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Abstract 

 

Background/Aim: Since the first pancreaticoduodenectomy (PD) surgeries, mortality, morbidity and 

length of hospital stay decreased, in return, the number of uncomplicated cases and dissected lymph nodes 

increased over the years. The aim of our study was to determine the effect of hospital volume on survival, 

postoperative hospital stay, fistula rate, morbidity rate and the number of lymph nodes dissected. 

Methods: In this retrospective cohort study, 213 patients who were operated with the diagnosis of 

periampullary tumor between January 2008 and January 2016 were included in the study. The patients 

were divided into four groups according to the years of surgery: Group A (n=31, 2008-2009), Group B 

(n=46, 2010-2011), Group C (n=50, 2012-2013) and Group D (n=86, 2014-2016). The groups were 

compared with each other in terms of the following factors; Pancreatic fistula rates, postoperative hospital 

stay, mortality rates, morbidity rates, number of dissected lymph nodes. 

Results: It has been observed that there is a relation between pancreatic tissue quality and duct size with 

fistulas (P=0.0016 and P=0.017, respectively). It is seen that as the amount of number lymph nodules 

increases, the quality of staging improves (P=0.009). Rates of mortality and morbidity are decreased, as 

the hospital volume increased (P=0.037), The same effect of hospital volume is observed in length of 

hospital stay and fistula rates, both improved (P=0.017 and P<0.001, respectively).  

Conclusion: It is easy to state that the increase in hospital volume and surgeon’s experience is directly 

related with patient outcomes. As the understanding of anatomy increases, quality of the surgery is 

assumed to be increased as well as the reduction in length of hospital stay, mortality and morbidity rates, 

and the increase in quantity of dissected lymph nodules. 

 

Keywords: Periampullary tumor, Hospital volume, Pancreaticoduodenectomy 
  



 J Surg Med. 2022;6(3):263-267.  Effect of hospital volume on periampullary tumor surgery 

P a g e  | 264 

Introduction 

Periampullary region tumors (PRT) have a poor 

prognosis. Its incidence increases after the 5th decade. The 

female/male ratio is 1/2-3. Risk factors for periampullary cancers 

are age, gender, genetics, smoking, chronic pancreatitis, diabetes 

mellitus, previous small bowel surgery, and ulcer bleeding [1-3]. 

Pancreaticoduodenectomy (PD), which had a 20% mortality at 

the beginning, has become a more applicable surgery with 

modifications and surgical experience over time, and mortality 

rates have decreased to below 3% in experienced centers [4,5].  

Lymph node dissection is one of the most important 

prognostic factors for gastrointestinal tumors. In addition, tumor 

size, locoregional invasion, and resection margin are also 

important prognostic factors [6,7]. In some studies, it has been 

reported that there is a positive correlation between the curability 

of lymph node dissection in stage I and II tumors [8]. Although 

up to 50% of paraaortic lymph node metastases have been 

observed in some previous autopsy series, dissections of these 

lymph nodes are not included in the standard Whipple procedure 

[9]. 

In this study, the results of PD operations performed 

with the preliminary diagnosis of PRT were examined. The 

relationship between gland texture of pancreatic tissue, 

pancreatic duct diameter and fistula rates was investigated in 

patients undergoing PD. It was aimed to determine the effect of 

hospital volume on survival, number of dissected lymph nodes, 

postoperative hospital stay and rate of fistula and morbidity. 

Materials and methods 

After the approval of Gazi University Clinical Research 

Ethics Committee (Date: 23.06.2016, Decision no: 331), 381 

pancreatic surgeries performed between January 2008 and 

January 2016 were evaluated. PD was performed in 249 of these 

patients. Other surgeries were excluded from the study (Figure 

1). 36 patients were excluded from the study because all data 

could not be accessed. Patients were staged according to the 

American Joint Committee on Cancer (AJCC) TNM staging 

system. 
 

Figure 1: Flowchart of patients 
 

 

Preoperatively with the help of CT, USG, and EUS, 

perioperative USG, and postoperative pathology results, 

pancreatic tissue was evaluated as hard and soft according to its 

density. The main pancreatic duct diameter was divided into 2 

groups as ≤3mm and >3mm, for its relationship with rates of 

pancreatic fistula. The effect of dissected lymph node and 

metastatic lymph node numbers on survival of patients who 

underwent PD according to pathology results was evaluated. 

After that, patients were divided into 4 groups as 2008-2009 

(Group A), 2010-2011 (Group B), 2012-2013 (Group C), 2014-

2016 (Group D) according to the years of surgery. Pancreatic 

fistula rates, postoperative hospital stay, mortality and morbidity 

rates according to Dindo-Clavien [10], and the number of 

dissected lymph nodes were evaluated according to these groups. 

As the definition of pancreatic fistula, the drain fluid 

amylase levels measured in the 3rd and 5th days after PD were 

accepted as being 3 times higher than the amylase levels in 

serum or levels determined as the upper limit by the hospital 

laboratory. Pancreatic fistula grading was classified according to 

the “International Study Group Postoperative Pancreatic Fistula” 

(ISGPF) [11]. The length of hospital stay was recorded as the 

number of days between the day of surgery and discharge. 

Statistical analysis 

Data analysis was evaluated with SPSS 15.0 for the 

Windows data analysis program. Kolmogorov-Smirnov test was 

performed to observe the distribution of the parameters. 

Descriptive statistics (frequency, percentage distribution) were 

used as statistical analysis. In the comparison of the two groups, 

Chi-Square test, one-way ANOVA, and Spearman's rho analysis 

methods were used. P<0.05 was considered statistically 

significant. 

Results 

The age distribution of patients was between 14 and 87, 

and the mean age was 59.71 (13.23). Of 213 patients, 87 (40.9%) 

were female and 126 (59.1%) were male. The mean follow-up 

period of the patients within the study was found 21.5 (35.5) 

months. The duration of hospital stay was seen as a minimum of 

1 and a maximum of 85 months. 

The pathological diagnosis distribution is shown in 

Table 1. According to the tumor stages, 107 (50.2%) were T3 

tumors, whereas 53 (24.9%) were T2, 15 (7%) were T4, and 12 

(5.6%) were T1. Pathological malignancy was not found in 

remaining 26 (12.2%) patients. 
 

Table 1: Pathological diagnosis of patients. 
 

Pathological diagnoses n=213 % 

Well Differentiated Adenocarcinoma 63 29.6 

Moderately Differentiated Adenocarcinoma 52 24.4 

Poorly Differentiated Adenocarcinoma 21 9.9 

Well Differentiated Neuroendocrine Tumor 16 7.5 

Chronic Pancreatitis 13 6.1 

Serous Microcystic Adenoma 11 5.2 

Solid Pseudo papillary Tumor 7 3.3 

İntraductal Papillary Mucinous Adenoma 7 3.3 

IPMN 7 3.3 

Mucinous Adenocarcinoma 5 2.3 

Pseudocyst 5 2.3 

Signet-ring cell carcinoma 4 1.9 

PAN-IN 2 0.9 
 

IPMN: Intraductal papillary mucinous neoplasm, PAN-IN: Pancreatic intraepithelial neoplasia 
 

The fistula was detected in 64 (30%) patients in the 

study. The fistula grades of the patients are given in Table 2. 

Grade A fistula was not considered as a cause of 

morbidity. While 95 (44.6%) of the 213 patients included in the 

study had morbidity due to the reasons given in Table 3, 118 

(55.4%) patients were considered uncomplicated. 

The surgical margin was positive in 54 patients (25.4%) 

and negative in 159 patients (74.6%), in pathological 

examination.  
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Table 2: Percentage of patients with pancreatic fistula 
 

Pancreatic fistula n=64/213 % 

Grade A 37 57.8 

Grade B 18 28.1 

Grade C 9 14.1 
 

Table 3: Causes and percentages of morbidity 
 

Causes and percentages of morbidity n=95/213 % 

Anastomotic leak 27 28.4 

Wound Infection 18 18.9 

Intraabdominal Abscess 14 14.7 

Pleural Effusion 8 8.4 

Kidney failure 4 4.2 

Pulmonary Thromboembolism 4 4.2 

Mesenteric Ischemia 3 3.1 

Evisceration 3 3.1 

Intraabdominal Bleeding 3 3.1 

Gastrointestinal Bleeding 3 3.1 

Aspiration Pneumonia 3 3.1 

Biliary Obstruction 3 3.1 

Intraoperative myocardial infarction 2 2.1 
 

Pancreatic tissue was found to be hard in 71 (3.3%) 

patients, while the gland texture of pancreas was soft in 142 

patients (66.7%). When the pancreatic fistula rates were 

compared, it was seen that the effect of hard or soft tissue on 

fistula formation was statistically significant (Table 4). The 

fistula was statistically less common in cases with hard 

pancreatic tissue (P<0.001). 

The main pancreatic duct diameter widths were ≤3 mm 

in 118 (5.4%) patients and >3mm in 95 (44.6%) patients (Table 

5). It was observed that fistula rates increased statistically in 

patients with a main pancreatic duct width less than 3 mm 

(P=0.016). 
 

Table 4: Fistula rates by the gland texture of the pancreatic tissue 
 

Pancreatic tissue’s  

texture 

Pancreatic fistula (+) 

 (n=149) 

Pancreatic fistula (–)  

(n=64) 

P-value* 

Hard (n=71) 60 (85.5%) 11 (15.5%) 0.05 

Soft (n=142) 89 (62.6%) 53 (37.4%)   
 

*Chi-Square test 
 

Table 5: Fistula rates by main pancreatic duct width 
 

Pancreatic duct diameter Pancreatic fistula (+) 

(n=149) 

Pancreatic fistula (-)  

(n=64) 

P-value 

3mm and below (n=95) 58(61.1%) 37(38.9%)  0.016 

Over 3mm (n=18) 91(77.1%) 27(22.9%)   
 

*Chi-Square test 
 

213 patients were divided into 4 groups as 2008-2009 

(Group A), 2010-2011 (Group B), 2012-2013 (Group C), 2014-

2016 (Group D). When the groups were compared, no 

statistically significant difference was found according to age 

(P=0.789) and gender (P=0.460). The groups were 

homogeneously distributed. 

The overall survival is shown to be increased as the 

number of surgeries performed and the experience are increased. 

This percentage increase was considered significant (Figure 2). 
 

Figure 2: Cumulative survival by years (2008-2009 (Group A), 2010-2011 (Group B), 2012-

2013 (Group C), 2014-2016 (Group D)) 
 

 

The 1, 3, and 5-year survivals of the patients included in 

the study were evaluated. The 1-year survival was calculated for 

all four groups. 1-year survival was 58%, 65%, 71%, and 73% in 

group A, B, C, and D, respectively. This increase was found to 

be significant. The 3-year survival was evaluated for groups A, 

B, and C. The survival rate was 29%, 47%, and 49% in group A, 

B, and D, respectively. 5-year survival was evaluated between 

groups A and B, which were 21% and 41% in group A and B, 

respectively. This increase in percentage was considered 

significant. 

It was observed that the perioperative mortality rates 

decreased with the increase in hospital volume. As a result of this 

analysis between groups, this decrease in perioperative mortality 

was found to be statistically significant (P=0.037). 

When the pancreatic fistula rates between the groups 

were compared, they were decreased as the hospital volume 

increased. This decrease was found to be statistically significant 

(P=0.017) (Table 6). 
 

Table 6: Pancreatic fistula rates by years 
 

Pancreatic 

fistula 

A  

(n=31) 

B  

(n=46) 

C  

(n=50) 

D  

(n=86) 

Total  

(n=213) 

P-value * 

(-) n=17 n=29 n=33 n=70 n=149 0.017 

 54.8% 63% 66% 81.40% 70%  

(+) n=14 n=17 n=17 n=16 n=64  

  45.2% 37% 34% 18.6% 30%   
 

*Chi-Square test 
 

The mean length of hospital stay was found to be 15.46 

(10.8) days. According to the comparison, the length of hospital 

stay was 18.85 (10.52), 18.48 (15.81), 14.86 (7) and 13 (8.6) 

days in group A, B, C and D, respectively. When these data were 

analyzed with one-way ANOVA test [12], it was shown that this 

decrease in group D was statistically significant (P=0.017). 

It was clinically demonstrated that the number of 

dissected lymph nodes increased over the years (Table 7). The 

mean number of lymph nodes (LN) dissected was 13.12 (7.1). 

Patients were divided into three groups according to the number 

of dissected LNs; 0-5 LN removal (X group), 5-10 LN removal 

patients (Y group), 10 and more LN removal patients (Z group). 

When the survivals of the X, Y, and Z groups were evaluated, 

the cumulative survival rate of group Z was found to be 

statistically better (P=0.009). 
 

Table 7: Distribution of dissected lymph node numbers by years 
 

  A  

(n=31) 

B  

(n=46) 

C  

(n=50) 

D  

(n=86) 

Total 

(n=213) 

P-value * 

Mean 8.54 10.28 10.78 17.66 13.12 <0.001 

SD 3.9 6.3 5.9 6.5 7.1  

Minimum 1 1 1 8 1  

Maximum 21 25 23 43 43   
 

SD: Standard deviation, * One-way ANOVA test 
 

Patients with and without metastatic LN involvement 

were divided into 2 groups. One and three-year survivals of these 

patients were evaluated. 1-year survival rate of patients with LN 

negative was 83.9%, while it was 63% for patients with LN 

positive, which presents statistically significant (P=0.003). 

Considering the 5-year survival, it was found to be 60.8% in 

patients with negative LN and 24.5% in patients with positive 

LN. It was evaluated as statistically significant (P<0.001). 1 and 

3-year survivals were statistically decreased in LN positive 

patients. Survival rates were decreased in patients with LN 

positive. 

According to Dindo-Clavien classification (Table 8), 

they were divided into seven groups as grade I, II, IIIa, IIIb, IVa, 

IVb, and V. There was no statistically significant difference 
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between the groups (P=0.101). Although there was no 

statistically significant difference between the patients, all of 

grade I patients and patients without complications were 

statistically evaluated as grade I. This result was statistically 

significant (P=0.002). As a result, uncomplicated discharge rates 

decreased significantly over the years. 
 

Table 8: Distribution of patients, according to Dindo-Clavien classification 
 

Dindo-Clavien A (n=31) B (n=46) C (n=50) D (n=86) Total (n=213) 

Grade I 11 25 26 56 118 

Grade II 5 4 3 9 21 

Grade IIIa 4 4 3 5 16 

Grade IIIb 3 5 5 5 18 

Grade 4a 2 4 4 4 14 

Grade 4b 1 2 3 2 8 

Grade 5 5 2 6 5 18 
 

Discussion 

The mortality of PD surgery is less than 5% in 

experienced centers, and the complication rate is between 25-

40%. Morbidity rates have decreased to 5-10% with the 

improvement of surgical technique and postoperative care 

conditions [13, 14]. 

One of the factors responsible for mortality and 

morbidity during or after PD is the small number of pancreatic 

resections performed in low-volume centers. In many studies in 

the literature, positive effects of hospital volume on mortality, 

morbidity rates, number of dissected lymph nodes, and length of 

hospital stay have been reported. Firstly, Luft et al. [15] put two 

theories in their study in 1979, for the relationship between 

hospital volume and outcomes. Success increases with 

experience, and patients should be referred to centers where 

more operations are performed. Van Heek et al. [16] defined 

hospitals where fewer than five PDs per year were performed as 

low-volume hospitals. Although the mortality rate is 13% in 

centers with pancreatic resection, it is around 2% in centers with 

a high number of patients [17, 18]. 

Three different studies confirmed that increasing 

hospital volume reduces mortality and morbidity [19-21]. 

Birkmeyer et al. [19] showed that an increase in hospital volume 

reduces mortality and morbidity, independent from the surgeon's 

volume. Bahmann et al. [22] similarly evaluated that statistically 

significant better survival was achieved with an increase in 

hospital volume. Contrary to these views, Nathan et al. [23] 

concluded in a study conducted in 2009 that the effect of the 

surgeon's patient volume is not significant. Similar to our study, 

the common points of these studies are that better results are 

obtained as the patient volume of the hospital and the surgeon 

increases. Because in a center where a complex surgery like PD 

is performed, patient selection with experience, preoperative 

patient evaluation, technical skills, and postoperative patient care 

gain importance. 

One of the reasons for the decrease in mortality and 

morbidity in high-volume hospitals in the 2 studies conducted by 

Ghaferi et al. [24, 25] is the more effective management of 

complications in these centers. It has been shown that co-

morbidities have no effect on mortality in high-volume hospitals. 

In a meta-analysis of 17 studies conducted by Van Heek et al. 

[16], only one study reported that mortality and morbidity rates 

in high-volume hospitals were statistically insignificantly low. It 

was thought that this study was also due to the inclusion of low 

volume centers as 2 PD per year. Today, while mortality rates 

are below 5% in high-volume centers, morbidity rate is around 

40% despite all developments. 

The most important complication after PD is the 

development of the pancreatic fistula. Pancreatic fistula is 

thought to be the cause of other major complications. Activation 

of enzymes secreted from pancreatic leakage causes auto 

digestion, which results in peripancreatic collection, intra-

abdominal abscess, delayed gastric emptying, and postoperative 

hemorrhage. The common point in pancreatic anastomosis leaks 

is to protect the patient from sepsis, peritonitis, hemorrhage, and 

organ failure. The rate of pancreatic fistula has been reported 

between 2-50%. The reason for this wide range is the absence of 

an internationally accepted definition of fistula [5]. 

In this study, it was statistically shown that the rate of 

fistula related to hospital volume decreased over the years. 

Fistula rates were found to be similar in studies [26, 27]. Pratt et 

al. [28] showed that postoperative fistula rates decreased in high-

volume hospitals by mentioning the surgeon's experience and 

preoperative patient preparations in a large-scale study. 

However, Kollmar et al. [29] defended that hospital volume 

showed a minimal correlation with pancreatic fistula rates. 

It is a known fact that the quality of pancreatic tissue 

and the width of the pancreatic duct may be associated with 

pancreatic fistula rates. Pancreatic anastomosis, which is a 

complex surgery as PD, is an issue that needs to be emphasized, 

both in terms of its neighborhood and in terms of the tissue it 

contains. Pancreatic tissue evaluated preoperatively, 

perioperatively, and postoperatively is an important risk factor 

for anastomotic leakage. In a study by Yeo et al. [5] the softness 

of the pancreatic tissue is shown as statistically increased risk for 

pancreatic anastomosis leakage. Similarly, in a study of 1891 

patients, Lin et al. obtained similar results [30]. However, large-

scale studies have found that the size of the pancreatic duct is 

effective in pancreatic leakage, and the risk increases in ducts 

with a diameter of ≤3mm [31-33]. One study showed that each 

1mm reduction in the pancreatic duct increases the risk of an 

anastomotic leak by 68% [28]. These data are directly 

proportional to our study. 

As it is known, in parallel with the number of surgeries 

performed in high-volume hospitals, the dominance of anatomy 

is increasing. With increasing experience, the duration of the 

operation shortens and the quality of the exploration increases. In 

this study, it was shown that as the volume increased, the number 

of lymph node dissections and the number of removed lymph 

nodes increased statistically. It is supported by various studies 

that the number of dissected lymph nodes has an effect on 

survival and that expanded lymph node dissection provides better 

prognosis [34–36]. The number of lymph nodes involved in 

standard lymphadenectomy has been the subject of debate. 

Pawlik et al. [37] determined this number as 12, but in some 

studies, this number was accepted as ≥15 [38]. 10-15 lymph 

nodes are generally considered optimal [39, 40]. In our study, a 

mean of 13.12 (7.1) lymph nodes were dissected. This number 

increased statistically depending on the year. 

The decrease in mortality and morbidity rates and the 

increase in the number of dissected lymph nodes were observed 

with the increase in the number of cases and experiences over the 

years, designed in a high-volume center as a retrospective cohort 
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study. However, it has been observed that the length of hospital 

stay of the patients has decreased over the years. It has also been 

found that the gland texture of pancreatic tissue and the width of 

the main pancreatic duct are associated with the possibility of 

pancreatic fistula. Fistula rates were found to statistically 

significantly increase in patients with soft pancreatic tissue and a 

main pancreatic duct smaller than 3mm. Although it has been 

shown that the number of dissected LNs has a percentage effect 

on survival, the most important point is that a better staging can 

be made with the increase in the number of lymph nodes resected 

in this complex region, which increased in every following year, 

with the increasing experience.  

Limitations 

The retrospective design of our study, and the inclusion 

of only PD cases can be considered as limitations. However, the 

number of patients is higher than most studies in terms of 

decision making. Future studies with larger series and more 

homogeneously paired groups are needed. 

Conclusion 

Our study showed that the quality of the surgery can be 

increased by increasing the volume. Accordingly, morbidity and 

morbidity rates decrease, the number of dissected lymph nodes 

increases, and the length of hospital stay decreases. It may be 

appropriate for low-volume centers, where preoperative 

diagnosis is difficult and postoperative care is difficult, to refer 

patients to a higher-volume hospital in hepatopancreatobiliary 

surgery. 
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