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Abstract 

Introduction: The objective of this study was to describe a laparoscopic abomasal cannulation (LAC) technique, and 

compare the extent of the surgical trauma after LAC and open abomasal cannulation (OAC) by examining postoperative visual 

analog scale (VAS) pain scores and serum values of interleukin-6 and tumour necrosis factor-α in sheep. Material and 

Methods: Twelve healthy ewes, weighing 38–43 kg, were used. Three-portal laparoscopic techniques were used for LAC 

procedures. OAC was performed by a right flank laparotomy. Results: Abomasal cannulation was accomplished in all sheep 

without major intraoperative and postoperative complications. The abomasal contents were collected easily in both groups. 

Comparative studies found that open procedures exhibit a more pronounced short-term increase in cytokines and significantly 

higher VAS pain scores than the corresponding laparoscopic procedures. Conclusion: The laparoscopic technique proved to be 

less traumatic than the conventional open technique.  
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Introduction 

The cannulation of various regions of the digestive 

tract of ruminants is regarded as one of the most 

important procedures in nutritional studies (1, 15, 16, 

18). Digestive tract fistulation was first used to study 

alimentary tract physiology in 1822. Cannulation of the 

abomasum has been used for abomasum examination 

(13) to obtain abomasal fluid (24), to measure abomasal 

emptying rate (14, 28), for parasitological (26) and 

pharmacological studies (5), and for the treatment of 

abomasal ulceration (23).  

Many celiotomy techniques for abomasal 

cannulation have been described (17, 27), but these 

techniques are invasive, though to varying extents. 

Minimally-invasive laparoscopic surgery offers faster 

recovery times, reduced pain, and more rapid return to 

activity compared to conventional surgery (30). 

Therefore, laparoscopic surgery is becoming 

increasingly popular. Laparoscopic cryptorchidectomy 

(10), ovario-hysterectomy (8), gastropexy (29), and 

cystotomy for urolith removal have been reported (25).  

Invasiveness is often measured by length of 

incision, severity of pain perceived, or recovery time. 

These factors are difficult to measure in the animal 

environment (3). Acute-phase cytokines have been 

utilised to provide a more objective quantitative measure 

of operative trauma (6, 19). Thus, the object of the 

presented study was to describe a laparoscopic abomasal 

cannulation (LAC) technique and compare the 

inflammatory cytokine response after laparoscopic 

abomasal cannulation with traditional open abomasal 

cannulation (OAC). 

Material and Methods 

Animals. Twelve healthy ewes, 1 to 2 years of age 

and weighing 38 to 43 kg, were used in the study. All 

sheep were assumed healthy based on physical 

examination and complete blood count (CBC). The 

housing and experimental facilities at the Agricultural 

University of Hebei were approved by the Chinese 

Ministry of Agriculture, and the study was approved by 

the Animal Ethics Committee of the Agricultural 

University of Hebei (Baoding, China). The sheep were 

divided into two equal groups: an LAC group and an 

OAC group. 
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Surgical technique. Feed was withheld for 48 h 

and water for 12 h before operation. Ampicillin sodium 

(40 mg/kg, i.m.) was administered 1 h before surgery. 

Each sheep was premedicated with atropine (0.05 mg/kg 

subcutaneously), and approximately 15 min later with 

ketamine (22 mg/kg, i.m.) and xylazine (0.2 mg/kg, 

i.m.). The ventral abdomen, from the paracostal area to 

the pubis and to each inguinal fold, was shaved, 

aseptically prepared, and draped for surgery.  

Surgical procedures were performed by the same 

surgeon and two assistant surgeons.  

LAC technique. Sheep were positioned in dorsal 

recumbency and the surgical table was tilted between 

10° and 20° in a head-down position. The first trocar-

cannula (10/11 mm) unit for the laparoscope (Olympus, 

Germany) was placed on the midline, 2 cm caudal to the 

umbilicus. The second trocar-cannula (10/11 mm) unit 

was placed 12-16 cm lateral and 4-5 cm cranial to  

the left side of the umbilicus. The third trocar-cannula 

(5-5.5 mm) unit was placed 12-16 cm lateral and 2-3 cm 

caudal to the right side of the umbilicus. The 2nd and 3rd 

cannulas were used for placement of laparoscopic 

surgical instruments. Insufflations with CO2 were 

provided via automatic insufflators with pressure set 8 to 

10 mmHg. 

The serosal surface of the greater curvature of the 

abomasum was identified. Using forceps, the abomasum 

was grasped in the middle of its greater curvature 

(midway between the reticulo-abomasal ligament and 

the pyloric antrum), 2 to 3 cm from the attachment of the 

greater omentum. This site was the location of the 

cannula in the abomasum. 

United States Pharmacopeia (USP) size 2-0 

polyglycolic acid suture (swaged, round point 1/2 circle 

needle, 30 cm, 5 × 12) was used for two traction sutures 

and one purse-string suture. The first traction suture was 

placed between the umbilicus and the xyphoid process, 

3-5 cm lateral and 12-14 cm cranial to the right side of 

the umbilicus. Then a partial thickness purse-string 

suture (1 cm in diameter, 4-5 bites) was placed around 

the abomasal cannula site. The T-shape abomasal 

cannula pre-blocked with a sterilised tampon was fully 

inserted into the abdominal cavity. A stab incision a little 

smaller than the diameter of the T-shape abomasal 

cannula was then made into the abomasum lumen in the 

middle of the purse-string suture with a laparoscopic 

monopolar hook electrode. Then the abomasal cannula 

was inserted into the abomasum lumen through the stab 

incision and the purse-string suture tightened. The 

second traction suture was placed between the umbilicus 

and the xyphoid process, 3-5 cm lateral and 7-9 cm 

cranial to the right side of the umbilicus. A stab incision 

in the corresponding abdominal wall was created and the 

T-shape abomasal cannula was pulled through this 

incision out of the abdominal cavity with haemostatic 

forceps. Carbon dioxide was evacuated from the 

abdominal cavity by opening the cannulas and the  

T-shape abomasal cannula was pulled against the body 

wall while the abomasum was approximated to the body 

wall by pulling on the traction sutures. The two traction 

sutures were tied and buried under the skin, which was 

closed with a cruciate suture pattern (2-0 polyglycolic 

acid) to create an abomasopexy. Lastly the T-shape 

abomasal cannula was secured to the skin with a finger-

trap suture, and was clamped after removal of the 

sterilised tampon. 

OAC technique. A right flank laparotomy, distal 

(approximately 2 to 3 cm) and parallel to the last rib, was 

performed. The abomasum was identified and 

exteriorised. The location of the abomasal cannula was 

the same as for the laparoscopic group. A needle with 

polyglycolic acid suture was passed through the 

abdominal wall and then passed through the abomasal 

wall approximately 1 cm cranial to the abomasal cannula 

site without mucosal penetration. The needle was then 

pulled out of the abdominal cavity via the cutaneous 

incision to create the first traction suture. A partial 

thickness purse-string suture was placed around the 

abomasal cannula site. A stab incision with a diameter 

the same as for the laparoscopic group was made by 

scalpel. Then the abomasal cannula was inserted into the 

abomasum lumen through the stab incision. A stab 

incision in the corresponding abdominal wall was 

created; the location of the stab incision was the same as 

for the laparoscopic group. The T-shape abomasal 

cannula was pulled through this incision out of the 

abdominal cavity. The second traction suture was placed 

1 cm caudal to the abomasal cannula site by use of the 

same technique and the same suture material as in the 

first traction suture. The location of the two traction 

sutures was the same as for the laparoscopic group. The 

two traction sutures were tied and buried under the skin 

which was closed with a cruciate suture pattern (2-0 

polyglycolic acid) to create an abomasopexy. The  

T-shape abomasal cannula was secured to the skin by the 

same technique as for the laparoscopic group. 

Postoperative care and monitoring. A systemic 

antibiotic (ampicillin sodium, 40 mg/kg, i.m., every 8 h) 

was administered for 5 d and flunixin meglumine  

(0.5 mg/kg, i.m., every 24 h) was administered for 3 d. 

Subjective assessment of the sheep’s well-being and 

appetite, twice-daily measurements of temperature, and  

a daily complete blood count (CBC) were performed 

starting 7 d after surgery. Water was offered 6 h and feed 

12 h after surgery. 

Pain scores were registered using a visual analog 

scale (VAS) at 0 h, 6 h, 12 h, 1 d, 2 d, and 3 d after 

surgery (4, 12). The VAS consists of a horizontal line,  

10 cm in length, ranging from no pain (score 0, the left 

end) to worst possible pain (score 10, the other end), and 

the observer assessed the pain by measuring the distance 

from the left end of the line to the mark. 

Jugular vein blood samples were obtained prior to 

anaesthesia, immediately after the procedure, and on 

days 1, 3, 5, and 7 after surgery in both groups. Blood 

samples were collected in the early morning before 

feeding and allowed to clot at room temperature for 

about 30 min. Then the blood was centrifuged for 10 min 
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at 3000 × g, and the obtained serum stored at -80°C until 

analysis. The serum interleukin-6 (IL-6) and tumour 

necrosis factor-α (TNF-α) levels were measured by 

ELISA using sheep ELISA kits (Uscn Life Science Inc, 

China), according to the manufacturer’s protocols.  

Statistical analysis. Standard statistical methods 

were used for the analysis of all results. Data are 

reported as mean ±SD. Statistical differences within each 

group were determined by one-way ANOVA, and the 

paired-sample t test was used to compare the two groups. 

The significance level was established as P < 0.05. 

Statistical analysis of data was performed with computer 

software (IBM, USA). 

Results 

All sheep recovered from the abomasal cannulation 

procedure without apparent surgical complications. LAC 

resulted in only two 10 mm and one 5 mm incisions in 

the body wall, for a total length of all incisions of  

2.5 cm. Mean surgical time, defined as time from the 

initial stab incision to closure of the last portal, was  

49 min and actual times ranged from 42 to 58 min. Mean 

surgical time of OAC was 22 min and actual times 

ranged from 18 to 26 min. The abomasal contents were 

collected easily in both groups following clamp removal 

from the cannula barrel. 

The sheep were administered additional pain 

medication after surgery. In the LAC group, VAS scores 

were the highest at 6 h after surgery (mean ±SD,  

4.17 ± 0.31), most sheep were depressed and had a mild 

anorexia and abdominal pain, and resented palpation and 

examination of the operation sites. VAS scores 

decreased 1 d after surgery. Three days after surgery, the 

mean VAS score decreased to 1.58 (SD, 0.69), and all 

clinical symptoms returned to normal. In the traditional 

group, VAS scores were the highest 12 h after surgery 

(mean ±SD, 4.25 ± 0.42), then decreased to 2.34 (SD, 

0.45) 3 d after surgery. There were statistically 

significant differences in VAS pain scores between LAC 

and OAC at 6 h, 12 h, and 1 d after surgery (P < 0.05) 

(Fig. 1). 

In both groups, the concentrations of serum 

inflammatory cytokine elevated immediately after 

surgery, but returned to normal at about 7 d after 

surgery. The concentration was higher in the OAC group 

than in the LAC group after surgery. The highest 

inflammatory cytokine concentration occurred at day 1 

in both groups and was significantly higher in the OAC 

group than in the LAC group (Fig. 2). 
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Fig. 1. Visual analog scale (VAS) pain scores after laparoscopic abomasal 

cannulation (LAC) and open abomasal cannulation (OAC). * P < 0.05 

compared with OAC; # P < 0.05 compared with the baseline values 
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Fig. 2. Time course changes in IL-6 and TNF-α values for laparoscopic abomasal cannulation (LAC) and open abomasal cannulation (OAC). 
Stage 1 - before surgery; stage 2 - immediately after surgery; stage 3 - 1 d after surgery; stage 4 - 3 d after surgery; stage 5 - 5 d after surgery; and 

stage 6 - 7 d after surgery. * P < 0.05 compared with OAC; # P < 0.05 compared with the baseline values 
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Discussion 

LAC was performed in six healthy sheep, without 

major intraoperative or postoperative complications. 

The abomasal contents were collected each day after 

surgery to examine the usefulness of the T-shaped 

abomasal cannula. Collection was easy in both groups 

following clamp removal from the cannula barrel. Thus 

LAC is an alternative technique to colopexy.  

Data on the physiological impact of the 

laparoscopic abomasal cannulation approach are 

necessary. To compare the physiological impact of 

laparoscopic surgery with open surgery, postoperative 

serum cytokine levels were determined. Surgery 

induces a generalised state of immunodepression (19). 

Cytokines produced by cells of the immune system and 

other tissues act as mediators of the immune and acute 

phase response. TNF-α, interleukin 1β (IL-1β), and  

IL-6 are the major mediators of the acute-phase 

response (9, 11). The postoperative levels of these 

cytokines have been found to correlate with the 

magnitude of the surgery and the presence of 

complications. They have, therefore, been accepted as 

markers of tissue trauma after surgery (2, 7). In the 

present study, the upregulation of inflammatory 

cytokines after laparoscopic abomasal cannulation and 

their return to baseline levels at 7 days indicate that 

tissue trauma associated with the overall surgical 

procedure was short-lived. The significant differences 

of the peak values of IL-6 and TNF-α, coupled with the 

statistically significant lower postoperative serum IL-6 

and TNF-α levels in LAC compared with OAC, 

strongly supported the theory that laparoscopic 

technique is less traumatic than conventional open 

technique, as reported in literature (21, 22), and 

therefore LAC is a good alternative technique for 

abomasal cannulation in sheep. 
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