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Background: Insufficient volume of the future liver remnant (FLR) is a major cause of unresectability in
patients with bilobar colorectal liver metastases (CLM). The objective of this study was to evaluate the
safety and efficacy of the novel associating portal embolization and artery ligation (APEAL) technique
before extended right hepatectomy during a two-stage procedure for CLM.
Methods: All patients who had undergone extended right hepatectomy during two-stage surgery for
CLM between 2012 and 2014 were identified retrospectively from a prospectively maintained database.
In the first stage, right portal vein embolization, partial right hepatic artery ligation and devascularization
of segment IVb along the round ligament without parenchymal transection were associated with clearance
of the FLR and/or primary tumour resection. Liver volumetry was performed using OsiriX software on
postoperative day (POD) 7 and 30.
Results: Ten patients underwent the APEAL procedure. During the first stage, APEAL was combined
with colorectal resection in seven patients. The median (range) interval between the two stages was 45
(31–71) days. The FLR volume increased from 327 (214–537) cm3 before surgery to 590 (508–1072)
cm3 on POD 7 and 701 (512–1018) cm3 on POD 30. This corresponded to a FLR regeneration rate of
104 (42–185) and 134 (53–171) per cent respectively. There were no deaths. The overall morbidity rate
was 60 per cent (6 of 10) after each procedure, with severe morbidity occurring in two and three of ten
patients after the first and second procedures respectively.
Conclusion: APEAL induces fast, safe, reproducible and effective FLR growth when an extended right
hepatectomy is scheduled in patients with multiple bilobar CLM.
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Introduction

Liver surgery for colorectal liver metastases (CLM) has
become increasingly common over the past two decades.
This is explained in part by progress in chemotherapy
and the use of targeted agents, but also by the fact that
resection offers the possibility of cure in patients with
metastases confined to the liver1. Equally, liver resec-
tion has become a safe procedure. Because response to
medical therapy correlates with resectability2, multidisci-
plinary management is the key. Although the assessment
of resectability remains subjective3, the major barrier
to achieving an R0–R1 resection is insufficient volume
of the future liver remnant (FLR). Several approaches
have been used in attempts to overcome this limitation.
These include combining radiofrequency ablation with

surgery4, portal vein embolization (PVE) and two-stage
hepatectomy5.

Achieving a sufficient volume of FLR is particularly prob-
lematic in multiple bilobar unresectable CLM because the
FLR has to be cleared of metastases before inducing its
regeneration by PVE. When the FLR consists of segments
II and III (± segment I), right PVE may be insufficient to
induce consistent FLR growth6. Two methods have been
used in an attempt to deal with this problem. The first is
postoperative percutaneous PVE of the right portal vein
and segment IV branches, and then extended right hep-
atectomy at least 3 weeks later7. The second technique,
published recently8, is associating liver partition with por-
tal vein ligation for staged hepatectomy (ALPPS) 10 days
before an extended right hepatectomy. These two options
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are effective in inducing regeneration of the FLR. How-
ever, both have major drawbacks. Right+ segment IV PVE
is a technically demanding procedure even in the hands
of a highly experienced radiologist, and ALPPS is associ-
ated with high rates of severe morbidity (40 per cent)8 and
mortality (up to 15 per cent)9.

Techniques currently used to induce growth of the
FLR are based on PVE. However, interrupting hepatic
arterial blood flow before liver surgery to induce liver
regeneration has also been explored using transarterial
(chemo)embolization in hilar cholangiocarcinoma10 and
hepatocellular carcinoma11–16.

This article reports a new method for inducing rapid
growth of the FLR during two-stage hepatectomy requir-
ing an extended right hepatectomy at the second stage.
The novel concept is to associate, during the first stage,
PVE with partial right hepatic artery ligation and ligation
of the glissonian branches of segment IVb along the round
ligament without parenchymal transection. The acronym
APEAL (associating portal embolization and artery liga-
tion) is proposed for this new procedure. The aim of this
study was to evaluate the safety of the technique and to
assess its effectiveness in inducing FLR growth.

Methods

All those who underwent a two-stage procedure with con-
comitant partial hepatic artery ligation and PVE in the
first stage, and an extended right hepatectomy in the sec-
ond stage, between December 2012 and April 2014, were
identified from a prospective database of patients who
received surgical management for liver metastases. This
technique was proposed as an alternative to ALPPS for
patients with at least two of the following criteria: very
small FLR volume (segments II+ III± I), metastases in
this FLR, and a primary tumour to be resected. These
patients had unresectable bilobar liver metastases despite
induction chemotherapy. During multidisciplinary team
meetings that included at least one liver surgeon and one
liver radiologist, unresectability was defined strictly as the
inability to treat all metastases in a single procedure while
leaving sufficient FLR. The main causes of unresectabil-
ity were unfavourable location (tumour contiguous with at
least 2 hepatic veins and the inferior vena cava or both sides
of the liver hilum) and/or insufficient liver remnant and/or
large multinodular metastases involving five or more liver
segments. Pulmonary metastases, if fewer than three, were
not a contraindication to two-stage hepatectomy. As this
was a retrospective study, consent was not obtained from
the patients. According to French law no formal ethics
approval was required for this study.

Preoperative evaluation

All patients were evaluated before operation with chest and
abdominal CT, liver MRI and PET–CT (at initial referral)
to complete evaluation and to exclude extrahepatic disease.
Response to chemotherapy was evaluated by CT every four
to six cycles.

Chemotherapy

Perioperative chemotherapy included interval chemother-
apy between the two stages. At the time of initial referral
to the authors’ institution, patients had the opportunity
to enrol in a clinical trial testing conversion chemother-
apy associated with targeted therapies (NCT01442935).
The possibility of any form of surgery was envisaged in
this trial. The regimens comprised use of folinic acid and
5-fluorouracil (5-FU) combined with oxaliplatin (FOL-
FOX), irinotecan (FOLFIRI) or both (FOLFIRINOX or
FOLFOXIRI). These regimens could be given in combi-
nation with bevacizumab or cetuximab, depending on RAS
status. All patients with rectal cancer received neoadju-
vant radiotherapy with 25 Gy over 5 days after induction
chemotherapy.

Surgical procedure

Operations were performed through a right J-shaped
laparotomy or midline incision. Antibiotics were admin-
istered following guidelines on antimicrobial prophylaxis.
After dissecting the round hepatic and falciform ligaments,
palpation and intraoperative liver ultrasonography were
used to detect occult liver tumours, and to assess the rela-
tionship between liver tumours and intrahepatic vascular
structures.

The first stage consisted of clearing the FLR with non-
anatomical parenchyma-sparing resection. Focal destruc-
tion of small and deeply located metastases was associated
with resection. The right portal vein was embolized with
n-butyl-2-cyanoacrylate glue (Histoacryl®; Braun Medi-
cal, Aesculap, Tuttlingen, Germany) mixed with iodized
oil (Lipiodol®; André Guerbet, Aulnay-sous-Bois, France)
before being ligated and transected. The right hepatic
artery was dissected up to its bifurcation by an extra-
hepatic hilar approach, without parenchymal transection,
and its branches were taped. The artery for segments
V–VIII or segments VI–VII was ligated depending on the
predefined strategy. Ligation of the right anterior artery
was favoured, unless there was a huge tumour burden in
segments VI–VII. The right hepatic artery remained taped
to facilitate its identification during the second stage. An
additional procedure was undertaken to devascularize seg-
ment IV. The segment IVb glissonian branches (portal and
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a  Extraparenchymal dissection b  Segment IVb glissonian branches taped

c  Segments VI–VII discoloration d  Close-up of discoloration

Fig. 1 Operative view of segment IV devascularization in the associating portal embolization and artery ligation technique: a dissection
of segment IVb glissonian branches arising from the right side of the round hepatic ligament, without any transection; b the branches
are taped close to their origin (before ligation); c and d discoloration of segments VI and VII

arterial branches, and biliary duct) arising from the right
side of the round hepatic ligament were ligated close to
their origin. As many branches as possible were ligated
without any liver transection (Fig. 1).

Digestive procedures were performed after liver surgery.
A diverting loop ileostomy was created in patients with
postradiotherapy proctectomy. Before wound closure,
four sheets of hyaluronic acid and carboxymethylcellulose
membranes were applied around the liver17.

The second stage was undertaken 1–2 months later with
the intent to achieve an R0 resection. Transection of the
liver parenchyma was carried out using the crushing Kelly
clamp technique, clips and water bipolar forceps. Finally,
intermittent clamping of the liver pedicle for 15 min,

interrupted for 5 min (Pringle manoeuvre), was used to
reduce blood loss.

Liver volumetry and assessment of liver
regeneration

Liver regeneration was assessed by volumetry and measure-
ment of biochemical variables (prothrombin time (PT) and
total bilirubin). Preoperative hepatic functional reserve was
not assessed.

Liver volumetry was performed on CT images with
the image processing software OsiriX (Pixmeo, Bernex,
Switzerland). The FLR volume, tumour volume and whole
liver volume were determined. Total liver volume (TLV)
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referred to whole liver volume minus tumour volume. The
ratios of FLR (segments II and III± segment I) to TLV
and bodyweight (BW) were calculated for each patient.
Liver regeneration after the first stage was assessed on post-
operative day (POD) 2, POD 7 and POD 30. At each time
point, the FLR and BW ratios, the increase in volume and
FLR regeneration rate were calculated. The FLR regener-
ation rate was calculated as: increase in volume/initial FLR
volume.

Outcomes and follow-up

Clinical and surgical findings during the first and second
procedures were recorded. Preoperative and postopera-
tive laboratory tests included complete blood cell count,
levels of aspartate (AST) and alanine (ALT) aminotrans-
ferase, blood urea nitrogen, serum creatinine, C-reactive
protein and bilirubin, and coagulation. Postoperative 30-
and 90-day morbidity and mortality were recorded, and
postoperative complications were graded using the classifi-
cation of Dindo et al.18. Fever under 38⋅5∘C was not con-
sidered a complication provided samples for bacteriological
testing were negative and no antibiotics were administered.
Acute renal injury was defined by a twofold increase in
serum creatinine level, and acute renal failure by a three-
fold increase19. Postoperative liver failure was defined by
a PT value below 50 per cent and a serum bilirubin con-
centration exceeding 50 μmol/l on POD 520, and/or by a
postoperative peak bilirubin value of at least 120 μmol/l21,
and/or by grade C liver failure as defined by the Interna-
tional Study Group of Liver Surgery22. The first outpatient
visit was scheduled at 1 month after the second operation.
Follow-up consisted of physical examination and blood
sampling with CT, every 3 months.

Statistical analysis

Continuous data are presented as median (range). Over-
all survival was calculated from the date of the second
procedure to the date of death from any cause or date
of last follow-up (censored observation). The Wilcoxon
matched-pairs signed-rank test was used to evaluate dif-
ferences from baseline in each patient and for comparison
of median volumetry values. P < 0⋅050 was considered
significant. Statistical analysis was carried out using R
software version 2.11 (R Project for Statistical Computing,
Vienna, Austria).

Results

During the study interval, ten consecutive patients required
right hepatectomy extended to segment IV± I during a

Table 1 Patient demographics and tumour characteristics

No. of patients* (n= 10)

Age (years)† 60 (43–74)
Sex ratio (M : F) 9 : 1
Body mass index (kg/m2)† 26⋅7 (20⋅3–32⋅1)
Primary tumour site

Right colon 2
Left colon 4
Rectum 3
Pancreas (neuroendocrine tumour) 1

Node-positive primary 9
CEA level (μg/l)† 31 (2–979)
Timing of metastases

Synchronous 9
Metachronous (>12 months) 1

No. of metastases† 9 (1–20)
Size of largest metastasis (mm)† 80 (20–140)
No. of metastases in FLR† 1 (0–6)
Size of largest metastasis in FLR (mm)† 29 (10–70)
Extent of disease in segment IV

No. of metastases† 1 (0–2)
Contiguity with 2 hepatic veins and IVC 4
Total size of isolated metastases (mm)† 11 (0–50)
Patients with metastases no longer

visible on imaging
4

Lung metastases 2

*Unless indicated otherwise; †values are median (range). CEA,
carcinoembryonic antigen; FLR, future liver remnant; IVC, inferior vena
cava.

two-stage procedure (Table 1). All patients had concomitant
partial interruption of arterial and portal blood flow and
devascularization of segment IVb at the first procedure.

With the exception of one patient, with liver metastases
from a pancreatic neuroendocrine tumour, all had CLM.
If the primary tumour was still in place (7 patients), it
was resected during the first stage of liver surgery. One
patient had a suspected splenic metastasis not confirmed
at pathological examination of the spleen.

All patients underwent preoperative chemotherapy. One
patient had preoperative rectal radiotherapy before the first
procedure. Three patients were included in a clinical trial
testing conversion chemotherapy. None of the patients
had progressive disease before surgery. Nine patients with
CLM had received FOLFOX (5 patients), FOLFIRI (2),
and FOLFIRINOX (2), associated with targeted therapy
(bevacizumab in 7 patients and cetuximab in 2). The
median number of cycles of preoperative chemotherapy
was 15 (7–59). The patient with the neuroendocrine
tumour had two cycles of 5-FU with streptozotocin before
the first procedure and no further chemotherapy. Three
patients had more than one line of chemotherapy. Seven
patients had one cycle of interval chemotherapy with
a mean delay of 20 (13–26) days after the first stage.
The main reasons for not giving interval chemotherapy
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Table 2 Perioperative data

First stage
(n=10)

Second stage
(n=10)

Metastasectomy/minor
hepatectomy

5 0

No. of resected metastases
in FLR*

2 (1–5) 0

Extended right hepatectomy
Right hepatectomy+ IV 4
Right hepatectomy+ IV+ I 6

Resected liver weight (g)* 54 (20–75) 912 (570–2400)
Ablation in FLR 2 1
No. of ablations* 2 (1–6) 1
Hepatic artery ligation –

Segments VI–VII 3
Segments V–VIII 7

Duration of operation (min)* 412 (180–585) 290 (180–540)
Total pedicle occlusion 0 9
Duration of occlusion (min)* – 19 (8–35)
Blood loss (ml)* 150 (20–1000) 900 (300–3000)
Perioperative red blood cell

transfusion
1 9

Primary tumour resection 7 0
90-day mortality 0 0
Duration of hospital stay

(days)*
13 (8–26) 11 (7–29)

Interval between the two
stages (days)*

45 (31–71)

*Values are median (range). FLR, future liver remnant.

in the other three patients were extensive preoperative
chemotherapy leading to asthenia, postoperative com-
plications and primary neuroendocrine tumour. Seven
patients received postoperative chemotherapy. No post-
operative complication prevented the administration of
chemotherapy after the second stage. Two patients did not
have chemotherapy after the second stage because of the
large number of cycles already received. Five patients did
not undergo tumour resection inside the FLR during the
first stage (Table 2). In the remaining five patients, a median
of 4 (2–6) metastases were located in the FLR, with a total
tumour size of 54 (40–125) mm. During the second stage,
an additional procedure was undertaken in three patients:
one loop ileostomy closure, one adrenalectomy and one
inferior vena cava partial resection.

Liver volumetry

The FLR consisted of segments II+ III in six patients, and
segments II+ III+ I in four. Before operation, the TLV
was 1855 (1165–2374) cm3 and the FLR measured 327
(214–537) cm3. Segment IV volume was 169 (106–236)
cm3, which represented 8 (7–12) per cent of the TLV.
The FLR/TLV and FLR/BW ratios were 21 (9–25) and
0⋅46 (0⋅23–0⋅77) per cent respectively. On POD 7, the
FLR measured 590 (508–1072) cm3, corresponding to
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Fig. 2 Liver regeneration by postoperative day (POD) 7 and 30
after associating portal embolization and artery ligation in ten
patients. a Future liver remnant (FLR) regeneration rate defined
by the increase in volume divided by the initial FLR volume. b
FLR to total liver volume ratio. c FLR volume to bodyweight
ratio; the dashed line indicates the critical FLR to bodyweight
ratio of 0⋅5 per cent23. Values are median (range).

an increase in volume of 300 (225–696) cm3 and a FLR
regeneration rate of 104 (42–185) per cent (P = 0⋅005
versus preoperative value). The FLR/TLV and FLR/BW
ratios were 38 (23–56) and 0⋅92 (0⋅56–1⋅31) per cent
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a  Preoperative b  POD 7 c  POD 30

Fig. 3 CT images a before and on b postoperative day (POD) 7 and c POD 30 after associating portal embolization and artery ligation
with devascularization of segment IVb and ligation of the right anterior hepatic artery. Images show hypodensity of segment IVb (white
arrow) and segments V–VIII (white dashed circle). a Future liver remnant (FLR) volume 347 ml, FLR/total liver volume (TLV) ratio
25 per cent; b FLR volume 754 ml, FLR/TLV ratio 54 per cent; c FLR volume 892 ml, FLR/TLV ratio 64 per cent

respectively (Fig. 2). On POD 30, the FLR measured 701
(512–1018) cm3, corresponding to an increase in volume
of 367 (238–642) cm3 and a FLR regeneration rate of 134
(53–171) per cent (P = 0⋅005 versus before operation and
P = 0⋅028 versus POD 7). The FLR/TLV and FLR/BW
ratios were 40 (25–64) and 0⋅93 (0⋅62–1⋅24) per cent
respectively (Fig. 2).

Biological parameters

After the first stage of surgery the total bilirubin level
increased slightly relative to baseline over the first few
days, reaching a median of 23 (7–39) μmol/l on POD 2.
Values were 20 (8–56) μmol/l on POD 3 and 17 (7–45)
μmol/l on POD 5. The PT was at its lowest level of 58
(range 40–69) per cent on POD 1–2 and then rose to
79 (44–100) per cent on POD 5. The serum creatinine
concentration showed a transient increase in two patients,
rising to 136 and 199 μmol/l on POD 2 and 3 respectively.
All parameters had normalized before the second stage.
Aminotransferase levels peaked on POD 2 when the ALT
level was 3191 (807–8612) units/l and the AST level 2911
(417–9506) units/l. The results were similar when ALT

and AST values from the patients who received additional
ablation were excluded.

After the second stage, the serum creatinine concen-
tration did not vary significantly except in the patient
who underwent reoperation for haemorrhage a few hours
after hepatectomy. Bilirubin, aminotransferases and PT
had kinetic profiles similar to those seen after major
hepatectomy. On POD 5, median total bilirubin was 22
(4–83) μmol/l and PT was 64 (49–69) per cent. One
patient had a total bilirubin level over 50 μmol/l with PT
lower than 50 per cent. At 2 months after operation, the
total bilirubin concentration was 13 (3–30) μmol/l and PT
was 78 (60–100) per cent.

Imaging findings

In all but two patients, sectoral hepatic ischaemia was
noted on CT 7 days after the first procedure. All patients
had marked cytolysis. Hypodense parenchyma suggesting
hepatic ischaemia was visualized better on POD 7 than
on POD 2 (Fig. 3). At 1 month, there was no sign of hep-
atic ischaemia in seven of the ten patients. Two patients
had segment V–VIII parenchymal ischaemia, which was
less pronounced than on POD 7. Ischaemia disappeared
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Table 3 Postoperative complications

First stage
(n=10)

Second stage
(n=10)

No. of patients with complications 6 6
No. of patients with severe

complications
2 3

Grade of most severe complication*
I 1 1
II 3 2
IIIa 2 0
IIIb 0 2
IVa 0 1
IVb 0 0
V 0 0

Related specifically to treatment of
primary tumour

3 0

Related specifically to treatment of
liver metastases

2 7

Hepatobiliary complication 0 5

*Dindo–Clavien classification.

proximally (around the hilar plate). One patient had atro-
phy of segments VI–VII. Ischaemia of segment IVb was
observed in eight of ten patients on POD 2 and POD 7,
and in six of ten on POD 30.

Postoperative outcomes and complications

There was no death by 90 days after the first procedure
or by 90 days after the second operation. Six patients
experienced morbidity after the first procedure (Table 3).
There were no liver-specific complications. Three patients
had severe complications after the second procedure:
postoperative haemorrhage, reoperated on within 2 h
(2 patients) and pneumonia requiring 3 days of inten-
sive care (1). There were no complications related to
histological changes in the resected lobe

Recurrences and survival

The median follow-up was 14⋅5 (3⋅1–20) months. Nine
of ten patients were alive at 1 year, although seven had
developed recurrences. Three patients were treated with
curative intent and were disease-free at latest follow-up.
One patient had disseminated disease progression
7 months after the second procedure and died within
2 months of resuming chemotherapy.

Discussion

This study evaluated the feasibility and effectiveness of
the APEAL technique, consisting of right PVE, hepatic
artery ligation and devascularization of segment IVb, in
ten consecutive patients requiring an extended right hepa-
tectomy during two-stage surgery for bilobar metastases.

All patients had an extremely low FLR volume and/or
had received extensive preoperative chemotherapy. The
novel APEAL technique described here resulted in rapid
and extensive hypertrophy of the FLR (over 100 per
cent at 1 week). No previously published procedure has
achieved such high regeneration rates using a standard
technique in consecutive patients. Indeed, with right por-
tal vein+ segment IV embolization, the regeneration rate
is about 62 per cent at 4 weeks7. With ALPPS, the regen-
eration rate is about 74 per cent after 9 days8.

A potential consequence of concomitant PVE and
hepatic artery ligation is hepatic necrosis. To date, there
have been no published descriptions of concomitant
PVE and hepatic artery ligation or embolization. How-
ever, reports11–16 of sequential PVE and hepatic artery
embolization/chemoembolization have shown encourag-
ing results. In the present study, sectoral hypodensity on
CT at POD 2 and POD 7 and/or raised levels of amino-
transferases on POD 2 were noted in all but one patient.
However, only two had imaging signs of sectoral hepatic
necrosis. Interestingly, four patients had revascularization
of segment IVb, which confirms that hepatic ischaemia is
most often transient. Angiographic studies of the collateral
arterial supply after hepatic artery ligation showed that
revascularization occurred within a few hours through
the hilar plate, interlobar collaterals and perihepatic
collaterals24.

There was no postoperative clinical complication related
to hepatic necrosis. The only consequences were transient
acute renal injury in two patients. In ALPPS, necrosis of
segment IV was associated with infection and bile leak-
age. By avoiding parenchymal transection along the falci-
form ligament, the APEAL technique avoids these compli-
cations, even if colorectal surgery is associated, provided
that a sectoral-only hepatic artery is ligated (not the right
hepatic artery).

In patients with numerous unresectable liver metastases,
extending right hepatectomy to segment IV± I carries a
major risk of liver failure owing to the small size of the
FLR associated with the parenchymal toxicity of induction
chemotherapy. Moreover, the need to clear liver metas-
tases in the FLR during the first stage increases functional
impairment. In this situation, two ways to induce optimal
FLR hypertrophy and to decrease the risk of postopera-
tive liver failure have been proposed: the ALPPS technique
and percutaneous embolization of the right portal vein and
segment IV branches. The use of hepatic vein emboliza-
tion associated with PVE could be an option. However,
this technique has been studied only as a salvage procedure
for insufficient FLR growth after right PVE before a right
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hepatectomy. ALPPS created enthusiasm among hepato-
biliary surgeons because hypertrophy of the FLR was rapid
enough to allow second-stage surgery within 2 weeks. The
major drawback of this strategy is the high mortality rate
of 12–15 per cent8,9. This rate is difficult to accept when
dealing with isolated CLM, in which chemotherapy alone
offers a median overall survival of 25–29 months25.

Right portal vein+ segment IV embolization has been
proven effective with low morbidity7. However, the com-
pletion of segment IV embolization is technically demand-
ing and incurs the risk of left portal vein thrombosis.
Moreover, the efficacy and reproducibility of adding seg-
ment IV embolization to right PVE can be questioned26.
This is explained by the anatomy and vascularization of
segment IV, which has numerous anatomical variations.
Segment IV is vascularized by both the umbilical part and
the transverse (proximal) part of the left portal vein. Up
to six branches arising from the umbilical part of the left
portal vein have been described as supplying segment IVb
alone27. With APEAL, only the glissonian branches to seg-
ment IVb were ligated without parenchymal transection.
This induced arterial and venous interruption and resulted
in necrosis, which might be more effective in inducing FLR
growth. Moreover, by avoiding dissection of the transverse
part of the left portal vein, this technique precluded the
risk of left portal vein damage and thrombosis.

APEAL resulted in rapid FLR hypertrophy and would
have allowed a shorter delay between the two procedures,
as is the case with ALPPS. Nevertheless, in the present
series, the second stage was performed after the same 1–2
months’ delay used in conventional two-stage hepatec-
tomy. This waiting period is useful for patients’ recovery
and to exclude those who will experience rapid disease
progression28. In two-stage hepatectomy, extrahepatic
disease progression is a major cause of patient drop-out;
this would not be prevented by the rapid removal of liver
tumour by the ALPPS approach. The second stage of
ALPPS has to be undertaken quickly because technical
problems arise owing to infection and necrosis of segment
IV associated with perihepatic adhesions if more than
2 weeks elapse after the first stage.

The APEAL technique has the advantage of being less
technically demanding because of the absence of extensive
previous liver dissection and of postoperative fluid collec-
tions. It can be facilitated further by perihepatic place-
ment of antiadhesion barriers17 and systematic vessel tap-
ing with coloured silicone loops. Another advantage of this
technique is that artery ligation not only increases FLR
regeneration but also has potential antitumour effects by
depriving cancer cells of oxygen, leading to necrosis and
apoptosis10,29.

As well as demonstrating rapid and extensive FLR hyper-
trophy, both surgical procedures were safe. There were no
deaths at 90 days and morbidity rates were 60 per cent
after both procedures. Despite the fact that the patients
included had more extensive disease than those under-
going conventional two-stage hepatectomy, the morbidity
rate was consistent with previous publications on two-stage
hepatectomy. Morbidity rates of 0–26 per cent after the
first stage and 20–59 per cent after the second stage have
been reported, with severe morbidity rates of up to 10 and
30 per cent respectively30. After right portal vein+ segment
IV embolization, morbidity and severe morbidity rates
were 58 and 33 per cent respectively7. Moreover, in the
present study resection of the primary tumour was per-
formed in 70 per cent of patients during the first stage
of APEAL. This is important because two-stage hepate-
ctomy is a frequent option in patients with synchronous
CLM17,30. The combination of primary tumour resection
with the first stage of liver surgery reduces the total number
of procedures undertaken.

The lack of longer-term survival data is a limitation of
this preliminary study, as is the small number of patients.
Both prevent the drawing of any firm conclusions about
oncological outcomes. Technically, APEAL requires an
intraoperative approach by laparotomy and could appear
more aggressive than percutaneous PVE. However, the
surgical technique is simple, reproducible and consistently
associated with major FLR hypertrophy. Furthermore,
APEAL permitted full exploration of the peritoneal cavity,
confirming the absence of peritoneal carcinomatosis and
allowing removal of the primary tumour. It also permit-
ted assessment of the FLR using intraoperative ultrasono-
graphy to check for the absence of liver metastases and for
improved localization of metastases that may have been
missed on the preoperative CT. This technique is still
under investigation and the results require confirmation
in a multicentre approach. Analysis of future registry data
should be undertaken, and a trial of ALPPS or right por-
tal vein+ segment IV embolization versus APEAL may be
warranted.
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