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Case Report

Associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS) procedure for hepatocellular carcinoma with
chronic liver disease: a case report and review of literature

Michail Papamichail, Michail Pizanias, Vincent Yip, Evangellos Prassas, Andreas Prachalias,
Alberto Quaglia, Praveen Peddu, Nigel Heaton, and Parthi Srinivasan

Institute of Liver Studies, Kings Health Partners of King’s College Hospital,
NHS Foundation Trust, London, United Kingdom

The incidence of complications after liver resection is closely related to functional future liver remnant (FLR). The stand-
ard approach to augment FLR is surgical or radiological occlusion of the artery or portal vein on the tumor side.
Associated liver partition and portal vein ligation for staged hepatectomy (ALLPS) has been introduced as an alternative
method to augment FLR. It offers rapid and effective hypertrophy for resecting liver metastases. However, data regard-
ing its application in patients with hepatocellular carcinoma (HCC) with a background of chronic liver disease are
limited. Here we describe the use of ALPPS procedure to manage a large solitary HCC with a background of chronic
liver disease. The rising incidence of HCC has increased the number of surgical resections in patients with advanced
stage liver disease not considered for liver transplantation. We reviewed reported experience of ALPPS in established
chronic liver disease and current therapeutic modalities for HCC on a background of chronic liver disease in patients
with potential liver insufficiency where tumor burden is beyond liver transplant criteria. (Korean J Hepatobiliary Pancreat

Surg 2016;20:75-80)
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INTRODUCTION

Despite advances in loco-regional therapies, surgical re-
section remains the gold standard treatment for managing
primary and secondary liver tumors.' The extent of liver
resection is determined by tumor size and the position and
function of future liver remnant (FLR) which in turn is
related to liver quality, residual volume size, and the se-
verity of underlying portal hypertension.

To avoid complications from hepatectomy, a variety of
treatment modalities have been used to augment FLR pri-
or to surgery, including transcatheter arterial chemo-
embolization (TACE) or embolization to devascularise tu-
mors and reduce the extent of resection.' Segmental atro-
phy of the segment to be resected and compensatory hy-

pertrophy of future liver remnant can help lessen the im-

pact of surgery. Portal vein embolization (PVE) in cir-
rhosis offers limited regenerative recovery compared to
patients without liver disease.” The resulting compensa-
tory increase in arterial flow may facilitate tumor
progression.z’4 Radiofrequency (RFA)/microwave ablation
is limited to tumors <5 cm in size with ideal diameter
of <4 cm. When tumor burden is beyond the accepted
criteria for liver transplantation’ and when radiological in-
tervention fails or is contraindicated, resection for hep-
atocellular carcinoma (HCC) represents the only curative
treatment option.

Associated liver partition and portal vein ligation for
staged hepatectomy (ALPPS) is a recent modification of
the two-stage hepatectomy approach that allows for re-
secting liver tumors in two steps.’ In addition to ligating

the portal vein inflow to the tumor-involved segments,
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ALPPS also disrupts the collateral communication be-
tween the two liver parts, thus allowing for more rapid
hypertrophy of the remnant liver.*’

Only a single case of ALPPS procedure for HCC on
a background of liver cirrhosis has been reported in the
literature.® Here, we present a case of ALPPS for a large
HCC on a background of chronic liver disease. In addi-
tion, we reviewed the literature of managing HCC with
borderline FLR.

CASE

A 68 year-old man presented with intermittent right up-
per quadrant pain radiating to his right shoulder. His liver
function tests showed serum bilirubin level at 17 pmol/L
(3-20 pmol/L), aspartate aminotransferase (AST) level at
52 IU/L (normal range, 10-50 UI/L), gamma-glutamyl
transpeptidase (y-GT) level at 188 TU/L (normal range,
1-55 TU/L), albumin level of 44 g/L (normal range, 35-50
g/L), prothrombin time international normalized ratio (INR)
of 1.15 (normal range, 0.8-1.6), and a model for end-stage
liver disease (MELD) score of 14. Ultrasonography re-
vealed a lesion within the right lobe of the liver with fi-
brotic changes in the parenchyma. His past medical history
included diet-controlled diabetes mellitus and renal impair-

ment secondary to hypertension. He had long-standing al-

Fig. 1. Arterial phase CT imaging showing the presence of
a lesion lying within the right liver segments V/VIIL. It meas-
ures up to 8 cm showing enhancement, suggesting hep-
atocellular carcinoma.

cohol consumption at over 140 units per week. Viral hep-
atitis screen was negative.

Subsequent computed tomography (CT) imaging re-
vealed an 8 cm mass in segments V/VIII with sectoral
portal vein infiltration and washout on delayed venous
phase with background of severe steatosis (Fig. 1).
Radiological evidence of portal hypertension and spleno-
megaly was evident. No ascites was present. His CA 19-9
level was 40 U/ml (normal range, 0-37 U/ml), which was
marginally elevated. He had normal a-fetoprotein level.

TACE with Doxorubicin (80 mg) and Lipiodol was per-
formed with a good partial response. There was no liver
decompensation. A non-lesional liver biopsy showed grade
2 siderosis and porto-septal fibrosis with porto-portal
bridging. There was no evidence of parenchymal nodular,
confirming severe steatosis and grade 3 bridging fibrosis.
A second TACE was performed 3 months later. CT
showed a partial response with tumor progression on the
periphery (Fig. 2). Therefore, salvage hepatectomy was
proposed.

The tumor occupied most of segments V and VIII with
small satellite nodules in segment VII requiring extended
right hepatectomy. Volumetric assessment revealed a FLR
contributed to 14% of the total liver volume (1955 ml).
Due to an inadequate FLR of segments I-IV, ALPPS pro-
cedure was proposed instead.

At the initial surgery, the right lobe was fully mobilized
with the right portal vein ligated. The right hepatic artery,

the right hepatic veins, and the middle hepatic veins were

identified and preserved. Parenchymal transection was

Fig. 2. CT imaging of lesion post-TACE showing partial re-
sponse of tumor with small future liver remnant.



performed by using Cavitron ultrasonic surgical aspirator
(CUSA), argon diathermy, and ligaclips. The dissection
plane was placed between segment II/IIl and segment IV

through the inferior vena cava. By the end of the proce-
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Fig. 3. Changes in aspartate transaminase level.
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Fig. 4. Changes in alkaline phosphatase level.
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dure, the only connections between segment II/IIl and IV
were bile duct, arterial inflow, and the right hepatic vein.
The right liver was placed within a plastic bag at the end
of the procedure to prevent tumor dissemination and mini-
mize parenchymal contact between transection surfaces.

On day 1 postoperation, an arterial bleed from a branch
of the right hepatic artery was embolized radiologically.
Acute elevation of liver function tests immediately follow-
ing surgery was gradually improved during the interim pe-
riod (Figs. 3-5). CT scan at 10 days post-surgery showed
that FLR was increased by 186 ml (274 ml vs. 460 ml;
Fig. 6) with 68% volume gain after the 1" stage. Completion
right hepatectomy was performed on day 14 without
complication. Histology exams confirmed a large 130
mm-sized partially necrotic moderately differentiated
HCC with multiple satellite nodules clear of the hepatic
resection margin. The changes in the background liver
were similar to those described in preoperative biopsy.
Fibrosis was porto-septal with formation of slender and
mainly porto-portal septa without parenchymal nodule for-
mation (Figs. 7, 8).

Despite significant radiological increase in the volume
of the remnant liver postoperatively (Fig. 9), the patient

developed small-for-size syndrome. On day 5 postoperation,
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Fig. 6. Post-1" stage ALPPS CT imaging showing significant
increase in the volume of the future remnant liver.

Fig. 7. The tumor consisted of a moderately differentiated
hepatocellular carcinoma with acinar pattern in this field
(H&E, x200).

his serum bilirubin level was at 71 pmol/L with INR of
1.22. This resolved with conservative management. He
was discharged from hospital after 12 weeks. At dis-
charge, his serum bilirubin level, AST, and INR were 35
pmol/L, 24 UI/L, and 1.45, respectively. A follow-up CT
scan at 6 months revealed a solitary recurrence in the
remnant liver and bone metastases. The patient declined
sorafenib treatment. He rapidly deteriorated and died 3

months later.

DISCUSSION

The ALPPS technique was first developed to manage
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Fig. 8. Background liver showing porto-septal fibrosis with
slender and mainly porto-portal septa without parenchymal
nodule formation (Gordon and Sweet reticulin staining, x20).

Fig. 9. Post-2" stage ALPPS CT imaging showing adequate
increase of the liver remnant.

patients with liver metastases with potentially small re-
sidual liver volume.® This highlights its potential use for
liver resection on background of chronic liver disease.
The increase in FLR in our patient appeared to be com-
parable to that observed in patients without underlying
liver disease."”

The principle for augmenting FLR is to restrict blood
inflow to the side of tumor burden and to maximize blood
flow to the FLR, leading to increased liver volume with
time. This is normally achieved by portal venous occlu-
sion using either radiological embolization (PVE) or sur-
gical ligation that allows for compensatory hypertrophy to

. . 9,10
reduce the risk of small-for-size syndrome.” However,



the time period between portal vein occlusion and achiev-
ing an adequate remnant liver volume is unpredictable. It
can take up to 6 weeks to achieve a satisfactory volume
with the risk of progression of borderline tumor. However
some surgeons advocate that a long interval to surgery
identifies cases with aggressive biology who will not ben-
efit from resection.”'"!?

ALPPS was first described in 2012'" as a way to ex-
pedite hypertrophy of future remnant liver from 4-6 weeks
if using the “traditional” approach to 7-10 days.(”7’12 The
principal advantage of ALPPS is that it can reduce the
interval for intervention with the aim to minimize the risk
of disease progression. In addition, it allows for earlier as-
sessment of the abdominal cavity and liver quality.9’13

The pathophysiological mechanism of ALPPS in en-
hancing the hypertrophic effect remains unclear. In addi-
tion to disrupting the main portal vein collaterals between
the two lobes, ALPPS also divides venous collaterals
within the liver parenchyma. The hypothesis is that by re-
distributing the total portal blood flow to the FLR, liver
growth is more rapid.’

Liver regeneration in the context of chronic liver dis-
ease is less predictable.”” Although PVE may produce suf-
ficient liver regeneration, it appears to be less effective
than normal liver. In addition, the increased compensatory
arterial flow can encourage tumor progression.m'16 It has
been suggested that sequential TACE and PVE should be
used to achieve better tumor control and drive con-
tralateral hypertrophy as the mean volume change in
chronic liver disease appears to be higher.g’lz’ls'l7
Published series of sequential TACE and PVE have ach-
ieved satisfactory FLR hypertrophy and allowed for safe
major liver resections, suggest that sequential TACE and
PVE is superior to PVE alone. In addition, tumor necrosis
may facilitate resection and allow for additional paren-
chymal preservation.”"” PVE with TACE is not always
feasible due to tumor extension or thrombotic complica-
tions within vascular structures.”*®

Our case demonstrated that increase in liver volume af-
ter ALPPS was rapid and appeared to be comparable to
that of non-fibrotic liver or cirrhotic livers in which se-
quential TACE and PVE was used. However, this patient
developed a degree of small-for-size syndrome, indicating
that the functional status of the remnant liver did not in-

crease to the same extent as the increase in remnant liver
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volume suggested. Therefore, volumetric assessment alone
is not sufficient enough for assessing the functional ca-
pacity of FLR. Additional tests might be needed.
Indocyanine green (ICG) clearance test has been used in
the past as a predictor of hospital mortality after major
liver resection. Interestingly, ICG clearance test before and
after the first stage of ALPPS has not been assessed."°
It may help predict FLR function.

Although ALPPS is being used to treat patients with
liver diseases requiring major resection, it has a higher
morbidity (35%) and mortality rate (16%) compared to
conventional trisectionectomy with or without PVE>*" A
higher rate of morbidity should be expected regarding
ALPPS. However, complications may reduce with in-
creasing experience.

In the management of HCC on a background of chronic
liver disease, data on the use of ALPPS to improve liver
regeneration in comparison to radiological modalities such
as TACE or PVE are currently very limited. Our case
confirms that ALPPS is technically feasible to improve
liver regeneration.”’ Further experience of using ALPPS
in the management of HCC and cirrhosis needs to be col-
lected to understand whether this technique can offer po-
tential advantages for HCC patients with chronic liver

disease.
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