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Introduction

  Diaphragmatic tumors are rare, and those 

reported previously have included malignant 

fibrous histiocytoma1) and gastrointestinal 

stromal tumor2). However, cases of hepatocellular 

carcinoma (HCC) invasive to the diaphragam have 

also sometimes been documented3-6). However, in 

cases of HCC requiring combined resection of the 

diaphragm, the area of the diaphragm resected is 

usually small and primary closure is feasible. On 

the other hand, when the defect of the diaphragm 

is wide, reconstruction of the diaphragm becomes 

problematic. Although this can be done using 

an artificial prosthesis, such as mesh, living 

material may be superior because it minimizes 

the possibility of infectious complications. 

Reconstruction of the diaphragm for congenital 

diaphragmatic defects has often been reported7, 8). 

Here we report a case of spontaneous rupture of a 

HCC for which we performed wide resection of the 
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ABSTRACT

  Spontaneous rupture of hepatocellular carcinoma (HCC) is sometimes encountered clinically. We 

experienced a case of spontaneous rupture of a HCC, which was surgically resected along with the 

diaphragm. 

  A 74-year old woman presented with anemia. Preoperative imaging suggested a tumor arising on 

the diaphragm. After thoracotomy and laparotomy, the intraoperative diagnosis was changed to 

spontaneous rupture of a HCC with invasion to the diaphragm and right lower lung. Wide resection 

of the diaphragm including an area measuring 13 × 10 cm, partial resection of the right lower lung 

and right hepatectomy were performed. The defect in the diaphragm was reconstructed by suturing 

with a reversed latissimus dorsi muscle flap. 

  There was no recurrence of HCC 7 years after surgery. Furthermore, the patient had no muscle 

weakness in the right arm during daily living activities. 

  In conclusion, a good outcome may be obtained by combined resection of a ruptured HCC along 

with the diaphragm, even if the tumor has infiltrated the diaphragm. A latissimus dorsi muscle flap 

is considered to have a better antibacterial effect than an artificial mesh prosthesis, and is suitable 

for patients requiring wide resection of the diaphragm.
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diaphragm, with reconstruction using a latissimus 

dorsi muscle flap. 

Case report

  A 74-year-old woman presented with giddiness, 

and was found to be anemic with a serum 

hemoglobin level of 7.8 g/dl. She was diagnosed 

as having a liver abscess and treated initially with 

antibiotics. However, her condition did not improve 

and she was referred to our hospital. 

  The abdomen was soft and flat, and neither 

the liver nor any abdominal tumor was palpable. 

Laboratory data indicated anemia (red blood cells 

288×104/μl, hemoglobin 8.0 g/dl). The serum 

total bilirubin level was 0.6 mg/dl, aspartate 

aminotransferase (AST) was 15 U/l, alanine 

aminotransferase (ALT) was 9 U/l, hepatitis B 

antigen, antibody, and hepatitis C antibody were 

all negative. The indocyanine green retention 

rate at 15 minutes after injection was 6%. Uptake 

determined by 99mTc-GSA SPECT scintigraphy 

was  93% ,  ind i cat ing  good  l i ver  funct ion . 

Tumor markers were within normal limits, 

including alpha-fetoprotein (AFP) at 2.5 ng/ml, 

carcinoembryonic antigen (CEA) at 3.09 ng/ml, and 

protein induced by vitamin K absence or antagonist 

-II (PIVKA II) at <10 mAU/ml. 

  CT scan revealed a tumor located on the 

diaphragm, measuring 69×61 mm on the pleural 

(cranial) side and 49×57 mm on the abdominal 

(caudal) side (Fig. 1a-c). The tumor was iso-dense 

with the liver on non-enhanced CT. A dynamic CT 

study showed that the tumor was enhanced from 

the periphery through the early to delayed phase. 

These CT findings were different from a typical 

HCC. 

  The tumor was located close to the 9th and 

10 th r ibs.  MRI examination also showed a 

diaphragmatic tumor rather than HCC because 

of a diaphragmatic compression pattern (Fig. 

2a, b). Ultrasonography revealed a tumor with a 

snowman-like profile with the diaphragm located 

caudal to it. 

  On the basis of these findings we diagnosed this 

case as a tumor of diaphragmatic origin, such 

as a fibrosarcoma or rhabdomyosarcoma. We 

planned to use a latissimus dorsi muscle flap for 

reconstruction of the diaphragm, anticipating that 

wide resection of the diaphragmatic tumor might 

be necessary. Gore-Tex mesh was also prepared 

for reconstruction of the diaphragm and chest 

Fig. 1a-c　The preoperative diagnosis was a tumor 

of diaphragm origin, because the tumor appeared to 

be located on both the cranial and caudal sides of the 

diaphragm.

Fig. 1a

Fig. 1b

Fig. 1c
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wall. We also made preparations for hepatectomy 

because of the tumor’s location near the liver. 

  A skin incision was made in the 8th inter-costal 

space. The latissimus dorsi muscle was widely 

exposed (Fig. 3a), and its cranial side was divided 

with electric forceps. After thoracotomy, the 

tumor was detected on the diaphragm, and found 

to be attached to the right lower lobe of the lung. 

Partial resection of the right lung was performed 

with autosuturing (Fig. 3b). Upon dissection of the 

diaphragm, old blood was detected in the abdominal 

cavity. Because the main tumor was located in the 

liver, laparotomy was added. This revealed that the 

right lobe of the liver had spontaneously divided, 

indicating that this case was one of HCC rupture 

(Fig. 3c). The liver surface of the lateral sector was 

normal. However, the visceral peritoneum of the 

medial sector and right liver was thickened and 

white. 

  After cholecystectomy, the right lobe was 

mobilized and the short hepatic veins were ligated 

and cut. Right hepatectomy was performed by the 

Pean fracture method under the Pringle maneuver. 

The right lobe and a wide area of the diaphragm 

were removed (Fig. 3d). The resected specimen 

weighed 689 g, and the area of the diaphragm 

resected was 13×10 cm. 

  The latissimus dorsi muscle flap was inserted 

into the pleural cavity through the 10th intercostal 

space. The flap and remnant diaphragm were 

Fig. 2a, b　We diagnosed this case as diaphragmatic 

sarcoma in view of the manner in which it compressed the 

diaphragm.

Fig. 3a　Skin and subcutaneous tissue was detached 

widely from the latissimus dorsi muscle.

Fig. 3b　The lower part of the right lung was dissected 

with autosuturing.

Fig. 2a

Fig. 2b
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attached by horizontal mattress sutures using felt 

and absorbable strings (Fig. 3e). The wound was 

closed after placement of pleural and abdominal 

drainage tubes. 

  The  cut  sur face  o f  the  formal in - f ixed 

resected specimen was 6.6 cm in diameter (Fig. 

4a). Pathological examination showed that a 

moderately differentiated HCC had invaded the 

diaphragm (Fig. 4b), without infiltration into the 

lung. 

  Artificial ventilation was necessary after 

surgery, but the patient was extubated on 

postoperative day (POD) 1. The thoracic drainage 

tube was removed on POD 3, and the patient 

was discharged on 17 POD. Pleural effusion 

disappeared at 2 months after surgery. There was 

no recurrence of the HCC 7 years after surgery, 

and no pleural effusion. The patient has shown no 

muscle weakness in the right arm for daily living 

activities, and the latissimus dorsi flap has shown 

no signs of atrophy during outpatient follow-up 

(Fig. 5). 

Fig. 3c　The right lobe of the liver showed spontaneous 

rupture.

Fig. 3d　Photograph after resection of the right liver lobe 

and partial resection of the right lung.

Fig. 3e　Suturing between the remnant diaphragm and 

the latissimus dorsi muscle flap.

Fig. 4b　Moderately differentiated hepatocellular 

carcinoma invasive into the diaphragm was confirmed 

pathologically．(This is the part of Fig. 4a indicated by 

an arrow)

Fig. 4a　Cut surface of the formalin-fixed surgical 

specimen. The diaphragm is indicated with an arrow.
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Discussion

  We misdiagnosed this case as a tumor of 

diaphragmatic origin because of the enhanced 

pattern on CT and the diaphragmatic compression 

pattern. Enhanced ultrasonography was not 

performed. If enhanced ultrasonography had been 

carried out, a preoperative diagnosis of HCC might 

have been obtained. 

  HCC often ruptures spontaneously. One of the 

suggested causes of HCC rupture is vascular injury 

to small arteries9). The long-term outcome of liver 

resection for HCC, with or without rupture, is still 

uncertain10). One report has indicated that HCC 

rupture is associated with advanced disease and has 

a poor prognosis11). Shock and the need for blood 

transfusion have been reported as independent 

factors associated with early mortality in patients 

with ruptured HCC12). Although transarterial 

embolization (TAE) is usually performed for 

hemostasis of ruptured HCC13), our patient’s 

blood pressure was stable despite the presence of 

anemia. Therefore, elective surgery was possible 

in this case. Ruptured HCC often exacerbates the 

risk of peritoneal dissemination and is usually 

difficult to resect completely14). On the other hand, 

HCC rupture itself is reported to have a negative 

impact on patient survival15). Among patients with 

ruptured HCC, those for whom hepatectomy was 

considered feasible after TAE had fairly good 

outcomes16). Our patient with ruptured HCC also 

showed a good outcome, as surgical removal of the 

whole tumor was possible, despite the erroneous 

preoperative diagnosis due to protrusion of the 

HCC into the pleural cavity. 

  It has been reported that en bloc resection of 

the diaphragm is justified for patients with gross 

diaphragmatic involvement of HCC, as there are 

no significant differences in short- or long-term 

surgical outcome3-6). It has also been reported that 

simultaneous resection of the diaphragm during 

partial hepatectomy for metastasic liver tumors 

does not significantly influence perioperative 

morbidity or mortality17). Reconstruction of the 

diaphragm is necessary when wide resection is 

performed. Materials used for reconstruction can 

include artificial prostheses or living material7, 18, 19). 

Shimamura et al. have reported diaphragm repair 

using an external oblique muscle flap20). 

  The latissimus dorsi muscle arises from the 9th-

12th ribs and is attached to the humerus. Tsukada 

Fig. 4d　Pathological appearance of the HCC part ( × 40).

Fig. 5　The latissimus dorsi muscle flap showed no 

atrophy. There was no pleural effusion and no recurrence 

of HCC during outpatient follow-up.

Fig. 4c　Pathological appearance of the HCC part ( × 4).
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et al. reported that there was no ischemic necrosis 

of the proximal part of a latissimus dorsi flap 

even if the tendinous part of the muscle is cut 

near the humeral insertion21). The branches of the 

thoracodorsal nerve usually run parallel to the 

branches of the thoracodorsal arteries. It has been 

reported that a latissimus dorsi muscle flap does 

not become atrophic8). 

  The distal portion of a latissimus dorsi flap 

is brought into the chest through an aperture 

obtained by resection of the tenth (or ninth) 

rib22). Arm motion is not compromised in any 

way because of anchorage of the still-functional 

proximal portion of the muscle and compensation 

by other muscle groups23). Seroma formation is 

the commonest complication after diaphragm 

reconstruction24). Our patient also had pleural 

effusion for 2 months after surgery, but atelectasis 

or pneumonia did not occur. 

  In conclusion, a good outcome may be obtained 

by combined resection of a ruptured HCC 

along with the diaphragm, even if the tumor 

has infiltrated the diaphragm. A latissimus 

dorsi muscle flap is considered to have a better 

antibacterial effect than an artificial mesh 

prosthesis, and is suitable for patients requiring 

wide resection of the diaphragm. 
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