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Abstract
Background: Gallstones are formed within the gallbladder or in biliary tract. They can be termed as cholesterol 

stones whose major constituent is cholesterol or pigment stones, which mainly are composed of bilirubin or there can 

be calcium and oxalate stones too. 

Objective: To establish the composition of stones found within the gallbladder after cholecystectomy for 

symptomatic gallstones.
stMethodology: This cross sectional study was conducted in Services Institute of Medical Sciences, Lahore, from 1  

thAugust, 2017 to 30  June, 2018, with a sample size of 200 consecutive patients of cholecystectomy for symptomatic 

gallstone. After examining the physical characteristics of the stones (color, number, shape and surface) were analyzed 

by semi- quantitative colorimetric analysis. Demographic data of patients, morphology of stones and the percentage 

different chemical components were noted on pre-established performa and analyzed by SPSS software version 22.

Results: The mean age of the 200 patients was 37.82 ± 11.67 years and 90% patients were female. Overall 10% cases 

had solitary stone while 90% cases had multiple stones and 25% patients had light brown stones, 30% had dark brown 

stones, 35% had gray stones and 10% had black stones. In this study, 85% cases had mixed stones whereas 15% had 

cholesterol stones. The mean percentages by weight of calcium, cholesterol, iron, phosphorus and bilirubin were 50± 

10.59%, 27.45± 11.57%, 14.3± 6.28%, 13.25± 8.36% and 5.1± 2.46% respectively.

Conclusion: It is concluded that gallstone disease is common in third decade of life and mixed stones is the most 

frequent variety of gallstones and calcium is the most abundant substrate of the gallstones.
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Introduction
Gallstones have been known to mankind since 
long and were found in the gall bladders of 

1 
Egyptian mummies. In majority of the cases 
gallstones are present in gall bladder but in some 
cases they can be present in biliary tract other than 
gallbladder. There are some cases in which 
intrahepatic stones are present along with 
gallstones but it has very less frequency. It is the 
most frequent disorder of gastrointestinal system 

2 
with the prevalence of 10% to 15%. Gallbladder 
stones are of different sizes ranging from sand 
grain size to golf ball size. Females are affected 
more commonly with gall stone disease as 

3 
compare to the males. It is more common in 
pregnancy due to increase in estrogen level which 
increases cholesterol secretion in bile. There are 
many etiologies for the formation of gallstones of 
which the common risk factors include female 

4 5gender,  obesity(fat),  pregnancy, use of combined 

oral contraceptives, family history of stones, rapid 
weight loss and certain diseases like diabetes 

6mellitus,  liver disease and crohn disease . The 
pregnancy, however, was ruled out as a significant 
cause of gallstones in a study done in Germany by 

7Walcher T.
The chemical composition of gallstones varies in 
different parts of the world and changes over time 
due to dietary, environmental and demographic 

8 factors. Gallstones can be biochemically divided 
into three classes namely pure cholesterol 
gallbladder stones, pigment gallbladder stones and 
mixed gallbladder stones. Pure cholesterol stones are 
composed of pure cholesterol ( more than 50%) and 
are of yellow-green colour. Mixed stones contain 
cholesterol, calcium salts, bile acids, phospholipids 
and bile pigments and pigmented gallstones are 

9 
made of calcium bilirubinate (main ingredient).
They are of brown or black colour depending upon 
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their composition. The formation of gallstones is a 
complex mutifactorial process. Major factors that 
predispose the stone pathogenesis are: saturation 
of bile salts with cholesterol, crystal triglycerides 

10 
nucleation, and impaired gall bladder function.
Supersaturation of bile with cholesterol is the most 
important factor in the pathogenesis of 

11
gallstones.  Cholesterol solubility in bile needs 
adequate amount of bile salt and phospholipids 
mainly phosphatidylcholine. If there is too much 
cholesterol or too little phospholipids and / or bile 
acid, complex vesicles are formed which lead to 
the nucleation of cholesterol crystals that result in 
stone formation. The production of cholesterol 
s a t u r a t e d  b i l e ,  d e c r e a s e d  a m o u n t  o f 
phospholipids, impaired gallbladder function and 
the resection of ileum were all associated with 
gallstone formation in gallstone formation. 
Pigmented gallbladder stones are formed when 
there is destruction of red blood cells which leads 
to excretion of large amount of bilirubin in the 
bile. In diseases like liver cirrhosis and chronic 
hemolytic conditions black pigmented stones are 
formed. The chronic hemolytic diseases include 
thalasemias, sickle cell disease and hereditary 

11
spherocytosis.  
In these diseases bilirubin secretion is increased 
due to increase in hemolysis of red blood cells. 
Infection is another cause of pigmented stones. 
Stones that originates in bile duct are known as 
primary bile duct stones. These are usually brown 
pigmented stones that results due to infection even 
after cholecystectomy. β-glucuronidases is 
released in biliary system by bacteria. This 
hydrolyze glucuronic acid from conjugated 
bilirubin. This results in increase in unconjugated 
bilirubin. This unconjugated billirubin then 
precipitates as its calcium salts. These brown 
pigment stones of the bile ducts are more common 
among Asians. Another associated factor is 
decreased biliary secretory Immunogloblin A 

12
(IgA.).
Gallstones disease is quite common in Pakistan 
especially in females and contributes to a 
significant load of patients presenting to 
emergency departments and in elective settings. 
Although data about prevalence of gallstones is 
insufficient in Pakistan, a previous study 
conducted in province Sindh reported an overall 

incidence of 9%. There has been a rising pattern in 
recent years in the number of gallstones cases in 

13,14 
Pakistan. This increasing incidence of gallstones 
in Pakistan with its various epidemiological 
determinants convinced us to conduct this study to 
assess the chemical composition examination of 
gallstones and this study reveals morphology of 
gallstones and major constituents and substrate of 
gallstones in local setting.

Methodology 
This was a cross-sectional study conducted in a 
tertiary care hospital i-e. Services Institute of 

stMedical Sciences Lahore, from 1  August, 2017 to 
th

30  June, 2018. A total of 200 consecutive patients, 
who underwent cholecystectomy for symptomatic 
gallstones, were included in study. Patients of both 
gender with age 15 years and above presenting to 
surgical outdoor with symptomatic gallstones, were 
included in the study. Exclusion criterion was also 
defined as patients who developed gallstones after 
bariatric surgery. All stones removed during 
operation were placed on sterile gauze to air dry and 
transferred into sterile jar after examining the 
macroscopic characteristics of stones, such as color, 
number, shape, texture, and cross section. The 
specimen was then sent to laboratory for 
biochemical analysis after tagging specimen with 
name and age and sex. 
The size of the stones was determined by measuring 
the largest diameter of single stone or deriving the 
average for the several stones. Percentage of 
cholesterol, calcium, phosphorus, iron and bilirubin 
in gall bladder stones, were determined by using 
semi- quantitative colorimetric analysis. For this 
purpose commercially available biolabo reagents 
kit, France was used. Demographic data of patients, 
morphology of stones and the percentage by weight 
of cholesterol, calcium, phosphorous, iron and 
bilirubin in the stones, were noted on pre-established 
performa. Ethical approval was sought from Ethical 
Committee of Institute. Data was analyzed by using 
SPSS software version 22. 

Results
A total of 200 people were enrolled in this study. The 
mean age of the patients was 37.82 ± 11.67 years and 
ranged from 21 years to 75 years. Out of total 200 
patients, 180 (90%) patients were female and 20 
(10%) patients were males and 60 (30%) cases had 
small stones (size less than 1cm), 120 (60%) had 
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medium sized stones (size 1 to 3 cm) and 20 (10%) 
cases had large stones (size greater than 3 cm). in 
this study, 20 (10%) cases had solitary stone, 120 
(60%) had 2 to 4 stones while 60 (30%) cases had 
more than 4 stones. It was noted that 50 (25%) 
patients had light brown  stones, 60 (30%) had 
dark brown stones, 70 (35%) had gray stones and 
20 (10%) had black stones. 
It was found that 160 (80%) gallbladder stones had 
smooth surface while 40 (20%) gallbladder stones 
had irregular surface whereas, 140 (70%) cases 
had irregular shape of stones while 60 (30%) had 
rounded stones and 170 (85%) cases had mixed 
stones whereas, 30 (15%) had cholesterol stones. 
(Table I)
The mean percentage of calcium by weight in 
gallstones was 40.50± 10.59%, percentage of 
cholesterol was 27.45± 11.57%, percentage of 
iron was 14.3± 6.28%, percentage of phosphorus 
was 13.25± 8.36% and percentage of bilirubin was 
5.1± 2.46%. (Table II)

Table I: Morphology of gallstones 

Table II: Chemical Composition of Gallstones

Discussion
Gallstone disease is a common disorder of the 
gastrointestinal tract, having a prevalence of 
10%–15% and an incidence of 1.4% per year in the 

2 adult population. Pathogenesis of gallstones is 
multifactorial and detection of chemical composition 
of gallstones is primarily important to identify their 
mechanism of formation. Of the three types of 
gallstones, pigment and mixed cholesterol stones 
were the commonest types identified in this study. 
Further, majority of gallstones analyzed in this study 
were composed of multiple chemical compounds 
namely calcium, cholesterol, iron, phosphorus and 
bilirubin. This highlights the importance of 
exploring the aetiology for calcium salt and 
cholesterol precipitation in bile in these patients.
In this study most of the patients with gallstone 
disease were in their third decade of life with mean 

14age of 37.82 years. Angwafo at el  showed mean age 
of 44.9 years with age ranged from 27 and 73 years.  

15Jarrar BM at el  described mean age for gallstone 
disease to be 46.1± 11.6 years. This study showed 
that mean age was slightly younger than these other 
studies. This pattern can be attributed to type of food 
and its quality commonly used in our local setting 
that is rich in carbohydrates and lipids. Our diet 
contains more animal fat of poor quality which may 
result in increased incidence of gallbladder stones in 
early age. Pregnancy is one of the factor in 
development of gallstones. In our population we 
have early marriages which lead to early pregnancy 
in younger age group resulting in gallbladder stone 
formation in younger age group. 
In the study, the gallstone disease was more prevalent 
in females as compared to males with 10:1 female: 
male ratio. Other researchers in their studies also 

14,15,16observed similar results.  These results with 
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Morphology Frequency Percentage 
(%) 

Size of stones   

Small(less than 1 cm) 60 30 

Medium(1 to 3cm) 120 60 

Large (greater than 3cm) 20 10 

Number of stones   

1  20 10 

2 to 4 120 60 

More than 4 60 30 

Surface of stones   

Rough 40 20 

Smooth 160 80 

Shape of stones   

Irregular 140 70 

Smooth 60 30 

Type of stones   

Cholesterol stones 30 15 

Mixed stones 170 85 

 

Substrate of stones Mean 
percentage 
(%) 

SD 

Calcium 40.50  10.59 

Cholesterol 27.45  11.57 

Iron  14.3  6.28 

Phosphorus 13.25  8.36 

Bilirubin 5.1 2.46 

 



female preponderance in gallstone disease can 
attributed to females sex hormones coupled with 
obesity, repeated pregnancy, sedentary life style, 
use of contraceptive pills and consumption of lipid 
rich food in the local region. This difference in 
ratio decreases with increase in age. In 
postmenopausal stage this difference is very less 
due to lack of estrogen level which mainly 
contribute in formation of gallstones due to 
increase in cholesterol secretion in bile.
In our study most common (60%) stones were of 
medium size (1 to 3 cm) followed by (30%) small 
stones (less than 1 cm). Similarly in most patients 
(90%) more than one stone was present. These 
both findings are in correlation to other national 
and international studies. The size and number of 
stones both are directly related to age of the 
patient. As the age increases both size and number 

4increases.
In the present study 170 (85%) had mixed type of 
gallstones whereas 30 (15%) patients had 

16 
cholesterol gallstones. Weerakoon H et al and 

17
Afridi R et al  in their study showed that 
pigmented stones were the most frequent type of 
stones accounting upto 50.67% and 54% 
respectively. A study conducted by Channa NA at 

18
el  revealed that cholesterol stones were the 
common form of gallstones with 74% of total 
cases. Similar results were also reported in other 

15, 19
studies.   The prevalence of mixed stones in this 
study can be due to multifactorial including 
environmental factors, consumption of type of 
food, genetic differences and metabolic errors. In 
western countries and Pakistan majority of 
gallstones are pure cholesterol stones or mixed 
stones with increase amount of cholesterol levels 
in them.
In the current study calcium was the main 
substrate of the gallstones with mean percentage 
of 40.50%. The second common ingredient of 
gallstones was cholesterol with mean percentage 
of 27.45%. Iron accounted for 14% while 
phosphorus weighted 13.25% of total gallstone 
composition. Bilirubin was the least frequent 

20
ingredient of gallstones. Schafmayer C et al  in a 
study of gallstone analysis found that cholesterol 
was the main ingredient of gallstones accounted 
for 95% of total composition followed by calcium 
and then bilirubinate. A study conducted in Saudi 
Arabia also concluded that cholesterol was the 

major component (83%) of the gallstones, followed 
16by calcium, bilirubin, and carbonate.  Similar results 

17, 18, 21,  22
were also described by other researchers.  
However, some results evinced that bilirubinate was 

22, 23 
the common substrate of gallstones. In our study 
calcium was the most common ingredient followed 
by cholesterol in gallbladder stones. Most common 
cause of calcium stones identified is recurrent 
infection and biliary obstruction. This difference of 
increased calcium instead of cholesterol is due to 
more incidences of gallbladder and biliary duct 
infections in our population. 

Conclusion
It is concluded that gallstone disease is common in 
third decade of life and more common among female 
as compared to male. It is also noted that mixed type 
of stones are the most frequent type of gallstones and 
calcium is the most abundant substrate in the 
gallstone composition which is contrary to other 
national and international studies. More studies with 
increased sample size is recommended to proceed 
forward.
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