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[Case Report]
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Abstract : We report the case of a 67-year-old man with remnant left liver torsion causing acute 
hepatic venous outflow obstruction after right hepatectomy for giant hepatocellular carcinoma, which 
was successfully treated with surgery. After the primary surgery, he developed significant liver 
dysfunction and renal failure. Doppler ultrasonography disclosed gradual reduction of hepatic per-
fusion. Abdominal computed tomography revealed that the swollen remnant liver was dislocated in 
the right subphrenic space. After surgical repositioning of the left lobe into its anatomical position, 
the hepatic congestion immediately disappeared, and the hemodynamic parameters improved. The 
falciform and round ligaments were fixed to the anterior abdominal wall to keep the remnant liver in 
the anatomical position. His postoperative course was uneventful. Doppler ultrasonography was 
useful to assess hepatic perfusion for screening of acute hepatic venous outflow obstruction and ab-
dominal computed tomography is definitive for diagnosis. Fixation of remnant liver may be effec-
tive for preventing hepatic venous outflow obstruction after right hepatectomy, particularly for giant 
tumor.

Key words : hepatic venous outflow obstruction (HVOO), right hepatectomy, giant liver tumor, tor-
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INTROdUCTION

Hepatic venous outflow obstruction (HVOO) is 
recognized as a potentially lethal complication after 
living donor liver transplantation (LDLT)1,2). It has 
not been well-known that this condition can occur 
after hepatic resection. The incidence after liver 
resection is lower than LDLT because the remnant 
liver usually has anatomical supports to prevent it’s 
dislocation whereas graft liver in LDLT has a loss of 
them completely. To our knowledge, only seven 
cases of HVOO after hepatectomy have been report-
ed in the literature3-8). After right hepatic lobecto-
my, the remnant left lobe tends to spontaneously ro-
tate around the inferior vena cava (IVC), which can 
causes a risk of HVOO because of kinking of the he-

patic vein9). We describe a successfully treated 
case of acute HVOO due to kinking of the middle 
and left hepatic vein trunks after right hepatectomy 
for giant hepatocellular carcinoma.

CASE REPORT

A 67-year-old man was admitted to our hospital 
presenting with edema of the bilateral lower legs in 
May 2012. He had a history of hypertension and 
thyroid cancer. A large mass was evident from 
physical examination in the right upper quadrant of 
the abdomen. Abdominal ultrasonography (US) 
showed a huge hepatic mass in the right hepatic 
lobe. Hepatitis B and C screening test results were 
negative. Initial blood examination revealed ane-
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mia (Hb, 9.9 g/dl) and elevation of a serum protein 
induced by vitamin K absence or antagonist-II level 
(1,098 mAU/ml). Contrast-enhanced computed to-
mography (CT) revealed a well-enhanced 18×15-

cm liver tumor in the arterial phase, which was 
washed out in the equilibrium phase (Fig. 1). A 
solitary lung nodule was detected in the right lower 
lobe. The IVC narrowed, and the middle hepatic 
vein (MHV) was displaced to the left by this giant 
tumor. The cause of the bilateral lower legs’ edema 
was external compression of the IVC. He under-
went operation for a giant hepatocellular carcinoma 
with right lung metastasis. After mobilization of 
the right lobe and falciform ligament, he underwent 
right hepatectomy with partial resection of the right 
lower lobe of the lung under thoraco-laparotomy.　
The Cavitron ultrasonic surgical aspirator (CUSA) 
with a combination of hanging maneuver and inter-
mittent interruption of the hepatic inflow (Pringle 

maneuver) were used to transect the hepatic paren-
chyma. The main trunk of MHV and the left trian-
gular ligament were preserved. The estimated 
blood loss was 1,850 ml. Before closing the ab-
dominal wound, we ensured that there were no 
problems with hepatic perfusion of the remnant liver 
in the spontaneous position (hepatic artery, portal 
vein, and hepatic vein) under Doppler US.

He was in a persistent hypotensive and oliguric 
state within a few hours after surgery and needed 
vasopressor therapy. After 15 h of surgery (the 
next morning), blood biochemical findings revealed 
significant elevation of liver enzymes (AST, ALT) 
and creatinine, which worsened gradually over time 
(Fig. 2). Doppler US imaging showed that the he-
patic venous flow rate was significantly slower than 
that at the end of surgery and the Doppler wave-
forms had changed from triphasic to monophasic.　
After 21 h of surgery, the portal venous flow velocity 

Fig. 1. Enhanced computed tomography showing an 18×15-cm tumor in the right lobe of the liver that is well-en-
hanced in the arterial phase (a) and fast wash-out in the equilibrium phase (b).

Fig. 2. Perioperative blood examination data of the patient. The elevated serum liver enzyme and creatinine levels 
detected 15 h after surgery are shown. After fixation of the remnant liver in the anatomical position, progres-
sive deterioration of the liver and renal function dramatically improved.
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in the remnant liver severely decreased in compari-
son with that observed 6 h earlier. Abdominal CT 
revealed an accumulation of ascites in the abdominal 
cavity and the remnant left liver had become dislo-
cated into the right subphrenic space and was re-
markably swollen (Fig. 3). IVC and MHV were ex-
tremely kinked, and the infrahepatic IVC was grossly 
dilated. He was diagnosed with acute HVOO due 
to torsion of the remnant liver and had an emergen-
cy surgery 22 h after primary operation.

A markedly congested and swollen remnant left 
liver was located in the right subphrenic space dur-
ing laparotomy. After replacement of the left lobe 
into its anatomical position, congestion of the rem-
nant liver immediately disappeared, and intraopera-
tive US revealed improvement in hemodynamic pa-
rameters of the remnant liver. Hepatic venous flow 
increased (35.5 cm/sec in spontaneous position and 
48.1 cm/sec in anatomical position), and its wave-
forms changed to a triphasic pattern. In an attempt 
to keep the remnant liver in the anatomical position, 
the falciform ligament and round ligament of the liv-
er were fixed to the anterior abdominal wall. The 
liver tumor was diagnosed as a moderately differen-
tiated hepatocellular carcinoma, and the lung tumors 
were diagnosed as metastatic tumors of thyroid can-
cer. The patient’s clinical course after the second-
ary surgery was uneventful and contrast-enhanced 
CT revealed that the remnant left liver had remained 
in the anatomical position in a good state of blood 
perfusion (Fig. 3). He was discharged from the 
hospital on the 25th day. He has been well without 
tumor recurrence for 30 months after surgery.

dISCUSSION

HVOO is recognized as one of the lethal com-
plications after liver transplantation because it dete-

riorates liver function and results in graft loss1,2).　
HVOO is caused by stenosis or occlusion of the he-
patic vein, leading to hepatic congestion and liver 
failure5). The incidence of HVOO after LDLT has 
been reported to be 5-13%10), whereas the incidence 
after hepatectomy has been reported to be 0.1%11).　
In LDLT, HVOO usually occurs at the hepatic vein 
anastomotic site. The following are the causes of 
HVOO after LDLT : intimal hyperplasia and fibrosis 
at the anastomotic sites and compression and twist-
ing of anastomosis caused by graft regeneration or 
rotation12). Only seven cases of HVOO after hepa-
tectomy have been reported in the literature3-8) 

(Table 1) ; the primary surgical procedures were 
right hepatectomy (four cases), right hepatic triseg-
mentectomy (two cases), or posterior segmentecto-
my (one case). Between January 2006 and Decem-
ber 2012, 58 patients underwent right major 
hepatectomy in our department for hepatocellular 
carcinoma, cholangiocarcinoma, or LDLTs. This 
case was our first experience with acute HVOO af-
ter liver resection. A factor considered mostly as 
risk in this case is a size of tumor, mentioned above 
as 18 cm. According to previously reported cases, 
the resected tumor sizes were 18 cm to 21 cm 
(mean, 19.5 cm).　Because a large emptied right 
subphrenic space is created after right hepatectomy 
for giant tumor, the remnant liver is likely to rotate 
around IVC and induce kinking of IVC and hepatic 
vein8,9). Two reported patients with HVOO after 
hepatectomy died because of hepatorenal failure in-
duced by hemodynamic shock or superior mesenter-
ic vein infarction, which was attributed to delayed 
diagnosis and interventions. Surgical treatment for 
these patients was performed at least seven days af-
ter their operations3,4). Treatment for HVOO after 
right major hepatectomy should be performed before 
irreversible hepatic and renal failure occur. Early 

Fig. 3. Abdominal computed tomography (CT) before and after fixation of the remnant liver in the anatomical posi-
tion. The remnant liver has dislocated into the right subphrenic space and is largely swollen. The left side of 
the remnant liver is shown as a low-density area by plain CT, which possibly represents a congested area of the 
liver (a). After fixation, the congested area disappeared (b).
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diagnosis and treatment are crucial for patient sur-
vival.

In the present case, HVOO was diagnosed for 
the following reasons : 1) postoperative circulatory 
insufficiency with oliguria, 2) elevation of serum liv-
er enzymes and serum creatinine after surgery, 3) 
hepatic vein waveform change on Doppler US, 4) 
dislocation of the swollen remnant liver on CT, and 
5) immediate improvement of hemodynamic param-
eters and appearance of liver after repositioning. If 
shock state and acute hepatorenal failure present in 
the early postoperative period after right major hep-
atectomy, then the possibility of HVOO should be 
considered. Sequential postoperative hematologi-
cal examination and assessment of hepatic perfusion 
by Doppler US are important for early diagnosis of 
acute HVOO. If hepatic vein Doppler waveforms 
change from triphasic to monophasic or deformed 
triphasic pattern with liver enzyme elevation, HVOO 
should be suspected. Doppler US is easy and mini-
mally invasive for postoperative patients, and serial 
assessment of liver perfusion can be performed if 
required. In our patient, reduction of the hepatic 
venous flow rate was followed by decrease of the 
portal venous flow rate, suggesting that impairment 
of portal venous flow may be caused by liver conges-
tion. When there is a high suspicion of HVOO in a 
patient, abdominal contrast-enhanced CT should be 
performed to assess dislocation of the remnant liver 

and status of hepatic perfusion to make a definitive 
diagnosis.

Two treatment procedures for HVOO after liver 
resection have been reported : surgical reposition-
ing of the remnant liver and placement of an expand-
able metallic stent (EMS). As indicated before, de-
layed intervention may lead to poor prognosis.　
There have been three cases of acute HVOO with 
massive ascites, significant hepatorenal failure, and/
or cardiovascular failure that were successfully 
treated with emergent surgery within 24 h of liver 
resection4-6). An early surgical approach for HVOO 
must be considered when a patient has progressive 
hemodynamic instability and/or hepatorenal failure.　
Alternatively, there have been two cases of HVOO 
with slowly progressive clinical courses treated suc-
cessfully by placement of EMS7,8). However, the 
long-term patency of EMS for HVOO is unknown ;  
therefore, indications for EMS must be carefully de-
termined.

To prevent remnant left liver dislocation after 
right hepatectomy, simply fixing the falciform liga-
ment to the anterior abdominal wall has been recom-
mended in several articles4,6,9) and an adverse event 
for this procedure has not been reported. Ogata et 
al. suggested that preservation of the main trunk of 
the MHV or the left triangular ligament would not 
significantly contribute to preventing reduction of 
hepatic venous flow of the remnant left liver after 

Table 1. Reported cases of HVOO after liver resection

Author Age/Sex
Primary 
disease 
(tumor size)

Primary liver 
resection Symptom Modality of Dx. 

of HVOO
Tx after 
Surgery

Treatment proce-
dure Outcome

Franklin W3)  8 years/F Wilms’ tumor RH jaundice, ascites, 
hepatomegaly IVC venography 10 W

Repositioning and 
fixation of 
remnant

dead

J. Pitre4) 75 years /M HCC (21 cm) RH fever, jaundice, 
massive ascites 2nd surgery 7 D

repositioning and 
fixation of 
remnant

dead

J. Pitre4) 55 years /M CRLM

RH with 
wedge 
resection of 
the left lobe

massive ascites, 
hemodynamic 
unstable

2nd surgery urgent
repositioning and 
fixation of 
remnant

alive

J. Paineau5) 60 years /M Cyst (20 cm) PS hemodynamically 
unstable 2nd surgery 3 h

repositioning and 
fixation of 
remnant

alive

R.T.P. Poon6) 37 years /M HCC (18 cm) RHT liver congestion intraoperative 
Dx.

intra 
operative

repositioning and 
fixation of 
remnant

alive

M. Benesch7) 15 years /M HCC (21 cm)
RHT with 
resection of 
segment I

massive ascites 
(10 L/day)

IVC venography 
(intraoperative) 13 D EMS placement to 

left hepatic vein alive

Jeffrey K.W.8) 46 years /F CRLM RH jaundice, slight 
ascites IVC venography 15 D

EMS placement 
across the 
stenosis

alive

Dx. : diagnosis ; Tx. : Treatment ; RH : right hepatectomy
RHT : right trisegmentectomy ; PS : posterior segmentectomy
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right hepatectomy9). The impairment of venous 
outflow could be underestimated after right liver re-
section. It should be noted that dislocation of the 
remnant left lobe can occur even if the left triangular 
ligament is preserved. This case is important to 
change our awareness of risk for HVOO after hepa-
tectomy. At our department, we have changed to 
perform fixation of remnant left liver to the abdomi-
nal wall routinely in right hepatectomy.

CONCLUSION

We report here a case with a patient who suf-
fered from HVOO after right hepatectomy for giant 
HCC. Early diagnosis and treatment of this com-
plication is important. It should be noted that rota-
tion of the remnant left liver can potentially occur 
after right major hepatectomy even if the left trian-
gular ligament is preserved. Fixation of the rem-
nant liver in the anatomical position is an effective 
method for preventing acute HVOO after right hepa-
tectomy.
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