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I n t r o d u c t i o n. The routine tool to stimulate 
hypertrophy of the future liver remnant (FLR) is 
portal vein embolization (PVE). Nevertheless, the 
rate of FLR hypertrophy does not exceed 30–40 % 
in patients with cholangiocarcinoma after  
PVE [1]. One of the most effective tools to stimulate 
FLR hypertrophy is recently elaborated Associated 

Liver Partition and Portal vein ligation for Staged 
hepatectomy (ALPPS) [2]. Extremely poor 
immediate outcomes of ALPPS in patients with 
different types of cholangiocarcinoma were 
critically reviewed in several papers, including 
analysis of the data of international ALPPS register 
[3–5]. As a result, ALPPS was not recommended 
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OBJECTIVE. To estimate the short-term results of modified variant of ALPPS (PRALPPS) in patients with perihilar and 
intrahepatic cholangiocarcinoma. MATERIAL AND METHODS. Procedure was indicated for future liver remnant <40%. 
RESULTS. PRALPPS was applied in 13 patients and completed in 10 patients. Degree of hypertrophy and kinetic 
growth rate were 48 and 4.3%/day, respectively. Major morbidity (>II) after the stage 1 and 2 was presented in 3 (only 
IIIa) and 7 patients, respectively. CONCLUSION.  PRALPPS may be considered as an effective and safe procedure 
in patients with perihilar and intrahepatic cholangiocarcinoma. 
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ЦЕЛЬ. Оценить ближайшие результаты модифицированного варианта ALPPS (PRALPPS) у пациентов с пери-
хилярной и внутрипеченочной холангиокарциномой. МАТЕРИАЛ И МЕТОДЫ. Операцию выполняли при объеме 
будущего остатка печени <40 %. РЕЗУЛЬТАТЫ. PRALPPS был применен у 13 пациентов и завершен у 10 па-
циентов. Степень гипертрофии и кинетическая скорость роста sFLR составили 48 и 4,3 %/день соответственно. 
Серьезные осложнения (>II) после 1-го и 2-го этапов выявлены у 3 (только IIIа) и 7 пациентов, соответственно. 
ЗАКЛЮЧЕНИЕ. PRALPPS может рассматриваться как эффективная и безопасная операция при перихилярной 
и внутрипеченочной холангиокарциномах.
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to be applied in patients with cholangiocarcinoma. 
The feasibility of applying ALPPS for treatment 
of biliary cancer remains inconclusive.  

Several variants of ALPPS with reduced surgi-
cal trauma were proposed to decrease the risk of 
severe morbidity irrespectively to the type of the 
tumor needed to be removed by extended liver 
resection, nevertheless, there are still no data 
justifying implementation of modified ALPPS 
for FLR hypertrophy stimulation by estimation 
of outcomes in series of cholangiocarcinoma pa-
tients [6–10]. In this study we aimed to evalu-
ate the short-term outcomes of Percutaneous 
Radio-frequency Assisted Liver Partition with 
Portal vein embolization in Staged liver resection 
(PRALPPS) in patients with perihilar (PHCC) and 
intrahepatic (IHCC) cholangiocarcinoma.

M a t e r i a l  a n d  M e t h o d s. Study Design – retrospective 
observational study. Data were collected prospectively over the 
period of September 2014 – March 2018. The indication for 
PRALPPS was the volume of FLR<40 %. Patients with PHCC, 
type II–IV, T1-3N0-1M0 and IHCC, T1-3N0-1M0 were included 
in the study. Exclusion criteria were stage IVA, B for PHCC, stage 
IVB and T4N0-1M0 for IHCC patients.

The volume of FLR was estimated initially by multispiral 
CT. The hypertrophy of FLR was evaluated by calculation of the 
rate of FLR hypertrophy, degree of hypertrophy (DH) and kinetic 
growth rate (KGR). The rate of hypertrophy was calculated using 
the standard formula: 

[(Post-PVE FLR – Pre-PVE FLR) / (Pre-PVE FLR)]100. [11, 12]. 

Calculation of standard FLR (sFLR), DH and KGR was 
performed according to formulas proposed by authors from MD 
Anderson Cancer Center [13, 14]. Hepatic failure after liver resection 
was defined according to ISGLS criteria (International Study Group 
of Liver Surgery) [15]. Morbidity was estimated according to 
Clavien – Dindo scale, including 90-day mortality estimation [16].  

Surgical technique. The stage 1 of PRALPPS included 
minimally invasive procedures performed by only percutaneous 
approach: portal vein embolization combined with radio-frequency 
ablation (RFA) of liver parenchyma along one of the portal planes 
depending of the type of major liver resection. The depth of liver 
parenchyma destruction by RFA was not exceed 50 % of future 
liver resection plain. Detailed description of surgical technique 
was presented in our previous papers [17].  FLR volume was 
estimated 7–9 days after the first stage. If the volume of FLR did 
not reached 40 %, the second stage was postponed for the next 
7–11 days with repeated CT volumetry. Major liver resection 
was performed on a second stage, which also included regional 
lymphadenectomy, extrahepatic bile duct resection, and biliary 
reconstruction with Roux-en-Y hepaticojejunostomy through 
the laparotomy or minimally invasive approach (laparoscopic 
or robotic). 

Outcomes. The primary end point of the study was to evaluate 
the safety of PRALPPS by taking into account the frequency and 
nature of morbidity, as well as mortality after stage 1 and 2 of 
PRALPPS. The secondary end points were rate of FLR hypertrophy 
intraoperative blood loss. Short-term oncological outcomes were 
estimated by the comparison of R0 rate resection.  

Statistical Analysis. Continuous data are presented as median 
values. SPSS version 23.0 (IBM SPSS, Inc., Chicago, IL) software 
package was applied for data analysis.

T a b l e  1

Demographic data and perioperative outcomes in stage 1

Parameter Value

Age, year 58 (42–73)

Gender (female, male), n 4/9

ASA PS* 3 (3–4)

Diagnosis (PHCC/IHCC), n 11/2

Total bilirubin before drainage, µmol/L 187 (21–313)

Cholangitis before procedure, n 9

Duration of jaundice, week 4 (0–8)

Chemo before procedure, n 1

Volume of FLR initially,  % 32 (20–41)

Volume of FLR after stage 1, % 45 (35–58)

Volume of sFLR initially, % 38 (18–88)

Volume of sFLR after stage 1, % 54 (30–116)

Rate of FLR hypertrophy, % 44 (15–93)

Duration of FLR hypertrophy, day 15 (6–29)

Degree of hypertrophy, % 48 (17–117)

Kinetic growth rate, %/day 4.3 (0.6–11.0)

Severe morbidity (>II) after stage 1, n 3

* – American Society of Anesthesiologists
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R e s u l t s. A total of 110 patients with PHCC 
and IHCC were treated with curative intent during the 
period of October, 2013 – March, 2018, including 
84 patients with PHCC and 26 patients with IHCC. 
PRALPPS was performed in 13 patients.

All jaundiced patients with the bile duct tumor 
obstruction underwent percutaneous biliary drain-
age (PTBD). PTBD was effective in all patients and 
led to decrease of total bilirubin less than 50 µmol/l. 

Demographic data, tumor characteristics, labo-
ratory data before surgery and outcomes of stage 
1 are presented in table 1. 

The second stage of PRALPPS was completed 
in 10 patients. Despite the high rate (75 %) and long 
duration (23 days) of FLR hypertrophy after the first 
stage of PRALPPS, major liver resection was refused 
in one patient with PHCC due to insufficient final 
volume of FLR (35 %). Parenchymal-sparing resec-
tion was performed with R0 bile duct resection. The 
second stage was cancelled in two patients because of 
periotoneal canceromatosis revealed after laparotomy. 
In one patient, the reason to decline the second stage 
was the relapse of cholangitis and tumor progression 
during the time that was required for treatment of 
cholangitis.    

Data on stage 2 of surgery are presented  
in table 2. 

Distribution of complications according to 
their severity according to Clavien – Dindo clas-
sification is presented in table 3. In most of the 
patients with postoperative morbidity complica-
tions of grade II and IIIa were observed.

In most of the patients with postoperative mor-
bidity complications of grade II and IIIa were ob-

served. Morbidity according to stage of surgery 
is presented in table 4.

The severe morbidity in 3 patients after the 
first stage of PRALPPS included only grade IIIa 
complications which were presented by abscesses 
in ablated liver parenchyma resolved after percu-
taneous drainage. Severe complications after the 
second stage of resection are presented in table 3. 
Most of complications after the stage 2 were esti-
mated as grade IIIa. The only death after the stage 
2 in patient with IHCC was not directly related 
to the liver resection. The reason for lethal out-
come was multiple relapsed small intestinal wall 
perforation due to division of severe adhesions 
caused by canceromatosis, which was revealed 
only on histological examination.  

D i s c u s s i o n. Analysis of ALPPS short-term 
outcomes based on the data from International 
ALPPS Registry, revealed the most frustrating 
morbidity and mortality after the both stage of 
procedure in patients with different types of 
cholangiocarcinoma. The severe complications 
rate after ALPPS in patients with PHCC reached 
64 %. The rate of 90-day mortality and liver 
failure was 36 and 57 %, respectively, in patients 
with PHCC [3, 4]. The high risk of ALPPS 
in treatment of patients with PHCC was confirmed 
by recent multicenter study Olthov et al (2017), 
where authors revealed mortality rate reached 
48 % in 90-days in unmatched patients [5]. One 
of the ways to overcome the negative impact of 
ALPPS on immediate results of surgical treatment 
is reduced surgical trauma on the first stage of 
procedure [18]. Several modified less traumatic 

T a b l e  2

Perioperative outcomes in stage 2

Parameters for stage 2 (n=11) Value

Blood loss during stage 2, Ml 580 (50–2200)

Residual tumor (R1,2), n 0

Severe morbidity (>II) after stage 2, n 7

Liver failure B (ISGLS) after stage 2, n 1

T a b l e  3

Severity of morbidity according to Clavien – Dindo classification

 Grade of complications After stage 1 (n=13) After stage 2 (n=10)

Grade 1 NA NA

Grade 2 3 1

Grade 3a 3 5

Grade 3b 0 1

Grade 4a 0 0

Grade 4b 0 0

Grade 5 0 1

T o t a l 6 8

NA – non available.



25 [ENG]

«Grekov’s Bulletin of Surgery» • 2019 • Vol. 178 • № 2 • P. 22 [ENG]–27 [ENG] Melekhina O. V. et al.

variants of ALPPS were described over the past 
few years [8, 19]. Nevertheless, rare case reports 
presented implementation of this technique 
in patients with PHCC and IHCC [8–10, 20].  

One of the advantages of PRALPPS is the only 
percutaneous approach for the first stage. Combined 
percutaneous PVE and microwave ablation were pro-
posed by Hong de F and coauthors in 2016 [6]. 
The same technique as we used was described by 
Giménez et al. in experimental study on four pigs 
(PRALPPS) in 2017 [21]. Nevertheless, there is no 
English language publication on clinical implemen-
tation of PRALPPS, including treatment of patients 
with biliary cancer. Open RFA assisted liver parti-
tion combined with portal vein ligation was applied 
in patients with colorectal metastases and HCC (so 
called, RALPP and RALPPS techniques, respective-
ly) [7, 22]. We have been using PRALPPS technique 
in our clinical practice since 2014. Initially we define 
the procedure as RALPPS (Radio-frequency As-
sisted Liver Partition with Portal vein emboliza-
tion in Staged liver resection). The first analysis of 
short-term results in heterogeneous group included 
patients with different liver tumors was published 
in 2016 in Russian language paper [17]. 

Conventional PVE provides only 33.6 % rate of 
FLR hypertrophy before major resection for PHCC 
according to data of Higuchi and Yamamoto (2014), 
analyzed PVE outcomes in 836 patients [1]. Low liver 
capacity for hypertrophy is partly attributable to de-
terioration of liver parenchyma due to jaundice and 
acute cholangitis. Therefore, there is a need for more 
effective tool than conventional PVE to stimulate liver 
hypertrophy in order reach 40 % or even more volume 
of FLR, which was the main reason to apply PRALPPS 
in cholangiocarcinoma patients before major resection. 

The main obstacle in implementation of ALPPS 
for bile duct cancer is enormous rate of liver failure 
and 90-day mortality. Therefore, the evaluation of nature 
and rate of morbidity of PRLAPPS was the first end 
point for investigation in our study. We obtained lower 
rate and severity of complications after the stage 1 

in comparison with other authors presented outcomes 
of classical ALPPS in cholangiocarcinoma patients [5]. 
All of three patients with severe adverse events 
after stage 1 had only grade IIIa complications (in-
fected fluid collection in liver parenchyma along RFA 
plane), that were resolved after percutaneous treatment. 
Severe complications after stage II of PRALPPS in our 
series developed in 8 out of 11 patients; nevertheless, 
the majority of them were not life-threatening and were 
estimated as grade IIIa according to Clavien-Dindo clas-
sification. Mortality rate after PRALPPS (1/11) was the 
same as it was published after PVE for biliary cancer 
(8.8 %) in specialized high volume centers [23]. No 
mortality was obtained after the stage I. A single lethal 
outcome after stage II was not related to liver resection. 

The mean rate of FLR hypertrophy after the 
first stage was 43 %, which appears more effec-
tive than mean rate after PVE (33.6 %) presented 
in review paper of Higuchi and Yamamoto [1]. The 
hypertrophy was evaluated using volume of sFLR and 
DH proposed by MD Anderson Cancer Center [13]. 
Critical volume of sFLR after portal vein occlusion was 
estimated as 30 % for posthepatectomy liver failure 
prognosis in several papers. It was the same for patients 
with colorectal liver metastases and hilar cholangio-
carcinoma [5, 13]. In our study mean volume of sFLR 
after the stage I was 54 (30–116) %. KGR estimation 
with controversial outcomes was performed previously 
only for patients with colorectal liver metastases. The 
critical rate of KGR for liver failure prediction changed 
from 2 %/week to 6 %/day [14, 24]. In our study mean 
KGR was 4.3 (0.6–11.0) %/day.         

Short-term oncological results (R0 resection) 
were acceptable. The estimation of survival was 
not aimed in this study.

The limitations of our study are small number of 
cases and retrospective analysis. Further accumulation 
of experience is needed, nevertheless, the evaluation 
of the first results is important to understand that the 
modified variants of ALPPS demonstrate enough safety 
to continue their evaluation in cholangiocarcinoma 
patients. 

T a b l e  4

Morbidity after the stage 1 and 2 of PRALPPS

Complications After stage 1 (n=13) After stage 2 (n=10)

Fever (post RFA) 3 –

Liver abscesses 3 –

Bile leakage – 3

Cholangitis – 1

Pleural effusion 1

Ascites – 1

Anastomotic stricture – 1

Peritonitis – 1

T o t a l 6 8
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C o n c l u s i o n. According to preliminary eval-
uation, PRALPPS may be considered as the safe and 
effective procedure of stimulating FLR hypertrophy 
in cholangiocarcinoma patients. The first stage of 
PRALPPS is potentially reversible procedure unlike 
the conventional ALPPS. Comparative estimation 
of PRALPPS with conventional PVE is needed to 
clarify the advantages of former over the latter tech-
nology in terms of safety and efficacy. 
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