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Abstract

Introduction and objective. Laparoscopic cholecystectomy (LC) has become the gold standard management option
for benign gallbladder disease and cholelithiasis. However, there are physiological consequences with the induction of
pneumoperitoneum during LC, resulting in the reduction of hepatic blood flow which leads to the elevation of liver enzymes.
This study aimed to evaluate changes in liver enzymes after LC and determine its clinical effects on goats.
Materials and method. This prospective study was conducted in six goats via LC using four-trocar procedure to determine
alteration in liver enzymes. Vital parameters, including rectal temperature, respiratory rate, and heart rate were monitored
twice daily for abnormalities. Blood samples were collected pre-operatively and at 2, 12, and 36 hours, and on day 3 and
day 7 after surgery to compare liver enzyme alterations (aspartate transaminase [AST], alanine transaminase [ALT], alkaline
phosphatase [ALP], bilirubin, total protein, and albumin).
Results. Average time for LCs was 25 minutes. Biochemical estimation revealed a significant increase (p≤0.05) in total
(baseline: 0.27±0.03 mg/dL vs. at 2 h: 0.57±0.02 mg/dL and 12 h: 1.05±0.20 mg/dL) and direct bilirubin (baseline value:
0.12±0.02 mg/dL vs. 2 h: 0.23±0.02 mg/dL and 12 h: 0.23±0.02 mg/dL). Indirect bilirubin increased significantly (p≤0.05)
after 12 hours post-operatively. Total protein and globulin decreased significantly (p≤0.05) throughout. AST and ALT levels
increased (p≤0.05) after 2, 12, 36 hours, and on day 3 post-operatively. ALP increased after 2 hours and thereafter decreased
significantly (p≤0.05).
Conclusion. A considerable rise in the liver enzymes of the goat after LC due to changes in hepatic blood flow was observed.
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INTRODUCTION

OBJECTIVE

Laparoscopic cholecystectomy (LC) was introduced in 1987
and since then has replaced open cholecystectomy (OC).
LC has also become the gold standard in the management
of benign gallbladder disease and cholelithiasis [1, 2]. LC is
associated with several advantages, including reduced pain, a
quick return to normal life, and reduced wound infection [3,
4]. However, there are physiological consequences with the
induction of pneumoperitoneum during LC, resulting in the
reduction of hepatic blood flow which leads to the elevation
of liver enzymes [2, 5]. Hence, biochemical estimation of liver
enzymes is recommended in common clinical practice [1].
The changes in post-operative liver function tests (LFTs)
after LC may also result from the potential hepatotoxicity
of anesthetic drugs used during the procedure, and
the thermal energy used for haemostatic control during
gallbladder removal [6]. For instance, potential hepatocellular
damage is identified with the elevation of serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
[7, 8]. Increased level of alkaline phosphatase (ALP) is a result
of biliary duct obstruction while haemolysis or bile flow
obstruction increases bilirubin level. A significant increase in
serum transaminase is the implication of common bile duct
stones [1]. Indeed, LC is a common procedure performed in
human surgical practice.

The aim of this study is to evaluate the changes in liver
enzymes after LC, and to determine its clinical effects on
goats. In addition, the study also focuses on evaluation
of the feasibility and safety of laparoscopy in veterinary
surgery, particularly in goats, as anatomically the liver of
goats resembles the human liver. The study was carried out
on goats using the four-trocar procedure, as performed in
humans. The increase in liver enzymes was evaluated at
different post-operative periods of time by correlating the
changes in LFTs pre- and post-operatively.
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MATERIALS AND METHOD
The present prospective study was conducted on goats to
evaluate the effect of laparoscopic cholecystectomy on liver
enzymes. The study was conducted in the Experimental
Surgery Unit at King Fahd Medical Research Centre, King
Abdulaziz University, Jeddah, Saudi Arabia. The study was
approved by the Research Ethics Committee, King Abdulaziz
University Hospital.
Six Arabian goats, weighing between 20–25 Kg and aged
2–4 years were selected for the study. Goats were fed alfalfa/
grass hay and a commercial diet with free access to water. All
the goats were healthy and had no gallstones at the time of
study initiation. Food was withheld for 36 hours and water
for 12 hours pre-operatively. All goats underwent the same
surgical procedure.
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Surgical Procedures. Intravenous propofol at a dose of 4 mg/
Kg, was used to facilitate the introduction of endotracheal
intubation for inhalation anaesthesia [9]. Anaesthesia was
maintained using Isoflurane inhalation during the whole
period of each of the surgical procedures. In all the animals’
peritoneal cavity, pneumoperitoneum was achieved with CO2
insufflation at a pressure between 13–15 mmHg.
The anaesthetized animals were positioned in a dorsal
recumbent position, while the table was positioned in antiTrendelenburg position. The goats were rotated upright
so that the visceral mass moved downward. This position
enabled a good visualization of the visceral aspect of liver
and gallbladder of the goats. Anaesthetized goats had four
portals for insertion of the four trocars, two of 5 mm size
and the other two trocars of 10 mm size. The first peritoneal
access was achieved via a 10mm trocar for the laparoscopy.
The trocar was inserted at the ventral midline, just anterior
to the umbilicus. The other three trocars were inserted at the
paramedian areas as an instrumental portal according to the
liver size, and to achieve convenient access to the gallbladder
according to surgeon’s preference.
A general exploratory laparoscopy was performed initially
and nothing abnormal was detected. The gallbladder was then
identified and grasped with an endo grasper. The dissection
of the cystic duct and vessels was performed using Maryland
forceps. The dissection was carried out simultaneously as in
goats these structures are adherent to each other. After that,
the duct, along with vessels, was clipped with titanium clips
and divided. The gallbladder was dissected out from its liver
bed using an L-shaped cautery laparoscopic tip until it was
removed via a 10 mm size port. Haemostasis was secured
throughout the whole procedure using a cautery. Portal
wounds were closed using 2/0 Vicryl sutures in continuous
closure, followed by their dressing.
Post-operative care. After complete recovery, animals were
gradually given access to water and food. Intramuscular
Penicillin 20000 I.U., and streptomycin at a dose of 10 mg/
Kg body weight, were administrated for five days postoperatively. Vital parameters, including rectal temperature,
respiratory rate, and heart rate were monitored twice daily
for abnormalities. Surgical stitches were removed ten days
post-operatively.
Follow-up examinations were performed every day after
surgery to determine any abdominal skin lesion, or any
abnormal discharge from the four portals.
Blood Sampling. Blood samples were collected preoperatively at baseline, and post-operatively at two hours,
12 hours, 36 hours, on day 3 and day 7, for comparison of liver
enzyme alterations. Biochemical estimation of liver enzymes
(AST, ALT, ALP, bilirubin, total protein and albumin) was
performed on blood serum using a spectrophotometer
(Randox Laboratories, United Kingdom) according to the
manufacturer’s instructions.
Statistical analysis. The data obtained were analyzed
statistically using a Block design of analysis of variance
(ANOVA) with general linear model procedures (GLM)
[10]. For means of separation, Duncan’s Multiple Range Test
(DMRT) was used [11]. Statistical analysis was run through
SPSS (version, 16) for Windows [12]. A p-value of ≤0.05
was considered statistically significant. All the values were

expressed as mean±SE (standard error) between duration of
estimation time periods.
RESULTS
The average time for LC in the goats was 25 minutes (range:
20–30 minutes). The procedure was safe and successfully
performed without any major complications. All the goats
recovered well from anaesthesia and were moved to the
observation room on the same day of surgery. All of them
were kept under observation, and eight hours after surgery
were gradually given access to normal food and water.
Initial post-operative observations revealed mild to
moderate abdominal discomfort in four goats, showed as
laziness in activity and lying down. A stitch abscess in one
goat was also observed which was successfully removed with
the routine dressing. There was no change or abnormality
observed in vital parameters post-operatively.
Biochemical estimation of liver enzymes. Post-operative
levels of liver enzymes were compared with pre-operative
baseline levels to evaluate the changes observed before and
after the procedure. Biochemical estimation revealed a
significant increase (p≤0.05) in the total bilirubin (baseline
value: 0.27±0.03 mg/dL vs. two hours post-operatively:
0.57±0.02 mg/dL and 12 hours post-operatively: 1.05±0.20 mg/
dL) and direct bilirubin (baseline value: 0.12±0.02 mg/dL vs.
two hours post-operatively: 0.23±0.02 mg/dL and 12 hours
post-operatively: 0.23±0.02 mg/dL) after two and 12 hours
of surgery (Tab. 1). However, there was no further increase
after 36 hours, nor on day 3 and day 7 after surgery. Indirect
bilirubin showed a significant increase (p≤0.05) after 12 hours
post-operatively (pre-surgery: 0.15±0.02 mg/dL vs. 12 hours
post-surgery: 0.82±0.19 mg/dL) with no significant increase
after 36 hours on day 3, and day 7. There was a significant
decrease (p≤0.05) in total protein throughout the experiment
(pre-operatively: 7.53±0.12 mg/dL vs. Day 7 post-operatively:
6.75±0.13 mg/dL) with the maximum reduction 36 h postoperatively (5.68±0.06 mg/dL). There was no significant
change in albumin two hours after surgery; however, there
was significant decrease after 12 (baseline 1.90±0.04 mg/
dL vs. 12 hours post-operatively: 1.72±0.05 mg/dL) and 36
hours (1.48±0.06 mg/dL), day 3 (1.48±0.03 mg/dL) and day
7 (1.57±0.02 mg/dL). In addition, there was a significant
decrease (p≤0.05) in globulin throughout the experiment.
On estimating the changes observed in LFTs, a significant
increase (p≤0.05) in AST and ALT levels two hours (AST:
668.67±25.36 U/L; ALT: 66.83±3.43 U/L), 12 hours (AST:
589.83±73.62 U/L; ALT: 65.50±4.13 U/L), 36 hours (AST:
366.67±27.88 U/L; ALT: 53.33±2.93 U/L), and day 3 (AST:
133.00±3.76 U/L; ALT: 31.83±0.77 U/004C) post-operatively,
was observed. However, there was an insignificant change
after Day 7. In addition, a significant increase (p≤0.05)
in ALP after two hours (179.0±18.37 U/L vs. 202.17±2.33
U/L) followed by a significant decrease (p≤0.05) after 12
hours (122.50±1.55 U/L), 36 hours (86.33±1.43 U/L), Day 3
(67.50±4.10 U/L), and Day 7 (126.67±14.73 U/L) after surgery
was observed (Tab. 2).
Safety. Safety precautions were taken during the procedure
and the goats were monitored for any reactions. No adverse
reaction was observed neither during nor after the completion
of the surgical procedure.
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Table 1. Biochemical Parameters with Laparoscopic Cholecystectomy
Duration of Estimation

Total Bilirubin (mg/dL)

Direct Bilirubin (mg/dL)

Indirect Bilirubin (mg/dL)

T. protein (g/dL)

Albumin (g/dL)

Globulin (g/dL)

Baseline (pre-operatively)

0.27±0.03

0.12±0.02

0.15±0.02

7.53±0.12

1.90±0.04

5.63±0.16

2 h post-operatively

0.57±0.02

0.23±0.02

0.33±0.02

7.08±0.14

1.83±0.03

5.25±0.17

12 h post-operatively

1.05±0.20

0.23±0.02

0.82±0.19

6.72±0.22

1.72±0.05

5.00±0.25

36 h post-operatively

0.52±0.04

0.17±0.02

0.35±0.03

5.68±0.06

1.48±0.06

4.20±0.04

Day 3, post-operatively

0.32±0.03

0.12±0.02

0.20±0.03

6.08±0.09

1.48±0.03

4.60±0.08

Day 7 post-operatively

0.30±0.00

0.10±0.00

0.20±0.00

6.75±0.13

1.57±0.02

5.18±0.11

All values are expressed
as mean±SE (standard
error); Between duration of
estimation time periods, the p
values varied significantly as
p=0.0001 (p≤0.01)

Table 2. Liver enzyme activity with laparoscopic cholecystectomy
Duration of Estimation

AST (U/L)

ALT (U/L)

ALP (U/L)

56.83±1.17

19.33±0.49

179.0±18.37

2 h post-operatively

668.67±25.36

66.83±3.43

202.17±2.33

12 h post-operatively

589.83±73.62

65.50±4.13

122.50±1.55

36 h post-operatively

366.67±27.88

53.33±2.93

86.33±1.43

Day 3, post-operatively

133.00±3.76

31.83±0.77

67.50±4.10

Day 7, post-operatively

57.50±4.86

15.00±0.77

126.67±14.73

Baseline (pre-operatively)

All values have been expressed
as mean±SE (standard error);
between times, the p values
differed significantly as p=0.0001
(p≤0.01) AST – Serum Aspartate
Aminotransferase; ALT – Alanine
Aminotransferase; ALP – Alkaline
Phosphatase

DISCUSSION
LC has become the most common therapeutic tool in
surgery for the treatment of cholelithiasis and cholecystitis
[13]. However, it is not the gold standard as it is associated
with numerous adverse effects (AEs), such as duct injuries
and obstructions. As such obstructions and injuries are
associated with the alteration in liver function and enzymes,
it is essential to assess the LFTs post-operatively [14]. Besides
iatrogenic injuries, duct obstructions and retained stones,
LFTs may show elevation of the liver enzymes due to hepatic
dysfunction resulting from increased pneumoperitoneum
pressure formed during the surgery [15, 16]. Other possible
reasons include an increase in pressure in the abdomen,
squeezing effect on the liver, excessive diathermy (heat
energy) used during the procedure, and pulling effect on
the gallbladder [17].
In the presented study, there was a transient increase
(p≤0.05) in AST and ALT levels two, 12, 36 hours, and Day
3 post-operatively, which returned to their normal values
after Day 7. In addition, there was a significant increase
(p≤0.05) in the total and direct bilirubin after two and 12
hours post-operatively, but no further increase after 36 hours,
which shows that these biochemical changes seem to be
clinically silent.
Similar results were reported in another study which
evaluated two techniques of subtotal laparoscopic

cholecystectomy in 24 adult female goats. The LFTs showed
a significant elevation (p<0.05) in ALP and the total bilirubin
values in one of the techniques due to liver injury during the
cystic duct and artery dissection [13]. The main reason for the
elevation was the use of diathermy for haemostatic control.
Another study showed that LC was safe and was successfully
performed without any complications for uncomplicated
gallbladder disorder in a multi-institutional case series in 20
dogs. The study further reported no morbidities in the dogs
[18]. While conventional LC has been reported to be safe
according to previously conducted studies, a newer variant
which uses hydro jet technology with improved anatomical
dissection and bloodless operating fields has also shown
no post-operative complications. A study evaluating this
procedure on 30 pigs was successfully p[erformed with
decreased dissection-related complications in LC [19].
Further, the study showed that the dissection of fibrous and
connective tissue preserving blood vessels may be a better
technique than conventional LC.
While there are fewer animal studies, the procedure has
also been studied in humans. A study evaluating the changes
in ALT, AST and ALP in 86 patients who had undergone LC,
compared to OC, showed a significant increase in AST and
ALT (p=0.0001), but no significant change in ALP (p=0.131)
[20]. Another study conducted in 100 patients showed that
a higher number of patients demonstrated a rise in ALT
(p=0.0001) and AST (p=0.0004) in the LC group, compared
to the OC group [21]. Halevy et al demonstrated a 1.8-fold
increase in AST in 53 patients (79%) and a 2.2-fold increase
in ALT in 55 patients (82%) which returned to normal
within 72 hours [17]. Similarly, the level of serum AST and
ALT increased significantly during 24–48 hours after LC in
another study of 81 patients (p<0.0001), but the levels were in
the normal range three days after surgery in 69 patients [6].
In the presented study, the goats were given two antibiotics
(penicillin and streptomycin) post-surgery. According to
literature, antibiotics may also lead to drug-induced liver
injury. However, streptomycin does not exhibit hepatotoxicity,
while penicillin may lead to primary hepatocellular injury
in patients at a very low frequency (0.5–3 per 100, 000
prescriptions). Therefore, the increase in liver enzymes levels
may not be due to antibiotics [22].
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CONCLUSIONS
The results of the presented study demonstrate a considerable
rise in the liver enzymes of the goat after LC. The procedure
affected AST, ALT, total and direct bilirubin because of a
negative effect on the pneumoperitoneum, due to changes in
hepatic blood flow and a small injury to the biliary system.
However, the changes of LFTs were clinically silent and
transient in normal liver function. Care should be taken
before deciding to perform LC in patients with hepatic
insufficiency. Overall, the procedure is safe without any
morbidity and mortality rate.
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