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traditionally non-resectable liver tumors. It has opened 
a window to the patients with right hepatic lobe tumor 
with insufficient future liver remnant (FLR). Rapid 
and extensive regeneration of hepatic tissue provided 
by ALLPS could decrease mortality of patients due 
to tumor progression. But after being introduced by 
Schlitt et al. in 2010, ALPPS was applied widespread 
regardless of its indication among hepatobiliary 
surgeons and lead to high morbidity and mortality.
[3-7] In some cases with damaged hepatic parenchyma 
although required regeneration of hepatic tissue occured 
but the hypertrophied tissue did not show satisfactory 
function.[8] Further clinical investigation is crucial to 
define precise indications and also find out whether the 

INTRODUCTION

Liver metastases are being diagnosed at earlier stages 
because of high‑quality imaging techniques and 
regular follow‑ups. Among colorectal cancer cases, 
liver is the common site of metastasis. Colorectal 
liver metastasis (CLM) is diagnosed in 20% of cases 
simultaneously with initial cancer because of their 
asymptomatic nature and transient symptoms. 
Extended liver resection in primary intrahepatic 
tumors or CLM is an inevitable surgical approach for 
the affected patients.[1,2] Associating liver partition and 
portal vein ligation for staged hepatectomy (ALPPS) 
has been evolved recently as a salvage therapy for 

Background: Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a novel surgical technique liver 
resection in traditionally nonresectable primary intrahepatic tumors or colorectal liver metastases. Materials and Methods: From 
June 2013 to March 2014, patients with primary tumor of liver or colorectal tumors with liver metastasis were selected to evaluate 
whether they met the initial criteria for ALPPS procedure. Results: Nine patients enrolled in the study with primary diagnoses of colon 
and rectosigmoid cancer, carcinoid tumor, gastrointestinal stromal tumor of small intestine, hepatocellular carcinoma, and pancreatic 
neuroendocrine tumor (PNET). Four candidates excluded from the study prior or during the first step operation due to fatty liver, 
hepatic fibrosis, peritoneal seeding, and multiple small intestine metastases. Five patients underwent two stages of ALPPS with the 
interval of about 1 week. Liver hypertrophy was 100% among our candidates after the initial step. One postoperative death happened 
because of massive pulmonary thromboembolism Recurrence of liver metastasis was seen in one patient. Hepatic failure Class B 
and A were observed in two patients which did not progress during follow‑up period. One patient developed an enterocutaneous 
fistula. Discussion: We recommend to use 2 organ bags, one for wrapping right lobe and the other one for covering visceral organs 
and also do liver biopsy in suspicious cases of damaged liver parenchyma and laparoscopic exploration of abdomen for seeding and 
multiple metastases prior to laparotomy. Conclusion: As the procedure has not been well established and verified by oncologists 
yet, further studies are required to define the exact indications of ALPPS.
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patients benefit from the ALPPS procedure despite high cost 
of mortality and complications. Till now, limited available 
experiments have been conducted on technical feasibility, 
reliability, and safety of the ALPPS procedure.[9]

This article presents the method in details with precautions 
need to take, candidates for ALPPS, their postoperative 
complications and outcome during near3 years follow up.

MATERIALS AND METHODS

During June 2013 to March 2014, nine patients were 
scheduled to undergo ALPPS procedure. Patients enrolled 
in our study were all candidates for hepatectomy because 
of primary or metastatic liver tumors. Expected FLR to total 
liver volume ratio for ALPPS is considered to be 20%–30% 
in normal hepatic tissue and 40% to 45% in patients with an 
underlying liver disease. ALPPS procedure proceeded to the 
2nd step in patients who achieved adequate hypertrophy in 
7–9 days after the initial step. Patients were followed every 
3 months by ultrasound and every 6 months by computed 
tomography (CT) scan. In colorectal cancer with liver 
metastasis, carcinoembryonic antigen level was checked 
every 3 months. Written consent forms were obtained from 
all patients.

Associating liver partition and portal vein ligation for 
staged hepatectomy technique
ALPPS procedure is performed in two stages. A reverse L 
laparotomy incision is applied based on the location of the 
primary tumor, abdomen’s anatomy, and resection site. First, 
the abdominal cavity is explored through a midline incision 
2 cm above the umbilicus. Then, the incision is extended to the 
right horizontally if it is not contraindicated (e.g., multiple 
small hepatic metastases or peritoneal seeding which was 
not obvious on CT imaging). If the primary tumor is located 
in sigmoid or rectosigmoid junction, the incision goes 
2–4 cm below umbilicus [Figure 1]. The liver is mobilized 

by dissecting the ligaments thoroughly from left and right. 
Hilar lymph nodes were dissected subsequently. After 
identification of the right, left, and middle hepatic arteries, 
the right hepatic artery is encircled by a vessel loop. Then, 
cholecystectomy is performed as usual, and the cystic duct 
is saved for further checking of bile leakage. By reaching 
hilar plate after common bile duct identification, portal vein 
is dissected distally up to the bifurcation. While branches 
are exposed enough, right branch is marked by vessel loop. 
It is necessary to pay attention to anatomical variation of 
portal vein. For instance, patient D had separate perfusion 
pathways for anterior and posterior sectors [Figure 2]. 
Missing such anatomical variations of portal vein may lead 
to insufficient FLR hypertrophy. Liver is further mobilized 
to be detached from caval vein.

Based on the tumor location, the partition line is defined 
by electrocautery. In situ splitting is performed by CUSA 
and Ligasure device using hanging maneuver. We do not 
use Pringle maneuver routinely to reduce FLR injury due 
to ischemia. Partitioning of the superior part of the liver 
is done 1 cm distal to hilum. To prevent probable portal 
triad injury, caudate splitting is postponed to the second 
step of the procedure. After checking biliary leakage, the 
right lobe, containing lesions, is wrapped in a sterile organ 
bag. Normally, these organ bags are used in transporting 
the transplant organs. Although deserosations had 
been repaired in patient D, adhesions developed 
between the incision site and small intestine and caused 
enterocutaneous fistula. Since then, exposed surface of 
visceral organs has been covered by another organ bag to 
prevent developing adhesion bands and facilitate the 2nd 
step of laparotomy [Figure 1]. Using organ bags provide 
greater exposure and better handling, because the loops 
of intestine bind together. At the end of the first step, 
a Jackson‑pratt drain is placed near liver and fascia is 
sutured. Then, the patient is admitted to Intensive Care 

Figure 1: Additional organ bag covers visceral organs in the first step of procedure
Figure 2: Anterior and posterior branches of portal vein drain to portal vein 
separately
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Unit, and antibiotics covering Gram‑positive and negative 
microorganisms are administered. In the 6th postoperative 
day, FLR hypertrophy is assessed by multiple detector 
CT scan which has been demonstrated in literature.[3,10] If 
FLR hypertrophy is adequate, the patient will undergo 
the second step on the 7th postoperative day. If not, it 
will be postponed to 3 days later, again after imaging 
evaluation.[3]

During the second step of the procedure, the right hepatic 
artery is identified and marked by a vascular clamp. Later 
on, it is preferred to ligate the artery at anterior and posterior 
sectors to make sufficient perfusion to the biliary tract. While 
there is not enough space to rotate liver to the right due to 
the left lobe hypertrophy, it is recommended to extend the 
incision transversely to the right and cut the rectus muscle. 
Dissection at hilum plate is continued, till arterial branches 
of anterior and posterior sectors are identified and ligated. 
Moreover, it is followed by excision of caudate lobe and 
removal of the sample. Biliary ducts of the sectors are 
identified and sutured by polydioxanone (PDS; Ethicon 
6‑0), while biliary leakage is checked by injection into the 
preserved cystic duct. If the primary tumor of colon has not 
been resected previously, colectomy is performed in this 
stage. Finally, a Jackson‑pratt drain is placed and fascia is 
repaired. The incision is sutured through tertiary wound 
management.

RESULTS

Demographic and operative data of the ALPPS candidates 
are demonstrated in Tables 1 and 2.

Regarding outcome and follow‑up, patient B, was a bronchial 
carcinoid tumor case treated with lobectomy surgery 6 
years ago but he came back with presentation of carcinoid 
syndrome, again few years after. CT imaging showed a 
lesion in liver and biopsy revealed neuroendocrine tumor. 
He underwent ALPPS procedure with no postopertaive 
complication. Patient C died because of massive pulmonary 
thromboembolism (PTE) 3 days after the second step. 
Patient D suffered from intestinal fistula leading to sepsis 
and Child class B hepatic failure 7 days after the first step 
of operation. Furthermore, right‑sided pleural effusion 
developed and was treated by inserting a chest tube. After 
45 days of hospitalization, patient D has made a satisfactory 
recovery from enterocutaneous fistula and discharged with 
total bilirubin amount of 5 mg/dl. Patient E developed 
hepatic failure Child class A and right‑sided pleural effusion 
which was drained. No evidence of recurrence and/or 
metastasis was detected in the follow‑up visits of these two 
patients. In patient B, the CT after 1 year showed a 2 cm 
lesion at the cut surface of the liver. However, liver biopsy 
from segment III did not represent any tumor recurrence. 
Further imagings showed no alteration in the size of the 

Table 1: Outcome and follow‑up of patients underwent successful associating liver partition and portal vein ligation 
for staged hepatectomy
Patient Sex Age Underlying 

disease
Primary 
disease

Preserved 
segment

Interval 
(days)

Complication Recurrence 
or liver 
metastasis

Hepatic 
failure

Chemotherapy 
(cycle)

Follow‑up 
(months)

A Male 65 DM Colon and 
sigmoid 
cancer

II, III
Most of I and IV

7 No Liver 
metastasis

No 6 cycles 42

B Male 56 No Bronchial 
carcinoid 
tumor

II, III
I partially

7 No No No No 40

C Female 48 No HCC II, III
I partially

9 PTE No No No -

D Male 54 No GIST of 
small bowel

II, III, I partially 8 Right-sided pleural 
effusion and 
intestinal fistula

No Yes No 37

E Male 48 No HCC I, II, IVA
I partially

9 Right-sided pleural 
effusion

No Yes No 34

DM = Diabetes mellitus; GIST = Gastrointestinal stromal tumor; PTE= pulmonary thromboembolism; HCC = Hepatocellular carcinoma

Table 2: Patients who failed to proceed the associating liver partition and portal vein ligation for staged hepatectomy 
procedure
Patient Age Sex Underlying 

disease
Primary tumor Date of primary 

tumor surgery
Cause of ALLPS cancelation Chemotherapy 

before surgery
F 52 Male No PNET of pancreas 24 m before ALPPS Peritoneal seeding No
G 56 Male DM Adenocarcinoma of colon 18 m before ALPPS Fatty liver, hepatic fibrosis 8 cycles
H 62 Male No PNET with unknown origin Not done Multiple small liver metastasis No
I 66 Female DM, HTN Rectosigmoid tumor First step of ALPPS Fatty liver, hepatic

Fibrosis
5 cycles

ALPPS = Associating liver partition and portal vein ligation for staged hepatectomy; HTN = Hypertension; DM = Diabetes mellitus; PNET = Pancreatic neuroendocrine tumor
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mass till now. Patient A was referred again with few 
metastatic focuses in segments II and III after 11 months 
and underwent multiple radiofrequency ablations and 
chemotherapy. He is still alive and no hepatic failure is 
established yet. It has been observed 25% recurrence rate 
among our patients during the follow‑up period [Table 1].

Four candidates of ALPPS with diagnosis of pancreatic 
neuroendocrine tumor (PNET), colon adenocarcinoma, 
PNET with unknown origin and rectosigmoid tumor 
had their surgeries canceled intraoperatively [Table 2]. 
In two cases (G and I), fatty firm liver have been detected 
during primary abdominal exploration. Frozen section 
demonstrated 40%–50% steatosis and fibrosis in these 
cases. Since hypertrophy of about 2–3‑fold is mandatory 
and damaged hepatic tissue is unable to produce the 
required volume, hepatectomy was canceled to prevent 
postoperative hepatic failure. Resection of the primary 
tumor was performed in case I who was affected with CLM 
to relieve partial obstruction symptoms. Peritoneal seeding 
and several small metastases were observed during primary 
exploration in cases F and H, respectively [Table 2].

DISCUSSION

ALPPS is a novel resolution giving hope to some patients 
with hepatic mass who definitely  won’t survive the disease. 
The procedure is consisted of two‑staged hepatectomy 
by which rapid significant hypertrophy of the remnant 
is induced by transecting the parenchyma while there 
is not enough time for the development of collateral 
formation.[10-16] The technique is relied on portal vein ligation 
and in situ splitting through parenchyma so that the two 
parts are just connected through hilar structures in the 
first step. Partitioning will be completed after an interval 
of 7 days if FLR hypertrophy is satisfactory.[13,16] There 
are promising results on remnant growth rate by ALPPS 
procedure in literature.[17,18] But the reason that the technique 
is not approved yet is lack of being evaluated technically in 
early development phase till now.[16,19]

This study consists of all the candidates of ALPPS 
procedure, either patients for whom operation was done 
successfully or patients who met the criteria for ALPPS in 
initial assessment but failed to complete the procedure due 
to some reasons. Although there is no oncologic verification 
of ALPPS,[10] we only used this method in patients for whom 
there was no alternative treatment. [Figure 3]. In order to 
avoid unnecessary laparotomies, we paid utmost attention 
to patient selection. However many authors emphasized on 
necessity of having a common criteria, it is not determined 
yet.[20] Early experiences of ALPPS reported postoperative 
complications which may be due to misusing the technique 
extensively. Then, some restrictions on patient selection 

were applied in response to high morbidity and mortality 
including age limitation to under 70, and[21] exclusion of 
patients with hilar cholangiocarcinomas,[15] or severe portal 
hypertension.[22] Previous studies indicated that most of 
the patients underwent the first step of procedure would 
complete the second step as well, considering sufficient FLR 
hypertrophy between two steps.[1,23] In our study, sufficient 
hypertrophy was developed after the first step in all patients 
indicating 100% feasibility.

As mentioned above, one of the limiting factors of this 
method is high morbidity of about 43%–60% due to hepatic 
failure, bile leakage, and perioperative infections.[24,25] 
Despite one postoperative death because of  massive PTE, 
hepatic failure rate among our patients was similar to 
other reports. Unlike other studies, bile fistula and leakage 
were not found among any of our patients. According to 
Kawarda’s classification, bile duct of segment IV drains 
the left hepatic area near the confluence in 35% of cases. 
Based on this fact bile leakage is due to missed open end 
of the segment IV A/B ductules which is injured or cut 
during liver partitioning. Hence, if the transect line is not 
alongside the falciform ligament, reviewing the biliary tree 
anatomy of this segment is advised. This approach prevents 
closure of the biliary duct and postoperative cholangitis 
or bile leakage.[15] Some evidences recorded postoperative 
hepatic failure in spite of extensive FLR hypertrophy. As 
a matter of fact, regenerated hepatic tissue does not have 
function in proportion to the volume. To mention one 
reason, chemotherapy or underlying disease may cause 
malfunction of liver parenchyma.[2,8,12,26] To proceed to the 
next step, FLR of 20%–30% is acceptable in normal hepatic 
tissue and the FLR of 40%–50% in damaged hepatic tissue 
such as chemotherapy-treated parenchyma.[27-29] Steatosis 
and fibrosis was seen in 2 of our cases who had diabetes and 
hypertension and were pretreated by chemotherapy. Since 
damaged hepatic tissue is unable to produce the required 
volume, hepatectomy was canceled to prevent postoperative 
hepatic failure. Therefore, we suggest taking liver biopsies 
in suspected cases of fatty liver due to an underlying disease 
and patients underwent chemotherapy. Patient selection 
will be more precise while mandatory amount of FLR 
hypertrophy is evaluated by liver biopsy. In two scheduled 
cases, the operation was not performed because of small 

Figure 3: Patient D computed tomography scan of hepatocellular carcinoma
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peritoneal seeding and multiple small liver metastases. 
Regarding these cases, although no contraindication for 
ALPPS exists before surgery, intraoperative findings 
caused cancellation of hepatectomy. Therefore, diagnostic 
laparoscopy before the main surgery is recommended for 
better patient selection.

The development of inflammatory adhesions following the 
first step makes the second step more challenging. Here 
we mentioned a patient with the complication of intestinal 
fistula after the second step of procedure. He developed 
adhesion bands from intestinal loops to the anterior 
abdomen wall. We advised to cover the cut surface of liver 
and the visceral organs with an extra organ bag to prevent 
visceral contact with the incision site. One of the difficulties 
is that the intestinal loops attach together and could not fill 
the empty cavity generated after hepatectomy. The solution 
to this problem is releasing omentum from stomach and 
transverse colon and placing it below the right diaphragm. 
Furthermore, this maneuver may seem to seal bile leakage 
as well. Importantly, the surgical incision type has to be 
considered, especially among CLM cases. Based on our 
experience, reverse L incision gives access to much wider 
area. In metastatic lesions, it is preferred to have a midline 
incision and decide on where to put the transverse incision 
according to the primary tumor location.

CONCLUSION

ALPPS seems to obtain a role in liver metastases surgeries. 
Selecting candidates for ALPPS is still a challenging aspect 
of this procedure. We used reverse L incision and an extra 
organ bag for our candidates. Furthermore, diagnostic 
laparoscopy and biopsy before main surgery is suggested. 
However, further clinical studies are necessary to improve 
ALPPS procedure.
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