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We describe the case of a patient with a diaphragmatic hernia associated with

radiofrequency ablation for hepatocellular carcinoma who was successfully treated by

laparoscopic surgery. A 62-year-old man with a long history of hepatitis C-induced liver

cirrhosis was admitted to our institution because of recurrent postprandial periumbilical

pain. Eight years earlier, he had undergone radiofrequency ablation for hepatocellular

carcinoma at hepatic segment VIII. Computed tomography, gastrografin enema

examination revealed transverse colon obstruction because of a diaphragmatic hernia.

We diagnosed diaphragmatic hernia associated with the prior radiofrequency ablation

treatment. The patient underwent laparoscopic repair of the diaphragmatic hernia.

Though the patient experienced the recurrence once, relaparoscopic treatment has

improved the patient’s conditions. Thus, diaphragmatic hernia can develop as a

complication of radiofrequency ablation treatment. A laparoscopic approach is safe,

feasible, and minimally invasive, even in patients with cirrhosis who develop iatrogenic

diaphragmatic hernia as a complication of radiofrequency ablation treatment.
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Although surgery is accepted as the first-line
treatment for hepatocellular carcinoma (HCC)

and colorectal metastases that are limited in number,
radiofrequency ablation (RFA) is an effective treat-
ment option for patients with primary and meta-
static liver tumor, who are not surgical candidates
because of tumor location, poor hepatic reserve, or
advanced age.1,2,3 Chen et al conducted a prospec-
tive randomized trial comparing RFA with hepatec-
tomy; however, they were not able to determine
whether on treatment alternative was superior to the
other.4 RFA treatment is the best option among the
locoregional treatments for HCC.5,6 According to the
HCC treatment algorithm in the National Compre-
hensive Cancer Network guideline, RFA treatment
should be chosen as a locoregional therapy depend-
ing on the degree of liver damage. Tumors � 3 cm
are optimally treated with ablation.7 RFA for hepatic
tumors is a relatively safe modality with a reported
overall complication rate of 7.1% and a very low
mortality rate (0.3%);8 however, the guideline rein-
forces awareness of the major vessels, major bile
ducts, diaphragm, and other intra-abdominal or-
gans.7

Diaphragmatic hernia is defined as out-pocketing
of abdominal contents into the thoracic cavity,
through a defect in the diaphragm. However, most
of the acquired diaphragmatic hernias are caused by
penetrating or blunt traumatic injury and are rarely
caused by surgical procedures such as gastric
banding or abdominal surgeries (e.g., nephrecto-
my).4,9 Especially, the appearance of a diaphragmat-
ic hernia after RFA treatment is quite rare and
clinically unrecognized as a complication of RFA.10

Surgical intervention is the best single treatment for
the permanent cure of a diaphragmatic hernia.
Among the surgical procedures, open laparotomy
for diaphragmatic hernia has been widely accepted;
however, only 1 case of liver cirrhosis and HCC has
been reported, in which a laparoscopic approach
was used to treat the diaphragmatic hernia associ-
ated with RFA treatment.10 We report the case of a
patient with a diaphragmatic hernia caused by RFA
treatment for HCC with cirrhosis, who was success-
fully treated with laparoscopic surgery.

Case Report

A 62-year-old man with cirrhosis caused by chronic
hepatitis C had been regularly visiting the internal
medicine department of our institution for 20 years.
The patient had previously received interferon
therapy 3 times; however, the treatments were

ineffective. In 2005, follow-up CT revealed a solitary
liver tumor measuring 21 mm at segment VIII, just
below the right diaphragm. The serum level of
alpha-fetoprotein was elevated (41.8 lg/L; normal
range: , 10 lg/L), and, pretreatment diagnosis by
liver biopsy confirmed well-differentiated HCC. At
the time, RFA was preferred rather than surgical
treatment, considering the decreased hepatic re-
serve. Subsequently, he underwent RFA for HCC.
RFA was performed under ultrasonographic guid-
ance using the Cool-tip RF ablation system (Covi-
dien, Mansfield, Massachusetts, US). The mass was
approached by a transthoracic route without artifi-
cial pleural effusion or ascites, avoiding contact with
lung parenchyma to prevent pneumothorax as a
complication. A 7-gauge needle with an exposed tip
3 cm in length was used (Covidien, Mansfield,
Massachusetts), with the generator switched on and
set at 100 W. Three sessions were performed for 9.5
minutes in total. At completion of 3 sessions of
ablation, the temperature of the ablated tissue had
increased to 758C. Eight years later and 4 weeks
before admission for a hernia repair, he presented
with recurrent and acute-onset postprandial peri-
umbilical pain. There was no history of trauma.
Afterwards, the patient reported symptoms consis-
tent with ileus, such as nausea, belching, and
evacuation difficulty. Subsequently, he was hospi-
talized, and we searched for the cause of the
symptoms. Physical examination revealed mild
tenderness around the umbilicus with no peritoneal
signs. Laboratory data on admission showed normal
level of white blood cells (4.4 3 109/L; normal range:
3.3–9.0 3 109/L). Regarding hepatic functions, the
patient could be classified as Child-Pugh Class C
with mild ascites, hypoalbuminemia (2.8 g/dL;
normal range: 3.8�5.2 g/dL), prolonged prothrom-
bin time (49.6%; normal range: 80�120%), mild
elevation of total serum bilirubin level (2.3 mg/dL;
normal range: 0.2�1.0 mg/dL), and without hepatic
encephalopathy. Indocyanine green retention rate at
15 minutes was 46% (normal range: ,10%), which
suggested severe liver cirrhosis. To make a definite
diagnosis, the patient underwent colonoscopic
screening at first; however, the endoscope could
not pass into the ascending colon. Subsequently,
gastrografin enema showed that the right colon was
highly compressed and obstructed due to out-
pocketing into the thoracic cavity at the hepatic
flexure (Fig. 1). The definitive diagnosis was further
confirmed by CT showing a right diaphragmatic
hernia. The right colon with the greater omentum
deviated into the thoracic cavity (Fig. 2). Review of
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the radiograph obtained on admission showed
deviation of the right colon across the right
diaphragm, which suggested the possibility of
partial rupture of the right diaphragm (Fig. 3).
These findings led us to a preoperative diagnosis of

diaphragmatic hernia. We considered that repairing
the hernia laparoscopically, which reduces postop-
erative complications in patients with severe liver
cirrhosis, would be the most appropriate treatment
option. Under general anesthesia, the patient was
placed in the supine position. The first 12-mm port
was introduced above the umbilicus, by using the
open laparotomy method. After creating a pneumo-
peritoneum by carbon dioxide insufflation, we
inserted the ports in a similar fashion as a standard
laparoscopic cholecystectomy (Fig. 4). Intraopera-
tively, the colon was excessively invaginated into the
thoracic cavity through the diaphragmatic defect.
The colon was bluntly separated from the diaphrag-
matic defect (Fig. 5). The size of the hernia orifice
was estimated about 4 cm in diameter, the primary
closure without application of tension-free mesh
would be valid intraoperatively. The defect was
completely repaired using 2-0 nonabsorbable mono-
filament polypropylene sutures (PROLENE; Ethicon
Inc., Somerville, New Jersey) in an interrupted
fashion (Fig. 6). Bowel resection was not required
because intestinal blood flow was not disturbed. We
did not place drain tubes to confirm the absence of
bleeding, and all small wounds were closed subcu-
taneously. The operation time was 131 min and the
estimated blood loss was 200 mL. No perioperative
complications were encountered, including postop-

Fig. 1 A gastrographin enema showed that the right colon was

highly compressed and obstructed due to out-pocketing into the

thoracic cavity at the hepatic flexure (white arrows).

Fig. 2 The definitive diagnosis was further confirmed by CT

showing a right diaphragmatic hernia. The right colon with the

greater omentum deviated into the thoracic cavity.

Fig. 3 Review of the radiograph obtained on admission showed

deviation of the right colon across the right diaphragm, which

suggested the possibility of partial rupture of the diaphragm

(black arrows).
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erative ascites predicted preoperatively. The patient
received a normal diet on the first 3 postoperative
days, and was discharged on the eighth postoper-
ative day. The patient had been quite well since
discharge; however, contrary to our expectation, the
patient began to complain of dyspnea suddenly.
Diaphragmatic hernia relapsed in the first 4 months

after the surgery, and the patient underwent more
relaparoscopic treatment (Fig. 7a). The diaphrag-
matic defect was repaired using tension-free Parie-
tex Composite Open Skirt Mesh (Covidien,
Mansfield, Massachusetts) with a relaxation suture
in the middle of the defect (Fig. 7b). The mesh was
fixed by Multifire Endo Hernia stapler (Covidien,
Mansfield, Massachusetts). The main reason for
using a tension-free mesh was that the recurrence
was raised because of the enlarged hernia orifice
and poor wound healing due to liver cirrhosis. No
postoperative adhesion could be observed, and
good intraoperative view could be realized as a
result of the first laparoscopic treatment. The
patient’s conditions have improved since relaparo-
scopic surgery. Postoperative radiologic work-up
showed no evidence of recurrence during the 4-
month follow-up period.

Discussion

There are 2 main types of hepatic RFA-related
complications. The first type consists of electrode
placement-related complications, such as bleeding,
vascular complications, pneumothorax, hemobilia,
and ground pad burns. The other is thermal
treatment-related injury to nontargeted organs
including the bowel, gallbladder, bile ducts, and
diaphragm.11 Nontargeted thermal injury to the
diaphragm is well described in the literature, with a
prevalence of approximately 17%.11,12 Since Shibuya
et al reported the first case of diaphragmatic hernia

Fig. 4 Placement of ports: umbilicus (12-mm), epigastric region

(12-mm), right subcostal area (5-mm), and right flank region (5-

mm).

Fig. 5 Intraoperatively, the colon was excessively invaginated

into the thoracic cavity through the diaphragmatic defect.

Fig. 6 The defect was completely repaired using 2-0

nonabsorbable monofilament polypropylene sutures in an

interrupted fashion.
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as a complication of RFA,13 there have been only
four reported cases of RFA-associated iatrogenic
diaphragmatic hernia.13–16 Table 1 shows an over-
view of the English literature. Since the currently
available literature on the subject is limited, physi-
cians providing RFA treatment are unfamiliar with
diaphragmatic hernia as a treatment-related com-
plication. In the present case, it is noteworthy that
the diaphragmatic hernia developed after more than
8 years. This delay is much greater than those
described in other reports. As shown in Table 1, the
onset of the defect occurs from 9–18 months after
RFA treatment with a mean of 13.6 months. We

speculated that the delayed appearance of the
diaphragmatic hernia in the present case occurred
mainly because of the progression of liver atrophy
due to cirrhosis. The most probable pathogenesis of
the present case occurred as follows. First, iatrogenic
diaphragmatic injury occurred after RFA treatment
8 years previously. Then, the thermally-damaged
diaphragm adhered with the liver. As the liver
cirrhosis and atrophy progressed through the years,
the adhesion between the injured right diaphragm
and the surface of the liver began to be released and
to buckle under the pressure of the abdomen.
Finally, the injured diaphragm turned into a

Fig. 7 The big diaphragmatic defect

was clearly visible again by laparoscope

(a). The defect was repaired by tension-

free mesh fixed by laparoscopic stapler

(b).
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diaphragmatic hernia, pushing the right colon into
the thoracic cavity. Chilaiditi’s syndrome should
remain as a differential diagnosis in diaphragmatic
hernia; however, CT indicated incarceration of the
right colon into the thoracic cavity, which ruled out
Chilaiditi’s syndrome.

The only option to treat a diaphragmatic hernia is
surgical intervention. However, liver cirrhosis limits
this possibility. For the surgical treatment of patients
with severe cirrhosis, interventional options should
be carefully assessed. Kanazawa et al showed the
importance and feasibility of laparoscopic hepatecto-
my compared with the conventional laparotomy
method, considering postoperative complications.
They indicated that intractable ascites can be notably
reduced by using a laparoscopic approach.17 Like-
wise, we believe that a laparoscopic approach should
be used for repairing diaphragmatic hernias. In the
present case, we considered that a laparoscopic
approach was safer and more feasible than open
laparotomy. We arrived at this decision after carefully
considering the possibility of postoperative compli-
cations, such as intractable pleural effusion and
ascites followed by reduced collateral circulation in
the abdominal wall and ligaments surrounding the
liver. Once intractable pleural effusion and ascites
develop, the patients could require prolonged hospi-
talizations and have increased risk of fatal liver
failure in the worst cases. Kanazawa et al reported a
decrease in postoperative morbidity, such as surgical
site infection and intractable ascites, with the intro-
duction of laparoscopic liver resection in patients
with liver cirrhosis.17 Most importantly, our patient
developed no complications, such as pleural effusion,
ascites, or hepatic failure, and showed less postoper-
ative pain, rapid recovery, and reduction of hospital
stay. Furthermore, a laparoscopic approach provides
a better intraoperative view than that provided by the
traditional open procedure. The conventional lapa-
rotomy method is generally thought to be more

invasive, because a larger skin incision and wound
are needed to acquire a better intraoperative view. It
is also a fact that the patient experienced the
recurrence in the first 4 months after the first surgery;
however, the prior laparoscopic procedure reduced
as much as possible the degree of difficulty in the
following relaparoscopic treatment, which realized
the better intraoperative view. Moreover, adhesion
formation could not be observed, synechiotomy was
not required. Thus far, only 1 case of cirrhosis with
HCC has been reported, in which the patient
underwent a laparoscopic approach for the treatment
of a diaphragmatic hernia that appeared after RFA
treatment.10 Considering the fact that HCC usually
develops in the presence of liver cirrhosis, careful
selection of therapeutic options is required when
treating HCC. If RFA is chosen as a treatment for
HCC, unexpected diaphragmatic injury should be
kept in mind. There were 3 lessons learned from the
present case. First, we should have performed
hydrodissection using artificial pleural effusion or
ascites during the RFA treatment. Tatli et al recom-
mend the use of hydrodissection to displace the
diaphragm and prevent diaphragmatic injury during
the ablation of tumors in the liver dome.1,18 Hydro-
dissection with artificial ascites can both reduce
thermal damage of the diaphragm by a cooling effect
and avoid contact with adjacent visceral organs such
as the small bowel and colon.19–21 Second, we
overlooked preoperative chest radiography findings.
We should have suspected diaphragmatic hernia
after observing partial elevation of the right dia-
phragm. Third, we should have considered diaphrag-
matic hernia as a differential diagnosis since the
patient had undergone RFA treatment, even if the
procedure had been performed more than 1�2 years
earlier. Since RFA is becoming a more available
treatment option, reports of RFA-associated dia-
phragmatic hernia are predicted to increase in
number. Therefore, therapeutic options are important

Table 1 Diaphragmatic hernia after the treatment of RFA

Author (year)
Age

(year) Sex
Type of needle
used for RFA Location of HCC

Duration
of onset

after RFA Therapy Complications / Outcome

Koda (2002) 61 W LeVeen needle s IV 13 m OS Rupture of HCC / Died
Shibuya (2006) 72 M RITA needle Border of s IV and s VIII 18 m OS None / Alive
di Francesco (2008) 49 M Cool-tip needle Dome of the right lobe 15 m OS None / Alive
Yamagami (2010) 71 W Cool-tip needle s VII 9 m CM None / Alive
Singh (2011) 46 W Cool-tip needle Border of s V and s VII 19 m LS None / Alive
Present case 62 M Cool-tip needle s VIII 96 m LS None / Alive

W, woman; M, man; m, months; OS, open surgery; s, Segment; LS, laparoscopic surgery; CM, conservative management.
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for RFA-associated diaphragmatic hernia, since this is
an iatrogenic complication. Minimally invasive sur-
gery should be especially indicated for treatment-
associated complications. In conclusion, diaphrag-
matic hernia should be recognized as one of the early
or late critical complications of RFA treatment, and a
laparoscopic approach, which is technically feasible
and safe, should be considered even for patients with
severe liver cirrhosis.
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