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Abstract

Background The laparoscopic Pringle maneuver is crucial for controlling bleeding during laparoscopic hepatectomy.
In this study, we introduce a new laparoscopic Pringle maneuver and preliminarily investigate its application in laparo-
scopic hepatectomy.

Methods We collected and analyzed the clinical data of 17 consecutive patients who underwent laparoscopic
hepatectomy at the Department of Hepatic Surgery, the First Affiliated Hospital of the University of Science and Tech-
nology of China, from January 2022 to January 2023. All patients underwent the hooking method for intermittent
occlusion of hepatic inflow. Intraoperative and postoperative clinical indices were observed and recorded.

Results All 17 patients underwent laparoscopic hepatectomy with hepatic inflow control using the hooking method.
Four patients with adhesions under the hepatoduodenal ligament successfully had occlusion loops placed using

the hooking method combined with Zhang's modified method during surgery. The median occlusion time for the 17
patients was 34 (12-60) min, and the mean operation time was 210+ 70 min. The mean intraoperative blood loss

was 145+86 ml, and no patients required intraoperative blood transfusion. The patients’ postoperative peak AST

was 336+ 183 U/L, and the postoperative peak ALT was 289+ 159 U/L. Postoperative complications occurred in 2
patients (11.8%), including 1 Clavien-Dindo grade | and 1 Clavien-Dindo grade Il complication. No Clavien-Dindo
grade llla or higher complications or deaths occurred in any patient. None of the patients developed portal vein
thrombosis or hepatic artery aneurysm formation. The median postoperative hospital stay was 6 (4—14) days.

Conclusion The hooking method combines the advantages of both intracorporeal Pringle maneuver and extra-
corporeal Pringle maneuver. It is a simple, safe, and effective method for controlling hepatic inflow and represents
a promising approach for performing totally intracorporeal laparoscopic Pringle maneuver.
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Introduction

As surgeons have enhanced their surgical skills, laparo-
*Correspondence: scopic techniques can now be applied to all types of hepa-
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zch2022@yeah.net . . .
! Department of Hepatic Surgery, The First Affiliated Hospital bleeding in laparoscopic hepatectomy has also decreased
of USTC, Division of Life Sciences and Medicine, University of Science [3]. Furthermore, numerous advanced techniques and
f”dTeCh”O'ogyOfCh'”a' Hefei, Anhui 230001, China ) effective instruments can help reduce bleeding during
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than minor laparoscopic hepatectomy [7, 8]. The Pringle
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maneuver (PM) remains an essential method for control-
ling intraoperative bleeding in hepatectomy [9]. In open
hepatectomy, PM can be performed safely, effectively,
and easily with a cloth strip or directly with a vascular
clamp. However, in laparoscopic hepatectomy, perform-
ing PM is not as straightforward.

In this paper, we introduce a fully intracorporeal lap-
aroscopic PM; preliminarily assess its safety, efficacy,
and simplicity; and compare the advantages and dis-
advantages of this method with other laparoscopic PM
approaches.

Materials and methods

From January 2022 to January 2023, a total of 17 con-
secutive patients underwent laparoscopic hepatectomy
using the hooking method for hepatic inflow control at
the Department of Hepatic Surgery, the First Affiliated
Hospital of the University of Science and Technology
of China. The procedures were performed by the same
team, who had expertise in laparoscopic hepatectomy.
Total laparoscopic hepatectomy was performed in all
patients, while patients requiring conversion to lapa-
rotomy and those requiring concomitant surgery were
excluded. All patients provided informed consent in
accordance with the hospital ethics committee’s approval,
which was in line with the provisions of the Declaration
of Helsinki on Medical Ethics.

Preparation before operation

The patient was placed in a supine position, and the “five-
hole” approach for trocar placement (Fig. 1a, b) consisted
of two 5-mm and three additional 12-mm trocars. Car-
bon dioxide pneumoperitoneum was established at a
pressure of 12—15 mmHg. The central venous pressure
was maintained below 5-mm H,O. After opening the
lesser omental sac using a harmonic scalpel (Harmonic,
Ethicon), the procedure was initiated.

Preparation of occlusion loop by “hooking method”

The extracorporeal fabrication process of the occlusion
loop was the same as in the previously proposed Zhang’s
modified method [10]. First, the tail of a 12-Fr or 14-Fr
Foley catheter (hereinafter referred to as catheter) was
cut off, leaving approximately 15 cm of the head. Outside
the body, the surgeon held the tip of the dissecting for-
ceps in their right hand and passed it through the small
hole in the front end of the catheter (Fig. 2a). The cath-
eter was then inserted into the abdominal cavity through
the 12-mm trocar. The surgeon entered the 5-mm tro-
car below the right costal arch using grasping forceps
with their left hand, passed through the Winslow fora-
men below the hepatoduodenal ligament, grasped the
tail of the catheter, and guided the catheter through the
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Fig. 1 aTrocar's location during resection of the left liver tumor. b
Trocar's location during resection of the right liver tumor

Winslow foramen (Fig. 2b). At this point, the left-hand
grasping forceps pulled down the catheter cover on the
right-hand separating forceps, forming a loop around the
hepatoduodenal ligament (Fig. 2c). The loop was then
tightened (Fig. 2d), and about 1/2 of the circumference
of the catheter body was cut at the junction between the
loop and the catheter body with an ultrasonic scalpel
(Fig. 2e). After opening a notch and loosening the loop,
the fabrication of the occlusion loop was completed and
set aside for later use (Video 1).

Combined with Zhang’s modified method

In patients with adhesions below the hepatoduodenal
ligament, adhesions should be separated as much as pos-
sible. Then, in combination with the previously proposed
Zhang’s modified method [10], the surgeon can attempt
to use the Goldenfinger to bluntly pass under the hepa-
toduodenal ligament. The tip of the Goldenfinger is then
used to hook the silk thread prepared in advance at the
tail end of the catheter, guiding the catheter through the
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Fig. 2 a Use the dissecting forceps to pass through the small hole

in the front end of the catheter and clamp the tail of the catheter.

b The operator’s left-hand grasper guides the catheter

through the Winslow hole. ¢ Form a loop around the hepatoduodenal
ligament. d Tighten the loop with both hands in the direction

of the arrow. e Cut about 1/2 or 1/3 of the circumference

of the catheter body at the junction of the catheter loop

and the catheter body with an ultrasonic scalpel

ligament. Finally, the occlusion loop is created within the
abdominal cavity using the method described above.

Surgical procedure and application of “hooking method”
During the surgery, the harmonic scalpel was used for
the “small steps and fast walking” approach to dissect
the liver parenchyma, gradually resecting the target liver
area. The ICG fluorescent staining technique (Stryker)
and laparoscopic intraoperative ultrasound (Hitachi,
Japan) were routinely employed for real-time guidance
of the surgical procedure. When hepatic inflow occlu-
sion was required during the operation, the catheter head
could be hooked at the notch position after tightening
the loop (Fig. 3a). To release the occlusion, the surgeon
simply needed to clamp the head of the catheter with
grasping forceps and lift upwards to release the catheter
from the notch (Fig. 3b). Since the notch in the catheter
could be hooked like a hook without falling off, we named
this approach the “hooking method”” Laparoscopic ultra-
sound was used during the surgery to assess portal vein
blood flow and determine whether the occlusion was
complete (Fig. 4a, b). Each occlusion operation should
not exceed 15 min, and the occlusion interval should not
be less than 5 min. After completing the hepatectomy,
suturing or electrocoagulation was used to treat bile leak-
age and hemorrhage of the liver section, depending on
the situation. Abdominal drainage was placed as needed,
and the specimen was removed. To conclude the proce-
dure, the surgeon used the right-hand grasper to clamp
the tip of the catheter, released the loop, and removed the
occlusion loop from the 12-mm trocar.

Observation indicators

We observed and recorded all patients’ intraoperative
and postoperative clinical indicators. During the sur-
gery, an anesthesiologist assessed and documented the
duration of the hepatic portal occlusion, the number of
occlusions, intraoperative blood loss, whether blood
transfusion was needed, and the duration of the opera-
tion. Postoperatively, we recorded patients’ postopera-
tive hospital stay, peak postoperative transaminase levels,
and the occurrence of postoperative complications. Post-
operative complications were graded according to the
Clavien-Dindo classification method [11]. One week
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Fig. 3 aTighten the ring—hook the catheter head at the notch position. b Loosen the loop—hold the catheter head with a grasper and pull it up

postoperatively, we conducted a CT examination on the
patients to observe the presence of portal vein throm-
bosis or hepatic artery aneurysm formation. The clinical
data of the patients were analyzed. Normally distributed
data were expressed as mean + standard deviation (SD);
skewed data were expressed as median (range).

Result

Among the 17 patients in this study, there were 14 males
and 3 females, with an average age of 60+ 10 years. All
patients had no major underlying diseases, and their pre-
operative liver function was classified as Child—Pugh A.
Six patients had cirrhosis. Regarding the tumor location,
5 patients had tumors in the left liver, 10 had tumors in
the right liver, and 2 had one tumor in both the left and
right liver (Table 1).

All patients successfully underwent laparoscopic hepa-
tectomy using the hooking method to control hepatic
inflow. Among them, there were 6 cases of laparoscopic
anatomical liver resection and 11 cases of laparoscopic
partial liver resection, with no conversions to open

surgery. Four patients (23.5%) had a history of upper
abdominal surgery, including 2 patients with a history
of cholecystectomy and 2 patients with a history of lapa-
roscopic liver resection. In these 4 patients, there were
mild adhesions below the hepatoduodenal ligament, and
the occlusion loop was successfully placed during the
surgery in combination with Zhang’s modified method.
The median hepatic pedicle occlusion time during sur-
gery was 34 (12—60) min, and the average operation time
was 210+ 70 min. The average intraoperative blood loss
was 145 + 86 ml, and none of the patients required blood
transfusion during the surgery.

In the 17 patients, the postoperative peak levels of AST
were 3361183 U/L, and the peak levels of ALT were
289 + 159 U/L. Postoperatively, 2 patients (11.8%) experi-
enced complications, with 1 case of Clavien-Dindo grade
Iand 1 case of Clavien-Dindo grade II complications. One
patient developed pleural effusion, which resolved after
conservative treatment, and another patient had a post-
operative pulmonary infection that resolved after antibi-
otic treatment. No patients experienced Clavien-Dindo
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Fig. 4 a Hepatic inflow intact before occlusion. b Hepatic inflow disappeared after occlusion

grade I1la or higher complications or death. Furthermore,
none of the patients developed portal vein thrombosis
or hepatic artery aneurysm formation. The median post-
operative hospital stay was 6 (4—14) days. Pathological
results showed 13 patients had hepatocellular carcinoma,
1 patient had a mixed-type liver cancer, 1 patient had a
benign lesion, 1 patient had hepatic hemangioma, and 1
patient had metastatic liver cancer (Table 1).

Discussion

At present, numerous reports focus on hepatic inflow
occlusion methods during laparoscopic hepatectomy,
which can be divided into two main categories: intra-
corporeal Pringle maneuver (PM) and extracorporeal
PM. Extracorporeal PM often involves using narrow tub-
ing such as cloth strips or infusion tubes, passing them
through thicker tubes like laparoscopic drainage tube,
urinary catheter, tracheal catheter, or Tiemann catheter
to form an occlusion loop [12-16]. The loop’s tail end is

then passed through a trocar or an additional incision to
facilitate occlusion and release operations. This method’s
most apparent disadvantage is the need for an extra inci-
sion. Additionally, the occlusion loop extending from the
exterior to the hepatic hilum may interfere with the sur-
geon’s view and the performance of laparoscopic instru-
ments. If the external tube is not tightly clamped, it could
easily cause pneumoperitoneum leakage. Moreover,
reports suggest that narrow cloth strips may sometimes
cause damage to the blood vessels within the hepatoduo-
denal ligament, leading to hepatic artery aneurysm and
portal vein thrombosis [17, 18]. Another disadvantage of
extracorporeal occlusion is that it can be challenging to
perform when the patient is in the left lateral decubitus
position [19].

Intracorporeal PM is performed entirely within the
abdominal cavity. Unlike extracorporeal PM, the occlu-
sion loop used in this method is completely placed inside
the abdominal cavity. The loop can be made from a single
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rubber product such as a urinary catheter, the edge of
a latex glove, or a T-tube [20-24]. Compared to extra-
corporeal PM, the difficulty of performing occlusion
increases when done within the abdominal cavity using
intracorporeal PM. During occlusion, the surgeon and
assistant usually need to cooperate, pulling and main-
taining tension while fixing the tail end with hemoclips
to complete the procedure. To release the occlusion, spe-
cialized instruments are required to remove the hemo-
clips. This intricate occlusion process can potentially
cause damage to surrounding tissues when there is sig-
nificant bleeding in the abdominal cavity [15]. In emer-
gency situations, removing hemoclips can be challenging
[19]. Lastly, some believe that intracorporeal PM may not
always achieve complete occlusion, and hemoclips can
slip on the rubber tubing, further deteriorating the effec-
tiveness of the occlusion [23] (Table 2).

Therefore, we propose a new method for laparoscopic
PM: the hooking method. Named for its resemblance to
a hook gripping the front end of a urinary catheter, this
method does not require additional hemoclips or spe-
cialized instruments, reducing extra costs and avoiding
potential tissue damage from blindly clamping hemo-
clips. According to Huang et al. [20] study, the yellow
color of the urinary catheter contrasts with the color of
blood, making it more easily identifiable within the blood
compared to materials like adhesive tape. Moreover, dur-
ing instances of significant intra-abdominal bleeding
that require rapid occlusion, the hooking method allows
for the placement of a notch at an appropriate position
on the occlusion loop beforehand. The surgeon can then

Table 2 Details of the advantages of the various laparoscopic
PM [12-17,20-22, 24-26]

Year Authors Method Advantages
2007 Maehara S, etal. [25]  Extracorporeal PM  Critical moments can
2009 Cho A etal.[26] be occluded safely
. and quickly

2011 Patriti A, et al. [27] No special tools
2012 Rotellar F etal. [15] like hemoclips
2013 OkudaY,etal.[12] needed, inexpensive

) } Easy to release
2015 MizuguchiT, et al. [16] the occlusion
2014 Dua MM, et al. [14]
2019 PengV,etal. [13]
2021 Ondas, [17]
2012 ChaoJ, etal. [22] Intracorporeal PM  No additional incision
2018 Laurenzi A, etal. [23] ortrocar is required

Does not obstruct

2018 Huang JW, et al. [20] the field of view
2020 CailJ, etal. [21] or interfere

with the operation
Easy to perform in dif-
ferent positions
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perform the occlusion by grasping the head and tail of the
urinary catheter using laparoscopic forceps and locking
the catheter head into the pre-set notch. In emergency
situations where quick release of the occlusion is needed,
the surgeon can simply lift the catheter head, allowing it
to disengage from the notch position. The entire occlu-
sion and release process can be completed in a short
time, and laparoscopic intraoperative ultrasound con-
firms the effectiveness of the hooking method, providing
complete blockage of blood flow into the liver. This can
help reduce intraoperative bleeding and decrease surgery
time. Combined with intermittent blood flow occlusion,
this method can also minimize ischemia—reperfusion
injury to the liver [28]. In our study, the median hepatic
portal occlusion time was 34 (12—-60) min, with an aver-
age surgery duration of 210+ 70 min. The average intra-
operative blood loss was 145+8 6 ml, with no patients
requiring blood transfusion during surgery. Postopera-
tive AST and ALT peak values were 336+ 183 U/L and
289+ 159 U/L, respectively.

Additionally, the hooking method as an intracorpor-
eal PM technique retains the advantages of performing
the procedure entirely through laparoscopy, without the
need for additional incisions. It does not obstruct the
surgeon’s visibility and is not limited by the patient’s posi-
tion. Furthermore, the urinary catheter, a soft and elas-
tic rubber material, is less likely to cause damage to the
blood vessels within the hepatoduodenal ligament. In our
study, no patients experienced hepatic artery aneurysms
or portal vein thrombosis, demonstrating the safety and
effectiveness of the hooking method.

Most of the current occluding devices mainly work by
forming a freely contractible and releasable loop in the
hepatoduodenal ligament region. Since the occlusion
loop is usually soft, laparoscopic instruments are often
required to guide the loop beneath the hepatoduodenal
ligament. In our study, we still used a more conventional
early method, selecting an appropriate trocar position
and placing a 5-mm trocar on the right axillary line. Then,
we used ordinary laparoscopic forceps to easily guide the
placement of the occlusion loop through the Winslow
foramen. Some studies have reported that using Biliary
Scope, Endo Retract Maxi, Endo Retract mini, and 90°
esophageal dissector can overcome trocar position limi-
tations, but these methods require special instruments
and may prolong the operation time [25, 26, 29]. In 2020,
Liang et al. [21] proposed using forceps for gallstones as
guidance, but this method, which utilizes open surgery
instruments, may cause pneumoperitoneum leakage and
subcutaneous emphysema during the operation. In 2018,
Huang et al. [20] suggested that, under conditions of suf-
ficient urinary catheter rigidity, there would be no need
for fixed-position trocars or special instrument guidance;



Zhou et al. World Journal of Surgical Oncology ~ (2023) 21:254

the catheter’s rigidity alone can easily pass through the
Winslow foramen. However, we believe that since the uri-
nary catheter is made of flexible material that bends eas-
ily, it is difficult to guide it when operating in the blind
area beneath the hepatoduodenal ligament. When there
is adhesion in the Winslow foramen, it is not easy to pass
through with the catheter’s rigidity alone. Additionally,
we inserted the dissecting forceps into the inherent side
hole of the urinary catheter beforehand and then intro-
duced the urinary catheter into the abdominal cavity.
Huang et al’s method subsequently requires the insertion
of dissecting forceps into the inherent side hole of the
catheter’s headend in the abdominal cavity, which is not
an easy task to perform.

Previous studies have shown that it is difficult to place
the occlusion loop in patients with a history of repeated
hepatectomies [30]. However, we have proposed Zhang’s
modified method [10], in which the surgeon sutures a
thread to the tail of the urinary catheter beforehand.
During the surgery, the surgeon uses a finger to create a
tunnel beneath the hepatoduodenal ligament and hooks
the thread at the tail of the urinary catheter with the fin-
gertip to guide the catheter through the target hepatodu-
odenal area to form the occlusion loop. This method can
be combined with the hooking method described in this
article, that is, creating a hook-shaped notch after form-
ing the occlusion loop. For patients with mild adhesions
beneath the hepatoduodenal ligament, a blunt finger can
be used to guide the placement of the occlusion loop
through the Winslow foramen. In our study, two patients
had a history of repeated hepatectomies, and there were
mild adhesions beneath the hepatoduodenal ligament.
Both patients successfully placed the occlusion loop
using Zhang’s modified method.

There are still some deficiencies in this study: (1) Our
study is a retrospective study with a small sample size
and lacks a control group; (2) for patients with heavy
adhesions below the hepatoduodenal ligament, it is dif-
ficult to place the occlusion loop through Winslow’s fora-
men. In such cases, the LSVC technique proposed by
Onda et al. [17] in 2021 can be attempted, which directly
uses vascular forceps to clamp the hepatoduodenal liga-
ment. However, this technique may cause damage to the
blood vessels within the hepatoduodenal ligament during
clamping and requires additional incisions.

Conclusions

The hooking method combines the advantages of intra-
and extracorporeal PM and provides a safe, effective, and
convenient way to control hepatic inflow in laparoscopic
hepatectomy with accurate occlusion effect and simple
operation. It has potential for clinical application.

Page 8 of 9

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512957-023-03149-9.

[ Additional file 1: Video 1. }

Acknowledgements
None.

Authors’ contributions

Study conception and design: Yi Zhou, Yifan Wang, Jinliang Ma and Chuanhai
Zhang. Analysis and interpretation of data: Yi Zhou, Chuanhai Zhang and Yifan
Wang. Drafting of manuscript: Yi Zhou and Chuanhai Zhang. Critical revision of
manuscript: Yi Zhou and Chuanhai Zhang. All authors have read and approved
the final manuscript.

Funding
None.

Availability of data and materials
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The authors are accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All of the experimental procedures
were performed under a project license (No.: 2023-RE-195) granted by the
institutional ethics board of The First Affiliated Hospital of USTC (Hefei, China).

Consent for publication
No identifying personal data (of all patients) has been published in this work.

Competing interests
The authors declare no competing interests.

Received: 15 June 2023 Accepted: 16 August 2023
Published online: 22 August 2023

References

1. Abu Hilal M, Aldrighetti L, Dagher |, Edwin B, Troisi RI, Alikhanov R, Aroori
S, Belli G, Besselink M, Briceno J, et al. The Southampton Consensus
Guidelines for Laparoscopic Liver Surgery: from indication to implemen-
tation. Ann Surg. 2018;268(1):11-8.

2. Ishizawa T, Gumbs AA, Kokudo N, Gayet B. Laparoscopic segmentectomy
of the liver: from segment I to VIIl. Ann Surg. 2012;256(6):959-64.

3. Kim HJ, Cho JY,Han HS, Yoon YS, Lee HW, Lee JS, Lee B, Kim J. Improved
outcomes of major laparoscopic liver resection for hepatocellular carci-
noma. Surg Oncol. 2020;35:470-4.

4. Hughes MJ, Ventham NT, Harrison EM, Wigmore SJ. Central venous
pressure and liver resection: a systematic review and meta-analysis. HPB
(Oxford). 2015;17(10):863-71.

5. Bodzin AS, Leiby BE, Ramirez CG, Frank AM, Doria C. Liver resection using
cavitron ultrasonic surgical aspirator (CUSA) versus harmonic scalpel: a
retrospective cohort study. Int J Surg. 2014;12(5):500-3.

6. ZhouY, Zhang C,Wang Y, Yu J, Wang D, Ma J. Effects of indocyanine green
fluorescence imaging of laparoscopic anatomic liver resection for HCC: a
propensity score-matched study. Langenbecks Arch Surg. 2023;408(1):51.

7. LeeW,Woo JW, Lee JK, Park JH, Kim JY, Kwag SJ, Park T, Jeong SH,

Ju YT, Jeong EJ, et al. Comparison of learning curves for major and
minor laparoscopic liver resection. J Laparoendosc Adv Surg Tech A.
2016;26(6):457-64.


https://doi.org/10.1186/s12957-023-03149-9
https://doi.org/10.1186/s12957-023-03149-9

Zhou et al. World Journal of Surgical Oncology ~ (2023) 21:254

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

KawaguchiY, Fuks D, Kokudo N, Gayet B. Difficulty of laparoscopic liver
resection: proposal for a new classification. Ann Surg. 2018;267(1):13-7.
Huang, Liao A, Pu X, Yang J, Lv T, Yan L, Yang J, Wu H, Jiang L. A rand-
omized controlled trial of effect of 15- or 25-minute intermittent Pringle
maneuver on hepatectomy for hepatocellular carcinoma. Surgery.
2022;171(6):1596-604.

Zhang C, Yu J, Ma J. How to perform laparoscopic intracorporeal Pringle
manoeuvre: Zhang's modified method. ANZ J Surg. 2021;91(4):742-3.

. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de

Santibanes E, Pekolj J, Slankamenac K, Bassi C, et al. The Clavien-Dindo
classification of surgical complications: five-year experience. Ann Surg.
2009;250(2):187-96.

Okuda Y, Honda G, Kurata M, Kobayashi S. Useful and convenient proce-
dure for intermittent vascular occlusion in laparoscopic hepatectomy.
Asian J Endosc Surg. 2013;6(2):100-3.

Peng Y, Wang Z, Wang X, Chen F, Zhou J, Fan J, Shi Y. A novel very simple
laparoscopic hepatic inflow occlusion apparatus for laparoscopic liver
surgery. Surg Endosc. 2019;33(1):145-52.

Dua MM, Worhunsky DJ, Hwa K, Poultsides GA, Norton JA, Visser BC.
Extracorporeal Pringle for laparoscopic liver resection. Surg Endosc.
2015;29(6):1348-55.

Rotellar F, Pardo F, Bueno A, Marti-Cruchaga P, Zozaya G. Extracorporeal
tourniquet method for intermittent hepatic pedicle clamping during
laparoscopic liver surgery: an easy, cheap, and effective technique. Lan-
genbecks Arch Surg. 2012;397(3):481-5.

Mizuguchi T, Kawamoto M, Nakamura Y, Meguro M, Hui TT, Hirata K. New
technique of extracorporeal hepatic inflow control for pure laparoscopic
liver resection. Surg Laparosc Endosc Percutan Tech. 2015;25(1):e16-20.
Onda S, Haruki K, Furukawa K, Yasuda J, Shirai Y, Sakamoto T, Gocho T,
Ikegami T. Newly-revised Pringle maneuver using laparoscopic Satinsky
vascular clamp for repeat laparoscopic hepatectomy. Surg Endosc.
2021,35(9):5375-80.

Kurimoto M, Seo S, Yoh T, Shimizu H, Masano Y, Ogiso S, Anazawa T, Ishii
T, Hata K, Masui T, et al. Dissecting aneurysm of the proper hepatic artery
after laparoscopic hepatectomy possibly related to the Pringle maneuver:
a case report. Asian J Endosc Surg. 2022;15(3):633-7.

Piardi T, Lhuaire M, Memeo R, Pessaux P, Kianmanesh R, Sommacale D.
Laparoscopic Pringle maneuver: how we do it? Hepatobiliary Surg Nutr.
2016;5(4):345-9.

Huang JW, Su WL, Wang SN. Alternative laparoscopic intracorporeal
Pringle maneuver by Huang's loop. World J Surg. 2018;42(10):3312-5.
Cai J, Zheng J, Xie Y, Kirih MA, Jiang G, Liang Y, Liang X. A novel simple
intra-corporeal Pringle maneuver for laparoscopic hemihepatectomy:
how we do it. Surg Endosc. 2020;34(6):2807-13.

Chao YJ, Wang CJ, Shan YS. Technical notes: a self-designed, simple,
secure, and safe six-loop intracorporeal Pringle’s maneuver for laparo-
scopic liver resection. Surg Endosc. 2012;26(9):2681-6.

Laurenzi A, Cherqui D, Figueroa R, Adam R, Vibert E, Sa Cunha A. Totally
intra-corporeal Pringle maneuver during laparoscopic liver resection. HPB
(Oxford). 2018;20(2):128-31.

Cherqui D, Husson E, Hammoud R, Malassagne B, Stéphan F, Bensaid S,
Rotman N, Fagniez PL. Laparoscopic liver resections: a feasibility study in
30 patients. Ann Surg. 2000;232(6):753-62.

Maehara S, Adachi E, Shimada M, Taketomi A, Shirabe K, Tanaka S, Maeda
T, Ikeda K, Higashi H, Maehara Y. Clinical usefulness of biliary scope

for Pringle’s maneuver in laparoscopic hepatectomy. J Am Coll Surg.
2007,205(6):816-8.

Cho A, Yamamoto H, Nagata M, Takiguchi N, Shimada H, Kainuma O,
Souda H, Gunji H, Miyazaki A, keda A, et al. Safe and feasible inflow occlu-
sion in laparoscopic liver resection. Surg Endosc. 2009;23(4):906-8.
Patriti A, Ceccarelli G, Bartoli A, Casciola L. Extracorporeal Pringle maneu-
ver in robot-assisted liver surgery. Surg Laparosc Endosc Percutan Tech.
2011;21(5):e242-4.

Belghiti J, Noun R, Malafosse R, Jagot P, Sauvanet A, Pierangeli F, Marty J,
Farges O. Continuous versus intermittent portal triad clamping for liver
resection: a controlled study. Ann Surg. 1999;229(3):369-75.

Luvira V, Junyavoraluk A, Tipwaratorn T: Combining a small urinary
catheter with an endo mini-retractor: a novel technique for laparoscopic
selective vascular control. J Surg Case Rep. 2022; 2022(7):rjac227.
Nakada S, Otsuka Y, Ishii J, Maeda T, Kubota Y, Matsumoto Y, Ito Y, Funa-
hashi K, Ohtsuka M, Kaneko H. Predictors of a difficult Pringle maneuver

Page 9 of 9

in laparoscopic liver resection and evaluation of alternative procedures to
assist bleeding control. Surg Today. 2022;52(12):1688-97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	“Hooking method” for hepatic inflow control: a new approach for laparoscopic Pringle maneuver
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Preparation before operation
	Preparation of occlusion loop by “hooking method”
	Combined with Zhang’s modified method
	Surgical procedure and application of “hooking method”
	Observation indicators

	Result
	Discussion
	Conclusions
	Anchor 17
	Acknowledgements
	References


