(2021) 7:206
Kimura et al. surg case rep
https://doi.org/10.1186/s40792-021-01291-8

Open Access

CASE REPORT

Laparoscopic surgery for strangulated
diaphragmatic hernia after radiofrequency
ablation for hepatocellular carcinoma: a case
report
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Abstract
Background: Percutaneous radiofrequency ablation (RFA) is an effective treatment for hepatocellular carcinoma
(HCC), but delayed thermal damage can cause diaphragmatic hernia (DH). Surgery is recommended for DH, and open
surgery is widely accepted. This report presents a case of laparoscopic surgery for strangulated DH that occurred after
RFA.
Case presentation: An 80-year-old woman with a history of hepatitis C-induced liver cirrhosis and HCC was admitted to our institution owing to sudden-onset intense epigastric pain. Twenty-two months earlier, she received RFA
treatment for HCC located in segment 6/7. Contrast-enhanced computed tomography revealed herniation of the
small intestine into the thoracic cavity, with mesenteric fat haziness. Emergency laparoscopic surgery was performed,
and the patient was diagnosed with strangulated DH associated with the prior RFA. The defect was closed using
absorbable sutures, and the ischaemic small intestine was resected via mini-laparotomy. The patient was discharged
on the 10th postoperative day without complications, and no evidence of DH recurrence 15 months after surgery was
noted.
Conclusions: Laparoscopic surgery seems useful and feasible for strangulated DH.
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Background
Extended indication of radiofrequency ablation (RFA)
for hepatocellular carcinoma (HCC) treatment is associated with the increased incidence of complications. Diaphragmatic hernia (DH) is a rare late-onset complication
of RFA for HCC treatment, requiring emergent surgery,
especially in cases of strangulated hernia [1]. Accurate diagnosis of DH is difficult owing to its nonspecific
symptoms and is occasionally delayed [1]. Unlike laparoscopic surgery, open surgery is a widely accepted surgical
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approach for DH [2]. However, a recent report showed
that the laparoscopic approach has both diagnostic and
therapeutic abilities [3]; moreover, laparoscopic surgery
is less invasive than open surgery. In the present case,
emergent laparoscopic surgery was useful for both the
diagnosis and treatment of strangulated DH after RFA.

Case presentation
We describe an 80-year-old woman who presented with
acute epigastric pain. She had a past medical history of
hepatitis C-related liver cirrhosis and HCC in segment 6.
She underwent multiple ultrasonography-guided percutaneous RFA sessions using LeVeen Super Slim 3.0 (Boston Scientific, Marlborough, Massachusetts, US). The
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initial treatment for HCC was performed 25 months previously, without artificial pleural effusion or ascites. The
duration of the procedure was 114 min. Three months
later, she underwent second treatment for recurrent
HCC in segment 6/7 using the identical device with artificial pleural effusion. The duration of the procedure was
125 min. Follow-up computed tomography (CT), which
was performed 1 month before admission (21 months
after the 2nd RFA treatment), did not show HCC recurrence and DH. No history of trauma was reported. On
the day of admission to our institution, she experienced
sudden-onset, intense epigastric pain and visited the

Fig. 1 Chest radiography. Chest radiography reveals a massive
abnormal intestinal gas above the right lobe of the liver
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family doctor. Chest radiography revealed a massive
abnormal intestinal gas above the right lobe of the liver
(Fig. 1). She was transferred to our hospital for further
examination and treatment. Her vital signs, including
blood pressure (100/70 mmHg), pulse rate (80/min), and
SpO2 (94% at room air), were unremarkable. Physical
examination revealed mild tenderness around the umbilicus, with no peritoneal signs. No findings of trauma were
noted. Laboratory findings, including white blood cell
count and C-reactive protein level, did not demonstrate
abnormalities. Regarding hepatic function, she was classified as Child–Pugh Class B, with slight hypoalbuminaemia (3.2 g/dL) and prolonged prothrombin time (63%
increase). Contrast-enhanced CT showed small intestine
herniation into the thoracic cavity and an atrophic liver.
The mesenteric fat of the small intestine was congested;
however, no evidence of bowel perforation was noted
(Fig. 2A, B). Emergent surgery was performed owing to
the suspicion of strangulated DH. In the supine position,
the patient underwent laparoscopic surgery under general anaesthesia. A 12-mm port was introduced above
the umbilicus using the open Hasson technique. After
creating a pneumoperitoneum by carbon dioxide insufflation, we inserted ports in the epigastric region and the
left and right flanks. Laparoscopic observation revealed
that the small intestine was herniated into the right thoracic cavity through the diaphragmatic defect. The location of the RFA-treated tumour matched the site of the
DH (Fig. 3). We gently reduced the contents of the hernia. Pneumothorax occurred, but her haemodynamics
and oxygenation were stable. The intruded small intestine

Fig. 2 A Contrast-enhanced computed tomography (CT). Contrast-enhanced CT showing herniation of the small intestine into the thoracic cavity.
B Coronal CT image. Coronal CT images showing loops of the small intestine in the thoracic cavity
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Fig. 3 Diaphragmatic hernia (DH). The small intestine is strangulated
by the defect in the right side of the diaphragm (arrowheads). The
location of the radiofrequency ablation-treated tumour coincides
with the site of DH (arrows)

showed ischaemic change and partial necrosis, although
no fragility was noted. We performed mini-laparotomy
and resected the ischaemic small intestine (approximately 100 cm). A chest drain tube was inserted. The
diameter of the hernial orifice was approximately 2 cm
(Fig. 4). We confirmed by tactile sensation using forceps
that the diaphragmatic tissue around the hernial orifice
was not fragile. Ascitic fluid accumulated, and abdominal
irrigation was performed with a normal saline solution.
The defect was completely repaired using 1–0 absorbable braid polyglactin sutures via a continuous suture
technique (Fig. 5). The operative time was 161 min, and
the blood loss was minimal. The patient was discharged
on the 10th postoperative day without complications.

Fig. 4 Hernial orifice. The diameter of the hernia defect was
approximately 2 cm. The diaphragmatic tissue around the hernial
orifice was not fragile by tactile sensation
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Fig. 5 Simple suture repair of the defect

Recurrent hernia was not noted in the patient 15 months
after surgery.

Discussion
DH is a rare late-onset complication of RFA for HCC
treatment that is potentially life-threatening especially
when it results in strangulation [1]. This case report demonstrates that the laparoscopic approach was useful for
both the diagnosis and treatment of strangulated DH.
Iatrogenic DH has been reported following surgery,
RFA of liver tumours, and excisional biopsy [4, 5]. The
incidence of DH after RFA in an institution was reported
to be 0.28% (6/2134) over a decade [6]. The main cause of
the DH after hepatic RFA is diaphragmatic injury due to
mechanical and thermal damage by the RFA needle itself
[1, 6]. Mechanical damage by transdiaphragmatic passages of RFA needle may create defects in the diaphragm,
leading to chronic DH; thermal damage may cause an
inflammatory response, leading to a late-onset defect
[1, 6]. It was reported that the incidence of diaphragmatic injury was higher in cases wherein the tumour was
adjacent to the diaphragm, patients with large tumours,
cases of repetitive RFA, and cases of non-use of artificial ascites [7]. In addition to mechanical and thermal
damage, poor liver function might prevent the injured
tissue from adequately healing. Furthermore, atrophy
of the right lobe of the liver creates space between the
diaphragm and the liver, which may contribute to the
herniation of abdominal contents and strangulation [1,
6]. The reported interval between hepatic RFA and DH
occurrence is 5–24 months (mean 13.3 months) [1]. Initial presentations of DH included abdominal, pulmonary,
and obstructive symptoms, which were caused by the
herniation of abdominal contents into the thoracic cavity
[1]. Severe complications of DH after hepatic RFA were
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intestinal perforation and empyema secondary to intestinal necrosis, which were reported in four cases [1, 6, 8, 9].
CT is considered the most effective modality for diagnosing DH [10]. Multidetector CT is also useful for identifying anatomical relationships and assessing strangulation
[11]. Accurate diagnosis of DH after RFA is made by the
coexistence of an hernia defect at the site of RFA without
any other obvious causes [11].
Surgical reduction of hernia contents and closure of the
defect are recommended immediately following diagnosis or suspicion of DH. Surgery can be performed through
transthoracic, transabdominal, and combined thoracoabdominal approaches. Recently, laparoscopic surgery
for treating DH after RFA was reported [3]. However,
our review of the literature in PubMed, using “diaphragmatic hernia” and “radiofrequency ablation” as keywords,
revealed that the laparoscopic approach was used in only
three cases [2, 3, 12], and there was no report of the use
of the laparoscopic approach for emergency treatment of
a similar case of strangulated DH occurring after RFA.
In the present case, the laparoscopic approach provided excellent visualisation and easy access to the diaphragmatic hernial orifice, with a smaller incision than
that of open surgery. Laparoscopy was also useful for
assessing the pathophysiology of DH and evaluating the
viability of the bowel. Laparoscopic hernia reduction and
bowel resection via mini-laparotomy were completed
without complications, even in the presence of a strangulated DH. The operation was successful owing to the
relatively early detection of DH and the localised area of
bowel necrosis, as well as the gentle manipulation of the
bowel.
The laparoscopic approach was reported to result in
reduced morbidity in Bochdalek DH and might facilitate hernia reduction, haemostasis, and adhesiolysis [13].
Moreover, some reports described the feasibility of laparoscopy in similar conditions, such as in strangulated
inguinal hernia and strangulated small bowel obstruction
[14, 15]. Minimally invasive surgery can be indicated for
older adult patients with liver dysfunction and iatrogenic
complications, such as in this case.
The laparoscopic approach affects respiratory circulatory dynamics and increases the risk of bowel injury.
Pneumothorax is a potential complication of laparoscopic hernia defect repair, and other potential complications include bowel injury during the reduction and
handling of the intruded intestine [13]. Blind, forceful
traction is discouraged [14]. If irreversible ischaemic
changes of the intruded intestine are extensive and the
intestine is fragile, laparoscopic hernia reduction can
be challenging and dangerous [15]. Rapid conversion to
laparotomy is encouraged if there are concerns about
complications during laparoscopic hernia reduction.
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Preemptive conversion, compared to reactive conversion following an intraoperative complication, can reduce
postoperative complications by up to 28.6% [16].
DH recurrence after hepatic RFA was reported in a
case of elective laparoscopic repair with nonabsorbable
sutures [3]. Generally, tension-free repair by nonabsorbable sutures is advocated [17]. Two-layer closure may
be useful for maintaining durability; however, no large
data favour interrupted over continuous sutures, nonabsorbable over absorbable, or two-layer over single-layer
closure [13, 18]. However, mesh repair can avoid recurrence. Recent reports revealed that mesh repair was associated with a lower recurrence rate than suture repair
in abdominal wall and hiatus hernia [19, 20]. A recurrence rate of 1.6% was reported in other forms of DH,
such as Bochdalek DH, and mesh reinforcement of the
repair site was dependent on the defect size (> 8 cm) or
the diaphragmatic fragility of the tissues around the hernia defect [13]. Because patients with DH after hepatic
RFA commonly present with liver cirrhosis, mesh repair
seems useful for avoiding recurrence in these patients.
However, cautious mesh fixation seems necessary in
areas wherein the diaphragm is relatively thin and is in
close proximity to the pericardium [13]. In the present
case, it might have been better to perform two-layer closure with nonabsorbable thread retrospectively. Mesh
repair was not performed owing to the high risk of surgical site infection related to the partial intestinal necrosis,
which required bowel resection, small defect size, and the
absence of fragility of tissues around the defect. Other
methods to prevent DH recurrence include abdominal or
thoracic muscle flaps; however, these methods have the
risk for local haemorrhage and residual defects left in the
abdominal or thoracic walls [17].
Considering that hernia recurrence is frequently
asymptomatic at first, follow-up imaging is needed [17].
In addition, if the recurrence occurs, surgical repair
should be performed.

Conclusion
DH is a critical complication of hepatic RFA; however,
its diagnosis is difficult and is occasionally delayed. The
possibility of DH should be considered in patients with
a prior history of RFA for an HCC adjacent to the diaphragm. Laparoscopic surgery seems useful and feasible
for DH, even in cases of strangulation when respiratory
circulatory dynamics is stable. However, if there are concerns about complications, preemptive conversion to
laparotomy is encouraged. Follow-up imaging should be
required after surgery.

Kimura et al. surg case rep

(2021) 7:206

Page 5 of 5

Abbreviations
HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation; DH: Diaphragmatic hernia; CT: Computed tomography.

5.

Acknowledgements
We would like to thank Editage (www.editage.com) for English language
editing.

6.

Authors’ contributions
YK acquired the data and drafted the manuscript. DI, HK, ST, and TR were
involved in the drafting of the manuscript. All authors read and approved the
final manuscript.
Authors’ information
Not applicable.

7.

8.

Funding
This study was not funded.

9.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analysed during the current study.

10.

Declarations

11.

Ethics approval and consent to participate
This article is in accordance with the Declaration of Helsinki.

12.

Consent for publication
Written informed consent was obtained from the patients for the publication
of this case report and any accompanying images.

13.

Competing interests
The authors declare no conflict of interest.
Author details
1
Department of Surgery, Chichibu Municipal Hospital, Sakuragi‑cho 8‑9,
Chichibu‑City, Saitama 368‑0025, Japan. 2 Department of Surgery, Saitama
Medical Center, Jichi Medical University, Amanuma‑cho 1‑847, Omiya‑ku,
Saitama‑City, Saitama 330‑8503, Japan.
Received: 6 July 2021 Accepted: 4 September 2021

14.
15.
16.
17.
18.
19.

References
1. Zhou M, He H, Cai H, Chen H, Hu Y, Shu Z, et al. Diaphragmatic perforation with colonic herniation due to hepatic radiofrequency ablation: a
case report and review of the literature. Oncol Lett. 2013;6:1719–22.
2. Ushijima H, Hida J, Yane Y, Kato H, Ueda K, Kawamura J. Laparoscopic
repair of diaphragmatic hernia after radiofrequency ablation for hepatocellular carcinoma: case report. Int J Surg Case Rep. 2021;81:105728.
3. Nomura R, Tokumura H, Furihata M. Laparoscopic repair of a diaphragmatic hernia associated with radiofrequency ablation for hepatocellular
carcinoma: lessons from a case and the review of the literature. Int Surg.
2014;99:384–90.
4. Takahashi R, Akamoto S, Nagao M, Matsuura N, Fujiwara M, Okano K, et al.
Follow-up of asymptomatic adult diaphragmatic hernia: should patients

20.

with this condition undergo immediate operation? A report of two cases.
Surgical Case Reports. 2016;2:95.
Hashimoto K, Obama K, Tsunoda S, Hisamori S, Nishigori T, Sakaguchi M,
et al. Iatrogenic diaphragmatic hernia as a late complication of laparoscopic excisional biopsy of peritoneal nodules: a case report. Int J Surg
Case Rep. 2020;67:169–72.
Nagasu S, Okuda K, Kuromatsu R, Nomura Y, Torimura T, Akagi Y. Surgically
treated diaphragmatic perforation after radiofrequency ablation for
hepatocellular carcinoma. World J Gastrointest Surg. 2017;9:281–7.
Schullian P, Putzer D, Laimer G, Levy E, Bale R. Feasibility, safety, and longterm efficacy of stereotactic radiofrequency ablation for tumors adjacent
to diaphragm in the hepatic dome: a case-control study. Eur Radiol.
2020;30:950–60.
Nawa T, Mochizuki K, Yakushijin T, Hamano M, Itose I, Egawa S, et al. A
patient who developed diaphragmatic hernia 20 months after percutaneous radiofrequency ablation for hepatocellular carcinoma. Nihon
Shokakibyo Gakkai Zasshi. 2010;107:1167–74.
Nakamura T, Masuda K, Thethi RS, Sako H, Yoh T, Nakao T, et al. Successful
surgical rescue of delayed onset diaphragmatic hernia following radiofrequency ablation for hepatocellular carcinoma. Ulus Travma Acil Cerrahi
Derg. 2014;20:295–9.
Eren S, Ciris F. Diaphragmatic hernia: diagnostic approaches with review
of the literature. Eur J Radiol. 2005;54:448–59.
Shibuya A, Nakazawa T, Saigenji K, Furuta K, Matsunaga K. Diaphragmatic
hernia after radiofrequency ablation therapy for hepatocellular carcinoma. Am J Roentgenol. 2006;186:S241–3.
Singh M, Singh G, Pandey A, Cha CH, Kulkarni S. Laparoscopic repair of
iatrogenic diaphragmatic hernia following radiofrequency ablation for
hepatocellular carcinoma. Hepatol Res. 2011;41:1132–6.
Machado NO. Laparoscopic repair of Bochdalek diaphragmatic hernia in
adults. N Am J Med Sci. 2016;8:65–74.
Liu J, Shen Y, Nie Y, Zhao X, Wang F, Chen J. If laparoscopic technique
can be used for treatment of acutely incarcerated/strangulated inguinal
hernia? World J Emerg Surg. 2021;16:5.
Kohga A, Yajima K, Okumura T, Yamashita K, Isogaki J, Suzuki K, et al.
Laparoscopic vs open surgery for patients with strangulated small bowel
obstruction. Asian J Endosc Surg. 2020;13:481–8.
Dindo D, Schafer M, Muller MK, Clavien PA, Hahnloser D. Laparoscopy for
small bowel obstruction: the reason for conversion matters. Surg Endosc.
2010;24:792–7.
Sellke FW, del Nido PJ, Swanson SJ. Sabiston & Spencer Surgery of the
chest, 9th ed.North Holland Amsterdam: Elsevier; 2015.
Demos DS, Berry MF, Backhus LM, Shrager JB. Video-assisted thoracoscopic diaphragm plication using a running suture technique is durable
and effective. J Thorac Cardiovasc Surg. 2017;153:1182–8.
Birindelli A, Sartelli M, Di Saverio S, Coccolini F, Ansaloni L, van Ramshorst
GH, et al. 2017 update of the WSES guidelines for emergency repair of
complicated abdominal wall hernias. World J Emerg Surg. 2017;12:37.
Zhang C, Liu D, Li F, Watson DI, Gao X, Koetje JH, et al. Systematic
review and meta-analysis of laparoscopic mesh versus suture repair
of hiatus hernia: objective and subjective outcomes. Surg Endosc.
2017;31:4913–22.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

