‑
tinal tract such as trachea‑esophageal fistula, duode‑
nal atresia, annular pancreas, imperforate anus, and 
Hirschsprung’s disease  [3]. 5% of all patients with 
Down’s syndrome have duodenal atresia, and 25–40% 
of cases of congenital duodenal atresia are associated 
with Down’s syndrome [4].

Several studies have shown that Down’s syndrome 
per se does not affect the survival outcome of congeni‑
tal duodenal atresia, but the association of major con‑
genital anomalies, especially cardiovascular anoma‑
lies significantly, affects the outcome [3‑6].

Advances in immunology and molecular biology have 
shown that infants with Down’s syndrome have an 
underlying immune dysfunction. The immune dys‑
function in Down’s syndrome is due to decreased 
expression of critical genes due to trisomic imbal‑
ance resulting in global thymic hypofunction  [9‑11]. 
The thymus in patients with Down’s syndrome has 
been reported to be smaller and hypocellular, with a 
reduced proportion of phenotypically mature T‑cell 
receptor  (TCR)‑αβ+ thymocytes  [12]. The number of 
TCR excision circles and the subset of T‑cell subpop‑
ulations  (CD4+, CD8+, and CD4 + CD45 + RA cells) 
in the peripheral blood in patients with Down’s syn‑
drome has been reported as reduced at various age 
groups  [13]. Not only this, innate immune dysfunc‑
tion such as defective neutrophil chemotaxis [14], low 
humoral immune responses [15], zinc deficiency, and 
accelerated immunosenescence[16] has been reported 
in patients in Down’s syndrome, which along with 
common anatomical defects associated with Down’s 
syndrome, causes this cohort of patients to higher 
predisposition to sepsis. Although these immunologi‑
cal defects have not been studied in detail in the early 
neonatal period, several of the above studies suggest 
that these defects manifest from the neonatal period 
onward.

Studies have showed an increased risk of morbidity 
and prolonged post‑operative stay in post‑operative 
patients with Down’s syndrome. In a retrospective 
cohort study by conducted on 45,579 patients with 
congenital heart diseases undergoing surgery by 
Fudge et al., the authors found that Down’s syndrome 
did not confer a significant mortality risk for com‑
mon cardiac conditions, but the Down’s group was 
associated with a higher post‑operative respiratory 
and infectious complications  [17]. In a prospective 
cohort study conducted over 24 months by Gupta and 
Rettiganti on infants admitted to ICUs, the authors 
found that even though the mortality was similar in 
both Down’s and non‑Down’s group after propensity 
matching, the mortality rate among Down’s syndrome 
increased with increasing length of hospital stay [18].

Several studies have failed to show a significant dif‑
ference in the incidence of sepsis in the post‑opera‑
tive outcomes of infants with Down’s and without 
Down’s syndrome. Tóth et al. conducted a propensi‑
ty‑matched analysis to study the post‑operative com‑
plications of pediatric cardiac surgery and found that 
Down’s syndrome was not associated with increased 
mortality or complication rate following pediatric car‑
diac surgery compared to non‑Down’s group [19]. In a 
retrospective study by Lange et al., the authors stud‑

Table 2: Type of duodenal atresia

Type of 
duodenal 
atresia

Non‑Down’s (n=18) Down’s (n=11)

Type 1 10 8

Type 2 5 2

Type 3 3 1

Table 3: Post‑operative management

Variable Non‑Down’s Down’s

Time of initiation of feeds POD 1 POD 1

Time to full feeds (Mean) 7 days 9 days

Duration of NICU 
stay (Mean)

22 days 29 days

NICU: Neonatal intensive care unit

Table 4: Post‑operative complications

Variable Non‑Down’s Down’s

Anastomotic leaks 0 0

Gastroduodenal paresis 0 1

Pneumonia 0 2

Duration of ventilation 0 2

Culture‑positive sepsis 7/18 3/11
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ied 476  patients undergoing atrioventricular septal 
defect repair and compared post‑operative outcomes 
between Down’s and non‑Down’s groups and found 
that Down’s syndrome was not a risk factor for surgi‑
cal repair [20].

The present study was conducted to determine whether 
infants with Down’s syndrome with congenital duode‑
nal atresia had inherently a higher predisposition to 
sepsis in view of the above discussed immunological 
dysfunction and, hence, higher morbidity and mortal‑
ity in comparison to control infants without Down’s 
syndrome. As several previous studies attributed to 
the increased mortality in Down’s syndrome to asso‑
ciated congenital malformations, babies with congen‑
ital cardiac and other gastrointestinal malformations 
to remove the confounding factors associated with 
adverse outcome were excluded from the study.

The study compared the sepsis parameters at admis‑
sion in both the cases and controls and assessed the 
outcome postoperatively. This study showed that 
infants with Down’s syndrome, even though clinically 
and hemodynamically stable, had significantly ele‑
vated positive markers for sepsis than infants without 
Down’s syndrome. Infants with Down’s syndrome had 

higher TLCs, higher levels of acute phase reactants 
such as CRP and PCT, elevated micro ESR, and lower 
platelet counts compared to infants without Down’s 
syndrome, all the values of which reached statisti‑
cal significance. Postoperatively, infants with Down’s 
syndrome had a significantly higher mortality com‑
pared to infants without Down’s syndrome  (3/18 in 
non‑Down’s vs. 6/11 in Down’s, P = 0.0422, RR = 3.27; 
AR = 37.8%).

The sample size of this study was small (29 babies), 
even though the data were collected for 12  years, 
which was possibly because many babies had to be 
excluded due to associated congenital cardiac and 
gastrointestinal malformations.

In this study, even though the sepsis parameters 
preoperatively were not elevated significantly to war‑
rant deferring the surgical correction, they being 
significantly abnormal compared to the control pop‑
ulation, and also having a significantly increased 
mortality postoperatively reinforces the hypothesis 
that immunological dysfunction sets in at a very 
early stage in Down’s syndrome, and these infants 
have to be judiciously screened and treated aggres‑
sively for sepsis from a very early stage, as the 

Table 5: The comparison of sepsis parameters at admission

Parameters Non‑Down’s groups n=18 
Mean±SD

Down’s groups n=11 
Mean±SD

t value P value Interpretation

TLC 13600±187 16100±214 33.0871 <0.0001 Significant

Platelets 110000±1350 80000±876 65.5129 <0.0001 Significant

ESR (mm/h) 6±1.2 8.5±2.1 4.0988 0.0003 Significant

PCT (pg/dl) 0.07±0.02 0.15±0.09 3.6657 0.0011 Significant

CRP 12±2.1 24±3.4 11.8024 <0.0001 Significant

TLC: Total leukocyte counts, SD: Standard deviation, ESR: Erythrocyte sedimentation rate, PCT: Procalcitonin, CRP: 
C‑reactive protein

Table 6: The comparison of outcomes (dead/alive) between the two groups

Outcome Non‑Down’s 
groups (%)

Down’s 
groups (%)

Total (%) Yates 
corrected 
Chi square

P value Relative risk Interpretation

Died 3 (33.3) 6 (66.7) 9 (31.03) 2.978 0.04220 3.27 Significant

Alive 15 (75) 5 (25) 20 (68.97)

Total 18 (62.06) 11 (37.94) 29 (100)
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timeline from early signs to fulminant stage is very 
narrow. This concept of immunological dysfunc‑
tion from early neonatal period has to be studied 
in detail, and further research needed to determine 
this predisposition to sepsis, as early intervention 
can improve outcomes in congenital duodenal atre‑
sia, which is a commonly associated malformation 
in Down’s syndrome.

CONCLUSION

The neonates with congenital duodenal atresia with 
Down’s syndrome have 3.27 times more risk of mor‑
tality than those without Down’s syndrome. Down’s 
syndrome appears to be an independent risk factor for 
mortality in isolated congenital duodenal atresia with 
attributable risk of 37.8%.

Author’s contribution

All authors contributed equally in concept, design, 
literature review, drafting the manuscript, and 
approval of the final manuscript.

REFERENCES

	 1.	 Millar AJW, Rode H, Cywes S. Intestinal atresia and 
stenosis In: Ashcroft  KW, Holcomb  GW, Murphy  JP. 
Pediatric Surgery. 4th ed. Philadelphia, PA: Saunders; 
2005. p. 416‑34.

	 2.	 Kshirsagar  AY, Sulhyan  SR, Vasisth  G, Nikam  YP. 
Duodenal stenosis in a child. Afr J Paediatr Surg 
2011;8:92‑4.

	 3.	 Escobar  MA, Ladd  AP, Grosfeld  JL, West  KW, 
Rescorla FJ, Scherer LR 3rd, et al. Duodenal atresia and 
stenosis: Long‑term follow‑up over 30 years. J Pediatr 
Surg 2004;39:867‑71.

	 4.	 Kaddah  SN, Bahaa‑Aldin  KH, Aly  HF, Hassan  HS. 
Congenital duodenal obstruction. Ann Pediatr Surg 
2006;2:130‑5.

	 5.	 Piper  HG, Alesbury  J, Waterford  SD, Zurakowski  D, 
Jaksic T. Intestinal atresias: Factors affecting clinical 
outcomes. J Pediatr Surg 2008;43:1244‑8.

	 6.	 Mirza  B, Sheikh  A. Multiple associated anomalies in 
patients of duodenal atresia: A case series. J Neonatal 
Surg 2012;1:23.

	 7.	 Burgio  GR, Ugazio  AG, Nespoli  L, Marcioni  AF, 
Bottelli AM, Pasquali F. Derangements of immunoglob‑
ulin levels, phytohemagglutinin responsiveness and T 
and B cell markers in Down’s syndrome at different 
ages. Eur J Immunol 1975;5:600‑3.

	 8.	 Cruz NV, Mahmoud SA, Chen H, Lowery‑Nordberg M, 
Berlin K, Bahna SL, et al. Follow‑up study of immune 
defects in patients with dysmorphic disorders. Ann 
Allergy Asthma Immunol 2009;102:426‑31.

	 9.	 da Rosa Utiyama SR, Nisihara RM, Nass FR, Oliveira NP, 
Fiedler PT, de Messias‑Reason IT, et al. Autoantibodies 
in patients with down syndrome: Early senescence of the 
immune system or precocious markers for immunologi‑
cal diseases? J Paediatr Child Health 2008;44:182‑6.

	10.	 Cuadrado  E, Barrena  MJ. Immune dysfunction in 
Down’s syndrome: Primary immune deficiency or early 
senescence of the immune system? Clin Immunol 
Immunopathol 1996;78:209‑14.

	11.	 Kusters  MA, Verstegen  RH, Gemen  EF, de Vries  E. 
Intrinsic defect of the immune system in children 
with Down syndrome: A  review. Clin Exp Immunol 
2009;156:189‑93.

	12.	 de Hingh  YC, van der Vossen  PW, Gemen  EF, 
Mulder AB, Hop WC, Brus F, et al. Intrinsic abnormal‑
ities of lymphocyte counts in children with Down syn‑
drome. J Pediatr 2005;147:744‑7.

	13.	 Roat  E, Prada  N, Lugli  E, Nasi  M, Ferraresi  R, 
Troiano L, et al. Homeostatic cytokines and expansion 
of regulatory T cells accompany thymic impairment 
in children with down syndrome. Rejuvenation Res 
2008;11:573‑83.

	14.	 Barkin RM, Weston WL, Humbert JR, Maire F. Phago‑
cytic function in down syndrome  –  I. Chemotaxis. 
J Ment Defic Res 1980;24 Pt 4:243‑9.

	15.	 Lopez  V, Ochs  HD, Thuline  HC, Davis  SD, Wedg‑
wood  RJ. Defective antibody response to bacte‑
riophage phichi 174 in down syndrome. J  Pediatr 
1975;86:207‑11.

	16.	 Cocchi G, Mastrocola M, Capelli M, Bastelli A, Vitali F, 
Corvaglia  L, et  al. Immunological patterns in young 
children with down syndrome: Is there a temporal 
trend? Acta Paediatr 2007;96:1479‑82.

	17.	 Fudge JC Jr., Li S, Jaggers J, O’Brien SM, Peterson ED, 
Jacobs JP, et al. Congenital heart surgery outcomes in 
down syndrome: Analysis of a national clinical data‑
base. Pediatrics 2010;126:315‑22.

	18.	 Gupta P, Rettiganti M. Association between down syn‑
drome and mortality in young children with critical 
illness: A propensity‑matched analysis. Acta Paediatr 
2015;104:e506‑11.

	19.	 Tóth R, Szántó P, Prodán Z, Lex DJ, Sápi E, Szatmári 
A, et  al. Down syndrome and postoperative compli‑
cations after paediatric cardiac surgery: A  propensi‑
ty‑matched analysis. Interact Cardiovasc Thorac Surg 
2013;17:691‑7.

	20.	 Lange R, Guenther T, Busch R, Hess J, Schreiber C. 
The presence of down syndrome is not a risk factor in 
complete atrioventricular septal defect repair. J Thorac 
Cardiovasc Surg 2007;134:304‑10.


