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a  b  s  t  r  a  c  t

INTRODUCTION:  The  degree  of  hypertrophy  of the  future  liver  remnant  (FLR)  induced  by  associating  liver
partition and  portal  vein  ligation  for  staged  hepatectomy  (ALPPS)  in  patients  with  HCC  and  chronic  liver
disease  is  often  limited  as  compared  with  patients  with  a healthy  liver.
PRESENTATION  OF  CASE:  We  reported  a 53-year-old  male  who  had  a huge  HCC  (14.8  ×  12  × 9.4  cm)  arising
from  a background  of  hepatitis  B liver  fibrosis  (METAVIR  score  F3). The  ratio  of  the  FLR/standard  liver
volume  (SLV)  was  23.8%.  After  stage  I ALPPS,  volumetric  assessment  on  postoperative  day  (POD)  7  and  13
showed  insufficient  FLR  hypertrophy  (FLR/SLV:  28.7%  and  30.7%,  respectively).  A  postoperative  computed
tomographic  3D  reconstruction  and  hepatic  angiography  showed  steal  of  arterial  blood  from  the  FLR  to
the  huge  tumour  in  the right  liver.  Salvage  transhepatic  arterial  embolization  (TAE)  was  performed  to
block  the  major  arterial  blood  supply  to the  tumour  on  POD  13. The  FLR/SLV  increased  to 42.5%  in  7  days.
Stage  II  ALPPS  consisting  of  right trisectionectomy  was  successfully  performed.
DISCUSSION:  Salvage  TAE  which  blocked  the main  arterial  blood  supply  to the  huge  HCC  improved  the

arterial  supply  with  subsequent  adequate  and  fast  hypertrophy  of  the  FLR  to  allow  trisectionectomy  in
stage II  ALPPS  to  be carried  out.
CONCLUSION:  Salvage  TAE  after  failed  stage  I ALPPS  with  inadequate  hypertrophy  of the  FLR  allowed
trisectionectomy  in stage  II ALPPS  to  be  carried  out  in  a  patient  with  a  huge  HCC with  chronic  liver
disease.

© 2017  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
. Introduction

Associating liver partition and portal vein ligation for staged
epatectomy (ALPPS) is a new operation which has been reported
o provide a chance of curative liver surgery to be carried out
n patients who were previously considered to have unresectable

iver tumours. Its surgical indications include patients with a huge
>10 cm)  hepatocellular carcinoma (HCC) with inadequate volume
f the future liver remnant (FLR). Portal vein embolization is prob-
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ably not suitable for these patients because of the long wait of
6–8 weeks before the FLR has hypertrophied enough to allow liver
resection to be carried out for the large tumour. The huge HCC might
have progress to become unresectable in the waiting process. On
the other hand, as HCC often arises from a background of cirrhosis,
the degree of liver hypertrophy in cirrhotic liver may not be enough
to allow a second resectional surgery to be carried out after the first
stage of ALPPS [1–4].

We reported a patient who  had a huge HCC with a background of
severe liver fibrosis treated in our hospital. After stage I ALPPS, there
was insufficient hypertrophy of the FLR. Investigations showed

there was  inadequate arterial supply to the FLR due to steal of
arterial flow to the huge HCC. Transhepatic arterial embolization
(TAE) was  performed to block the main arterial blood supply to
the HCC and improved the arterial flow to the FLR. Significant liver
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Fig. 1. Preoperative 3D CT scan reconstruction shows a huge 

ypertrophy was then achieved. Stage II ALPPS in the form of right
risectionectomy was then successfully performed. We  presented
his patient and discussed the potential implications of using sal-
age TAE in patients with huge HCC who failed to have adequate
iver hypertrophy after stage I ALPPS. This case report was  in line

ith the SCARE guidelines [5].

. Cases presentation

A 53-year-old male was diagnosed to have a huge HCC

14.8 × 12 × 9.4 cm)  in liver segments 4, 5, 6, 7 and 8 (Fig. 1). There
as no extrahepatic metastasis. The alpha-fetoprotein (AFP) level
as 82.2 ng/ml. The preoperative Child-Pugh score was  5, and

he MELD score was 2.58. The indocyanine green retention rate

ig. 2. Hepatic angiography confirmed the “arterial steal” and TAE was performed to bloc
lmost  not shown due to the “arterial steal” to the huge tumour, whereas the blood sup
as  embolized by super-selective TAE (B). The lateral view showed the main artery of th
easuring 14.8 × 12 × 9.4 cm in liver segments 4, 5, 6, 7 and 8.

at 15 min  was  5.5%. The preoperative fibroscan value of the left
liver was  10.5Kpa.The estimated standard liver volume (SLV) was
1190.4 ml  using the Urata formula [6]. Computed tomographic (CT)
scan with volumetric assessment showed a FLR of 282.9 ml and the
preoperative FLR/SLV ratio was 23.8%.The preoperative volumetric
assessment showed an insufficient FLR to allow for right trisec-
tionectomy. After a multidisciplinary team discussion, ALPPS was
decided.

2.1. Stage I ALPPS
Using a right subcostal abdominal incision, complete liver
parenchymal transection was  performed along the right border of
the falciforn ligament using a CUSA. The right portal vein was dou-

k the main arterial supply to the tumour. The left haptic artery (yellow arrow) was
ply to the tumour was rich (A). The main artery supplying the tumour (red arrow)
e tumour (red arrow) after embolization using super-selective TAE (C, D).
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Fig. 3. CT scan and 3D reconstruction show volumes of the future liver remnant (FLR) before and on POD7, POD 13 and POD20 after stage I ALPPS (A, B, C). The FLR
slowly  increased after stage I ALPPS and rapidly enlarged after TAE (D). Meanwhile, the tumour volume increased after stage I ALPPS and decreased after TAE (E). The AFP
levels  decreased shortly after stage IALPPS but increased subsequently (F). Salvage TAE in ALPPS significantly decreased the AFP level to normal. (Pre, preoperative; POD,
p
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ostoperative day).

ly ligated with 3-0 Prolene sutures. A silicone drain was  placed
n the transection plane of the liver and the abdomen was  closed.
he operating time was 140 min  and the estimated blood loss was
00 ml.

.2. Volumetric assessment after stage I ALPPS

Volumetric assessment using 3-Dimensional (3D) CT recon-
truction on postoperative day (POD) 7 after the Stage I operation
howed the FLR increased from 282.9 ml  to 342.2 ml.  The kinetic
rowth rate (KGR) was 8.5 ml/d. The FLR/SLV ratio increased to

8.7%. The volumetric assessment was repeated on POD 13. The FLR

ncreased from 342.2 ml  to 365.3 ml  and the FLR/SLV ratio was only
0.7%. The KGR was 3.8 ml/d. Since the FLR still did not meet the
equirement for stage II ALPPS in our Department which required
a FLR/SLV ratio of at least 35% in patients with liver fibrosis and
cirrhosis, further investigations were carried out.

2.3. TAE to the supplying arteries of the tumour

Investigations with hepatic angiography showed there was
inadequate arterial blood supply to the FLR due to steal of the
arterial flow to the huge tumour in the right liver which caused
the limited hypertrophy of the FLR (Fig. 2). TAE was used to block
the main arterial supply of the tumour which mainly originated

from the anterior branch of the right hepatic artery. The flow in
the left hepatic artery significantly improved after TAE. Volumet-
ric assessment was repeated 7 days after TAE. The FLR significantly
increased (Fig. 3) from 365.3 ml  to 505.5 ml and the FLR/SLV ratio
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eached 42.5%. The KGR was as high as 20.0 ml/day. The FLR met
he requirement and stage II ALPPS was performed.

.4. Stage II ALPPS

Re-laparotomy was performed through the previous incision.
he right hepatic artery, the right portal vein and the right bile
uct were ligated and divided, followed by right trisectionectomy.
he operating time was 160 min  and the estimated blood loss was
00 ml.  No blood transfusion was required. The liver function recov-
red well (Fig. 3). Histopathology confirmed a 14.8 × 12.0 × 9.4 cm
CC in the right liver. The liver parenchyma showed severe fibrosis

METAVIR score F3). The patient was discharged home on POD 10
fter stage II ALPPS.

. Discussion

In this patient, the HCC was accompanied with severe fibrosis
METAVIR score F3) and there was slow and limited hypertrophy
f the FLR after stage I ALPPS. 3D CT reconstruction and hepatic
ngiography showed an enlarged HCC with steal of arterial blood
ow from the FLR to the tumour. TAE, by blocking the main arte-
ial supply of the tumour, successfully salvaged the failed stage I
LPPS. TAE significantly induced the hypertrophy of the FLR. The

nternational ALPPS Registry reported that the absolute KGR in
atients with fibrosis grade 1, 2, 3 were 12.3 ± 4.4, 4.7 ± 0.6, and
.0 ± 0.7 ml/d, respectively [4]. The absolute KGR after TAE in our
atient reached 20.0 ml/d, which was significantly higher than that
eported in classical ALPPS on patients with HCC and fibrosis.

Portal vein embolization (PVE) has been shown to be useful in
ome patients with HCC and chronic liver disease. It is the standard
reoperative procedure used in some centers to induce hypertro-
hy of the FLR. However, there are two major concerns on the use
f PVE for such a purpose. These include the high failure rate and
umour progression during the long waiting time for resectional
urgery. Furthermore, increased compensatory arterial flow after
VE has been shown to encourage tumour progression [7,8], which
ay be one of the reasons for the failure of PVE. Our patient also

howed tumour progression after stage I ALPPS. The volume of the
umour increased from preoperative 714.7 ml  to 928.0 ml  on POD
3 (Fig. 3E). The increase reached to 29.9% before stage II ALPPS. The
FP level decreased shortly after stage I ALPPS but increased from
OD 7 onwards (Fig. 3F). After TAE, the tumour volume significantly
ecreased to 865.4 ml  while the AFP level also rapidly decreased
Fig. 3F). TAE, by blocking the main arterial supply of the tumour,
nduced more rapid and significant hypertrophy which allowed
ubsequent successful resection of the tumour before it further
rogressed to unresectability. Recent systematic reviews showed
hat the median interval from PVE to surgery was 28 days (range
1–45 days) [9]. The mean hypertrophy rate of the FLR after PVE
as 37.9 ± 0.1% with a median of 25.9 ± 10.1 days [10,11]. In our

atient, the hypertrophy rate of the FLR after salvage TAE reached
8.4% in 7 days. Salvage TAE clearly induced a greater degree of liver
ypertrophy in the FLR within a shorter period of time than PVE.

This case showed that a huge HCC can steal arterial blood from
he FLR and cause slow and limited hypertrophy of the FLR which
otentially can lead to failure of stage I ALPPS. Salvage TAE, by
locking the main arterial supply to the tumour, should be carried
ut in an attempt to improve the arterial flow and hypertrophy of
he FLR.
. Conclusions

Salvage TAE should be considered in patients with a huge HCC
nd chronic liver disease in case of insufficient hypertrophy of the
PEN  ACCESS
ery Case Reports 39 (2017) 131–135

FLR after stage I ALPPS. We name this procedure as TAE-salvaged
ALPPS. More studies are needed to confirm our findings.
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