
It is important for the surgeons to have a foundation 
of knowledge of Al to understand how it may impact 
healthcare and to consider ways in which they may 
interact with this technology.

Artificial intelligence (Al) and machine learning (ML) 
are comparatively new to the surgical field. Efforts 
begun to develop applications of these models to 
surgical practice, training and education1. Artificial 
intelligence can be defined as the application of 
computer algorithms that mirror or extend human 
cognitive processes2. Thus, the data-driven 
machine intelligence will be able to help in clinical 
decision-making and allow surgeons to more 
accurately assess risk, predict disease progression, 

and manage patients with early stages of disease. 
When it comes to surgery, Al can review large 
amounts of data from patient records, radiological 
scans, or surgical videos, and use that information 
to detect, classify, and predict a diagnosis1,3.

How Al Works?
This technology will make hospital and health 
system operations more efficient, like, by estimating 
how much time is left in the surgery and more 
accurately informing the patient's family when the 
surgery might be completed. Al also could reduce 
the need to have a surgeon on call by providing a 
chatbot to answer patient questions before and 
after surgery. Al is expected to help enhance 
surgical decision making before, after, and even 
during a surgical procedure by bringing integrated 
information from the latest surgical guidelines or 
research insights directly to the operating theater 
and bedside. It has the capability to review patient 
charts and suggest a test or a medication3,4.

Al in Diagnosis
Surgeons can utilize Al to analyze the patient's 
unique medical history, including medical records, 
labs, imaging, and patient-reported outcomes, 
assisting in the development of customized 
treatment plans at a more granular level. In fact, 
most Al healthcare startup funding goes into a 
diagnostic specialty. The general goal is to identify 
high-risk cases that radiologists may have missed, 
such as metastatic nodules in CT scans. One study 
showed that by using AI, pathologists have 
decreased their error rate in recognizing 
cancer-positive lymph nodes from 3.4% to 0.5%2 It 
can help reviewing in minutes a stack of x-rays or 
images that might take hours for clinicians to 

evaluate. Most research shows that scan 
interpretation from AI is more robust and more 
accurate than those from radiologists, often picking 
up small, rare spots in the images. But, Al is not 
intended to replace radiologists—it is there to help 
them find a needle in the haystack5.

Al in Surgery
By highlighting tools, monitoring operations, and 
sending alerts, AI-based surgical systems can map 
out an approach to each patient's surgical needs 
and guide and streamline surgical procedures. Al is 
particularly effective in laparoscopic and robotic 
surgery, where a video screen can display 
information or guidance from AI during the 
operation. Based on its review of millions of surgical 
videos, Al can anticipate the next 1.5 to 30 seconds 
of an operation and provide additional oversight 
during the surgery5. There's an international project 
to use Al to make laparoscopic cholecystectomies 
safer by placing an overlay on the surgeon's video 
screen during an operation to suggest where it is 
safer or less safe to operate. The first laparoscopic 
surgery without human help was done in 2022, 
which involved reconnecting two ends of a pig 
intestine, was performed at The Johns Hopkins 
University in Baltimore, Maryland by the Smart 
Tissue Autonomous Robot, or STAR6. More 
routinely, AI platforms can be created to 
communicate or monitor post-operative patients 
discharged from the hospital by frequently asked 
questions or minor concerns, with the ability to 
escalate patient concerns to a provider. These 
personalized interventions may minimize 
complications, accelerate patient satisfaction, and 
enhance the overall patient experience5.
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Al in Education and Training
Al can provide learning tools for surgeons at all 
stages of their careers, tracking their performance 
or teaching them new skills. 'ChatGPT' an 
advanced Al chatbot made available in 2022, 
interestingly it has passed the US Medical 
Licensing Exam! It achieved 60% accuracy without 
specialized input from any clinician trainers. During 
an operation, Al may display information about 
similar cases, explain what is happening, and 
predict what may happen next. In this way, it can 
serve as a guide for medical students, residents, or 
other surgeons who are watching the operation5,6.

Ethical Consideraion
Although Al has enormous potential in surgery, it 
also poses a variety of ethical, legal, and regulatory 
issues. Everybody is nervous about new 
technologies but it's important to note that there are 
legal, ethical, and regulatory aspects around using 
data.

Conclusion
Soon, Al is expected to be used to review patient 
databases and multicenter national registries. AI 
will revolutionize nearly every area of the surgical 
profession and ultimately lead to enhanced patient 
care. After all, Al is intended to augment the 
surgeon's decision-making and execution skills, 
not replace them. This technology will have an 
immense impact in surgical space; however, key 
ethical considerations should be carefully 
considered.
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Abstract
Background: Hepatolithiasis is a known risk factor for intrahepatic cholangiocarcinoma (ICC). There is 
no non-invasive tool for understanding the malignant changes in biliary epithelium prior to surgery. 

Patients and Method: Thirty-six patients (male; 12, female; 24) with hepatolithiasis who underwent 
liver resection from July 2018 to June 2019 were included in the study. Operations were done left 
hepatectomy (58.3%), right hepatectomy 2(5.6%) and left hepatectomy with extrahepatic duct excision, 
clearance of right hepatic duct system followed by Roux-en-Y hepaticojejunostomy (36.1%). Serum CA 
19-9 level was measured in each patient before and 7 days after surgery. Resected specimens were 
examined and labeled as hyperplasia, biliary intraepithelial neoplasia (BillN) and ICC. Association 
between preoperative serum CA 19-9 levels and biliary epithelial changes were analyzed. 
Postoperative serum CA 19-9 levels were compared with preoperative levels to understand the 
accuracy of biliary tissue removal by surgery.

Results: The patients who had preoperative serum CA19-9 levels less than 100 U/ml; none had ICC. 
In contrast the patients who had preoperative serum CA19-9 levels more than 100U/ml; 4 (57.1%) had 
ICC.  Further analysis showed that 80% (4/5) patients had ICC whose preoperative serum CA19-9 level 
was more than 1000 U/ml. The serum CA19-9 levels after liver resection were significantly reduced 
compared to preoperative levels in patients with BillN and CCA supports the effective removal of 
abnormal biliary tract.

Conclusions: Preoperative serum CA19-9 level may predict ICC association with hepatolithiasis and 
postoperative CA19-9 level may help in accuracy of biliary tissue removal by surgery. 
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Introduction
Hepatolithiasis is a risk factor for intrahepatic 
cholangiocarcinoma (ICC).1 It has been reported 
that repeated cholangitis due to stone in biliary 
system causes hyperplasia, dysplasia to 
carcinoma sequence in stone containing bile 
duct2-4. In 2005, Zen et al.5 published an article on 
histopathological changes of biiary epithelium of 
large intrahepatic ducts containing stones. They 
described the changes of biiary epithelium as 
hyperplasia, regenerative changes, biliary 
intraepithelial neoplasia (BillN)-1, (BiilN)-2, 
(BilIN)-3 which are early stages of ICC. 
Unfortunately, there is no tool for understanding the 
malignant changes in hepatolithiasis patients prior 
to surgery. As a result it is not clear which patients 
already have cholangiocarcinoma or will eventually 
develop carcinoma. Moreover many surgeons are 
not willing to perform hepatic resection considering 
the hepatolithiasis as a benign disease. Therefore, 
novel stratification strategies including easily 
accessible parameters are needed to determine 
the possible factors that ultimately lead to ICC. 
Serum CA 19-9 is the most frequently used 
biomarker for diagnostic and treatment predictive 
purposes in ICC patients.6 Its efficacy in screening 
test has been widely analyzed although its 
usefulness as a diagnostic tool has not yet been 
established.7

This study is undertaken to understand whether 
there is any relationship between serum CA 19-9 
levels and the biliary epithelial changes in 
hepatolithiasis. As there is no non-invasive tool for 
understanding the associated malignant changes 
in hepatolithiasis before surgery, this study may 
help in understanding the malignant transformation 
by assessing pre-operative serum CA 19-9 levels. 
Moreover, post-operative measurement of serum 
CA 19-9 level can help affirm that the pre-operative 
increase in the biomarker was due to the biliary 
epithelial changes caused by hepatolithiasis and 
the removal of the source led to its reduction.

Patients and methods
Thirty-six patients who admitted with the diagnosis 
of hepatolithiasis undergoing liver resection in the 
department of Hepatobiliary Pancreatic and Liver 
Transplant Surgery, Bangabandhu Sheikh Mujib 
Medical University, Dhaka, Bangladesh from July 

2018 to June 2019 were included in the study. 
There were 12 males and 24 females with age; 
mean 38 years (range: 22 to 77 years). Patients 
were presented with abdominal pain only; 18 
(50%), with cholangitis; 14 (38.9%) and with 
persistent jaundice, sepsis or ICC; 4 (11.1%). The 
duration of symptoms before treatment was less 
than 5 years in 20 (55.5%) patients, 5 to 10 years in 
10 (27.8%) patients, and more than 10 years in 6 
(16.7%) patients. Stones were present in left lobe; 
21 (58.3%), in right lobe; 2 (5.6%), and in both lobe; 
13 (36.1%) of liver (Fig.1). All patients were treated 
with appropriate antibiotics for controlling 
cholangitis and sepsis before surgery. Operations 
were done left hepatectomy in 21 (58.3%) patients, 
right hepatectomy in 2 (5.6%) and left 
hepatectomy, extrahepatic duct excision, clearance 
of right hepatic duct system with the help of 
peroperative choledochoscope followed by 
Roux-en-Y hepaticojejunostomy in 13 (36.1%) 
patients. 

Serum CA 19-9 level was measured in each patient 
before operation after controlling cholangitis and 
sepsis and 7 days after resection of liver. Resected 
specimens were sent to the Department of 
pathology, Bangabandhu Sheikh Mujib Medical 
University for histopathological examination using 
Haematoxylin and Eosin (H-E) staining. Epithelial 
changes were labeled as hyperplasia, biliary 
intraepithelial neoplasia and ICC (Fig. 2). Patients 
were divided into three groups on basis of 
preoperative serum CA19-9 levels; patients with 
CA 19-9 below 37 U/ml, patient with CA19-9 within 
37 to 99 U/ml, and patients with CA19-9 more than 
100 U/ml for purpose of analysis. Association 
between preoperative serum CA 19-9 levels and 
biliary epithelial changes were analyzed. 
Postoperative serum CA 19-9 levels were 
compared with preoperative levels to know the 
effectiveness liver resection. Chi square test, 
Student t-test, One-way ANOVA test were used for 
statistical analysis; p-value <0.05 was considered 
as significant. 

Results
The mean preoperative serum CA19-9 level was in 
250.0±598.1U/ml (range: 0.8 to 2540.0 U/ml) in 36 
patients. It was less than 37 U/ml in 23 (63.9%) 
patients, within 37-99 U/ml in 6 (16.6%) patients 

and more than 100 U/ml in 7 (19.5%) patients. 
Biliary epithelial changes were labeled as 
hyperplasia in 21 (58.3%) patients, BillN in 11 
(30.6%) patients and ICC in 4 (11.1%) patients. 
The patients who had preoperative serum CA19-9 
levels less than 37 U/ml; none had CCA, 15 
patients had hyperplasia and 8 patients had BillN 
changes. The patients who had preoperative 
serum CA19-9 levels within 37-99 U/ml; also none 
had CCA, 5 patients had hyperplasia and 1 patient 
had BillN changes. In contrast the patients who had 
preoperative serum CA19-9 levels more than 
100U/ml; 4 (57.1%) had ICC, 1 had hyperplasia 
and 2 patients had BillN changes (Table-1). The 
result showed that association ICC was more in 
patients whose preoperative serum CA 19-9 level 
more than 100 U/ml than whose level less than that 
and the difference was significant (p <0.005). 
Further analysis of 7 patients [Table-2] with serum 
CA19-9 level more than 100 U/ml showed that 80% 
(4/5) patients had ICC whose preoperative serum 
CA19-9 levels were more than 1000 U/ml (rang: 
1100-2540 U/ml). The mean postoperative serum 
CA19-9 level at 7th postoperative day was 
69.0±204.2 U/ml. The serum CA19-9 levels after 
liver resection were significantly reduced (p 
<0.005) when compared to preoperative levels in 
patients with BillN and ICC (Table -3).

Discussion 
The incidence of ICC associated with 
hepatolithiasis is 5-13 %.8 Uenishi et al.9 from 
Japan in 2009 reported the incidence of ICC with 
hepatolithiasis is 11.6%. Cheon et al.10 from South 
Korea in 2009 reported the incidence of ICC with 
hepatolithiasis is 9.0%. Tabrizian et al.11 from Italy 
in 2012 reported the incidence of ICC with 
hepatolithiasis is 23.3%. Lin et al.12 from Taiwan in 
2013 reported that the incidence of ICC with 
hepatolithiasis is 4-7%.  Zhu et al.13 from China in 
2014 reported the incidence of ICC with 
hepatolithiasis is 5-2%. The present study reveals 
that 11.15% patients of hepatolithiasis are 
associated with ICC and 30.6% patients are 
associated with BillN which is a premalignant 
condition. Our data is almost similar with other 
published data from different part of the world 
specially the South East Asian country. All these 
data including ours support that a quite 
considerable number of patients with 

hepatolithiasis are assocatied with either 
premalignant or malignant condition. Till now, these 
associated biliary epithelial changes can be 
understood after surgical removal and 
histopathhological examination of resected 
specimen. Therefore it is important to know before 
surgery whether the patient with hepatolithiasis is 
associated with any malignant changes. It is 
required to design the treatment plan and counsel 
the patient properly before surgery regarding 
subsequent treatment plan and prognosis of the 
condition. 

Clinically it is difficult to detect early ICC that occurs 
as complication of hepatolithiasis as the symptoms 
tend to be vague and insidious. Accurate diagnosis 
of hepatolithiasis associated ICC is very difficult in 
preoperative imaging studies and even during 
operation, since the affected liver segment is often 
fibrotic and scarred. Moreover, unlike the mass 
forming type, intraductal type of ICC is especially to 
predict through conventional diagnostic tools 
whether an accompanying malignancy exists in 
patients with hepatolithiasis. But earlier diagnosis 
is crucial as it is reported that ICC with 
hepatolithiasis is associated with significantly 
poorer survival than ICC alone.14  

CA19-9 is a universally applicable biomarker for 
detecting cholangiocarcinoma, hepatocellular 
carcinoma, colorectal, gastric and esophageal 
carcinoma. It is also increases in other benign 
conditions such as cholangitis,15 hepatitis,16 liver 
cyst,17 heart failure,18 thyroiditis,19 rheumatoid 
arthritis20 etc. Therefore its sensitivity and 
specificity varies from study to study. In 2004, Qin 
et al.6 demonstrated that CA19-9 level > 37U/ml is 
associated with 77.14% sensitivity in diagnosing 
ICC.  Van Beers et al.21 reported in 2008 that the 
sensitivity of CA19-9 level above 100U/ml in 
diagnosing ICC is 53- 67% with specificity of 
76-87%. Deng et al.22 showed that the sensitivity 
and specificity of diagnosing ICC are 69.3% and 
66% respectively. All these reports support the role 
of CA19-9 levels in predicting ICC. The interesting 
findings of the present study are that hepatolithiasis 
with CA19-9 levels lower than 100 U/ml does not 
show any malignant changes in the biliary 
epithelium although few premalignant changes and 
mostly hyperplastic changes are seen. In contrast, 

hepatolithiasis with CA19-9 levels more than 1000 
U/ml, 80% shows malignant changes in the biliary 
epithelium. Another interesting findings of this 
study is that after resection of the diseased part of 
liver, serum CA19-9 level decreased significantly in 
compare to preoperative levels suggesting that 
biliary changes in the epithelium is related to serum 
CA19-9 level. In a prospective study of 58 patients 
pathologically diagnosed hepatolithiasis with ICC 
and 189 patients diagnosed a hepatolithiasis alone, 
Yang et al.23 demonstrated that serum CA19-9 
>100 U/ml as an independent risk factor for ICC 
associated with hepatolithiasis which supports our 
present data.

In conclusion, preoperative serum CA19-9 level 
may predict ICC association with hepatolithiasis 
and postoperative CA19-9 level may help in 
accuracy of biliary tissue removal by surgery.

However, more patients, long duration and more 
advanced histopathological study for determining 
biliary epithelial changes will be needed for final 
conclusion.
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Introduction
Hepatolithiasis is a risk factor for intrahepatic 
cholangiocarcinoma (ICC).1 It has been reported 
that repeated cholangitis due to stone in biliary 
system causes hyperplasia, dysplasia to 
carcinoma sequence in stone containing bile 
duct2-4. In 2005, Zen et al.5 published an article on 
histopathological changes of biiary epithelium of 
large intrahepatic ducts containing stones. They 
described the changes of biiary epithelium as 
hyperplasia, regenerative changes, biliary 
intraepithelial neoplasia (BillN)-1, (BiilN)-2, 
(BilIN)-3 which are early stages of ICC. 
Unfortunately, there is no tool for understanding the 
malignant changes in hepatolithiasis patients prior 
to surgery. As a result it is not clear which patients 
already have cholangiocarcinoma or will eventually 
develop carcinoma. Moreover many surgeons are 
not willing to perform hepatic resection considering 
the hepatolithiasis as a benign disease. Therefore, 
novel stratification strategies including easily 
accessible parameters are needed to determine 
the possible factors that ultimately lead to ICC. 
Serum CA 19-9 is the most frequently used 
biomarker for diagnostic and treatment predictive 
purposes in ICC patients.6 Its efficacy in screening 
test has been widely analyzed although its 
usefulness as a diagnostic tool has not yet been 
established.7

This study is undertaken to understand whether 
there is any relationship between serum CA 19-9 
levels and the biliary epithelial changes in 
hepatolithiasis. As there is no non-invasive tool for 
understanding the associated malignant changes 
in hepatolithiasis before surgery, this study may 
help in understanding the malignant transformation 
by assessing pre-operative serum CA 19-9 levels. 
Moreover, post-operative measurement of serum 
CA 19-9 level can help affirm that the pre-operative 
increase in the biomarker was due to the biliary 
epithelial changes caused by hepatolithiasis and 
the removal of the source led to its reduction.

Patients and methods
Thirty-six patients who admitted with the diagnosis 
of hepatolithiasis undergoing liver resection in the 
department of Hepatobiliary Pancreatic and Liver 
Transplant Surgery, Bangabandhu Sheikh Mujib 
Medical University, Dhaka, Bangladesh from July 

2018 to June 2019 were included in the study. 
There were 12 males and 24 females with age; 
mean 38 years (range: 22 to 77 years). Patients 
were presented with abdominal pain only; 18 
(50%), with cholangitis; 14 (38.9%) and with 
persistent jaundice, sepsis or ICC; 4 (11.1%). The 
duration of symptoms before treatment was less 
than 5 years in 20 (55.5%) patients, 5 to 10 years in 
10 (27.8%) patients, and more than 10 years in 6 
(16.7%) patients. Stones were present in left lobe; 
21 (58.3%), in right lobe; 2 (5.6%), and in both lobe; 
13 (36.1%) of liver (Fig.1). All patients were treated 
with appropriate antibiotics for controlling 
cholangitis and sepsis before surgery. Operations 
were done left hepatectomy in 21 (58.3%) patients, 
right hepatectomy in 2 (5.6%) and left 
hepatectomy, extrahepatic duct excision, clearance 
of right hepatic duct system with the help of 
peroperative choledochoscope followed by 
Roux-en-Y hepaticojejunostomy in 13 (36.1%) 
patients. 

Serum CA 19-9 level was measured in each patient 
before operation after controlling cholangitis and 
sepsis and 7 days after resection of liver. Resected 
specimens were sent to the Department of 
pathology, Bangabandhu Sheikh Mujib Medical 
University for histopathological examination using 
Haematoxylin and Eosin (H-E) staining. Epithelial 
changes were labeled as hyperplasia, biliary 
intraepithelial neoplasia and ICC (Fig. 2). Patients 
were divided into three groups on basis of 
preoperative serum CA19-9 levels; patients with 
CA 19-9 below 37 U/ml, patient with CA19-9 within 
37 to 99 U/ml, and patients with CA19-9 more than 
100 U/ml for purpose of analysis. Association 
between preoperative serum CA 19-9 levels and 
biliary epithelial changes were analyzed. 
Postoperative serum CA 19-9 levels were 
compared with preoperative levels to know the 
effectiveness liver resection. Chi square test, 
Student t-test, One-way ANOVA test were used for 
statistical analysis; p-value <0.05 was considered 
as significant. 

Results
The mean preoperative serum CA19-9 level was in 
250.0±598.1U/ml (range: 0.8 to 2540.0 U/ml) in 36 
patients. It was less than 37 U/ml in 23 (63.9%) 
patients, within 37-99 U/ml in 6 (16.6%) patients 

and more than 100 U/ml in 7 (19.5%) patients. 
Biliary epithelial changes were labeled as 
hyperplasia in 21 (58.3%) patients, BillN in 11 
(30.6%) patients and ICC in 4 (11.1%) patients. 
The patients who had preoperative serum CA19-9 
levels less than 37 U/ml; none had CCA, 15 
patients had hyperplasia and 8 patients had BillN 
changes. The patients who had preoperative 
serum CA19-9 levels within 37-99 U/ml; also none 
had CCA, 5 patients had hyperplasia and 1 patient 
had BillN changes. In contrast the patients who had 
preoperative serum CA19-9 levels more than 
100U/ml; 4 (57.1%) had ICC, 1 had hyperplasia 
and 2 patients had BillN changes (Table-1). The 
result showed that association ICC was more in 
patients whose preoperative serum CA 19-9 level 
more than 100 U/ml than whose level less than that 
and the difference was significant (p <0.005). 
Further analysis of 7 patients [Table-2] with serum 
CA19-9 level more than 100 U/ml showed that 80% 
(4/5) patients had ICC whose preoperative serum 
CA19-9 levels were more than 1000 U/ml (rang: 
1100-2540 U/ml). The mean postoperative serum 
CA19-9 level at 7th postoperative day was 
69.0±204.2 U/ml. The serum CA19-9 levels after 
liver resection were significantly reduced (p 
<0.005) when compared to preoperative levels in 
patients with BillN and ICC (Table -3).

Discussion 
The incidence of ICC associated with 
hepatolithiasis is 5-13 %.8 Uenishi et al.9 from 
Japan in 2009 reported the incidence of ICC with 
hepatolithiasis is 11.6%. Cheon et al.10 from South 
Korea in 2009 reported the incidence of ICC with 
hepatolithiasis is 9.0%. Tabrizian et al.11 from Italy 
in 2012 reported the incidence of ICC with 
hepatolithiasis is 23.3%. Lin et al.12 from Taiwan in 
2013 reported that the incidence of ICC with 
hepatolithiasis is 4-7%.  Zhu et al.13 from China in 
2014 reported the incidence of ICC with 
hepatolithiasis is 5-2%. The present study reveals 
that 11.15% patients of hepatolithiasis are 
associated with ICC and 30.6% patients are 
associated with BillN which is a premalignant 
condition. Our data is almost similar with other 
published data from different part of the world 
specially the South East Asian country. All these 
data including ours support that a quite 
considerable number of patients with 

hepatolithiasis are assocatied with either 
premalignant or malignant condition. Till now, these 
associated biliary epithelial changes can be 
understood after surgical removal and 
histopathhological examination of resected 
specimen. Therefore it is important to know before 
surgery whether the patient with hepatolithiasis is 
associated with any malignant changes. It is 
required to design the treatment plan and counsel 
the patient properly before surgery regarding 
subsequent treatment plan and prognosis of the 
condition. 

Clinically it is difficult to detect early ICC that occurs 
as complication of hepatolithiasis as the symptoms 
tend to be vague and insidious. Accurate diagnosis 
of hepatolithiasis associated ICC is very difficult in 
preoperative imaging studies and even during 
operation, since the affected liver segment is often 
fibrotic and scarred. Moreover, unlike the mass 
forming type, intraductal type of ICC is especially to 
predict through conventional diagnostic tools 
whether an accompanying malignancy exists in 
patients with hepatolithiasis. But earlier diagnosis 
is crucial as it is reported that ICC with 
hepatolithiasis is associated with significantly 
poorer survival than ICC alone.14  

CA19-9 is a universally applicable biomarker for 
detecting cholangiocarcinoma, hepatocellular 
carcinoma, colorectal, gastric and esophageal 
carcinoma. It is also increases in other benign 
conditions such as cholangitis,15 hepatitis,16 liver 
cyst,17 heart failure,18 thyroiditis,19 rheumatoid 
arthritis20 etc. Therefore its sensitivity and 
specificity varies from study to study. In 2004, Qin 
et al.6 demonstrated that CA19-9 level > 37U/ml is 
associated with 77.14% sensitivity in diagnosing 
ICC.  Van Beers et al.21 reported in 2008 that the 
sensitivity of CA19-9 level above 100U/ml in 
diagnosing ICC is 53- 67% with specificity of 
76-87%. Deng et al.22 showed that the sensitivity 
and specificity of diagnosing ICC are 69.3% and 
66% respectively. All these reports support the role 
of CA19-9 levels in predicting ICC. The interesting 
findings of the present study are that hepatolithiasis 
with CA19-9 levels lower than 100 U/ml does not 
show any malignant changes in the biliary 
epithelium although few premalignant changes and 
mostly hyperplastic changes are seen. In contrast, 

hepatolithiasis with CA19-9 levels more than 1000 
U/ml, 80% shows malignant changes in the biliary 
epithelium. Another interesting findings of this 
study is that after resection of the diseased part of 
liver, serum CA19-9 level decreased significantly in 
compare to preoperative levels suggesting that 
biliary changes in the epithelium is related to serum 
CA19-9 level. In a prospective study of 58 patients 
pathologically diagnosed hepatolithiasis with ICC 
and 189 patients diagnosed a hepatolithiasis alone, 
Yang et al.23 demonstrated that serum CA19-9 
>100 U/ml as an independent risk factor for ICC 
associated with hepatolithiasis which supports our 
present data.

In conclusion, preoperative serum CA19-9 level 
may predict ICC association with hepatolithiasis 
and postoperative CA19-9 level may help in 
accuracy of biliary tissue removal by surgery.

However, more patients, long duration and more 
advanced histopathological study for determining 
biliary epithelial changes will be needed for final 
conclusion.
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Introduction
Hepatolithiasis is a risk factor for intrahepatic 
cholangiocarcinoma (ICC).1 It has been reported 
that repeated cholangitis due to stone in biliary 
system causes hyperplasia, dysplasia to 
carcinoma sequence in stone containing bile 
duct2-4. In 2005, Zen et al.5 published an article on 
histopathological changes of biiary epithelium of 
large intrahepatic ducts containing stones. They 
described the changes of biiary epithelium as 
hyperplasia, regenerative changes, biliary 
intraepithelial neoplasia (BillN)-1, (BiilN)-2, 
(BilIN)-3 which are early stages of ICC. 
Unfortunately, there is no tool for understanding the 
malignant changes in hepatolithiasis patients prior 
to surgery. As a result it is not clear which patients 
already have cholangiocarcinoma or will eventually 
develop carcinoma. Moreover many surgeons are 
not willing to perform hepatic resection considering 
the hepatolithiasis as a benign disease. Therefore, 
novel stratification strategies including easily 
accessible parameters are needed to determine 
the possible factors that ultimately lead to ICC. 
Serum CA 19-9 is the most frequently used 
biomarker for diagnostic and treatment predictive 
purposes in ICC patients.6 Its efficacy in screening 
test has been widely analyzed although its 
usefulness as a diagnostic tool has not yet been 
established.7

This study is undertaken to understand whether 
there is any relationship between serum CA 19-9 
levels and the biliary epithelial changes in 
hepatolithiasis. As there is no non-invasive tool for 
understanding the associated malignant changes 
in hepatolithiasis before surgery, this study may 
help in understanding the malignant transformation 
by assessing pre-operative serum CA 19-9 levels. 
Moreover, post-operative measurement of serum 
CA 19-9 level can help affirm that the pre-operative 
increase in the biomarker was due to the biliary 
epithelial changes caused by hepatolithiasis and 
the removal of the source led to its reduction.

Patients and methods
Thirty-six patients who admitted with the diagnosis 
of hepatolithiasis undergoing liver resection in the 
department of Hepatobiliary Pancreatic and Liver 
Transplant Surgery, Bangabandhu Sheikh Mujib 
Medical University, Dhaka, Bangladesh from July 

2018 to June 2019 were included in the study. 
There were 12 males and 24 females with age; 
mean 38 years (range: 22 to 77 years). Patients 
were presented with abdominal pain only; 18 
(50%), with cholangitis; 14 (38.9%) and with 
persistent jaundice, sepsis or ICC; 4 (11.1%). The 
duration of symptoms before treatment was less 
than 5 years in 20 (55.5%) patients, 5 to 10 years in 
10 (27.8%) patients, and more than 10 years in 6 
(16.7%) patients. Stones were present in left lobe; 
21 (58.3%), in right lobe; 2 (5.6%), and in both lobe; 
13 (36.1%) of liver (Fig.1). All patients were treated 
with appropriate antibiotics for controlling 
cholangitis and sepsis before surgery. Operations 
were done left hepatectomy in 21 (58.3%) patients, 
right hepatectomy in 2 (5.6%) and left 
hepatectomy, extrahepatic duct excision, clearance 
of right hepatic duct system with the help of 
peroperative choledochoscope followed by 
Roux-en-Y hepaticojejunostomy in 13 (36.1%) 
patients. 

Serum CA 19-9 level was measured in each patient 
before operation after controlling cholangitis and 
sepsis and 7 days after resection of liver. Resected 
specimens were sent to the Department of 
pathology, Bangabandhu Sheikh Mujib Medical 
University for histopathological examination using 
Haematoxylin and Eosin (H-E) staining. Epithelial 
changes were labeled as hyperplasia, biliary 
intraepithelial neoplasia and ICC (Fig. 2). Patients 
were divided into three groups on basis of 
preoperative serum CA19-9 levels; patients with 
CA 19-9 below 37 U/ml, patient with CA19-9 within 
37 to 99 U/ml, and patients with CA19-9 more than 
100 U/ml for purpose of analysis. Association 
between preoperative serum CA 19-9 levels and 
biliary epithelial changes were analyzed. 
Postoperative serum CA 19-9 levels were 
compared with preoperative levels to know the 
effectiveness liver resection. Chi square test, 
Student t-test, One-way ANOVA test were used for 
statistical analysis; p-value <0.05 was considered 
as significant. 

Results
The mean preoperative serum CA19-9 level was in 
250.0±598.1U/ml (range: 0.8 to 2540.0 U/ml) in 36 
patients. It was less than 37 U/ml in 23 (63.9%) 
patients, within 37-99 U/ml in 6 (16.6%) patients 

and more than 100 U/ml in 7 (19.5%) patients. 
Biliary epithelial changes were labeled as 
hyperplasia in 21 (58.3%) patients, BillN in 11 
(30.6%) patients and ICC in 4 (11.1%) patients. 
The patients who had preoperative serum CA19-9 
levels less than 37 U/ml; none had CCA, 15 
patients had hyperplasia and 8 patients had BillN 
changes. The patients who had preoperative 
serum CA19-9 levels within 37-99 U/ml; also none 
had CCA, 5 patients had hyperplasia and 1 patient 
had BillN changes. In contrast the patients who had 
preoperative serum CA19-9 levels more than 
100U/ml; 4 (57.1%) had ICC, 1 had hyperplasia 
and 2 patients had BillN changes (Table-1). The 
result showed that association ICC was more in 
patients whose preoperative serum CA 19-9 level 
more than 100 U/ml than whose level less than that 
and the difference was significant (p <0.005). 
Further analysis of 7 patients [Table-2] with serum 
CA19-9 level more than 100 U/ml showed that 80% 
(4/5) patients had ICC whose preoperative serum 
CA19-9 levels were more than 1000 U/ml (rang: 
1100-2540 U/ml). The mean postoperative serum 
CA19-9 level at 7th postoperative day was 
69.0±204.2 U/ml. The serum CA19-9 levels after 
liver resection were significantly reduced (p 
<0.005) when compared to preoperative levels in 
patients with BillN and ICC (Table -3).

Discussion 
The incidence of ICC associated with 
hepatolithiasis is 5-13 %.8 Uenishi et al.9 from 
Japan in 2009 reported the incidence of ICC with 
hepatolithiasis is 11.6%. Cheon et al.10 from South 
Korea in 2009 reported the incidence of ICC with 
hepatolithiasis is 9.0%. Tabrizian et al.11 from Italy 
in 2012 reported the incidence of ICC with 
hepatolithiasis is 23.3%. Lin et al.12 from Taiwan in 
2013 reported that the incidence of ICC with 
hepatolithiasis is 4-7%.  Zhu et al.13 from China in 
2014 reported the incidence of ICC with 
hepatolithiasis is 5-2%. The present study reveals 
that 11.15% patients of hepatolithiasis are 
associated with ICC and 30.6% patients are 
associated with BillN which is a premalignant 
condition. Our data is almost similar with other 
published data from different part of the world 
specially the South East Asian country. All these 
data including ours support that a quite 
considerable number of patients with 

hepatolithiasis are assocatied with either 
premalignant or malignant condition. Till now, these 
associated biliary epithelial changes can be 
understood after surgical removal and 
histopathhological examination of resected 
specimen. Therefore it is important to know before 
surgery whether the patient with hepatolithiasis is 
associated with any malignant changes. It is 
required to design the treatment plan and counsel 
the patient properly before surgery regarding 
subsequent treatment plan and prognosis of the 
condition. 

Clinically it is difficult to detect early ICC that occurs 
as complication of hepatolithiasis as the symptoms 
tend to be vague and insidious. Accurate diagnosis 
of hepatolithiasis associated ICC is very difficult in 
preoperative imaging studies and even during 
operation, since the affected liver segment is often 
fibrotic and scarred. Moreover, unlike the mass 
forming type, intraductal type of ICC is especially to 
predict through conventional diagnostic tools 
whether an accompanying malignancy exists in 
patients with hepatolithiasis. But earlier diagnosis 
is crucial as it is reported that ICC with 
hepatolithiasis is associated with significantly 
poorer survival than ICC alone.14  

CA19-9 is a universally applicable biomarker for 
detecting cholangiocarcinoma, hepatocellular 
carcinoma, colorectal, gastric and esophageal 
carcinoma. It is also increases in other benign 
conditions such as cholangitis,15 hepatitis,16 liver 
cyst,17 heart failure,18 thyroiditis,19 rheumatoid 
arthritis20 etc. Therefore its sensitivity and 
specificity varies from study to study. In 2004, Qin 
et al.6 demonstrated that CA19-9 level > 37U/ml is 
associated with 77.14% sensitivity in diagnosing 
ICC.  Van Beers et al.21 reported in 2008 that the 
sensitivity of CA19-9 level above 100U/ml in 
diagnosing ICC is 53- 67% with specificity of 
76-87%. Deng et al.22 showed that the sensitivity 
and specificity of diagnosing ICC are 69.3% and 
66% respectively. All these reports support the role 
of CA19-9 levels in predicting ICC. The interesting 
findings of the present study are that hepatolithiasis 
with CA19-9 levels lower than 100 U/ml does not 
show any malignant changes in the biliary 
epithelium although few premalignant changes and 
mostly hyperplastic changes are seen. In contrast, 

hepatolithiasis with CA19-9 levels more than 1000 
U/ml, 80% shows malignant changes in the biliary 
epithelium. Another interesting findings of this 
study is that after resection of the diseased part of 
liver, serum CA19-9 level decreased significantly in 
compare to preoperative levels suggesting that 
biliary changes in the epithelium is related to serum 
CA19-9 level. In a prospective study of 58 patients 
pathologically diagnosed hepatolithiasis with ICC 
and 189 patients diagnosed a hepatolithiasis alone, 
Yang et al.23 demonstrated that serum CA19-9 
>100 U/ml as an independent risk factor for ICC 
associated with hepatolithiasis which supports our 
present data.

In conclusion, preoperative serum CA19-9 level 
may predict ICC association with hepatolithiasis 
and postoperative CA19-9 level may help in 
accuracy of biliary tissue removal by surgery.

However, more patients, long duration and more 
advanced histopathological study for determining 
biliary epithelial changes will be needed for final 
conclusion.
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Introduction
Hepatolithiasis is a risk factor for intrahepatic 
cholangiocarcinoma (ICC).1 It has been reported 
that repeated cholangitis due to stone in biliary 
system causes hyperplasia, dysplasia to 
carcinoma sequence in stone containing bile 
duct2-4. In 2005, Zen et al.5 published an article on 
histopathological changes of biiary epithelium of 
large intrahepatic ducts containing stones. They 
described the changes of biiary epithelium as 
hyperplasia, regenerative changes, biliary 
intraepithelial neoplasia (BillN)-1, (BiilN)-2, 
(BilIN)-3 which are early stages of ICC. 
Unfortunately, there is no tool for understanding the 
malignant changes in hepatolithiasis patients prior 
to surgery. As a result it is not clear which patients 
already have cholangiocarcinoma or will eventually 
develop carcinoma. Moreover many surgeons are 
not willing to perform hepatic resection considering 
the hepatolithiasis as a benign disease. Therefore, 
novel stratification strategies including easily 
accessible parameters are needed to determine 
the possible factors that ultimately lead to ICC. 
Serum CA 19-9 is the most frequently used 
biomarker for diagnostic and treatment predictive 
purposes in ICC patients.6 Its efficacy in screening 
test has been widely analyzed although its 
usefulness as a diagnostic tool has not yet been 
established.7

This study is undertaken to understand whether 
there is any relationship between serum CA 19-9 
levels and the biliary epithelial changes in 
hepatolithiasis. As there is no non-invasive tool for 
understanding the associated malignant changes 
in hepatolithiasis before surgery, this study may 
help in understanding the malignant transformation 
by assessing pre-operative serum CA 19-9 levels. 
Moreover, post-operative measurement of serum 
CA 19-9 level can help affirm that the pre-operative 
increase in the biomarker was due to the biliary 
epithelial changes caused by hepatolithiasis and 
the removal of the source led to its reduction.

Patients and methods
Thirty-six patients who admitted with the diagnosis 
of hepatolithiasis undergoing liver resection in the 
department of Hepatobiliary Pancreatic and Liver 
Transplant Surgery, Bangabandhu Sheikh Mujib 
Medical University, Dhaka, Bangladesh from July 

2018 to June 2019 were included in the study. 
There were 12 males and 24 females with age; 
mean 38 years (range: 22 to 77 years). Patients 
were presented with abdominal pain only; 18 
(50%), with cholangitis; 14 (38.9%) and with 
persistent jaundice, sepsis or ICC; 4 (11.1%). The 
duration of symptoms before treatment was less 
than 5 years in 20 (55.5%) patients, 5 to 10 years in 
10 (27.8%) patients, and more than 10 years in 6 
(16.7%) patients. Stones were present in left lobe; 
21 (58.3%), in right lobe; 2 (5.6%), and in both lobe; 
13 (36.1%) of liver (Fig.1). All patients were treated 
with appropriate antibiotics for controlling 
cholangitis and sepsis before surgery. Operations 
were done left hepatectomy in 21 (58.3%) patients, 
right hepatectomy in 2 (5.6%) and left 
hepatectomy, extrahepatic duct excision, clearance 
of right hepatic duct system with the help of 
peroperative choledochoscope followed by 
Roux-en-Y hepaticojejunostomy in 13 (36.1%) 
patients. 

Serum CA 19-9 level was measured in each patient 
before operation after controlling cholangitis and 
sepsis and 7 days after resection of liver. Resected 
specimens were sent to the Department of 
pathology, Bangabandhu Sheikh Mujib Medical 
University for histopathological examination using 
Haematoxylin and Eosin (H-E) staining. Epithelial 
changes were labeled as hyperplasia, biliary 
intraepithelial neoplasia and ICC (Fig. 2). Patients 
were divided into three groups on basis of 
preoperative serum CA19-9 levels; patients with 
CA 19-9 below 37 U/ml, patient with CA19-9 within 
37 to 99 U/ml, and patients with CA19-9 more than 
100 U/ml for purpose of analysis. Association 
between preoperative serum CA 19-9 levels and 
biliary epithelial changes were analyzed. 
Postoperative serum CA 19-9 levels were 
compared with preoperative levels to know the 
effectiveness liver resection. Chi square test, 
Student t-test, One-way ANOVA test were used for 
statistical analysis; p-value <0.05 was considered 
as significant. 

Results
The mean preoperative serum CA19-9 level was in 
250.0±598.1U/ml (range: 0.8 to 2540.0 U/ml) in 36 
patients. It was less than 37 U/ml in 23 (63.9%) 
patients, within 37-99 U/ml in 6 (16.6%) patients 

and more than 100 U/ml in 7 (19.5%) patients. 
Biliary epithelial changes were labeled as 
hyperplasia in 21 (58.3%) patients, BillN in 11 
(30.6%) patients and ICC in 4 (11.1%) patients. 
The patients who had preoperative serum CA19-9 
levels less than 37 U/ml; none had CCA, 15 
patients had hyperplasia and 8 patients had BillN 
changes. The patients who had preoperative 
serum CA19-9 levels within 37-99 U/ml; also none 
had CCA, 5 patients had hyperplasia and 1 patient 
had BillN changes. In contrast the patients who had 
preoperative serum CA19-9 levels more than 
100U/ml; 4 (57.1%) had ICC, 1 had hyperplasia 
and 2 patients had BillN changes (Table-1). The 
result showed that association ICC was more in 
patients whose preoperative serum CA 19-9 level 
more than 100 U/ml than whose level less than that 
and the difference was significant (p <0.005). 
Further analysis of 7 patients [Table-2] with serum 
CA19-9 level more than 100 U/ml showed that 80% 
(4/5) patients had ICC whose preoperative serum 
CA19-9 levels were more than 1000 U/ml (rang: 
1100-2540 U/ml). The mean postoperative serum 
CA19-9 level at 7th postoperative day was 
69.0±204.2 U/ml. The serum CA19-9 levels after 
liver resection were significantly reduced (p 
<0.005) when compared to preoperative levels in 
patients with BillN and ICC (Table -3).

Discussion 
The incidence of ICC associated with 
hepatolithiasis is 5-13 %.8 Uenishi et al.9 from 
Japan in 2009 reported the incidence of ICC with 
hepatolithiasis is 11.6%. Cheon et al.10 from South 
Korea in 2009 reported the incidence of ICC with 
hepatolithiasis is 9.0%. Tabrizian et al.11 from Italy 
in 2012 reported the incidence of ICC with 
hepatolithiasis is 23.3%. Lin et al.12 from Taiwan in 
2013 reported that the incidence of ICC with 
hepatolithiasis is 4-7%.  Zhu et al.13 from China in 
2014 reported the incidence of ICC with 
hepatolithiasis is 5-2%. The present study reveals 
that 11.15% patients of hepatolithiasis are 
associated with ICC and 30.6% patients are 
associated with BillN which is a premalignant 
condition. Our data is almost similar with other 
published data from different part of the world 
specially the South East Asian country. All these 
data including ours support that a quite 
considerable number of patients with 

hepatolithiasis are assocatied with either 
premalignant or malignant condition. Till now, these 
associated biliary epithelial changes can be 
understood after surgical removal and 
histopathhological examination of resected 
specimen. Therefore it is important to know before 
surgery whether the patient with hepatolithiasis is 
associated with any malignant changes. It is 
required to design the treatment plan and counsel 
the patient properly before surgery regarding 
subsequent treatment plan and prognosis of the 
condition. 

Clinically it is difficult to detect early ICC that occurs 
as complication of hepatolithiasis as the symptoms 
tend to be vague and insidious. Accurate diagnosis 
of hepatolithiasis associated ICC is very difficult in 
preoperative imaging studies and even during 
operation, since the affected liver segment is often 
fibrotic and scarred. Moreover, unlike the mass 
forming type, intraductal type of ICC is especially to 
predict through conventional diagnostic tools 
whether an accompanying malignancy exists in 
patients with hepatolithiasis. But earlier diagnosis 
is crucial as it is reported that ICC with 
hepatolithiasis is associated with significantly 
poorer survival than ICC alone.14  

CA19-9 is a universally applicable biomarker for 
detecting cholangiocarcinoma, hepatocellular 
carcinoma, colorectal, gastric and esophageal 
carcinoma. It is also increases in other benign 
conditions such as cholangitis,15 hepatitis,16 liver 
cyst,17 heart failure,18 thyroiditis,19 rheumatoid 
arthritis20 etc. Therefore its sensitivity and 
specificity varies from study to study. In 2004, Qin 
et al.6 demonstrated that CA19-9 level > 37U/ml is 
associated with 77.14% sensitivity in diagnosing 
ICC.  Van Beers et al.21 reported in 2008 that the 
sensitivity of CA19-9 level above 100U/ml in 
diagnosing ICC is 53- 67% with specificity of 
76-87%. Deng et al.22 showed that the sensitivity 
and specificity of diagnosing ICC are 69.3% and 
66% respectively. All these reports support the role 
of CA19-9 levels in predicting ICC. The interesting 
findings of the present study are that hepatolithiasis 
with CA19-9 levels lower than 100 U/ml does not 
show any malignant changes in the biliary 
epithelium although few premalignant changes and 
mostly hyperplastic changes are seen. In contrast, 

hepatolithiasis with CA19-9 levels more than 1000 
U/ml, 80% shows malignant changes in the biliary 
epithelium. Another interesting findings of this 
study is that after resection of the diseased part of 
liver, serum CA19-9 level decreased significantly in 
compare to preoperative levels suggesting that 
biliary changes in the epithelium is related to serum 
CA19-9 level. In a prospective study of 58 patients 
pathologically diagnosed hepatolithiasis with ICC 
and 189 patients diagnosed a hepatolithiasis alone, 
Yang et al.23 demonstrated that serum CA19-9 
>100 U/ml as an independent risk factor for ICC 
associated with hepatolithiasis which supports our 
present data.

In conclusion, preoperative serum CA19-9 level 
may predict ICC association with hepatolithiasis 
and postoperative CA19-9 level may help in 
accuracy of biliary tissue removal by surgery.

However, more patients, long duration and more 
advanced histopathological study for determining 
biliary epithelial changes will be needed for final 
conclusion.
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