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Abstract : Laparoscopic surgery is a well-established alternative to open surgery across disciplines. However, in
veterinary medicine, laparoscopic surgery in dogs was rarely reported because of small abdominal size for multiple
ports insertion. The concept of single-incision laparoscopic surgery (SILS) is to perform the entire laparoscopic operation
through a single incision rather than conventional multiple small skin incisions. Indirect evidence of potential benefits
of SILS, decreases operative morbidity related to reduction in port size, already exists. Therefore, this study was
performed to evaluate the safety and feasibility of the modified form of SILS using flexible endoscope in
Cholecystectomy before clinical adoption. A 2 cm single periumbilical incision was performed, and flexible endoscope
was introduced into the abdominal cavity. A laparoscopic grasper was inserted into the abdominal cavity for the traction
of gall bladder. Cystic duct and artery were ligated by 5 mm Hem-o-lok®. Then, gall bladder was dissected and resected
from the liver with 5 mm Autonomy Laparo-Angle Maryland dissector and endoscopic needle knife. Resected gall
bladder was wrapped by using specimen pouch and was retrieved through abdominal incision from the cavity. All
three gall bladders were successfully removed. Hematological changes were not observed during examination periods.
No leakage sign was identified at necropsy. The flexible endoscope, as distinct from conventional rigid laparoscope,
allows the visualization from various angles and the wide range of motion, result in less crowding. 
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Introduction

Cholangitis and gallstones are common in people and lap-

aroscopic cholecystectomy has become a routine procedure in

human medicine over the last 30 years (24). In cats and dogs,

conditions treated by cholecystectomy include necrotizing

cholecystitis (8), gall bladder trauma or neoplasia, symptom-

atic cholelithiasis (13,20), and gall bladder mucocele (GBM)

(1,3,24,41). Uncomplicated GBM are probably the most suit-

able cases for laparoscopic cholecystectomy. Although a recent

report highlighted the successful medical treatment of two dogs

with GBM, most investigators agree that cholecystectomy is

the treatment of choice for GBM, due to the significant mor-

bidity and mortality associated with cases that develope bile

peritonitis or extrahepatic biliary obstruction (EHBO) as a con-

sequence (1,26,40). Another possible indication for laparo-

scopic cholecystectomy is symptomatic cholelithiasis without

common bile ducts tones or associated EHBO, which occur

less frequently. However, care must be taken not to overlook

stones that are residing in, or moving into and out of the duc-

tal system (24).

Traditionally, laparoscopic cholecystectomy has been per-

formed with four ports (10,13). There has been a trend toward

minimizing the number of incisions and ports required and

this had led to the description of three and two port tech-

niques of laparoscopic cholecystectomy (18,33,38).

Minimal access surgery allows operations to be performed

while minimizing the trauma of the access required for an

open operation (7). This has been shown to be safe and effec-

tive as well as leading to reduced postoperative pain, short-

ened hospital stay, and faster recuperation and return to normal

function (19,21). The reduction in external scarring also leads

to an improved cosmetic result. Minimal access techniques

have affected many area of surgery, with laparoscopic proce-

dures now becoming the expected standard of treatment for

many elective and acute surgical conditions (7).

The demand to develop even more minimally invasive sur-

gical techniques in order to enhance the advantages of laparos-

copy remains strong. This demand has led surgeons to seek to

minimize the number and the size of incisions, or in the case

of natural orifice transluminal endoscopic surgery (NOTES),

to eliminate skin incision altogether. The hope of these more

minimally invasive procedures is that they will also lead to

minimal or no post-procedural while improving cost-effective-

ness and patient safety (5). The first transgastric appendectomy

and the first cholecystectomy via a natural orifice were

reported in human patients (23,24). As a bridge between tradi-

tional laparoscopy and NOTES, recent focus has been on the

development of single incision laparoscopic surgery (SILS) to
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further minimize the invasiveness of laparoscopy by reducing

the number of incisions, and hopefully the pain and complica-

tion associated with them. SILS was described as early as

1992 by performing a single-puncture laparoscopic appendec-

tomy and in 1997 by performing a laparoscopic cholecystec-

tomy via two transumbilical trocars and three transabdominal

gall bladder stay sutures (28,31). These innovations, either

exclusively or in a hybridized fashion, have now been applied

to a wide variety of surgical procedures.

In veterinary medicine, as laparoscopic procedures become

more popular and surgeons’ experience increases, there is a

natural trend toward the development of more complex sur-

gery (24). Nowadays, ovariectomy, ovariohysterectomy, adrena-

lectomy and cholecystectomy have been described in veterinary

medicine (26,29). In a prior study, researcher reported that the

laparoscopic group experienced fewer postoperative compli-

cations such as pneumonia, sepsis, and wound infections and

reduced pain, and a more rapid return to normal activity (9,

11,22,25,39).

However, typically for veterinary patient, a four-port tech-

nique is generally used for laparoscopic surgery. As this tech-

nique is comprised of 5~10 mm laparoscope, three to four

trocar-cannula assemblies and various instruments, there is suit-

able for medium and large sized dog (24). And, traditional SILS

is difficult to attain critical views of tissue dissection because of

limited instrument and field of view. Therefore, when consid-

ered laparoscopic cholecystectomy or SILS in small to medium

sized dog, develop in new surgical technique is necessary to

replace conventional laparoscopic surgery.

The purpose of this study is evaluating the feasibility of sin-

gle incision flexible endoscopic cholecystectomy (SIEC) in

three dogs.

Materials and Methods

Animals

This study was approved by Chungnam National University

Animal Care and Use Committee. Three intact male Beagle

dogs (mean age: 24 months, body weight: 10.8 kg, 10.5 kg and

9.6 kg, respectively) were used in this study. All dogs had no

remarkable clinical findings on general physical examination.

 

Preoperative Preparation

Based on routine surgical preparation, dogs were fasted for

12 hours before the surgery. Water was provided until 2 hours

before the surgery. Physical examination and blood examina-

tion were performed on the day before surgery.

 

Anesthesia

Atropine sulfate (0.04 mg/kg, SC, Atropine sulfate®, Daihan

Pharm. Co., Korea) was administered as a premedication. Cefa-

zolin (20 mg/kg, IV, Cefazolin®, Kukje Pharm. Ind., Korea) was

administered as prophylactic antibiotics. Anesthesia was induced

with propofol (6 mg/kg, IV, Anepol®, Hana Pharm. Co., Korea)

and maintained with isoflurane (Forane®, Choongwae Pharm.

Co., Korea) under pure oxygen.

 

Disinfection

Each dog was positioned on dorsal recumbency and abdomi-

nal region was prepared aseptically. Endoscope was disinfected

with 1% dipotassium peroxodisulphate (Virkon®, Antec TM,

International - A DuPont Co., England).

 

Surgical Procedure

Handmade single-port system was made with two of 5 mm

and one of 12 mm trocars (B5ST and B12LT, Endopath®

XcelTM, Ethicon Endosurgery Inc, USA) and surgical glove was

aseptically prepared (Fig 1). A single 2 cm of periumbilical

incision was made sharply with scalpel, the soft tissue was

bluntly dissected to the fascia and incision of linea alba was

made by scalpel and metzenbaum scissors. Handmade single-

port system attached to the abdominal wall with the aid of

wound retractor (C8312 Alexi® wound retractor, Applied Med-

ical, USA, Fig 2A). And then, a pnumoperitonium was estab-

lished using a mechanical CO2 insufflator making sure that

intra-abdominal pressure did not exceed 5 mmHg.

Aseptically prepared single-working channel endoscope

(Scope: EG-250HR2, Processor: EPX-201H, FujinonTM, Fuji

Photo Optical CO LTD, Japan) was inserted into abdominal

cavity though the 12 mm trocar. Once inserted, the gall bladder

was identified and for the better visualization of cystic duct and

artery, laparoscopic grasping forcep (FG49L-1, Olympus Opti-

cal LTD, Japan) was used for the traction of gall bladder (Fig

2B, 2C). The 5 mm automatic endoscopic Hem-o-lok applier

(Hem-o-lok®,TFX Medical, Ltd., UK) was inserted through the

5 mm trocar and cystic duct and artery were triple ligated with

5 mm clips and transected by L-knife (KD-620LR, Olympus

Optical LTD, Japan) through working channel of the endo-

scope (Fig 2D, 2E). Blunt dissection was begun using rotating

Maryland dissector (LA1201-01 Maryland dissector, Autono-

myTM‚ Laparo-AngleTM‚ Cambridge Endoscopic Devices Inc.,

Fig 1. Photograph of handmade single-port system. The three

trocars attached to the surgical glove served as three working

channels.
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USA) and gall bladder was dissected free from liver (Fig 2F).

Gall bladder was wrapped by specimen pouch (KGL-101-S

Lap Bag®, Sejong Medical Inc., Korea) and was removed with

handmade single-port system. 

An endoscope was advanced to the operating site to evaluate

the bile leakage or hemorrhage.

The operative filed was irrigated with normal saline

(Choongwae 0.9% Normal saline Sol®, Choongwae Pharm

Co., Korea) and lavaged. Abdominal wall and skin was closed

routinely.

 

Postoperative Treatment

Dogs were fasted for 24 hours after the procedure and 5%

Hartmann-dextrose solution (60 ml/kg/day, IV, CJ Hartmann-D

Sol®, CJ Pharm., Korea) was given for 24 hours. Postoperative

care included: surgical site dressing 1 time a day for 7days,

cefazolin (20 mg/kg, IV, q12hr, Kukje Pharm. Ind., Korea) for

7days. Meloxicam (0.2 mg/kg, PO, q24hr, Metacam®, Boe-

hringer Ingelheim, USA) was used for postoperative analgesia.

 

Assessment parameters

Intra-operative observation

Surgical time, surgical bleeding and bile leakage were

observed. Surgical time was divided into: total surgical time,

surgical time until the gall bladder resection and time for the

gall bladder dissection.

 

Post-operative observation

General postoperative conditions (e.g. pain, appetite and

activity) were monitored throughout for seven days of experi-

mental period after operation.

 

Hematology and serum chemistry

Complete blood counts (WBC, RBC, Hematocrit and Hemo-

globin) and serum chemistry (alkaline phosphatase; ALKP,

gamma-glutamyltransferase; GGT, aspartate aminotransferase;

AST, alanine aminotransferase; ALT) were performed on pre-

operative, postoperative day (POD) 1, 3, 5 and 7 to evaluate

blood loss, inflammation and elevation of hepatic enzymes after

the surgical procedure. 

 

Gross examination

On POD 8, gross examination was done to assess following:

gall bladder resected site, adhesion with surrounding tissue, con-

firmation of Hem-o-lok®clips at the cystic duct and postopera-

tive complication such as peritonitis.

 

Statistical Analysis

Hematological and serum chemical values were analyzed by

one-way ANOVA (SPSS for Window, 12.0.1, SPSS Inc. USA).

All data expressed as mean ± standard deviation. The values of

P < 0.05 were considered significant.

Results
 

Cholecystectomy was successfully accomplished in all cases

and all animals survived throughout the experimental period.

 

Intra-operative observation

Total surgical time of individual dogs was 154 minutes, 141

minutes and 64 minutes, respectively. In dog 2, gall bladder dis-

section time was markedly decreased than dog 1. In dog 3, time

B and time C were decreased simultaneously.

Intra-operative bleeding was observed in all dogs, but it

appeared to be minimal that occurred by traction of gall bladder

and bile leakage was observed in one dog (Dog 2). But, bleed-

ing or bile leakage of all dogs was not observed after removal of

gall bladder (Table 1).

Fig 2. Intra-operative image of single incision flexible endoscopic cholecystectomy: Handmade single-port system was attached to the

abdominal cavity (A). Endoscope was inserted into abdominal cavity, and gall bladder was identified immediately (B). Traction of gall blad-

der was performed for the better visualization of cystic duct and artery (C). Cystic duct and artery were ligated with 5 mm clips (D). Trans-

section of the cystic duct and artery by L-knife (E). Blunt dissection was performed using rotating Maryland dissector and L-knife (F).
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Post-operative observation

All of dogs showed good appetite and activity. In addition,

post-operative pain was not observed.

 

Hematology and serum chemistry 

In the hematological and serum chemical examination, post-

operative values of WBC, RBC, hematocrit, hemoglobin,

ALKP, GGT, AST and ALT levels were not significantly dif-

ferent (Table 2, 3).

Gross examination

On observation of gall bladder resection site on POD 8, gross

liver damage and other complications (i.e. hemorrhage, inflam-

mation, bile leakage and adhesion) were not shown (Fig 3A).

And all of 5 mm Hem-o-lok® clips were well placed at the liga-

tion sites (Fig 3B).

Discussion
 

In this study, we successfully performed single incision flex-

ible endoscopic cholecystectomy (SIEC) in 3 dogs. After recov-

ery from the anesthesia, no significant pain on surgical site was

observed and all dogs showed normal activity. Previous study

reported that the size and numbers of the port are closely

related to postoperative pain and complication (6). By consider-

ing such factors, animals’ postoperative condition can be

improved directly. Minimal abdominal incision was proved to

Table 1. Intra-operative parameters during single incision endoscopic cholecystectomy in dogs

Dog
Surgical Time (minute)

IO-Bd IO-Le PO-Bf PO-Lg

Time Aa Time Bb Time Cc

1 154 62 78 Minimal None None None

2 141 112 12 Minimal Moderate None None

3 64 20 31 Minimal None None None

aTotal surgical time 
bSurgical time until the gall bladder resection
cSurgical time for the gall bladder dissection
dIntra-operative bleeding
eIntra-operative bile leakage
fBleeding after gall bladder resection
gBile leakage after removal of gall bladder

Table 2. Hematology data in single incision flexible endoscopic cholecystectomy in dogs (n = 3)

 POD* 0 POD 1 POD 3 POD 5 POD7

WBC (× 103/mm3) 9.2 ± 4.5 15.4 ± 2.0 10.4 ± 0.4 8.7 ± 0.3 6.3 ± 0.4

RBC (× 106/mm3) 6.2 ± 0.4 5.5 ± 0.2 6.0 ± 0.3 5.9 ± 0.2 6.2 ± 0.1

Hematocrit (%) 41.3 ± 3.1 35.5 ± 0.3 39.3 ± 0.6 37.0 ± 1.4 38.5 ± 2.9

Hemogloblin (g/dl) 13.7 ± 4.8 14.1 ± 0.2 13.2 ± 2.0 12.2 ± 3.0 14.4 ± 0.5

Data are expressed as mean ± SD
*Postoperative day 

Table 3. Serum chemistry in single incision flexible endoscopic
cholecystectomy in dogs (n = 3)

 POD 0 POD 3 POD 5 POD 7

ALKPa

(U/l)
80.0 ± 35.0 147.0 ± 14.0157.0 ± 57.3 115.0 ± 39.4

GGTb

(U/l)
2.7 ± 0.6 5.0 ± 1.7 6.7 ± 0.6 4.5 ± 0.7

ASTc

(U/l)
30.3 ± 1.2 61.7 ± 20.1 35.7 ± 13.4 46.3 ± 8.1

ALTd

(U/l)
< 0 143.7 ± 70.7 165.0 ± 0.0 84.3 ± 43.1

Data are expressed as mean ± SD
aALKP (alkaline phosphatase) : 14-224 U/l
bGGT (gamma-glutamyltransferase) : 1.0-14.0 U/l
cAST (aspartate aminotransferase) : 7-84 U/l
dALT (alanine aminotransferase) : 4-125 U/l

Fig. 3. Post mortem gross examination of peritoneal cavity on

POD 8. Liver damage and other complication were not observed

(A). 5 mm Hem-o-lok®clips were well placed and were adhered to

omentum at the ligation sites (arrow) (B).
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bring advantage not only for the pain itself, but also for immu-

nological aspect (4, 27).

A complete gall bladder excision was completed in all dogs.

In dog 2, gall bladder dissection time was markedly short, but

total surgical time was not decreased due to the moderate bile

leakage. However in dog 3, total surgical time was severely

decreased than in dog 1 and dog 2 due to surgical experience.

And, it was not observed intra-abdominal complication like

peritonitis, hemorrhage and bile leakage at gross examination

after POD 7.

Several important intraoperative complications are possible

during SIEC. Accordingly, hematology, serum chemistry and

necropsy were also conducted to evaluate safety and feasibil-

ity of SIEC in this study.

In this study, there was observed mildly increased WBC level

in POD 1 based on hematology. However, the value was grad-

ually decreased on POD 3, 5 and 7. This demonstrate that there

was no postoperative complication related with peritonitis or

sepsis. There were no significant change of RBC, hematocrit

and hemoglobin between the preoperation and postoperation

values. These results showed that it was not occurred pre and

postoperative hemorrhage during SIEC. The preoperative and

postoperative levels of ALKP, GGT, AST and ALT have been

investigated in various studies to determine the physiological

basis of hepatic malfunction (2,14,15,16,28,35,36). Especially,

knowing the fact that normal portalvenous pressure is between

7-10 mmHg and about half of the hepatic blood flow comes

from the portal venous system, 14 mmHg of pneumoperito-

neum created with CO2 is stated to be the major cause of tran-

sient hepatic ischemia during laparoscopic cholecystectomy

(16,17,29,35,36). And, Hasukicetal in their randomized study

comparing the effects of low and high pressure pneumoperito-

neumon liver functions, state that AST and ALT elevations

were significantly higher in patients operated under high pres-

sure (14 mmHg) pneumoperitoneum than those under low

pressure (7 mmHg) (16). Morinoetal investigated the duration

of pneumoperitoneum at constant pressure and found that

when the duration of operation exceeds 60 minutes, elevatio-

nin AST and ALT levels become more significant (28).

Comparing the liver enzymes, there were evaluated to exam-

ine effects of low pressure pnemoperitoneum and liver tissue

damage caused by biliary tract manipulation. ALKP, GGT,

AST and ALT levels were not elevated significantly after

SIEC. Therefore, SIEC under low pressure (5 mmHg) pnumo-

peritonium demonstrated that did not affect liver enzyme level

(ALKP, GGT, AST and ALT). Especially, although it was low

pressure pnumoperitonium compared to traditional laparo-

scopic surgery, the flexible endoscope was able to provide a

perfect view of the intraperitoneal cavity and enable the easy

identification of the gall bladder. 

We used the "handmade single-port system", which consist

of two of 5 mm and one of 12 mm trocars and a surgical glove.

This system allows simultaneous passage of several instru-

ments through one small incision. The devices minimizes the

incision site up to 2 cm, which is needed to pass at least two

5 mm laparoscopic instrument and one endoscope at the same

time. Thus, it decreases the risk of operative site herniation

after surgery. 

In this study, to avoid internal collision and to increase instru-

ment’ range of motion, we decide to introduce the flexible

endoscope instead of rigid laparoscope. The use of flexible

endoscopic in SILC has not been described in small to medium

sized dogs. Moreover, the most important advantages of the sin-

gle incision surgery using a flexible endoscope compared to

laparoscope are able to directly and straightly approach the gall

bladder, which results in simplifying the procedures for

cholecystectomy. The single-working channel of flexible endo-

scope enabled use of another surgical device without the need

for another port. 

Moreover, the Maryland dissector which could be flexed at

its tip had enabled to simplify a better side view of the operat-

ing field and facilitate the procedure during dissection of gall

bladder.

Performing surgery with flexible endoscope is a relatively

new skill for the veterinary surgeon, and the available tools

were not designed for complex surgical tasks. However, further

instrument and accessory improvement will increase accep-

tance of cholecystectomy using a flexible endoscope. This pro-

cedure may also be easily converted to a standard laparoscopic

surgery, with no need for a change in operative position.

In conclusion, single incision endoscopic flexible cholecystec-

tomy in dogs by periumbilical approach seems to be a techni-

cally feasible and safe procedure. SIEC could be a less invasive

alternative to the conventional four-port laparoscopic cholecys-

tectomy in small to medium sized dogs.
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개에서 단일 통로 유연 내시경 담낭 절제술 : 유용성 연구

 이소연·신범준·정성목1
 

 충남대학교 수의과대학·동물의과학 연구소

요 약 :본 연구에서는 중·소형견에서 1개의 복강경 통로를 통한 내시경적 담낭 제거술을 실시함으로써, 개에서 최

소 침습적 수술로 담낭 절제술을 실시할 수 있는 방법을 확립하기 위하여 실시하였다. 실험 동물로 총 3마리의 수컷

비글견 (10.3 ± 0.62 kg)을 이용하였으며 배꼽 주위에 하나의 절개창을 만든 후 단일 통로 내시경 시스템을 장착하였

다. 이 시스템을 통해 내시경과 Maryland 복강경용 겸자로 담낭을 견인, 제거하였다. 3마리 모두 성공적으로 담낭 절

제술을 실시하였으며, 수술 후 감염과 같은 합병증은 발생하지 않았다. 또한 술전, 술후를 비교한 혈액, 혈청 검사상에

서도 특이적인 소견은 관찰되지 않았다. 술후 7일 후에 이루어진 부검 소견에서도 출혈 및 담즙의 유출 및 복막염 등

과 같은 부작용은 관찰되지 않았다. 따라서 본 연구를 통해, 단일 통로를 이용한 내시경 유도하 담낭 절제술은 중소형

견에서 실시할 수 있는 복강 수술 방법 중 최소한의 절개를 통해 비침습적으로 이루어질 수 있는 유용한 수술 방법이

라 할 수 있다.

주요어 :단일 통로, 내시경, 담낭절제술, 개


