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Abstract
Associating liver partition and portal vein ligation 
for staged hepatectomy (ALPPS) is a novel 2-stage 
technique intended to induce rapid growth of the future 
liver remnant (FLR). Initial reports of a 12% mortality 
rate have sparked debate regarding the safety of the 
procedure. A 64 years old male was planned for a right-
sided hemi-hepatectomy due to colorectal cancer liver 
metastases. Intra-operatively it was decided to convert 
to an ALPPS due to unexpectedly small segments 2-4. 
Post-operative serum laboratory tests indicated an acute 
liver failure and radiological imaging showed no sign of 
arterial blood flow to the right hemi-liver. A computed 
tomography examination on post-operative day 3 
revealed that the FLR had increased from 290 to 690 
mL in 3 d (138% growth). In the following days serum 
values gradually improved and stage 2 was carried out 
on post-operative day 7. The rest of the hospital stay 
was uneventful and the patient made a full recovery. 
ALPPS is a fascinating advancement in liver surgery. 
Despite severe post-operative complications, in properly 
selected cases it provides successful outcomes that 
other modalities of treatment cannot offer.
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2-stage technique intended to induce rapid growth 
of the future liver remnant. Initial reports of a 12% 
mortality rate have sparked debate regarding the safety 
of the procedure. We here present a complication 
following ALPPS that to our knowledge has never been 
described before. Yet proper patient selection resulted 
in a full recovery following a potentially life threatening 
liver failure.
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partition and portal vein ligation for staged hepatectomy. World 
J Hepatol 2015; 7(23): 2492-2496  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i23/2492.htm  DOI: http://
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INTRODUCTION
Associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS) is a novel two-stage 
technique intended to induce rapid growth of the 
future liver remnant (FLR). Classically the technique 
is applied in the setting of an extended right-sided 
hemi-hepatectomy. The stage 1 operation involves 
transection of the right portal vein, followed by division 
of the parenchyma between the portal flow-deprived 
segments 4-8 and the normally vascularized FLR 
(segments 1-3). After a short interval (in general 7 
d at our institution) and having confirmed adequate 
growth of the FLR, stage 2 is performed with removal 
of the deportalized liver[1]. Viable alternatives to ALPPS 
include portal vein embolization, portal vein ligation and 
two-stage hepatectomy[2]. The decision to perform an 
ALPPS procedure can also be made intra-operatively 
when detection of additional disease makes other forms 
of therapy unfeasible[3]. The procedure is applicable 
in a variety of liver tumors, but is utilized most often 
for colorectal cancer liver metastasis (CRLM)[4]. The 
question whether ALPPS is a superior choice compared 
to previously established surgical procedures is still 
unanswered. Initial reports of a 12% mortality rate have 
sparked debate regarding the safety of the procedure[5]. 
Large multicenter retrospective studies have studied 
the morbidity and mortality associated with ALPPS, 
but a prospective randomized control trial is yet to be 
performed[3,4,6].

In the following case report, we present a post-
operative complication following ALPPS for CRLM, to our 
knowledge not previously described.

CASE REPORT
A 64 years old male with no comorbidities was dia
gnosed with rectal cancer at a screening colonoscopy. 
The tumor was staged as a T3cN0M0 and was surgically 
resected. A scheduled follow-up at 2 mo revealed 
elevated carcinoembryonic antigen levels and a com

puted tomography (CT) thorax/abdomen showed 
9 metastatic lesions in segments 5, 6, 7 and 8. The 
patient received 4 cycles of FOLFOX and subsequent 
imaging showed marked regress of the hepatic lesions 
(Figure 1A). It was also noted that the right hepatic 
artery arose directly from the superior mesenteric artery 
(type Ⅲ according to the Michel classification). Following 
2 additional cycles of chemotherapy, the patient was 
planned for a right-sided hemi-hepatectomy.

Intra-operatively, pronounced chemotherapy induced 
liver changes were evident with signs of sinusoidal 
obstruction; i.e., blue liver syndrome. Further exploration 
showed that segments 2, 3 and 4 were unusually small 
(post-operative calculation of the FLR (segments 1-4) 
290 mL, giving a FLR/BW-ratio of 0.34% and a ratio of 
FLR/total estimated liver volume (sFLR) of 16.1% (Figure 
1A). It was decided intra-operatively to deviate from the 
initial planned one-stage right-sided hemi-hepatectomy 
and to perform an ALPPS procedure with segments 1-4 
as FLR. The right hepatic vein, a large inferior hepatic 
vein (“Makuuchi vein”), right hepatic artery and right 
bile duct were isolated and marked with rubber vessel 
loops (Figure 2). The right portal vein was divided 
and the liver was transected with a cavitron ultrasonic 
surgical aspiration. Intra-operative bleeding was 400 
mL, no blood was administered intra-operatively and no 
hypotensive episodes were noticed during the operation.

On post-operative day two, serum laboratory tests 
showed signs of acute liver failure and hepatic ischemia 
[international normalised ratio (INR) of 2.1 (ref < 
1.2), bilirubin 61 μmol/L (ref < 26 μmol/L), aspartaat 
aminotransferase (ASAT) 131 ukat/L (ref < 0.76 ukat/L), 
alanine aminotransferase (ALAT) 94.2 ukat/L (ref < 1.20 
ukat/L) and creatinine 140 μmol/L (ref < 100 μmol/L)] 
(Table 1). An ultrasound of the liver showed no sign 
of arterial blood flow to the right hemi-liver. Following 
proper rehydration, a CT examination was performed 
on post-operative day 3, which confirmed occlusion of 
the right hepatic artery and showed an ischemic right 
hemi-liver. It was, however, noted that the FLR had 
increased from 290 to 690 mL in only 3 d translating 
into a 138% increase of the FLR volume (Figure 1B). 
Already at this stage the FLR/BW-ratio was 0.8% and 
sFLR 38.3%. Surprisingly, on the late venous phase of 
the CT there was contrast enhancement in the hepatic 
venous system of the deportalized segments, not only 
in the large veins close to the inferior vena cava, but 
also in the peripheral vessels (Figure 3A).

Despite impressive growth in terms of volume, 
the patient was clearly still in severe liver failure. The 
decision was taken to observe the patient and postpone 
stage 2 of the ALPPS procedure for as long as possible, 
closely monitoring the patient’s liver function during 
the following days. On post-operative day 6 the serum 
values had gradually improved and were as follows: 
INR 1.7, bilirubin 52 μmol/L, ASAT 1.54 ukat/L, ALAT 
11.85 ukat/L (Table 1). At this point the patient fulfilled 
the Balzan 50-50 criteria for post-hepatectomy liver 
failure[7]. However, apart from some mild confusion 
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and fever, the patient was asymptomatic. CT images 
now (post-operative day 6) showed signs of complete 
hepatic ischemia with air in the intrahepatic bile ducts. 
The FLR had only hypertrophied slightly since post-
operative day 3 and now measured 746 mL. Once 
again, on the late venous phase images there was 
contrast-enhancement in the hepatic venous system 
of the deportalized segments, both in the central and 
peripheral vessels (Figure 3B).

Leaving the ischemic right hemi-liver for a longer 
period of time was considered a clear risk and the 
decision to proceed to stage 2 was made. Stage 2 of 
the ALPPS was carried out on post-operative day 7. A 

dark necrotic right hemi-liver was found at laparotomy 
(Figure 4). The right hepatic artery, bile duct and right 
hepatic vein were divided by staples. The right hemi-
liver was removed and the abdomen was closed. No 
complications were experienced post-operatively and 
the patient recovered well. The only complaint was 
recurring hiccups that that ceased spontaneously 7 
d after stage 2 (the patient experienced a prolonged 
period of unexplained hiccups even after the colectomy 
of the primary tumour). At this point the serum values 
had further improved (INR 1.4, bilirubin 17 μmol/L, 
ASAT 0.65 ukat/L, ALAT 1.35 ukat/L) (Table 1). The rest 
of the hospital stay was uneventful and the patient was 
discharged on post-operative day 22.

DISCUSSION
ALPPS is a relatively new technique with the mechanisms 
driving growth of the FLR not fully understood. Complete 
ischemia of the deportalized liver following ALPPS 
has to our knowledge never before been described. 
Remarkably, despite this unforeseen complication, the 
patient successfully underwent even the second stage of 
the operation and made an uneventful recovery.

Recent reports have questioned the use of ALPPS 
due to a morbidity of 43%-60% and mortality of 
15%-20%[8-11]. A multicenter registry study by Schadde 
et al[4] reported severe complications (Clavien-Dindo 
≥ Ⅲb) in 27% of patients and a 90 d mortality of 9%. 
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Figure 1  Pre-operative computed tomography (A) and on post-operative day 3 (B) following stage Ⅰ of the associating liver partition and portal vein 
ligation for staged hepatectomy procedure.

A B

Table 1  Patient’s laboratory liver values during in-hospital stay

Reference intervals INR Bilirubin (μmol/L) ASAT (ukat/L) ALAT (ukat/L) FLR (mL) FLR/BW ratio (%) sFLR (%)

< 1.2 < 26  < 0.76 < 1.20
Pre-op day (before stage 1)
   1    1.0      4     0.51    0.58 290 0.4 16.1
Post-op day (after stage 1)
   3    2.1    61 131.00  94.20 690 0.8 38.3
   6    1.7    52     1.54  11.85 746 0.9 41.4
   14    1.4    17     0.65    1.35 - - -
   29    1.3    24     0.77    1.09 - - -

FLR: Future liver remnant; ASAT: Aspartaat aminotransferase; ALAT: Alanine aminotransferase; INR: International normalized ratio; sFLR: Standardized 
future liver remnant.

Figure 2  Vessel loops around the right hepatic artery (a), right bile duct (b) 
and inferior hepatic vein (“Makuuchi vein”).

a
b

c
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operative venous flow noted in the deportalized right 
hemi-liver (Figure 3). This phenomenon may explain 
the subsequent improvement of serum liver values 
between stage 1 and 2. Additionally, an increase in 
venous flow was noted between post-operative days 
3 and 6 (Figure 3). The source of the venous blood is 
however not clearly understood, considering that blood 
flow in the right hepatic artery was absent on imaging. 
A standing theory is that the right hemi-lobe received 
arterial blood from bile duct associated vessels with 
retrograde filling of the portal veins from the hepatic 
sinusoids[14]. Retrograde filling of the right hepatic and 
inferior hepatic veins could also have been possible[15].

The present case was extensively analyzed at the 
institutional morbidity and mortality review board. A 
point of criticism was the initial decision to proceed with 
a right-sided hemi-hepatectomy despite the small FLR. 
If this was pre-operatively noticed the patient may have 
benefited from portal vein embolization. Despite the 
misjudgment, the intra-operative decision to proceed 
with ALPPS was considered the best option for the 
patient. The reasoning behind the arterial occlusion 
was also discussed. A technical error was considered 
unlikely as optimal flow was palpated in the right hepatic 
artery prior to closure of the abdomen. It could be 
hypothesized that trauma during the surgery precipitated 
the formation of an arterial thrombus. Occlusion of 
the right hepatic artery has been described following 
liver transplantations[16]. Damage during the Pringle 
maneuver and the formation of a pseudoaneurysms 
have been proposed as underlying mechanisms.

To conclude, ALPPS is a fascinating advancement in 
liver surgery, requiring further studies to better our under
standing. Yet, despite post-operative complications, in 
properly selected cases it provides successful outcomes 
that other modalities of treatment cannot offer.

COMMENTS
Case characteristics
A 64 years old male that went into severe liver failure following associating liver 
partition and portal vein ligation for staged hepatectomy (ALPPS) due to arterial 
ischemia in the deportalized liver. 

Significantly better outcomes were noted in patients 
with CRLM and patients under the age of 60. Although 
our patient was 64 years old, he was previously healthy 
with no recorded comorbidities. Other independent 
risk factors included red blood cell transfusions and 
stage Ⅰ operating times longer than 300 min, two factors 
our patient did not fulfill. Truant et al[6] hypothesize 
that complications occurring between stage 1 and 2 of 
ALPPS play a significant role in morbidity and mortality. 
More specifically, post stage 1 biliary fistula, ascites and 
infected bile collections worsen overall outcome. Again, 
our patient experienced none of the abovementioned 
complications and had an uncomplicated post-operative 
course apart from post-hepatectomy liver failure and the 
described liver ischemia.

Post-operative imaging showed that the FLR of the 
patient increased by 157% over a period of 6 d. Of 
greater significance is that the major part of the growth 
(136%) occurred in less than 3 d after stage 1. This is an 
impressive increase in size, considering that metabolic 
support from the deportalized liver was sub-optimal. 
Reported increases in the FLR range from an average of 
49%-80% over 7 d[3,4,12]. It should be emphasized that 
the increase in volume does not necessarily correlate 
with an increase in function of the FLR[13].

Another unique aspect of this case was the post-

Figure 3  Post-operative late venous phase computed tomography with contrast enhancement of the hepatic venous system of the ischemic right hemi-
liver on (A) day 3 and (B) day 6.

A B

Figure 4  Ischemic right liver lobe following stage 2 of associating liver 
partition and portal vein ligation for staged hepatectomy.

 COMMENTS
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Clinical diagnosis
Liver failure following stage Ⅰ of ALPPS due to arterial ischemia. 

Differential diagnosis
The diagnosis of liver failure was well established by imaging and laboratory 
tests. The exact mechanism for the full recovery of the patient is not completely 
understood.

Laboratory diagnosis
An acute rise in international normalized ratio and serum bilirubin, alanine 
aminotransferase and aspartaat aminotransferase which gradually improved 
over time. 

Imaging diagnosis
An ultrasound of the liver showed no sign of arterial blood flow to the right hemi-
liver and a computed tomography examination confirmed occlusion of the right 
hepatic artery and an ischemic right hemi-liver.

Pathological diagnosis
Pathology following stage Ⅱ of ALPPS confirmed the underlying disease to be 
colorectal liver metastases. 

Treatment
Supportive therapy.

Related reports
This is the first report to describe arterial ischemia in the deportalized liver 
following ALPPS.

Term explanation 
ALPPS: Associated liver partition and portal vein ligation for staged hepatectomy; 
FLR: Future liver remnant; CRLM: Colorectal liver metastasis.

Experiences and lessons
ALPPS is a fascinating advancement in liver surgery requiring further studies 
to better our understanding. Despite post-operative complications, in properly 
selected cases it provides successful outcomes that other modalities of 
treatment cannot offer.

Peer-review
ALPPS is an interesting novel two stage surgical procedure for extended 
liver tumors with more and more applications described into literature: This 
article describes a case report of application of ALPPS procedure in a patient 
intraoperatively judged as not eligible to a right hepatectomy due to unexpected 
little remnant volume: The attention is focalized on a specific particular 
postoperative complication, never described previously into literature.
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