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SYNOPSIS 

 

Background:  

Pancreaticoduodenectomy (PD) is the most common procedure for periampullary cancer with 

a peri-operative mortality < 5 %. Long term postoperative pancreatic insufficiencies are often 

underdiagnosed but have significant impact on quality of life, and in the light of improved 

survival post-surgery there is a need to study their predictive factors. While pancreatic 

fibrosis has been shown to be associated with postoperative exocrine insufficiency, acinar 

cell density is reported to have strong correlation with postoperative fistula, which in turn 

maybe inversely correlated to pancreatic fibrosis. However, there are no studies evaluating 

correlation between acinar cell density or fibrosis directly with pancreatic endocrine 

insufficiency. We aimed to correlate these pathological parameters with postoperative 

pancreatic endocrine and exocrine dysfunctions. 

Methodology:  

Patients without previous history or radiology suggestive of chronic pancreatitis who 

underwent PD for malignancies were included and analyzed for acinar cell density and 

fibrosis score at the pancreatic neck margin of their histopathological specimens which were 

corelated with preoperative and postoperative exocrine and endocrine functions at 3 and 6 

months after surgery, using fecal elastase-1 (FE-1), HbA1c and fasting blood sugar (FBS) 

profiles. 

Results:  

20 patients were included, of whom preoperatively 65% had pancreatic exocrine 

insufficiency (PEI) and 40 % had endocrine insufficiency. On histology 35 % patients had 

decreased acinar cell density and 85 % had pancreatic fibrosis. The postoperative incidence 

of PEI was 70 % at 3 months and 90 % at 6 months. In patients with pre-existing exocrine 

insufficiency there was significant decrease in FE-1 from 86 µg/g before surgery to 31 µg/g 

at 6 months. In those with normal exocrine function before surgery, new onset PEI was seen 



5 

 

in 87.5 % at 6 months. Post operative endocrine insufficiency decreased to 35 % at 3 months 

and 20 % at 6 months. New onset endocrine insufficiency was seen in 1 patient at 3 months 

and in none at 6 months. In patients with pre-existing endocrine insufficiency a significant 

decrease in FBS and HbA1c values were seen at both 3 and 6 months.  

A significant correlation of PEI with fibrosis score was noted at 3 months but none was 

demonstrated with acinar cell density. Both acinar cell loss and fibrosis were seen to be 

associated with better glycemic control after surgery which could be attributed to multiple 

confounders related to glycemic control that were not accounted for in this study. 

Conclusion:   

The high incidence of preoperative and postoperative PEI indicate that it might be prudent to 

identify PEI perioperatively and administer pancreatic enzyme replacement therapy (PERT) 

accordingly to these patients which may have a beneficial role on nutritional parameters and 

long-term outcome. It would also be worthwhile to include reporting of pancreatic fibrosis in 

routine histopathology of PD for cancers to risk stratify and educate patients about 

development of postoperative PEI. The low incidence of postoperative endocrine 

insufficiency may be attributed to the small period of follow up. Further studies with a longer 

follow up may be required to estimate the endocrine function after PD and larger samples 

may be required to further study the association between these histological parameters and 

endocrine functions after a PD. 
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ABBREVIATIONS 

AJCC- American Joint Committee on Cancer 

ACC/AHA- American College of Cardiology/ American Heart Association 

ADA- American Diabetes Association 

BMI- Body mass index 

BP- Blood Pressure 

CEA- Carcinoembryonic antigen 

CA19-9- Cancer antigen 19-9 

CT- Computed Tomography 

DGE- Delayed Gastric Emptying 

DM- Diabetes Mellitus 

ECOG- Eastern Cooperative Oncology Group 

FE-1- Fecal Elastase-1 

HTN- Hypertension 

IQR- Interquartile Range 

ISGPS- International Study Group for Pancreatic Surgery 

MEN-1- Multiple Endocrine Neoplasia-1 

PD- Pancreaticoduodenectomy 

PEI- Pancreatic exocrine insufficiency 

PERT- Pancreatic enzyme replacement therapy 

POPF- Postoperative pancreatic fistula 

POPH- Postoperative pancreatic hemorrhage 

QOL- Quality of life 

SSI- Surgical site infection 

TNM- Tumor Node Metastases 

USG- Ultrasonography 
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 INTRODUCTION 

The indications for pancreatic surgery for both benign and malignant periampullary 

pathologies have been increasing in the last decade, with pancreaticoduodenectomy (PD) 

being the most common procedure for pancreatic and periampullary cancer. This rising trend 

is attributed to the adoption of improved surgical techniques, better selection of patients, and 

better peri-operative care, which has led to acceptable peri-operative mortality (less than 5 %) 

and morbidity (45-60 %) in PD.(1–3) Though delayed gastric emptying and pancreatic fistula 

are the most common short-term complications, (4) there is an increased incidence of long-

term survival after PD. Hence, there is a need to study long-term postoperative outcomes 

such as pancreatic insufficiency, which has a significant and detrimental impact on quality of 

life.(5) 

Postoperative pancreatic endocrine insufficiency causing pancreatogenic diabetes mellitus 

affects multiple organ systems, which in the long run, can lead to lifelong irreversible 

complications as well as lifelong insulin dependence. Pancreatic exocrine functions play a 

significant role in fat absorption, and its insufficiency leads to malabsorption as well as a 

detrimental quality of life due to malnutrition, steatorrhea and altered bowel consistencies. 

The  incidence of post PD exocrine insufficiency varies widely from 53–73%, and that of 

endocrine insufficiency is 8- 49%, which includes both long-term and short-term incidences 

as well as all grades of insufficiencies.(1,6) Mild pancreatic exocrine insufficiency (PEI) with 

subtle changes on pancreatic function tests has shown no significant clinical symptoms. 

However, severe PEI, with loss of 90% of pancreatic exocrine function, causes maldigestion 

of fat and protein leading to dyspepsia and steatorrhea. The clinical impact of PEI stresses the 

importance of identifying patients at risk for developing postoperative PEI. 

Several studies have evaluated risk factors leading to the development of post-

pancreatectomy pancreatic insufficiency. The risk factors for endocrine insufficiency include 

previous acute pancreatitis episodes, pre-existing chronic pancreatitis, preoperative glucose 
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intolerance, pancreatic specimen size, body mass index (BMI) and pancreatic texture, while 

those for exocrine insufficiency include PD, preoperative endocrine insufficiency, hard 

pancreatic texture and malignancy. (7) 

The majority of subjects with periampullary malignancies undergoing PD have tumors at or 

near the head of the pancreas, causing pancreatic ductal obstruction, which by itself or in 

association with chronic pancreatitis leads to pancreatic atrophy or fibrosis.(8) Pancreatic 

fibrosis is associated with both endocrine and exocrine tissue loss as well as post-PD exocrine 

insufficiency. (9) But no studies have shown a direct correlation between fibrosis and 

endocrine insufficiency. The acinar cell density of the parenchyma of the pancreas, a measure 

of the pancreatic exocrine tissue, has rarely been investigated before as a factor contributing 

to the malfunction of the pancreatic remnant. It has been shown to have a strong correlation 

with postoperative fistula in multiple studies (10,11), which in turn is inversely correlated to 

pancreatic fibrosis. However, no studies evaluate the correlation between acinar cell density 

and pancreatic endocrine insufficiency. Therefore, we aimed to study the presence and extent 

of acinar cell loss as well as the extent of fibrosis in the pancreas of patients undergoing PD 

and correlate them with postoperative pancreatic functions to see if these pathological factors 

may have a role in these functional changes of the pancreas. 

Currently, there are no standard definitions for pancreatic insufficiency. Some studies have 

used clinical subjective definition. Few other studies used an objective biochemical 

definition. This study aims to assess pancreatic exocrine and endocrine insufficiency by using 

biochemical assays- fecal elastase 1, HbA1c, FBS and clinically using a history of diabetes 

mellitus or need for insulin/ oral hypoglycemic agents.  

There is also no standard protocol for postoperative assessment of pancreatic insufficiency. 

Hence, with this study, baseline data will be available to propose a risk prediction model for 

post-PD pancreatic endocrine and exocrine insufficiency, which will provide guidelines for 

early initiation of pancreatic enzyme replacement therapy (PERT) and early diagnosis of 
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pancreatogenic diabetes, in at risk patients. This may improve the long-term quality of life in 

these subsets of patients.  
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REVIEW OF LITERATURE 

Pancreaticoduodenectomy- History, overview and outcome 

Pancreaticoduodenectomy (PD) is the most common and a standard procedure for most 

malignant and some benign pancreatic head and periampullary lesions.(12) It entails a 

combined resection of the duodenum and pancreatic head along with the common bile duct, 

gall bladder, distal stomach and proximal 15 cm of the jejunum. (13)  

The 1
st 

PD for pancreatic cancer was performed in 1898 by Dr Alessandro Codvilla with a 

gastrojejunostomy and a cholecystojejunostomy albeit without a pancreatic stump drainage or 

closure. (14) It was modified in 1912 by Dr Walter Kaush as a 2-stage procedure wherein a 

cholecystoenterostomy for relief of jaundice was performed in the 1
st
 stage. In the 2

nd
 stage, a 

partial resection of duodenum with pancreatic head and common bile duct was done along 

with a gastroenterostomy and pancreaticoduodenostomy. (15) Dr Allen Whipple described 

the first single stage PD in 1940 wherein he included a complete duodenal resection and 

antrectomy followed by a pancreaticojejunostomy and choledochoenterostomy. (16) 

In the 1970s and 1980s PD was associated with a high mortality, as high as 25-30 %. (17) As 

medical knowledge has advanced; anesthetic and surgical techniques have become refined 

over the years. These factors combined with implementation of centralization of complex 

surgeries from low volume or primary care centers to tertiary care centers, adherence to 

standard post operative care and adoption of enhanced recovery strategies have significantly 

decreased the mortality associate with this complicated procedure to less than 5 % in high 

volume tertiary care centers. (18–20) 

The most common complications following PD are delayed gastric emptying and post 

operative pancreatic fistula which are see in the immediate post operative period. (2) The 

other common complications seen in the early postoperative periods are surgical site 

infection, pulmonary complications and biliary leak. (3) Over the last 3 decades the 

advancement in medical literature has paved way for comprehensive understanding of these 
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complications and their risk factors. This has led to a standardization in their diagnosis and 

reporting, which has decreased the incidence of these complications over the years.  (21–24) 

However, the morbidity associated with PD is still high at around 45-60 %. (1–3)  

While most of the studies surrounding PD are targeted at the above mentioned early post 

operative complications, despite increased survival over the last few decades, the literature 

describing long term morbidity and outcome following this surgery are relatively sparse. The 

long-term complications following a PD include anastomotic stricture of the biliary, gastric 

and pancreatic drainage procedures, recurrence of the primary malignancy, chronic 

pancreatitis and a pancreatic insufficiency. However, most studies have focused on benign 

etiologies as long term follow up is sparse after PD for malignancies. (25,26)  

Periampullary malignancies involve the bulk of the indications for PD in malignancies and 

these include cancers of pancreatic head, ampulla of Vater, distal bile duct and 2
nd

 segment of 

duodenum. (27) The most common of these is pancreatic cancer which has a poor long-term 

survival of 20 % at 5 years (27,28) and pancreatic ductal adenocarcinoma, a sub entity of 

pancreatic cancers,  has been reported to have 5 year survival as low as <5 %. (29) The other 

periampullary entity, distal cholangiocarcinoma has 5 year survival rate of 20-40 %. (27) As 

a result, prospective studies focusing on long term morbidity after PD for malignancies are 

lacking. 

Though the survival post this surgical procedure, among many other factors is hugely 

dependent on the site and pathology of the tumor, the decrease in postoperative mortality has 

led to an increased long term survival. (30) The 2
nd

 most common periampullary malignancy 

i.e., ampullary cancer has a 5-year survival of 35-60 % and a similarly high survival of 40-55 

% at 5 years has been reported in duodenal carcinoma. (27,28) The preoperative prevalence 

of pancreatic endocrine insufficiency in the form of Diabetes Mellitus has been shown to 

variedly range from 11- 43 %. (9,31,32) and that of preoperative pancreatic exocrine 

insufficiency has been reported as 50-65 % (33,34) These preoperative insufficiencies may 



12 

 

have a bearing on the postoperative endocrine and exocrine functions as well and these need 

to be studied in detail. In this era of increased survival following PD in malignancies, a shift 

in focus is required to understand the long -term complications, their risk factor associations 

and their effect on patient survival and quality of life.  

Post operative pancreatic insufficiency and their clinical impact 

This term included both pancreatic endocrine and exocrine insufficiency, which have been 

found to significantly impact long-term quality of life.  

Pancreatic endocrine insufficiency manifests as glycemic intolerance which can increase risk 

for stroke, coronary artery disease, and peripheral vascular disease. This burden of DM and 

its complications maybe reduced by early detection and management and while The 

American Diabetes Association recommends screening the general population at 3-year 

intervals beginning at the age of 45 using fasting plasma glucose or hemoglobin A1C, post-

pancreatectomy patients should be considered high-risk for the development of DM and 

screened more frequently. (35) However, in our setting, where patient compliance with 

follow up is often not satisfactory, a risk assessment guideline that will objectively quantify 

the risk of postoperative diabetes mellitus, may improve patient compliance.  

Pancreatic exocrine insufficiency clinically manifests with steatorrhea, loss of weight and 

abdominal discomfort which mandates frequent visits to the physician but often remain 

undiagnosed and untreated. In the long run, these patients are also predisposed to developing 

malabsorption causing malnutrition as well as micronutrient and fat-soluble vitamin 

deficiencies. Malnutrition increases the long-term morbidity. These patients also develop 

secondary complications like mineral bone disease, osteoporosis, bleeding diathesis, night 

blindness and alopecia. (12,36) Malabsorption can also cause apolipoprotein deficiency. This 

combined with post PD insulin deficiency and insulin resistance causing peripheral lipolysis 

and hepatic lipid deposition can lead to increased NAFLD due to PEI after PD.  (12) 
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These symptoms and complications associated with pancreatic insufficiency have significant 

impact on the patient’s quality of life. In a study by Huang et al, the quality of life (QOL) and 

functional outcome of patients after PD was assessed. It was shown that, though most patients 

have QOL scores comparable to those of control patients and can function independently in 

daily activities; many patients reported weight loss and symptoms consistent with pancreatic 

exocrine and endocrine insufficiency.(1) Similarly, in a study by Fong et al. on functional 

outcomes in 5-year survivors after PD, around 50 % of the patients required pancreatic 

enzyme replacement and 11% developed new-onset diabetes. (37)  

Malnutrition and weight loss associated with pancreatic insufficiencies decrease the 

performance state of the patient which delays optimal adjuvant treatment of the primary 

malignancy. These patients may be deemed unfit for initiation of the adjuvant therapy. 

Additionally, they are often unable to tolerate the chemotherapy which causes non-

compliance to the same. (12) 

Pancreatic exocrine insufficiency has also been shown to be associated with decreased 

survival in pancreatic cancer undergoing PD. A survival benefit of pancreatic enzyme 

replacement has been seen to be equivalent to surgery or chemotherapy. (12) 

An understanding of the pathophysiology of pancreatic endocrine and exocrine insufficiency 

is crucial for its early diagnosis and for identifying the associated risk factors. 

Pancreatic endocrine insufficiency 

Pancreatic insufficiencies can be classified as endocrine and exocrine insufficiencies.  

Endocrine pancreas is made up of islets of Langerhans, which act as a micro-organ of the 

pancreas, which form its endocrine functional units. There are five major cell types in each 

islet of Langerhans: α, β, δ, F, and ε cells.  

· α cells: 35% of islet cells, secrete glucagon  
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· β cells: 55% of islet cells, produce insulin 

· δ cells: <10% of islet cells, secrete somatostatin 

· F cells: < 5% of islet cells, secrete pancreatic polypeptide (PP)  

· ε cells: < 1% of islet cells, secrete human islet cells (38) 

While, a larger proportion of α cells are demonstrated within the islets of the body and tail of 

the pancreas, those in the uncinate process have a larger proportion of F cells. The β cells and 

δ cells are distributed equally through whole of the pancreas. (38) 

Pancreatic endocrine insufficiency presents as glucose intolerance which maybe symptomatic 

or incidentally detected diabetes mellitus during routine surveillance and the form of diabetes 

brought on by a pancreatectomy is known as pancreatogenic/ pancreatic diabetes mellitus. It 

is frequently misdiagnosed as type 2 diabetes which comprises both structural and functional 

loss of glucose-normalizing insulin production. Type 3c diabetes, which refers to 

hyperglycemia brought on by overall pancreatic dysfunction, and pancreoprivic diabetes, 

which describes diabetes in the context of exocrine pancreas pathology, are the more recent 

terms. Pancreatic diabetes, which encompasses a wide range of etiologies alongside 

pancreatectomy, is the preferred umbrella term.(39)  

Assessment of pancreatic endocrine functions 

The evaluation of the endocrine pancreas primary assesses the β-cell function which should 

include insulin production, β cells response to secretagogue stimuli, and insulin resistance in 

peripheral tissues. These include: 

· Basal/ fasting measurement of the β cell products - insulin, c peptide, insulin/ 

proinsulin ratio. These tests are not standardized and lack accuracy. 

· Intravenous stimulation tests: These tests are cumbersome to perform and are 

currently used only for research purposes. They do not have a role in clinical 

application. 
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· Oral stimulation tests: These include mixed meal tolerance test and oral glucose 

tolerance test, of which the latter is the most used test. (38) 

The American Diabetic Association (ADA) guidelines which are used worldwide to define 

diabetes mellitus (DM) are also applied to characterize the pancreatic endocrine insufficiency 

manifesting as β cell dysfunction and included the following: 

1. Fasting plasma glucose ≥ 126 mg/dL (with fasting defined as no caloric intake for >/= 

8 hours 

2. Oral glucose tolerance test (with 75 g anhydrous glucose dissolved in water) showing 

a 2-hour post glucose plasma glucose ≥ 200 mg/dL  

3. HbA1c (glycated hemoglobin/ hemoglobin A1c) ≥ 6.5 % 

4. Fasting plasma glucose ≥ 200 mg/dL with classic symptoms of hyperglycemia (39) 

Incidence of postoperative pancreatic endocrine insufficiency 

The incidence of post pancreatectomy diabetes rates range widely from 3 to 50 percent in 

literature and depends on the surgical procedure used to resect the pancreas as well as the 

underlying conditions. (40,41) The prevalence of type 3c diabetes among all diabetic 

individuals is estimated to be 5% to 10%. Because of the varied pathophysiology of type 3c 

diabetes, its clinical symptoms differ from those of type 1 and type 2 diabetes.  (40) 

Pancreatic DM, like any other kinds of DM, can impair patients' long-term quality of life 

since if left unrecognized it can lead to undiagnosed long term secondary complications such 

as nephropathy, neuropathy, and retinopathy. Additionally pancreatogenic DM is commonly 

linked with iatrogenic hypoglycemia caused by enhanced peripheral sensitivity to insulin; 

hence, it is difficult to treat with medication. (42) 

There is a theoretical reduction in the islet cells number after any pancreatic resection which 

could explain the post pancreatectomy glycemic intolerance. In spite of the common thought 

that removal of 80% of the pancreas is required to cause a pancreatic insufficiency, even post 
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PD wherein there is a removal of approximately 30-50% of the pancreatic volume, new-onset 

diabetes has been reported in 20-50% of patients. (42)  

Ferraro et al (2012) retrospectively analyzed 544 patients who had undergone PD from 2004 

to 2010 and their need for pharmacological treatment for hyperglycemia in the immediate 

postoperative period defined as in the first month following surgery. He reported a 4% 

incidence of new onset post operative DM in these patients. The large sample size, short-term 

(30 day) follow-up design, and fewer patients with chronic pancreatitis, may account for the 

lower incidence of post resection DM in this study. (43) 

Wu et al (2015) in a retrospective analysis of 3914 patients who underwent PD over a period 

of 10 years, reported an incidence of post PD DM in 16% of the patients. The mean follow-

up duration was 1500 days and patients who had a year or more of follow up were included. 

They also found that PD when done for periampullary cancer was less often associated with 

DM than for other malignancies. (40) 

Kusakabe et al (2019) conducted a retrospective analysis of 1,717 patients who underwent 

pancreatectomy and reported that 20% of patients developed postoperative endocrine 

insufficiency at a mean time to onset of 20 months. This study analyzed both distal 

pancreatectomy as well as PD, and distal pancreatectomy was more significantly associated 

with endocrine insufficiency than PD. The greater frequency of endocrine insufficiency 

following DP may be partially accounted for by the islet distribution's variability, which is 

illustrated by the increased islet volume density in the pancreas' tail compared to its head and 

body. (41)  

A retrospective analysis by Cai et al (2020), in 168 patients undergoing PD, a 36 % incidence 

of pancreatic endocrine insufficiency was seen at a follow up of 6 months and noted male 

gender and metabolic syndrome to be the independent risk factors for the same. (44)  
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Risk factors for post PD DM 

The etiology of endocrine dysfunction following resection is multifactorial. In addition to the 

pancreatic parenchymal loss and altered neurohormonal responses following resection, other 

contributing factors may include the development or progression of the underlying pancreatic 

disease, the progressive atrophy of glands, weight loss or weight gain, high body mass index 

(BMI), old age, type of pancreatic resection, resected pancreatic volume as well as 

administration of adjuvant chemo- or radio-therapies.  

In a study by Tran et al (2008) of 74 patients undergoing PD, 26% developed DM post 

operatively and a significant correlation between preoperative fibrosis score and endocrine 

tissue loss was also demonstrated. (9) 

The study by Ferrara et al (2012) used only first 30 days post-surgery to prevent confounding 

variables other than resection which offered an opportunity to try to determine the separate 

effect of pancreatic parenchymal loss and physiological alterations caused by pancreatic 

resection. Impaired glucose tolerance, FBG 126 mg/dl, and increased specimen length were 

found as three variables predictive of DM. In patients with normal pre-operative FBG levels, 

the incidence of iPRDM is only 1%; this knowledge is useful for surgeons and their patients 

when contemplating PD as a therapeutic option for pancreatic illness. (43) 

The loss of the gastrin and cholecystokinin induced by excision of the duodenum and, in 

certain circumstances, the distal stomach, or a blockage of the pancreatic duct produced by 

stenosis of the pancreatico-enteric anastomosis maybe responsible for the ongoing atrophy of 

the pancreatic remnant which in turn may account for the postoperative DM.(31) 

Oh et al (2012) retrospectively analyzed the incidence of as well as risk factors associated 

with post PD in 98 patients who underwent surgery from 2003 to 2009. The postoperative 

DM was analyzed by OGTT done at 1 year of follow up and it was seen that 17% patients 

developed post PD DM. A comparative analysis of variables between patients who developed 

and did not develop postoperative DM revealed that postoperative pancreatic atrophy was the 
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only factor positively and significantly associated with the same. It was defined as a decrease 

in the pancreatic parenchymal thickness by more than 50% of the preoperative value on a 

CECT at 1 year follow up. (42) 

Kwon et al (2015) prospectively collected data of 229 patients who underwent various types 

of pancreatic resections for benign pathologies and retrospectively analyzed the occurrence of 

glycemic intolerance in these patients postoperatively. They also did risk factor analysis for 

the same and found that a high BMI, old age and the type of resection specifically distal 

pancreatectomy were the only factors with significant risk of developing post operative DM. 

In this study pancreatectomy for malignant etiologies were excluded in view of association of 

pancreatic cancer with DM which could become a confounding factor.(35) 

Pancreatic exocrine insufficiency - definition and pathophysiology 

Exocrine pancreas is composed of the pancreatic acini containing the acinar cells and the 

pancreatic ductal network lined by ductal epithelial cells. While the ductal cells secret a water 

and bicarbonate rich fluid, the acinar cells are primarily responsible for synthesis and 

secretion of the pancreatic enzymes. These enzymes are composed of lipase, amylase and 

peptidases in an inactive form and get activated within the small bowel. The primary function 

of the bicarbonate ions is to buffer the acidic pH of the gastric secretion that enters the 

duodenum so that a suitable pH is available for the activation of the pancreatic enzymes. 

Pancreatic exocrine secretion occurs in three main phases- cephalic, gastric and intestinal and 

the stimuli for the same is provided by a multitude of factors including the presence of 

components of ingestion in the duodenum via hormones like secretin and cholecystokinin. 

(38) 

Pancreatic exocrine insufficiency (PEI) is a disorder characterized by inadequacy of 

pancreatic enzymes in the background of complete or partial, structural, or functional loss of 

pancreatic glands. It typically manifests with clinical symptoms of steatorrhea, abdominal 

discomfort, and bloating. It might be related to reduced parenchymal mass following 
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pancreatic surgery and could worsen further due to continued pancreatic residual atrophy. 

Diagnosis of PEI 

There are multiple modalities to assess pancreatic exocrine insufficiency. It is often 

diagnosed by physicians using a clinical history of steatorrhea- defined as new onset of 

steatorrhea at least three times a day, three days a week, with weight loss or malabsorption 

signs, excluding others causes or a pharmacological requirement of pancreatic enzymes that 

persisted beyond discharge after initial surgery. (45) Patients are often empirically 

administered a trial of pancreatic enzyme replacement and the diagnosis of PEI is confirmed 

if there is decrease in steatorrhea reported by the patients. However, this is not optimal due to 

the availability of various enzyme replacement formulations, drug costs, and patient 

compliance. Moreover, owing to the significant functional reserve of the human pancreas, 

steatorrhea is manifested usually after a loss of at least 90% of the pancreatic parenchymal 

function. (38)Hence steatorrhea is not a reliable indicator of exocrine insufficiency in the 

early stages of the disease. As a result, identifying precise indicators of the disease activity is 

a top objective and this can be achieved by the various pancreatic function test. 

Pancreatic function tests include indirect and direct tests. The indirect tests non-invasively 

evaluate the consequences of decreased pancreatic exocrine secretions. These include a 

quantitative (72-hr) fecal fat estimation test which is considered the gold standard indirect 

tests. Following consumption of 100g fat per day for 5 days, fecal collection is done for 72 

hours and pancreatic exocrine insufficiency is defined as fecal fat of >7g/ day. This test 

measures global fat malabsorption, of which pancreatic exocrine insufficiency is one cause. 

Moreover, it is a cumbersome test and cause significant burden on the health personnel due to 

handling of large amounts of fecal sample. (36,38)Another indirect test is the 13C–mixed 

triglyceride breath test which is a measure of triglyceride degradation, the most clinically 

significant end-effect of exocrine pancreatic function. It involves administration of 
13

C–

mixed triglyceride breath test that gets hydrolyzed by lipase into 
13

CO2 which is then 
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quantified by infrared assay or mass spectrometry. Both these tests are non-invasive and 

tolerated well by patients and the latter has a high sensitivity (90-100%) and specificity (80-

90%) for severe exocrine insufficiency. (46)  However, they are both cumbersome to perform 

and have poor sensitivity in the early stages of the disease. They are better reliable in the 

advances phase of pancreatic exocrine insufficiency. (38) 

The direct pancreatic function tests include both invasive and non-invasive tests. The gold 

standard for determination of pancreatic exocrine insufficiency are the invasive hormone-

stimulated pancreas function tests. (47) These include secretin, cholecystokinin (CCK) or 

combined secretin-CCK stimulations tests.  wherein following the intravenous administration 

of these agents, using an orally placed gastro duodenal tube, periodic collection of pancreatic 

secretions is done. A secretin stimulation test is a measure of the ductal cells and is 

performed by intravenous administration of secretin at a bolus dose of 0.2 mcg/kg following 

which duodenal fluid is continuously collected in 4 aliquots of 15-minute intervals each. A 

bicarbonate concentration in each aliquot of <80 mEq/L is diagnostic of PEI and a value <50 

mEq/L is considered as severe PEI. CCK stimulation test measures the lipase in duodenal 

fluid collected over a continuous 80-minute period and a value >780 IU/L is indicative of 

acinar cell dysfunction causing PEI. A combined secretin-CCK stimulation test measures 

both acinar and ductal cell functions and has a higher sensitivity. However, the large amount 

of pancreatic fluid secreted compounded by the additional fluid secreted from gall bladder 

due to CCK stimulation may dilute the pancreatic secretions in the duodenal fluid and hence 

contribute to high false positive values. (38) These tests are not only invasive and 

uncomfortable for the patients, but also cumbersome and less easily available. Endoscopic 

secretin pancreatic function test is a simplified version of the same, however it is similarly 

invasive, uncomfortable and its diagnostic value for EPI has also not been proven. (47) 

Hormonal stimulation have also been combined with magnetic resonance imaging (secretin- 

enhanced MRI) to demonstrate change in pancreatic capillary blood flow or pancreatic 
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secretion as well as with magnetic resonance cholangiopancreatography (secretin- enhanced 

MRCP) to measure the pancreatic function in terms of duodenal filling. These tests have not 

been standardized and are not widely used in clinical application. (36,38) 

Noninvasive direct pancreatic function tests include serum trypsinogen, fecal chymotrypsin 

and fecal elastase assays. These tests are easy to perform and due to their non-invasive 

nature, well tolerated by the patients. Serum trypsinogen with a cut off value of less than 20 

ng/ml has high sensitivity and specificity for diagnosis of advanced PEI. However, its 

accuracy is low for early stages of the deficiency. (38) Fecal chymotrypsin assay involves a 

photometric measurement of the enzyme in 3 consecutive fecal samples. The normal 

chymotrypsin activity in stool is >6 U/g. (48)  It requires discontinuation of pancreatic 

enzyme replacement therapy (PERT) for 2-5 days prior to the test as it is not possible to 

differentiate human chymotrypsin from the exogenous form.  (38,48) A limitation of this 

assay is its high false positivity rate due to the susceptibility of chymotrypsin to proteolytic 

degradation during intestinal transit and its dilution in the presence of diarrhea. (38) It also 

has a low accuracy in patients with mild or moderate PEI. (48) 

Fecal elastase 1 assay  

The fecal elastase-1 (FE-1) assay is an enzyme-linked immunosorbent assay (ELISA) that 

specifically measures the stool concentration of pancreatic protease elastase-1. This enzyme 

is 6 times more concentrated in stool than in pancreatic juice and hence, FE-1 is a reliable 

indicator of pancreatic secretory function. Moreover, the test requires only a spot stool 

sample making it a simple and fast test. (49) Pancreatic elastase additionally, is a highly 

stable pancreatic enzyme that is resistant to the proteolytic degradation during intestinal tract. 

As the ELISA test uses specific antibody against the enzyme, FE-1 test is unaffected by 

simultaneous enzyme supplementation, which are porcine derived. (36,38,48) 

The FE-1 immunoassay is a reasonably affordable test and requires less than 1 gram of spot 

stool sample, which may be collected in a fasting or post prandial state. The sample should be 
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in a semi solid or solid form and, runny or diluted samples should be avoided to decrease 

false positivity rate for PEI. It can be stored at room temperature for up to a week (49) and at 

4–8°C for 72 hours. When refrigerated at −20°C, the elastase within these samples remain 

stable for up to one year. (47) Normal concentration of fecal elastase-1 exceeds 200 µg/g 

stool, and a concentration 100-200 µg/g stool is diagnostic of mild-moderate PEI while that 

of 100 µg/g stool denotes severe PEI. (49,50) In pancreatic adenocarcinoma patients 

undergoing curative resection FE-1 has also been shown to be a marker of prognosis with 

normal FE-1 predicting a better disease-free survival. (33) 

FE-1 tests are known to exhibit assay variability, which might affect the test's diagnostic 

accuracy and despite its extensive usage in chronic pancreatitis and PEI screening, the 

diagnostic accuracy of FE-1 is unknown. It is known to have 60-85% sensitivity for the 

detection of moderate to severe chronic pancreatitis while its sensitivity for mild to moderate 

early chronic pancreatitis remains low at 25-75 % which limits its diagnostic use in chronic 

pancreatitis (50). FE-1 has a high negative predictive value of 99% and a positive predictive 

value of 88% for PEI at a cut-off of 100mcg/g. (51) The diagnostic efficiency of pancreatic 

elastase-1 determination in stool has been evaluated in many clinical studies and in a study by 

Loser et al. FE-1 was reported to have sensitivity and specificity of 93% for the diagnosis of 

PEI. (52) FE-1 at a cut off of 201μg/g, has been shown to have an accuracy, sensitivity, and 

specificity of 78.8%, 67.7%, and 82.5%, respectively for the diagnosis of PEI in chronic 

pancreatitis. (53) In a systematic review and meta-analysis, when compared with secretin 

stimulation test, FE-1 has demonstrated a diagnostic accuracy of 23%, and a pooled 

sensitivity and specificity of 77% and 88%, respectively. The sensitivity of FE-1 for PEI 

when compared with fecal estimation test was 96% and its sensitivity to diagnose mild- 

moderate PEI was low at 45-67%. (47)  

Prevalence of post operative PEI 

Currently there are no standard definitions for post PD pancreatic exocrine insufficiency. 
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Studies have used varying combinations of the above-described methods including history of 

steatorrhea, fecal pancreatic enzymatic assays as well as invasive hormonal stimulation tests 

to evaluate PEI post pancreatic surgeries. In a general population based study by 

Rothenbacher et al using FE-1 measurements, the prevalence of PEI in 914 subjects was 

11.5% and 5.1% of subjected had a severe PEI. (50) The incidence of post PD PEI has been 

reported to widely range from as low as 30% to as high as 100%. This wide range may be 

accounted for the lack of a uniform consensus regarding definition of this entity. Different 

studies have used different modalities to test for PEI as well as there is no uniformity 

regarding the time post operatively when the diagnosis has been done. 

In an observational study by Matsumoto et al (2006) a reduced FE-1 indicative of PEI was 

noted in 33% of 132 patients undergoing PD. They also found a significant decrease in FE-1 

post pancreatic resection which was most pronounced at 1 year. (49) Nordback et al (2007) 

demonstrated highest median FE-1 at a median duration of of 52 months after PD in patients 

who had a patent pancreatico-enteric anastomosis. (54) Tran et al (2008) et al demonstrated a 

severe pancreatic exocrine in 76% using FE-1 in 74 patients undergoing PD. 12% of the 

patients developed a moderate PEI and 12 % had a normal fecal elastase-1 value. (9) 

Kusakabe et al in a retrospective analysis of 1,717 patients who underwent pancreatectomy 

reported exocrine insufficiency in 36% patients at around 14 months. This study analyzed 

both distal pancreatectomy as well as PD. While distal pancreatectomy was more 

significantly associated with endocrine insufficiency than PD, the reverse was noted for 

exocrine insufficiency. The diagnoses of exocrine insufficiencies were based on clinical 

diagnoses of pancreatic insufficiencies and may be understated, particularly in the case of 

exocrine insufficiency, where mild to moderate symptoms frequently go unnoticed and 

untreated.(41)  

Hartman et al. (2019) conducted a retrospective study of patients who underwent pylorus 

preserving PD. Exocrine insufficiency was measured in 37 patients using 13C labeled mixed 
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triglyceride (MTG) breath test at a mean interval postoperatively at 3.4 months and found 

that after resection, exocrine function deteriorated in 54 % patients while it improved in 5.4 

% of them. 28 patients were analyzed with OGTT post PD at around 3.4 months and 

postoperative DM was present in 29% of them. (31)  

In a systematic review of 34 articles by Pathanki et al (2020), the reported incidences of post 

PD exocrine insufficiency ranged from 38-93%.(12) In the retrospective study by Cai et al. 

(2020) a 42.50% incidence of post PD exocrine insufficiency was seen. (44) In a prospective 

study by Kumar et al 2021, a 100% incidence of PEI after 3 months was seen in 30 patients 

who underwent PD for periampullary malignancies. While 33% patients had a moderately 

decreased FE-1 67% of them had a severely decreased FE-1. (55) 

Risk factors for post operative PEI  

Several studies have looked at the risk factors for postoperative pancreatic insufficiency.  

Nordback et al (2007) hypothesized that obstruction of the pancreatogastrostomy or 

pancreatojejunostomy may have an association with the development of delayed post PD 

PEI. (54) In the retrospective study by Tran et al (2009) a strong correlation was also seen 

between the post PD PEI and preoperative pancreatic fibrosis score. Pancreatic atrophy and 

associated fibrosis might explain the loss of exocrine function. The parenchymal fibrosis 

might be caused by tumor-induced duct blockage, chronic inflammation coexisting with 

tumor, or just chronic pancreatitis. (9) A significant correlation between post operative zinc 

deficiency and pancreatic exocrine insufficiency was shown by Yu et (2011) in 48 patients 

who underwent a PD for periampullary cancers. (56) 

 The retrospective study by Hartman et al (2019) also aimed to see if pancreatic volumetric 

evaluation might predict exocrine and endocrine insufficiency following PD. The 

preoperative and postoperative pancreatic volumetry were determined based on available 

imaging at 2-6 months following surgery. The study found limited predictive value of post 

PD, pancreatic volumetry for exocrine insufficiency. They also found no correlation of the 
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same with postoperative diabetes.  (31) 

A BMI 18.5 kg/m
2
, chronic pancreatitis, and total bilirubin 171 mol/L were found to be 

independent risk factors for post PD PEI on a multivariate analysis in the retrospective study 

by Cai et al. (44) A meta-analysis of 20 studies involving 4131 patients by Budipramana et al 

(2022), demonstrated PD, preoperative dilatation of main pancreatic duct (>3mm diameter), 

pancreatogastrostomy anastomosis, hard texture of the pancreas and adjuvant chemotherapy 

as being significant risk factors for development of PEI after pancreatic surgery were found 

to be. They also found that pylorus preserving PD,  gender, endocrine insufficiency or 

underlying disease were not risk factors for PEI. (57) However, the systemic review by 

Pathanki et al (2020) noted that there was no difference between a classical Whipple’s 

procedure or pylorus preserving PD on development of PEI. There was conflicting evidence 

regarding the influence of the type of pancreatoenteric anastomosis on post PD PEI. (12) 

Neophytou et al. evaluated the risk factors of exocrine insufficiency after pancreatic 

resections with PEI defined by the onset of steatorrhea associated with weight loss. The risks 

factors for the occurrence of PEI were a BMI < 18.5 kg/m2, tumors located in the pancreatic 

head, preoperative chronic pancreatitis, fibrotic pancreas and biological markers of chronic 

obstruction. (6) 

Histopathology of pancreatic parenchyma  

Because pancreatic function can be altered during chronic pancreatitis, fibrosis and loss of 

functional acinar tissue may have a leading role in pancreatic insufficiency. Exocrine 

pancreatic structural and functional alterations have been seen in diabetes individuals. 

Diabetes mellitus can predispose to PEI, and chronic PEI can be associated with diabetes. 

(58,59) 

Insulin-acinar axis 

Topographical association and functional interactions between the pancreatic acinar and islet 

cellular components have been described in the adult human pancreas and the term islet-
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acinar axis has been used to describe this complex endocrine-exocrine link within the 

pancreas, in which the different cell types interact vascularly and physiologically. The islet 

hormone insulin has been shown to reach the acinar cells via an acinar portal system and a 

high concentration of the same has also been seen in the venous supply from acini to the 

pancreatic duct. As such the islet hormones have a role in regulation of the exocrine function. 

This insulin-acinar axis also regulates the differentiation and functional development of 

endocrine cell. (60,61)  

In chronic pancreatitis and fibro-calculous pancreatic disease, stagnation of pancreatic 

enzymes, increased intraductal pressure and ductal calculi cause atrophic damage to the acini 

and fibrosis of pancreatic parenchyma, which in turn cause, exocrine insufficiency. It has also 

been seen that the increased viscosity of the pancreatic secretions coupled with increased 

intraductal pressure can cause metaplasia of ductal cells impairing the neogenesis of beta 

cells from the ductal progenitor cells. Additionally, the acinar cell damage associated with 

surrounding parenchyma fibrosis can lead to endocrine tissue damage. Thirdly the fibrosis 

can impair the intrapancreatic circulating of insulin. These factors combinedly lead to an 

endocrine dysfunction. (62) 

Role of acinar cell density and pancreatic fibrosis 

The role of acinar cell density in post pancreatectomy pancreatic fistula (POPF) as well as 

pancreatitis is documented. Nahm et al correlated with the acinar cell density of the 

pancreatic neck resection margin of 65 patients undergoing PD with postoperative 

pancreatitis and POPF and a significant correlation between these were demonstrated. (11) 

Partelli et al demonstrated an association between increased acinar content at the pancreatic 

neck margin with clinically relevant postoperative pancreatic fistula and post operative acute 

pancreatitis in 388 patients who underwent PD. (10)  

However, both acinar cell density as well as fibrosis of the parenchyma of the pancreas have 

been less investigated before as factors associating with the malfunction of post PD 
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pancreatic remnant.  

The association of pancreatic fibrosis with post operative exocrine function was demonstrated 

by Tran et al. (9) 

Yuasa et al (2012) investigated the relationship between acinar cell density of the pancreatic 

stump and postoperative pancreatic exocrine function in patients who underwent 

pancreatoduodenectomy (PD) and distal pancreatectomy (DP). The exocrine pancreatic 

function was evaluated by 13C-labeled mixed triglyceride breath test. It was noted that acinar 

cell density of patients undergoing PD was significantly less than that of patients undergoing 

DP. The extent of pancreatic exocrine insufficiency in PD was higher than in DP. There was 

also a significant correlation between acinar cell density of the pancreatic stump and the 

postoperative pancreatic exocrine function. (63) 

These data underline the need for further prospective studies regarding the association 

between pancreatic histological findings and post PD endocrine and exocrine insufficiency.   
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AIMS AND OBJECTIVES 

Aim 

To evaluate the correlation between acinar cell density and fibrosis score in post 

pancreaticodudoenectomy specimens with postoperative pancreatic endocrine and exocrine 

insufficiency. 

Objectives: 

Primary objective:  

To study the pancreatic fibrosis score and acinar cell density in the postoperative specimens 

of patients who undergo pancreaticoduodenectomy for malignancies and correlate these with 

postoperative pancreatic exocrine and endocrine insufficiency. 

Secondary objective:  

1. To study the incidence of post pancreaticoduodenectomy endocrine and exocrine 

insufficiency. 

2. To study the incidence of post pancreaticoduodenectomy complications 
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MATERIALS AND METHODS 

Study design 

It is a single-center prospective, observational study conducted on patients undergoing 

pancreaticoduodenectomy, for malignancies, under the Department of Surgical 

Gastroenterology, in collaboration with the Department of Pathology and Department of 

Biochemistry, at the All India Institute of Medical Sciences (AIIMS), Jodhpur. All the 

patients included in the study were registered in the CPMS of the hospital. 

Study setting 

All the patients who underwent PD for malignancies and met the inclusion criteria were 

recruited from the Department of Surgical Gastroenterology, AIIMS, Jodhpur. 

Duration of study 

From 1st January 2021 to 30th November 2022 

Study population 

There is no study in published literature analyzing the correlation between acinar cell density 

and post PD pancreatic endocrine insufficiency. Hence no sample size was calculated. All 

patients who underwent PD in the Department of Surgical Gastroenterology, AIIMS, Jodhpur 

during the study period were evaluated for inclusion and exclusion criteria, and a total of 20 

patients were recruited in the study. 

Ethics Approval 

Ethical approval for this study was obtained from the AIIMS Ethics committee with reference 

no AIIMS/IEC/2021/3473. 

Ethical considerations 

All the patients enrolled in the study received standard care management, and participation in 

the study did not lead to any change in their usual diagnostic workup, follow-up, or 

management. All personal data collected during the study were kept strictly confidential. 
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Inclusion Criteria: 

a) All patients who underwent PD for malignancies that were confirmed by 

histopathology 

b) Aged 18-80 years  

Exclusion Criteria: 

a) Patients who refused consent 

b) Who do not fulfill the inclusion criteria 

c) Who are lost to follow up 

d) Who are pre-operatively diagnosed with chronic pancreatitis  

e) Who are postoperatively diagnosed to have benign etiology on HPE 

Methodology 

Consent and counselling 

All patients were provided with a patient information leaflet and were counseled regarding 

the following: 

· Benefits and procedure-related details of pancreatoduodenectomy 

· The concept of pancreatic endocrine and exocrine insufficiency 

· Benefits of timely detection of endocrine and exocrine insufficiency 

The patients were explained the purpose of the study. A detailed written informed consent 

was taken.  

History, examination and investigations 

Patients planned for PD underwent a detailed history and clinical examination. The history of 

presenting complaints like jaundice, abdominal pain, fever, gastrointestinal bleeding and 

vomiting were noted. History of preoperative biliary drainage and associated symptoms like 

anorexia, weight loss and steatorrhea were evaluated. The patient's demography and 
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comorbidities, and addictions were noted, and the ECOG statuses were also evaluated. 

Physical examination included routine abdominal examination and measurement of BMI. All 

patients underwent the following investigations 

A. Laboratory investigations 

· Complete blood count 

· Liver function tests 

· Renal function tests 

· Serum electrolyte 

· Prothrombin time/INR 

· Tumor markers (CA19-9 and CEA) 

B. Imaging 

· Chest radiograph as a part of a pre-anesthesia check-up. 

· Pancreatic protocol CT for assessment of tumor morphology, local extent, vascular 

anatomy and involvement, lymph node involvement, distant metastasis, common bile 

duct diameter, pancreatic duct diameter, tumor size and pancreatic atrophy. 

All patients underwent a comprehensive multi-disciplinary evaluation, which included- 

· Radiologist evaluation – A pancreatic protocol CT examination. 

· Pre-operative anesthesia evaluation– To rule out associated risk factors and immediate 

/delayed morbidity. 

· Medical gastroenterology evaluation: For side-viewing endoscopy ± biopsy of tumor 

and ERCP and CBD stent placement for jaundice (optional). 

· Pathology – Pre-operative assessment of biopsy (if done).  
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All patients underwent a pre-operative baseline pancreatic exocrine and endocrine function 

assessment. 

Surgical procedure: 

Perioperative antibiotic prophylaxis was given in the form of Inj. Cefoperazone - Sulbactam 

1.5gm half an hour before surgery and then continued for three days till patient allowed oral 

soft diet. A team of five skilled pancreaticobiliary surgeons performed PD as per standardized 

protocol in the Department of Surgical Gastroenterology, AIIMS Jodhpur. 

After excluding distant metastasis and local irresectability, all patients underwent a pylorus 

resecting pancreatoduodenectomy. (Figure 1) End-to-side double-layer duct-to-mucosa 

pancreatojejunostomy was made according to the standard technique. Subsequently, a single-

layer end-to-side hepaticojejunostomy was performed. Finally, antecolic end-to-side 

anastomosis was made between the gastric remnant and the proximal jejunum. Feeding 

access was established either via a feeding jejunostomy (FJ) or a nasojejunal (NJ) tube. Two 

abdominal drains were placed for all the patients.  

 

Figure 1: Operative specimen of pylorus resecting pancreaticoduodenectomy 
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Postoperative management and follow-up: 

The standard pathway for recovery was followed in all patients. In the immediate 

postoperative period, patients were shifted to the intensive care unit if not extubated and to a 

high dependency unit if extubated. After proper evaluation and clearance from anesthetist, the 

patients were shifted to the ward. Enteric feeding via the NJ or FJ tube was initiated on post 

operative day 1. They were administered on oral liquids on post operative day 2 or 3 and 

subsequently introduced to semi-solid and solid foods. Patients were managed actively in the 

ward for any surgical complication as per standardized protocols. On discharge, all patients 

were prescribed oral medications after full recovery. 

The patients were followed up as per standard protocol with clinical assessment every 3 

months in the outpatient clinic. At the 3
rd

 and 6
th

 months, they were assessed for pancreatic 

exocrine and endocrine insufficiency. 

Pancreatic exocrine function assessment 

The fecal elastase 1 test was done preoperatively and at 3
rd

 and 6
th

 months following the 

surgery. A single spot feces sample was at each time and till the time of analysis, it was 

stored at sub-zero temperatures. The elastase-1 concentration was measured with a 

commercially available ELISA kit (IDK, Pancreatic Elastase ELISA, Immunodiagnostik, 

Germany) according to the manufacturer's instructions. The pancreatic function was 

considered normal when fecal elastase-1 concentration exceeded 200 µg/g feces, moderately 

insufficient when it was between 100 and 200 µg/g feces and severely insufficient when it 

was less than 100 µg/g feces. None of the patients received PERT pre or post operatively.  
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Pancreatic endocrine function assessment 

The endocrine insufficiency will be assessed by fasting blood glucose and HbA1c levels, as 

well as a history of postoperative new-onset diabetes mellitus requiring treatment in the form 

of dietary modifications, oral hypoglycemic agents and/ or insulin. This was done 

preoperatively and at the 3
rd

 and 6
th

 months of follow-up. History was also taken at follow 

regarding the continued need for oral hypoglycemic agents or insulin injections. 

Histopathological analysis: 

All operative specimens underwent routine histopathological analysis as per standard 

guidelines in the Department of Pathology.  

The acinar cell density and fibrosis score were assessed for this study by an experienced 

individual pathologist who was blinded about the clinical course of patients. Archived 

hematoxylin and eosin (H&E) stained sections of the paraffin-embedded pancreatic neck 

resection margin were retrieved for all patients. Masson trichrome staining was done to 

accurately estimate the degree of fibrosis. These slides were assessed under light microscopy 

(Figures 2 and 3), and semi-quantitative subjective analysis was used to assess the extent of 

fibrosis and acinar cell loss in the pancreatic parenchyma, and they were graded as follows. 

Fibrosis score  Acinar cell density 

· 0: no fibrosis · No loss 

· 1+: mild periductal/focal · 1+ loss 

· 2+: moderate fibrosis · 2+ loss 

· 3+: marked fibrosis · 3+ loss 
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Figure 2. Hematoxylin & Eosin stain showing marked fibrosis, fat infiltration and marked 

acinar loss, 200X 

 

Figure 3. Hematoxylin & Eosin stain showing marked fibrosis, moderate chronic 

inflammation and prominent acinar loss with few islets seen, 400X 

Statistical analysis 

All data was acquired in a predetermined proforma and entered in Microsoft Excel sheets 

(Annexures- Masterchart). The Statistical softwares SPSS version 23.0 was used to analyse 

the data. Tables and figures were generated using Microsoft Word. Continuous data are 

presented as median with interquartile range (IQR) at the 25th and 75th percentiles or as 

percentages. These variables were analyzed for normality using the Shapiro-Wilk test. And 

all variables were found to have a non-parametric distribution The comparison of continuous 

variables was accomplished with the nonparametric Wilcoxon matched-pairs signed rank test 
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or McNemar’s test. The correlation was analyzed using Pearson’s correlation coefficient for 

continuous variables and Spearman correlation coefficient for ordinal variables. Statistical 

significance was achieved with a p value < 0.05. 

Definitions 

Significant weight loss was defined as a loss of more than 10 % weight from the baseline 

over a period of 6 months, more than 5 % loss over 1 month or noticeable loosening of 

clothes  

Hypertension was defined in those subjects who had previously been diagnosed with 

hypertension prior to admission or those diagnosed post admission. 2 blood pressure (BP) 

readings were measured 6 hours apart in the left arm in sitting position and a HTN was 

diagnosed when systolic BP was >/= 140 mmHg and diastolic BP was >/= 90 mmHg 

according to the 2017 ACC/AHA guidelines. (65) 

Diabetes mellitus was defined in subjects who had previously been diagnosed with DM prior 

to admission or those diagnosed post admission with FBS and HbA1c values according to 

ADA guidelines. (39) 
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RESULTS

A total of 57 patients underwent a PD for malignancies in the Department of Surgical 

Gastroenterology during the duration of this study, from January 2021 to June 2022. While

all the patients underwent a preoperative pancreatic endocrine and exocrine function 

assessment, a total of 20 patients who had a postoperative diagnosis of malignancies and who 

completed both 3 monthly and 6 monthly follow ups were included in this study. The rest 32 

were excluded for reasons mentioned below.

The age and gender distribution of the study population is depicted in the Tables 1, and 

figures 1 and 2. The mean age was 52 +/- 11.9 (32-80) years. Most of the patients were in the 

5
th

or 6
th

decade. The youngest patient was 33 years of age and the oldest was 80 years of age. 

Most patients were males (75%) and the male to female ratio was 3:1.

57 patients screened for the study

Post-operative mortality- 6

Pre-operatively known case of chronic pancreatitis - 1

Benign pathology on histopathological examination- 3

26 patients evaluated at 3 months

20 patients evaluated at 6 months

Completely lost to follow-up- 19

Not followed up at 6 months- 8
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Figure 1: Distribution of gender (n =20)

Figure 2: Distribution of age (n =20)
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Table 1: Distribution of age and gender (n =20) 

Age in years Number of patients, n=20 (%) Males, n=15 (%) Females, n=5 (%) 

31-40 2 (10) 2 (13.3) 0 

41-50 5 (25) 5 (33.3) 0 

51-60 6 (30) 4 (26.7) 2 (40) 

61-70 6 (30) 3 (20) 3 (60) 

71-80 1 (5) 1 (6.7) 0 

 

The baseline demographic and clinical characteristics of the patients are presented in Table 2. 

The most common presenting complaint was abdominal pain which was reported by 16 

(80%) patients, followed by jaundice which was reported by 14 patients (75%). 16 (80%) 

patients reported a loss of appetite, and a similar proportion of patients had a history of 

significant weight loss (85%). 4 patients (20%) had a history of fever suggestive of 

cholangitis, and 11 (55 %) patients had a history of pre-operative biliary drainage.  

Eight (40%) patients had pre-operatively diagnosed DM, while only 1 patient had a history of 

HTN. Two (10%) patients were recently diagnosed with HBV-related chronic viral hepatitis 

and 1 patient was diagnosed with MEN-1 syndrome. Two (10%) patients had a history of 

chronic tobacco smoking, and 2 (10%) patients were chronic alcoholics. 

Body mass index (BMI) was calculated based on the standard formula. The WHO guidelines 

for the Asian population were used to classify the BMI.  (Appendix) The median Body mass 

index (BMI) of the study population was 20.9 (IQR: 18.2- 23.9) kg/m
2
. While a majority (35 

%) of the patients were within the normal range of BMI, a similar proportion (30 %) were 

underweight.  All the patients had a good ECOG performance score of 0-1, and a majority 

(65 %) had an ECOG 1 performance score. 
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Table 2. Baseline demographic and clinical characteristics (n=20) 

Demographic Characteristics  

Age, median (IQR) (years) 54.5 (45.7- 62.7) 

Sex, n (%)  

· Male 15 (75) 

· Female 5 (25) 

Clinical Characteristics n (%) 

Presenting complaints  

· Abdominal pain 16 (80) 

· Vomiting 5 (25) 

· Jaundice 14 (70) 

· Fever 4 (20) 

Associated history  

· Anorexia 16 (80) 

· Weight loss 17 (85) 

· GI bleed 0 (0) 

· Preoperative biliary drainage 11 (55%) 

· Steatorrhea 0 (0) 

Comorbidities  

· DM 8 (40) 

· HTN 1 (5) 

· Chronic viral hepatitis (HBV) 2 (10) 

· MEN-1 1 (5) 
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Addictions  

· Tobacco 2 (10) 

· Alcohol 2 (10) 

BMI, median (IQR)(kg/m
2
) 20.9 (18.2- 23.9) 

· Underweight, <18.5 6 (30) 

· Normal, 18.5-22.9 7 (35) 

· Overweight, 23-24.9 4 (20) 

· Obese, >/= 25 3 (15) 

ECOG  

· 0 7 (35) 

· 1 13 (65) 

· 2-4 0 (0) 

IQR- Interquartile range, DM- Diabetes Mellitus, HTN- hypertension, HBV- Hepatitis B 

Virus, BMI- Body mass index, ECOG- Eastern cooperative oncology group 

The pre-operative hematological, biochemical, and radiological profile of the patients are 

described in table 3. The median hemoglobin of study population was 11.7 (IQR, 11-12.8) 

gm% and the median total leukocyte count was 8.6 (IQR, 6.1-10.8) x 10
3
 cells/mm

3
. The 

median total bilirubin, direct bilirubin and alkaline phosphatase levels were 3.1 (IQR, 0.9-

7.9) mg %, 1.5 (IQR, 0.2-4.6) mg % and 209 (IQR, 105.2-519.5) IU/L respectively. The 

median serum albumin was 3.4 (IQR, 3.1-3.9) gm % and the tumor marker analysis showed a 

median CA 19-9 and CEA levels of 72.5 (IQR, 23-456) IU/ml and 2.0 (IQR, 1.3-2.9) ng/ml, 

respectively. 

A pre-operative imaging with pancreatic protocol computed tomography (CT) was performed 

for all the patients which revealed a median CBD and MPD diameters to be 15.4 (IQR, 8.5-

18.8) mm and 3.5 (IQR, 2-6) mm. The median maximum diameter of tumor was 2 (IQR, 1.5-
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2.6) cm. Only 2 patients had evidence of pancreatic atrophy on the pre-operative CT. 

Table 3. Pre-operative hematological, biochemical, and radiological findings (n=20)  

Laboratory investigations  Median (IQR); n 

(%) 

· Hemoglobin (gm %)  11.7 (11-12.8) 

· Total leukocyte count (x 10
3
 cells/ mm

3
)  8.6 (6.1-10.8) 

· Total bilirubin (mg %)  3.1 (0.9-7.9) 

· Direct bilirubin (mg %)  1.5 (0.2-4.6) 

· Alkaline phosphatase (IU/L)  209 (105.2-519.5) 

· Albumin (gm%)  3.4 (3.1-3.9) 

· CA 19-9 (IU/ml)  72.5 (23-456) 

· CEA (ng/ml) 2.0 (1.3-2.9) 

Radiological findings Median (IQR); n 

(%) 

· CBD diameter (mm) 15.4 (8.5-18.8) 

· MPD diameter (mm) 3.5 (2-6) 

· Maximum tumor diameter (cm) 2 (1.5-2.6) 

· Pancreatic atrophy  2 (10%) 

IQR-Interquartile range, CEA- Carcinoembryonic antigen, CA19-9- Carbohydrate antigen 19-

9, CBD- Common bile duct, MPD- Main pancreatic duct 

The pathological characteristics of the operative specimen of PD have been described in table 

4. The most common pathology was an ampullary adenocarcinoma (70%). 2 patients had a 

distal cholangiocarcinoma while pancreatic ductal carcinoma, duodenal adenocarcinoma, and 

pancreatic neuroendocrine tumor (NET) were found only in 1 patient each. One patient had a 

rare case of pancreatic MiNEN. Many of the patients had a pT2 (40%) and pN1 (50%) stage 
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of the disease. AJCC 8
th

 edition was used for all the pathological staging. (67–69) (Appendix) 

Table 4. Histopathological characteristics of the tumor specimen  

 n (%) 

Pathology  

· Ampullary carcinoma 14 (70) 

· Distal cholangiocarcinoma  2 (10) 

· Pancreatic ductal adenocarcinoma 1 (5) 

· Duodenal adenocarcinoma 1 (5) 

· Pancreatic NET 1 (5) 

· Pancreatic MiNEN 1 (5) 

pT Staging  

· T1 4 (20) 

· T2 8 (40) 

· T3 7 (35) 

· T4 1 (5) 

pN staging 
*  

· N0 6 (30) 

· N1 10 (50) 

· N2 4 (20) 

NET- Neuroendocrine tumor, MiNEN- Mixed neuro endocrine neoplasm 

*pN staging: N1: 1-2 nodes, N2: 3 or more nodes  

 

All patients underwent an analysis of the acinar density and fibrosis score at the pancreatic 

neck resection margin of the PD specimen. (Table 5) While a majority (65%) of the patients 

had a normal acinar cell density, a mild loss of acinar cells was seen in 7 patients (35%).  On 

the other hand, most of the patients (85%) demonstrated fibrosis at the pancreatic neck 

margin. Of these 45% patients had a mild focal or periductal fibrosis while 40% had a 

moderate fibrosis. A significant correlation was seen between acinar cell loss and fibrosis 

score (p <0.001) 
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Table 5. Acinar cell density and fibrosis score at pancreatic neck resection margin  

 n (%) 

Acinar cell density  

· Normal 13 (65) 

· Mild loss of acinar cells 7 (35) 

Fibrosis score  

· No fibrosis 3 (15) 

· Mild fibrosis 9 (45) 

· Moderate fibrosis 8 (40) 

 

Table 6 shows the distribution of fibrosis and acinar cell loss between the different sites of 

malignancy. Out of 3 patients with pancreatic malignancies, 2 (66.7 %) had moderate fibrosis 

and 1 (33.3 %) had a mild fibrosis. Of the 14 patients who had ampullary malignancies, 50 % 

had a mild fibrosis, 35.7% had moderate fibrosis and the remaining 14.3% had no fibrosis. Of 

the 2 patients with bile duct malignancy, only 1 (50 %) had fibrosis and it was mild. The only 

patient with duodenal cancer in this study showed a mild pancreatic fibrosis (100%). There 

was no significant difference in the distribution of extent of fibrosis between these groups. (p 

= 0.56). 

While 2 of the 3 patients with pancreatic malignancies showed mild loss of acinar cells, most 

of the patients with ampullary cancers (9/14, 64.3 %) showed normal acinar cell density. No 

acinar cell loss was seen in patients with duodenal or biliary malignancies. The difference in 

acinar cell density between these groups was insignificant (p = 0.401) 
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Table 6. Distribution of histological changes in different sites of malignancy 

Site Fibrosis n (%) 

Nil  Mild  Moderate  

Pancreatic (n=3) 0 1 (33.3) 2 (66.7) 

Ampullary (n=14) 2 (14.3) 7 (50.0) 5 (35.7%) 

Bile duct (n=2) 1 (50) 1 (50) 0 

Duodenal (n=1) 0 1 (100) 0 

 

Site Acinar cell density 

Normal n (%) Mild acinar cell loss n (%) 

Pancreatic (n=3) 1 (33.3) 2 (66.7) 

Ampullary (n=14) 9 (64.3) 5 (35.7) 

Duodenal (n=2) 2 (100) 0 (0) 

Bile duct (n=1) 1 (100) 0 (0) 

 

One of the secondary outcomes of the study was to determine the incidence pancreatic 

exocrine and endocrine insufficiency after PD. Table 6 demonstrates the preoperative as well 

as post operative pancreatic function analysis in the study subjects.  

Pancreatic exocrine function: The median FE-1 preoperatively was 160 (IQR, 58-76) µg/g 

and most of the patients (65%) had an FE-1 <200 µg/g suggestive of pancreatic exocrine 

insufficiency preoperatively. While it was moderately decreased (100-200 µg/g) in 5 patients 

(25%), 8 (40 %) patients had a severely decreased FE-1 (<100 µg/g). The preoperative 

elastase levels showed no significant correlation with preoperative weight loss, BMI, 

hemoglobin, albumin or ECOG status. 

At 3 months after a PD, the median FE-1 decreased to 47 (IQR, 25-212) µg/g and 70 % 

patients had PEI with 10 % patients having a moderate PEI and 60 % patients having a severe 
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PEI. The median FE-1 further decreased to 26 (IQR, 24-45) µg/g at 6 months after surgery, at 

which point, 90 % patients had a PEI and all them had a severely decreased FE-1. 

A Wilcoxon signed rank test was used to analyze the difference in the FE-1 values and it was 

seen that there was no significant difference in the elastase value between the preoperative 

period and 3 monthly follow up. However, the decrease in FE-1 from before surgery to 6 

months post operatively was significant (p = 0.001). The increase in exocrine insufficiency 

post operatively at 3
rd

 and 6
th

 month of follow ups were not found to be significant. 

Pancreatic endocrine function: The baseline preoperative median HbA1c was 5.8 (IQR, 

5.1-7.9) % and the median fasting blood sugar was 106 (IQR, 93-204) g %. 8 (40 %) of the 

20 patients were preoperatively diagnosed with DM or pancreatic endocrine insufficiency. 

The median HbA1c post operatively was 5.6 (IQR, 5-6.5) % at 3 months and 5.7 (IQR, 5.1-

6.3) at 6 months of follow up. The median FBS at 3 months was 96 (IQR, 93-103) g % and 

98 (IQR, 93-103) g % at 6 months. The number of patients with DM saw a decline 

postoperatively to 7 (35 %) at 3 months and 4 (20 %) at 6 months.  

A Wilcoxon signed rank test showed that the change in HbA1c over a 3 month follow up was 

not significant but a significant decrease was seen in the HbA1c from preoperative to 6 

months post operative- follow up (p = 0.04).  

The decrease in FBS over 3 months as well as 6 months follow up were noted to be 

significant (p = 0.08 and 0.04 respectively) by a Wilcoxon signed rank test. However, the 

differences in the number of patients with endocrine insufficiency before and after the 

surgery at both the 3
rd

 and 6
th

 month of follow up, were not significant on analysis by 

McNemar test.  
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Table 6. Pre-operative and postoperative pancreatic endocrine and exocrine function 

assessment  

 Preoperative Postoperative 

3 months 

Postoperative 

6 months 

FE-1 (Median, IQR) (g/g) 160 (58-376) 47 (25-212) 26 (24-45) 

Exocrine insufficiency    

· Nil 7 (35) 6 (30) 2 (10) 

· Moderate 5 (25) 2 (10) 0 (0) 

· Severe 8 (40) 12 (60) 18 (90) 

HbA1c (Median, IQR), % 5.8 (5.1-7.9) 5.6 (5-6.5) 5.7 (5.1-6.3) 

FBS (Median, IQR), g % 106 (93-204) 96 (93-103) 98 (93-103) 

Endocrine insufficiency, n (%) 8 (40) 7 (35) 4 (20) 

FE-1- Fecal elastase-1, HbA1c- Glycated hemoglobin A1C, FBS- Fasting blood sugar, IQR- 

Interquartile range 

The primary outcome of this study was to correlate the pancreatic acinar cell density and 

fibrosis score with post PD pancreatic insufficiency.  

Acinar cell density: 

There was no significant correlation between the acinar cell density of the operative specimen 

and the fecal elastase-1 values or the pancreatic exocrine insufficiency, preoperatively or post 

operatively. A significant correlation was not seen between the acinar cell density of the 

operative specimen and the preoperative and postoperative Hba1c and FBS values, as well as 

with endocrine insufficiency preoperatively and postoperatively. 

  



48 

 

Fibrosis score: 

There was no significant correlation between the fibrosis score of the pancreatic neck margin 

and the FE-1 values or pancreatic exocrine insufficiency preoperatively. An increased fibrosis 

score was seen to be inversely and significantly correlated to FE-1 values post 3 months of 

surgery (Pearson’s correlation coefficient -0.498, p = 0.025). A significant correlation was 

demonstrated between the fibrosis score and the pancreatic exocrine insufficiency at 3 

months postoperatively. (Spearman’s correlation coefficient 0.461, p = 0.041). No significant 

correlation was seen between pancreatic fibrosis and FE-1 or pancreatic exocrine 

insufficiency at 6 months post operatively  

The fibrosis score showed no correlation with HbA1c and FBS values as well as with the 

pancreatic endocrine insufficiency at all 3 time points- preoperatively, 3 months post 

operatively and 6 months post operatively. 

SUBGROUP ANALYSIS  

New onset exocrine insufficiency 

Seven patients had a normal preoperative exocrine function with a preoperative median FE-1 

of 520 (IQR, 376-907) µg/g which decreased to 28 (IQR, 22-145) µg/g at 3 months and 25 

(IQR, 24-28) µg/g at 6 months. 6 of the 7 patients (85.7 %) had post operative exocrine 

insufficiency at 3 months with a majority (57.1 %) of them having a severe insufficiency, and 

at 6 months while the net proportion of patients with PEI was same, all 87.5 % had a severe 

grade of PEI. (Table 7)  

The difference in FE-1 from preoperative to postoperative values at both the 3
rd

 and 6
th

 

months was significant as analyzed by Wilcoxon signed rank test (p= 0.028 and 0.018, 

respectively).  

Three of the patients (42.9 %) had mildly decreased acinar cell density, and all patients had 

pancreatic fibrosis of which a majority (4/7, 57.1 %) had mild fibrosis, and the rest 3/7 (42.9 

%) had moderate fibrosis. (Table 8) 
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Further analysis demonstrated no significant correlation between these histopathological 

parameters and the post operative fecal elastase values.  

Table 7. Pre-operative and postoperative pancreatic exocrine function assessment of 

patients with normal preoperative exocrine function (n=7) 

 Preoperative Postoperative 

3 months 

Postoperative 

6 months 

FE-1 (Median, IQR) (µg/g) 520 (376-907) 28 (22-145) 25 (24-28) 

Exocrine insufficiency    

· Nil 7 (100) 1 (14.3) 1 (14.3) 

· Moderate 0 2 (28.6) 0 (0) 

· Severe 0 4 (57.1) 6 (85.7) 

FE-1- Fecal elastase-1, IQR- Interquartile range 

Table 8. Acinar cell density and fibrosis score in patients with normal preoperative 

exocrine function (n=7) 

 n (%) 

Acinar cell density  

· Normal 4 (57.1) 

· Mild loss of acinar cells 3 (42.9) 

Fibrosis score  

· No fibrosis 0 (0) 

· Mild fibrosis 4 (57.1) 

· Moderate fibrosis 3 (42.9) 
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Trend in pre-existing exocrine insufficiency 

Thirteen patients had deranged preoperative exocrine function with a preoperative median 

FE-1 of 86 (38.5-125) µg/g. The median FE-1 decreased to 47 (25.5-266.5) µg/g at 3 months 

and 31 (24-45.5) µg/g at 6 months.  

A majority of them (61.5 %) had severe exocrine insufficiency preoperatively. At three 

months post operatively, while there was a resolution of exocrine insufficiency in 5 patients 

(38.5 %), the proportion of patients with severe insufficiency was the same at 61.5 %. 

However, at 6 months, all but 1 patient (12/13, 92.3 %) had a severe exocrine insufficiency. 

None of the patients had moderate PEI at either 3 or 6 months. (Table 9) The difference in 

FE-1 from preoperative to postoperative values was insignificant at 3
rd

 month, but a 

significant decrease was noted in the 6
th

 month as analyzed by Wilcoxon signed rank test (p= 

0.65 and 0.033, respectively).  

4 of the 13 patients (30.8 %) had mildly decreased acinar cell density, and most of the 

patients (76.2 %) had pancreatic fibrosis, of which 46.2 % had mild fibrosis and 30.8 % had 

moderate fibrosis. (Table 10) 

Further analysis showed no significant correlation between these histopathological 

parameters and the post operative fecal elastase values.  
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Table 9. Pre-operative and postoperative pancreatic exocrine function assessment of 

patients with deranged preoperative exocrine function (n=13) 

 Preoperative Postoperative 3 

months 

Postoperative 6 

months 

FE-1 (Median, IQR) (µg/g) 86 (38.5-125) 47 (25.5-266.5) 31 (24-45.5) 

Exocrine insufficiency    

· Nil 0 5 (38.5) 1 (7.7) 

· Moderate 5 (38.5) 0 (0) 0 (0) 

· Severe 8 (61.5) 8 (61.5) 12 (92.3) 

FE-1- Fecal elastase-1, IQR- Interquartile range 

Table 10. Acinar cell density and fibrosis score in patients with deranged preoperative 

exocrine function (n=13) 

 n (%) 

Acinar cell density  

· Normal 9 (69.2) 

· Mild loss of acinar cells 4 (30.8) 

Fibrosis score  

· No fibrosis 3 (23.1) 

· Mild fibrosis 6 (46.2) 

· Moderate fibrosis 4 (30.8) 
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New onset endocrine insufficiency 

12 patients had a normal preoperative endocrine function with a preoperative median HbA1c 

of 5.1 (IQR, 5.1-5.6) % and post operative median HbA1c of 5.3 (IQR, 5-5.8) % at 3 months 

and 5.2 (IQR,4.9-5.7) % at 6 months. The median FBS preoperatively was 97 (IQR, 92-102) 

g% and postoperatively it was 94.5 (IQR, 90-97.5) g% and 97 (IQR, 89.2-101) g% at 3
rd

 and 

6
th

 months, respectively. While only one patient (8.3 %) had an endocrine insufficiency at 3 

months, none of them had it at 6 months. (Table 11) The difference in the endocrine functions 

from preoperative to postoperative values were insignificant at both 3
rd

 and 6
th

 months. 

3 of the patients (25 %) had mildly decreased acinar cell density, and most of the patients 

(83.3 %) had pancreatic fibrosis of which a majority (50 %) had a mild fibrosis and the rest 

(33.3 %) had moderate fibrosis. (Table 12) 

Further analysis demonstrated a significant inverse correlation between acinar cell loss and 

the HbA1c values at 3 months (Pearson correlation coefficient: -0.62, p = 0.029), this was not 

demonstrated at 6 months. However, while there was a significant inverse correlation seen 

between the fibrosis score and the HbA1c values at 6 months (Pearson correlation coefficient: 

-0.70, p = 0.011)., similar findings were not seen at 3 months. There was no significant 

correlation between histopathological parameters and the FBS values at 3
rd

 and 6
th

 months.  

Table 11. Pre-operative and postoperative endocrine function assessment of patients 

with normal preoperative endocrine function (n=12) 

 Preoperative Postoperative 

3 months 

Postoperative 

6 months 

HbA1c (Median, IQR), % 5.1 (5.1-5.6) 5.3 (5-5.8) 5.2 (4.9-5.7) 

FBS (Median, IQR), g % 97 (92-102) 94.5 (90-97.5) 97 (89.2-101) 

Endocrine insufficiency, n (%) 0 1 (8.3) 0 (0) 

HbA1c- Glycated hemoglobin A1c, FBS- Fasting blood sugar, IQR- Interquartile range 
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Table 12. Acinar cell density and fibrosis score in patients with normal preoperative 

endocrine function (n=12) 

 n (%) 

Acinar cell density  

· Normal 9 (75) 

· Mild loss of acinar cells 3 (25) 

Fibrosis score  

· No fibrosis 2 (16.7) 

· Mild fibrosis 6 (50) 

· Moderate fibrosis 4 (33.3) 

Trend in pre-existing endocrine insufficiency 

8 patients were preoperatively diagnosed with endocrine dysfunction. They had a 

preoperative median HbA1c of 8.7 (7.1-11.1) % and post operative median HbA1c of 6.6 

(IQR, 5.8-7.0) % at 3 months and 6.5 (IQR, 5.9-6.9) % at 6 months. The median FBS 

preoperatively was 225 (IQR, 155-261) g% and postoperatively it was 103.5 (IQR, 93.7-188) 

g% and 100 (IQR, 94.2-128.7) g% at 3
rd

 and 6
th

 months, respectively. 2 patients (25 %) had 

normalization of the endocrine functions at 3 months and the same was noted in a total of 4 

patients (50 %) at 6 months. (Table 13)  

A significant decrease in HbA1c between preoperative and postoperative values at both 3 and 

6 months were seen on analysis. (Wilcoxon signed rank test, p = 0.025 and 0.012, 

respectively) A significant decrease was also seen in the between preoperative and 

postoperative FBS values at both 3 and 6 months. (Wilcoxon signed rank test, p = 0.017 and 

0.012, respectively) 

50 % of the patients had mildly decreased acinar cell density and most of the patients (87.5 

%) had pancreatic fibrosis of which a majority (50 %) had a mild fibrosis and the rest (37.5 
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%) had moderate fibrosis. (Table 14) 

Further analysis demonstrated a significant inverse correlation between acinar cell loss and 

the HbA1c values at 3 months (Pearson correlation coefficient: -0.62, p = 0.029). No 

significant correlation was seen between fibrosis score and the HbA1c values at 3 months. 

There was also no significant correlation between histopathological parameters and the post 

operative HbA1c values at 6 months or the FBS values at 3
rd

 and 6
th

 months.  

Table 13. Pre-operative and postoperative endocrine function assessment of patients 

with deranged preoperative endocrine function (n=8) 

 Preoperative Postoperative 3 

months 

Postoperative 6 

months 

HbA1c (Median, IQR), % 8.7 (7.1-11.1) 6.6 (5.8-7.0) 6.5 (5.9-6.9) 

FBS (Median, IQR), g % 225 (155-261) 103.5 (93.7-188) 100 (94.2-128.7) 

Endocrine insufficiency, n (%) 8 (100%) 6 (75) 4 (50) 

HbA1c- Glycated hemoglobin A1c, FBS- Fasting blood sugar, IQR- Interquartile range 

Table 14. Acinar cell density and fibrosis score in patients with deranged preoperative 

endocrine function (n=8) 

 n (%) 

Acinar cell density  

· Normal 4 (50) 

· Mild loss of acinar cells 4 (50) 

Fibrosis score  

· No fibrosis 1 (12.5) 

· Mild fibrosis 4 (50) 

· Moderate fibrosis 3 (37.5) 
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The other secondary outcome of the study was to demonstrate the incidence of post PD 

complications which have been described in table 7. 4 (20%) patients had no postoperative 

complications. The Clavien-Dindo classification was used to grade the complications in the 

remaining 16 patients (80 %). (70) (Appendix)  

Of the 16 (80%) who had one or more postoperative complications, a majority (12 patients, 

60 %) had a minor Clavien-Dindo score and only 4 patients (20%) had major complications. 

2 patients underwent an ultrasound guided per cutaneous drain placement, one for grade B 

post operative pancreatic fistula (POPF) with sepsis and in the other patient, for grade B post 

operative pancreatic hemorrhage with sepsis. One patient underwent re-exploratory 

laparotomy for grade C PPH and one patient developed worsening of cholangitis after 

surgery, leading to sepsis and acute kidney injury.  

The ISGPS 2007 guidelines were used to classify delayed gastric emptying. (22) (Appendix). 

Seven patients (35 %) had delayed gastric emptying, and a majority were grade B DGE. 

Post operative pancreatic fistula (POPF) was defined and classified according to the ISGPF 

2016 guidelines. (21) (Appendix) Though more than half of the patients (11/20, 55 %) had 

features suggestive of POPF, only 2 had a clinically relevant leak. The rest of the patients had 

a biochemical leak with no clinical implications on post operative management. 

Post pancreatectomy hemorrhage (PPH) was defined and graded as per the 2007 ISGPS 

guidelines. (23) (Appendix). 2 patients (10 %) had PPH, and while one was managed with 

angioembolization and percutaneous drainage for infected collection, the other patient 

required a laparotomy. 

Eleven patients (55 %) had surgical site infections (SSIs). These were classified according to 

the CDC guidelines (71) (Appendix), and most of the patients had either a deep or an organ/ 

space infection. The other less reported complications seen were a biliary leak, chyle leak, 

ascites, pneumonia, post operative pancreatitis and central line associated infection seen in 1-

2 patients. 
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Table 15. Postoperative complications  

Complications N=20 (%) 

Clavien-Dindo  16 (80) 

o I 4 (20) 

o II 8 (40) 

o IIIa 2 (10) 

o IIIb 1 (5) 

o IVa 1 (5) 

o IVb 0 (0) 

DGE 7 (35) 

o Grade A 2 (10) 

o Grade B 3 (15) 

o Grade C 2 (10) 

POPF 11 (55) 

o Biochemical 9 (45) 

o Grade B POPF 1 (1) 

o Grade C POPF 1 (1) 

PPH 2 (10) 

o Grade A 0 (0) 

o Grade B 1 (5) 

o Grade C 1 (5) 
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SSI 11 (55) 

o Superficial incisional 3 (15) 

o Deep incisional 4 (20) 

o Organ/ space 4 (20) 

Others  

o Bile leak 1 (5) 

o Chyle leak 1 (5) 

o CLABSI 1 (5) 

o Pneumonia 2 (10) 

o Pancreatitis 1 (5) 

DGE: Delayed gastric emptying, POPF: Post operative pancreatic fistula, PPH: Post 

pancreatectomy hemorrhage, SSI: Surgical site infection, CLASI: Central line associated 

blood stream infection 
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DISCUSSION 

Pancreaticoduodenectomy is a challenging and difficult surgical procedure but it is the 

surgical treatment of choice for a majority of periampullary and pancreatic malignancies. (18) 

In the background of advanced medical knowledge and improved surgical techniques the 

mortality associated with this procedure has decreased in the last two decades to less than 

5%.(72) However it still has a high morbidity of 45-60%. (1–3) While most of the literature 

surrounding post PD outcomes focus on early postoperative complications such as 

postoperative pancreatic fistula, delayed gastric emptying and surgical site infections (73–

75), the literature on long-term morbidity is relatively sparse. One such complication that 

causes significant morbidity in the long term after a PD is pancreatic insufficiency which 

encompasses both pancreatic endocrine and exocrine insufficiency.(12,35) The present study 

is the 1
st
 study that has studied the correlation between pancreatic histopathological findings 

of both acinar cell density and fibrosis score with post PD endocrine as well as exocrine 

insufficiency.  

Preoperative pancreatic exocrine insufficiency 

Ampullary adenocarcinoma was the most common pathology (70%) for which PD was 

performed. Sixty-five percent of the patients had a preoperative PEI, among which 25% had a 

moderate and 40 % patients had a severe PEI. The median FE-1 level was 160 µg/g in the 

present subset of patients. It was similar to the recent bi-center prospective observational 

study by Kroon et al. where in PD was performed for pancreatic or periampullary 

malignancies, which showed a 56% PEI with moderate insufficiency in 16% and severe 

insufficiency in 40% of the patients.(34) Lim et al. demonstrated a similar incidence of 

preoperative PEI in 65 % of patients with pancreatic cancer before undergoing a PD, with a 

similar median preoperative FE-1 of 150 µg/g. (33)  

This high incidence of an exocrine insufficiency at the time of diagnosis may be explained by 

confounding factors like pancreatic fibrosis, obstruction of the main pancreatic duct by a 
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periampullary tumor as well as tumor ingrowth of pancreatic cancer, but the latter two have 

not been studied in this study. Pancreatic atrophy is also a confounding factor for exocrine 

insufficiency, but as only two patients had the same further analysis was not done. Hence 

further studies may be required to study the exact association between these parameters. It 

has already been proven that pancreatic exocrine insufficiency can cause malabsorption and 

malnutrition. (12) Based on the findings of this study, it might be prudent to identify severe 

PEI preoperatively and administer PERT in the preoperative setting to patients undergoing 

major surgery, such as PD, which may have a beneficial role in peri-operative nutritional 

parameters. However, further studies are required to analyze the correlation between 

preoperative exocrine function and patient weight loss and BMI, as well as postoperative 

outcomes. 

Postoperative exocrine insufficiency 

There is no gold standard time point for post-pancreatectomy functional assessment. The real 

incidence of endocrine and exocrine insufficiency was significantly underestimated by 30-

day outcome reporting by Lim et al, who reported that up to 78% of postoperative endocrine 

and exocrine insufficiency are missed by a 30-day reporting and that 48% of subjects may 

develop exocrine insufficiency even after 90 days. (33) Since a 30-day reporting may 

underestimate the real prevalence of these insufficiencies, in this study, both exocrine and 

endocrine pancreatic functions were assessed at 3 as well as 6 months after PD. 

At 3 months follow-up, the postoperative incidence of PEI was 70% at 3 months, and 60% of 

patients had a severe PEI. In a prospective study by Kumar et al., 30 patients who underwent 

PD for malignancies, a higher PEI of 100 % at 3 months was seen, but 66.7% of patients had 

a severe pancreatic insufficiency which was similar to the findings of the current study. Their 

median FE-1 at 3 months was  74 µg/g higher than this study. (55) In the study by Kroon et 

al., the incidence of PEI (93 %) was higher than the current study at 3 months with 82.7 % 

patients demonstrating a severe PEI. They also had a lower median FE-1 of 15 µg/g at 3 
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months. (34)  

Further, at 6 months, the current study showed a 90% incidence of PEI at 6 months, with all 

deficient patients demonstrating a severe decrease in FE-1 and the median FE-1 decreased to 

26 µg/g, which showed a significant fall from the preoperative value (p = 0.001). Sikkens et 

al demonstrated a similar incidence (84%) of PEI after PD in patients with pancreatic or 

periampullary cancer at 6 months following surgery. (76) In a study by Tran et al on 74 

patients who underwent PD for either chronic pancreatitis or periampullary malignancies, the 

incidence of PEI at 6 months was 87.4 % which was similar to the current study. They 

demonstrated a significant decline in FE-1 values at 6 months. (9) A high incidence (90.3 %) 

of severe PEI at 6 months similar to the current study was reported by Kroon et al. (34) In a 

retrospective study of 102 patients with periampullary cancer, Saluja et al noted 97% 

incidence of PEI at 12 months after PD. (32) Based on these data, it may be prudent to 

suggest that the testing for pancreatic exocrine insufficiency should be done at least after 6 

months from surgery to get a more accurate estimation of the same, and PERT may be 

initiated as required in deficient patients. If found to be normal, these patients may be 

reassessed once again at 12 months.; however, the yield may not be different. 

New onset exocrine insufficiency 

Of 7 patients with normal FE-1 before surgery, 6 of them developed PEI postoperatively. A 

severe PEI was seen in 57.1 % of patients at 3 months, and this increased to 87.5 % at 6 

months. Only 1 patient continued to have a normal FE-1 after surgery. There was a 

significant decrease in the median FE-1 from 520 µg/g before surgery to 28 µg/g at 3 months 

and 25 µg/g at 6 months. (p = 0.028 and 0.018). In a retrospective study of 28 patients with 

normal FE-1 before PD, Matsumoto et al demonstrated a significant lowering of FE-1 by 50 

% at 3 months and a new onset PEI in 61 % patients at 3 months which increased to 88% at 

12 months which was similar to results from this study. (49) 
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Pre-existing exocrine insufficiency 

Of 13 patients who had a deranged exocrine function before surgery, 61.5% had a severe PEI, 

and the rest, 38.5%, had a moderate PEI. At 3 months, the proportion of severe PEI was the 

same at 61.5 %. At 6 months, the proportion of patients with severe PEI increased to 92.3%. 

There was a significant decrease in the median FE-1 from 86 µg/g before surgery to 31 µg/g 

at 6 months. Matsumoto et al. also demonstrated no difference in the FE-1 at 3 months in 

patients with preoperatively abnormal FE-1.(49) The significant change in median FEC 

during follow-up in the present study and the very high incidence of severe PEI at 6 months 

is an indication that long-term restoration of exocrine function may be improbable. A variety 

of confounding factors may play a role in the development of postoperative exocrine 

insufficiency, such as the amount of pancreatic resection, the presence of pancreatic fibrosis, 

pancreatic atrophy, stenosis of the pancreatoenteric anastomosis and administration of 

adjuvant therapies. Additionally, accelerated stomach emptying and intestinal transit may 

result in secondary exocrine insufficiency due to the asynchronous mixing of enzymes with 

chyme. Pancreatic enzymes are also inactivated due to changes in gastric and duodenal pH, 

and exocrine pancreatic secretion can be reduced by abnormal postprandial cholecystokinin 

release. Lastly, tumor recurrence or fibrosis may cause anastomotic obstruction.  

These patients need to be closely monitored for signs and symptoms of malabsorption like 

steatorrhea, weight loss and fat-soluble vitamin deficiencies. Studies have shown a significant 

adverse impact of post PD exocrine insufficiency on long-term quality of life, and PERT also 

has been shown to improve survival in pancreatic cancer equivalent to surgery and 

chemotherapy. (1,12) Thus, timely identification of pancreatic exocrine insufficiency and 

case-by-case administration of PERT may be advisable in the preoperative as well as 

postoperative period.  

Endocrine insufficiency 

Though the median HbA1c was 5.8% and median FBS was 106 g%, pancreatic endocrine 
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insufficiency before surgery was seen in 40% of patients. A similarly high prevalence of 

preoperative DM (43.5 %) was seen by Hartman et in a retrospective study of 37 patients 

who underwent PD for malignancies or premalignancies. (31) However, in the study by Tran 

et al which included both benign and malignant etiologies, the incidence of endocrine 

insufficiency before a PD was much lesser at 13.5 % (9) and a similarly low incidence (11.7 

%) of endocrine insufficiency before PD was demonstrated by Saluja et al. (32) 

At 3 months follow-up, there was an insignificant decrease in median HbA1c to 5.6 % and a 

significant decrease in median FBS to 96 g% (p 0.04) at 3 months. The proportion of patients 

with postoperative endocrine insufficiency decreased to 35%, but this change was not 

significant. Hartman et al. noted a post PD endocrine insufficiency in 29 % of patients at a 

median follow-up of 2.7 months, which was similar to this study. (31) Further, at 6 months, 

the median HbA1c was decreased to 5.7%, the median FBS decreased to 98g %, and a 20 % 

incidence of endocrine inefficiency was seen at 6 months. Tran et al. demonstrated a similar 

postoperative incidence of post PD DM of  26 % at 6 months. (9) Saluja et al. demonstrated 

endocrine insufficiency in 25% of patients after a PD, albeit with a median follow-up of 26 

months.(32) 

New onset endocrine insufficiency 

Of the 12 patients who had normal endocrine functions before surgery, 1 patient (8.3%) 

developed new-onset endocrine insufficiency at 3 months which reverted at 6 months, and 

there were 0 patients with endocrine dysfunction at 6 months. This was similar to the 

prospective study by Lemaire et al in 17 patients who underwent PD, wherein no new-onset 

DM was seen at 6 months. (77) In a retrospective study by Sakata et al, in 32 patients who 

underwent PD, new-onset DM was seen only in 2 out of 25 patients (8 %), which was similar 

to our finding at 3 months, however, their finding was noted at 1 year following surgery. (78)  

In a prospective study of 50 non-diabetic patients who underwent PD for periampullary 

cancer, Singh et al. demonstrated new onset endocrine insufficiency in 18 % of patients at a 
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median follow-up of 7 months, which was much higher than our study. (79) Saluja et al. 

demonstrated a similar occurrence of new-onset DM in 15 out of 90 patients (17 %), but it 

was seen to have developed 4 years after surgery. (32) 

Though literature reports of incidence of post pancreatectomy diabetes range from 3 to 50 %, 

this is dependent on many factors like the extent of resection, underlying conditions and 

duration after surgery. (28,41) The single patient incidence of new-onset DM at 3 months in 

the current study is not significant as it was a transient finding which was not reflected in the 

patient’s biochemical parameters at 6 months. The zero incidence of new-onset DM at 6 

months in this study may be attributed to the short duration of follow-up. Hence a longer a 

longer duration of follow-up may be required to accurately estimate the effect of PD on 

pancreatic endocrine functions. This is also supported by the large-scale retrospective studies 

by Wu et al and Kuskabe et al which showed a high incidence of post PD DM (16-20%) after 

follow-up of more than 12 months. (40,41) 

Pre-existing endocrine insufficiency 

In 8 patients with a pre-existing endocrine insufficiency, this study demonstrated a significant 

decrease in the HbA1c as well as FBS values after surgery which was seen at both the 3
rd

 and 

6
th

 months of follow-up. Two patients (25%) at 3 months and 4 patients (50%) at 6 months 

had normalization of their endocrine functions. Saluja et al. also found an improvement in 

diabetes after PD in 1 out of 3 patients (33.3 %) who had a recent onset DM. The mean 

duration of follow-up in their study was 59 months, but the exact duration when reversal of 

DM was noted was not mentioned. (32) An improvement in DM at a follow-up of 1 year after 

pancreatic surgery was seen by Sakata et al. in 2 out of 7 (28.5 %) patients. (78) These results 

were similar to those of the current study but at longer durations of follow-up.  

In this study, all 4 patients who had normalization of endocrine parameters at 6 months had 

obstructive jaundice and highly deranged HbA1c and FBS prior to surgery requiring insulin 

administration. Three out of 4 had not undergone preoperative biliary drainage. Following 
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surgery, all 4 patients became insulin-independent, and only one of them required oral 

hypoglycemic agents transiently for the first month following surgery but not thereafter. 

Similar normalization of glycemic control after relief of obstructive jaundice has been 

reported by Kim et al. in 4 patients, 2 of whom had periampullary cancer and 2 patients who 

had a benign biliary stricture. (80) The presence of hyperbilirubinemia could have been the 

cause of deranged glycemic control before surgery in the above 4 mentioned patients in this 

study. This has been shown in a study by Kasahara et al. wherein he demonstrated deranged 

insulin response at late stages of obstructive jaundice in pancreatic diseases. (81) A loss of 

effect of incretins on insulin release in biliary obstruction, as demonstrated by Niwa et al. in 

pancreatic islet cells isolated from bile duct ligated rats, may explain the pathophysiology of 

glycemic intolerance in obstructive jaundice. (82) 

One of the above-mentioned 4 patients had a pancreatic adenocarcinoma with recently 

diagnosed DM prior to surgery. Pannala et al. demonstrated a causal association between 

pancreatic cancer and type II diabetes and hypothesized that resection for pancreatic 

adenocarcinoma may have a beneficial effect on reducing or lowering the risk of diabetes. 

(83) This may explain the resolution of glycemic intolerance in this patient after curative 

resection. 

Histopathological Analysis of The Pancreatic Parenchyma 

The exocrine pancreas, which accounts for 80-85 % of the pancreatic parenchyma, is 

predominantly composed of acinar cells, which synthesize and secrete the pancreatic 

enzymes. A reduction in acinar cells can theoretically be associated with pancreatic exocrine 

insufficiency. The current study included periampullary/ pancreatobiliary malignancies, 

which often involve the pancreatic duct. This, in turn, can lead to pancreatic parenchymal 

fibrosis and atrophy. (63) In chronic pancreatitis, pancreatic ductal obstruction, parenchymal 

fibrosis and acinar cell loss have been shown to have an association with pancreatic exocrine 

insufficiency. Additionally, acinar damage and fibrosis have been seen to be causative of islet 
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cell damage causing endocrine insufficiency. (62) However the literature regarding the 

alterations in these histological parameters and their association with postoperative endocrine 

and exocrine insufficiency in malignancies is scarce. (9,63,84)  

In the current study, acinar cell density and fibrosis score at the pancreatic resection margins 

of the PD specimen was assessed in all the patients. Most of the patients had acinar cell loss 

(65 %) in this study. In a retrospective study by Partelli et al. acinar cell content at pancreatic 

stump was quantitatively measured in patients who had undergone PD and a decreased acinar 

content <60 % was seen in 42% of patients, however this included all patients that have under 

gone a PD, irrespective of the primary pathology. (10) Nahm et al. noted a significantly 

decreased mean acinar score in pancreatic cancer and chronic pancreatitis compared to other 

patients in a large cohort of patients who underwent any pancreatic resection for any etiology. 

(11) Korpella et al evaluated acinar density in pancreatic ductal adenocarcinoma patients who 

underwent any curative intent pancreatic resection. They demonstrated acinar atrophy in 76 

% patients. (85) These studies all demonstrate that acinar cell loss may be seen in half or 

more of patients who suffer from pancreatic and periampullary diseases. However, these 

studies have all evaluated a significantly heterogenous population of patients, either including 

both benign and malignant diagnoses or including a multitude of pancreatic surgeries.   

The current study demonstrated parenchymal fibrosis 85 % of the patients. 45 % patients had 

a mild fibrosis while 40 % of them showed marked fibrosis. There was no significant 

difference in the distribution of acinar cell density or extent of fibrosis between the different 

groups of malignancies. Tran et al reported 100 % fibrosis in patients who underwent PD. 

However, the study included both chronic pancreatitis and periampullary malignancies. They 

demonstrated mild fibrosis in 49 % of the patients, similar to the current study; and marked 

fibrosis in 28 % which was lesser than the current study. Uchida et al. demonstrated 

pancreatic fibrosis in all 22 patients who underwent a PD for periampullary malignancies.  

54.5 % patients had a severe fibrosis and 45.5 % had a mild fibrosis. These results were 
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similar to the current study. (84) These results indicate that periampullary malignancies are 

often associated with pancreatic fibrosis. 

Correlation between histological findings and postoperative exocrine and endocrine 

insufficiency 

In context to exocrine insufficiency, in the complete cohort of 20 patients, there was no 

significant correlation between the acinar cell density and exocrine functions, preoperatively 

as well as post operatively. A higher acinar score has been reported to be significantly 

associated with postoperative pancreatic fistula in PD as well as other pancreatic resection 

surgeries. (10,11) A decreased acinar score has also been shown in a single study to be 

associated with exocrine insufficiency. In this study by Yuasa et al the acinar cell density was 

measured as a proportion of acinar cell area on histology slides and correlated with 
13

C-

labeled mixed triglyceride breath test. A significant correlation was noted between the acinar 

cell area of the pancreatic stump and the % dose 
13

C cumulative at 7 hours in patients 

undergoing PD (R = 0.30, P = 0.007). (63) However, this finding was not corroborated in the 

current study.  

A significant inverse correlation between fibrosis score and FE-1 and a significant correlation 

between pancreatic exocrine insufficiency at 3 months was seen. This was not observed at 6 

months. In a subgroup analysis of the separate cohorts with normal preoperative exocrine 

function or pre-existing exocrine dysfunction, no significant correlation between acinar cell 

density or fibrosis score and postoperative exocrine function was noted. 

Tran et al also noted a similar strong inverse correlation between pancreatic fibrosis and 

postoperative FE-1, albeit at  6 months, and their study included a heterogenous population 

including both chronic pancreatitis (25 %) and periampullary malignancies (75 %), while our 

study used a homogenous population of only malignancies and chronic pancreatitis was 

excluded.  (9) Uchida et al studied exocrine function of the pancreatic remnant by 

multiplying the volume of the external pancreatic drain with its amylase levels and correlated 
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it with the grade of fibrosis of pancreatic stump and noted a significant inverse correlation 

between these. The exocrine assessment was done in the early post operative period between 

days 7-14. (84) 

The data from this study support the hypothesis that while pancreatic fibrosis is associated 

with exocrine insufficiency and can be used to stratify the risk for the same 3 months. The 

study also shows that a similar approach for pancreatic acinar score may not be supported. 

The patients who have significant pancreatic fibrosis may be offered a more vigilant 

approach to monitoring for exocrine insufficiency so that timely treatment with PERT may be 

initiated. 

Further, for endocrine function, no significant correlation was seen between acinar cell 

density and preoperative as well as postoperative HbA1c or FBS values or endocrine 

insufficiency in the whole cohort. Similarly, the fibrosis score showed no correlation with 

endocrine functions preoperatively and post operatively. In 12 patients who had a normal 

preoperative endocrine function, acinar cell loss was inversely correlated to HbA1c at 3 

months and fibrosis was inversely correlated to HbA1c at 6 months. In the 8 patients with 

pre-existing endocrine insufficiency, at 3 months follow up, a significant inverse correlation 

between the acinar cell loss and HbA1c values.  

This implies that irrespective of the preoperative endocrine functions, at 3 months, acinar cell 

loss is associated with lower HbA1c values, signifying improved glycemic control and that if 

there in normal endocrine function before surgery, then increased fibrosis also is associated 

with lower HbA1c at 6 months. This is an unexpected finding. There are no studies directly 

comparing acinar cell density or fibrosis score with endocrine function in patients who have 

undergone pancreatic resection or in those who have a periampullary or pancreatic disease, 

benign or malignant. The study by Tran et al studied pancreatic fibrosis but not its direct 

association with endocrine dysfunction, and though the study showed significant correlation 

between fibrosis and endocrine tissues loss, no significant correlation was noted between 
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endocrine loss and post operative endocrine insufficiency. (9) 

In the whole cohort of 20 patients where no association was demonstrated between the 

histological parameters and peri operative endocrine function, 7 patients had loss of acinar 

cells. In the cohort of 12 patients with normal preoperative endocrine function, where acinar 

loss has seen to be associated with improved glycemic control after surgery, acinar loss as 

such was seen only in 3 patients. These numbers are very less to extrapolate the findings of 

the study to a larger population. In the cohort of patients with pre-existing endocrine 

dysfunction, the net number of patients was low (8) and there was also an improvement in 

endocrine functions after surgery which has been hypothesized to be due to relief of jaundice. 

There may be other confounding factors also which may have influenced the post operative 

endocrine functions which are beyond the scope of this study. Thus, the association of acinar 

loss and fibrosis with improvement in post-surgery glycemic control, needs to be 

corroborated after accounting for possible confounders.  

Further studies with a larger sample size may be required to conclusively describe and 

explain the association between histological parameters and endocrine dysfunction after 

surgery. 

SECONDARY OUTCOME: COMPLICATIONS 

All patients were assessed for major and minor complications and graded according to 

Clavien -Dindo scale. Though 80% of patients had some postoperative complication, most of 

them (60 %) had minor complications with a Clavien-Dindo score of I-II, and only 20 % had 

major complications with a score of III-IV. The most common complications were post 

operative pancreatic fistula and surgical site infections both seen in 55 % of patients.  

Post operative pancreatic fistula (POPF): The overall incidence pancreatic fistula formation 

in the current study was 45 % while literature mentions a varied incidence 4 to 60 %  

(49,73,86,87)  A majority of the patients in this study were males, the median PD diameter 

was 3.5 mm and the most common pathology was ampullary carcinoma. All these 3 factors 
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have been shown to be independent risk factors for POPF after PD. (87–91) This could 

explain the high over all rate of POPF int this study.  

However, in current study, of the 11 patients with POPF, only 2 patients had a clinically 

relevant POPF (CR-POPF) (10 %) and the rest had a biochemical leak managed medically. 

This incidence is not higher than that reported in literature. (88,92,93). Retrospective study 

by Liu et demonstrated a similar incidence 7.6 % of CR-POPF(92) and Li et al in a 

metanalysis of Blumgart anastomosis after PD showed incidence of CR-POPF as 0-38 %, 

higher than current study. (93) In a meta-analysis of 27 studies pooled incidence of CR-POPF 

was 17 %, also higher than the current study. (88) A strict adherence to standardized surgical 

technique by all the surgeons in the department may explain the low incidence of CR-POPF 

in this study. 

Delayed gastric emptying (DGE): The other common complication seen in this study was 

delayed gastric emptying and it was seen in 45 % patients (Grade A: 10 %, B: 15 %, C: 10 

%). A majority had a grade B/C DGE. However, as a feeding tube was routinely placed in all 

patients, all with DGE could be successfully managed medically. The incidence of DGE in 

various studies range widely from 17- 45 %. (73,91,92,94,95) . A similarly high incidence of 

DGE as in the current study was shown in the prospective study by Liu et al (36.2%) wherein 

most patients had a similar rate of grade A DGE (22.4%). (96) A high incidence of grade B/C 

DGE was demonstrated in a retrospective study by Robinson et al (24 %). (95) The 

population in our study was predominantly male and a pylorus resecting PD was the routinely 

performed surgery in the department. There was also a high rate of intra-abdominal collection 

and POPF in this study. All these factors which have been shown in studies to be associated 

with a high risk for DGE (96,97) may explain the high incidence of DGE in the current study.  

Post pancreatectomy hemorrhage (PPH): The incidence of PPH in literature is 5- 16 %. (73) 

In the current study a similarly low rate of PPH was seen as only 2 patients (10 %) had PPH 

and the source of bleed in both these patients were a pseudoaneurysm of the gastroduodenal 
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artery. Both these patients had a CR-POPF which is a known risk factor for PPH (73,98) and 

while one patient was managed by angio-embolization and percutaneous drainage, the other 

required surgical control. The strict adherence to standardized surgical techniques and post 

operative enhanced recovery strategies may have contributed to our low rates of POPH. 

Surgical site infection (SSI): There was a high incidence of SSI in this study (55 %) which 

was is in the higher range of that reported in the literature (12-50 %). (99) A majority of the 

patients (55 %) had a history of preoperative biliary drainage, which has been shown to be 

associated with a high risk of post PD wound infections in the study by Suragul et al. (99) 

and this may explain the above finding. This study was conducted in a tertiary care referral 

hospital, and most patients were referred for surgical management after having undergone 

biliary drainage from another center. Preoperative biliary drainage in the absence of 

cholangitis is not routinely performed in the department. 

The other less commonly seen complications were bile leak, chyle leak, CLABSI, pneumonia 

and pancreatitis, which were seen only in 1 to 2 patients 
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LIMITATIONS 

1. Short follow-up- A longer follow-up is advisable for an accurate estimation of 

glycemic tolerance.  However, in the current study, follow up was done at 3 and 6 

months after surgery owing to the limited study duration and inadequate sample sizes 

with longer follow up. 

2. FE-1 assay is less accurate as it has been shown to be less accurate for estimation of 

exocrine insufficiency and malabsorption following pancreatic resections. (100) But it 

is a non-invasive, easy to perform and cost-effective test. Moreover, in a setting as 

ours with poor postoperative follow-up, a single spot stool sample ensured an 

acceptable compliance from the patients. Hence this assay was preferred. 

3. Small sample size- The sample size in the study was less due to logistical issues 

causing poor patients’ compliance with respect to adequate and timely follow-up after 

major surgery in a developing country. There are multiple risk factors associated with 

both endocrine and exocrine insufficiency of pancreas, and these may have the 

findings of this study but these could not be studied in this study owing to the limited 

sample size. 
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STRENGTHS 

a) This study is the first in the literature to analyze the correlation between both the 

histological parameters of acinar cell density and pancreatic fibrosis with preoperative as 

well as postoperative pancreatic endocrine and exocrine functions.  

b) Prospective observational study.  

c) A homogenous population of patients undergoing PD for malignant diseases was used.  

d) A standardized technique for exocrine as well as endocrine insufficiency assessment 

e) Standardized surgical technique throughout the study period. 
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CONCLUSION 

Most of the existing studies on the occurrence of exocrine and endocrine insufficiency 

following pancreatic cancer resection surgery are retrospective and describe either of the two 

insufficiencies. The current study offers the benefit of assessing the course of both exocrine 

and endocrine function prospectively, from the time of pancreatic cancer diagnosis until 6 

months following surgery. The high incidence of preoperative (65 %) and postoperative PEI 

(90 %) in this study indicate that routine perioperative assessment of exocrine function may 

be beneficial in patients who undergo PD for cancers. This might allow for timely treatment 

of PEI to ensure good quality of life, and maybe even long-term survival. The 40 % incidence 

of preoperative endocrine insufficiency indicate that these patients should be routinely 

evaluated and treated for the same. The low incidence of post PD endocrine insufficiency (20 

%), may be attributed to the small period of follow up and further studies with a longer 

follow up may be required for the same. A transient improvement in endocrine dysfunction 

despite acinar cell loss/ fibrosis, in short term follow up was noted in this study, but long-

term results regarding the same are awaited. Hence, it is important to educate patients 

regarding post-resection insufficiencies as well as have a protocoled guideline to risk assess 

patients and identify those at high risk for these insufficiencies to allow for more strict 

monitoring and early treatment. 

This study demonstrated a significant correlation between fibrosis score and PEI and hence it 

is worthwhile to include reporting of pancreatic fibrosis in routine histopathology of these 

patients. The association between acinar cell loss and fibrosis with better postoperative 

glycemic control could be attributed to multiple confounders that were not accounted for in 

this study. Further studies with larger samples may be required to further study this 

association. 

 

  



74 

 

REFERENCES 

1. Huang JJ, Yeo CJ, Sohn TA, Lillemoe KD, Sauter PK, Coleman J, et al. Quality of Life 

and Outcomes After Pancreaticoduodenectomy: Ann Surg. 2000 Jun;231(6):890–8.  

2. Herrera J, Zazpe C, Sánchez P, Tarifa A, Eguaras I, Lera JM. Feasibility, Morbidity and 

Mortality in Two Hundred Consecutive Cases of Pancreaticogastrostomy After 

Pancreaticoduodenectomy. Cir Esp Engl Ed. 2019 Nov 1;97(9):501–9.  

3. V SK, S APJ. Postoperative morbidity following Whipple’s procedure for periampullary 

carcinoma: a retrospective study spanning 5 years. Int J Res Med Sci. 2019 Oct 

24;7(11):4314–9.  

4. Kulemann B, Fritz M, Glatz T, Marjanovic G, Sick O, Hopt UT, et al. Complications 

after pancreaticoduodenectomy are associated with higher amounts of intra- and 

postoperative fluid therapy: A single center retrospective cohort study. Ann Med Surg. 

2017 Feb 27;16:23–9.  

5. J K, B A, J L, Ga W, Wc C, Mmb D, et al. Long-Term Endocrine and Exocrine 

Insufficiency After Pancreatectomy. J Gastrointest Surg Off J Soc Surg Aliment Tract. 

2019 Jan 22;23(8):1604–13.  

6. H N, M W, E G, M C, J D, Jp R. Predictive factors of endocrine and exocrine 

insufficiency after resection of a benign tumour of the pancreas [Internet]. Annales 

d’endocrinologie. 2018 [cited 2020 Nov 5]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/29526248/ 

7. Lim PW, Dinh KH, Sullivan M, Wassef WY, Zivny J, Whalen GF, et al. Thirty-day 

outcomes underestimate endocrine and exocrine insufficiency after pancreatic resection. 

HPB. 2016 Apr;18(4):360–6.  

8. Zv F, Wp T, H L, Ep K, Dg M, Lg K, et al. Preoperative imaging for resectable 

periampullary cancer: clinicopathologic implications of reported radiographic findings 

[Internet]. Journal of gastrointestinal surgery : official journal of the Society for Surgery 

of the Alimentary Tract. 2013 [cited 2020 Nov 5]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/23553385/ 

9. Tran TCK, Hof G van ‘t, Kazemier G, Hop WC, Pek C, Toorenenbergen AW van, et al. 

Pancreatic Fibrosis Correlates with Exocrine Pancreatic Insufficiency after 

Pancreatoduodenectomy. Dig Surg. 2008;25(4):311–8.  

10. Partelli S, Andreasi V, Lena MS, Rancoita PMV, Mazza M, Mele S, et al. The role of 

acinar content at pancreatic resection margin in the development of postoperative 

pancreatic fistula and acute pancreatitis after pancreaticoduodenectomy. Surgery. 2021 

Oct 1;170(4):1215–22.  

11. Nahm CB, Brown KM, Townend PJ, Colvin E, Howell VM, Gill AJ, et al. Acinar cell 

density at the pancreatic resection margin is associated with post-pancreatectomy 

pancreatitis and the development of postoperative pancreatic fistula. HPB. 2018 May 

1;20(5):432–40.  



75 

 

12. Pathanki AM, Attard JA, Bradley E, Powell-Brett S, Dasari BVM, Isaac JR, et al. 

Pancreatic exocrine insufficiency after pancreaticoduodenectomy: Current evidence and 

management. World J Gastrointest Pathophysiol. 2020 Apr 12;11(2):20–31.  

13. TREATMENT OF CARCINOMA OF THE AMPULLA OF VATER - PMC [Internet]. 

[cited 2022 Dec 17]. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1391173/ 

14. Schnelldorfer T, Adams DB, Warshaw AL, Lillemoe KD, Sarr MG. Forgotten pioneers 

of pancreatic surgery: beyond the favorite few. Ann Surg. 2008 Jan;247(1):191–202.  

15. Are C, Dhir M, Ravipati L. History of pancreaticoduodenectomy: early misconceptions, 

initial milestones and the pioneers. HPB. 2011 Jun;13(6):377–84.  

16. Whipple AO, Parsons WB, Mullins CR. TREATMENT OF CARCINOMA OF THE 

AMPULLA OF VATER. Ann Surg. 1935 Oct;102(4):763–79.  

17. Narayanan S, Martin AN, Turrentine FE, Bauer TW, Adams RB, Zaydfudim VM. 

Mortality after pancreaticoduodenectomy: assessing early and late causes of patient 

death. J Surg Res. 2018 Nov;231:304–8.  

18. Shinde RS, Pandrowala S, Navalgund S, Pai E, Bhandare MS, Chaudhari VA, et al. 

Centralisation of Pancreatoduodenectomy in India: Where Do We Stand? World J Surg. 

2020 Jul;44(7):2367–76.  

19. Gleeson EM, Shaikh MF, Shewokis PA, Clarke JR, Meyers WC, Pitt HA, et al. 

WHipple-ABACUS, a simple, validated risk score for 30-day mortality after 

pancreaticoduodenectomy developed using the ACS-NSQIP database. Surgery. 2016 

Nov;160(5):1279–87.  

20. Shah OJ, Singh M, Lattoo MR, Bangri SA. Pancreaticoduodenectomy: A study from 

India on the impact of evolution from a low to a high volume unit. World J Gastrointest 

Surg. 2016 Aug 27;8(8):583–9.  

21. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The 2016 

update of the International Study Group (ISGPS) definition and grading of postoperative 

pancreatic fistula: 11 Years After. Surgery. 2017 Mar;161(3):584–91.  

22. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al. Delayed 

gastric emptying (DGE) after pancreatic surgery: a suggested definition by the 

International Study Group of Pancreatic Surgery (ISGPS). Surgery. 2007 

Nov;142(5):761–8.  

23. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al. 

Postpancreatectomy hemorrhage (PPH): an International Study Group of Pancreatic 

Surgery (ISGPS) definition. Surgery. 2007 Jul;142(1):20–5.  

24. Clavien PA, Strasberg SM. Severity grading of surgical complications. Ann Surg. 2009 

Aug;250(2):197–8.  



76 

 

25. Reid-Lombardo Km, Ramos-De la Medina A, Thomsen K, Harmsen W, Farnell M. 

Long-term Anastomotic Complications After Pancreaticoduodenectomy for Benign 

Diseases. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2007 Dec 1;11:1704–11.  

26. Flynn D, Belkin E, Howell DA, Rolshud D, Stefan A. Late Complications of Whipple’s 

Resection: Endoscopic Recognition and Treatment: 814. Off J Am Coll Gastroenterol 

ACG. 2018 Oct;113:S452.  

27. Ohtsuka M, Miyazaki M. Long-Term Survival After Resection of Periampullary 

Cancer. In: The Pancreas [Internet]. John Wiley & Sons, Ltd; 2018 [cited 2022 Dec 17]. 

p. 1097–106. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119188421.ch146 

28. Zakaria H, sallam AN, Ayoub II, Gad EH, Taha M, Roshdy MR, et al. Prognostic 

factors for long-term survival after pancreaticoduodenectomy for periampullary 

adenocarcinoma. A retrospective cohort study. Ann Med Surg. 2020 Sep 1;57:321–7.  

29. Hwang H, Kim H, Sohn HJ, Lee M, Kim HS, Han Y, et al. Stool Elastase as an 

Independent Prognostic Factor in Patients with Pancreatic Head Cancer. J Clin Med. 

2022 Jun 27;11(13):3718.  

30. Kennedy EP, Yeo CJ. Pancreaticoduodenectomy with extended retroperitoneal 

lymphadenectomy for periampullary adenocarcinoma. Surg Oncol Clin N Am. 2007 

Jan;16(1):157–76.  

31. Hartman V, Op de Beeck B, Chapelle T, Bracke B, Ysebaert D, De Block C, et al. 

Prediction of exocrine and endocrine insufficiency after pancreaticoduodenectomy using 

volumetry. Acta Chir Belg. 2020 Jul 3;120(4):257–64.  

32. Saluja SS, Kiran S, Mishra PK, Ramaswamy D, Varshney VK, Godhi S, et al. Long-

Term Functional Outcome After Pancreatoduodenectomy for Periampullary Carcinoma 

With Morphological Correlation. Pancreas. 2019 Oct;48(9):1182–7.  

33. Lim JH, Park JS, Yoon DS. Preoperative fecal elastase-1 is a useful prognostic marker 

following curative resection of pancreatic cancer. HPB. 2017 May;19(5):388–95.  

34. Kroon VJ, Daamen LA, Tseng DSJ, de Vreugd AR, Brada LJH, Busch OR, et al. 

Pancreatic exocrine insufficiency following pancreatoduodenectomy: A prospective bi-

center study. Pancreatol Off J Int Assoc Pancreatol IAP Al. 2022 Nov;22(7):1020–7.  

35. Kwon JH, Kim SC, Shim IK, Song KB, Lee JH, Hwang DW, et al. Factors Affecting 

the Development of Diabetes Mellitus After Pancreatic Resection. Pancreas. 2015 

Nov;44(8):1296–303.  

36. Lindkvist B. Diagnosis and treatment of pancreatic exocrine insufficiency. World J 

Gastroenterol WJG. 2013 Nov 14;19(42):7258–66.  

37. Zv F, Dm A, Cf C, Rd N, Ln T, M R, et al. Health-related Quality of Life and 

Functional Outcomes in 5-year Survivors After Pancreaticoduodenectomy [Internet]. 

Annals of surgery. 2017 [cited 2020 Nov 8]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/28657944/ 



77 

 

38. Jarnagin WR, Allen PJ, Chapman WC, D’Angelica MI, DeMatteo RP, Do RKG, et al., 

editors. Blumgart’s surgery of the liver, biliary tract, and pancreas. Sixth edition. 

Philadelphia, PA: Elsevier; 2017.  

39. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes—

2022 | Diabetes Care | American Diabetes Association [Internet]. [cited 2022 Nov 28]. 

Available from: 

https://diabetesjournals.org/care/article/45/Supplement_1/S17/138925/2-Classification-

and-Diagnosis-of-Diabetes 

40. Wu JM, Ho TW, Kuo TC, Yang CY, Lai HS, Chiang PY, et al. Glycemic Change After 

Pancreaticoduodenectomy: A Population-Based Study. Medicine (Baltimore). 2015 

Jul;94(27):e1109.  

41. Kusakabe J, Anderson B, Liu J, Williams GA, Chapman WC, Doyle MM, et al. Long 

Term Endocrine and Exocrine Insufficiency after Pancreatectomy. J Gastrointest Surg 

Off J Soc Surg Aliment Tract. 2019 Aug;23(8):1604–13.  

42. Oh HM, Yoon YS, Han HS, Kim JH, Cho JY, Hwang DW. Risk factors for 

pancreatogenic diabetes after pancreaticoduodenectomy. Korean J Hepato-Biliary-

Pancreat Surg. 2012 Nov;16(4):167–71.  

43. Ferrara MJ, Lohse C, Kudva YC, Farnell MB, Que FG, Reid-Lombardo KM, et al. 

Immediate post-resection diabetes mellitus after pancreaticoduodenectomy: incidence 

and risk factors. HPB. 2013 Mar;15(3):170–4.  

44. Cai Z, Li G, Bao S, Bian X, Fan Y, Chen X, et al. Analysis of influencing factors for 

pancreatic endocrine and exocrine insufficiency after pancreaticoduodenectomy. Chin J 

Dig Surg. 2020;414–20.  

45. K T, M T, Sk S, Sp M, Hs S. Assessment of Exocrine Function of Pancreas Following 

Pancreaticoduodenectomy [Internet]. Indian journal of surgical oncology. 2019 [cited 

2020 Nov 5]. Available from: https://pubmed.ncbi.nlm.nih.gov/31168245/ 

46. Keller J, Hammer HF, Afolabi PR, Benninga M, Borrelli O, Dominguez-Munoz E, et al. 

European guideline on indications, performance and clinical impact of 13 C-breath tests 

in adult and pediatric patients: An EAGEN, ESNM, and ESPGHAN consensus, 

supported by EPC. United Eur Gastroenterol J. 2021 Jun;9(5):598–625.  

47. Vanga RR, Tansel A, Sidiq S, El-Serag HB, Othman M. Diagnostic Performance of 

Measurement of Fecal Elastase-1 in Detection of Exocrine Pancreatic Insufficiency – 

Systematic Review and Meta-analysis. Clin Gastroenterol Hepatol Off Clin Pract J Am 

Gastroenterol Assoc. 2018 Aug;16(8):1220-1228.e4.  

48. von Schassen H, Keller J, Layer P. METHODS AND PRINCIPLES OF PANCREATIC 

FUNCTION TESTS. In: Yang HC, Yeh WK, McCarthy JR, editors. Enzyme 

Technologies [Internet]. Hoboken, NJ: John Wiley & Sons, Inc; 2013 [cited 2022 Dec 

4]. p. 335–9. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/9781118739907.ch10 



78 

 

49. Matsumoto J, Traverso LW. Exocrine function following the whipple operation as 

assessed by stool elastase. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2006 

Nov;10(9):1225–9.  

50. Rothenbacher D, Löw M, Hardt PD, Klör HU, Ziegler H, Brenner H. Prevalence and 

determinants of exocrine pancreatic insufficiency among older adults: results of a 

population-based study. Scand J Gastroenterol. 2005 Jun;40(6):697–704.  

51. Beharry S, Ellis L, Corey M, Marcon M, Durie P. How useful is fecal pancreatic 

elastase 1 as a marker of exocrine pancreatic disease? J Pediatr. 2002 Jul;141(1):84–90.  

52. C L, A M, Ur F. Faecal elastase 1: a novel, highly sensitive, and specific tubeless 

pancreatic function test [Internet]. Gut. 1996 [cited 2020 Nov 9]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/8944569/ 

53. The Clinical Usefulness of Fecal Elastase-1 Test as an Exocrine Pancreatic Function 

Test for the Diagnosis of Chronic Pancreatitis. Korean J Gastrointest Endosc. 2004 Dec 

30;29(6):500–13.  

54. Nordback I, Parviainen M, Piironen A, Räty S, Sand J. Obstructed 

pancreaticojejunostomy partly explains exocrine insufficiency after pancreatic head 

resection. Scand J Gastroenterol. 2007 Feb;42(2):263–70.  

55. Kumar TK, Tewari M, Shukla SK, Mishra SP. Pancreatic exocrine insufficiency occurs 

in most patients following pancreaticoduodenectomy. Indian J Cancer. 2021 Oct 

1;58(4):511.  

56. Yu HH, Yang TM, Shan YS, Lin PW. Zinc deficiency in patients undergoing 

pancreatoduodenectomy for periampullary tumors is associated with pancreatic exocrine 

insufficiency. World J Surg. 2011 Sep;35(9):2110–7.  

57. Budipramana VS, Witarto AP, Witarto BS, Pramudito SL, Ratri LC, Wairooy NAP, et 

al. Risk factors for exocrine pancreatic insufficiency after pancreatic surgery: a 

systematic review and meta-analysis. Can J Surg. 2022 Nov 16;65(6):E770–81.  

58. Radlinger B, Ramoser G, Kaser S. Exocrine Pancreatic Insufficiency in Type 1 and 

Type 2 Diabetes. Curr Diab Rep. 2020 Apr 1;20(6):18.  

59. Piciucchi M, Capurso G, Archibugi L, Delle Fave MM, Capasso M, Delle Fave G. 

Exocrine Pancreatic Insufficiency in Diabetic Patients: Prevalence, Mechanisms, and 

Treatment. Int J Endocrinol. 2015 Mar 29;2015:e595649.  

60. Zhao HL, Sui Y, Guan J, Lai FMM, Gu XM, He L, et al. Topographical associations 

between islet endocrine cells and duct epithelial cells in the adult human pancreas. Clin 

Endocrinol (Oxf). 2008 Sep;69(3):400–6.  

61. Shiratori K, Shimizu K. Insulo–Acinar Relationship. In: The Pancreas [Internet]. John 

Wiley & Sons, Ltd; 2018 [cited 2022 Dec 14]. p. 123–31. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119188421.ch12 

62. Chakraborty PP. A Look Inside the Pancreas: The Endocrine-Exocrine Cross-talk? 

Endocrinol Metab Syndr [Internet]. 2015 [cited 2022 Dec 14];04(01). Available from: 



79 

 

https://www.omicsonline.org/open-access/a-look-inside-the-pancreas-the-

endocrineexocrine-crosstalk-2161-1017-1000160.php?aid=40704 

63. Yuasa Y, Murakami Y, Nakamura H, Uemura K, Ohge H, Sudo T, et al. Histological 

loss of pancreatic exocrine cells correlates with pancreatic exocrine function after 

pancreatic surgery. Pancreas. 2012 Aug;41(6):928–33.  

64. Appropriate body-mass index for Asian populations and its implications for policy and 

intervention strategies. The Lancet. 2004 Jan;363(9403):157–63.  

65. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb C, 

et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 

Guideline for the Prevention, Detection, Evaluation, and Management of High Blood 

Pressure in Adults. J Am Coll Cardiol. 2018 May;71(19):e127–248.  

66. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al. Toxicity 

and response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol. 

1982 Dec;5(6):649.  

67. Shin DW, Kim J. The American Joint Committee on Cancer 8th edition staging system 

for the pancreatic ductal adenocarcinoma: is it better than the 7th edition? Hepatobiliary 

Surg Nutr. 2020 Feb;9(1):98–100.  

68. Cloyd JM. Staging for Ampullary Carcinoma: Is Less Actually More? Ann Surg Oncol. 

2019 Jun 1;26(6):1598–600.  

69. Jun SY, Sung YN, Lee JH, Park KM, Lee YJ, Hong SM. Validation of the Eighth 

American Joint Committee on Cancer Staging System for Distal Bile Duct Carcinoma. 

Cancer Res Treat Off J Korean Cancer Assoc. 2019 Jan;51(1):98–111.  

70. Dindo D, Demartines N, Clavien PA. Classification of Surgical Complications: A New 

Proposal With Evaluation in a Cohort of 6336 Patients and Results of a Survey. Ann 

Surg. 2004 Aug;240(2):205–13.  

71. Surgical Site Infection. 2023;  

72. D’Cruz JR, Misra S, Shamsudeen S. Pancreaticoduodenectomy [Internet]. StatPearls 

[Internet]. StatPearls Publishing; 2022 [cited 2022 Dec 17]. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK560747/ 

73. Penumadu P, Barreto SG, Goel M, Shrikhande SV. Pancreatoduodenectomy - 

Preventing Complications. Indian J Surg Oncol. 2015 Mar;6(1):6–15.  

74. Zubair AB, Sherwani IARK, Ahmad M, Tahir MA, Khalil MI, Bukhari MM, et al. The 

Spectrum of Postoperative Complications and Outcomes After 

Pancreaticoduodenectomy: A Retrospective Outlook From a Developing Country. 

Cureus [Internet]. 2022 Feb 14 [cited 2022 Dec 17];14(2). Available from: 

https://www.cureus.com/articles/80932-the-spectrum-of-postoperative-complications-

and-outcomes-after-pancreaticoduodenectomy-a-retrospective-outlook-from-a-

developing-country 



80 

 

75. Mohan A, Gupta R, Yadav TD, Gupta V, Sharma V, Mandavdhare H, et al. Association 

of Intra-Operative Bile Culture with Post-Operative Complications after 

Pancreaticoduodenectomy. Surg Infect. 2022 May;23(4):351–6.  

76. Sikkens ECM, Cahen DL, de Wit J, Looman CWN, van Eijck C, Bruno MJ. Prospective 

assessment of the influence of pancreatic cancer resection on exocrine pancreatic 

function. Br J Surg. 2014 Jan;101(2):109–13.  

77. Lemaire E, O’Toole D, Sauvanet A, Hammel P, Belghiti J, Ruszniewski P. Functional 

and morphological changes in the pancreatic remnant following 

pancreaticoduodenectomy with pancreaticogastric anastomosis. Br J Surg. 2000 

Apr;87(4):434–8.  

78. Sakata N, Egawa S, Rikiyama T, Yoshimatsu G, Masuda K, Ohtsuka H, et al. Computed 

tomography reflected endocrine function of the pancreas. J Gastrointest Surg Off J Soc 

Surg Aliment Tract. 2011 Mar;15(3):525–32.  

79. Singh AN, Pal S, Kilambi R, Madhusudhan KS, Dash NR, Tandon N, et al. Diabetes 

after pancreaticoduodenectomy: can we predict it? J Surg Res. 2018 Jul;227:211–9.  

80. Kim YW, Han HS, Choi YM. Reversible Diabetes Mellitus due to Obstructive Jaundice. 

Korean J Hepato-Biliary-Pancreat Surg. 1998;103–7.  

81. Kasahara K, Yasuda Y, Futenma A, Yamashita Y, Tenmoku S, Kashii A, et al. [Clinical 

study on glucose intolerance and insulin response in obstructive jaundice]. Nihon Geka 

Gakkai Zasshi. 1985 Feb;86(2):160–72.  

82. Niwa T, Nimura Y, Niki I. Lack of effect of incretin hormones on insulin release from 

pancreatic islets in the bile duct-ligated rats. Am J Physiol Endocrinol Metab. 2001 

Jan;280(1):E59-64.  

83. Pannala R, Leirness JB, Bamlet WR, Basu A, Petersen GM, Chari ST. Prevalence and 

Clinical Profile of Pancreatic Cancer-associated Diabetes mellitus. Gastroenterology. 

2008 Apr;134(4):981–7.  

84. Uchida E, Tajiri T, Nakamura Y, Aimoto T, Naito Z. Relationship between grade of 

fibrosis in pancreatic stump and postoperative pancreatic exocrine activity after 

pancreaticoduodenectomy: with special reference to insufficiency of 

pancreaticointestinal anastomosis. J Nippon Med Sch Nippon Ika Daigaku Zasshi. 2002 

Dec;69(6):549–56.  

85. Korpela T, Ristimäki A, Udd M, Vuorela T, Mustonen H, Haglund C, et al. Pancreatic 

fibrosis, acinar atrophy and chronic inflammation in surgical specimens associated with 

survival in patients with resectable pancreatic ductal adenocarcinoma. BMC Cancer. 

2022 Jan 3;22(1):23.  

86. Halloran CM, Cox TF, Chauhan S, Raraty MGT, Sutton R, Neoptolemos JP, et al. 

Partial pancreatic resection for pancreatic malignancy is associated with sustained 

pancreatic exocrine failure and reduced quality of life: a prospective study. Pancreatol 

Off J Int Assoc Pancreatol IAP Al. 2011;11(6):535–45.  



81 

 

87. Hu BY, Wan T, Zhang WZ, Dong JH. Risk factors for postoperative pancreatic fistula: 

Analysis of 539 successive cases of pancreaticoduodenectomy. World J Gastroenterol. 

2016 Sep 14;22(34):7797–805.  

88. Zhang B, Yuan Q, Li S, Xu Z, Chen X, Li L, et al. Risk factors of clinically relevant 

postoperative pancreatic fistula after pancreaticoduodenectomy: A systematic review 

and meta-analysis. Medicine (Baltimore). 2022 Jul 1;101(26):e29757.  

89. Kawai M, Kondo S, Yamaue H, Wada K, Sano K, Motoi F, et al. Predictive risk factors 

for clinically relevant pancreatic fistula analyzed in 1,239 patients with 

pancreaticoduodenectomy: multicenter data collection as a project study of pancreatic 

surgery by the Japanese Society of Hepato-Biliary-Pancreatic Surgery. J Hepato-Biliary-

Pancreat Sci. 2011;18(4):601–8.  

90. Yang Y, Fu X, Zhu S, Cai Z, Qiu Y, Mao L. Vater’s ampullary carcinoma increases the 

risk of clinically relevant postoperative pancreatic fistula after 

pancreaticoduodenectomy: A retrospective and propensity score-matched analysis. 

BMC Gastroenterol. 2022 Feb 6;22(1):51.  

91. Chen. Pancreatic fistula after pancreaticoduodenectomy: Risk factors and preventive 

strategies [Internet]. [cited 2022 Dec 20]. Available from: 

https://www.cancerjournal.net/article.asp?issn=0973-

1482;year=2019;volume=15;issue=4;spage=857;epage=863;aulast=Chen 

92. Liu R, Cai Y, Cai H, Lan Y, Meng L, Li Y, et al. Dynamic prediction for clinically 

relevant pancreatic fistula: a novel prediction model for laparoscopic 

pancreaticoduodenectomy. BMC Surg. 2021 Jan 4;21(1):7.  

93. Li Z, Wei A, Xia N, Zheng L, Yang D, Ye J, et al. Blumgart anastomosis reduces the 

incidence of pancreatic fistula after pancreaticoduodenectomy: a systematic review and 

meta-analysis. Sci Rep. 2020 Oct 21;10(1):17896.  

94. Mohammed S, Van Buren II G, McElhany A, Silberfein EJ, Fisher WE. Delayed gastric 

emptying following pancreaticoduodenectomy: Incidence, risk factors, and healthcare 

utilization. World J Gastrointest Surg. 2017 Mar 27;9(3):73–81.  

95. Robinson JR, Marincola P, Shelton J, Merchant NB, Idrees K, Parikh AA. Peri-

operative risk factors for delayed gastric emptying after a pancreaticoduodenectomy. 

HPB. 2015 Jun 1;17(6):495–501.  

96. Liu QY, Li L, Xia HT, Zhang WZ, Cai SW, Lu SC. Risk factors of delayed gastric 

emptying following pancreaticoduodenectomy. ANZ J Surg. 2016;86(1–2):69–73.  

97. Ellis RJ, Gupta AR, Hewitt DB, Merkow RP, Cohen ME, Ko CY, et al. Risk factors for 

post-pancreaticoduodenectomy delayed gastric emptying in the absence of pancreatic 

fistula or intra-abdominal infection. J Surg Oncol. 2019;119(7):925–31.  

98. Das S, Ray S, Mangla V, Mehrotra S, Lalwani S, Mehta NN, et al. Post 

pancreaticoduodenectomy hemorrhage: A retrospective analysis of incidence, risk 

factors and outcome. Saudi J Gastroenterol Off J Saudi Gastroenterol Assoc. 2020 Aug 

18;26(6):337–43.  



82 

 

99. Suragul W, Rungsakulkij N, Vassanasiri W, Tangtawee P, Muangkaew P, 

Mingphruedhi S, et al. Predictors of surgical site infection after 

pancreaticoduodenectomy. BMC Gastroenterol. 2020 Jun 26;20(1):201.  

100. Benini L, Amodio A, Campagnola P, Agugiaro F, Cristofori C, Micciolo R, et al. Fecal 

elastase-1 is useful in the detection of steatorrhea in patients with pancreatic diseases 

but not after pancreatic resection. Pancreatol Off J Int Assoc Pancreatol IAP Al. 

2013;13(1):38–42.  

 

  



83 

 

IEC CERTIFICATE

  



84 

 

PATIENT INFORMED CONSENT FORM 

 

Participant identification number for this trial: _______________________ 

 

Title of project: Acinar cell density and fibrosis scoring in post pancreaticoduodenectomy 

specimen for malignancies and its correlation with post operative pancreatic exocrine and 

endocrine insufficiency 

 

Name of Principal Investigator: Dr Shabana                                  

Tel.No.: 9047532081 

 

The contents of the information sheet dated ……………….. that was provided have been 

read carefully by me / explained in detail to me, in a language that I comprehend, and I have 

fully understood the contents.  I confirm that I have had the opportunity to ask questions. 

 

The nature and purpose of the study and its potential risks / benefits and expected duration of 

the study, and other relevant details of the study have been explained to me in detail.  I 

understand that my participation is voluntary and that I am free to withdraw at any time, 

without giving any reason, without my medical care or legal right being affected. 

 

I understand that the information collected about me from my participation in this research 

and sections of any of my medical notes may be looked at by responsible individuals from 

AIIMS.  I give permission for these individuals to have access to my records. 

 

I agree to take part in the above study. 

 

---------------------------------------------                   Date: 

(Signatures / Left Thumb Impression)       Place: 

Name of the Participant: ____________________________________  

Son / Daughter / Spouse of: __________________________________  

Complete postal address: _____________________________________  

 

 

 

This is to certify that the above consent has been obtained in my presence. 

 

Signatures of the Principal Investigator       Date: 

           Place:  

 

1)  Witness – 1      2) Witness – 2 

 

Signatures       Signatures  

Name:       Name:  

Address:       Address:  

 

  



85 

 

सहभागी सिुचत सहमित "प$ 

इस जाचं के िलए सहभागी पहचान नमबर_______________ 

अनुस4धान  शीष8क : Acinar cell density and fibrosis scoring in post pancreaticoduodenectomy 

specimen for malignancies and its correlation with post-operative pancreatic exocrine and 

endocrine insufficiency 

 

म9ुय अ4वेषक का नाम : Dr Shabana              फोन नंबर: 
9047532081 

म>ने ?दनांक_______________ के सचूना प$ मB ?दये गए सभी तCयो को पड़ िलया ह>| मुझे समझ 

आने वालीं भाषा म> GवHतारपूव8क बIा ?दया है और मनैB तCयो को भली भांित समझ िलया है| म> पुGL 

करता हँू ?क मझेु "शन पछुने का अवसर ?दया गया है| 

मझेु अOययन कP "कृित, उSेTय और इसके सUभाGवत लाभ/जोVखमX और अOययन कP सUभाGवत 

अविध अ4य "ासिंगक जानकारY के बारे मB GवHतार पुव8क समझा ?दया गया है | मB समझाता हँू ?क 

इस अOययन मB मेरY भािगधारY Hवेिछक है और इस अOययन से ?कसी भी समय Gबना कोई कारण 

बताए, Gबना मेरY िच?क\सा देखभाल या कानूनी अिधकारX के "भाGवत हए अपना नाम वाGपस ले 

सकता/सकती हँू | 

म> समझता हँू ?क इस अनसु4धान मB मेरY सहभािगता से मेरे बारे मB एक$ जानकारY और िच?क\सीय 

नोटX को एUस अHपताल के VजUमेदार लोगो ^ारा देखा जायेगा| म> इन _यG`यX को अपने aरकोड8 

देखने ?क अनुमित "दान करता/करती हँू | 

म> उपयु̀ 8  अOयन मB भाग लेने के िलए अपनी सहमित "दान करता /करती हँू | 

सहभागी के हHताcर / बाए ंअगूंठे का िनशान         ?दनांक:               Hथान:  

सहभागी का नाम  

Gपता/पित का नाम  

पूरा पता  

 

 

 

यह "माVणत ?कया जाता हे ?क उपयु̀ 8  सहमित मेरY उपHथित मB ली गf ह> | 

म9ुय अ4वेषक के हHताcर                    ?दनाक:        Hथान: 

१) गवाह के हHताcर    २) गवाह के हHताcर  

   नाम          नाम 

   पता          पता 
     

 

  



86 

 

PATIENT INFORMATION SHEET 

 

Title: Acinar cell density and fibrosis scoring in post pancreaticoduodenectomy 

specimen for malignancies and its correlation with post-operative pancreatic exocrine 

and endocrine insufficiency 

 

Name of Participant: .................................................................................. 

You are invited to take part in this research study. The information in this document is meant 

to help you decide whether or not to take part. Please feel free to ask if you have any queries 

or concerns. 

You are being asked to participate in this study being conducted in AIIMS, Jodhpur because 

you satisfy our eligibility criteria. 

 

What is the purpose of research? 

This study will look into the pre-operative pancreatic fibrosis score and acinar cell density, in 

the post- pancreaticoduodenectomy specimen, and correlate these with post-operative 

pancreatic exocrine and endocrine insufficiency.  If you enroll in it you will be benefitted by 

early diagnosis of pancreatic insufficiencies which will allow for early management of the 

same and by way of which you may have a better quality of life. We have obtained 

permission from the Institutional Ethics Committee for conducting this study. 

 

The study design 

The study will be a single center prospective observational study and patients will be 

recruited from Department of Surgical gastroenterology. 

 

Study Procedures 

The study will involve histopathological evaluation of the pancreatic fibrosis score and acinar 

cell density, in the post- pancreaticoduodenectomy specimen. The study will also involve pre- 

operative and post-operative analysis of pancreatic exocrine and endocrine functions, by 

clinical history of steatorrhea; post-operative new onset diabetes mellitus requiring treatment 

in the form of dietary modifications, oral hypoglycemic agents and/ or insulin; as well as 

biochemical assay- fecal elastase 1 test, fasting plasma glucose and serum HbA1c levels. You 

will be informed about each of these tests in detail. 

 

Possible risks to you. 

There is added risk of additional blood tests in addition to the risks attributed to the disease 

and the surgery. 

 

Possible benefits to you 

You will have the added benefit of early diagnosis of post-operative pancreatic endocrine and 

exocrine insufficiency, which will allow for early treatment and possible improvement in 

quality of life. 

 

Compensation 

Nil 

 

Possible benefits to other people 

The results of the research may provide benefits to the society in terms of advancement of 

medical knowledge and/or therapeutic benefit to future patients. 

 

The alternatives you have 
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If you do not wish to participate, you still will get the histopathology report of your 

histopathology specimen.  

 

Reimbursement 

You will not be paid to participate in this research study. 

 

What should you do in case of injury or a medical problem during this research study? 

Your safety is the prime concern of the research. If you are injured or have a medical problem 

as a result of being in this study, you should contact one of the people listed at the end of the 

consent form. You will be provided the required care/treatment. 

 

Confidentiality of the information obtained from you     

You have the right to confidentiality regarding the privacy of your medical information 

(personal details, results of physical examinations, investigations, and your medical history). 

By signing this document, you will be allowing the research team investigators, other study 

personnel, sponsors, institutional ethics committee and any person or agency required by law 

like the Drug Controller General of India to view your data, if required. The results of clinical 

tests and therapy performed as part of this research may be included in your medical record. 

The information from this study, if published in scientific journals or presented at scientific 

meetings, will not reveal your identity. 

 

How will your decision to not participate in the study affect you? 

Your decision not to participate in this research study will not affect your medical care or 

your relationship with the investigator or the institution. Your doctor will still take care of 

you and you will not lose any benefits to which you are entitled. 

 

Can you decide to stop participating in the study once you start? 

The participation in this research is purely voluntary and you have the right to withdraw from 

this study at any time during the course of the study without giving any reasons.  

 

Can the investigator take you off the study? 

You may be taken off the study without your consent. 

 

Right to new information 

If the research team gets any new information during this research study that may affect your 

decision to continue participating in the study, or may raise some doubts, you will be told 

about that information. 

 

Contact persons 

For further information / questions, you can contact us at the following address: 

 

Principal Investigator: 

Dr. Shabana           

Senior resident                                                                                  Phone: 9047532081 

Dept. of Surgical Gastroenterology     Email: 

drshabanajabbar@gmail.com 

 

Principal guide and Co-Investigator 

Dr Subhash Chandra Soni                   Phone: 8447440689 

Assistant professor                     Email: drscssoni@hotmail.com 

Dept. of Surgical Gastroenterology 
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भागीदार&केिलएसचूना 

शीष�क: Acinar cell density and fibrosis scoring in post pancreaticoduodenectomy 

specimen for malignancies and its correlation with post-operative pancreatic exocrine 

and endocrine insufficiency 

 

�ितभागी का नाम: 

………………………………………………………………………………………… 

आपको इस शोध अ$ययन म( भाग लेने के िलए आम3ं4त 6कया गया है। इस द;तावेज़ क> जानकारA 

यह तय करने म( आपक> मदद करने के िलए है 6क भाग लेना है या नहAं। कृपया बेEझझक पूछ(  6क 

Iया आपके पास कोई KL या िचंता है। आपको एNस, जोधपुर म( आयोEजत 6कए जा रहे इस 

अ$ययन म( भाग लेने के िलए कहा जा रहा है IयP6क आप हमारA पा4ता मानदंड को पूरा करते हR। 

शोध का उ#े%य 'या है? 

यह अ+ययन -ी-ऑपरे2टव अ5नाशयी फाइ8ोिसस ;कोर और एसाइनर सेल घन@व मB, पो;ट-

पैन2Cया2टकोडोडेने'टॉमी नमनेू मB 2दखेगा, और इनको पो;ट-ऑपरे2टव अ5नाशय ए'सोCाइन और 

एंडोCाइन अपयाKLता के साथ सहसबंंिधत करेगा। य2द आप इसमB नामांकन करते हR तो आपको 

अ5नाशयी अपयाKLता के शीS िनदान से लाभ होगा जो उसी के -ारंिभक -बंधन के िलए अनुमित देगा 

और Wजस तरXके से आपके पास जीवन कY बेहतर गणुव[ा हो सकती है। हमने इस अ+ययन के 

सचंालन के िलए स;ंथागत आचार सिमित से अनुमित -ाL कY है । 

अ+ययन 2डजाइन 

अ$ययन एक एकल क( S सभंा3वत अवलोकन अ$ययन होगा और रोिगयP को सEजUकल 

गै;Vोएंटेरोलॉजी 3वभाग से भतZ कराया जाएगा। 

अ+ययन -2Cयाए ं

अ+ययन मB अ5नाशयी फाइ8ोिसस ;कोर और एिसनार सेल घन@व का 2ह;टोपथैोलॉWजकल 

म]ूयांकन शािमल होगा, जो पो;ट-पैन2Cया2टकोडोडेने'टॉमी नमनूा मB है। अ+ययन मB 

अ5नाशयी ए'सोCाइन और अंतः_ावी काय` के पूवK-ऑपरे2टव और पो;ट-ऑपरे2टव aवbेषण 

भी शािमल हdगे, जो 2क ;टXयरोeरया के नैदािनक इितहास fारा 2कया जाएगा; आहार के 

सशंोधनd, मौWखक हाइपो5लाइसेिमक एजBटd और / या इंसिुलन के hप मB उपचार कY 

आव%यकता वाले पो;ट-ऑपरे2टव नए शुiआत मधुमेह मेलेटस; साथ हX जैव रासायिनक 

परख- f ecal  el ast ase 1 परXjण, उपवास kलाlमा 5लूकोज और सीरम HbA1c का ;तर। 

साथ हX जैव रासायिनक परख- f ecal  el ast ase 1 परXjण, उपवास kलाlमा 5लकूोज और 

सीरम HbA1c का ;तर। आपको इनमB से -@येक परXjण के बारे मB aव;तार से बताया 

जाएगा। 

आपके िलए सभंाaवत जोWखम 

बीमारX और सजKरX के िलए Wजmमेदार जोWखमd के अलावा अितeरn रn परXjण का जोWखम भी है। 

आपके िलए सभंाaवत लाभ 
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आपको पो ट-ऑपरे%टव अ(नाशयी अंतः1ावी और ए4सो6ाइन क8 अपया9:ता के शु<आती िनदान का 

अित?र@ लाभ होगा, जो Fारंिभक उपचार और जीवन क8 गुणवJा मL सभंाMवत सधुार क8 अनुमित 

देगा। 

नुकसान भरपाई 

शूRय 

अRय लोगS के िलए सभंाMवत लाभ 

शोध के नतीजे भ'व)य के मर-ज. को िच1क2सा 5ान और / या िच1क2सक7य लाभ के उ:नयन के 

मामले म; समाज को लाभ <दान कर सकते ह?। 

आपके पास MवकTप हU 

य1द आप भाग लेना नह-ं चाहते ह?, तो भी आपको अपनी हालत के िलए मानक उपचार िमलेगा। 

अदायगी 

इस शोध अHययन म; भाग लेने के िलए आपको भगुतान नह-ं 1कया जाएगा। 

इस शोध अVययन के दौरान चोट या िच%कXसा सम या के मामले मL आपको 4या करना चा%हए? 

आपक7 सरुJा अनुसधंान क7 <मखु िचंता है। य1द आप इस अHययन म; होने के पMरणामOवPप 

घायल हो गए ह? या िच1क2सा समOया है, तो आपको सहमित फॉमT के अतं म; सचूीबW लोग. म; से 

एक से सपंकT  करना चा1हए। आपको आवXयक देखभाल / उपचार <दान 1कया जाएगा। 

आप से Fा: जानकारY क8 गोपनीयता 

आपको अपनी िच1क2सा जानकार- (Yय'Zगत 'ववरण, शार-Mरक पर-Jाओं के पMरणाम, जांच, और 

आपके िच1क2सा इितहास) क7 गोपनीयता के सबंंध म; गोपनीयता का अिधकार है। इस दOतावेज़ पर 

हOताJर करके, आप अनसुधंान ट-म जांचकताTओं, अ:य अHययन किमTय., <ायोजक., सOंथागत 

नैितकता सिमित और कानून के अनसुार आवXयक 1कसी भी Yय'Z या एज;सी को भारत के _ग 

कं`ोलर जनरल क7 आवXयकता होगी, य1द आवXयक हो तो आपका डेटा देखने के िलए। इस शोध के 

1हOसे के Pप म; 1कए गए नैदािनक पर-Jण और िच1क2सा के पMरणाम आपके मे1डकल MरकॉडT म; 

शािमल 1कए जा सकते ह?। इस अHययन क7 जानकार-, य1द व5ैािनक प'bकाओं म; <कािशत या 

वै5ािनक बैठक. म; <Oतुत क7 गई है, तो आपक7 पहचान <कट नह-ं होगी। 

अVययन मL भाग लेने का आपका िनण9य आपको कैसे FभाMवत करेगा? 

इस शोध अHययन म; भाग लेने के आपके िनणTय से आपक7 िच1क2सा देखभाल या जांचकताT या 

सOंथान के साथ आपके सबंंध <भा'वत नह-ं ह.गे। आपका डॉeटर अभी भी आपक7 देखभाल करेगा 

और आप 1कसी भी लाभ को खो द;गे नह-ं fजसके िलए आप हकदार ह?। 

4या आप शु[ करने के बाद अVययन मL भाग लेने से रोकने का फैसला कर सकते हU? 

इस शोध म; भागीदार- पूर- तरह से Oवfैgछक है और आपको 'बना 1कसी कारण बताए अHययन के 

दौरान 1कसी भी समय इस अHययन से वापस लेने का अिधकार है। 

4या जांचकता9 आपको अVययन से बाहर ले जा सकता है? 

आपको अपनी सहमित के 'बना अHययन से बाहर ले जाया जा सकता है 

नई जानकारY का अिधकार 
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य�द इस शोध अ&ययन के दौरान शोध दल को कोई नई जानकार0 िमलती है जो अ&ययन म7 भाग 

लेने के आपके फैसले को =भा>वत कर सकती है, या कुछ सदेंह उठा सकती है, तो आपको उस 

जानकार0 के बारे म7 बताया जाएगा। 

 

सपंक�  कर! 

अिधक जानकार0 / =HI के िलए, आप िनJनिलKखत पते पर हमसे सपंकM  कर सकते हN: 

म$ुय जाँचकता�: 
 

Dr. Shabana           

Senior resident                                                                    Phone: 9047532081 

Dept. of Surgical Gastroenterology           Email:drshabanajabbar@gmail.com 

 

+,ंिसपल गाइड और सह-जांचकता� 
Dr Subhash Chandra Soni                    Phone: 8447440689  

Assistant professor           Email: drscssoni@hotmail.com 

Dept. of Surgical Gastroenterology 

 

 

 

  



91 

 

DATA COLLECTION SHEET 

 

BASIC INFORMATION OF PATIENT 

 

CHIEF COMPLAINTS 

 

 

RISK FACTORS 

NATURE YES NO DURATION ABSTINENCE  

     

     

     

 

         

PRE-OPERATIVE WORK-UP 

 

CBC  

LFT  

KFT  

Coagulation parameters   

CEA   

CA 19-9  

CECT/ CE-MRI  

 

PRE-OPERATIVE PANCREATIC FUNCTIONS: 

 

Fecal elastase 1   

Fasting plasma glucose  

HbA1c  

 

 

SURGERY 

Procedure: 

Date of Surgery:  

Intra operative Findings:  

 

Name  

Age (in years)  

Sex  

Hospital No.  

Address 

  

 

Phone number  

Index Diagnosis  
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HISTOPATHOLOGICAL ANALYSIS: 

 

Acinar cell density  

Fibrosis score  

 

POST-OPERATIVE FOLLOW UP: 

 

PARAMETERS TIME 

Fecal elastase 1   

Fasting plasma glucose  

HbA1c  

New onset diabetes mellitus   

Other complications  
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PLAGIARISM 
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APPENDIX 

WHO classification of BMI for the Asian population  

Body mass index (BMI) was calculated based on the standard formula. The WHO guidelines 

for the Asian population were used to classify the BMI.   

· Normal: 18.5 - 22.9 kg/m
2
 

· Overweight: 23 - 24.9 kg/m
2
 

· Obesity: ≥ 25 kg/m
2 

(64) 

 

ECOG (Eastern Cooperative Oncology Group) classification of performance status 

· 0: fully active and no restriction in pre-disease performance of any activity 

· 1: Restriction in strenuous physical activity but is fully ambulatory and able to carry 

out light or sedentary type of work 

· 2: Restriction in carrying out all work activities, but able to do complete self-care; not 

fully ambulatory but is out of bed or chair for >50% of waking hours. 

· 3: Able to do only limited self-care and is confined to bed or chair for >50% of 

waking hours. 

· 4: Completely disabled, unable to perform any self-care and completely bed or chair 

ridden 

· 5: Dead (66) 
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 AJCC 8 STAGING 

Pancreatic cancer  

   T1 Maximum tumor diameter ≤2 cm 

   T2 Maximum tumor diameter >2 cm, but ≤4 cm 

   T3 Maximum tumor diameter >4 cm 

   T4 Tumor involves the CA or the SMA (unresectable primary tumor) 

   N0 No regional LN metastasis 

   N1 Metastasis in 1–3 regional LNs 

   N2 Metastasis in ≥4 regional LNs 

   M0 No distant metastasis 

   M1 Distant metastasis 

 

Ampullary and duodenal cancer 

T1a Limited to sphincter of Oddi 

T1b Invasion into duodenal submucosa 

T2 Invasion into duodenal muscularis propria 

T3a Invasion into pancreas ≤ 0.5 cm 

T3b Invasion into pancreas > 0.5 cm or duodenal subserosa 

T4 Involvement of celiac or superior mesenteric artery 

N0 No lymph node involvement 

M0 No distant metastasis 

M1 Distant metastasis 
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Distal cholangiocarcinoma 

T1 Depth of invasion < 5 mm 

T2 Depth of invasion 5-12 mm 

T3 Depth of invasion > 12 mm 

T4 Tumor involves the celiac axis or the superior mesenteric artery 

N0 No regional lymph node metastasis 

N1 Metastasis in 1-3 regional lymph nodes 

N2 Metastasis in ≥ 4 regional lymph nodes 

M0 No distant metastasis 

M1 Distant metastasis 

 

Clavien-Dindo Classification of surgical complications 

Grade I Any deviation from the normal postoperative course without the need for 

pharmacological treatment or surgical, endoscopic, and radiological 

interventions  

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, 

analgesics, diuretics, electrolytes, and physiotherapy. This grade also 

includes wound infections opened at the bedside 

Grade II Requiring pharmacological treatment with drugs other than such allowed 

for grade I complications 

Blood transfusions and total parenteral nutrition are also included 

Grade III Requiring surgical, endoscopic or radiological intervention 

IIIa Intervention not under general anesthesia 

IIIb Intervention under general anesthesia 

Grade IV Life-threatening complication (including CNS complications)* requiring 

IC/ICU management 
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IVa Single organ dysfunction (including dialysis) 

IVb Multiorgan dysfunction 

Grade V Death of a patient 

Suffix “d” If the patient suffers from a complication at the time of discharge, the 

suffix “d” (for “disability”) is added to the respective grade of 

complication. This label indicates the need for a follow-up to fully 

evaluate the complication 

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient 

ischemic attacks. CNS, central nervous system; IC, intermediate care; ICU, intensive care unit 

 

2007 ISGPS definitions and grades of delayed gastric emptying 

DGE 

grade 

NGT required Unable to tolerate 

solid oral intake 

by POD 

Vomiting/gastric 

distension 

Use of 

prokinetics 

 

A 4–7 days or reinsertion > POD 

3  

7 +/- +/- 

B 8–14 days or reinsertion > 

POD 7 

14 + + 

C 14 days or reinsertion > POD 

14  

21 + + 

 ISGPS: International study group for pancreatic surgery, DGE: Delayed gastric emptying, 

NGT: Nasogastric tube, POD: Post operative day 
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2016 ISGPS definitions and grades of postoperative pancreatic fistula 

Event Biochemical 

leak 

Grade B 

POPF 

Grade C 

POPF 

Drain amylase concentration >3× upper limit of 

normal serum value 

Yes Yes Yes 

Persisting peripancreatic drainage >3 weeks No No Yes 

Clinically relevant change in the management of 

POPF 

No No Yes 

Percutaneous or endoscopic drainage of POPF-

associated collections 

No No Yes 

Angiographic procedures for POPF-associated 

bleeding 

No No Yes 

Reoperation for POPF No No Yes 

Signs of infection related to POPF No Yes 

(without 

organ 

failure) 

Yes (with 

organ 

failure 

POPF-related organ failure No No Yes 

POPF-related death No No Yes 

ISGPF: International Study Group on Pancreatic Fistula; POPF: postoperative pancreatic 

fistula 

ISGPS definition of postpancreatectomy hemorrhage (PPH) 

Time of onset 

Early hemorrhage: </= 24 h after the end of the index operation) 

Late hemorrhage: >24 h after the end of the index operation) 
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Location 

Intraluminal (intraenteric, eg, anastomotidc suture line at stomach or duodenum, 

or pancreatic surface at anastomosis, stress ulcer, pseudoaneurysm) 

Extraluminal (extraenteric, bleeding into the abdominal cavity, eg, from arterial 

or venous vessels, diffuse bleeding from resection area, anastomosis suture lines, 

pseudoaneurysm) 

Severity of Hemorrhage 

Mild-  

· Small or medium volume blood loss (from drains, nasogastric tube, or on 

ultrasonography, decrease in hemoglobin concentration <3 g/dl) 

· Mild clinical impairment of the patient, no therapeutic consequence, or at 

most the need for noninvasive treatment with volume resuscitation or 

blood transfusions (2-3 units packed cells within 24 h of end of operation 

or 1-3 units if later than 24 h after operation) 

· No need for reoperation or interventional angiographic embolization; 

endoscopic treatment of anastomotic bleeding may occur provided the 

other conditions apply 

 

Severe 

· Large volume blood loss (drop of hemoglobin level by > 3 g/dl) 

· Clinically significant impairment (eg, tachycardia, hypotension, oliguria, 

hypovolemic shock), need for blood transfusion (>3 units packed cells) 

· Need for invasive treatment (interventional angiographic embolization, or 

relaparotomy) 
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ISGPS classification of PPH: clinical condition, diagnostic and therapeutic 

consequences 

Grade Time of onset, location, severity 

and clinical 

impact of bleeding 

Clinical 

condition 

Diagnostic 

consequence 

Therapeutic 

consequence 

A Early,  

Intra/ 

extraluminal, 

mild 

 Well Observation, 

blood 

count, 

USG 

and, if 

necessary, 

CT 

No 

B Early,  

Intra/ 

extraluminal, 

severe 

Late,  

Intra/ 

extraluminal, 

Mild* 

Often well/ 

intermediate, 

very rarely 

life-

threatening 

Observation, 

blood 

count, 

USG 

and CT 

Transfusion 

of fluid/ 

blood, 

intermediate 

care unit (or 

ICU), 

therapeutic 

endoscopy,† 

embolization, 

relaparotomy 

for 

early PPH 

C  Late,  Severely Angiography, Localization 
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Intra/ 

extraluminal, 

severe 

impaired, 

life-

threatening 

CT 

Endoscopy** 

of 

bleeding, 

angiography 

and 

embolization, 

(endoscopy†) 

or 

relaparotomy, 

ICU 

ISGPS: International study group for pancreatic surgery, ICU: Intensive care unit, PPH: 

postpancreatectomy hemorrhage. CT: Computed tomography, USG: Ultrasonography 

*Late, intra- or extraluminal, mild bleeding may not be immediately life threatening to 

patient but may be a warning sign for later severe hemorrage 

**Endoscopy should be performed when signs of intraluminal bleeding are present (melena, 

hematemesis, or blood loss via nasogastric tube). 

CDC definition and classification of surgical site infection 

Superficial incisional SSI:  

· Date of event occurs within 30 days following the NHSN operative procedure (where day 

1 = the procedure date) AND 

· involves only skin and subcutaneous tissue of the incision AND 

· patient has at least one of the following: 

a. purulent drainage from the superficial incision. 

b. organism(s) identified from an aseptically-obtained specimen from the superficial 

incision or subcutaneous tissue  

c. a superficial incision that is deliberately opened AND patient has at least one of the 
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following signs or symptoms:  localized pain or tenderness; localized swelling; 

erythema; or heat. 

d. diagnosis of a superficial incisional SSI by a physician 

Deep incisional SSI 

· Date of event occurs within 30 or 90 days AND 

· involves deep soft tissues of the incision (for example, fascial and muscle layers) AND 

· patient has at least one of the following: 

a. purulent drainage from the deep incision. 

b. deep incision that is deliberately opened or aspirated  AND organism(s) identified from 

the deep soft tissues of the incision AND patient has at least one of the following signs or 

symptoms: fever (>38°C); localized pain or tenderness. 

 

Organ/Space SSI 

· Date of event occurs within 30 or 90 days AND  

· involves any part of the body deeper than the fascial/muscle layers that is opened or 

manipulated during the operative procedure AND 

· patient has at least one of the following: 

a. purulent drainage from a drain placed into the organ/space  

b. organism(s) identified from fluid or tissue in the organ/space   

c. an abscess or other evidence of infection involving the organ/space detected on gross 

anatomical exam or histopathologic exam, or imaging test evidence definitive or 

equivocal for infection AND meets at least one criterion for a specific organ/space 

infection site 
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MASTERCHART 

 

 

 

 

 

 

 

 

 



S.No Name UHID Phone number DOS Pathology Acinar density decrease(nol=0, mild=1) Fibrosis score (0=none, 1= mild, 2=moderate) Block no Biopsy T stage (AJCC 8) N stage (AJCC 8) fe preop fe 3m fe-6m hba1 preop hba1c-3m hba1c-6m fbs preop fbs-3m fbs-6m Age Age category (1=31-40, 2= 41-50, 3=51-60, 4= 61-70, 5=71-80) Sex Clavien dindo dge (0=none, A/B/C ISGPS grades) popf (0=none, A/B/C ISGPS grades) pph (0=none, A/B/C ISGPS grades) ssi (0=nones, rest- CDC grading) pneumonia (0=none, 1= present) acites (0=none, 1= present) others (0=none, 1= present) Preop PEI Postop 3m PEI Postop 6m PEI Preop endocrine insufficiency Postop 3m endocrine insufficiency Post 6m endocrine insufficiency pain (0=none, 1= present) vomiting (0=none, 1= present) fever (0=none, 1= present) jaundice (0=none, 1= present) GI bleed (0=none, 1= present) Anorexia (0=none, 1= present) weight loss (0=none, 1= present) preoperative biliary drainage (0=none, 1= CBD stent) DM (0=none, 1= present) HTN (0=none, 1= present) CAD (0=none, 1= present) Other comorbidities (0=none, 1= present) Addictions (0=none, 1= present) Tobacco (0=none, 1= present) Alcohol (0=none, 1= present) Opium (0=none, 1= present) BMI (kg/sq.m) BMI category(1=underweight, 2=normal,3=overweight, 4=obese) ECOG Hb ( g %) TLC (x 1000 cells/ mm3) Platelet counts (x 1000 cells/ mm3) Total bilirubin (mg %) Direct bilirubin (mg %) ALP (IU/L) Albumin (g %) CEA (IU/ml) CA 199 (ng/ ml) CBD (mm) PD (mm) Pancreatic atrophy (0= none, 1= present) Max tumor diameter (cm)

1 Punma Ram 2021/04/013781 8955119918 4/6/2021 Pancreatic MiNEN 1 2 H/2973/21 pT3N1 3a 1 110 23 6 6 4.8 5.2 99 79 86 48 2 M 2 0 0 0 0 0 0 chyle leak 1 2 2 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 16 1 1 12.3 6.1 2.2 1.3 0.2 52 3.4 1.3 2300 6 6 1 2

2 Javari Lal 2021/06/004441 9530051852 21/06/2021 Periampullary adenocarcinoma 1 2 H/3286/21 pT3aN0 3a 0 40 47 47 8 6.5 6.6 210 90 93 80 5 M 2 B A 0 deep 1 0 aspiration pneumonia 2 2 2 1 1 1 0 0 1 1 0 1 1 1 1 1 0 0 0 0 0 0 26 4 1 11.9 9.2 2.5 1.6 0.8 163 3.3 1.75 18.8 16 8 1 3

3 Premlatha 2021/07/004803 9414193674 26/07/2021 Periampullary adenocarcinoma 0 1 H/4128/21 pT2 N1 2 1 260 262 258 7 6.7 6.9 145 96 98 64 4 F 2 C A 0 organ space 0 0 pneumonia 0 0 0 1 1 1 0 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 22.6 2 1 8.4 15.6 3.6 0.4 0.2 167 2.5 2.2 29 10 1 0 2

4 Chaganlal 2021/08/010931 9928537836 6/9/2021 Periampullary adenocarcinoma 0 1 H/5245/21 pT2N2Mx 2 2 100 47 53 11.1 7.1 6.4 285 198 82 41 2 M 1 0 A 0 0 0 0 0 1 2 2 1 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 18.6 2 0 13 6.8 0.97 5.5 3.3 440 4.2 1.09 70 18.5 6 0 1.8

5 Neemba ram 2021/09/005852 9587336562 15/09/2021 Pancreatic ductal adenocarcinoma 1 2 H/5612 /21 pT2N1 2 1 376 22.5 6 11.4 5.7 5.6 245 106 110 65 4 M 1 0 0 0 superficial 0 0 CLABSI 0 2 2 1 0 0 1 0 0 0 0 1 1 0 1 0 0 HBV 0 0 0 0 21.2 2 1 12.7 5.1 3 5.5 3.3 180 3.9 5.8 543 16 11 0 3.5

6 Tan sukh 2021/09/010099 9413148085 22/09/2021 Distal Cholangiocarcinoma 0 0 H/5817/2021 pT1cpN0 1 0 41 520 23 11.2 6.9 6.9 267 93 135 53 3 M 0 0 0 0 0 0 0 0 2 0 2 1 1 1 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 20.7 2 1 12.9 8.5 3.2 7.9 4.9 546 3.4 1.8 75 17 3 0 3

7 Gawri devi 2021/09/019660 9680600263 18/10/2021 Periampullary adenocarcinoma 0 1 H/6693 /21 pT3bN1 3b 1 160 210 240 5.2 5 5.1 115 96 104 55 3 F 3a C B 0 deep 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 25.6 4 0 11 7.3 3.4 7.9 3.7 104 3.1 1.9 156 20 2 0 2

8 Narayan ram 2021/11/011614 9929624408 3011/2021 Periampullary adenocarcinoma 0 0 H/7951 /21 pT3aN2 3a 2 27 220 39 6.1 5.9 5.8 98 102 96 48 2 M 2 0 A 0 0 1 0 pancreatitis 2 0 2 0 0 0 1 0 0 1 0 0 0 0 0 0 0 HBV 0 0 0 0 24.5 3 0 11 12 2.4 3.8 2.08 659 3.5 2.15 45 10 2 0 1

9 Kana ram 2021/10/010261 8107950042 27/12/2021 Periampullary adenocarcinoma 0 1 H/8923 /21 pT1aN0 1 0 86 333 44 5.6 6.2 5.8 103 93 105 33 1 M 3a A 0 B organ space 0 0 0 2 0 2 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 18.2 1 0 12.5 10.8 4.3 0.8 -0.3 154 4 0.8 6.08 8 2 0 1.4

10 Raghuveer singh 2021/12/010069 7726911922 28/12/2021 Periampullary adenocarcinoma 1 2 H/8936/21 pT3bN2Mx 3b 2 58 34 42 9.5 5.4 6.9 240 199 185 45 2 M 1 0 0 0 superficial 0 0 0 2 2 2 1 1 1 1 0 1 1 0 1 1 1 1 0 0 0 0 0 0 0 25 4 0 13.2 6.2 3.6 3.5 1.8 238 3.9 7.4 530 14 9 0 2.5

11 Purkha ram 2022/02/000839 9982539857 07/02/2022 Periampullary Adenocarcinoma 1 1 H/1087/22 pT3bN1 3b 1 140 313 24 7.7 6.2 5.9 188 101 99 54 3 M 2 B 0 0 deep 0 1 0 1 0 2 1 0 0 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 19 2 1 10.3 6.08 2.3 18 9 706 3 2.6 699 19 4 0 2.7

12 Padam kanwar 2022/02/012543 9950626459 02/03/22 Duodenal adenocarcinoma 0 1 H/1869 /22 pT4 N0 4 0 520 28 28 5.7 6.6 4.8 96 83 94 62 4 F 2 0 A 0 0 0 0 CLASI 0 2 2 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 19 2 1 11.6 5 2.5 0.7 0.1 56 3.5 0.5 23 6 2 0 1.3

13 Ramu ram 2022/02/011041 8432833459 25/02/2022 Distal cholangiocarcinoma 0 1 H/1802 /22 pT2N1 2 1 520 19 25 6.5 7.5 6.2 145 158 101 59 3 M 0 0 0 0 0 0 0 0 0 2 2 1 1 0 1 0 0 1 0 1 1 1 0 0 0 0 1 1 1 0 22.4 2 1 14 12 5.5 1.8 0.6 244 3.4 2.7 152 16 2 0 1.5

14 Ram kishor 2022/03/006628 9783835025 23/03/2022 Periampullary Adenocarcinoma 1 2 H/2727/22 pT3bN1Mx 3b 1 536 25 24 5.1 5 5.2 88 89 98 63 4 M 4a A 0 0 superficial 0 0 bile leak 0 2 2 0 0 0 1 0 0 1 0 1 1 1 0 0 0 0 1 1 0 0 24 3 1 11.6 12 1.7 11.5 6.4 389 3.3 1.6 142 14.8 4 0 2.5

15 Mohan ram 2021/11/007778 8529531171 24/03/2022 Pancreatic NET 0 1 H/2778 /22 pT1N1 1 1 86 26 24 5.1 5.6 5.6 92 93 101 32 1 M 0 0 0 0 0 0 0 0 2 2 2 0 0 0 1 1 0 0 0 0 0 0 0 0 0 MEN-1 1 0 1 0 23.7 3 0 14.5 9.7 3.1 0.3 0.08 109 4.3 1.8 9 6 3 0 2

16 Padama 2022/02/015478 9950094737 05/04/2022 Periampullary adenocarcinoma 0 1 H/3119/22 pT3aN1 3a 1 1011 101 26 4.4 5 5.6 92 96 101 65 4 F 2 0 A 0 deep 0 0 0 0 1 2 0 0 0 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 16.2 1 1 11.3 10.8 2.9 1.6 0.6 48 3.2 0.2 13.5 25 6 0 2.6

17 Goma ram 2022/04/006224 6354092394 18/04/2022 Periampullary adenocarcinoma 1 2 H/3571/22 pT2N2Mx 2 2 907 145 24 4.2 4.5 4.9 88 98 87 60 3 M 1 0 A 0 0 0 0 0 0 1 2 0 0 0 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 18.4 1 0 11.6 10 2.9 19 9 609 2.8 3 48 28 10 0 1

18 Sayana Begum 2022/05/000110 9024351462 05/12/2022 Periampullary adenocarcinoma 0 2 H/4478/22 pT3aN1 3a 1 37 25 26 5.1 5.2 4.8 101 95 98 52 3 F 2 B A 0 organ space 0 0 0 2 2 2 0 0 0 1 0 0 1 0 1 1 1 1 0 0 0 0 0 0 0 15 1 1 10.3 3.1 1.3 2.7 1.2 725 3.4 3.03 234 20 3 0 2

19 Khiya Ram 2022/05/019373 9414134432 06/06/2022 Periampullary adenocarcinoma 0 1 H/5432/22 pT2N0 2 0 34 24 24 5.6 5.5 5.1 110 104 93 62 4 M 3b 0 C C organ space 0 0 0 2 2 2 0 0 0 1 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 18 1 1 9.8 8.3 6.1 12 7 326 2.7 2.7 641 13 5 0 2

20 Rajendra Kumar 2022/06/000695 7733945640 08/06/2022 Periampullary adenocarcinoma 0 0 H/5540/22 pT1bN0 1 0 179 26 31 5.1 5.5 5.9 92 94 88 41 2 M 0 0 A 0 0 0 0 0 1 2 2 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 23.5 3 1 12.7 8.8 3.8 0.5 0.1 89 4.2 5.2 23 5 1 0 6
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