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Case Report

Mortality following transarterial embolization due to hemorrhage
after liver venous deprivation
Thanh Dung Le1, Van Sy Than1,*, Minh Duc Nguyen2,3, Hoai Linh Vu1, Xuan Hai Dao1, and
Hong Son Trinh4

A B S T R A C T

Liver venous deprivation (LVD) is considered to be a safe and effective method that induces more rapid and important liver hypertrophy before
major hepatectomy in comparison with portal vein embolization (PVE) alone. Bleeding complications after LVD or PVE are rare, but can be a lifethreatening event. Herein, we report a case of perihepatic and extended subcapsular hematoma of the liver after LVD. Transarterial embolization
was performed using gelfoam to control the hemorrhage; however, the patient developed irreversible liver failure and passed away after 38 days of
treatment. In patients with LVD or PVE, severe post-procedural bleeding poses a substantial challenge for treatment. Arterial embolization should be
carefully considered to avoid liver failure and even death, regardless of whether temporary embolization is used.
Copyright © 2022, Society of Gastrointestinal Intervention.
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Introduction

Case Report

In recent years, simultaneous portohepatic vein embolization,
also termed liver venous deprivation (LVD), has been applied at
many institutions as an alternative to portal vein embolization
(PVE) for the purpose of hepatic hypertrophy in patients with
inadequate future liver remnant (FLR) who require major hepatectomy.1–7 LVD has been reported to have similar safety to PVE, but
is more rapid and leads to a higher degree of liver hypertrophy.
According to the published literature, no cases related to serious
complications after LVD was reported.5,8 Herein, we describe a
patient presenting with important perihepatic and subcapsular hematoma of the liver after LVD, which was treated by transarterial
embolization (TAE). Unfortunately, the patient developed irreversible liver failure and passed away after 38 days of treatment.

A 56-year-old male patient with a history of diabetes and
chronic hepatitis B was diagnosed with hepatocellular carcinoma
(HCC). He weighed 61 kg. Computed tomography (CT) showed a 5
cm × 7 cm liver mass at segment V-VI, with hyperenhancement
in the arterial phase followed by a wash-out in the portal venous
phase, compatible with HCC. Blood tests showed the following
results: hemoglobin, 139 g/L; hematocrit, 0.408 L/L; alpha-fetoprotein, 153.9 ng/mL; aspartate aminotransferase, 44 U/L, alanine
aminotransferase, 30 U/L; total bilirubin, of 35.4 μmol/L, direct
bilirubin of 7.3 μmol/L, platelet count, 147 × 109; and prothrombin, 87%. His Child-Pugh score was 6. Right hepatectomy was
indicated but the FLR volume was 361 mL, which was not enough
for a major liver resection. Due to the superficial location and
exophytic growth of the tumor, transarterial chemoembolization
(TACE) was planned prior to surgery to reduce the risk of tumor
rupture and tumor progression while waiting for hepatectomy,
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and LVD was performed 7 days after TACE.
The segment VIII portal venous branch was punctured using
an angiocath needle (16 G × 5.25”; AngiocathTM BD, Sandy, UT,
USA). Direct portography showed a modal anatomic type. The
right portal vein was then embolized using an Amplatzer Vascular
Plug I (8 mm × 14 mm) and a 6 mL mixture of n -butyl-2-cyanoacrylate and lipiodol (1:3 ratio). The puncture tract was embolized
by gelfoam. Subsequently, the right hepatic vein was selected and
embolized by an Amplatzer Vascular Plug II (16 mm × 20 mm)

via the right internal jugular venous route (Fig. 1B). At the end
of the procedure, the patient presented with right upper quadrant
pain. Abdominal ultrasonography showed a hepatic subcapsular
hematoma with a thickness of 15 mm.
We immediately reviewed the previous digital subtraction
angiography (DSA) images and found that the hematoma had appeared on selective anterior portography but was small (Fig. 1A).
The patient’s pulse and blood pressure at that time were 91 bpm
and 113/69 mmHg. One hour later, his pain became worse and
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Fig. 1. (A) Selective anterior branch portography
via the transhepatic route (black arrowheads)
shows a subcapsular hematoma at the puncture
site (black arrows). (B) Final venography after
embolizing the right hepatic vein by an Amplatzer
Vascular Plug II (16 mm × 20 mm; white arrow).
The white arrowheads are glue and an Amplatzer
Vascular Plug I (8 mm × 14 mm), which were
used to embolize the right portal vein.

Fig. 2. (A, B) Computed tomography shows a large
and diffuse subcapsular hematoma (white asterisks). (C) On celiac arteriography, no active contrast extravasation is found. (D) The anterior and
then posterior hepatic arteries were embolized by
gelfoam. Asterisks indicate the diffuse subcapsular
hematoma.
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his pulse and blood pressure were 115 bpm and 90/60 mmHg,
respectively. An abdominal CT scan was immediately performed
and showed an important perihepatic and subcapsular hematoma
measuring 25 mm in thickness and an intraparenchymal hematoma measuring 40 mm × 54 mm along with the portal vein
access (Fig. 2A, 2B). No active contrast extravasation was found
on CT on the arterial, venous or delayed phases. His hemoglobin
level had decreased from 139 to 96 g/L with a hematocrit of 0.359.
These findings suggested a bleeding complication following LVD.
After multidisciplinary consultation, hepatic angiography was
expeditiously performed. On angiography, although no active
contrast extravasation was seen (Fig. 2C), temporary selective
embolization of the anterior hepatic artery was performed with
gelfoam particles of approximately 1 mm × 1 mm × 1 mm in size
by cutting with scissors (Fig. 2D). After the embolization, ultrasonography revealed an increased size of the perihepatic hematoma.
Embolization of the posterior hepatic artery by the same gelfoam
particles was additionally performed.
After the procedure, no further blood loss was noted. Unfortunately, the patient presented acute hepatic necrosis and severe
liver failure from day 2, which was promptly treated by intensive
medical therapy. Plasma exchange was performed every 3 days
starting on day 5, but severe liver failure could not be avoided,
and the patient passed away at day 38 post-intervention.

Discussion
LVD has been applied for the last few years as a good replacement for PVE alone to extend major liver resection.1–4,8,9 The rate
of procedure-related complications are similar in PVE and LVD,
and most of these complications are associated with the transhepatic puncture tract.1–4,8,9 Regarding LVD, with limited available
reports in recent years, no deaths or serious complications associated with LVD have been reported.5,8 In the study of Laurent et al,3
one patient who had a hemoperitoneum after LVD without requiring specific treatment. Regarding PVE, the rates of mortality and
major complications related to PVE are very low.10–13 The metaanalysis of van Lienden et al10 synthesized data from 44 articles
including 1,791 patients, and reported showed rates of approximately 0.1% and 0.4%, respectively, for mortality and morbidity
after PVE. In another meta-analysis, Abulkhir et al11 reported that
in 1,088 patients receiving PVE, the overall morbidity rate was
2.2 % and with no mortality. Lee et al13 described 2 cases with
Klatskin tumor (classified as Bismuth–Corlette type IV) who died
after PVE due to sepsis.
Hemorrhage is known to be the most common complication
of the PVE, and it normally presents with hemobilia, subcapsular
hematoma, or hemoperitoneum.14 In most cases, the bleeding site
appears along the puncture tract.15 In the present case, when reviewing the previous DSA images, we found that the subcapsular
hematoma at the puncture site was visible on selective anterior
portography, although it was small. In this case, on CT, we did not
determine the source of bleeding from the portal vein or hepatic
artery, although the lesion continued to increase significantly in
size. When no positive finding is seen on hepatic angiography,
it would be better to look for another source of bleeding before
performing TAE. Portography through the left portal venous or
transsplenic approach would be valuable for diagnosing portal
bleeding and could make it possible to perform additional right
PVE if necessary. This solution is more appropriate than TAE for
reducing liver perfusion.
Many authors have recommended that embolization of the
puncture tract is the key to avoiding hemorrhage events. In our
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patient, puncture tract embolization using gelfoam might not
have been as effective as expected. Many authors have proposed
using the same glue mixture as PVE for tract embolization, while
some others do not perform embolization.2,16–18 While conservative or delayed treatment is possible in cases of mild and moderate hemorrhage, TAE is the most effective treatment for massive
bleeding.15 However, applying TAE for the treatment of bleeding
after PVE or LVD may lead to severe consequences. In fact, in
patients requiring PVE or LVD for hepatic hypertrophy, the FLR
volume is not sufficient to ensure normal liver function. After
PVE or LVD, the embolized hepatic lobe is perfused only from arterial sources. As discussed by many authors, perfusion from the
hepatic artery source after PVE in patients who will undergo future liver resection helps to maintain liver function while waiting
for hypertrophy of the FLR.19 That is, the excessive hepatic artery
embolization immediately after PVE probably causes hepatic ischemia of the corresponding portion with a high risk of liver failure.
In this case, although conservative treatment seemed to be ineffective when the patient’s hemodynamics showed instability at
1 hour post-procedure, TAE was probably not a good choice and
was overused, as all right hepatic artery branches were occluded
(Fig. 2D), even though only gelfoam was used. This was the reason for the patient’s acute hepatic necrosis and irreversible liver
failure. To avoid this negative result, the indications for TAE need
to be very carefully considered and a super-selective technique
should be applied.
Overall, from this case, we present several recommendations.
Firstly, although PVE or LVD in preparation for major hepatectomy is considered a safe technique, fatal procedure-related events
can still occur. Secondly, the embolization of puncture tract needs
to be performed by permanent embolic agents, such as glue, to
avoid hemorrhage complications. Massive bleeding after PVE or
LVD, if it occurs, is a challenge for treatment; therefore, the indications for TAE hemostasis should be considered very carefully,
and a super-selective technique should be used. Lastly, interventionists should always keep in mind that irreversible liver failure
can occur if TAE is overused immediately after PVE or LVD despite the use of temporary embolic agents.

Funding
None.

Conflicts of Interest
No potential conflict of interest relevant to this article was reported.

ORCID
Thanh Dung Le, https://orcid.org/0000-0001-5257-2092
Van Sy Than, https://orcid.org/0000-0001-5162-5631
Minh Duc Nguyen, https://orcid.org/0000-0001-5411-1492
Hoai Linh Vu, https://orcid.org/0000-0002-5115-2261
Xuan Hai Dao, https://orcid.org/0000-0001-8264-5109
Hong Son Trinh, https://orcid.org/0000-0002-1590-0592

References
1. Glantzounis GK, Karampa A, Peristeri D. Radiological simultaneous portohepatic
vein embolization (RASPE) and major hepatectomy with hepatocellular carcinoma
(HCC). Hepatobiliary Surg Nutr. 2021;10:267-9.
2. Le Roy B, Gallon A, Cauchy F, Pereira B, Gagnière J, Lambert C, et al. Combined
biembolization induces higher hypertrophy than portal vein embolization before

88

International Journal of Gastrointestinal Intervention 2022 11(2), 85–88

major liver resection. HPB (Oxford). 2020;22:298-305.
3. Laurent C, Fernandez B, Marichez A, Adam JP, Papadopoulos P, Lapuyade B, et al.
Radiological simultaneous portohepatic vein embolization (RASPE) before major
hepatectomy: a better way to optimize liver hypertrophy compared to portal vein
embolization. Ann Surg. 2020;272:199-205.
4. Kobayashi K, Yamaguchi T, Denys A, Perron L, Halkic N, Demartines N, et al. Liver
venous deprivation compared to portal vein embolization to induce hypertrophy
of the future liver remnant before major hepatectomy: a single center experience.
Surgery. 2020;167:917-23.
5. Heil J, Schadde E. Simultaneous portal and hepatic vein embolization before major
liver resection. Langenbecks Arch Surg. 2020. doi: 10.1007/s00423-020-01960-6.
[Epub ahead of print]
6. Panaro F, Giannone F, Riviere B, Sgarbura O, Cusumano C, Deshayes E, et al.
Perioperative impact of liver venous deprivation compared with portal venous
embolization in patients undergoing right hepatectomy: preliminary results from
the pioneer center. Hepatobiliary Surg Nutr. 2019;8:329-37.
7. Camelo R, Luz JH, Gomes FV, Coimbra E, Costa NV, Bilhim T. Portal vein embolization with PVA and coils before major hepatectomy: single-center retrospective
analysis in sixty-four patients. J Oncol. 2019;2019:4634309.
8. Esposito F, Lim C, Lahat E, Shwaartz C, Eshkenazy R, Salloum C, et al. Combined
hepatic and portal vein embolization as preparation for major hepatectomy: a systematic review. HPB (Oxford). 2019;21:1099-106.
9. Deshayes E, Piron L, Bouvier A, Lapuyade B, Lermite E, Vervueren L, et al. Study
protocol of the HYPER-LIV01 trial: a multicenter phase II, prospective and randomized study comparing simultaneous portal and hepatic vein embolization to
portal vein embolization for hypertrophy of the future liver remnant before major
hepatectomy for colo-rectal liver metastases. BMC Cancer. 2020;20:574.
10. van Lienden KP, van den Esschert JW, de Graaf W, Bipat S, Lameris JS, van Gulik

TM, et al. Portal vein embolization before liver resection: a systematic review. Cardiovasc Intervent Radiol. 2013;36:25-34.
11. Abulkhir A, Limongelli P, Healey AJ, Damrah O, Tait P, Jackson J, et al. Preoperative portal vein embolization for major liver resection: a meta-analysis. Ann Surg.
2008;247:49-57.
12. Kodama Y, Shimizu T, Endo H, Miyamoto N, Miyasaka K. Complications of percutaneous transhepatic portal vein embolization. J Vasc Interv Radiol. 2002;13:12337.
13. Lee EC, Park SJ, Han SS, Park HM, Lee SD, Kim SH, et al. Mortality after portal
vein embolization: two case reports. Medicine (Baltimore). 2017;96:e5446.
14. Ganeshan DM, Szklaruk J. Portal vein embolization: cross-sectional imaging of
normal features and complications. AJR Am J Roentgenol. 2012;199:1275-82.
15. Yeom YK, Shin JH. Complications of portal vein embolization: evaluation on
cross-sectional imaging. Korean J Radiol. 2015;16:1079-85.
16. Guiu B, Quenet F, Escal L, Bibeau F, Piron L, Rouanet P, et al. Extended liver
venous deprivation before major hepatectomy induces marked and very rapid increase in future liver remnant function. Eur Radiol. 2017;27:3343-52.
17. Hocquelet A, Sotiriadis C, Duran R, Guiu B, Yamaguchi T, Halkic N, et al. Preoperative portal vein embolization alone with biliary drainage compared to a combination of simultaneous portal vein, right hepatic vein embolization and biliary
drainage in Klatskin tumor. Cardiovasc Intervent Radiol. 2018;41:1885-91.
18. Le Roy B, Gagnière J, Chabrot P, Pezet D, Abergel A, Buc E. Non-lethal right liver
atrophy after TIPS occlusion in a cirrhotic patient: introducing the hepatic biembolization. J Gastrointest Surg. 2016;20:1671-2.
19. Le Roy B, Dupré A, Gallon A, Chabrot P, Gagnière J, Buc E. Liver hypertrophy:
underlying mechanisms and promoting procedures before major hepatectomy. J
Visc Surg. 2018;155:393-401.

