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In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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Abstract

 Significance: Endoscopic retrograde cholangiopancreatography (ERCP) 
has been a very useful diagnostic and therapeutic procedure in patients 
suffering from pancreaticobiliary disease. This has been increasingly seen 
among elderly Filipino patients. Because of significant co-morbidities 
accompanying advancing age, the elderly may be at greater risk of 
developing complications related to ERCP. This study aims to evaluate the 
outcomes, safety and complications associated with ERCP performed in the 
elderly patients 80 years old and above compared with young adult group. 

  Methodology: A retrospective analysis of patients aged more than 80 
years and young adults aged 18 – 35 years old referred for ERCP at Digestive 
Endoscopy Unit, Chinese General Hospital and Medical Center between January 
2008 to June 2019, were reviewed from endoscopy database and medical 
records. The demographic profile, co-morbidities, indications, ERCP findings/
interventions, outcomes, ERCP and medical-related complications were analyzed.

   Results: Indications for ERCP were comparable in young and elderly groups. 
Underlying co-morbidities were common in elderly. The overall success rate was 90% 
in elderly group, whereas 96% in young adults. Most common cause of failed ERCP 
was due to failure of cannulation secondary to pancreatic head mass in elderly while 
a floppy papilla is a common cause of failed cannulation in the young adult group. 
Peri-procedural complications were similar in both age groups. Most common early 
ERCP-related complication was pancreatitis which was comparable in both age 
groups (both at 1.1%). Early and late complications in elderly were primarily due to 
other underlying medical conditions like coronary artery disease and pneumonia. 

   Conclusion: ERCP-related complications were comparable between age groups. 
The study therefore conclude that ERCP for various indications is generally safe in 
elderly patients. 

Keywords: Endoscopic Retrograde Cholangiopancreatography Safety, Outcomes of 
ERCP in Elderly
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Introduction

  The disorders affecting the gall bladder and biliary ducts, 
particularly, choledocholithiasis, occur commonly in the elderly. 
While the prevalence of biliary disorders in patients less than 
30 years old is low, it sharply increases in prevalence among 
the elderly who are more than 80 years old1. There has been 
little local data in this population. Referring physicians, and,  
patients and their relatives, are concerned if endoscopic 
retrograde cholangiopancreatography (ERCP) is a doable and 
safe procedure for patients at this advanced age.

  Although ERCP has been confirmed as a widely used technique 
for the diagnosis and management of biliary obstruction, 
its safety and efficacy in the elderly have been questioned. 
Among reports involving ERCP in elderly patients, some found 
the procedure to be of high diagnostic value and achieved a 
92% clearance of common bile duct stones following this 
therapeutic procedure. Some researchers believe that the post-
ERCP mortality and complications are mainly due to the type 
of sedation, the severity of illness, or underlying malignancies. 
In addition, other studies have shown that the complications 
following ERCP were similar between the young patients and 
the elderly. Therefore, while doing ERCP in the elderly leads to 
higher anticipated complications, its outcome can be acceptable 
and biliary cannulation and treatment can be successfully 
achieved in advanced ages.2

General Objective

•  To evaluate the safety, complications and outcomes of ERCP 
in patients aged 80 years or older compared with the young 
adult patients, 18 – 35 years old in a large sample of population 
in our institution.

Study Subjects and Procedure

  All patients aged 18 to 35 years and 80 years and older 
referred for ERCP at Gastroenterology and Digestive Endoscopy 
Unit, Chinese General Hospital and Medical Center for various 
indications January 2008 to June 2019, were identified and 
retrospectively reviewed from endoscopy database registry and 

  This study is a cross sectional study.

Methodology

Study Design

Specific Objective

•   To determine the baseline characteristics of elderly patients 
who underwent ERCP.

•  To determine the different indications of  elderly patients 
who underwent ERCP at Chinese General Hospital and Medical 
Center on January, 2008 – June, 2019.

In a recent study done by Yang, et. al., it was shown that ERCP 
is a safe and effective intervention in patients 80 years old and 
older despite these patients having higher rates of concomitant 
chronic diseases and use of antithrombotic drugs.3  While most 
studies to date have focused on the short-term complications 
of ERCP in the elderly, there is relatively little published data 
examining long-term outcomes in these patients. Current 
available evidence show that complete treatment of biliary 
lithiasis may affect the overall survival of the elderly who 
require ERCP.4

There was a study done in the Philippines about the safety 
and outcomes of ERCP in the elderly. It included more than 
2,000 patients and showed that ERCP is safe in the elderly 
and, was not associated with increased risk and complications 
as opposed to the notions of referring physicians, patients 
and their relatives. Mortality is usually related to the severity 
of illness and underlying co-morbidities rather than the ERCP 
procedure related events5.

In this study, the authors would like to follow up on the previous 
study done in the same institution by including more data from 
the recent years. Data of elderly patients as defined by age 
more than 80 years old  were analyzed and compared to the 
young adults age group defined as age 18 – 35 years old. 6 

Comparative Study on the Outcomes, Safety and Complications of
 ERCP in Elderly Patients: A Single Center Retrospective Study

review of medical records. Patients who have incomplete or lost 
records were not included in the study.

Patients referred for ERCP were routinely assessed by a member 
of the Gastroenterology Unit to determine the appropriateness 
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of the indications. Patients or family members were informed 
of the indications and the risk associated with the intended 
procedures. Consent was obtained from patients, or family 
members if patients were unable to give written consents. 
All patients were evaluated prior to receiving anesthesia. The 
procedures were conducted in the Xray Department fluoroscopy 
room with sedation administered by the anesthesiologist.

  All procedures were performed by experienced 
gastroenterologists (consultants who underwent special 
training in ERCP locally or internationally and was able to do 
ERCP for at least 1 year) in the Endoscopy Unit. For patients 
undergoing stone extraction, endoscopic sphincterotomy was 
performed unless there were contraindications (coagulopathy, 
thrombocytopenia or anti-platelet agents). Accessories were 
used as appropriated for the complete extraction of stones 
(mechanical lithotripters for large  stones, baskets and balloon 
extraction catheters). Balloon catheters were also used to 
document stone clearance in an occlusion cholangiogram. For 
patients who had incomplete clearances of CBD stones or had 
strictures (either benign or malignant), biliary drainage were 
achieved by stent placements under fluoroscopic guidance. 
Plastic stents were inserted using the stent delivery accessory. 
The length can be variable depending on the level of obstruction. 
Patients with malignant strictures who were expected to 
survive beyond three months were offered placement of self-
expandable metal stent. Otherwise, plastic stents were used.
 
  Routine monitoring of pulse, blood pressure and saturation 
were performed before, during and after the procedure. 
Blood pressure was monitored at 15 minutes intervals during 
procedures and after procedures until patients left the 
Endoscopy Unit Recovery Room. Pulse and saturation monitoring 
were likewise monitored continuously during the procedures 
and then at fifteen minutes intervals after procedures in the 
recovery area. Any adverse events occurring during procedures 
were addressed immediately by the performing endoscopist.
  
Patients were monitored closely for the first few hours post-
procedure and/or during the duration of the in-patient stay. 
Any adverse events deemed to be related to the procedures 
were reported to the gastroenterology team. Post-discharge, all 
patients were followed-up in the gastroenterology outpatient 
clinic. All patients who had gallstone disease and were deemed 
fit for cholecystectomy surgery, were referred to the surgical 
department. 

  Patient demographics, indications and blood examinations 
(serum alkaline phosphatase, serum bilirubin, liver function 
tests, serum amylase and bleeding parameters) and imaging 
findings were recorder. The ERCP findings, interventions 
done, sedation used were determined. The outcomes, peri-

procedural and post-ERCP related and medical complications 
including mortality events were also noted. Patients were 
followed up from the time of hospital discharge until 30 days 
post-ERCP procedure. These data were compared between the 
two groups.

  Pancreatitis induced by ERCP was defined as a combination 
of new abdominal pain or a pain that worsened after the 
procedure and a high amylase concentration in the serum. 
This concentration had to be two or more times higher than 
the upper limit. Hemorrhagic event was considered to be 
significant only if patient develops melena or hematemesis. 
Significant bleeding was associated with a decrease of at least 
2g/dl in the hemoglobin concentration or the necessity of a 
red blood cell transfusion, while excluding other causes of 
anemia. Perforation was defined as an interruption of intestinal 
continuity secondary to the procedure and diagnosed with 
retroperitoneal radiological images or images obtained through 
the intestinal tract using any radiological technique. Respiratory 
depression was defined as the sustained low levels of blood 
oxygen saturation and requirement of support with positive 
oxygen pressure. This was documented by the anesthesiologist.
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Figure 1. Study flow diagram

Operational Definition of Variables

•  ERCP- Endoscopic Retrograde Cholangiopancreatography

•  Elderly patient: Patients Aged 80 years old and above

Outcome

  The study endpoint was the overall success rates of ERCP in 
the elderly, and the clinical outcome post ERCP in the elderly 
patients including complications.

Statistical Analysis:

  Results was expressed as the mean  standard deviation (SD) for 
quantitative variables and percentages for categorical variables. 
Categorical variables between the variables was compared 
using χ2 square test or Fisher’s exact test. Continuous variables 
was compared by independent samples t-test for variables 
with normal distributions and Mann-Whitney test for variables 
with non-normal distributions. P values of 0.05 or less was 
considered statistically significant. All the statistical analyses 
will be performed using SPSS version 16.0.
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Results

  A total of 1060 patients were included, 25% were above 
80 years old (with average age of 85) while the remaining 
75% were from 18 to 35 years old. Gender distribution is the 
same for both group as majority are female. Comorbidities 
were significantly more prevalent in patients above 80 years 
old, specifically for hypertension (60.8%), diabetes (50.2%), 
pulmonary disorders (35.5%), cardiovascular disorders (37%), 
cerebrovascular disease (11.3%), renal (16.2%) and liver disease 
(3.4%). Demographic and clinical characteristics of patients are 
summarized in Table 1. 

  Table 2 describes the indications of ERCP.  Abdominal pain 
with jaundice was significantly higher among the younger 
group (59.6%). On the other hand, ampullary thickness (18.9%), 
pancreatic head mass (18.5%), hilar mass (6.4%) and biliary leak 
(13.2%) was significantly higher among patients above 80 years 
old. 

  Table 3 summarizes the baseline laboratory results showing 
that liver function tests  and amylase were higher among 
patients 18 to 35 years old. On the other hand, prolonged 
bleeding parameters is significantly higher among above 80 
years old (37.4%).

  Table 4 describes the sedatives used. Most commonly 
used for patients above 80 years old was propofol (69.4%), 
propofol+sevoflurane (6.8%) and sevoflurane (2.6%). In the 
younger group, sedation was mainly combination meperidine 
and midazolam (52.8%).

  Table 5  shows significant difference in terms of the 
interventions done during ERCP, specifically, younger groups 
underwent significantly higher sphincterotomy + stone basket 
extraction (63.5%), while patients above 80 years old have 
significantly higher sphincterotomy + balloon dilatation + stone 
Extraction (17.4%), sphincterotomy + stent Insertion (23.0%), 
double pig-tail stent insertion (4.5%), stent replacement (5.7%) 
and stent removal (5.3%). 

  Table 6 shows significant difference between the two groups 
in terms of ERCP findings, particularly, the younger age group 
had significantly higher choledocholithiasis (82.8%), while 
patients above 80 years old has significantly higher pancreatic 
head mass (14.7%), ampullary mass (10.2%), common hepatic 
duct Stricture (5.7%), paravaterian diverticulum (7.5%) and 
duodenal diverticulum (1.9%). 

  In terms of outcomes, Table 7 shows that percentage of 
success is significantly higher for younger age group (96.5%) as 
compared to 90.6% among patients above 80 years old. Failure 
of CBD Cannulation, specifically pancreatic head mass is also 
significantly more prevalent among above 80 years old patients 
(4.5%) as well as the stent migration (0.8%). 
Table 8.1 shows that the most common pre-procedural vital 
signs complication is tachycardia (5.7%) followed by bradycardia 
(5.3%) while only 1.1% and 0.8% developed hypotension during 
the early and late stage respectively. 

  Complications related to ERCP is also present where 1.5% 
experience bleeding during pre-procedural stage while 1.1% 
has pancreatitis during early stage and no complications during 
the late stage. Medical related complications is also present, 
where most common is accurate renal failure (1.5%) during 
pre-procedural while pneumonia is most common during early 
(3%) and late stage (1.5%). Death due to acute myocardial event 
(1.1%), due to severe sepsis secondary to pneumonia (0.8%) 
and due to renal failure on RRT (0.4%) happened during the 
late stage. 

  Table 8.2 shows that the most common complications related 
to vital signs among 18-35 years old during pre-procedural 
is bradycardia (3.1%) while  hypertension (0.9%) and still 
bradycardia (0.9%) during early stages. During the late stage, 
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In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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Discussion

  The study had some important findings that are comparable 
with other recent studies. The classical presentations for 
common bile duct stones of abdominal pain, with or without 
jaundice and Charcot’s triad occurred in less than half of 
the patients, whereas painless jaundice and a non-specific 
presentation occurred in 68% of elderly patients versus 74% 
of younger patients, supporting the view that the presentation 
of gallstones is often atypical in elderly patients. The most 
common co-morbidity present in the elderly was hypertension.  
In the elderly population, Charcot’s triad may not be fulfilled 
with patients being afebrile. Elderly patients are usually 
immunocompromised hence they are unable to mount a robust 
immune response which is represented by fever episodes at 
times. It is very difficult to fulfill the triad in this population. 
In a study by Rahman, et. al. , Charcot’s triad was present in 
only 15.6% of young and 18.8% of older patients.7 Hence in 
this study, we have included patient with the diagnosis of 
cholangitis who are unable to fulfill the triad but were highly 
suspected to have cholangitis and were able to improve after 
biliary drainage.

  A common indication for ERCP in the elderly seen in this study 
was bile leak which was significantly higher than in the young 

population. This is because the elderly population have more 
severe bile stone disease especially cholecystitis (gangrene 
formation, gallbladder perforation, emphysema). Because 
this being more commonly diagnosed, cholecystectomy has 
become more common in the elderly and thus indirectly 
increasing bile duct injuries. Most surgeons opt for laparoscopic 
cholecystectomy especially in elderly patients with 
comorbidities with its faster surgery time, rapid recovery and 
shorter hospital stay. Although laparoscopic cholecystectomy 
has a higher frequency of bile duct lesions (3 to 6 in 1000 cases) 
than an open approach.8 With this, bile leaks has become more 
common in the elderly population

  Furthermore, regarding laboratory indices, the mean level of 
serum alkaline phosphatase was slightly higher in the elderly. 
It has been clear that the classical presentations for CBD 
obstructions due to biliary stone including abdominal pain, with 
or without jaundice, occurred in more than half of the elderly 
patients. In our study, the overall success rate for ERCP was 90% 
in the elderly group, versus 96% in the young patients group. 
Failure of cannulation due to pancreatic head mass in elderly 
group is present in 5% versus 0.4% young adult group. These 
findings were statistically significant at (P=0.001).
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In the liver, HBOT has been studied in hepatic artery 

thrombosis, acute liver injury, non-alcoholic 
steatohepatitis, and liver-related cancer. The beneficial 
effects of HBOT in the liver are mainly attributed to its 
anti-oxidation, anti-inflammation, regeneration and 
heme oxygenase-1 (HO-1) properties, which seem to be 
closely involved in HBOT-mediated protection.1

 

Liver injury can be induced by diverse etiologies, 
which include hepatotropic viruses, chemicals, alcohol 
and drug abuse, autoimmune disorders, cholestasis, and 
metabolic diseases. Liver injury induced by carbon 
tetrachloride (CCl4) causes oxidative stress via lipid 
peroxidation. It is metabolically activated by 
cytochrome p450 2E1, which produces trichloromethyl 
radicals. CCl4 stimulates liver injury through 
hepatocellular DNA damage, inflammation, apoptosis 
and fibrosis. Further liver damage occurs from exposure 
to reactive oxygen radicals released from activated 
Kupffer cells.1,3 Chronic insult to the liver through this 
mechanism can cause chronic liver disease. 

Chronic liver disease (CLD) refers to a long-term 
pathological process of continuous destruction of liver 
parenchyma and its gradual substitution with fibrous 
tissue. It is a major cause of morbidity and mortality in 
many countries.4,5 Liver fibrosis is a common result of 
the inflammation-damage-repair response following 
different types of chronic insult to the liver. In patients 
who develop liver fibrosis, the majority ultimately 
develop liver cirrhosis, decompensated liver disease, 
and hepatocellular carcinoma (HCC). HCC is a dominant 
complication of CLD and cirrhosis, with the third highest 
death rate among malignancies in the world.5 
Information on the stage of hepatic fibrosis is essential 
for making a prognosis and deciding on anti-fibrosis 
treatment.4  

Currently, there is paucity of data with regard to the 
beneficial effects of HBOT on liver diseases. The main 
objective of this experimental study is to investigate the 
effect of HBOT on liver function and fibrosis, using a rat 
model of CCl4-induced liver injury. Specifically, the study 
aims to (1) compare the serological parameters of liver 
function between experimental group rats (with CCl4-
induced liver injury exposed to HBOT) against controls 
(exposed to room air), particularly: alanine 
transaminase (ALT), alanine aspartate (AST), total 
bilirubin, conjugated bilirubin, unconjugated bilirubin, 
alkaline phosphatase, total protein, albumin, globulin, 
platelets, and prothrombin time; and (2) using the IASL 

(International Association for Study of the Liver) scoring 
system, compare the histologic stage for hepatic fibrosis 
of rat livers with CCl4-induced injury exposed to HBOT 
(experimental group) as against those of rats with CCl4-
induced liver injury exposed to room air only (controls). 

Sample Size Estimation 

Sample size was computed using the formula 
n=1+2C(s/d)2 based on the parameter assumptions of 
significance level at 0.05 with a power of 90%, and a 
constant C of 10.51 on a two-tailed alternative 
hypothesis. Sample size was calculated at 16.41 animals 
in each group. A total of 51 rats were used in the study, 
equally divided into three groups: 17 rats for the pilot 
study group (rats that were sacrificed immediately after 
carbon tetrachloride liver injury induction), 17 rats for 
the control group (rats with desired degree of hepatic 
injury and exposed to room air only), and 17 rats for the 
experimental group (rats with desired degree of hepatic 
injury and exposed to HBOT). 

Methodology 

Animal Maintenance and Regulatory Compliance 

Rats were obtained from the Philippine Department 
of Science and Technology (DOST) in whose animal 
facility these animals were grown. The hospital 
Institutional Animal Care and Use Committee and the 
Bureau of Animal Industry approved the study in 
accordance with RA 8485 (Animal Welfare Act of 
the Philippines) and the institution’s guide for use of 
laboratory animals. 

During the course of the study the rats were 
maintained under St. Luke’s Medical Center Research 
and Biotechnology (SLMC-RBD) animal testing 
quarantine protocol. They were housed in a separate 
area under standard conditions dictated by SLMC-RBD 
protocol, including cage cleaning method, humidity, 
ventilation, room temperature regulation at 22-240C 
and a 12-hour light/dark cycle. 

All animals were fed with standard diet and water, 
but were fasted for eight hours prior to blood collection, 
hepatectomy and animal euthanasia.  

Induction of Hepatic Injury 

CCl4-induced injury to the liver causes lipid 
peroxidation by trichloromethyl radicals leading to 
hepatocellular membrane damage. Liver injury was 
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  Post-ERCP procedure complications were similarly observed 
in both elderly and young adult patients undergoing ERCP. 
In the study, most of the ERCP-related complications were 
minor and none of them resulted in death. The most common 
minor post-ERCP complications include minor events such as 
tachycardia, desaturation, transient hypotension, self-limiting 
bleeding, extravasations, and mild pancreatitis. In the general 
population, the most common ERCP-related complication is 
pancreatitis which was noted to be comparable on both age 
groups. This result has been also reported by other previous 
studies like the study of Alizadeh, et.al. In the last decade, 
great efforts have been exerted toward the prevention of 
this complication. Points of emphasis have included technical 
measures, pharmacological prophylaxis, and patient selection. 
It seems that the role of patient factors such as age and prior 
history of post-ERCP pancreatitis as well as technical factors 
such as number of minor papilla sphincterotomy and operator 
experience as the determining high risk predictors for post- 
ERCP pancreatitis is emphasized.²

  Major or significant ERCP-related events, which are those 
that could cause significant morbidity and mortality, were 
uncommon in our study. Of the mortality cases, deaths 
secondary to acute myocardial event and sepsis secondary to 
pneumonia were reported as late non-ERCP related deaths. 
The mortality has been shown to be often related to severity 
of illness and underlying co-morbidities. Our study showed 
that abnormal renal function, acute myocardial event and 

underlying pulmonary infections and malignancy were 
significant predictors for death within one month of ERCP. In 
addition, those patients who died within one month were given 
significantly less conscious sedations. These factors probably 
reflected the severity of the underlying condition of our 
patients.

  Chong et. al. demonstrated almost similar indications 
with our study but different frequencies such as cholangitis 
(51.4%), choledocholithiasis (19.4%) and blocked stents (14.6 
%). Malignancies represented only 5.6% while in our study 
it represented about 20.6%. This study also noted that the 
mortalities of elderly patients who underwent ERCP were 
related to their comorbidities and underlying malignancies and 
not with the ERCP procedure itself.2 In  similar studies in Taiwan, 
Iran  and Korea, similar findings were also observed. 2,9,10  
In relation to this study, ERCP has been proven to be safe in 
elderly Filipino patients with noted very low complication rates 
and high success rates which is at par with other countries.  A 
highly trained endoscopist, a competent support staff, and a 
specialized referral center are key to a greater success in elderly 
patient safety and an improved outcome when undergoing 
ERCP.

Conclusion

  In contrast to the usual notion among physicians and 
relatives of elderly patients, who refuse ERCP, thinking that the 
procedure would entail more risks and complications in this 
age group, our study showed that ERCP is safe in the elderly 
population. The minor ERCP-related complications are usually 
transient and self-limiting which was comparable with young 
adult age group. The mortality is usually related to the severity 
of illness and underlying co-morbidities rather than the ERCP 
procedure related events. Hence, ERCP should be considered 
when indicated even in the elderly population as this may be 
life-saving and with comparable risks and complications as with 
young adult population.
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