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Abstract
Background

Intrathoracic kidney (ITK) associated with congenital diaphragmatic hernia (CDH) is rare congenital anomaly
and usually requires surgery. The surgical methods and approaches are diverse.

Case presentation

We reported a case of a 5-year-old boy who was diagnosed as right-sided ITK with CDH. Surgical treatment
was performed by combined thoracoscopic and laparoscopic approach. Anatomical reposition of the right
kidney and nephropexy were carried out under laparoscopy, and repair of the hernia was performed under
thoracoscopy. The postoperative recovery was uneventful and long-term follow-up demonstrated normal
function and development of the kidney.

Conclusion

Combined thoracoscopic and laparoscopic approach is minimally invasive and effective for treatment of ITK
associated with CDH. It provides better visualization of the diaphragmatic foramen and the hernia sac, and
can achieve anatomical reposition and �xation of the ectopic kidney.

Background
Intrathoracic kidney (ITK) is a rare condition with a prevalence of less than 0.01%[1]. ITK associated with
Congenital diaphragmatic hernia (CDH) is extremely rare and occupies less than 0.25% of all ITK cases[2]. ITK
with CDH usually requires surgical treatment that can be performed by different approaches. Thoracoscopic
and laparoscopic approaches are minimally invasive, equally effective as open approaches, and with their
own advantages and disadvantages. Although dozens of such cases have been reported in children, only six
cases were treated by laparoscopic or thoracoscopic approach (Table 1)[3–8]. Only one of the six cases was
on the right side that was treated by thoracoscopic approach, and none of them was given nephropexy. Here
we report a case of right-sided ITK with CDH in a boy who was treated by combined thoracoscopic and
laparoscopic approach. Reduction of the hernia sac and repair of the defect was performed under
thoracoscopy, while anatomical reposition of the right kidney and nephropexy was achieved under
laparoscopy. This combined approach provided better visualization of the diaphragmatic foramen and the
hernia sac, and offered access to anatomical reposition and �xation of the ectopic kidney. To our knowledge,
it was the �rst time to adopt a combined thoracoscopic and laparoscopic approach for treatment of ITK with
CDH.
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Table 1
Cases of ITK with CDH treated by thoracoscopic or laparoscopic approach in children.

Author, year Sex Age Side Approach Treatment of
Kidney

Follow
up

Outcome

Mizzi[3], 2020 female 24-
day-
old

left thoracoscopic reduced
retroperitoneally

3 years uneventful

Boo[4], 2017 female 6-
week-
old

left thoracoscopic ND 3
months

uneventful

Dhaou[5],
2017

female 2-year-
old

right thoracoscopic mobilized near
normal

2 years uneventful

Padma[6],
2014

male 1-year-
old

left thoracoscopic ND 6
months

uneventful

Kawashima[7],
2014

male 2-year-
old

left laparoscopic moved into
abdomen

5 years uneventful

Tillig[8], 2009 female 6-
month-
old

left laparoscopic positioned
retroperitoneally

ND uneventful

ND: not described.

Case Presentation
A 5-year-old boy was diagnosed with CDH incidentally two years ago in our hospital. His parents demanded
conservative treatment initially as he was asymptomatic. Regular follow-up was done and the recent chest
radiography revealed gas density shadows under the diaphragm (Figure 1a). Ultrasonography was performed
subsequently and the result showed that the right kidney and part of the intestine herniated into the thoracic
cavity (Figure 1b). Thus, he was admitted to the hospital for further treatment. Physical examination showed
decreased respiratory sounds in the right lower lung and bowel sounds in liver area. The contents of hernia
were con�rmed by contrasted tomography. In addition, the right kidney was transposed with the renal hilum
downward and the renal vessels were pulled according to the contrasted tomography (Figure 1c, 1d). A
renogram showed that the effective renal plasma �ow (ERPF) was 166.03 ml / min. Then the patient was
prepared for surgical treatment and the procedure was performed in left lateral decubitus position. Under
laparoscopy we found that the intestine herniated through the posterior margin of the liver. After reduction of
the intestine, the right kidney was found in the hernia sac which was in transverse position with the renal
hilum downward (Figure 2a, 2b). After adequate mobilization of the kidney, thoracoscopic exploration was
performed under which a big defect in the right diaphragm and a hernia sac swelling into the thorax were
presented. After reduction of the hernia sac, we could see the defect ranging from the medial
costodiaphragmatic angle to the lateral that was primarily repaired with continuous suture (Figure 2c). At last,
closure of the diaphragmatic hernia was con�rmed under laparoscope and nephropexy was performed
subsequently (Figure 2d). A chest drain was placed in the right hemithorax at the end of procedure that was
removed after 48 hours. One week after operation, ultrasonography and contrasted tomography were
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reexamined and the results showed that the right kidney was in a normal position (Figure 3a, 3b) with a
natural morphology and proper blood �ow signal (Figure 3c, 3d). The baby had uneventful recovery and was
discharged from the hospital on the postoperative day. Imaging examinations showed no abnormality in
diaphragm after 3 and 12 months follow up and the effective renal plasma �ow (ERPF) reached 202.96 ml /
min with an increase in the right kidney.

Discussion
ITK appears a male predominance and usually involves left side, which is possibly attributed to earlier closure
of pleura-peritoneal channel on the right side and the presence of the liver that acts as a physical barrier[9]. It
can be classi�ed into four groups: (1) pure ITK with intact diaphragm, (2) ITK with eventration of the
diaphragm, (3) ITK with congenital or acquired diaphragmatic hernia, and (4) traumatic diaphragmatic
rupture and intrathoracic renal herniation[9]. The boy in our case had a right-side ITK associated with CDH.

Embryologically, the kidneys ascend from the pelvis at 5 weeks of gestion and reach the normal location in
the renal fossa at 8-weeks. Meanwhile, the diaphragmatic lea�ets develop to be a pleuroperitoneal membrane
that separates the pleural cavity from the peritoneal cavity at the end of the second month[2]. So, the possible
mechanism of ITK with CDH is thought to be excessive ascent of the kidney due to delayed closure the
pleuroperitoneal membrane[10]. Another hypothesis is that the delayed ingrowth of the ureter into the
metanephros brings about prolongation of the ascending process and a long ureter[2]. Other anatomical
abnormalities may present as rotational abnormality, high renal vessel origin and medial deviation of the
lower pole of the kidney[11].

Most patients with ITK are asymptomatic because the ectopic kidneys are usually functioning normally and
do not lead to obvious symptoms[12]. Thus, it is usually asymptomatic and is discovered incidentally[9]. In a
few cases, it may present as respiratory distress[13, 14]. If suspected, the ITK can be con�rmed by imaging
methods such as chest radiograph, sonography, computed tomography, MRI and IVP[15, 16]. Besides, the
renogram is helpful to de�ne the function of ectopic kidney and is of positive signi�cance to the diagnosis
and treatment[6]. In some prenatally diagnosed cases, sonography plays an important role[17–19]. And the
prenatal diagnosis of ITK can be made as early as 22 weeks of gestation according to existing reports[17]. It
should be mainly differentiated from renal agenesis and thoracic masses, such as infectious diseases and
neoplasms[12].

Although isolated and asymptomatic ITK usually doesn’t require any treatment, ITK associated with CDH
needs surgery due to the risk of respiratory distress and bowel suffering[18]. As ITK associated with CDH
involves both thoracic cavity and abdominal cavity, so the approach of operation is variable. The
diaphragmatic hernia can be safely and effectively repaired by different approaches[20]. Transthoracic
approach provides wide exposure, better visualization of the diaphragmatic foramen and adhesions as well
as better access to the hernia sac. It is frequently used in right-sided diaphragmatic hernia because of the
presence of the liver[11] and in patients with severe adhesion[21]. Transabdominal approach makes it easy to
reduce the hernia content and repair the sac and it is suitable for complicated hernias and that with
abdominal complications[22]. Laparoscopic and thoracoscopic approaches provide the equal effectiveness
compared with open repair, meanwhile, have all the advantages of minimal invasive surgery including
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reduction in trauma, fast recovery, minimal postoperative complication and shortened postoperative stay[3,
23]. Laparoscopic approach was �rst adopted by Van der Zee in 1995[24]. Currently, thoracoscopic approach
is more preferred than laparoscopic approach for repair of CDH[25]. Besides, thoracoscopic approach
provides extrathoracic ligation as an alternative method and allows the surgeon to make a proper incision
and precise repair[21].

However, controversy still remains concerning the management of the ectopic kidney. A few surgeons only
reduced other contents into the abdominal cavity without handling the kidney[12], while others preferred to
mobilize the ITK into abdomen and place it in a near-normal site[3, 5, 11, 18]. Pindoria et al hold the view that
the primary concern is to restore the anatomical position of kidney in case of renal unit migration[26].
Besides, nephropexy is advocated by some surgeons[10, 26]. For nephropexy, laparoscopic or robotic assisted
laparoscopic approach has the advantages of reducing postoperative pain, shortening recovery time and
hospitalization time[26, 27].

In our case, we �rstly identi�ed the origin of the renal vessels and ureters in order to avoid injury and fully free
the kidney under laparoscope. Then we repaired the right-sided diaphragmatic hernia by thoracoscopic
approach. Besides, we were in favor of nephropexy as the restoration of anatomic position is the key to
function preservation and prevention of long-term renal damage. Thus, we decided to perform nephropexy
through laparoscopic approach after hernia repair. The operation was successful and the recovery was
satisfactory. Although combined thoracoscopic and laparoscopic approach has been used in treatment of
complicated diaphragmatic hernia in adult patients[28, 29], it is the �rst time that it has been applied in
diaphragmatic hernia repair and nephropexy in a child who suffered from ITK associated with CDH.

Conclusion
We conclude that ITK associated with CDH in children is a rare entity that can be safely and effectively treated
by different surgical approaches. Combined thoracoscopic and laparoscopic approach, which is minimally
invasive, provided better visualization of the diaphragmatic foramen and the hernia sac, and could achieve
anatomical reposition and �xation of the ectopic kidney.
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congenital diaphragmatic hernia
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Figure 1

Imaging examinations before surgery. (a) Chest radiography revealed gas density shadows (white arrow)
under the diaphragm. (b) Ultrasonography showed that the right kidney and part of the intestine herniated into
the thoracic cavity. RK: right kidney. (c, d) Contrasted tomography demonstrated that the right kidney and part
of the intestine were located under the right diaphragm. The right kidney was transposed with the renal hilum
downward and the renal vessels were pulled.

Figure 2

Surgical treatment was performed through combined thoracoscopic and laparoscopic approach. (a) During
laparoscopic exploration, the right kidney was found located behind the liver after pulling the intestine
downwards. (b) The liver was suspended and the right kidney was fully exposed and released. (c) The
diaphragmatic hernia was repaired under thoracoscopy. (d) The kidney was �xed in the renal fossa with
retroperitoneal embedding under laparoscopy.
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Figure 3

Contrasted tomography and ultrasonography of the kidney at 1 week postoperatively. (a, b) Contrasted
tomography revealed that the right kidney was in a normal position without rotation. (c, d) Ultrasonography
showed a normal morphology of the right kidney with proper blood �ow signals.


