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Background: Laparoscopic cholecystectomy (LC) requires the creation of a pneumoperitoneum
via insufflations of carbon dioxide; resulting in increased partial pressure of carbon dioxide (CO,) and
intraperitoneal pressure which leads to the changes in pulmonary function and hemodynamic measurements.
Hypercarbia leads to visceral organ ischemia including liver and venous stasis/thromboembolism or both due
to impaired flow. The present study has been undertaken to see the changes in liver function tests (LFT5)
after laparoscopic/open cholecystectomy (OC), the incidences of such change, their relation to age, sex,
duration of surgery and to know the clinical significances of such disturbances.

Aims and objectives: To compare and correlate the serum level of bilirubin, alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP) in patients who underwent LC to those who
underwent OC.

Materials and methods: The present study was conducted in the Department of Surgery at MMIMSR,
MM University, Mullana, Ambala. A total number of 200 patients diagnosed as cholelithiasis were included
in the study from May 2012 to May 2014. These cases were randomly divided into two groups (A and B)
consisting of 100 cases each. LC was performed in group A patients and OC was done in group B patients.
Three blood samples were taken: (I) pre-operatively; (II) after 24 hours of surgery; and (III) after 72 hours of
surgery for comparison of the enzyme level alterations.

Results: In LC patients, there were rise in the levels of serum bilirubin, AST and ALT after 24 hrs of
surgery from the preoperative value and then again fall was noted (near to normal value) after 72 hrs of
surgery except in that of ALP. ALP levels showed slight fall after 24 hrs of surgery and then slight rise after
72 hrs which was within the normal limit. Whereas in OC patients, there were slight variations in the liver
enzymes (which were within the normal range).

Conclusions: Transient elevation of serum bilirubin, AST and ALT occurs after LC or after OC. The
alteration in the liver enzymes can be attributed to CO, pneumoperitoneum, surgical manipulations,
diathermy, patient position, and arterial injury may also other factors. These changes return to normal in
3-4 days after procedure and they have no clinical consequences in patients with normal hepatic function but

they may still cause worry to the surgeon regarding the integrity of biliary tree.
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Introduction

Biliary calculosis is one of the most frequent diseases
and surgical interventions are commonly performed on
bile ducts. These patients should either undergo open
cholecystectomy (OC) or the procedure performed with a
gasless or low pressure laparoscopic technique. Patients with
cirrhosis and portal hypertension are at risk for two reasons:
low peripheral resistance and the risk of bleeding that is
difficult to control during the procedure. Cholecystectomy
in these patients should not be attempted laparoscopically.
The adverse physical effects of intra abdominal hypertension
were reviewed in detail recently (1). Another study
correlated intra-abdominal pressure in patients undergoing
laparoscopic cholecystectomy (LC) with blood flow to the
liver was measured using a laser-Doppler technique, and
tonometrically assessed gastric perforation. Both hepatic
and gastric microcirculation fell significantly during LC
performed with a pneumoperitoneum of 12 mmHg,
indicating splanchnic ischemia (2). Recently few studies
have shown rise in parameters of liver function test (LFT)
following LC and have implicating hepatic hypoperfusion
and ischemia. It has been noticed that following LC, the
serum level of certain liver enzymes rise markedly in patients
which were preoperatively normal (3-5).

The changes in LFTs after LC (total 55 patients) were
compared with those after OC (total patients 16). During
the LC, the intraabdominal pressure was maintained at
14-15 mmHg. Alanine transaminase (ALT) doubled in
58.2% of the patients undergoing LC while it doubled in
only 6.3% of the patients of OC group (P=0.00027) after
48 hours. Aspartate transaminase (AST) doubled in 38.2%
of the patients in the LC group versus only 6.3% in the OC
group (P=0.01579). The value of total bilirubin (TBIL),
alkaline phosphatase (ALP), Serum Albumin was not altered
in any group (6). Once considered as incidental elevation of
liver enzymes such as AST and ALT after non complicated
LC has become a well-known finding (7,8). Carbon
dioxide (CO,) has high hematic solubility and can cause
hypercapnia and respiratory acidosis. Additionally an intra-
abdominal pressure of 12-14 mmHg of CO, was higher
than the normal portal blood pressure of 7-10 mmHg and
was therefore capable of reducing portal blood flow and
causing alteration in hepatic function (9,10).

It seems the free radicals are generated at the end of
laparoscopic procedures, possibly as result of an ischaemia
reperfusion phenomenon induced by inflation and deflation
of pneumoperitoneum. Free radicals can damage tissue and
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organs especially the kupffer and endothelial cells of the
hepatic sinusoids (11,12). Because hepatic hypoperfusion
induced by laparoscopy has been underestimated, the aim
of this study is to review the numerous factors influencing
hepatosplanchnic blood flow during laparoscopy and to
alert clinicians to the adverse consequences of hepatic
hypoperfusion in high risk patients undergoing this
procedure (13,14). Unisa et al. studied that prevalence of
gallstones was 4.15% in rural Gangetic basin; more in
females 5.59% than males 1.99% (P<0.05) (15). The present
study has been undertaken to know the changes in LFTs
after LC/OC, the incidences of such change, there relation
to age, sex, duration of surgery and to know the clinical
significances of such disturbances.

Materials and methods

The present study was conducted in the Department of
Surgery at MMIMSR, Mullana, Ambala. A total 200 patients
of cholelithiasis were included in this study from May 2012
to May 2014 by using sealed envelope technique. These
cases were randomly divided into two groups (A and B)
consisting of 100 cases in each group. LC was performed in
group A patients and OC was performed in group B patients.
Patients from 20 to 75 years of age were included in this
study. Those cases diagnosed as pregnancy, common bile
duct (CBD) stones, high levels of enzymes before operation,
positive serology for hepatitis B or C virus were excluded. On
admission, a detailed history of each patient was taken and a
thorough general and local physical examination was done.
The routine investigations were baseline LFTs, including
ultrasonography (USG), computed tomography and wherever
required MRCP was also done to rule out CBD stones.
Cholecystectomy was performed under general anesthesia
with intravenous anesthesia induction followed by continuous
volatile anesthesia under mechanical ventilation. The study
was approved by the institutional ethics committee.

Operative techniques

LC performed in group A, 12-14 mmHg of pneumoperitoneum
was created and maintained by intra peritoneal CO,
insufflation with an automatic insufflator. Patient head was
elevated and right side of the patient tilted towards the left
side. Four ports were made; two 10 mm port-infraumbilical
site, epigastrium region and two 5 mm port; right lateral,
another in subcoastel region two fingers below midlaviculer
area. Pneumoperitoneum was created. Calot’s triangle
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Parameter LC (N=100) OC (N=100) Value of difference (P and t values)
Age (in years) (mean + SD) 42.2+13.0 46.1+10.9 t value =1.642, P value =0.104"®
Sex (male:female) 7:43 6:44 ¥*=0.088, P value =1.000"®
Duration of surgery (in minutes) (mean + SD) 57.7+10.4 61.8+7.5 t value =4.435, P value =0.109"°

NS, nonsignificant; LC, laparoscopic cholecystectomy; OC, open cholecystectomy; SD, standard deviation.

Table 2 Duration of surgery

Duration of surgery LC (n=100) OC (n=100)
N N (n=200)

(in minutes) N % N %

40-50 42 38 38.0 4 4.0
51-60 76 38 38.0 38 38.0
61-70 60 18 18.0 42 420
71-80 16 2 2.0 14 14.0
81-90 6 4 4.0 2 2.0

LC, laparoscopic cholecystectomy; OC, open cholecystectomy.

identified and clip was applied to the cystic duct and cystic
artery by taken care not to injure the CBD. Gall bladder
was removed from the liver bed with the help of diathermy.

OC was performed in Group B as routine procedure.
A sand bag was kept under the right renal lumber area to
raise the hypochondrium region for the purpose of easy
dissection. A right subcoastel incision made and abdomen
opened in layers. Gall bladder recognized cystic duct and
artery ligated separately. Gall bladder was removed from the
liver bed with the help of the diathermy. If any bleeding was
suspected from the liver bed then gell foam was used. Drain
was kept in all cases and removed when it was less than
20 mL. Third generation antibiotic ceftriaxone + sulbactum
and amikacin, metrogyl were used for 2 days and if bile
leakage was present then antibiotic were used for 5 days.
Analgesic were given in the form of injection voveran and if
required tramadol also to all the patients for two days and
then put on anti-inflammatory drugs for 10 days.

Post-operative

No other medication was administered to the patients prior
or after the operation except for intravenous antibiotics and
pain killer for post-operative pain control. Blood samples
were taken from the superficial vein before the operation
as a part of routine pre-operative preparation and 24 hours
after the operation for comparison of the enzyme level
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alterations. 3" blood sample was taken after 72 hours.
Biochemical analyses for enzymes were done using the same
analyzer. The accepted normal values are; for AST, 5-40 U/L
(by IFCC kinetic method), for ALT, 5-35 U/L (by IFCC
kinetic method), for serum bilirubin, 0.2-1 mg/dL
(Jendrassik and Grof method), for ALP, 28-112 U/L
(by IFCC kinetic method using P-nitrophenylphosphate).

Enzyme levels were calculated as mean + standard
deviation (SD) for both groups and for both preoperative
and post operative values. Statistical analysis included
chi-square test, paired #-test, ANOVA test was done. All the
observations were recorded, procedure was explained to the
patient and separate consent was taken.

Observations and analysis

In both groups, the changes occurred in liver enzymes
pre- and post-operative were noted. The mean age of
the patients in the LC and OC was 42.2 and 46.1 years
respectively (Table 1). The mean gender preponderance of
the male: female ratio in the LC and OC was 7:43 and 6:44
respectively. Both the groups are comparable in age, sex and
duration of surgery as the difference were not significant i.e.,
P>0.05. The most common clinical symptom was dyspepsia
which was seen in all the cases of LC and in 82% of cases in
OC. Pain right hypochondrium was present in 86% of cases
in both LC and OC. Nausea and vomiting were observed in
78% of the cases in LC and 74% cases in OC.

Duration of surgery

In LC the duration of surgery was taken from the time
of insertion of veress needle to the time of applying last
stitch while in OC group it was taken from the time of
skin incision to completion of skin suturing. The mean
duration of surgery in LC group was 57.7 minutes and in
OC group the mean duration of surgery was 61.8 minutes,
as the difference were not significant i.e., P>0.05 in both the
groups (1uble 2).
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24 hrs before surgery

24 hrs after surgery 72 hrs after surgery

Parameter
LC oC

LC oC LC OC

AST (IU/L)

27.0+8.1 26.0+4.7

72.9+13.1

26.2+4.9 27.7+7.7 26.2+4.6

ALP (IU/L) 64.4+13.9 59.8+13.6

63.3+14

67.5+21.6 67.4+21.6 60.0+13.5
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Figure 1 Changes in LET in LC at 24 and 72 hours. AST, aspartate
transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase;
LFT, liver function test; LC, laparoscopic cholecystectomy.

P value
LC oC

Parameter

Serum bilirubin 0-72 0.083"e" s 0.954"°" s

AST 0-72 0.127"°" e 0.085"°" =

ALT 0-72 0.077""*° 0.103""*°

ALP 0-72 0.172"" 9 0.550""*9
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Figure 2 Changes in LFT in OC at 24 and 72 hours. AST,
aspartate transaminase; ALT, alanine transaminase; ALP, alkaline

phosphatase; LFT, liver function test; OC, open cholecystectomy.

There were rise in the mean value of serum bilirubin AST
and ALT after 24 hrs of surgery from the preoperative value
and then again fall (near to normal value) after 72 hrs of
surgery except in the mean value of ALP, which showed slight
fall after 24 hrs of surgery and then slight rise after 72 hrs of
surgery which was within the normal limit (7able 3, Figure I).
The study showed rise in serum bilirubin from preoperative
(0 hrs) value to postoperative value (24 hrs) was significant
(P=0.0001) and there was no significant rise after 72 hrs of
operation. Similarly, AST and ALT showed significant rise
after 24 hrs of surgery (P=0.0001) and non significant rise
after 72 hrs of operation whereas ALP showed no significant
rise in both after 24 and 72 hrs of surgery (Table 4).
In OC group there were slight variations in the mean value
of all the liver enzymes (which were within the normal
range) but there were no significant rise in the mean value
of them after 24 hrs of surgery (Figure 2).

The present study showed no significant difference in

www.thejgo.org 7 Guastrointest Oncol 2015;6(5):479-486



Journal of Gastrointestinal Oncology Vol 6, No 5 October 2015

483

Table 5 Comparison of LFT in LC patients with minimum (40 min) and maximum (90 min) duration of surgery

24 hrs before surgery

24 hrs after surgery 72 hrs after surgery

Parameter Duration 40 min  Duration 90 min  Duration 40 min Duration 90 min  Duration 40 min Duration 90 min
(n=2) (n=1) (n=2) (n=1) (n=2) (n=1)

Serum bilirubin (mg/dL) 0.39 0.68 1.80 2.01 0.41 0.68

AST (IU/L) 22.9 291 66.4 77.6 241 30.0

ALT (IU/L) 30.9 32.3 60.8 65.9 28.2 30.1

ALP (IU/L) 63.7 54.1 67.2 60.1 64.5 51.2

LFT, liver function test; LC, laparoscopic cholecystectomy; AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline

phosphatase.

Table 6 Significance of LFT parameters pre and post-operative

in both groups
P value

Parameter 24 hrs before 24 hrs after 72 hrs after

surgery surgery surgery
Serum bilirubin ~ 0.160"° 0.017%° 0.160"
(mg/dL)
AST (IU/L) 0.427"° 0.000°¢ 0.095"¢
ALT (IU/L) 0.245"° 0.000%° 0.059"¢
ALP (IU/L) 0.095"° 0.08" 0.058"°

NS, nonsignificant; Sig, significant. LFT, liver function test;
AST, aspartate transaminase; ALT, alanine transaminase; ALP,
alkaline phosphatase.

serum bilirubin, AST, ALT and ALP after 24 and 72 hrs
of surgery from preoperative value as the P>0.05 in all the
cases. We observed that the patient undergoing LC with
minimum duration of surgery (40 min) has less variation
in LET (serum bilirubin, AST, ALT) as compared to the
patient undergoing LC with maximum duration of surgery
(90 min) (1able 5). In our study, doubling of serum bilirubin,
AST and ALT levels were seen in 22 (44%) patients,
8 (16%) patients and 10 (20%) patients respectively whereas
21 (42%) patients, 35 (70%) and 33 (66%) patients
respectively showed rise of 50-100% after 24 hrs of surgery.
A total of 0-50% rise seen in 7 (14%) patients for serum
bilirubin, AST and ALT after 24 hrs of surgery (1able 6).

The overall rise in LET parameters in OC group was
quite low as compared to the LC group. The P value was
significant when comparison was made between the mean
values of LFT parameters after 24 hrs of surgery in LC and
OC group except in ALP.
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Discussion

Cholelithiasis and its complications are the leading cause
of surgical entry into the peritoneal cavity. So widespread
is this disease that it will not be out of place to say that
cholecystectomy is one of the commonly performed surgical
procedure. A standard-pressure of 12-14 mmHg is used
in LC to create the pneumoperitoneum, which may result
in variety of abnormal physiological changes involving
the respiratory, cardiovascular, and hepatorenal systems.
The introduction of the pneumoperitoneum causes major
decreased blood flow lead to adverse glomerular filtration
and tubular functions which produce abnormal biochemical
parameters (2,16). By keeping the low range of pressure
8-10 mmHg for pneumoperitoneum has been shown to
decrease the adverse physiological changes without affecting
the outcome of surgery as in present study, pressure was
kept 12-14 mmHg (2). Tan et /. (17) found statistically
significant increased levels of hepatic transaminases during
the first 48 hours post operation in patients undergoing LC
and laparoscopic colonic resection compared to patients
having open procedures. The degree of change in ALT
following the operations was greater in LC patients than
that in OC patients (P<0.05, D1; P<0.01, D2), so was the
change between LCR and OCR patients (P<0.05, D1,7;
P<0.01, D2). The change of AST due to the operations was
also greater in LC patients than that in OC patients (P<0.05,
D1; P<0.01, D2), and so was the change between LCR and
OCR (P<0.05, D1,7; P<0.01, D2). They concluded that
laparoscopic surgery may not be optimal for patients with
pre-existing liver impairment. CO, pneumoperitoneum is
the most common cause for transient elevation of hepatic
transaminases after laparoscopic surgery. However, if
preoperative liver function was very poor, laparoscopic
surgery may not be the best choice for the treatment of

www.thejgo.org 7 Guastrointest Oncol 2015;6(5):479-486



484

Singal et al. Liver enzymes

Table 7 Mean values of postoperative enzymes changes after LC in various studies

First author (reference) Enzymes Preoperative mean value (IU/L) Postoperative 24 hrs mean value (IU/L)
Sakorafas et al. 2005 (23) AST 22.3+12.1 87.1+24.2
ALT 21.6+£13.4 82.8+19.1
Marakis et al. 2006 (21) AST 24.36+24.01 55.07+40.39
ALT 31.88+74.77 61.62+54.87
Guven et al. 2007 (22) AST 22.76+6.44 61.72+28.13
ALT 21.55+8.92 60.30+32.17
Our study AST 27.0+8.1 72.9+13.1
ALT 26.0+8.9 72.4+12.9

LC, laparoscopic cholecystectomy; AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase.

the patients with certain abdominal diseases (17). Omari
and Bani-Hani (18) investigated the serum levels of eight
parameters of liver function both before and 24 hrs after
surgery in 142 consecutive patients who underwent
LC, 23 patients who underwent OC and in 25 patients
who underwent a conventional hernia repair. The intra
abdominal pressure was maintained at 12 mmHg of carbon
dioxide. It appears that the pneumoperitoneum plays a
major role in these changes. The safety of the procedure
must nonetheless be assessed in those with underlying liver
diseases. They found that 83% of the patients showed more
than 100% increase in atleast one parameter, 43% showed
an increase in 2 or more parameters and 23% showed an
increased in 3 or more parameters.

Another prospective study was done to investigate the
effect of abdominal perfusion pressure on LFTs after LC
with intra abdominal pressure of 12 mmHg. They reported
that 37.5% showed more than 100% increase in atleast one
parameter of liver function. Author stated that subclinical
hepatic dysfunction after LC could mostly be attributed to
the negative effects of pneumoperitoneum on hepatic blood
flow (19). Ahmad calculated the net change between the
means of the preoperative and postoperative values of LFTs
by keeping the CO, pressure was 12-15 mmHg. They noted
the mean value for postoperative ALP was less than the
preoperative value, which suggests very little or no change
in the postoperative value of this enzyme. This finding was
commonly observed in patients with preoperatively elevated
LFTs. A statistically significant difference was observed
between the two values Wilcoxon Signed-rank test. It is
evident that the level of alteration is different for each
enzyme and that most of the cases fall into the group that
shows up to a 50% increase in the LFTs. This change can
be labelled as mild elevation and is considered negligible by
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many. Increased bilirubin levels were seen in a fraction of
patients; ALP was not found to increase to such a high level
in study. Mild to moderate elevation in LFTs may not be
associated with any deleterious effect and in the absence of
clinical indications, routine postoperative or preoperative
LFT is unnecessary (20).

Marakis et al. (21) reported the mean duration of surgery
in LC was 55 min (range, 40-70 min). In our design, the
mean duration of surgery in LC group was 57.7 minutes and
in OC group the mean duration of surgery was 61.8 minutes
which is non-significant (P=0.109) and made both the groups
comparable. In LC group we found that the patient with
minimum duration of surgery (40 min) had less elevation in liver
enzymes (serum bilirubin, AST and ALT) as compared to the
patient with maximum duration (90 min) of surgery.

In our study, we also adopted a strict exclusion criteria
aimed at eliminating known causes of liver function
disturbances (CBD pathology and chronic liver diseases)
by subjecting the patients to preoperative ultrasound,
by checking for hepatitis B antigen and hepatitis C
antigen, preoperative LFT 24 hours before operation and
prothrombin time so that any disturbances in liver function
can be confidently attributed to the laparoscopic procedure
itself. In present study the rise in AST and ALT were seen
in >90% of the LC patients and the doubling in AST and
ALT were seen in 8 patients (16%) and 10 (20%) patients
respectively whereas 35 (70%) and 33 (66%) patients
respectively showed rise of 50-100% after 24 hrs of surgery.
0-50% rise is seen in 7 (14%) patients for AST and ALT
after 24 hrs of surgery. The rise in mean values of enzymes
in our study was similar to the studies of Guven ez a/. (22)
and Sakorafas er al. (23) (Table 7). In our study, the mean
value of ALP showed slight fall after 24 hrs of surgery and
then slight rise after 72 hrs of surgery which was within the
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normal limit. In present study, >90% patients showed rise in
TBIL and doubling (i.e., >100%) in serum bilirubin levels is
observed in 22 (44%) patients whereas A total of 50-100%
rise is seen in 21 (42%) patients after 24 hrs of surgery. A
total of 0-50% rise in TBIL is seen in 7 (14%) patients after
24 hrs of surgery from preoperative value.

Marakis et al. found that the rise in serum bilirubin in LC
group was 48.4%, the preoperative mean value was 0.64=
0.24 mg/dL which showed significant rise to 0.95+0.58 mg/dL
24 hours after surgery and in our study the preoperative mean
value was 0.53+0.1 mg/dL which also showed significant
rise to 1.93+0.7 mg/dL after 24 hours of surgery (21).
Bhoorasingh et al. observed that the instillation of CO, leads
to hypercapnia which increases minute ventilation by as
much as 60% and activates the sympathetic nervous system.
Pneumoperitoneum raises intra-abdominal pressure which can
have significant cardiovascular, respiratory and neurological
effects. Changes in pulmonary function include reduction in
lung volumes, increase in peak airway pressure, and decrease
in pulmonary compliance secondary to increased intra-
abdominal pressure and patient positioning. Moderate to
severe shoulder tip pain thought to be related to stretching of
the sub-diaphragmatic peritoneum after pneumoperitoneum
has been reported to occur in as many as one-third of patients.
Prolonged procedures may lead to hypothermia which may be
offset by the use of heated or humidified gas (24).

Mohamed et 4/. in his study observed elevation in
the levels of serum ALT and AST within 24-48 hours
following operations in LMUDT (laparoscopic maneuver
for undescended testicle) patients compared with those in
OMUDT (open maneuver for undescended testis) patients.
The degree of change in ALT following LMUDT was
greater than OMUDT and this difference was statistically
significant (P<0.05). On the seventh day following the
operations, both enzymes returned to normal value in
LMUDT, and OMUDT patients. In his study, other liver
function indices such as TBIL, direct bilirubin (DBIL), ALP,
lactic dehydrogenase (LDH), total protein (TP) and gamma
glutamyltransferase (GOT) also showed derangements.
TBIL and DBIL showed slight increase within 24-48 hours
following operation in some patients, but the changes
were within normal range, and these values returned to
preoperative levels (25). These changes appear transient
as the raised liver enzymes and bilirubin levels returned to
their prospective values or within normal limits after a gap of
72 hours. However they may still cause worry to the surgeon
regarding the integrity of the biliary tree. However our study
points towards the possibility that ALP will then become
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important in drawing a conclusion and persistent elevation
of this parameter may be suggestive of breach in integrity of
biliary tree before resorting to further investigation which
may prove costly and sometime invasive in nature.

Present study declared following points:

(I)  The disturbances in LFT are not related to the age,
sex in relation to laparoscopy;

(II) Pneumoperitoneum, which is the only variable not
present in OC group. An intra-abdominal pressure
of 12-14 mmHg of CO, is higher than normal portal
blood pressure of 7-10 mmHg, and is therefore
capable of reducing portal blood flow and of causing
alteration of the hepatic function;

(III) It seems that free radicals are generated at the end
of laparoscopic procedure, possibly as a result of
ischemia-reperfusion phenomenon induced by the
inflation and deflation of the pneumoperitoneum;

(IV) Another factor is to reduce the effect on hepatic
function by causing less or no damage to the hepatic
parenchyma/hepatocytes with cautery and this may
help in liver enzymes to keep it normal.

Conclusions

Surgical manipulations, diathermy, patient position, arterial
injury and CO, pneumoperitoneum are the contributory
factors for liver enzymes changes. These changes return
to normal in 3-4 days after procedure and they have no
clinical consequences in patients with normal hepatic
function but they may still cause worry to the surgeon
regarding the integrity of biliary tree. The low-pressure
pneumoperitoneum or gasless laparoscopy by abdominal
wall lifting could be a reasonable alternative.
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