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Introduction  Congenital diaphragmatic hernia (CDH) is one of the most common 
congenital anomalies encountered by pediatric surgeons. With the advances in the 
pediatric minimal access surgery, its role in the repair of CDH has also increased. We 
have been using thoracoscopy for the repair for CDH since 2015. We herein report our 
experience of CDH repair in newborns.
Materials and Methods  A retrospective review was conducted from July 2015 to 
December 2019 in the Department of Pediatric surgery after ethical approval from 
the institutional review board and included all the children with CDH who underwent 
thoracoscopic repair. The case records were used to assess the demographic details, 
type of defect, and early and late postoperative complications of thoracoscopy in CDH.
Results  Thoracoscopic repair was attempted in 29 patients of CDH. Eight (27.5%) 
patients converted to open procedure and were excluded from the study. Primary closure 
of the diaphragmatic defect was performed in 90.4% (19) patients. Also, 9.5% (2) children 
required mesh repair. There was no intraoperative death. Postoperative ventilation was 
required in 57.1% (12) children. The mean time on the ventilator was 3.03 ± 0.9 days. The 
mean age of children requiring postoperative ventilation was less compared with children 
who were extubated in the postoperative period (p = 0.032). The median follow-up in our 
study was 12 months and 28.5% of patients developed recurrence of the diaphragmatic 
hernia. All the children underwent laparotomy and repair of the diaphragmatic defect.
Conclusion  Thoracoscopic repair is a safe and effective option for the repair of CDH 
in children performed by surgeons with significant procedure experience.
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Introduction

Congenital diaphragmatic hernia (CDH) is one of the most 
common congenital anomalies encountered by pediatric 
surgeons. The advances in neonatal management and fetal 
intervention have decreased the overall mortality, but still, 
the mortality is high in cases with poor prognosis.1,2 With 
improving overall survival, the long-term morbidity and 
mortality have also come into the picture.3 Early and late 

complications with open surgery like adhesive obstruction 
and multiple interventions in cases with complication or 
recurrence adds to long-term morbidity and mortality. The 
minimal access surgery has shown a better outcome with 
respect to these complications. With the advent of pedi-
atric minimal access surgery, its use in the CDH repair has 
also increased. Early reports have shown a decreased mor-
bidity and improved long-term outcome with the thoraco-
scopic repair of CDH.4,5 Different authors have reported their 
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experiences with the variable outcome and a limited number 
of patients, especially the newborns.6,7 We have been using 
thoracoscopic repair for CDH repair since 2015. We herein 
report our experience of CDH repair in children.

Materials and Methods
A retrospective review was conducted from July 2015 to 
December 2019 at the department of pediatric surgery 
after ethical approval from the institutional review board 
and included all children with CDH who were repaired tho-
racoscopically. The case records were used to assess the 
demographic details, type of defect, and early and late post-
operative complications. The diagnosis was made by the 
X-ray chest in all the patients.

Operative Technique
We used the standard three-port technique for thoraco-
scopic repair of CDH. After endotracheal intubation, the 
patients were placed in lateral decubitus position and sta-
bilized. Pneumothorax was created with the Veress needle, 
inserting it just below the scapular tip in the midaxillary line 
followed by carbon dioxide insufflation up to a pressure of 
3 to 5 mm Hg. The Veress needle was replaced with 5-mm 
port for 30-degree telescopes. The herniating contents were 
visualized and gradually pushed into the abdomen with the 
telescope itself, under vision to create space. The pneumo-
thorax helps in the reduction of contents into the abdomen. 
Following this partial reduction, the pressure is gradually 
increased to 5 to 6 mm Hg, and then two more 3-mm trocars 
are placed under vision in the anterior and posterior axillary 
line, just cephalad to camera port, utilizing maximum space 
to achieve the triangulation. However, the triangulation is 
not possible because of the limited space. After reducing the 
contents, the hernia defect was repaired using nonabsorb-
able interrupted sutures (polyester 2/0 or polypropylene 
2–0 or polyamide 2–0) encompassing two borders of the 
diaphragmatic muscle defect with intracorporeal knotting  
(►Figs. 1–3). The rim of the defect was sewn to the thoracic 
wall when adequate rim was not present. A chest drain was 
inserted in the lowest port posteriorly. It was withdrawn 
when the thoracic X-ray result was normal.

Results
During the study period, the thoracoscopic repair of CDH 
was attempted in 29 cases. The conversion to open surgery 
was required in eight (27.5%) cases. All these cases were 
managed by laparotomy via subcostal incision and repair 
of the diagrammatic defect was performed. The conversion 
in six (75.0%) cases was done because of hemodynamic 
instability. In two cases, the spleen could not be reduced 
due to congestion enlargement. So, there were 21 patients, 
including 14 boys and 7 girls who underwent thoracoscopic 
repair of CDH. Nine (42.0%) cases were operated in the 
neonatal period. The median age of the other 12 cases was 

7.5 months (interquartile range: 4.0–10.6 months) months. 
Neonates presented with a history of respiratory distress at 
birth, while the older children presented with a history of 
repeated chest infection, multiple hospital admissions, and 
failure to thrive. The hernia was located on the left side in 
19 patients and on the right side in 2 patients (►Table 1). 
We were able to close the defect primarily in 19 patients. 
In two patients, thoracoscopic mesh repair was performed. 
Plication of sac followed by repair was done in four cases 
with sac. The mean operative time was 92.3 ± 20.4 minutes 
and there was no significant blood loss in any of the cases.  
A chest drain was inserted in all patients. There was no intra-
operative death. Postoperative ventilation was required in 
12 (57.1%) children. The mean time on the ventilator was 

Fig. 1  Posterolateral diaphragmatic defect with small bowel in 
hemithorax.

Fig. 2  Spleen in hemithorax as content of hernia.
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3.03 ± 0.9 days. The mean age of children requiring post-
operative ventilation was (24.0 ± 6.8 days) less than those 
who did not require ventilation in postoperative period 
(52.8 ± 13.9 days) (p = 0.032). Two children with ventilation 
requirement died due to ventilator associate pneumonia 
in the postoperative period. The mean postoperative hos-
pitalization was 7.4 ± 3.2 days. The median follow-up of 
children was 12 months (range: 6–36 months). Six patients 
developed recurrence within one year of repair. All these 
six children underwent laparotomy for the repair of the  
diaphragmatic defect.

Discussion
The management of CDH has undergone a sea change, 
from an earlier concept of immediate repair to the mod-
ern understanding of stabilization and delayed repair.1 The 
understanding of the pathogenesis and prognostic factors 
have led to a modification in the resuscitation and surgi-
cal techniques. Following the first successful thoracoscopic 

repair of CDH by Becmeur et al,8 different centers fol-
lowed-up with their experience. The results were mixed. 
Multiple small studies showed thoracoscopic repair to be 
safe and effective for CDH with the better cosmetic out-
come, decreased rates of adhesive obstruction in follow-up, 
and decreased pain in postoperative period.9,10 On the con-
trary to these findings, other studies did not reveal any 
advantage of the thoracoscopic approach. Further, this was 
associate with an increased rate of recurrence11,12 with per-
sisting concern about hypercapnia and acidosis.13 Most of 
the evidence available is in the form of small retrospective. 
But there is a growing concern about the thoracoscopic 
repair as the long-term data and larger studies are coming. 
One of the largest studies published by CDH study group 
has shown significantly higher recurrence rate with the 
thoracoscopic repair of CDH.14 The study examined data 
from 4,526 infants who had a CDH repair, of which 151 had 
minimally invasive repairs. The minimally invasive repairs 
had a 7.9 versus 2.7% recurrence rate for open, a statisti-
cally significant difference. In our series, we have an overall 
recurrence rate of 28.5%, which is very high compared with 
other series. But only one (9%) child had recurrence out of 
the last 11 cases. Also, 50% of the first 10 cases had a recur-
rence. As we have been through our learning curve, we have 
managed to decrease the recurrence rates by adhering to 
a few principles. One of the important factors for a longer 
learning curve in pediatric patients is limited space. For bet-
ter manipulation of instruments and proper visualization 
during an endoscopic procedure, trocars should be placed 
in a triangular fashion. In children, especially in neonates, it 
is very difficult to achieve because of the small size of the 
thoracic cavity and the presence of ribs. This does not allow 
ideal port placement in most of the cases and makes the 
handling of suture difficult.15 We have increased the num-
ber of sutures and thus decreased the gap. Further, we have 
started using mesh (polypropylene) in cases with larger gap 
and undue tension. Different long-term studies have proven 
the benefit of thoracoscopic repair in the positive outcomes 
in terms of bowel obstruction. We also did not observe any 
case with adhesive obstruction in our series. The results 
were similar to other studies.14,16 There is significant long-
term decrease in the number of admissions due to adhe-
sive obstruction, relaparotomies due to bowel obstruction, 
and overall mortality.6 Laparoscopic approach has also been 
advocated by different groups for the repair of CDH.8,17 But 
the laparoscopy is associate with difficulty in reduction of 
the contents. Trauma while pulling the contents into the 
abdomen. Further, the pneumoperitoneum is against and 
pushes the contents back into the chest. Thoracoscopy 
provides all these advantages over the laparoscopy.18,19 The 
suturing is also difficult by laparoscopy approach as bowel 
comes and obscures the field. We present our series of tho-
racoscopic procedures for CDH repair during 4-year-period. 
Our study showed that thoracoscopic repair is safe and 
feasible for CDH in children and newborns. Our experi-
ence is similar to other authors who have also experienced 
the improved efficacy rates of thoracoscopic repair with 
experience.

Fig. 3  Closed defect with interrupted Prolene 2–0 interrupted 
sutures.

Table 1   Demographic details of patients

Characteristics (n = 21)

Age Neonatal 9 (42.8%)

Postneonatal 12 (57.1%)

Gender Male 14 (66.6%)

Female 7 (33.3%)

Side Right 2 (9.5%)

Left 19 (90.4%)

Repair Primary 19 (90.4%)

Mesh repair 2 (9.5%)

Mean duration of surgery 92.3 ± 20.4 minutes
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Conclusion
The outcome of thoracoscopic repair of congenital diaphrag-
matic hernia depends on the competency of surgeon and 
their learning curve. It is a safe and effective option with 
excellent outcome in the hands of a competent surgeons.
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