Original paper

Does repeat laparoscopic hepatectomy without
extracorporeal Pringle manoeuvre worsen treatment
outcomes?

Yoshihiro Inoue’, Yusuke Suzuki?, Masato Ota?, Kazuya Kitada?, Toru Kuramoto!, Kentaro Matsuo’,
Kensuke Fujii!, Yuta Miyaoka!, Fumiharu Kimura!, Kazuhisa Uchiyama!

10saka Medical College Mishima-Minami Hospital, Osaka, Japan
?Osaka Medical College Hospital, Osaka, Japan

Gastroenterology Rev 2022; 17 (2): 130-137
DOI: https://doi.org/10.5114/pg.2021.110021

Key words: Pringle manoeuvre, hepatic inflow occlusion, laparoscopic repeat hepatectomy, surgical outcome.

Address for correspondence: Yoshihiro Inoue, Osaka Medical College Mishima-Minami Hospital, Osaka, Japan, phone: +81 072(677)1333,
e-mail: surl29@osaka-med.ac.jp

Abstract

Introduction: The Pringle manoeuvre is used in most hospitals to counteract intraoperative haemorrhage in laparoscopic
hepatectomy by occluding the flow of blood to the liver. However, in laparoscopic repeat hepatectomy (LRH), outcomes of previous
surgery and the influence of other factors frequently make it difficult to occlude the inflow of blood.

Aim: To discuss the value of inflow occlusion during LRH and provide tips for its performance.

Material and methods: Sixty-three patients who underwent LRH with or without the Pringle manoeuvre were analysed ret-
rospectively. We investigated the efficacy and safety of the Pringle manoeuvre in LRH. Student’s t and y? tests, Mann-Whitney’s
U test, Wilcoxon’s signed-rank test, and Fisher’s exact test were used in the statistical analysis.

Results: Nineteen patients underwent LRH with the Pringle manoeuvre, and 44 patients underwent LHR without the Pringle
manoeuvre. After propensity score matching, there were no significant differences in terms of operative time, estimated blood
loss, and postoperative complication rate (p = 0.973, 0.120, and not applicable, respectively). However, the rate of conversion to
open repeat hepatectomy (ORH) was significantly lower in the Pringle manoeuvre group (p = 0.034). In many cases, the cause
of conversion to ORH was the non-use of inflow occlusion and the resulting inability to control intraoperative haemorrhage.
Laboratory data collected after surgery showed no significant difference between the 2 groups regardless of whether blood flow

was occluded or not.

Conclusions: LRH with the Pringle manoeuvre can be performed safely using various surgical devices. However, it is often
challenging to perform the Pringle manoeuvre in patients with a history of cholecystectomy or segment 5 resection of the liver,

and caution is required.

Introduction

Multimodality treatment for liver tumours is currently
available owing to developments in hepatectomy and oth-
er therapies [1, 2]. However, the clinical course often re-
quires multiple surgeries. The value of repeat hepatectomy
after liver tumour recurrence following initial hepatectomy
has been widely reported in recent years. An increasing
number of studies also report the value of laparoscopic
rather than open repeat hepatectomy (ORH) [3, 4].

Laparoscopic surgery has been shown to provide
good therapeutic outcomes compared with open hepa-
tectomy, mainly because of its lower invasiveness and
better cosmetic outcomes [5]. This procedure has un-

dergone dramatic development as a result of advances
in instrument design and improved surgical techniques,
and it is currently considered an alternative to conven-
tional open surgery. One such surgical technique is the
Pringle manoeuvre, which occludes the inflow of blood
into the liver. Inflow occlusion is extremely effective in
reducing the amount of intraoperative haemorrhage
during liver transection [6, 7]. However, in laparoscopic
repeat hepatectomy (LRH), outcomes of previous sur-
gery and the influence of other factors frequently make
it difficult to occlude the inflow of blood.

Surgical devices have undergone rapid develop-
ment in recent years, and laparoscopic techniques are
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improving and becoming standardized [8]. However, the
role of blood inflow occlusion in LRH remains unclear,
and evidence is still lacking.

Aim

Thus, in this study, we aimed to discuss the value
of inflow occlusion during LRH and provide tips for its
performance.

Material and methods
Patient population and selection

Between February 2012 and December 2019, 63
consecutive patients who underwent LRH for liver tu-
mours at Osaka Medical College Hospital, were enrolled
in this study. All 63 patients underwent laparoscopic
repeat liver resection without any other concomitant
surgical procedures (i.e. colorectal resection). All pa-
tients were fully informed of the study design, which
was approved by the Ethics Committee on Clinical In-
vestigation of Osaka Medical College Hospital (approv-
al numbers 1828 and 1997), and they each provided
written informed consent. The Pringle manoeuvre was
not performed in a total of 19 cases, and 44 patients for
whom taping was judged impossible due to adhesions
in the hepatic portal area.

A tumour size less than 10 cm was the main criteri-
on when considering a patient for LRH, and the number
of tumours and their location were not considered. The
indication for LRH was no more than 5 hepatic resection
sites. Patients with tumour invasion into adjacent or-
gans were not considered candidates for LRH. Moreover,
LRH was not considered for candidates when any com-
plications occurred after the initial hepatectomy. The
criteria for conversion from LRH to ORH were as follows:
(1) the stumps of both the preserved and resected livers
could not be adequately expanded, (2) uncontrollable
intraoperative bleeding, (3) blood loss > 500 ml, (4) to-
tal Pringle manoeuvre (hepatic blood flow occlusion)
time > 120 min, (5) and intraoperative bile leakage not
amenable to laparoscopic repair. Patients who required
conversion from LRH to ORH were analysed as part of
the LRH group.

Surgical procedure

The detailed laparoscopic technique routinely used
in our department has been described in previous re-
ports [1, 2, 4, 5]. With abdominal ultrasonography, we
assessed the tumour for the presence of abdominal
wall adhesions, after which the first trocar was placed
at a site that was deemed to be free of adhesions. Af-
ter the introduction of a 12-mm umbilical or other port
using an open technique, continuous carbon dioxide

(CO,) pneumoperitoneum was induced at a pressure
limit of 12 mm Hg and flow of 6 |/min to decrease the
risk of gas embolism. Four 5-12 mm trocars and a 30°
laparoscope (1588 AIM; Stryker Japan K.K., Tokyo, Ja-
pan) were inserted. Port positioning was standardized
according to the hepatic segments to be resected. After
identifying any adhesions of the hepatic vein root, di-
aphragm, or hepatic portal region, a routine diagnostic
and staging laparoscopy was performed. Mobilization of
the liver was subsequently initiated. The lateral hepatic
attachment and the triangular ligament were divided
using the surgical tissue management system (Thun-
derbeat; Olympus Inc., Tokyo, Japan) after the round and
falciform ligaments were dissected. This dissection was
typically carried up to the diaphragm, allowing more
effective mobilization of the liver. In mobilizing the liver,
we preserved the liver membrane as much as possible,
i.e. even if some of the anatomy was lost due to ad-
hesions, the liver membrane could be preserved, and
other organs such as the intestinal tract and diaphragm
would not be damaged. Moreover, we performed an ex-
tracorporeal Pringle manoeuvre, by occluding the blood
flow with a vascular occlusion tube (Vessel-Clude; Ar-
gon Medical Devices Inc., USA) from outside the body
after any adhesions of the hepatic hilar region were
identified (Figure 1). In addition to intraoperative ul-
trasonography, laparoscopic ICG-fluorescence imaging
was also used to determine the demarcation line and
to identify the tumour. The central venous pressure
was maintained at 0-3 mm Hg during parenchymal
transection. Parenchymal transection was performed
using the Sonop 5000 ultrasonic dissector (Hitachi Alo-
ka Medical, Ltd.) and the surgical tissue-management
system. The stumps of the liver transection line on both
the preserved and resected sides were adequately ex-
panded. Small vessels were ligated or coagulated using
a soft-coagulation system. Intraparenchymal control of
major vessels was obtained with non-absorbable su-
tures, whereas biliary and vascular radical division was
accomplished with stapling devices or non-absorbable
sutures. The hepatic pedicle was always isolated to en-
able use of the Pringle manoeuvre if possible. Intermit-
tent clamping was applied with 15-min clamping and
5-min release periods. During the resection, the surgical
margin was carefully confirmed using intraoperative ul-
trasonography to obtain a margin of 5-10 mm when
possible. The resected, undivided specimen was placed
in a plastic retrieval bag and removed through the um-
bilical incision.

Definitions

The “R” classification denoted the absence or pres-
ence of a residual tumour postoperatively [9]. Morbidity
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Figure 1. Placement of extracorporeal Pringle manoeuvre during laparoscopic hepatic resection. A — The

round ligament of the liver is elevated, and the hepatoduodenal ligament is opened. For confirmation,
a thorough inspection is performed for the presence of adhesions around Winslow’s foramen. B — The
inferior vena cava location is confirmed. The forceps is inserted between the inferior vena cava and the
hepatoduodenal ligament. The forceps is inserted toward the direction of the lesser omentum. The edge of
the cotton tape is grasped with the forceps once the latter has been pulled out from the lesser omentum.
C — The cotton tape is pulled out and passed behind the hepatoduodenal ligament. D — The edge of the
cotton tape is pulled out from the port wound in the left upper abdomen. The cotton tape is inserted into
the abdominal cavity by passing it through a Vessel-Clude*. The preparations for the extracorporeal Pringle

manoeuvre are complete

was graded according to the Clavien-Dindo classifica-
tion. Surgical site infections were defined according to
the Centre for Disease Control’s National Nosocomial
Infection Surveillance system [10]. Postoperative bile
leakage and post-hepatectomy liver failure were de-
fined according to the criteria of the International Study
Group of Liver Surgery [11, 12]. We defined massive as-
cites as ascites that could not be managed or satisfac-
torily prevented with medical therapy [13]. The extent
of hepatic fibrosis was scored as follows: stage 0, no
fibrosis; stage 1, portal fibrosis without septa; stage 2,
portal fibrosis with rare septa; stage 3, numerous septa
without cirrhosis; and stage 4, cirrhosis [14].

Statistical analysis

To minimize the influence of potential confounders
on selection bias, propensity scores were generated
using binary logistic regression, which included the
following variables: age, sex, body mass index (BMI),
pathological diagnosis, viral hepatitis infection status,
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presence of diabetes mellitus, total bilirubin, albumin,
prothrombin time (PT), platelet count, indocyanine
green retention rate at 15 min (ICG-R15), Child-Pugh
classification, tumour number, largest tumour size, tu-
mour location, and number of hepatic resections. One-
to-one matching between the groups was accomplished
using the nearest-neighbour matching method, which
was performed without replacement and using a cal-
liper width of 0.2 standard deviations of the logit of
the estimated propensity score. After propensity score
matching (PSM), the 2 matched groups were handled as
unpaired independent groups. Continuous variables are
expressed as medians + standard deviation. Continu-
ous variables were compared using Student’s t-test and
Mann-Whitney U test. Univariate analyses of categori-
cal variables were performed using the likelihood-ratio
test or Fisher’s exact test, as appropriate. Factors that
were found to be significant in the univariate analysis
were subjected to a multivariate logistic regression
analysis to determine the adjusted odds ratios. P < 0.05
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values were considered significant. All statistical analy-
ses were performed using JMP version 14 (SAS Institute,
Inc., Cary, NC, USA).

Results
Patient demographics

In all 63 patients, the procedure was successfully
completed laparoscopically in 57 patients. However,
6 (9.5%) patients underwent conversion to open sur-
geries. This was due to bleeding in 3 patients and in-
tra-abdominal adhesions in 3 patients. In most of the
patients in the LRH group with the Pringle manoeuvre,
the number of tumours and amount of excised liver
was large, and the conversion rates to ORH were high.
Therefore, to avoid selection bias between the 2 groups,
a comparative study was carried out by using one-to-
one PSM. According to PSM, 15 of the 19 patients in the
LRH group with the Pringle manoeuvre were matched
with 15 of the 44 patients in the LRH group without
the Pringle manoeuvre. The baseline characteristics of
the matched study population (30 patients) are sum-
marized in Table I. No significant differences in the
demographic or operative characteristics were found
between the groups. After PSM, in the LRH group with-
out Pringle manoeuvre, the laparoscopic procedure
was successfully completed in 12 patients. However,
3 (20.0%) patients required conversion to ORH because
of bleeding from a hepatic vein branch and adhesions
that could not be removed laparoscopically (p = 0.034).
However, no significant difference was found between
the 2 groups in terms of the duration of surgery, esti-
mated blood loss, and postoperative complication rate
(Clavien-Dindo grade > IlIA) (p = 0.973, p = 0.120, and
not applicable, respectively).

Postoperative aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels peaked on day 1
and had almost normalized on day 7. Postoperative se-

rum albumin, white blood cell (WBC) counts, C-reactive
protein (CRP) levels, PTs, and platelet counts peaked on
day 2 and then gradually normalized. Postoperatively,
total bilirubin, serum albumin, PTs, platelet counts, AST,
ALT, WBC counts, and CRP levels, especially on the peak
day, were significantly lower in the LRH group than in
the ORH group (p = 0.479, p = 0.670, p = 0.499, p =
0.403, p = 0.481, p = 0.705, p = 0.608, and p = 0.485,
respectively).

Risk factors for conversion from LRH
to ORH

Perioperative factors were compared between pa-
tients with and without conversion to ORH. No signif-
icant correlation was found between the initial hepa-
tectomy carried out as open surgery or laparoscopically
and conversion to ORH from LRH (p = 0.326). Moreover,
no association was noted between the initial resection
involving the right or left lobe and conversion to open
hepatectomy (p = 0.250), nor was there any associa-
tion with the initial and repeat hepatectomies involv-
ing lobes on the same side or on opposite sides (p =
0.738). The two significant correlations observed in the
univariate analysis were between the history of chole-
cystectomy, use or non-use of the Pringle manoeuvre,
and conversion to open hepatectomy (p = 0.039 and
0.032), although no significant correlation was found
in the multivariate analysis.

Of the 44 patients in whom the Pringle manoeuvre
could not be performed, 28 (63.6%) had undergone cho-
lecystectomy (p < 0.001) and 18 (40.9%) had undergone
segment 5 resection of the liver (p = 0.017). However,
no association was observed between the use of the
Pringle manoeuvre and whether the initial hepatectomy
had involved the lobe on the same side or the opposite
side to that involved in the repeat hepatectomy (p =
0.154). In addition, no association was found between

Table I. The baseline characteristics and surgical outcomes of the study population who underwent laparoscopic

repeat hepatectomy

Parameter Before PSM After PSM

With Pringle Without Pringle  P-value With Pringle Without Pringle  P-value
Number 19 44 15 15
Age [years] 71 (47-81) 69 (45-86) 0.814 68 (47-77) 68 (45-79) 0.863
Sex (male : female) 14:5 35:9 0.608 11:4 10:5 0.690
BMI [kg/m?] 23.1 (17.4-32.3) 22.5 (15.4-31.3) 0.744 233 (21.5-32.3) 21.2 (15.4-31.3) 0.262
SFA [cm?] 98.0 (52.5-244.3) 120.1 (12.4-246.5) 0.922 107.4 (66.9-244.3) 138.4 (13.5-218.7)  0.814
Subcutaneous fat length [cm] 33 (4-41) 25 (13-43) 0.945 33 (4-41) 24 (20-27) 0.868
VFA [cm?] 98.5(29.6-197.9)  102.6 (24.1-312.0)  0.667 98.5(29.6-197.9)  101.8 (26.1-209.8)  0.736
Pathology (HCC/others) 9/10 24/20 0.601 7/8 9/7 0.715
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Table I. Cont.
Parameter Before PSM After PSM
With Pringle Without Pringle  P-value With Pringle Without Pringle  P-value

Hepatitis viral infection 8 (42.1%?) 22 (50.0%?) 0.565 7 (46.7%°) 9 (60.0%?) 0.464
Diabetes mellitus 4 (21.1%?) 9 (20.5%) 0.957 4 (26.7%) 3 (20.0%%) 0.666
Serum albumin [g/dl] 4.3 (3.4-4.9) 4.2 (2.7-4.8) 0.488 4.3 (3.5-4.9) 4.2 (3.7-4.8) 1.000
Serum total bilirubin [mg/dl] 0.5 (0.3-1.1) 0.7 (0.3-1.6) 0.065 0.6 (0.3-1.0) 0.6 (0.3-1.1) 1.000
Prothrombin time (%) 106 (80-128) 102 (45-126) 0.128 107 (80-128) 103 (45-124) 0.250
Platelet count [x10%/ul] 17.5 (6.6-29.6) 16.6 (5.0-36.0) 0.509 17.5 (6.6-29.6) 16.6 (7.0-25.6) 0.539
ICG-R15 (%) 9.2 (4.5-31.8) 12.1 (4.3-49.7) 0.589 9.2 (5.8-31.8) 10.0 (4.3-20.4) 0384
Child’s grading (A/B) 19/0 44/0 1.000 15/0 15/0 1.000
PNI 49.6 (40.8-56.0) 47.9 (35.2-57.4) 0.364 49.6 (45.3-56.0) 48.4 (41.5-53.6) 0.370
Number of tumours 1(1-7) 1(1-3) 0.036* 1(1-2) 1(1-2) 0.679
Size of largest tumour [cm] 1.8 (0.5-5.7) 2.0 (0.8-4.0) 0.522 1.8 (1.1-5.7) 2.3 (1.2-4.0) 0.715
Location of tumours: 0.640 0.603

Segment | 0 (0%?) 2 (4.6%7) 0 (0%?) 2 (13.3%%)

Segment Il 3 (15.8%) 8 (18.2%7) 2 (13.3%2) 1(6.7%2)

Segment Il 2 (10.5%?) 10 (22.7%%) 1(6.7%?) 4 (26.7%)

Segment IV 4 (21.1%9) 6 (13.6%?) 4 (26.7%) 2 (13.3%%)

Segment V 3 (15.8%2) 3 (6.8%2) 2 (13.3%2) 1(6.7%2)

Segment VI 2 (10.5%?) 8 (18.2%?) 2 (13.3%%) 1(6.7%?)

Segment VI 3 (15.8%%) 3 (6.8%) 2 (13.3%%) 2 (13.3%%)

Segment VIl 2 (10.5%?) 4 (9.1%) 2 (13.3%?) 2 (13.3%?)
Number of hepatic resections 1(1-2) 1(1-4) 0.693 1(1-2) 1(1-2) 0.559
Anatomical resection 2 (10.5%?) 4 (9.1%%) 0.859 1(6.7%?) 2 (13.3%?) 0.543
Resected liver volume [g] 60 (15-400) 30 (5-200) 0.006* 50 (15-100) 40 (10-120) 0.670
Conversion (%) 0 (0%?) 6 (13.6%?) 0.032* 0 (0%?) 3 (20.0%%) 0.034*
Operative time [min] 238 (100-566) 213 (43-417) 0.059 237 (100-509) 229 (66-399) 0.973
Blood loss [ml] 50 (0-695) 50 (0-2250) 0.443 50 (0-400) 60 (0-2030) 0.120
Occlusion time [min] 46 (15-127) - 45 (15-127)
Postoperative complications 0 (0%2) 2 (4.6%%) 0.345 0 (0%2) 0 (0%2) NA
(> CD IIIA)
Superficial incisional SSI 0 (0%2) 1(2.3%?) 0.508 0 (0%2) 0 (0%?) NA
Deep incisional SSI 0 (0%?) 1(2.3%%) 0.508 0 (0%?) 0 (0%?) NA
Organ/space SSI 1(5.3%) 1(2.3%%) 0.534 0 (0%?) 1(6.7%%) 0.309
Postoperative bile leakage 0 (0%?) 0 (0%?) NA 0 (0%2) 0 (0%?) NA
PHLF 0 (0%?) 0 (0% NA 0 (0% 0 (0%?) NA
30-day mortality 0 (0%?) 0 (0%?) NA 0 (0%?) 0 (0%?) NA
Hepatic fibrosis (FO-1/F2-4) 10/9 22/22 0.848 8/7 8/7 1.000
Curative resection, RO 17 (89.5%7) 38 (86.4%?2) 0.734 14 (93.3%7) 14 (93.3%7) 1.000
Postoperative hospital time 9 (5-19) 9 (5-36) 0.571 8 (5-16) 11 (6-36) 0.079

[days]

Data was presented as median (range), *P < 0.05, “percentage (%) of the group, PSM — propensity score matching, BMI — body mass index, VFA — visceral fat
area, SFA — subcutaneous fat area, HCC — hepatocellular carcinoma, ICGR-15 — Indocyanine green retention rate at 15 min, PN| — prognostic nutritional index,
CD - Clavien-Dindo, PHLF — post-hepatectomy liver failure, NA — not applicable.
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the initial hepatectomy carried out laparoscopically or
as open surgery and the use of the Pringle manoeuvre
(p = 0.094) (Table II).

Discussion

In this study, the rate of conversion to open surgery
was significantly lower in the Pringle manoeuvre group.
In particular, in many cases the cause of conversion

from LRH to ORH was the non-use of inflow occlusion
and the resulting inability to control intraoperative hae-
morrhage. This suggested that inflow occlusion is im-
portant in laparoscopic repeat haemorrhage.

The Pringle manoeuvre is currently used in most
hospitals to counteract intraoperative haemorrhage in
laparoscopic hepatectomy by occluding the flow of blood
to the liver. The Pringle manoeuvre was first reported by

Table IlI. Risk factors for conversion from laparoscopic to open repeat hepatectomy

Variables Conversion to open Pure laparoscopic Univariate p-value  Multivariate p-value
hepatectomy (n = 6) hepatectomy (n = 57)

Age [years] 70 (62-86) 68 (45-81) 0.189
Sex (male : female) 5l 44:13 0.731
BMI [kg/m?] 22.7 (19.7-27.3) 22.8 (15.4-32.3) 0.915
SFA [cm?] 50.4 (12.4-172.8) 111.1 (13.5-246.5) 0.230
Subcutaneous fat length [cm] 27 (13-31) 25 (4-43) 0.941
VFA [cm?] 94.3 (24.1-185.5) 103.4 (26.1-312.0) 0.783
HCC/others 2/4 31/26 0.326
Hepatitis viral infection 2 (33.3%?) 28 (49.1%2) 0.461
Diabetes mellitus 2 (33.3%?) 11 (19.3%?) 0.419
Serum albumin [g/dl] 4.4 (3.7-4.7) 4.2 (2.7-4.9) 0.395
Serum total bilirubin [mg/dl] 0.8 (0.4-1.2) 0.6 (0.3-1.6) 0.627
Prothrombin time (%) 107 (103-124) 101 (45-128) 0.121
Platelet count [x10%/pul] 18.7 (10.8-21.1) 16.6 (5.0-36.0) 0.895
ICG-R15 (%) 10.2 (4.3-19.5) 12.1 (4.4-49.7) 0.458
PNI 52.4 (39.6-55.3) 48.4 (35.2-57.4) 0.379
Number of tumours 1(1-2) 1(1-7) 0.450
Size of largest tumour [cm] 2.4 (1.0-3.9) 1.9 (0.5-5.7) 0.357
Location of tumours: 0.507

Left lobe 2 (33.3%2) 33 (57.9%7)

Anterior section 2 (33.3%?) 11 (19.3%%)

Posterior section 2 (33.3%?) 13 (22.8%%)
Number of hepatic resections 1(1-2) 1(1-4) 0.695
Initial hepatic resection

Laparoscopy/open 2/4 31/26 0.326

Right/left lobe 4/2 24/33 0.250
Side from initial to repeat resection 4/2 34/23 0.738
(same/opposite lobe side)
Past history of cholecystectomy 5 (83.3%?) 23 (40.4%) 0.039* 0.255
Past history of segment 5 resection 3 (50.0%?) 17 (29.8%?) 0.313
Past history of Pringle manoeuvre 3 (50.0%°) 43 (75.4%2) 0.182
Pringle manoeuvre 0 (0%2) 19 (33.3%) 0.032* 0.206
Occlusion time, min 0 46 (15-127) 0.167
Hepatic fibrosis (FO-1/F2-4) 4/2 28/29 0.414

Data presented as median (range), *p < 0.05, “percentage (%) of the group. BMI — body mass index, VFA — visceral fat area, SFA — subcutaneous fat area, HCC
— hepatocellular carcinoma, ICGR-15 — Indocyanine green retention rate at 15 min, PNI — prognostic nutritional index, NA — not applicable.
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Pringle in 1908 as a method of hepatic inflow occlusion
in open surgery and is now widely used worldwide [15].
In repeat hepatectomy, however, adhesions, stemming
from operations during the initial hepatic transection or
cholecystectomy, mean that anatomical landmarks in
the portal region are lost, increasing the risk of damage
to blood vessels, bile duct, stomach, duodenum, intesti-
nal tract, and other organs during hepatic inflow occlu-
sion [16]. Many hospitals thus perform liver transection
without the use of the Pringle manoeuvre to occlude the
inflow of blood during LRH.

In our hospital, we take various measures to enable
inflow occlusion safely. First, whenever possible, we
spare the gall bladder in initial hepatectomy. When the
gallbladder is removed, the gap between the hepatodu-
odenal ligament and the inferior vena cava on the right
side of the hepatoduodenal ligament often adheres,
and the stomach, duodenum and transverse colon of-
ten adheres to the liver bed. Therefore, by preserving
the gall bladder as much as possible and spraying an
anti-adhesion agent around the entire circumference of
the hepatoduodenal ligament, we reduce the severity of
adhesions in the portal region during subsequent hepa-
tectomy, making it more likely that inflow occlusion can
be performed in the future.

If the previous hepatectomy has involved the tran-
section of the left lobar system, adhesions tend to occur
between the cut surface of the liver and the stomach
and duodenum. However, if it involved the right lobar
system, the duodenum, colon, retroperitoneum, and
omentum tend to adhere to the portal region. By pre-
serving as much as possible the hepatic capsule and
gastrointestinal serosa, while detaching the portal re-
gion, we ensure that a few of the landmarks lost to
adhesions can be identified, and we carefully avoid
damaging other organs.

However, regardless of whether the initial hepatec-
tomy was open or laparoscopic, adhesions in the portal
region may interfere with the taping of the hepatodu-
odenal ligament required to perform the Pringle ma-
noeuvre. In this case, we use a detachable Endo intesti-
nal clip to compress the hepatoduodenal ligament and
occlude the hepatic inflow. In this process, we open up
the left side of the portal region (lesser omentum) in an
effort to identify the hepatoduodenal ligament. Even if
adhesions from previous surgical operations are pres-
ent, in most cases, inflow occlusion can be performed
via an approach from the opposite side to the previous
hepatectomy.

If inflow occlusion is not feasible, we take measures
to deal with venous haemorrhage by increasing the
pneumoperitoneum pressure, reducing central venous
pressure, decreasing tidal volume, and decreasing posi-

Gastroenterology Review 2022; 17 (2)

tive end-expiratory pressure [17-19]. Although our basic
policy is to occlude hepatic inflow when transecting the
hepatic parenchyma, we have found that even if this is
infeasible, the use of other measures to prevent bleed-
ing enable us to reduce intraoperative haemorrhage and
perform the surgery safely while keeping the transection
stump of the liver dry. However, this study has some
limitations. This study did not examine a large number
of cases and thus may have been biased in terms of
the characteristics of the liver tumours, type and quality
of the hepatectomies, and other factors. In addition to
accumulating more cases, randomized controlled trials
and meta-analyses should be performed in the future.

Conclusions

These tips for various surgical procedures enable
safer performance of hepatic inflow occlusion during
LRH. Although we found no difference in operating
time, estimated blood loss, or incidence of postoper-
ative complications compared with patients in whom
the Pringle manoeuvre could not be performed, the rate
of conversion to open surgery was significantly lower.
However, it is often challenging to perform the Pringle
manoeuvre in patients with a history of cholecystecto-
my, and caution is required.

Contflict of interest
The authors declare no conflict of interest.

References

1. Inoue Y, Suzuki Y, Fujii K, et al. Laparoscopic liver resection
using the lateral approach from intercostal ports in segments
VI, VII, and VIII. J Gastrointest Surg 2017; 21: 2135-43.

2. Inoue Y, Yokohama K, Ohama H, et al. Efficacy and safety of
laparoscopic hepatectomy for hepatocellular carcinoma co-
morbid with cirrhosis. Gastroenterology Rev 2020; 15: 225-33.

3. Noda T, Eguchi H, Wada H, et al. Short-term surgical outcomes
of minimally invasive repeat hepatectomy for recurrent liv-
er cancer. Surg Endosc 2018; 32: 46-52.

4. Inoue Y, Fujii K, Ishii M, et al. Laparoscopic repeat hepatic re-
section for the management of liver tumors. ) Gastrointest
Surg 2019; 23: 2314-21.

5. Inoue Y, Suzuki Y, Ota M, et al. short- and long-term results of
laparoscopic parenchyma-sparing hepatectomy for small-sized
hepatocellular carcinoma: a comparative study using propensi-
ty score matching analysis. Am Surg 2018; 84: 230-7.

6. Zhang Y, Yang H, Deng X, et al. Intermittent Pringle maneu-
ver versus continuous hemihepatic vascular inflow occlusion
using extra-glissonian approach in laparoscopic liver resection.
Surg Endosc 2016; 30: 961-70.

7. Rotellar F, Pardo F, Bueno A, et al. Extracorporeal tourniquet
method for intermittent hepatic pedicle clamping during lapa-
roscopic liver surgery: an easy, cheap, and effective technique.
Langenbecks Arch Surg 2012; 397: 481-5.


https://www.ncbi.nlm.nih.gov/pubmed/28762186
https://www.ncbi.nlm.nih.gov/pubmed/28762186
https://www.ncbi.nlm.nih.gov/pubmed/28762186
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/28639044
https://www.ncbi.nlm.nih.gov/pubmed/28639044
https://www.ncbi.nlm.nih.gov/pubmed/28639044
https://www.ncbi.nlm.nih.gov/pubmed/29362650
https://www.ncbi.nlm.nih.gov/pubmed/29362650
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/29580351
https://www.ncbi.nlm.nih.gov/pubmed/22183106
https://www.ncbi.nlm.nih.gov/pubmed/22183106
https://www.ncbi.nlm.nih.gov/pubmed/22183106

Does repeat laparoscopic hepatectomy without extracorporeal Pringle manoeuvre worsen treatment outcomes? 137

8. Inoue Y, Ishii M, Tsuchimoto Y, et al. Comparison of resection
site of standardized laparoscopic hepatic tumor resection. Vid-
eosurgery Miniinv 2018; 13: 333-41.

9. Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of
Malignant Tumours. 7t edition. Wiley-Blackwell, New York 2011.

10. Mangram AJ, Horan TC, Pearson ML, et al. Guideline for preven-
tion of surgical site infection, 1999 Centers for Disease Control
and Prevention (CDC) Hospital Infection Control Practices Advi-
sory Committee. Am J Infect Control 1999; 27: 97-132.

11. Koch M, Garden J, Padbury R, et al. Bile leakage after hepatobi-
liary and pancreatic surgery: a definition and grading of sever-
ity by the International Study Group of Liver Surgery. Surgery
2011; 149: 680-8.

12. Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver
failure: a definition and grading by the International Study
Group of Liver Surgery (ISGLS). Surgery 2011; 149: 713-24.

13. Arroyo V, Gines R Gerbes AL, et al. Definition and diagnostic
criteria of refractory ascites and hepatorenal syndrome in cir-
rhosis. International Ascites Club. Hepatology 1996; 23: 164-76.

14. Bedossa R Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996; 24: 289-93.

15. Pringle JH. Notes on the arrest of hepatic hemorrhage due to
trauma. Ann Surg 1908; 48: 541-9.

16. Mise Y, Hasegawa K, Shindoh J, et al. The feasibility of third or
more repeat hepatectomy for recurrent hepatocellular carcino-
ma. Ann Surg 2015; 262: 347-57.

17. Uchiyama K, Ueno M, Ozawa S, et al. Half clamping of the
infrahepatic inferior vena cava reduces bleeding during a hepa-
tectomy by decreasing the central venous pressure. Langen-
becks Arch Surg 2009; 394: 243-7.

18. Bernard D, Brandely A, Scatton O, et al. Positive end-expiratory
pressure does not decrease cardiac output during laparoscop-
ic liver surgery. A prospective observational evaluation. HPB
2017; 19: 36-41.

19. Jayaraman S, Khakhar A, Yang H, et al. The association be-
tween central venous pressure pneumoperitoneum, and ve-
nous carbon dioxide embolism in laparoscopic hepatectomy.
Surg Endosc 2009; 23: 2369-73.

Received: 14.10.2020
Accepted: 21.06.2021

Gastroenterology Review 2022; 17 (2)


https://www.ncbi.nlm.nih.gov/pubmed/29362650
https://www.ncbi.nlm.nih.gov/pubmed/29362650
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahbari NN%5BAuthor%5D&cauthor=true&cauthor_uid=21236455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garden OJ%5BAuthor%5D&cauthor=true&cauthor_uid=21236455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Padbury R%5BAuthor%5D&cauthor=true&cauthor_uid=21236455
https://www.ncbi.nlm.nih.gov/pubmed/18343943
https://www.ncbi.nlm.nih.gov/pubmed/18343943
https://www.ncbi.nlm.nih.gov/pubmed/18343943

