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Background: The aim of this report was to review our early experience of the last 
7 years with repairs of congenital duodenal obstruction (CDO) to determine the efficacy 
and outcomes of laparoscopic repairs compared to laparotomy.

Methods: A retrospective review was conducted on all neonate (<30 days) with CDO 
between 2009 and 2015. Patients with duodenal atresia, stenosis, web, and annular 
pancreas were included. Patients with only malrotation or delayed presentation were 
excluded.

results: Twenty-six neonates underwent laparoscopy and 30 underwent traditional 
laparotomy. The operative time was longer in the laparoscopic group (P = 0.001), but 
time to initiation of feeds and time to full feeds were similar for the laparoscopic and open 
groups. There was no mortality, anastomosis leakage, or stenosis in the laparoscopic 
group. Six laparoscopic cases required conversion to an open procedure (23%). In the 
earlier cases, the open conversion rate was high, but it decreased over time (P = 0.003).

conclusion: Laparoscopic repair is safe and effective for repair of CDO in neonates. 
Despite operative time was slightly longer in the laparoscopic group, clinical outcomes 
remained similar to the open group. For pediatric surgeon with experience in laparoscopic 
techniques, laparoscopic duodenoduodenostomy is a sufficient available procedure.
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inTrODUcTiOn

Advancements in minimally invasive surgical techniques in neonates over the last 20 years have  
led to pediatric surgeons attempting laparoscopic repair of congenital duodenal obstruction (CDO). 
The first to report laparoscopic repair of a duodenal atresia was Bax et al. in 2001 (1). Since that case 
report, a few small series have been reported (2, 3). However, in the early experience, there was a 
high rate of anastomotic leaks (4). As technical skills developed, such as transabdominal stay suture, 
running suture, and intracorporeal knot tying, the ability to stabilize the anastomosis improved, and 
Spilde et al. reported a good result of the repair using the U-clip technique (5, 6). Recently, several 
studies showing short-term outcomes for open and laparoscopic approaches have been reported 
(7–12). The aims of this report is to review our early experience of the last 7 years to determine the 
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FigUre 1 | (a) Transabdominal sutures are placed through the falciform 
ligament and gall bladder (arrow head). (B,c) Two ends of the corners and 
the middle portion of proximal duodenum are led out through the skin for 
traction (white arrow). (D–F) The posterior and anterior anastomosis is made. 
Vicryl (white color) and PDS (purple color) are used alternately.

TaBle 1 | Baseline characteristics and outcomes.

laparoscopic 
(n = 26)

Open  
(n = 30)

P value

Birth weight (kg) 2.8 (1.8–3.9) 2.3 (0.9–3.6) 0.13
Gestational age (weeks) 37 (34–39) 35 (26–40) 0.16
Age at operation (days) 4 (2–9) 8 (1–29) 0.42
Weight at operation (kg) 2.5 (1.7–3.4) 2.2 (0.9–3.7) 0.82
Etiology of obstruction (n) 0.76

Duodenal atresia 17 16
Duodenal web 8 8
Annular pancreas 1 6

Comorbidity (n) 0.01
Chromosome abnormality 4
Congenital heart disease 2 6
Esophageal atresia 1
Imperforate anus 1 1

Follow-up (months) 34.5 (16–86) 61.5 (17–98) 0.004
Operative time (min) 168 (119–250) 109 (50–166) <0.001
Time to initiation of feeds (days) 8 (3–18) 10 (5–35) 0.33
Time to full feeds (days) 15 (7–26) 20 (8–94) 0.09
Overall length of stay (days) 17 (8–28) 20 (9–228) 0.008
Complication (n) 0 3 0.62
Mortality (n) 0 1 0.54
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efficacy and outcomes of laparoscopic repair of CDO compared 
to laparotomy.

MaTerials anD MeThODs

After Institutional Review Board approval, a retrospective review 
was performed on patients with CDO who presented to Asan 
Medical Center between 2009 and 2015. Patients with duodenal 
atresia, stenosis, duodenal web, and annular pancreas were 
included in this study, and only neonates of less than 30  days 
of age at the time of operation were enrolled. Patients with only 
malrotation or with a delayed presentation were excluded. The 
data collected included patient age and weight at surgery, associ-
ated anomalies, operative procedures performed, operative time, 
any intraoperative complications, and postoperative course. 
CDO was managed laparoscopically or via an open approach 
based on the surgeon’s choice. Cases that started laparoscopi-
cally and were converted to open procedures were included in 
the laparoscopic group.

Descriptive statistics are listed as median  ±  range. Binary 
frequency data were compared using the Fisher’s exact test, and 
continuous variables were compared using the Mann–Whitney 
U test. Changes over time in open conversion rate and operative 
time were analyzed using the chi-square test for trend and the 
Kruskal–Wallis test. P value <0.05 was regarded as statistically 
significant.

Operative Technique
Open treatment was performed via a traditional transverse 
laparotomy. In cases with duodenal web, an excision of the web 
was performed, and for cases without duodenal web, duodeno-
duodenostomy was performed.

All laparoscopic procedures were performed using three 
trocars: one 4-mm port in the umbilicus and two 3-mm ports 
for the working instruments, one placed in the upper left 
quadrant and one in the right lower quadrant. A 4-mm 30° 
scope was used. A transabdominal stay sutures were placed 
through the falciform ligament and gallbladder for traction 
(Figure  1A). With the surgeon standing at the patient’s feet, 

the duodenum was Kocherized, and the dilated proximal and 
collapsed distal segments were identified. A proximal trans-
verse and distal longitudinal duodenotomy was made, and 
then a diamond-shaped anastomosis was performed. After the 
corners were sutured, two ends of the corners and the middle 
portion of proximal duodenum were led out through the skin 
(at a convenient place) for traction (Figures  1B,C). We used 
interrupted sutures and intracorporeal knot tying. Vicryl was 
used for the corners of both sides, and Vicryl and PDS were 
used alternately for the rest of the sutures (Figures 1D–F). The 
distal bowel was examined in all cases to ensure that there was 
no obvious secondary atresia.

resUlTs

laparoscopic vs laparotomy
For management of CDO, 26 neonates underwent laparoscopy, 
and 30 underwent traditional laparotomy. There was no dif-
ference in age or weight at the time of operation between the 
two groups (Table  1), but the open group patients had more 
associated anomalies (P  =  0.01). Despite the longer operative 
time in the laparoscopic group (P = 0.001), the time to initia-
tion of feeds and time to full feeds were similar between the two 
groups. The length of hospital stay in the open group was longer 
because several patients required further medical management 
for coexistent diseases. The follow-up period was shorter in the 
laparoscopic group than in the laparotomy group (P = 0.004).

The laparoscopic group had no complications, while three 
patients in the open group experienced complications. In the 
open group, bowel obstruction due to postoperative adhesion 
occurred in two patients on the 15th and 50th day, and adhesi-
olysis, small bowel resection, and anastomosis were performed. 
One patient in the open group underwent R-Y duodenojejunos-
tomy 10 months after the initial operation, due to stricture of the 

http://www.frontiersin.org/Pediatrics
http://www.frontiersin.org
http://www.frontiersin.org/Pediatrics/archive


FigUre 2 | Operation time in the laparoscopic group.
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anastomosis. One patient in the open group who had coarctation 
died of cardiac issues.

laparoscopic repair of cDO
Six laparoscopic cases required conversion to an open proce-
dure (23%), most commonly due to poor visualization of the 
duodenum (n = 3). Other indications for conversion included 
bleeding (n  =  2), and concern of perforation due to serosal 
injury (n = 1). There were no significant differences in age or 
weight at the time of the surgery between the 20 patients whose 
surgeries were completed laparoscopically and the 6 patients 
whose surgeries were converted to laparotomy. In the early 
experience stage, the conversion rate was high, but it decreased 
over time (P  =  0.003). The operative time for laparoscopic 
repair decreased over time, but this decrease was not statisti-
cally significant (P =  0.15) (Figure 2). The relative frequency 
of laparoscopic repair increased over time (Figure 3), and the 
rate of laparoscopic repair has been higher than that of the open 
procedure since 2013.

DiscUssiOn

The main concerns of performing laparoscopic repair of CDO 
in neonates are anastomotic stricture and leakage, and another 
concern is not being able to identify distal patency. A bulbous 
duodenum makes the formation of the anastomosis more dif-
ficult especially in laparoscopic approach. Our traction method 

was performed on the corners of both sides of the anastomosis 
using the abdominal wall, and this method not only provides 
good visualization but also helps the anastomosis be formed 
evenly and safely. There are some studies that mentioned similar 
traction techniques (4, 13), but our method has the advantage 
of not requiring an additional trocar, and it allows two working 
instruments to be used freely. In addition, we believe that the 
interrupted suture was more effective at preventing stricture 
than the running suture. By using Vicryl and PDS alternately, 
the pros and cons of the two suture materials complemented 
each other; furthermore, the spacing between sutures was even 
because the different colors of the sutures allowed them to be 
easily distinguished at the anastomosis. In other studies, run-
ning sutures was frequently used to prevent leakage (7, 8, 14).  
We used interrupted sutures with adjusted by traction, and 
no cases developed leakage. With regard to distal patency, the 
incidence of secondary atresia was extremely low (2%), it is suf-
ficient to carefully inspect the intestine during the laparoscopic 
procedure. Although an internal web is difficult to identify, it is 
similarly difficult to identify with the open approach.

In our study, the median time to initiation of feeds, achieve-
ment of full feeds, and length of hospitalization in the laparo-
scopic group were similar to those of most other laparoscopic 
series (7–10, 15). Another study showed that the laparoscopic 
approach reduces the length of hospitalization and time to initial 
feeds (5); however, it is thought that the difference between the 
feeding protocols based on the upper gastrointestinal contrast 
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FigUre 3 | Laparoscopic and open repair by year.
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studies. The long-term results in our limited series of laparo-
scopic procedures were similar to those obtained with the open 
technique. Although it was hard to confirm the statistical sig-
nificance of differences in complications between the two groups 
because of the small number of cases, duodenal obstruction due 
to adhesion occurred in two patients in the open group after 
the operation. One of the biggest benefits of the laparoscopic 
approach, in addition to the cosmetic aspect, is the reduction 
of adhesion due to less touch. The reduction of adhesion and 
duodenal obstruction with the laparoscopic approach is a par-
ticularly significant advantage when treating pediatric patients, 
when the laparoscopic approach results in similar outcomes to 
the open approach.

In this study, the open conversion rate significantly decreased 
over time (P  =  0.003). The operative time of laparoscopic 
repair decreased over time, but this decrease was not statisti-
cally significant. The operative time in our laparoscopic series 
appeared to be longer than in other reported contemporary 
series (7–9, 14). One reason for this finding may be that we 
performed interrupted sutures instead of running sutures and 
we expect that the operative time will be decreased as experi-
ence is gained.

This study is limited by its retrospective nature and susce-
ptibility to selection bias. We attempted to minimize the 
selection bias by excluding patients >30  days of age. The 
small intraabdominal working space in neonates makes lapa-
roscopic operations more difficult and time consuming than 
in older children. Moreover, patients only with malrotation 
were excluded because the Ladd operation was conducted on 
them, which does not require the formation of an anastomo-
sis and, therefore, could not allow for a proper comparison. 
Nonetheless, this study could have had selection bias, as 
patients with comorbidities, such as a heart anomaly, were 

more frequently treated using open approach; comorbidities 
did not affect postoperative complications in any cases, but 
the length of hospitalization and postoperative ventilator days 
could not be compared. In the open group, for patients with 
web, it was excised, but duodenoduodenostomy was performed 
on all patients in the laparoscopic group. Studies have reported 
good results with laparoscopic excision of web (7, 13, 14), but 
we prefer laparoscopic duodenoduodenostomy than duode-
notomy with web excision because of the possibility of injury to 
the ampulla in small neonates with the latter procedure. Finally, 
the laparoscopic group has a significantly shorter follow-up 
period. Late complications in the laparoscopic group are dif-
ficult to assess completely, and there are limitations that cannot 
accurately compare the complications of the two groups.

cOnclUsiOn

This study demonstrates laparoscopic repair is a safe alternative 
to traditional open repair of CDO. For pediatric surgeon with 
experience in laparoscopic techniques, laparoscopic duodeno-
duodenostomy is a sufficient available procedure.
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