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CASE REPORT

Safe perioperative management of major 
hepatectomy in a patient with portal 
hypertension after elimination of hepatitis C: 
a case report
Ryoga Hamura*  , Shinji Onda, Yoshihiro Shirai, Jungo Yasuda, Koichiro Haruki, Kenei Furukawa, Taro Sakamoto, 
Takeshi Gocho and Toru Ikegami 

Abstract 

Background:  The administration of direct-acting antiviral agents in patients with liver cirrhosis and hepatitis C has 
been shown to improve liver function and long-term prognosis after sustained virological response (SVR) is achieved. 
However, in patients with portal hypertension (PH) at the time of SVR, PH may persist despite improvement in liver 
function.

Case presentation:  An 82-year-old woman with liver cirrhosis due to hepatitis C was treated with direct-acting 
antiviral agents and achieved SVR. During follow-up, computed tomography revealed a low-density tumor in the left 
lateral region of the liver with dilation of the left intrahepatic bile duct. Considering the patient’s advanced age and 
PH persistence with a mild decrease in liver reserve function after SVR, preoperative percutaneous transhepatic portal 
embolization (PTPE) and partial splenic embolization (PSE) were performed concomitantly. Laparoscopic left hemihe-
patectomy was performed 8 days after the PTPE and PSE. The patient was discharged 8 days after surgery without any 
postoperative complications.

Conclusions:  Laparoscopic left hemihepatectomy after preoperative management of PH was performed safely in a 
patient after the elimination of hepatitis C.
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Background
Control of portal vein pressure is important when eval-
uating treatment strategies for patients with hepatic 
tumors and portal hypertension (PH). Liver resection in 
patients with PH is associated with a high risk of post-
operative complications [1]. The Barcelona Clinic Liver 
Cancer guidelines state that PH is not an indication for 
liver resection [2]. However, in a Japanese study, good 
outcomes have been reported for hepatectomy after PH 

management, and hepatic resection can be performed 
safely after appropriate management of PH [3]. Patients 
with PH may be eligible for hepatectomy with prophy-
lactic perioperative management to avoid complications 
after hepatectomy by preoperative evaluation of platelet 
count and varices.

Despite improvement in liver function with direct-
acting antivirals (DAAs) for hepatitis C virus (HCV) 
elimination after achieving sustained virological response 
(SVR), several cases have been reported to have no 
improvement in PH [4]. This discrepancy between liver 
function and PH grades has become a problem in hepatic 
resection for tumors arising in the liver when PH is 
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present after achieving SVR. Therefore, in patients with 
discrepancies between liver function and PH grade after 
SVR, accurate assessment of PH by measuring hepatic 
vein wedge pressure (HVWP) is important to prevent 
postoperative complications.

Herein, we report a case in which left hemihepatec-
tomy was performed safely in a patient with PH after 
achieving SVR, and preoperative management with per-
cutaneous transhepatic portal vein embolization (PTPE) 
and partial splenic embolization (PSE).

Case presentation
An 82-year-old woman with HCV-associated hepatitis 
was treated with ledipasvir and sofosbuvir 5 years previ-
ously and achieved SVR. She had a history of hyperten-
sion, which was treated with an angiotensin II receptor 
blocker. She had no history of alcohol consumption. Dur-
ing follow-up, abdominal ultrasonography revealed 
dilation of the left intrahepatic bile duct. Computed 
tomography (CT) showed dilation of the paraumbilical 

vein (Fig.  1A) and mild splenomegaly. Gadolinium-eth-
oxybenzyl-diethylenetriamine pentaacetic acid-enhanced 
magnetic resonance imaging revealed a tumor adjacent 
to the umbilical portion of the portal vein measuring 
30 mm in diameter at the left lateral section of the liver 
(Fig. 1B).

Laboratory findings revealed elevated levels of liver 
function markers and total bilirubin (9.6  mg/dL), and 
endoscopic retrograde cholangiography showed dis-
ruption of the left intrahepatic bile duct due to tumor 
compression (Fig.  1C). The tumor did not infiltrate the 
hepatic hilum. Endoscopic retrograde biliary drainage 
was performed. The levels of carcinoembryonic antigen 
and carbohydrate antigen 19-9 (serum tumor markers) 
were 1.9 ng/mL and 1156 U/mL, respectively. After bil-
iary drainage, the serum total bilirubin level decreased 
to 1.4  mg/dL; other biochemistry results included an 
albumin level of 4.0  g/dL; prothrombin time, 90%; pro-
thrombin time-international normalized ratio, 1.0; serum 
creatinine, 0.63 mg/dL; Child–Pugh class A; and MELD 

Fig. 1  Computed tomography revealed development of paraumbilical vein (A, arrowhead). Magnetic resonance imaging revealed low-density 
tumor in contact with umbilical portion (B, arrowhead) and shows bile duct dilation (B, arrow). Endoscopic retrograde cholangiography showed 
that the left intrahepatic bile duct was disrupted (arrowhead) and there was obstructive jaundice due to tumor compression (C). Three-dimensional 
volumetry shows the remaining liver volume is 53% (D) and revealed development of paraumbilical vein (D, arrowhead)
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score, 3 points. Serum type IV collagen and hyaluronic 
acid levels were 254 and 160  ng/mL, respectively. The 
indocyanine green retention test at 15  min yielded a 
value of 18%. The serum platelet count was low (80 × 103/
μL). A liver tumor biopsy revealed a moderately differen-
tiated tubular adenocarcinoma.

Based on the diagnosis of intrahepatic cholangiocar-
cinoma, laparoscopic left hemihepatectomy was per-
formed. The future liver remnant (FLR) volume was 382 
cm3 (49.5% of the whole liver) according to preoperative 
three-dimensional volumetry (Fig.  1D). Cirrhosis was 
diagnosed, which was further complicated by PH with a 
mildly decreased liver reserve and advanced age. Because 
of inadequate FLR volume and risk of postoperative liver 
failure due to left hemihepatectomy with cirrhosis, we 
decided to perform PTPE. Therefore, PTPE and PSE were 
performed concomitantly, followed by HVWP measure-
ments (Fig.  2A). In PTPE, the paraumbilical vein was 
embolized (Fig.  2B). After PTPE, the HVWP increased 
to 16 mmHg (Fig. 2C) but decreased to 12 mmHg after 
PSE (Fig.  2D). Since PH improved with the emboli-
zation of only the inferior pole of the splenic artery, 

additional embolization was not performed. She had 
a low-grade fever after PTPE and PSE, and her platelet 
count increased to 157 × 103/μL before surgery. Laparo-
scopic left hemihepatectomy was performed 8 days after 
PTPE and PSE. During surgery, the liver showed cir-
rhotic changes with an irregular surface (Fig. 3A). After 
mobilization of the left lobe of the liver, the left Glisso-
nean pedicle was divided, and the demarcation line was 
identified. Liver parenchymal transection was performed 
between the middle hepatic vein and the demarcation 
line under the Pringle maneuver. Finally, the left hepatic 
vein was divided, and laparoscopic left hemihepatec-
tomy was performed (Fig.  3B). The operation time was 
268 min, and the intraoperative blood loss was 20 g.

Pathological examination revealed a solid tumor meas-
uring 60  mm × 32  mm × 20  mm, which was diagnosed 
as a moderately differentiated intrahepatic cholangio-
carcinoma (T2N0M0 Stage II; Fig.  3C). Advanced liver 
fibrosis was observed in the remaining liver (Fig. 3D). CT 
on postoperative day 7 showed no remarkable findings. 
The patient was discharged on postoperative day 8 with-
out any complications. The patient underwent adjuvant 

Fig. 2  PTPE and PSE were performed followed by measuring the right hepatic vein wedged pressure (HVWP) (A). Left portal vein angiography 
shows the paraumbilical vein (B, arrowhead), and we performed embolization at root of blanch (C). Splenic artery was embolized at splenic hilum 
(D)



Page 4 of 6Hamura et al. Surgical Case Reports             (2022) 8:3 

chemotherapy with S-1 for 4 months and had no cancer 
recurrence during the adjuvant chemotherapy.

Discussion
Accurate preoperative evaluation of PH with HVWP 
and reduction of PH by PSE were effective in control-
ling portal vein pressure in an older patient who needed 
major hepatic resection after achieving SVR. In recent 
years, SVR for chronic HCV infection and compensated 
liver cirrhosis has been achieved in many cases due to 
the widespread use of antiviral therapy using DAAs [5]. 
SVR with DAAs is expected to improve liver function 
and prevent the development of PH, with improvement 
in liver fibrosis and liver function [4, 6]. However, despite 
achieving SVR, liver function and PH do not improve and 
may even worsen in patients with pronounced PH [7, 8]. 
Chronic viral hepatitis has been reported as a risk factor 
for intrahepatic cholangiocarcinoma, for which surgical 
resection is the optimal curative treatment [9]. However, 
large hepatic resection or anticancer chemotherapy for 
patients with cirrhosis is associated with a high risk of 
liver failure [10].

Hepatic resection for patients with PH is not indicated 
in Europe and the United States, but the safety of par-
tial resection has been reported in Japan [3]. In addition, 

appropriate management of PH, such as endoscopic 
treatment of esophageal and gastric varices, Hassab’s 
procedure, and preoperative treatment for splenomegaly 
by splenectomy, or PSE, allows safe liver resection [11–
13]. Preoperative endoscopic treatments for varices and 
Hassab’s procedure could prevent the postoperative rup-
ture of uncontrolled varices. Furthermore, splenectomy 
and PSE for PH before hepatectomy are effective for 
portal pressure control. Although splenectomy reduces 
PH, portal vein thrombosis caused by hypercoagula-
ble status and overwhelming post-splenectomy infec-
tion (OPSI) are risks associated with splenectomy [14]. 
Compared with splenectomy, PSE reduces the risk of 
OPSI due to the partial preservation of splenic function 
and reduces the risk of intraoperative bleeding. How-
ever, for patients with PH, despite improvement of liver 
function after achieving SVR, the significance of sple-
nectomy or PSE before hepatectomy for control of PH 
is unclear [15]. We found that if the functional hepato-
cyte volume is sufficient, the appropriate HVWP after 
hepatectomy should be < 15 mmHg, which seems to be a 
marker for complications associated with portal hyper-
tension. A recent report on living donor liver transplan-
tation revealed that PVP should be < 15 mmHg to prevent 
post-surgical massive ascites or hyperbilirubinemia [16]. 

Fig. 3  Intraoperative findings during operation. The cirrhosis change was found in surface of right lobe (A), laparoscopic left hemihepatectomy was 
performed (B). Pathological examination moderately differentiated (C). Masson’s Trichrome stain shows the liver fibrosis in the background liver (D)
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In our case, we simulated the increase in PVP after left 
hepatectomy as 16 mmHg by left PVE and compensated 
down to 12 mmHg by PSE to prevent post-surgical portal 
hypertension.

Although the diagnosis of PH is mainly based on the 
imaging evaluation of collateral circulation, a discrepancy 
between liver function and PH grades has been found in 
some patients who achieved SVR after treatment with 
DAAs for liver cirrhosis caused by HCV infection. There-
fore, an accurate assessment of liver function and portal 
pressure is important before hepatectomy in patients at 
a high risk of postoperative liver failure. In patients with 
cirrhosis, the HVWP is an accurate reflection of portal 
pressure. In this case, the FLR volume was relatively suf-
ficient (49%), and the patient had a mildly decreased liver 
reserve, suggesting PH with dilation of the paraumbilical 
vein, splenomegaly, elevation of liver fibrosis markers, 
and a decrease in platelet count. We assessed the HVWP, 
which was mildly elevated, and the patient was diagnosed 
with PH. To ensure safety while performing major hepa-
tectomy with PH in an older patient with impaired liver 
function, we performed PSE and PTPE. Conventionally, 
PTPE is performed in patients with an inadequate FLR 
volume after right lobectomy. However, in patients with 
cirrhosis, PTPE is thought to be effective in enlarging the 
remaining liver volume to avoid the risk of postoperative 
liver failure. Furthermore, laparoscopic hepatectomy in 
patients with PH is associated with a lower risk of liver 
failure and faster recovery than open hepatectomy [17]. 
Therefore, a laparoscopic hepatectomy was performed. 
We believe that laparoscopic hepatectomy may become 
a standard procedure for older patients with PH in the 
future.

Conclusion
For patients with significant PH after SVR, exhaustive 
preoperative assessment and management are essential 
to ensure a safe major hepatectomy.

Abbreviations
DAA: Direct-acting antiviral; HCV: Hepatitis C virus; SVR: Sustained virological 
response; PSE: Partial splenic embolization; PTPE: Percutaneous transhepatic 
portal embolism; FLR: Future liver remnant; HVWP: Hepatic vein wedge 
pressure.

Acknowledgements
We thank Editage (https://​www.​edita​ge.​jp/) for editing a draft of this 
manuscript.

Authors’ contributions
RH acquired the data and drafted the manuscript. SO, YS, JY, KH, KF, and TG 
were involved in drafting the manuscript. TI critically revised the manuscript. 
All authors read and approved the final manuscript.

Funding
The authors received no specific funding for this work.

Availability of data and materials
Data sharing is not applicable as no datasets were generated or analyzed dur-
ing the current study.

Declarations

Ethics approval and consent to participate
This report has been prepared in accordance with the Declaration of Helsinki.

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

Competing interests
The authors declare no conflicts of interest.

Received: 30 August 2021   Accepted: 22 December 2021

References
	1.	 Berzigotti A, Reig M, Abraldes JG, Bosch J, Bruix J. Portal hypertension 

and the outcome of surgery for hepatocellular carcinoma in compen-
sated cirrhosis: a systematic review and meta-analysis. Hepatology. 
2015;61:526–36.

	2.	 Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC 
staging classification. Semin Liver Dis. 1999;19:329–38.

	3.	 Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y, Sano K, et al. Neither 
multiple tumors nor portal hypertension are surgical contraindications 
for hepatocellular carcinoma. Gastroenterology. 2008;134:1908–16.

	4.	 Deterding K, Höner Zu Siederdissen C, Port K, Solbach P, Sollik L, Kirschner 
J, et al. Improvement of liver function parameters in advanced HCV-asso-
ciated liver cirrhosis by IFN-free antiviral therapies. Aliment Pharmacol 
Ther. 2015;42:889–901.

	5.	 Takehara T, Sakamoto N, Nishiguchi S, Ikeda F, Tatsumi T, Ueno Y, et al. 
Efficacy and safety of sofosbuvir-velpatasvir with or without ribavirin in 
HCV-infected Japanese patients with decompensated cirrhosis: an open-
label phase 3 trial. J Gastroenterol. 2019;54:87–95.

	6.	 Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown RS Jr, et al. 
Ledipasvir and sofosbuvir plus ribavirin for treatment of HCV infection in 
patients with advanced liver disease. Gastroenterology. 2015;149:649–59.

	7.	 Lens S, Alvarado-Tapias E, Mariño Z, Londoño MC, Elba LL, Martinez J, 
et al. Effects of all-oral anti-viral therapy on HVPG and systemic hemody-
namics in patients with hepatitis C virus-associated cirrhosis. Gastroenter-
ology. 2017;153:1273–83.

	8.	 Mandorfer M, Kozbial K, Schwabl P, Chromy D, Semmler G, Stättermayer 
AF, et al. Changes in hepatic venous pressure gradient predict hepatic 
decompensation in patients who achieved sustained virologic response 
to interferon-free therapy. Hepatology. 2020;71:1023–36.

	9.	 Guglielmi A, Ruzzenente A, Campagnaro T, Pachera S, Valdegamberi A, 
Nicoli P, et al. Intrahepatic cholangiocarcinoma: prognostic factors after 
surgical resection. World J Surg. 2009;33:1247–54.

	10.	 Lang BH, Poon RT, Fan ST, Wong J. Perioperative and long-term outcome 
of major hepatic resection for small solitary hepatocellular carcinoma in 
patients with cirrhosis. Arch Surg. 2003;138:1207–13.

	11.	 Harimoto N, Araki K, Muranushi R, Hoshino K, Hagiwara K, Ishii N, et al. 
Multimodal approach to portal hypertension and gastric varices before 
hepatic resection for hepatocellular carcinoma: a case report. Surg Case 
Rep. 2020;6:190.

	12.	 Takemura N, Aoki T, Hasegawa K, Kaneko J, Arita J, Akamatsu N, et al. 
Hepatectomy for hepatocellular carcinoma after perioperative manage-
ment of portal hypertension. Br J Surg. 2019;106:1066–74.

	13.	 Choi SB, Kim HJ, Song TJ, Ahn HS, Choi SY. Influence of clinically signifi-
cant portal hypertension on surgical outcomes and survival following 
hepatectomy for hepatocellular carcinoma: a systematic review and 
meta-analysis. J Hepatobiliary Pancreat Sci. 2014;21:639–47.

	14.	 Wu Y, Li H, Zhang T, Bai Z, Xu X, Levi Sandri GB, et al. Splanchnic vein 
thrombosis in liver cirrhosis after splenectomy or splenic artery emboliza-
tion: a systematic review and meta-analysis. Adv Ther. 2021;38:1904–30.

https://www.editage.jp/


Page 6 of 6Hamura et al. Surgical Case Reports             (2022) 8:3 

	15.	 Yoshidome H, Kimura F, Shimizu H, Ohtsuka M, Kato A, Yoshitomi H, et al. 
Usefulness of preoperative partial splenic embolization in hepatocellular 
carcinoma and hypersplenic thrombocytopenia. Hepatogastroenterol-
ogy. 2011;58:2062–6.

	16.	 Osman AM, Hosny AA, El-Shazli MA, Uemoto S, Abdelaziz O, Helmy AS. A 
portal pressure cut-off of 15 versus a cut-off of 20 for prevention of small-
for-size syndrome in liver transplantation: a comparative study. Hepatol 
Res. 2017;47:293–302.

	17.	 Coletta D, De Padua C, Parrino C, De Peppo V, Oddi A, Frigieri C, et al. Lap-
aroscopic liver surgery: what are the advantages in patients with cirrhosis 
and portal hypertension? Systematic review and meta-analysis with 
personal experience. J Laparoendosc Adv Surg Tech A. 2020;30:1054–65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Safe perioperative management of major hepatectomy in a patient with portal hypertension after elimination of hepatitis C: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


