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A purely laparoscopic four-port approach was created for 

left hepatectomy in pigs. A polyethylene loop was placed on 

the left two hepatic lobes for traction and lift. Next, 

penetrating ligation of the lobes using of a double row of silk 

sutures was performed to control bleeding. A direct hepatic 

transection was completed using a monopolar hook electrode 

without meticulous dissection of the left hepatic vein. The 

raw surface of the liver was coagulated and sealed with fibrin 

glue. Lobes were retrieved through an enlarged portal. 

Laparoscopic hepatic lobectomy was completed in all pigs 

without the use of specialized instruments and with a mean 

operative time of 179 ± 9 min. No significant perioperative 

complications were observed. The average weight of each 

resected lobe was 180 ± 51 g. Complete blood count as well as 

serum organics and enzyme levels normalized after about 2 

weeks. During necropsy, adhesion of the hepatic raw surface 

to the gastric wall and omentum were observed. No other 

abnormalities were identified. This minimally invasive left 

hepatectomy technique in swine could serve as a useful 

model for investigating liver diseases and regeneration, and 

offer preclinical information to improve hepatobiliary 

surgical procedures.
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Introduction

　Liver resection is reputed to be one of the most difficult 
procedures in the era of laparoscopic surgery. Laparoscopic 
techniques for left hepatectomy have been widely 
described for humans [1,3,5,12,17,24,29]. Additionally, 
the ability to perform an anatomically reproducible hepatic 
resection in a large animal model could promote the 
investigation of liver surgery [5,18,23,26], transplantation 
[19,22], and regeneration [2,6,13,15,16,20,26,27] for 

medical research and experimental studies.　Minimally invasive laparoscopic surgery offers faster 
recovery times, reduced pain, and a more rapid return to 
activity compared to conventional surgery [29]. However, 
there have been only a few previous reports of laparoscopic 
hepatectomy performed in veterinary surgery，most of 
which require expensive instruments and vary in the 
complexity of the procedures [21]. The purpose of this 
study was to establish a safe and feasible technique for a 
purely laparoscopic left hepatectomy in pigs and report the 
outcomes.

Materials and Methods

Animals　Nine healthy Bama miniature pigs (6 male) 3∼6 months 
old and weighing 15.5∼25.8 kg were used for this study. 
They were purchased form the laboratory animal center of 
Harbin veterinary research institute (number of animal 
license SYXK 2011-0039). The experimental protocol was 
approved by the Northeast Agricultural University Ethical 
Committee (China). Care and handling of the animals were 
performed in accordance with national animal research 
guidelines (Approved by the State Council on October 31, 
1988 and promulgated by Decree No. 2 of the State Science 
and Technology Commission on November 14, 1988). The 
pigs were housed individually, and fed a standard piglet 
diet (Shenzhen Jinxinnong Feed, China) along with tap 
water ad libitum. 

Surgical technique　After fasting overnight, the pigs were pre-medicated with 
subcutaneous delivery of 0.04 mg/kg atropine sulfate 
(Xiantu; Harbin Pharmaceutical Group, China) along with 
intramuscular injection of 1 mg/kg xylazine (Rompun; 
Bayer HelthCare, Germany) and 10 mg/kg ketamine 
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Fig. 1. Portal locations. Portal 1 (laparoscope) was located 2∼3 
cm below the umbilicus along the ventral midline (portal 1 was 
shifted 2∼3 cm to the left in male pigs). Portals 2 and 3 were 3∼
5 cm cranial to portal 1 and 8∼10 cm to the left and right of the
ventral midline, respectively. Portal 4 was 3∼5 cm cranial to 
portal 3 and 8∼10 cm to the left of the ventral midline. These 
portals were used to introduce various laparoscopic instruments.

Fig. 2. Simulated intraoperative view. A polyethylene loop 
(arrow) was placed on the left median lobe for traction and lifting.

Fig. 3. Simulated intraoperative view. Penetrating ligature of the 
hepatic parenchyma at the root of the lobe using three needles 
threaded with a silk suture (arrows).

hydrochloride (Saituo; Chemfun Medical Technology, 
China). General anesthesia was induced using 1% to 3% 
isoflurane gas (Lishi; Jiupai Pharmaceutical, China) after 
intubation. The operating room temperature was 
maintained at 22oC. Vital signs were continuously 
monitored with a Philips monitor (Philips IntelliVue MP30; 
Philips Medizin Systeme Boeblingen, Germany). Normal 
saline was infused intravenously at a rate of 3 mL/kg/h 
through the peripheral ear vein.　All surgical procedures were performed under aseptic 
conditions. The animals were positioned in a supine, 
head-up position with approximately 30o reverse 
adjustment, and a carbon dioxide pneumoperitoneum of 12 
mmHg was established. A four-port, purely laparoscopic 
technique was adopted for this study. Accordingly, four 
portals (1, 2, 3, and 4) were created. Portal 1 was located 2∼3 cm below the umbilicus along the ventral midline 
(portal 1 was shifted 2∼3 cm to the left in male pigs). 
Portals 2 and 3 were 3∼5 cm cranial to portal 1, and 8∼10 
cm to the left and right of the ventral midline, respectively. 
Portal 4 was 3∼5 cm cranial to portal 3 and 8∼10 cm to 
the left of the ventral midline (Fig. 1). A trocar－cannula 
unit (Olympus Corporation, Japan) with a diameter of 10∼11 mm was percutaneously inserted at portal 1 and used 
to introduce the 0o laparoscope (10-mm diameter, 
Olympus Corporation). Under laparoscopic guidance, one 
trocar－cannula unit (diameter of 5∼5.5 mm; Olympus 
Corporation) each was advanced through portals 2 and 4, 
and another trocar－cannula unit (diameter of 10∼11 mm, 

Olympus Corporation) was inserted at portal 3. These units 
were used to insert laparoscopic instruments such as 
needle-holding forceps, monopolar hook-electrode, clip 
applicator, and right angle dissecting forceps (5-mm 
diameter; Guangdian Medical Instrument, China). The 
operator stood at the caudal end of the animal, and three 
assistant surgeons were needed to complete the 
laparoscopic procedure. After careful inspection with the 
laparoscope, the hepatectomy was performed.　 We mobilized the left lobes by sharply dividing the 
falciform and left triangular ligaments, and then a 
polyethylene loop (Guangdian Medical Instrument) was 
placed on the left two lobes for traction and lifting (Figs. 2 
and 3). By slowly elevating the lobes, the hepatic hilum 
was delineated under direct visualization. The left 



Laparoscopic left hepatectomy in pigs    419

Fig. 4. Intraoperative view. The left branches of the portal vein 
(arrow) were dissected and then clamped with medium titanium 
clips before cutting.

Fig. 5. Simulated intraoperative view. A knot was tied between 
the ends of the snipped sutures with the aid of needle-holding 
forceps (F).

Fig. 6. Simulated intraoperative view. A knot was tied with the 
aid of needle-holding forceps (F) inserted from the third trocar.

Fig. 7. Intraoperative view. The raw area observed immediately 
after liver resection. 

branches of the hepatic artery, portal vein, and bile duct 
were dissected, and then clipped with medium titanium 
clips (Ligating clips; Kangsheng Medical Equipment, 
China) before cutting (Fig. 4). The left hepatic parenchyma 
was not meticulously dissected in order to reduce the risk 
of tearing, which could lead to formation of a gas 
embolism. We controlled bleeding with a double row of 
silk sutures (2/0 polyglycolic acid; Jinhuan Medical 
Products, China) that penetrated the parenchyma at the 
root of the lobes. Three needles threaded with one silk 
suture were used to penetrate the parenchyma (Fig. 3), and 
the suture was snipped near the needle shank. A knot was 
then tied between the ends of the snipped suture with the 
aid of a second pair of needle-holding forceps inserted 
from the third trocar (Figs. 5 and 6). A fibrin sealant (Fibrin 

glue; Puji Medical Technology, China) was then sprayed 
onto the pinholes. 　Hepatic transection was initiated from the left median lobe 
(deviating 1 cm from the ligature) using a monopolar hook 
electrode. Occasionally, intraparenchymal vessels larger 
than 5 mm were occluded with titanium clips; otherwise, 
ligation was achieved with sutures. Hepatic transection was 
performed on the left lateral lobe in the same manner. The 
raw surface of the liver usually required slight coagulation 
promoted with a spatula coagulation electrode (5-mm 
diameter; Tonglu Medical Instruments, China) (Fig. 7) and 
sealing with fibrin glue (Puji Medical Technology) to 
ensure hemostasis and biliostasis. A penrose drain (Fr 26; 
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Table 1. Main CBC results and assessment of liver function according to serum organics or enzyme analyses 

Pre-op POD 1 POD 3 POD 7 POD 14 POD 30

WBC (109/L, range: 11∼22)
RBC (1012/L, range: 5∼9.5)
HCT (%, range: 32∼50)
T-Bil (µmol/L, range: 1∼17)
AST (IU/L, range: 32∼58)
γ-GT (IU/L, range: 10∼60)
TP (g/L, range: 68∼88)
A/G (range: 0.36 ~ 0.51)

16.2 ± 2.5
7.6 ± 0.9

40.4 ± 4.5
5.5 ± 1.5

59.0 ± 16.6
46.6 ± 11.6
74.2 ± 9.5
0.35 ± 0.04

21.8 ± 2.1*
6.0 ± 0.8*

35.3 ± 2.2*
7.3 ± 1.3*

1068.1 ± 248.0**
52.4 ± 10.7
65.6 ± 5.0
0.35 ± 0.05

23.4 ± 3.2**
6.2 ± 1.0*

35.0 ± 2.5**
5.7 ± 1.1

308.0 ± 120.1**
39.0 ± 7.2
66.6 ± 5.0
0.33 ± 0.04

19.5 ± 1.7
6.3 ± 1.1*

36.3 ± 2.2*
5.5 ± 1.0

102.4 ± 30.1
39.0 ± 8.9
66.0 ± 4.9
0.29 ± 0.05

18.6 ± 2.4
6.5 ± 1.2

37. 5± 3.5
5.0 ± 0.6

70.2 ± 34.3
39.4 ± 7.4
68.0 ± 9.1
0.25 ± 0.03**

17.7 ± 2.5
7.2 ± 1.1

39.4 ± 2.4
4.8 ± 0.5

58.2 ± 9.9
45.2 ± 11.3
73.4 ± 5.8
0.31 ± 0.04

Pre-op: pre-operation, POD: postoperative day. *0.01 ＜ p ＜ 0.05 and **p ＜ 0.01 compared to pre-operation values according to a one-way 
ANOVA. WBC: white blood cell, RBC: red blood cell, HCT: hematocrit, T-Bil: total bilirubin, AST: aspartate aminotransferase, γ-GT: 
γ-glutamyl transferase, TP: total protein, A/G: albumin/ globulin.

Zhanjiang Star Enterprise, China) was inserted next to the 
resection site through the second portal. The resected 
specimen was then placed in a vinyl bag and removed 
through a mini laparotomy incision that was created by 
extending the trocar site at the third portal. After ensuring 
that hemostasis was established, the laparoscopic 
equipment was removed and the portal were sutured. 　Operative time, estimated blood loss, incision length, 
resected specimen weight, and early postoperative outcomes 
were recorded for all cases. CBC results along with serum 
total bilirubin (T-Bil), aspartate aminotransferase (AST), 
albumin/globulin (A/G), and γ-glutamyl transferase (γ-GT) 
levels were obtained 1 day preoperatively and on 
postoperative days (PODs) 1, 3, 7, 14, and 30 for all pigs.

Postoperative care　After surgery, the animals were given a 5-mg fentanyl 
patch (5 mg/patch, Duragesic; Janssen Pharmaceutical, 
China) every 3 days for 6 days. Additionally, ampicillin 
(20 mg/kg; Shandong Lukang Record Pharmaceutical, 
China) was administered intramuscularly (IM) every 8 h 
for 3 days. Once the animals were able to stand on their 
own, the pigs were transferred to a 25oC hog house for 
recovery. Water was given to the pigs at 6 h postoperatively 
and solid food was provided the following morning. 
Postoperative monitoring consisted of measuring body 
temperature as well as a subjective assessment of the pig’s 
disposition and appetite. Drainage tubes were removed 
from all pigs on POD 3. The animals were evaluated daily 
until they were euthanized with pentothal (5 mg/kg; 
Janssen Pharmaceutical) and 10% potassium chloride (10 
mL each time; Changle Pharmaceutical, China,) 
intravenously. A follow-up necropsy was performed 1 
month after surgery to reevaluate the entire abdominal 
cavity and associated viscera.

Statistical analysis　Operating time was defined as the duration from the 

initial stab incision to the closure of the last portal. Blood 
loss was estimated by amount of fluid collected in a suction 
container minus the volume of fluid used for irrigation. 
Data are expressed as the mean ± standard error of the 
mean. Pre- and postoperation differences in values were 
identified by a one-way analysis of variance that was 
performed using SPSS Statistics 17.0 (SPSS, USA). p 
values < 0.05 were considered statistically significant.

Results

　The laparoscopic procedures were completed in all pigs 
with a mean operative time of 179 ± 9 min (ranging 
between 165∼192 min). The mean total incision size was 
8.3 ± 0.4 cm (ranging from 5 cm to 8.5 cm). Resected liver 
lobe volumes were determined by the measuring cup 
immersion method and averaged 127 ± 24 cm3 (with a 
range of 95∼150 cm3). The average lobe mass was 180 ± 
51 g (ranging between 124 g and 274 g). Due to our initial 
inexperience with the surgical procedure, the maximum 
volume of blood loss was 350 mL. Ultimately, the mean 
estimated blood loss was 174 ± 96 mL (ranging from 60∼
350 mL) and no blood transfusions were required. All pigs 
had relatively satisfactory appetites that were usually 
observed starting on the second POD. 　Three animals had low-grade fevers with leukocytosis on 
the first POD. Fever was successfully treated with daily 
intramuscular injections of ampicillin (20 mg/kg; 
Shandong Lukang Pharmaceutical) and acetaminophen 
(0.15 g each time; Jiangxi Pharmaceutical, China). Only 
one pig developed transient biliary leakage and 
intraperitoneal drainage that persisted until day 5 before 
dying on postoperative day 10 due to bacterial peritonitis. 
The necropsy did not produce any evidence of biliary tract 
dysfunction.　All pigs had CBC results that were within the reference 
range on POD 7. Vital signs and blood hematocrit values 
demonstrated that none of the pigs experienced 
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postoperative bleeding. Both serum organics and enzymes 
levels normalized after 2 weeks (Table 1). None of the pigs 
showed weight loss by 1 month after surgery. Transection of 
the left lobes with no gross leakage or abscess formation was 
observed during necropsy. Close attachment and adherence 
of the raw hepatic surface to the gastric wall, omentum, or 
antero-lateral abdominal wall were also discovered. No 
other abdominal abnormalities were observed.

Discussion

　Successful laparoscopic left hepatectomy has been 
reported in a number of small series [6,16,26] that mainly 
required advanced instruments such as a fan retractor, 
Endo-GIA Stapler, harmonic scalpel, or argon beam 
coagulator. In the current study, we developed a 
laparoscopic left hepatectomy procedure in a large animal 
model. The four-portal technique we established is 
relatively simple and does not require specialized 
instruments (e.g., a Ligasure). Lobe traction can be easily 
achieved by installing a polyethylene loop. This loop 
facilitates better exposure of the hepatic portal compared to 
a fan retractor, thus allowing hepatic hilar dissection and 
inflow occlusion. 　We controlled bleeding with partial clamping of the 
hepatic hilum, monopolar electrocoagulation, use of 
titanium clips, and penetrating ligation of the liver 
parenchyma. Intraoperative blood loss was nearly the same 
as that reported when using standard laparoscopic staplers 
(174 ± 96 mL vs. 185 ± 9 mL) for laparoscopic left lateral 
liver resection [7]. With experience, our operative time 
decreased by 27 min (from 192 to 165 min) and could 
improve further with additional practice. Thus, we 
successfully developed a laparoscopic left hepatectomy 
protocol without increasing bleeding or operating time, 
thereby reducing costs compared to previously reported 
hepatectomy procedures [10,25]. 　The only pig mortality was caused by bacterial 
peritonitis. Another pig had a serum T-Bil concentration of 
10.2 μmol/L on the first POD. This represents a very 
acceptable complication rate and is comparable to that of 
any modern liver resection procedure [4,9,12,28]. In 
addition, our laparoscopic technique has a greatly 
simplified surgical protocol compared to purely 
laparoscopic or hand-assisted techniques previously 
described in the literature [14,19,22]. Furthermore, our 
technique is minimally invasive and resulted in less 
bleeding as well as faster recovery times. 　Unlike humans, the hepatic vein and inferior vena cava 
(IVC) confluence is intraparenchymal in pigs [8,22]. We 
also found the left hepatic vein to be very friable, short, and 
prone to damage. We noted that the IVC and 
intraparenchymal hepatic veins had extremely thin walls, 
and that the neighboring diaphragm was easily damaged. 

Resection of the hepatic parenchyma was completed with 
a direct transection that enabled us to avoid meticulous 
dissection of the left hepatic vein in order to reduce the risk 
of tearing, thereby preventing any occurrence of major 
hemorrhaging, gas embolism formation, or pneumothorax. 
By partial clamping of the hepatic hilum and penetrating 
ligation of the parenchyma, specific liver resection 
complications such as hemorrhage, biliary leaks, and gas 
embolism development were reduced during surgery. We 
therefore confirmed that our method may be considered as 
safe as open resection or the use of Endovascular staplers 
[9,11]. However, the procedure we developed must be 
performed by skilled surgeons trained in laparoscopic 
suturing techniques.　In conclusion, our study demonstrated that laparoscopic 
left hepatectomy can be performed in healthy pigs. This 
was accomplished with a four-portal technique using two 
polyethylene loops for lobe traction, partial blocking of the 
hepatic hilum with metal clips, penetrating ligation, and 
monopolar cautery of the liver parenchyma. The resulting 
postoperative outcomes strongly indicate the promise of 
our operative procedure. 
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