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Abstract

Aim of the study: Associating Liver Partition and Portal vein ligation for Staged hepatectomy (ALPPS) aims to 
induce rapid hypertrophy of the future liver remnant (FLR) to reduce the risk of post-hepatectomy liver failure 
(PHLF). However, volumetric increase does not correspond to functional increase. This is a novel study which aims 
to compare the increase in standardized FLR (sFLR) vs. indocyanine green retention at 15 minutes (ICG-R15).

Material and methods: This is a retrospective case series of patients who underwent ALPPS between May 2015 
and January 2022. Primary outcomes were sFLR and ICG-R15. Secondary outcomes were incidence of PHLF, 
morbidity, recurrence, overall survival (OS) and disease-free survival (DFS).

Results: There were 10 patients with median age of 60.5 years (range 29-69). Most patients had adenocar-
cinoma secondary to colorectal origin (80%). There were 7 patients who received neoadjuvant chemotherapy 
[median 6 cycles (range 5-9)]. Median size of the primary tumour was 5.0 cm (range 2.0-7.0 cm). There was 
a significant increase in median ICG-R15 after stage 1 ALPPS (8.8% vs. 10.2%, p = 0.024) and increase in medi-
an sFLR after stage 1 ALPPS (34.4% vs. 53.0%, p = 0.012). Linear regression showed no significant correlation 
between sFLR increase and ICG-R15 (B = 0.26, 95% CI: –0.82, 1.34, p = 0.565). One patient had PHLF. Median 
time to local recurrence and metastatic recurrence was 14.4 months (range 6.9-21.9) and 7.5 months (range 
6.9-17.3) respectively. OS and DFS were 50% and 40% respectively.

Conclusions: No significant relationship was observed between ICG-R15 and sFLR. Volume increase may overes-
timate the functional increase following ALPPS. Larger studies are needed to validate our findings.
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Introduction

Post-hepatectomy liver failure (PHLF) is a serious 
complication following liver resection (LR) and is an 
important cause of post-operative morbidity and mor-
tality. Its incidence is variable and has been reported to 
range from 0.7% to 35% [1]. To reduce this risk, guide-
lines state a minimum of future liver remnant (FLR)  

> 20-25% in healthy patients without underlying liver 
disease prior to extended hepatectomy [2]. Associating 
Liver Partition and Portal vein ligation for Staged hepa-
tectomy (ALPPS) is a two-staged procedure aimed to 
induce rapid hypertrophy of the FLR to reduce risk of 
PHLF, with higher successful completion of second stage 
of hepatectomy (98% vs. 78%, odds ratio [OR] = 5.75,  
p < 0.001), R0 resection (66% vs. 37%, OR = 4.68,  
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p < 0.001) and shorter waiting time between the first and 
second stage of hepatectomy (11.6 vs. 45.7 days, weight-
ed mean difference [MD] = −35.3 days, p < 0.001) com-
pared to conventional two-stage hepatectomy (TSH) [3]. 

ALPPS was first reported by Schnitzbauer et al. in 
2012 [4]. Their study reported a  median volume in-
crease of 74% in remnant liver volume (RLV) at a me-
dian of 9 days following stage 1 ALPPS, but with a high 
perioperative mortality of 12% [4]. While initial stud-
ies show high perioperative mortality, a recent meta- 
analysis comparing ALPPS vs. conventional TSH in 
409 patients showed comparable peri-operative mor-
tality, though with higher incidence of overall minor 
complications (59% vs. 18%, OR = 6.5, p < 0.001) [3].

Several methods to assess the interstage liver func-
tion and volume have been established [5]. While 
the use of hepatobiliary scintigraphy (HBS) was tra-
ditionally used to assess liver function due to its abil-
ity to selectively evaluate regions of the liver, studies 
have shown a  poor correlation between functional 
increase versus volumetric increase, where FLR has 
been overestimated by up to 50% [6, 7]. Indocyanine 
green retention at 15 min (ICG-R15) is an alternative 
method which assesses global liver function based on 
the proportion of ICG remaining after 15 minutes. 
Reports have been equivocal on the trend of ICG-R15 
pre-operatively compared to after stage 1; in one study 
ICG-R15 decreased from 9.9% to 7% between stages 
but increased to 33% after stage 2 [8], while in anoth-
er study there was an increase in ICG-R15 from 3.6% 
to 5.4% postoperatively [9]. Volumetric assessment is 
performed through computed tomography (CT) to 
correlate with the extent of cellular proliferation [10]. 

While ALPPS results in a  rapid increase in FLR, 
HBS studies have suggested that CT volumetry over-
estimates liver function increase [6]. In view of the 
lack of research investigating the correlation between 

ICG-R15 and CT volumetry results following stage 1 
ALPPS, the primary aim of this study is to compare 
the extent of FLR increase compared with ICG-R15 
before and after stage 1 ALPPS, as well as to correlate 
ICG-R15 and CT volumetry with incidence of PHLF. 
Our secondary aim is to review short-term and long-
term outcomes of patients who underwent ALPPS in 
our tertiary centre.

Material and methods

This is a  single-centre retrospective case series of 
10 patients who underwent ALPPS between inception 
(May 2015) and January 2022 at our university-affil-
iated tertiary hospital. The exclusion criterion was 
being unable to complete the second stage of ALPPS  
(n = 1). This study was conducted in accordance with 
the PROCESS guidelines for reporting of surgical case 
series [11]. De-identified data were pre-collected using 
a prospectively maintained institutional liver database 
(Ref: TTSH/2018-00048). No attempts were made  
by the study team to access patients’ electronic med-
ical records, or contact the included patients. This 
study was approved by our institutional review board  
(Ref: 2021/00898).

Study variables and outcomes

Study variables include age, gender, comorbidi-
ties, clinical presentation, pre-operative investigations 
(biochemical investigations and ICG-R15), CT volu-
metry (residual liver volume (RLV), standardized liver 
volume (SLV), and standardized future liver remnant 
(sFLR), histopathology findings and intra-operative 
findings (estimated blood loss, length of operation). 
SLV (ml) was calculated using the Chengdu formula: 
11.508 × body weight (kg) + 334.024 [12]. sFLR is de-

Fig. 1. Computed tomography volumetry of one of the included patients (A) before stage 1 ALPPS and (B) after stage 1 ALPPS; green: remnant liver volume, 
orange: segment of the diseased liver which will be removed
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fined as the ratio of RLV to SLV. Figure 1A and B shows  
the method of calculation of the RLV of one of the in-
cluded patients before stage 1 ALPPS and after stage 1 
ALPPS respectively. Short-term study outcomes include 
the length of hospitalization stay (LOS), post-operative 
morbidity, 30-day readmission and 30-day mortality. 
Post-operative morbidity was defined as occurrence 
of any of the following post-operative complications: 
PHLF, intra-abdominal collection, pneumonia, pleural 
effusion, surgical site infection and ileus. 30-day read-
mission and 30-day mortality were defined as read-
mission or mortality, respectively, within 30 days from  
the date of stage 2 ALPPS. PHLF was defined as  
per the International Study Group of Liver Surgery  
(ISGLS)’s consensus in 2011 [13]. Long-term study 
outcomes include length of follow-up, presence of local  
recurrence, distant recurrence, overall survival (OS) 
and disease-free survival (DFS). OS and DFS were de-
fined as the percentage of alive or disease-free patients, 
respectively, at the end of the study, i.e. January 2022.

Treatment protocol

A definitive diagnosis of malignancy was made via 
CT scan and/or magnetic resonance imaging (MRI) 
in all patients. Full work-up with CT thorax was com-
pleted to ensure no lung metastases. The decision for 
neoadjuvant chemotherapy prior to ALPPS was made 
in a tumour board discussion with a panel of medical 
oncologists, interventional radiologists, hepatopan-
creatobiliary (HPB) surgeons and gastroenterologists. 
For patients who received neoadjuvant chemotherapy, 
there was a minimum of 4 to 6 weeks between the last  
chemotherapy session and the date of surgery due to 
the potential liver dysfunction from chemotherapy. 
This also allows us to establish a  baseline ICG-R15 
without being confounded by the neoadjuvant chemo-
therapy status. All patients were prescribed Oral IM-
PACT (Nestlé, Vevey, Switzerland) three times a  day 
for five days before surgery. Carbohydrate loading was 
also performed for all patients as part of the ERAS 
protocol. All patients had pre-operative blood inves-
tigations including routine biochemistry, ICG-R15, 
and CT volumetry. The measurement of ICG-R15 was 
as such: ICG dye (Verdye, Diagnostic Green GmbH, 
Aschheim-Dornach, Germany) was administered in-
travenously at 0.5 mg/kg. Venous blood samples were 
obtained from the patient at 0 min, 10 min, 15 min and 
20 min intervals and sent to the laboratory for analysis 
of ICG-R15. Interpretation of all the CT volumetry was 
performed by a single radiologist with special interest 
in HPB imaging. Prophylactic intravenous cefazolin 2 g 
was administered 30 minutes prior to skin incision. All 

patients had ICG-R15 done pre-operatively and after 
stage 1 ALPPS prior to stage 2 ALPPS. All patients were 
admitted to high dependency care post-operatively for 
haemodynamic monitoring in view of surgical com-
plexity and anticipated blood loss. Routine laboratory 
investigations were performed on post-operative days 
(POD) 1, 3 and 5, and as per clinical requirements. In-
terval CT abdomen with volumetry was done about  
1 week following stage 1 ALPPS to assess sFLR. All of 
our included patients had adequate liver hypertrophy 
following stage 1 ALPPS. In the event of post-oper-
ative fever, a  full septic workup was performed with 
two sets of blood culture, chest X-ray with or without 
CT abdomen and pelvis for further evaluation of pos-
sible intra-abdominal collection or an intra-abdomi-
nal cause of sepsis. Empiric antibiotics were initiated 
with piperacillin-tazobactam and one dose of vanco-
mycin as per our institution’s local antibiotic steward-
ship programme after collection of blood cultures, and  
adjusted based on culture results. Significant pleu-
ral effusion and/or intra-abdominal collection was 
drained based on clinical discretion via interventional 
radiology. Following discharge, patients were followed 
up at 1-2 weeks following discharge, then at 6-monthly 
intervals. If there were changes in clinical condition or 
blood abnormalities which were detected, additional 
follow-ups were given. Interval imaging with CT abdo- 
men and pelvis with triphasic liver or MRI liver was 
performed at 6 monthly intervals.

Surgical technique

All procedures were performed as open proce-
dures by a single surgeon. For patients with rectosig-
moid cancer with liver metastases, high/low anterior 
resection was performed in the same setting as stage 1 
ALPPS alongside the colorectal team. ALPPS was 
performed first in view of the propensity for bleed-
ing and haemodynamic changes requiring need for 
low central venous pressure (CVP) [14]. Intra-opera-
tive hypotension and low CVP may increase the risk 
of colorectal anastomotic leak [15]. During stage 1 
ALPPS, explorative laparotomy was performed to en-
sure no metastatic disease or progression that precludes 
resection. Intra-operative ultrasound was performed 
to confirm location of tumour and resectability. Super-
ficial tumours in the FLR were removed by anatomical 
or non-anatomical segmental resections. On-table ra-
diofrequency ablation was performed for deep-seated 
tumours to preserve liver parenchyma when indicat-
ed. For all operations in this series, segments I to IV 
were preserved; however, extended right hepatectomy 
to include part of segments IVA and IVB or wedge 
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resection of segment IVA or IVB was performed in 
the presence of tumour metastases in those segments. 
The right portal vein (PV) (RPV) and hepatic artery 
(HA) were isolated via an extra-Glissonean approach 
and only RPV was ligated in continuity during stage 1 
ALPPS. However, the left PV was preserved and not 
slung or mobilised. Segment I  branches were pre-
served, unless there was a need for caudate lobe resec-
tion. The right liver lobe was mobilized from the infe-
rior vena cava for the first two cases; however, we did 
not mobilize the right liver lobe for subsequent cases 
thereafter to reduce inflammation and adhesions for 
stage 2 ALPPS. A hanging manoeuvre was performed 
routinely for the latter 6 cases to facilitate the anterior 
approach to parenchymal transection. A  partial pa-
renchymal dissection (at least 75-80%) was performed 
for all cases using a  bipolar energy device (Caiman, 
B. Braun, Melsungen, Germany) and the cavitron ul-
trasonic suction aspirator (CUSA, Valleylab, Boulder, 
CO, USA). Pringle’s manoeuvre was performed at the 
surgeon’s discretion when there was significant intra- 
operative bleeding. A test for bile leakage (white gauze 
test) was performed. A plastic sheet was used during 
our initial experience and placed between the split pa-
renchymal surface to prevent adhesion formation for 
stage 2 ALPPS. Subsequently, TachoSil and Seprafilm 
(Baxter International Inc, Illinois, United States) were 
placed to reduce the risk of bleeding and adhesions re-
spectively. The operation was subsequently taken over 
by the colorectal team for high anterior resection or 
low anterior resection (LAR) for patients with colorec-
tal cancer with liver metastases. As the purpose of this 
paper is to describe our initial experience with ALPPS, 
the details of the colorectal surgery were not described. 
Defunctioning ileostomy was performed for some pa-
tients who had LAR. One or two drains were placed at 
the resection surface before closing the abdomen.

Stage 2 ALPPS was performed between days 7 and 
14 following stage 1 ALPPS. The right HA, right he-
patic vein (HV) and right bile duct (BD) were divided. 
Remaining liver parenchymal bridges were transected. 
The remaining left lateral lobe was fixed to the anterior 
abdominal wall to prevent torsion. A drain was placed 
at the resection surface before closing the abdomen.

Statistical analysis

Study variables were extracted to Microsoft Excel 
365 (Microsoft, Washington, United States). Statistical 
analysis was performed with SPSS version 25.0 (IBM 
Corp., Chicago, III., USA). Categorical variables were 
expressed as number (%) and were analysed by χ2 test 
or Fisher’s exact test if expected cell count < 5. Medi-

an (range) were used for all continuous variables. The 
Wilcoxon signed-rank test was used to compare paired 
non-parametric variables. Statistical significance was 
defined as p < 0.05. Due to the short follow-up time 
and small sample size, OS and DFS were calculated as 
the percentage of alive or disease-free patients, respec-
tively, at the end of the study. To our knowledge, there 
has been no study which compared the relationship 
between the change in ICG-R15 and sFLR following 
ALPPS. We adopted the linear regression model to 
compare the change in ICG-R15 and sFLR. Linear re-
gression analysis was similarly used in a previous study 
comparing ICG-R15 and post-operative bilirubin lev-
el, though no significant correlation was observed 
[16]. In addition, we also used the natural logarithm 
of the change in ICG-R15 and sFLR as these variables 
may not follow a linear relationship.

Results

A total of 10 patients were included in this study 
period. Overall median age was 60.5 years (range  
29-69) with male predominance (n = 9/10, 90%).  
The most common co-morbidities were diabetes mel-
litus (n = 3/10, 30%) and hyperlipidaemia (n = 2/10, 
20%). There was one patient with Child-Pugh A  liv-
er cirrhosis. The commonest presenting complaints 
prior to diagnosis were presence of abdominal pain  
(n = 5/10, 50%), gastrointestinal bleeding (n = 4/10, 
40%) and change in bowel habits (n = 4/10, 40%).  
The majority of patients received neoadjuvant che-
motherapy (n = 7/10, 70%), with a median of 6 cycles 
(range 5-9). Two patients received CAPOX (oxalipla-
tin and capecitabine), two patients received FOLFOX 
(oxaliplatin, fluorouracil and leucovorin) and panitu-
mumab, one received capecitabine, and one received 
mFOLFOX and cetuximab. Median time from diag- 
nosis to surgery was 6.7 months (range 0.4 to 39.8).  
We did not have the neoadjuvant chemotherapy reg-
imen for one patient. Table 1 summarizes the base-
line clinical characteristics and clinical profile of the 
patients. The type of resection received during stage 1 
ALPPS is also summarized in Table 1.

The most common histology was adenocarcinoma  
(n = 8/10, 80%) secondary to colorectal origin. Median 
size of the primary tumour was 5.0 cm (range 2.0-7.0). 
There was presence of perineural invasion (PNI) and 
lymphovascular invasion (LVI) in 1 (10%) and 5 (50%) 
patients respectively. Peri-operative characteristics for 
both stage 1 and stage 2 ALPPS are summarized in  
Table 2.

Median serum total bilirubin on POD5 following 
stage 1 ALPPS was 13 µmol/l (range 7-24). Table 3 
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summarizes ICG-R15 and CT volumetry findings 
pre-operatively and after stage 1 ALPPS. Median time 
of pre-operative ICG-R15 and CT volumetry prior to 
stage 1 ALPPS was 9 days (range 2-30) and 32.5 days 
(range 3-78) respectively. Median time of ICG-R15  
and CT volumetry after stage 1 ALPPS was 6.5 days 

Table 1. Baseline clinical characteristics of all included patients (N = 10)

Parameter N (%)

Age at diagnosis (years) 60.5 (29-69)

Sex (male) 9 (90)

ECOG status 0 (0-1)

BMI (kg/m2) 21.6 (19.3-28.3)

Smoker (yes) 4 (40)

Co-morbidities

Diabetes mellitus 3 (30)

Hypertension 1 (10)

Hyperlipidaemia 2 (20)

Ischemic heart disease/coronary artery 
disease

0

Chronic kidney disease 0

Pulmonary disease 0

Cerebrovascular accident 1 (10)

Cirrhosis 2 (20)

Presenting complaint prior to diagnosis

Asymptomatic/incidental 1 (10)

Loss of appetite 1 (10)

Loss of weight 0

Abdominal pain 5 (50)

Abdominal mass 0

Gastrointestinal bleeding 4 (40)

Change in bowel habits 4 (40)

Pre-operative investigations

Total bilirubin (μmol/l) 11.5 (8-23)

ALT (IU/l) 22.5 (11-52)

AST (IU/l) 30 (13-67)

ALP (IU/l) 67 (59-178)

GGT (IU/l) 40.5 (17-300)

INR 1.0 (0.9-1.1)

Albumin (g/l) 39 (34-42)

ICG retention at 15 min (%) 8.8 (4.3-27)

Radiological investigations

RLV (ml) 389.2 (250.1-700)

SLV (ml) 1073.6 (919.4-1267.5)

sFLR (%) 34.4 (21.1-67.3)

Neoadjuvant chemotherapy (yes) 7 (70)

No. of cycles 6 (5-9)

All categorical variables were described as n (%) and continuous variables were described 
as median (range) unless otherwise specified.
ALP – alkaline phosphatase, ALT – alanine aminotransferase, AST – aspartate amino-
transferase, BMI – body mass index, ECOG – Eastern Cooperative Oncology Group, GGT 
– γ-glutamyl transferase, ICG – indocyanine green, INR – international normalized ratio, 
RLV – residual liver volume, sFLR – standardized future liver remnant,  
SLV – standardized liver volume

Table 2. Peri-operative characteristics of stage 1 and stage 2 associating liver 
partition and portal vein ligation for staged hepatectomy (ALPPS)

Parameter Stage 1 ALPPS Stage 2 ALPPS

Histopathology

Histology

Adenocarcinoma 8 (80) –

Hepatocellular carcinoma 1 (10) –

Neuroendocrine tumour 1 (10) –

Size of primary tumour (cm) 5.0 (2.0-7.0) –

Size of largest liver lesion (cm) 2.0 (0.8-6.4) –

Number of liver lesions 4 (3-10) –

Perineural invasion 1 (10) –

Lymphovascular invasion 5 (50) –

Closest margins (cm) 1.3 (0.1-3.0) –

Intra-operative findings

Liver appearance (cirrhotic) 1 (10) 1 (10)

Pringle manoeuvre (yes) 2 (10) 2 (20)

Estimated blood loss (ml) 600 (350-3450) 500 (100-800)

Pints of blood transfused (units) 0 (0-4) 0 (0-1)

Length of operation (min) 481 (329-630)

ICU admission (yes) 2 (10) 0

Length of stay (days) 4 (3-5) N/A

HDU admission (yes) 10 (100) 10 (100)

Length of stay (days) 4.5 (1-9) 4 (2-7)

Total length of stay (days) 24 (13-43)

Post-operative morbidity

PHLF 0 1 (10)

Intra-abdominal collection 1 (10) 2 (20)

Pneumonia 1 (10) 1 (10)

Pleural effusion 3 (30) 6 (60)

Surgical site infection 0 1 (10)

Ileus 1 (10) 0

Unplanned return to operating 
theatre

1 (10) 0

30-day readmission 1 (10)

30-day mortality 0

Adjuvant chemotherapy, yes 6 (60)

No. of cycles 3 (2-5)

All categorical variables were described as n (%) and continuous variables were described 
as median (range) unless otherwise specified.
HDU – high dependency unit, ICU – intensive care unit, PHLF – post-hepatectomy liver failure
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(range 5-9) and 7 days (range 6-8) respectively. The 
median time of ICG-R15 and CT volumetry between 
after stage 1 ALPPS and stage 2 ALPPS was 2 days 
(range 1-3) and 1 day (range 1-4) respectively.

There was a  significant increase in median 
ICG-R15 (Fig. 2A) and sFLR (Fig. 2B) after stage 1 
ALPPS compared to pre-operatively: sFLR pre-opera-
tively median 34.4% (range 21.1-67.3) vs. after stage 1 
ALPPS 53.0% (range 37.2-84.7), p = 0.012. Linear  
regression showed no significant correlation between 
sFLR increase and ICG-R15 (B = 0.26, 95% CI: –0.82, 
1.34, p = 0.565). The strength of correlation was also 
low (R = 0.266, R2 = 0.071). Similarly, linear regression 
showed no significant correlation between the natural 
logarithm of sFLR increase and ICG-R15 (B = 0.362, 
95% CI: –5.88, 7.61, p = 0.638, R2 = 0.131). Linear re-
gression between percentage change in sFLR increase 
and ICG-R15 compared to pre-operative values also 
showed no significant correlation (B = 1.65, R2 = 0.203, 

Table 3. Comparison of ICG retention at 15 min and CT volumetry pre-operatively and after stage 1 ALPPS

Parameter Pre-operatively After stage 1 ALPPS P-value

ICG retention at 15 min (%) 8.8 (4.3-27.0) 10.2 (3.2-25.2) 0.024

Time taken prior to operation (days) 9 (2-30) N/A N/A

Time taken after operation (days) N/A 6.5 (5-9)

CT volumetry

RLV (ml) 389.2 (250.1-700) 577.0 (346.7-809) 0.012

sFLR (%) 34.4 (21.1-67.3) 53.0 (37.2-84.7) 0.012

Time taken prior to operation (days) 32.5 (3-78) N/A N/A

Time taken after operation (days) N/A 7 (6-8) N/A

All continuous variables were described as median (range) unless otherwise specified. Values in bold indicate statistical significance (p < 0.05).
ALPPS – associating liver partition and portal vein ligation for staged hepatectomy, CT – computed tomography, ICG – indocyanine green, RLV – residual liver volume,  
sFLR – standardized future liver remnant

95% CI: –2.11, 5.42, p = 0.310). Logistic regression 
was not performed to establish a correlation between 
ICG-R15 or sFLR and incidence of PHLF as there was 
only one case of PHLF. 

There was one 30-day readmission. He was a 51-year 
old man with extensive bilobar hepatocellular carci-
noma (HCC; largest tumour size 6.4 cm) with a back-
ground of hepatitis B and Child’s A  liver cirrhosis. 
Prior to his surgery, he was treated with transarterial 
chemoembolization (TACE) and yttrium-90 radioem-
bolisation (Y-90). Following stage 2 ALPPS, his POD5 
INR was 1.9, and total serum bilirubin was 26 μmol/l.  
He was discharged well on POD20 with no post-oper-
ative complications and normalization of INR and bil-
irubin. He was readmitted 25 days following discharge 
for decompensated Child-Pugh C liver cirrhosis, 
presenting with symptomatic ascites requiring thera-
peutic paracentesis. He subsequently died on POD88 
during the same admission secondary to decompen-
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Fig. 2. Boxplot showing comparison of (A) ICG-R15 and (B) sFLR before stage 1 ALPPS and after stage 1 ALPPS; ICG-R15 – indocyanine green retention at 15 min; 
sFLR – standardized future liver remnant; ALPPS – Associating Liver Partition and Portal vein ligation for Staged hepatectomy
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sated Child’s C liver cirrhosis. There was one patient 
with total LOS of 43 days. He was a 66-year old man 
with stage IV sigmoid colon adenocarcinoma with bi-
lobar liver metastases. Stage 2 ALPPS was performed  
7 days after stage 1 ALPPS. During POD3 from stage 2 
ALPPS, there was a  febrile episode with abdominal 
pain. CT AP showed a  large perihepatic fluid collec-
tion with gas locules. He underwent radiological-
ly guided drainage of the perihepatic collection on 
POD4. He experienced PHLF subsequently on POD7 
with uptrending bilirubin, with the highest bilirubin of 
210 µmol/l on POD12. He also developed hospital-ac-
quired pneumonia on POD12, for which he was start-
ed on intravenous piperacillin-tazobactam. His liver 
function subsequently improved with normalization 
of serum bilirubin level, and the peri-hepatic drain was 
removed on POD21. He was subsequently discharged 
well and stable on POD43 from stage 1 ALPPS.

Overall post-operative morbidity was 60%. There 
were 6 patients who had pleural effusion following 
stage 2 ALPPS, of whom 3 required radiologically 
guided pleural drainage. There was no 30-day mortali-
ty. Six patients (60%) received adjuvant chemotherapy 
(no. of cycles median 3, range 2-5). Median follow-up 
period was 11.0 months (range 2.2-73.6). There were 
2 patients (20%) with local recurrence, and 3 patients 
(30%) with metastatic recurrence. For patients who had 
metastatic recurrence, the site of location was the liver 
(n = 2), lung (n = 1) and peritoneum (n = 1). Median 
time to local recurrence and metastatic recurrence was 
14.4 months (range 6.9-21.9) and 7.5 months (range 
6.9-17.3) respectively. OS and DFS were 50% and 40% 
respectively. 

Discussion

This retrospective case series aims to fill in the gaps 
to identify whether there is any relationship between 
volumetric increase versus functional increase of  
the liver following ALPPS. We were unable to demon-
strate any significant relationship between sFLR and 
ICG-R15. Our study however did show comparable 
post-operative morbidity and feasibility of ALPPS 
compared to other low-volume centres.

Post-hepatectomy liver failure is one of the most 
feared and serious complications following liver resec-
tion. To reduce this risk, a minimum of sFLR > 20-25% 
in healthy patients without underlying liver disease, 
> 30% in patients with liver steatosis or exposure to 
chemotherapy, and > 40% in patients with cirrhosis, is 
required [2]. Unlike conventional TSH, ALPPS allows 
for rapid liver hypertrophy, reducing the waiting time 
between the first and second stage of hepatectomy [3]. 

This reduces the risk of adhesion formation and risk 
of tumour progression, allowing for higher success of 
completion of the second stage of hepatectomy [3]. It 
has been debated whether the rapid increase in volume 
following stage 1 ALPPS correlates with relative liver 
function, in view of the high post-operative morbidity 
associated with ALPPS. A study by Sparrelid et al. on  
9 patients with colorectal liver metastases showed a de-
crease in median ICG-R15 (1 day before stage 1: 9.9% 
(range 1.2-20.7%), 6 days after stage 1: 7.0% (range  
4.2-19.5)), and increase in median sFLR volume per-
centage by 56.7% (range 32.3-110.4) between 1 day 
before stage 1 and 6 days after stage 1 [8]. Function 
of FLR was measured using dynamic planar 99mTc-la-
belled diethylenetriaminepentaacetic acid galactosyl 
human serum albumin (GSA) scintigraphy, which 
showed improvement in median FLR function after 
stage 1 ALPPS (1 day before stage 1: 1.8%/min/m2,  
6 days after stage 1: 2.6%/min/m2). However, the ex-
tent of increase in sFLR was significantly greater com-
pared to FLR function increase (sFLR volume increase 
56.7%, vs. FLR function increase 28.2%, p = 0.021). 
They however did not perform any correlation between 
change in sFLR and ICG-R15. We were unable to vali-
date their findings as use of 99mTc-GSA scintigraphy is 
not routine prior to liver resection in our institution. 
While 99mTc-GSA scintigraphy provides information 
about liver function, it does not accurately distinguish  
the borders of the liver segment which needs to be 
resected and preserved, necessitating the need for ad-
ditional CT imaging. Use of 99mTc-GSA scintigraphy 
also bears additional costs (range US$564-2,534 in the 
United States) and has radiation exposure of 90 mGy in 
the gallbladder and 6.5 mGy in the liver, compared to  
10 mGy for CT of the abdomen and pelvis [17]. While 
their study did show improvement in ICG-R15, both 
pre-operative and post-stage 1 ALPPS values were  
< 10% (within the normal range of ICG-R15) and may 
not be clinically significant [18].

Makuuchi’s criteria serve as a guide for the decision 
on extent of liver resection in patients with underlying 
cirrhosis. The normal range of ICG-R15 is 0-10%. In 
patients with bilirubin ≤ 17.1 µmol/l (1 mg/dl) with 
ICG-R15 0-10%, patients are eligible for trisectionec-
tomy or hemihepatectomy, while ICG-R15 10-19% 
limits liver resection to left- or right-sided sectionecto-
my [18]. Theoretically, rapid liver hypertrophy should 
result in an sFLR increase with corresponding im-
provement in liver function (represented by a decrease 
in ICG-R15) due to liver cellular proliferation [10, 19]. 
However, we observed an increase in ICG-R15 from 
8.8% (range 4.3-27.0) pre-operatively to 10.2% (range 
3.2-25.2) following stage 1 ALPPS (median of 6.5 days 
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following stage 1). Kambakamba et al. similarly obser- 
ved an increase in ICG-R15 from 3.6% (range 2.6-5.7) 
to 5.4% (range 2.5-10.8) [9]. ICG-R15 is dependent on 
hepatic blood flow, hepatocellular uptake and biliary 
excretion [20]. Hyperbilirubinaemia (> 51.3 µmol/l or 
3 mg/dl) also increases ICG-R15 by competitive inhi-
bition of ICG transport capacity due to the use of the 
same carrier system (adenosine triphosphate (ATP), 
export pump and multidrug resistance associated 
protein 2 (MRP2)) [21]. While the total bilirubin af-
ter stage 1 ALPPS on POD5 in our study was normal 
(range 7-24 µmol/l) and is unable to explain the in-
crease in ICG-R15, the increase is statistically but not 
clinically significant (8.8% to 10.2%) and may be due 
to the small sample size [22]. Nevertheless, this further 
reinforces the hypothesis that volumetric increase may 
overestimate the functional increase of remnant liver 
following ALPPS [6, 8].

We also demonstrated the feasibility and safety of 
ALPPS in a  low-volume centre. Our overall morbid-
ity was 60%, which is comparable to overall minor 
complications of 59% reported in a meta-analysis on 
161 patients who underwent ALPPS [3]. Our results 
were also similar to results reported by other low-vol-
ume centres (overall post-operative complication rate 
66.7%) [23]. Thirty-day mortality was also comparable 
to international reports (range 0-28.7%) [23-26]. In 
contrast, with a  median follow-up of 11 months, we 
obtained OS of 50% and DFS of 40% respectively by 
the end of the study, compared to other low-volume 
centres such as the study by Nadalin et al. (n = 15), 
who reported a survival rate of 66.7% after a median 
follow-up of 17 months [23], and Sala et al., who re-
ported OS and DFS of 100% and 80% with a median 
follow-up of 6.2 months [25]. A possible reason for in-
ferior results reported by our institution may be due 
to the high incidence of LVI of the primary tumour 
(50%) reported. LVI is associated with more aggres-
sive tumour behaviour in colorectal cancer (CRC) and 
serves as a  poor prognostic factor for recurrence  
and mortality in CRC [27]. Additionally, the majori-
ty of the included patients received other treatments 
prior to the offer of ALPPS, e.g. Y-90, TACE and/or 
neoadjuvant chemotherapy. Hence, there is a consid-
erable delay for ALPPS (median time to surgery from 
diagnosis was 6.7 months), which may worsen onco-
logical outcomes [28]. Furthermore, not all patients 
received adjuvant chemotherapy, and of those who  
received adjuvant chemotherapy, not all completed  
the course of treatment. Nevertheless, the role of adju-
vant chemotherapy is controversial and may not have 
survival benefits [29, 30].

There are limitations to our study. This is a retro-
spective case series with a small sample size; however, 
this is related to the novelty of ALPPS in our low-vol-
ume centre. Nevertheless, with a  very small sample 
size and a  variety of disease aetiology, neoadjuvant 
therapy, cirrhosis, and type of resection during stage 1 
ALPPS, the results may not be representative. Howev-
er, the purpose of this study is to highlight the issue 
of discordance between the change in ICG-R15 and 
sFLR following ALPPS. We did not obtain ICG-R15 
and CT volumetry after stage 2 hepatectomy as this 
was not part of routine care, and we also did not per-
form dynamic planar 99mTc-labelled GSA scintigraphy 
as patients will have to bear additional costs and ra-
diation exposure without additional benefit in clinical 
care. We were also unable to perform logistic regres-
sion to correlate ICG-R15 or sFLR with incidence of 
PHLF, as there was only one case of PHLF. Data on 
the type of neoadjuvant treatment received apart from 
chemotherapy (e.g. Y-90 radioembolization or TACE) 
were not collected.

Conclusions

This is the first study to investigate a  potential 
correlation between sFLR and ICG-R15, and we did 
not detect any significant relationship in our centre. 
This further reinforces the hypothesis that volume in-
crease overestimates the functional increase following 
ALPPS. This should be validated by prospective stud-
ies in large tertiary centres. 
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