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Abstract
The present report describes a novel approach to and presents the surgical results for 

laparoscopic hepatectomy of the left lobes in small dogs. A purely laparoscopic four-port 
approach was used in seven beagles. The left triangular ligament was cut first, then the base of 
the left medial lobe (LMB) was ligated with silk thread using a needle, and the liver parenchyma 
of the LMB approximately 0.5 cm above the ligation site was removed with LigaSure. The left 
lateral lobe (LLB) was removed in the same manner. Blood was collected on postoperative days 
1, 3, 7, and 14 for laboratory testing. Left hepatic lobe resection was successfully completed 
in all dogs, with an average operation time of 102.53 ± 9.07 min and an average blood loss of 
32.10 ± 6.43 ml. Serious postoperative complications were not observed. The white blood cell 
(WBC) count and alkaline phosphatase (ALP) level were significantly increased in experimental 
dogs 1 day after surgery (P < 0.05); aspartate transferase (AST) and alanine transaminase (ALT) 
were significantly different before and after surgery (P < 0.01); and all the indicators were 
basically normal seven days after the operation. Exploratory laparoscopy at 28 days revealed 
adhesion of the surface of the liver section to the omentum or the gastric wall, but there were 
no other abnormal findings. The combined application of liver pedicle ligation and LigaSure for 
liver lobectomy provides a simple and effective method for generating liver lobectomy models for 
research on liver disease and regeneration and a feasible laparoscopic liver lobectomy operation 
scheme for small dogs (10–15 kg). 

Hepatectomy, beagle, laparoscopy, animal model

Hepatectomy is widely used in medical research and experimental surgery, for studying 
liver failure (Imai et al. 2019; Meyer et al. 2019; Shirata et al. 2019), regeneration 
(Schadde et al. 2017; Tsai et al. 2018), and transplantation (Etheredge et al. 2019; Lué 
et al. 2019; Majd et al. 2019), and is one of the common hepatic procedures performed 
on companion animals (Boothe 2015; Zhang et al. 2014). Thus, an animal model of 
hepatectomy is an extremely important research tool for evaluating liver regeneration after 
various treatments (Bernat Córdoba-Jover 2019; de Miguel et al. 2019; Lee et al. 
2019). The successful establishment of hepatectomy models could promote technological 
advances and the development of new methods for the treatment of hepatic diseases. 

Laparoscopic techniques have many advantages, such as a smaller wound, a faster return 
to full activity, and less pain, effectively reducing the adverse effects of surgical stress. 
Laparoscopic methods can be used to establish experimental animal models as well as to 
perform liver surgery (Chen et al. 2018; Liu et al. 2019; Takahara et al. 2016; Zhang 
et al. 2014a). However, laparoscopic liver surgery remains technically challenging due to 
the greater risk of bleeding. Compared to human medicine, laparoscopic hepatectomy is 
rarely used in veterinary surgery, mostly because of the expense of the instruments and 
the complexity of the procedure (Yoshida et al. 2019; Zhang et al. 2014b). Beagles are 
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important experimental research animals because their immune responses and metabolic 
pathways are similar to those of humans, and they are relatively easy to manage and 
perform procedures on (Ferreira et al. 2019; Frezza and Wachtel 2006; Tao et al. 
2016). Therefore, in this study, we selected beagles as the experimental surgical model 
for developing and testing a simple and effective new method for liver lobectomy, and to 
provide a reference for the establishment of animal models for research on treatment of 
liver disease in small animals.

Materials and Methods
Ethical standards

The experimental protocols were approved by the Animal Ethics Committee of the Beijing University of 
Agriculture (BUAEC2019-0205). All procedures performed in the studies involving animals were in accordance 
with the Guide for the Care and Use of Laboratory Animals of the National Research Council.
Animals

Seven female beagle dogs at a mean age of one year (10–15 months) and mean body weight of 
13.10 ± 1.55 kg (range 10.8–15.2 kg) were purchased from the Beijing Marshall Biotechnology Co., Ltd., China 
(No. SYXK2019-0047). The experimental protocol was approved by the Animal Ethics Committee of the Beijing 
University of Agriculture (BUAEC 2019-0205). Animal care and handling were performed in accordance with 
the Guide for the Care and Use of Laboratory Animals of the National Research Council. The dogs were housed 
individually and fed a standard diet (Beijing Keao Xieli Feed Co., Ltd., China) with ad libitum access to tap water. 

Anaesthetic protocol
Before surgery, all dogs were fasted for 12 h, and water was withheld for 6 h. The dogs were premedicated 

with an intramuscular injection of atropine sulphate (0.05 mg/kg body weight; Shanghai Pharmaceutical 
Group, China), ketamine (20 mg/kg body 
weight, Chemfun Medical Technology, 
China) and acepromazine (0.1 mg/kg 
body weight, Janssen Pharmaceutical, China). 
A cephalic vein of the forelimb was cannulated 
for further induction and fluid administration. 
General anaesthesia was induced by an 
intravenous injection of 2–3 mg/kg body 
weight propofol (l% propofol-MCT/LCT, 
Jiabo Pharmaceutical, China), followed by 
endotracheal intubation. Anaesthesia was 
maintained with 1–2% isoflurane, the respiratory 
rate of the anaesthesia machine was adjusted to 
13 ×/min, and the tidal volume was adjusted to 
10–15 ml/kg. Anterior limb veins were injected 
with 0.9% NaCl solution to maintain circulation. 
The operating room temperature was maintained 
at 25 °C. Vital signs including the heart rate, 
electrocardiogram, noninvasive arterial blood 
pressure, pulse oxygen saturation, respiratory 
rate, end-tidal carbon dioxide, and rectal 
temperature were measured continuously with 
a Philips monitor (Philips IntelliVue MP50; 
Philips Medizin Systeme Boeblingen, Germany). 

Surgical procedure
The animals were placed in the supine 

position. The operation was performed under 
sterile conditions. The abdominal cavity 
was filled with carbon dioxide at a pressure 
of 10 mm Hg by Veress needle to establish 
a pneumoperitoneum. Four laparoscopic port 
sheaths were placed through the abdominal wall: 
port A provided laparoscope access, and the other 
three ports (B, C, and D) provided access for 
surgical instruments (Fig. 1). Fig. 1. Cannula locations.
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Port A, located 2–3 cm in front of the last pair of nipples along the ventral midline was used to insert the 
laparoscope. Port B was located 7.5–8.0 cm to the right of the umbilicus. A 5.0–5.5 mm trocar-cannula unit 
was used to insert dissecting or grasping forceps. Port C was located 7.5–8.0 cm to the left of the umbilicus; 
a 10.0–10.5 mm trocar-cannula unit was used to insert the LigaSure Atlas (LS1037,10 mm–37cm, Covidien 
Medical), a titanium clip applicator (10 mm diameter, Guangdian Medical Instruments, China), scissors (5 mm 
diameter, Guangdian Medical Instruments, China), needle-holding forceps (5 mm diameter, Guangdian Medical 
Instruments, China), large-jaw toothless grasping forceps (5 mm diameter, Guangdian Medical Instruments, 
China), a monopolar hook-electrode (5 mm diameter, Guangdian Medical Instruments, China) and a disposable 
specimen retrieval bag (Weide Medical Technology Co., Ltd., Hangzhou, China). Port D was 1–2 cm below the 
last costal arch on the right side of the abdominal wall, 9 cm from the midline, and a 5.0–5.5 mm trocar-cannula 
unit was used to insert grasping forceps. 

The first step in the procedure was to use the LigaSure to remove the falciform ligaments. The left triangular 
ligament was cut, and the left lobe of the liver was completely dissociated (Plate III, Fig. 2a). The left medial lobe 
(LMB) was lifted with grasping forceps to expose the hilum of the liver. A needle with silk thread was used to ligate 
the LMB pedicle by an intracorporeal knotting technique (Plate III, Fig. 2b). Then, the liver parenchyma of the 
LMB 0.5 cm from the ligature site was removed with LigaSure (Plate III, Fig. 2c). Hepatic transection of the left 
lateral lobe (LLB) was performed in the same manner (Plate III, Fig. 2d). The raw surface was electrocoagulated 
with the unipolar electrocoagulation to stop errhysis (Plate III, Fig. 2e). No significant bleeding or bile leakage 
from the cut surface was noted after the saline rinse (Plate III, Fig. 2f). All resection surfaces of the liver were 
sealed with fibrin glue (Guangzhou Bioseal Biotechnology Co., Ltd, China) to ensure haemostasis and biliostasis. 
The resected lobes were then placed in a sterile bag and removed through an enlarged incision (4–5 cm) at port C. 
The abdominal cavity was irrigated and suctioned, and the abdominal incisions were closed. 

Sampling and data collection
Operative data recorded at the time of surgery included the operation time, weight of the removed liver lobe, 

and final incision size. Blood loss was estimated by the amount of fluid collected in a suction container minus 
the amount of irrigation fluid. The diameter of the vessels at the raw surfaces (LMB and LLB) of the removed 
lobe after resection were also measured. The liver parenchyma at the raw surface was crushed using thumb and 
forefinger to expose the blood vessels, which were then laid out naturally on a glass plate. Vernier calipers were 
used to measure the half circumference of the blood vessel, and the formula, r = c/2π (c is circumference, and r is 
radius), was used to calculate the radius of the vessel. 
Postoperative care

All animals were clinically examined daily, and complete blood count (CBC) analyses were performed. Blood 
was collected from all dogs before the surgery and on postoperative days (PODs) 1, 3, 7, and 14. Serum was 
separated to measure total bilirubin (T-Bil), aspartate transferase (AST), alanine transaminase (ALT), gamma-
glutamyl transferase (γ-GT), albumin/globulin (A/G) and alkaline phosphatase (ALP). The follow-up laparoscopy 
was performed 28 d after surgery.

The physiological parameters of the animals (such as body temperature, heart rate, respiration rate and 
blood pressure) were closely monitored until they were restored to normal preoperative levels. Buprenorphine 
(0.01 mg/kg i.m. Hansen Pharma Co., Ltd., Changsha, China) and ampicillin (20 mg/kg i.m.; Lukang Pharma, 
Jining, China) were administered every 8 h for 3 days after surgery for analgesia and to prevent infection. 

Statistical analysis
SPSS version 18.0 (SPSS Institute, Cary, NC, USA) was used for statistical analyses. One-way ANVOA was 

used to compare differences between preoperative and post-operative time points. The data are expressed as the 
mean ± SEM. A P value of < 0.05 indicated significance.

Results

In this study, seven laparoscopic left hemihepatectomies in dogs were successfully 
completed, with a mean operation time of 102.53 ± 9.07 min. The mean lobe mass was 
183.18 ± 37.53 g (LMB = 69.8 ± 17.64 g, LLB = 146.63 ± 34.19 g), the total length 
of the surgical incision was 6.7 ± 0.54 cm (6.0–7.5cm), the estimated blood loss was 
32.10 ± 6.43 ml (10–50 ml). The diameters of the portal vein and the hepatic vein at theraw 
surface of the removed LMB were 5.02 ± 0.89 mm (4.10–6.05 mm), and 3.24 ± 1.04 mm 
(2.07–4.83 mm); and 6.02 ± 0.66 mm (5.11–7.22 mm) and 4.39 ± 1.08 mm (3.86–6.91 mm), 
respectively, for the removed LLB.

All dogs had slight discomfort on the day of surgery. On POD 1, one dog vomited after 
eating, but the other dogs returned to normal. The sutures were removed ten days after 
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the operation, and the surgical incisions 
healed well in all animals without infection. 
White blood cell (WBC) count and ALP 
were significantly increased on POD 1 
(P < 0.05). Alanine transaminase and 
AST were significantly higher at POD 1 
than before surgery (P < 0.01), and all the 
indicators were basically normal seven 
days after the operation (Table 1). None of 
the dogs showed weight loss on POD 28. 
Exploratory laparoscopy was performed 
28 day after surgery, and all findings were 
normal except for some adhesion of the raw 
surface of the left lobes to the omentum or 
gastric wall (Plate III, Fig 3).

 
Discussion

Currently, laparoscopic hepatectomy 
often requires both an experienced surgeon 
and expensive equipment, such as the 
Endo-GIA stapling system (Consten et 
al. 2008; Scuderi and Troisi 2014; Yao 
and Wu 2016), a saline-coupled bipolar 
sealer (Sastry et al. 2019), an ultrasonic 
scalpel (Chai et al. 2018; Kim et al. 2017), 
a laparoscopic laser (Ellebrecht et al. 
2018) and a microwave applicator (Chong 
et al. 2018; Dimitri et al. 2019; Shen et al. 
2018). These factors restrict the widespread 
use of hepatic lobectomy in veterinary clinics. 
In this study, we successfully performed left 
hemihepatectomy (LMB and LLB) in dogs 
by combining penetrating ligation at the base 
of the liver lobe with the squeeze and closure 
function of the LigaSure instrument to the 
liver parenchyma, which not only ensured 
safety but also simplified the surgical 
procedures and reduced difficulty. 

The anatomy of the dog liver is different 
from that of the human liver. The canine 
hepatic artery branch is relatively thin 
and buried in connective tissue with the 
portal vein, making separation difficult 
and time-consuming. The confluence 
of the hepatic vein and posterior vena 
cava is in the liver parenchyma, and it is 
easy to tear these blood vessels during 
separation (Hasegawa et al. 2019). In 
humans, a fixation clip or tourniquet is 
often used to block blood flow in the Ta
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hepatic artery, portal vein, and hepatic vein before ligation and transection of the liver 
parenchyma (Piardi et al. 2017; Yan et al. 2015). Some studies have proved that the 
traditional ‘clamp-crush’ technique can safely transect the liver parenchyma and block 
blood flow to the liver (Li et al. 2018). Clinical practice has also proven that this 
method is relatively reliable in controlling bleeding. However, interrupting blood flow 
to the entire liver will cause ischaemia-reperfusion injury in the non-resected liver 
lobe, which is not conducive to postoperative recovery of the liver function (Yang 
et al. 2017); therefore, the above methods were evolved and improved in this study. During 
the operation, only the base of the resected liver lobe was treated by penetrating ligation 
to block blood flow into and out of the liver. Meanwhile, the LigaSure system was used to 
squeeze the liver parenchyma and seal the intrahepatic vessels, and the liver parenchyma 
separation was completed safely and quickly. LigaSure is a bipolar feedback-controlled 
sealing system that can seal blood vessels up to 0.7 cm (Saidi et al. 2009). LigaSure has 
been used in laparoscopic hepatectomy to effectively seal intrahepatic blood vessels and 
bile ducts without the need for separation (Yoshimoto et al. 2014). In this study, liver 
lobectomy was successfully completed with ligation of the base of the resected liver lobe 
before direct resection by LigaSure in beagles weighing 10–15 kg. According to a study 
on the anatomical structure of blood vessels in the dog liver, the branch portal veins of 
the LLB form the largest lobar portal vascular branch of the liver with a mean caliber of 
0.42 ± 0.08 cm (< 15 kg dogs) or 0.60 ± 0.06 cm (> 15 kg dogs); the mean caliber of the 
largest hepatic vein was 0.50 ± 0.11 cm (< 15 kg dogs) and 0.67 ± 0.18 cm (> 15 kg dogs) 
in the LBM and 0.60 ± 0.06 cm (< 15 kg dogs) and 0.82 ± 0.10 cm (> 15 kg dogs) 
in the LLB (Mari and Acocella 2015). In dogs weighing more than 15 kg, the hepatic 
vein caliber may exceed 0.7 cm, and LigaSure is unsafe for direct resection. Ligation of the 
liver pedicle before LigaSure is recommended to reduce the risk of bleeding. 

To avoid gas embolization while still meeting the need for surgical space, the 
CO2 pneumoperitoneum pressure should not be too high during the operation; 
a pneumoperitoneum pressure of 8–10 mm Hg is recommended (Machado et al. 2004; 
Constant et al. 2005; Frezza and Wachtel 2006). To better expose the liver, the falciform 
ligament should be removed. During removal of the falciform ligament, the surgical 
assistant may insert the grasp forceps in port D to pull and fix the falciform ligament, 
thus helping the surgeon. During the dissection of the left triangular ligament, the use of 
a monopolar hook electrode is not recommended because the triangular ligament is close to 
the diaphragm and a monopolar hook electrode can easily damage the diaphragm and cause 
pneumothorax. Good choices for cutting ligaments include scissors, ultrasonic dissectors 
and LigaSure, which has obvious advantages in operations close to the diaphragm.

Treating the remaining liver surfaces with electrocoagulation after lobectomy can prevent 
bleeding and bile leakage (Kim et al. 2017). When the LigaSure jaws are slightly opened 
and then placed on the raw surface of the remaining liver and activated, bleeding is stopped 
safely and effectively. The removed LLB, LMB, and falciform ligaments are placed in two 
separate specimen bags to make it easier to remove through the enlarged incision.

In conclusion, this report describes a minimally invasive surgical method for 
laparoscopic left hemihepatectomy in small dogs (10–15 kg) involving penetrating ligation 
to resect the liver lobe, squeezing the liver parenchyma and sealing the intrahepatic 
vessels with LigaSure. The postoperative outcomes demonstrate that this is a promising 
surgical procedure. This canine model could be useful for investigating liver disease and 
regeneration and could provide preclinical information for improving hepatobiliary surgical 
procedures in small dogs. This method of liver resection may be advantageous for smaller, 
more peripherally located lesions in LMB and LLB, such as hepatic abscessation, hepatic 
mass lesions (hepatocellular tumours, cholangiocellular tumours neuroendocrine tumours, 
mesenchymal tumours), and other liver conditions such as hydatid cyst, and haemangioma, 
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but may not be appropriate for larger lesions in the LMB and LLB and for lesions involving 
the right lateral, right medial, caudate, or quadrate lobes (Boothe 2015; Machado 
et al. 2004). Further clinical studies are needed to evaluate and improve the efficacy of this 
surgical approach in the treatment of liver disease.
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Fig. 2. Intraoperative views. A: LigaSure dissected the left triangular ligament. B: Use of a needle with suture 
to ligate the base of the left medial lobe (LMB). C: LigaSure resected the LMB. D: LigaSure removed the liver 
parenchyma of the left lateral lobe (LLB). E: Resected liver surfaces treated by electrocoagulation. F: Image of 
the raw liver section.

Fig. 3. Follow-up laparoscopic examination at 28 days after surgery. 


