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Abstract

We report a case of congenital diaphragmatic 
hernia (CDH) treated successfully with thoraco-
scopic repair (TR) during the neonatal period. A 
male infant was antenatally diagnosed with low-
risk CDH and delivered by scheduled induction of 
labor. TR was performed after 3 days of stabiliza-
tion and evaluation. Three trocars were placed in 
the right lateral decubitus position, and artificial 
pneumothorax with 4 mmHg CO2 insufflation was 
created to collapse the lung and facilitate reduction 
of the herniated organs toward the abdominal cav-
ity. A diaphragmatic defect measuring 3 cm in di-
ameter was confirmed, and a stay suture placed in 
its medial edge. The suture tips were retrieved and 
drawn out of the body using a LAPA-HER-CLO-
SURE® needle device for laparoscopic herniorrha-

phy. The edge of the defect was straightened and 
made parallel by pulling the threads, making sub-
sequent suturing easy and safe. Direct closure with 
seven interrupted sutures was accomplished with-
out any intraoperative cardiorespiratory instabil-
ity. His postoperative course was uneventful, and 
his clinical condition and chest x-ray findings were 
normal at 6 months. His parents were also satisfied 
with his cosmetic appearance. We conclude that 
TR for CDH is feasible in selected cases, even in 
the early neonatal period, and that our method us-
ing LAPA-HER-CLOSURE® is practical, easy, and 
safe.
Key   words : congenital diaphragmatic hernia, thora-
coscopic surgery, neonate, LAPA-HER-CLOSURE®

Introduction
    

Surgical correction of congenital diaphragmatic 
hernia (CDH) involves an abdominal or thoracic 
approach using an endoscopic or open technique. 
Thoracoscopic repair (TR) for CDH reportedly has 
advantages over traditional laparotomy repair, in-
cluding less pain, faster recovery, and shorter hos-
pitalization; however, the applicable criteria for TR 

for CDH remain undetermined 1. Higher recurrence 
of CDH has been reported with TR; this is possibly 
because the small size of the thoracic cavity makes 
TR for CDH technically difficult 2,3. This case re-
port describes our technique using a needle device 
for laparoscopic herniorrhaphy to ensure success-
ful neonatal CDH repair.
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Case presentation

A 23-year-old expecting mother was referred to 
our hospital with suspected fetal CDH following 
prenatal ultrasound. Fetal magnetic resonance im-
aging (MRI) revealed a CDH without “liver-up” 
status. The stomach remained in the abdominal 
cavity and the observed-to-expected lung area-to-
head ratio (oeLHR) was 1.81 (Figure 1a and 1b). 

The scheduled induction was conducted at 38 
weeks and 2 days of gestation. A male infant 
was born by normal vaginal delivery with a birth 
weight of 2.934 kg and 1- and 5-min APGAR 
scores of 6 and 8, respectively. 

He was immediately admitted to the neona-
tal intensive care unit (NICU) and intubated to 
start mechanical ventilation using high-frequen-
cy oscillation (HFO) without nitric oxide (NO). 
His cardiopulmonary status was not worse than 
expected, with a minimal need for cardiovascu-
lar agents, and no associated anomalies. A chest 
x-ray (Figure 1c) revealed the left-sided CDH 
herniated only by bowels no other than the liver 
and stomach, confirming that it was an isolated 
CDH with low-risk 4,5. 

TR was scheduled after 3 days of stabilization. 
During that time, we confirmed that there were no 
instabilities in cardiopulmonary status by keep-
ing the lateral position for several hours (lateral 

position test). Under general anesthesia, the pa-
tient was placed in a left lateral decubitus position 
with the head up. The surgeon stood at the pa-
tient’s head side and the monitor was placed at the 
foot side. The first 3-mm trocar for the scope was 
placed at the midaxillary line in the fourth inter-
costal space. A second 5-mm trocar was inserted 
in the fifth intercostal space just below the left 
nipple line. A third 3-mm trocar was placed in the 
sixth intercostal line just below the scapula. An 
artificial pneumothorax by carbon dioxide (CO2) 
insufflation below 4 mmHg of pressure and a 1 L/
min flow rate was created to enable the intratho-
racic procedure. 

In the thoracic cavity, the small intestine, large 
bowel, and spleen were seen protruding through 
the diaphragmatic defect. It was relatively easy 
to reduce those organs into the abdominal cavi-
ty under positive intrathoracic pressure by gently 
pushing them with an endoscopic cotton-tipped 
stick (Cherry dissector®; Ethicon Co. Ltd., Tokyo, 
Japan). After the reduction, a 3-cm-long oval-
shaped defect was recognized in the dorsolateral 
margin of the left diaphragm (Figure 2a).

The first stitch with 2-0 non-absorbable thread 
(Ethibond®; Ethicon Co. Ltd.) was placed intra-
corporeally on the medial edge of the defect (Fig-
ure 2b). These suture tips were later retrieved and 
drawn out of the body using a LAPA-HER-CLO-
SURE® needle device for laparoscopic hernior-

(a) Representative fetal magnetic resonance 
imaging (MRI) shows the digestive tract 
pushed into the thoracic cavity.

(b) MRI shows the stomach located com-
pletely within the abdominal cavity.

 (c) Preoperative chest and abdominal x-ray 
findings.

Figure 1.    Image findings.
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rhaphy (Hakko Co. Ltd., Tokyo, Japan) (Figure 
2c) (Figure 3). The rim of the diaphragmatic de-
fect was made parallel and straightened by pulling 
these threads extracorporeally with adequate ten-
sion, making subsequent suturing easy and safe. 
After the medial half of the defect was closed 
with interrupted sutures, the next stay suture was 
placed on the lateral edge of the defect in the same 
fashion and the remaining lateral half of the de-
fect was sutured (Figures 2d and 2e). Successful 
direct closure was accomplished using a total of 
seven interrupted sutures (Figure 2f). 

Intraoperatively, although PaCO2 was tempo-
rarily raised to 108 mmHg, his cardiorespiratory 
status was kept stable throughout the 147-min op-
eration, and PaCO2 decreased to 58.9 mmHg at 
the end of the operation, which was similar to the 
level before the operation. Transfusion was not 
required, and a chest drain was not placed.

(a) Findings of the diaphragmatic defect after reduction of the digestive tract and spleen into the abdominal cavity.
(b) Thread sutured to the medial edge of the diaphragm defect.
(c) The thread is drawn out of the body using an LPEC needle.
(d) The thread sutured to the lateral diaphragm defect is similarly pulled out of the body using LAPA-HER-CLOSURE®.
(e) Diaphragmatic defect sutured safely without traumatic organ injury.
(f) Completed diaphragm repair.

Figure 2.    Intraoperative thoracoscopic findings. 

The needle insertion into the body cavity while confirming the 
needle tip under the endoscope. It is achieved by passing a thread 
through a loop wire in a body cavity.

Figure 3.     LAPA-HER-CLOSURE®.
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His postoperative course was uneventful, and he 
was discharged on the 19th postoperative day. His 
condition is now clinically normal at 6 months af-
ter surgery and a chest x-ray showed no hernial 
recurrence. His parents are also satisfied with the 
appearance of the three minimal wound scars. 

Discussion

CDH defects, in which abdominal organs herni-
ate into the thoracic cavity through an anomalous 
diaphragmatic defect, occur at a frequency of ap-
proximately 1 case per 3,000 live births 6.

In small children with CDH, the single-lung ven-
tilation used in adult thoracoscopic surgery is quite 
difficult; however, the effectiveness and safety of 
intrathoracic positive pressure through artificial 
pneumothorax in thoracoscopic CDH repair has 
been demonstrated 7. This is achieved by pushing 
the invaginated abdominal organs back into the ab-
dominal cavity and securing the surgical field by 
both collapsing the lung and preventing reinvagi-
nation. The optimum pressure for artificial pneu-
mothorax is reportedly 4–8 mmHg 7.  In our case, 
all procedures could be accomplished under a pres-
sure of up to 6 mmHg, mainly 4 mmHg.

In TR for CDH, it is sometimes technically dif-
ficult to suture the diaphragmatic defect due to the 
restricted movement of the suturing devices in-
serted from the narrow intercostal space into the 
small thoracic cavity. Furthermore, in some cases, 
the diaphragmatic defect partially lacks a complete 
muscular rim, usually around the dorsolateral chest 
wall. Under such conditions, not only would thora-
coscopic suturing of the diaphragm be insufficient, 
there would also be a risk of blind injury of the 
abdominal organs just below the diaphragm. In one 
report, diaphragmatic suturing by TR requires an 
additional small thoracotomy to keep it tight 8, and 
there have been several reports of a contrivance to 
fasten the defect closure using an epidural anes-
thesia needle 9, an injection needle 10, or a reverting 
needle 11. 

The LAPA-HER-CLOSURE® 12 was applied to 
this operation because it is useful for passing the 
thread straight through the tissue while holding it 
and guiding it through another route. By pulling 
the ligature to the outside of the body using this 
needle device, it works as a stay suture to facili-
tate easier suturing, preventing blind injury to the 

adjacent abdominal organs. Moreover, the LA-
PA-HER-CLOSURE® can also reinforce closure of 
the dorsolateral edge of the defect with an addi-
tional fixation maneuver in the same fashion using 
the other needle devices mentioned above. By us-
ing the LAPA-HER-CLOSURE®, we could easily 
and safely accomplish TR for CDH without creat-
ing additional scars.

Completion rate is an important index in the 
evaluation of endoscopic surgery results. TR com-
pletion rates have been reported to be approximate-
ly 60%, possibly due to technical issues during 
surgery and unstable respiratory and circulatory 
dynamics 13,14. Conversely, under strict TR, indica-
tion criteria were successfully completed by TR 15. 
It is important to select an appropriate case accord-
ing to strict criteria to improve the result of TR, but 
it is also crucial to consider the technical capabili-
ties of the surgeon such as using LAPA-HER-CLO-
SURE®.

According to the report of the Congenital Dia-
phragmatic Hernia Group in Japan, 7.9% of pa-
tients in the TR group experienced recurrence, 
compared to 1.6% in the conventional method 
group 1. There are many cases of recurrence when 
the defect requires closure using a patch, and there 
is no difference in the recurrence rate of cases that 
can be closed directly 3. That is, cases in which the 
diaphragm can be directly sutured might be good 
candidates for TR.

The randomized control trial by Bishay et al. re-
ported that TR for CDH caused significant intraop-
erative hypercapnia and acidosis 15. Poor ventilation 
was due to the artificial pneumothorax owing to the 
CO2 gas and collapse of the affected lung during 
the operation. While creating artificial pneumotho-
rax during surgery, the state of high PaCO2 could 
continue, but it is reported that it resolves promptly 
when the artificial pneumothorax treatment is com-
pleted 16. At present, only 6 months after surgery, 
no neurological or developmental problems have 
been recognized. However, he should undergo 
long-term follow up in the future 15.

In carefully selected cases, TR for CDH is 
thought to be superior to conventional open sur-
gery. The use of LAPA-HER-CLOSURE® allows 
safe closure of the diaphragm defect within the 
narrow thoracic cavity of the neonate and possible 
reinforcement of the diaphragm.
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