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Abstract. Despite technical advances in recent decades and 
a decrease in hospital mortality (<5%), pancreaticoduode‑
nectomy (PD) is still associated with major postoperative 
complications, even in high‑volume centers. The present 
study aimed to assess the effect of a modified reconstruc‑
tion technique on postoperative morbidity and mortality. A 
cohort study of all patients (n=218) undergoing PD between 
January 2010 and December 2019 was performed at Attikon 
University Hospital (Athens, Greece). Several variables were 
studied, including demographic data, past medical history, 
perioperative parameters, tumor markers and pathology, 
duration of hospitalization, postoperative complications, 
30‑day‑survival, postoperative mortality and overall 
survival using multivariate logistic regression and survival 
analysis techniques. In this cohort, 123 patients [modified 
PD (mPD) group] underwent a modified reconstruction 
after a pylorus‑preserving pancreaticoduodenectomy, which 
consisted of gastrojejunostomy and pancreaticojejunostomy 
on the same loop and an isolated hepaticojejunostomy on 
another loop. In the standard PD (StPD) group, 95 patients 
underwent standard reconstruction. The median age was 

67 years, ranging from 25 to 89 years. Compared with in the 
StPD group, the mPD group had significantly lower rates of 
grade B and C pancreatic fistula (4.9% vs. 28.4%), delayed 
gastric emptying (7.3% vs. 42.1%), postoperative hemor‑
rhage (3.3% vs. 20%), intensive care unit admission (8.1% vs. 
18.9%), overall morbidity (Clavien‑Dindo grade III‑V: 14.7% 
vs. 42.0%), perioperative mortality (4.1% vs. 14.7%), and 
shorter hospitalization stay (11 days vs. 20 days). However, no 
difference was noted regarding median survival (35 months 
vs. 30 months). In this single‑center series, a modified recon‑
struction after PD appears to be associated with improved 
postoperative outcomes. However, further evaluation in 
larger multi‑center trials is required.

Introduction

Periampullary carcinomas include neoplasms that originate 
from the epithelium of the pancreas, the ampulla of Vater, 
the distal bile duct and the duodenum, which results in the 
following four types of adenocarcinomas: Pancreatic ductal 
adenocarcinoma (PDAC), which is the most common, followed 
by ampullary adenocarcinoma (AA), distal cholangiocarci‑
noma (DCC) and duodenal adenocarcinoma (DA) (1). PDAC 
represents 17% of all new cancer cases in the digestive tract, 
with 60,430 estimated new cases in 2021 in the USA (2,3). In 
the United States, median overall survival (OS) differs among 
these adenocarcinomas, with DA having the most favorable 
prognosis (54‑86 months), followed by AA (38‑49 months) 
and DCC (18‑33 months), whereas PDAC has the worst 
prognosis, given that its OS is only 11‑18 months (4). Besides 
periampullary carcinoma, another lesion that can be consid‑
ered benign but is a precursor of pancreatic adenocarcinoma 
is intraductal papillary mucinous neoplasm (IPMN). IPMNs 
are mucous‑producing, cystic tumors originating from the 
pancreatic epithelium of the main pancreatic duct or its side 
branches (5).

Regardless of tumor histology, the surgical treatment of 
periampullary neoplasms includes pancreaticoduodenectomy 
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(PD) or Whipple's procedure, lymph node resection, as well as 
vascular reconstruction if necessary (6). PD is associated with 
increased rates of morbidity and major postoperative compli‑
cations, such as delayed gastric emptying (DGE), which is the 
most common complication, pancreatic leak or fistula, postop‑
erative hemorrhage requiring reoperation, embolism or blood 
transfusion, bile leak and intra‑abdominal abscess (7). Over 
the last few years, the technique has significantly improved 
and it is now considered a safer procedure with a hospital 
mortality rate of <5% in high‑volume centers (8). The aim of 
the present cohort study was to compare modified PD (mPD) 
with standard PD (StPD), in terms of postoperative complica‑
tions, especially pancreatic fistula, which is the most severe 
adverse event. Furthermore, several perioperative factors for 
both groups of patients were assessed, concerning morbidity, 
mortality and OS.

Materials and methods

Study design. A retrospective cohort study was conducted at 
the Surgical Departments of the Attikon University Hospital 
(Athens, Greece) between January 2010 and December 
2019. The present study received ethics approval by the 
Hospital's Scientific and Bioethics Committee (approval 
no. 47929/16‑12‑16).

Eligibility criteria. All consecutive patients undergoing PD 
for resectable pancreatic cancer or periampullary neoplasms 
at the Attikon University Hospital within the duration of the 
study period were recorded. Pancreatic cancer was defined as 
resectable in the case of absence of distant metastases, and 
absence of local tumor extension to the celiac axis, the hepatic 
artery and the superior mesenteric vasculature. Patients who 
were deemed as borderline‑resectable received neoadjuvant 
cytotoxic chemotherapy, and were then restaged and reevalu‑
ated for resection.

The patients were assigned into two groups, according to 
the type of PD that they underwent. The type of modifica‑
tion after PD was selected by the lead surgeon based on their 
experience and the characteristics of the patient. In the first 
cohort, the patients underwent a mPD, while the patients in the 
second cohort  underwent the StPD. The collected variables 
included patient demographics, presentation of jaundice, past 
medical history, tumor markers, intraoperative and anes‑
thesiologic parameters, hospitalization days, postoperative 
complications, pathology, indication and cause of reoperation, 
30‑day‑survival, postoperative mortality and OS. Pathological 
staging of malignant tumors was performed according to the 
Eighth Edition of the Cancer Staging Manual edited by the 
American Joint Committee on Cancer (9).

Pre‑operative work‑up. Pre‑operative work‑up for all patients 
included a routine computed tomography scan to assess the 
characteristics and size of the lesion. Abdominal magnetic 
resonance imaging, endo‑ultrasonography and magnetic 
resonance cholangiopancreatography were also performed for 
selected patients. Biliary drainage before surgery was achieved 
with endoscopic retrograde cholangiopancreatography if the 
serum bilirubin was >15 mg/dl or if the patient presented with 
acute cholangitis (10).

Intraoperative parameters. Mannitol was used by some anesthe‑
siologists to prevent postoperative renal dysfunction in patients 
with obstructive jaundice, based on a previous study (11).

Surgical technique. Two different surgical techniques were 
performed with an open approach. All of the patients in the 
first cohort underwent a mPD procedure with an isolated 
pancreaticojejunostomy and pylorus preservation, whereas all 
of the patients in the second cohort underwent the StPD proce‑
dure without pylorus preservation. The mPD used a Roux‑en‑Y 
configuration, draining the pancreatic duct and the stomach via 
the short limb and the bile duct separately via a long jejunal 
limb. The pylorus was preserved and mechanically dilated 
with two fingers prior to the construction of the gastrojejunos‑
tomy (12), retaining propulsion, while its dilatation removes 
an obstacle from gastric emptying. For StPD, the configuration 
was performed with all three anastomoses in a single jejunal 
loop. In all cases of mPD and StPD, the pancreatojejunostomy 
was performed duct to mucosa with interrupted, absorbable 
polydioxanone sutures, reinforced with a second continuous 
prolene layer incorporating seromuscular jejunum, pancreatic 
parenchyma and serosa. In both techniques, a stent was used in 
the pancreatojejunostomy.

Postoperative outcomes. The primary outcome assessed in 
the present study was perioperative mortality, defined as death 
within 30 days after operation or within index admission, 
irrespective of cause.

As secondary outcomes, overall morbidity, hospitalization 
time, recurrence and OS were recorded. Complications were 
categorized according to the Clavien‑Dindo classification (13). 
Causes of morbidity were postoperative pancreatic fistula 
(POPF) or anastomotic leak from the pancreaticojejunos‑
tomy, DGE, postoperative hemorrhage necessitating blood 
transfusion, embolization or relaparotomy, intra‑abdominal 
abscess, and postoperative hepaticojejunostomy leak. POPF, 
in particular, was defined as ‘drain output of any measurable 
volume of fluid on or after postoperative day 3 with an amylase 
content greater than 3 times the serum amylase activity, asso‑
ciated with a clinically relevant development/condition related 
directly to the postoperative pancreatic fistula’. A grading 
system was also used for POPF, in which a grade A POPF was 
now redefined and called a ‘biochemical leak’, because it has 
no clinical importance and no longer refers to a true pancreatic 
fistula, a grade B POPF referred to patients requiring medical 
or minimally invasive treatment, and a grade C POPF was a 
leakage in need of surgical intervention (12,14). Patients were 
assessed as to whether or not they received neoadjuvant or 
adjuvant chemotherapy. OS was determined from the date of 
operation until the date of death from any cause or the final 
date of follow‑up, which was at the end of December 2021.

Statistical analysis. Sample characteristics were summarized 
as absolute (n) and relative (%) frequencies (categorical vari‑
ables), or as the median and interquartile range (continuous 
variables). P‑values were determined using the Fisher's 
exact test for categorical variables, and non‑parametric tests 
(Mann‑Whitney U‑test) for continuous variables.

Analysis of overall mortality was based on survival 
methods. Univariate tests of association with potential 
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predictors were performed using the log‑rank test for cate‑
gorical variables and univariate Cox models for continuous 
variables (data not shown). Multivariate models were based on 
proportional‑hazards Cox regression. Hazard ratios >1 indi‑
cated higher probabilities of death, whereas hazard ratios <1 
indicated lower probabilities of death. Survival probabilities 
over time were graphically presented using the Kaplan‑Meier 
method and were analyzed using the log‑rank test.

Analysis of time to hospital discharge and time to recur‑
rence were also based on time‑to‑event analyses; however, 
in these two cases, methods for competing risks were used 
considering that death can in both cases occur before the 
main event of interest (i.e. hospital discharge or recur‑
rence). Univariate tests were based on respective Fine and 
Gray models of the cumulative incidence function (data not 
shown). The same models were used for multivariate analysis. 
Subdistribution hazard ratios >1 indicated higher probabilities 
of a positive outcome (i.e. hospital discharge or recurrence), 
whereas subdistribution hazard ratios <1 indicated lower prob‑
abilities of a positive outcome.

In all multivariate models, the type of operation, sex and 
age variables were kept in the models irrespectively of their 
statistical significance due to interest in them or their potential 
confounding effects.

For binary outcomes, associations of the outcomes with 
potential prognostic factors were assessed using multivariate 
logistic regression. In all cases, odds ratios >1 indicated 
higher probabilities of a positive outcome (i.e. presence of 
the outcome), whereas odds ratios <1 indicated lower prob‑
abilities of a positive outcome. P<0.05 was considered to 
indicate a statistically significant difference. All analyses were 
performed using Stata version 15.1 (StataCorp, LLC).

Results

Patient characteristics. Between January 2010 and December 
2019, PD was performed in 218 patients. Among them, 
123 patients underwent a mPD procedure, while 95 underwent 
the StPD procedure. The median age was 67 years, ranging 
from 25 to 89 years. A total of 117 patients were male and 
101 patients were female. The patients' demographics and 
comorbidities are presented in Table I. There were no differ‑
ences between the two groups in terms of sex (male 54.5% vs. 
52.6%; P=0.891), smoking status (P=0.338), body mass index 
(BMI) status (25.10 vs. 25.87 kg/m2; P=0.349) or American 
Society of Anesthesiology (ASA) scores (P=0.204) (15). 
Moreover, there were no major differences in the incidence of 
comorbidities or past surgical history.

Preoperative factors. The incidence rate of jaundice was 
higher among patients who underwent StPD compared with 
that in patients who underwent mPD (64.2% vs. 78.9%; 
P=0.024). However, no differences were noted in terms of 
blood biomarkers, such as neutrophil‑to‑lymphocyte ratio 
(NLR; 2.57 vs. 2.83; P=0.554), CEA (3.20 ng/ml vs. 2.70 ng/ml; 
P=0.118) and CA19‑9 (58.40 U/ml vs. 50.95 U/ml; P=0.365) 
(Table I).

Pathology. The vast majority of neoplasms were adeno‑
carcinomas of the pancreas in both groups (62.6% vs. 60%) 

followed by adenocarcinoma of Vater (12.2% vs. 12.6%), 
bile duct adenocarcinoma (7.3 vs. 13.7%) and IPMN (5.7% 
vs. 6.3%). In total, benign neoplasm or premalignant entities 
represented 9.8% of the tumors in the first group and 9.5% 
of neoplasms in the second group. There were no significant 
differences between the two groups regarding the tumor size 
(3.0 cm vs. 2.8 cm; P=0.369) (Table I).

Intraoperative parameters. Table I also shows intraop‑
erative outcomes and anesthesiologic data for the two study 
groups. No differences were noted in the type of analgesia 
that was used during the operation, except for the use of 
PCA morphine and tramadol, which was higher in the first 
group (9.6 vs. 1.1%; P=0.006). The operative time was 
significantly lower in the first group (190 min vs. 320 min; 
P<0.001) as were the units of blood transfused [red blood 
cell (RBC) units (P=0.002) and fresh frozen plasma (FFP) 
units (P<0.001)].

Postoperative outcomes
Primary outcome. Table II shows that the perioperative 
mortality rates (4.1% vs. 14.7%; P=0.007) were significantly 
higher in the second group compared with those in the first 
group. Multivariate analysis for the probability of perioperative 
mortality revealed that StPD (P=0.040), history of coronary 
disease (P=0.037), intraoperative use of mannitol (P=0.009) 
and increased transfusion with RBCs (P=0.032) were indepen‑
dent significant risk factors associated with an increased rate 
of perioperative mortality (Table III).

Secondary outcomes. Significant differences were also 
reported in terms of hospitalization stay, postoperative 
complications and morbidity. Patients in the first group had 
a shorter hospitalization stay compared with that in patients 
in the second group (11 days vs. 20 days; P<0.001). Moreover, 
the rates of POPF (4.9% vs. 28.4%; P<0.001) and the grades 
of POPF (Grade B: 1.6% vs. 16.8%; Grade C: 3.3% vs. 11.6%; 
P<0.001), DGE (7.3% vs. 42.1%; P<0.001) and postoperative 
hemorrhage (3.3% vs. 20%; P<0.001), as well as reoperation 
(6.5% vs. 15.8%; P=0.043), intensive care unit (ICU) admis‑
sion (8.1% vs. 18.9%; P=0.024) and overall morbidity 
(Clavien‑Dindo grades III‑V: 14.7% vs. 42%; P<0.001), were 
lower in the mPD group than in the StPD group. However, 
no differences were noted regarding the rates of postopera‑
tive abscess (3.3% vs. 9.5%; P=0.081), the overall recurrence 
(41.5% vs. 38.9%; P=0.385) and the death rate (51.2% vs. 53.7%; 
P=0.678) or the median survival (35 months vs. 30 months; 
P=0.247) between the groups. The median follow‑up was 
25 months for the mPD group and 16.5 months for the StPD 
group (P=0.082) (Table II).

Hospitalization days. Multivariate analysis showed that 
StPD (P<0.001), history of coronary disease (P<0.001), 
increased BMI (P=0.002), biochemical leak (P<0.001), 
grade C POPF (P=0.001), DGE (P<0.001) and reoperation 
(P=0.001) were independent significant risk factors associ‑
ated with longer hospital stay. On the other hand, the use of 
patient‑controlled analgesia morphine and tramadol as anal‑
gesia (P<0.001) seemed to act as a protective factor for shorter 
hospitalization stay (Table IV). Fig. 1 depicts the cumulative 
probabilities of discharge by time since operation with death 
as competing risk.
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Table I. Patients' perioperative data.

 Operation type
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic mPD StPD Total P‑value

Total, n (%) 123 (100.0) 95 (100.0) 218 (100.0) 
Patient demographics    
  Male sex, n (%) 67 (54.5) 50 (52.6) 117 (53.7) 0.891
  Smoking status, n (%)    0.338
    Smoker 49 (39.8) 38 (40.0) 87 (39.9) 
    Non‑smoker 48 (39.0) 44 (46.3) 92 (42.2) 
    Ex‑smoker 24 (19.5) 12 (12.6) 36 (16.5) 
    N/A 2 (1.6) 1 (1.1) 3 (1.4) 
  Coronary disease, n (%)    >0.999
    No 101 (82.1) 78 (82.1) 179 (82.1) 
    Yes 20 (16.3) 16 (16.8) 36 (16.5) 
    N/A 2 (1.6) 1 (1.1) 3 (1.4) 
  Previous abdominal surgery, n (%)    0.682
    No 61 (49.6) 45 (47.4) 106 (48.6) 
    Yes 59 (48.0) 49 (51.6) 108 (49.5) 
    N/A 3 (2.4) 1 (1.1) 4 (1.8) 
  ASA score, n (%)    0.204
    I 10 (8.1) 10 (10.5) 20 (9.2) 
    II 62 (50.4) 54 (56.8) 116 (53.2) 
    III 46 (37.4) 27 (28.4) 73 (33.5) 
    IV 0 (0.0) 2 (2.1) 2 (0.9) 
    N/A 5 (4.1) 2 (2.1) 7 (3.2) 
  Median age, years (IQR) 67 (59, 74) 68 (60, 76) 67 (60, 75) 0.510
  Median BMI, kg/m2 (IQR) 25.10 (23.25, 27.78) 25.87 (23.02, 29.22) 25.34 (23.23, 28.58) 0.349
Preoperative characteristics    
  Jaundice, n (%)    0.024
    No 44 (35.8) 20 (21.1) 64 (29.4) 
    Yes 79 (64.2) 75 (78.9) 154 (70.6) 
  Median NLR (IQR) 2.57 (1.94, 3.44) 2.83 (1.85, 3.49) 2.59 (1.92, 3.48) 0.554
  Median CEA, ng/ml (IQR) 3.20 (1.90, 6.10) 2.70 (1.70, 4.20) 2.90 (1.70, 5.20) 0.118
  Median CA19‑9, U/ml (IQR) 58.40 (15.90, 275.60) 50.95 (15.23, 213.65) 51.50 (15.30, 256.10)  0.365
Pathology    
  Histological type, n (%)    0.844
     AdenoCa Pancreas 77 (62.6) 57 (60.0) 134 (61.5) 
     AdenoCa Vater 15 (12.2) 12 (12.6) 27 (12.4) 
     AdenoCa BD 9 (7.3) 13 (13.7) 22 (10.1) 
     AdenoCa Duodenum 4 (3.3) 1 (1.1) 5 (2.3) 
    AdenoCa Gallbladder 1 (0.8) 0 (0.0) 1 (0.5) 
     IPMN 7 (5.7) 6 (6.3) 13 (6.0) 
    Miscellaneous 10 (8.1) 6 (6.3) 16 (7.3) 
    Benign 12 (9.8) 9 (9.5) 21 (9.6) 
  Median tumor size, cm (IQR) 3 (2.10, 3.60) 2.80 (2, 3.50) 2.85 (2, 3.60) 0.369
Intraoperative parameters    
  Analgesia type, n (%)    0.006
  PCEA 71 (57.7) 69 (72.6) 140 (64.2) 
  PCA morphine 33 (26.8) 19 (20.0) 52 (23.9) 
  PCA morphine and tramadol 12 (9.8) 1 (1.1) 13 (6.0) 
  N/A 7 (5.7) 6 (6.3) 13 (6.0) 
  Median operation duration, min  (IQR) 190 (175, 216) 320 (275, 405) 230 (185, 330) <0.001
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Table I. Continued.

 Operation type
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic mPD StPD Total P‑value

  Median PRBC, units (IQR) 0 (0, 1) 1 (0, 2) 1 (0, 2) 0.002
  Median FFP, units (IQR) 0 (0, 0) 0 (0, 2) 0 (0, 1) <0.001

mPD, modified pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; IQR, interquartile range; ASA, American Society of 
Anesthesiology; BMI, body mass index; AdenoCa, adenocarcinoma; BD, bile duct; IPMN, intraductal papillary mucinous neoplasm; PCEA, 
patient‑controlled epidural analgesia; PCA, patient‑controlled analgesia; PRBC, packed red blood cells; FFP, fresh frozen plasma.

Table II. Postoperative outcomes.

 Operation type
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic  mPD StPD Total P‑value

Total, n (%) 123 (100.0) 95 (100.0) 218 (100.0) 
PF grading, n (%)    <0.001
  No fistula 106 (86.2) 58 (61.1) 164 (75.2) 
  Biochemical leak (A) 11 (8.9) 10 (10.5) 21 (9.6) 
  B 2 (1.6) 16 (16.8) 18 (8.3) 
  C 4 (3.3) 11 (11.6) 15 (6.9) 
PF clinical significance, n (%)    <0.001
  Non‑significant: (None or Grade A) 117 (95.1) 68 (71.6) 185 (84.9) 
  Significant: (Grades B and C) 6 (4.9) 27 (28.4) 33 (15.1) 
Hemorrhage, n (%)    <0.001
  No 119 (96.7) 76 (80.0) 195 (89.4) 
  Yes 4 (3.3) 19 (20.0) 23 (10.6) 
Delayed gastric emptying, n (%)     <0.001
  No 114 (92.7) 55 (57.9) 169 (77.5) 
  Yes 9 (7.3) 40 (42.1) 49 (22.5) 
Abscess, n (%)    0.081
  No 119 (96.7) 86 (90.5) 205 (94.0) 
  Yes 4 (3.3) 9 (9.5) 13 (6.0) 
Reoperation, n (%)    0.043
  No 115 (93.5) 80 (84.2) 195 (89.4) 
  Yes 8 (6.5) 15 (15.8) 23 (10.6) 
ICU, n (%)    0.024
  No 113 (91.9) 77 (81.1) 190 (87.2) 
  Yes 10 (8.1) 18 (18.9) 28 (12.8) 
Clavien‑Dindo classification, n (%)    <0.001
  No complications 72 (58.5) 21 (22.1) 93 (42.7) 
  Grade I 21 (17.1) 9 (9.5) 30 (13.8) 
  Grade II 12 (9.8) 25 (26.3) 37 (17.0) 
  Grade III 6 (4.9) 18 (18.9) 24 (11.0) 
  Grade IV 7 (5.7) 8 (8.4) 15 (6.9) 
  Grade V 5 (4.1) 14 (14.7) 19 (8.7) 
30‑days mortality, n (%)    0.019
  No 120 (97.6) 85 (89.5) 205 (94.0) 
  Yes 3 (2.4) 10 (10.5) 13 (6.0) 
Perioperative mortality, n (%)    0.007
  No 118 (95.9) 81 (85.3) 199 (91.3) 
  Yes 5 (4.1) 14 (14.7) 19 (8.7) 
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POPF. Multivariate analysis for the probability of clini‑
cally significant POPF revealed that StPD (P<0.001), increased 
NLR (P=0.012), history of previous abdominal surgery 
(P=0.049) and AA histological type (P=0.014) were indepen‑
dent significant risk factors associated with an increased rate 
of clinically significant POPF (Grade B and C) (Table V).

DGE. Multivariate analysis for the probability of postop‑
erative DGE showed that StPD (P<0.001), clinically significant 
POPF (P=0.001) and reoperation (P=0.004) were independent 
significant risk factors associated with an increased rate of 
DGE in the patients (Table V).

Hemorrhage. Multivariate analysis for the probability of 
postoperative hemorrhage necessitating blood transfusion, 

embolization or relaparotomy showed that only clinically 
significant POPF (P=0.001) and increased intraoperative 
transfusion of FFP (P=0.019) were independent significant 
risk factors associated with an increased rate of postoperative 
hemorrhage (Table V).

Reoperation. The multivariate logistic regression model 
for the probability of reoperation revealed that presentation 
of jaundice (P=0.045), clinically significant POPF (P=0.001) 
and postoperative hemorrhage (P<0.001) were independent 
significant risk factors associated with an increased rate of 
reoperation, whereas history of past abdominal surgery may 
act as a protective factor regarding the need for reoperation 
(P=0.009) (Table VI).

ICU admission. Multivariate analysis for the probability 
of ICU admission showed that history of coronary disease 
(P=0.013), presentation of jaundice (P=0.026), DGE (P=0.012) 
and reoperation (P<0.001) were independent significant risk 
factors associated with an increased rate of ICU admission 
(Table VI).

Recurrence. Fig. 2 depicts the cumulative probabilities of 
recurrence by time since operation, with death as a competing 
risk. There was no significant difference regarding the recur‑
rence rates between the two groups (P=0.353). Multivariate 
analysis for the probability of recurrence showed that higher 
pathological stage of malignant tumors (stage II/IIA: P=0.073, 
stage IIB: P=0.026, stage III: P=0.016) were independent 
significant risk factors associated with increased rate of recur‑
rence (Table VII).

OS. The 1‑, 2‑ and 5‑year survival rates were 79.4, 61.5 
and 37.9% for the patients operated with mPD, and 67.3, 56.2 
and 37.8% for the patients operated with StPD (Fig. 3). Fig. 4 
depicts the OS rates according to the histological type of the 

Table II. Continued.

 Operation type
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic  mPD StPD Total P‑value

Adjuvant therapy, n (%)    0.186
  No 46 (37.4) 29 (30.5) 75 (34.4) 
  Yes 63 (51.2) 61 (64.2) 124 (56.9) 
  N/A 14 (11.4) 5 (5.3) 19 (8.7) 
Recurrence, n (%)    0.385
  No 53 (43.1) 50 (52.6) 103 (47.2) 
  Yes 51 (41.5) 37 (38.9) 88 (40.4) 
  N/A 19 (15.4) 8 (8.4) 27 (12.4) 
Death, n (%)    0.678
  No 59 (48.0) 41 (43.2) 100 (45.9) 
  Yes 63 (51.2) 51 (53.7) 114 (52.3) 
  N/A 1 (0.8) 3 (3.2) 4 (1.8) 
Median survival, months (IQR) 35 (25, 45) 30 (17, 49) 33 (26, 42) 0.247
Median hospitalization time, days (IQR) 11 (9, 15) 20 (15, 30) 14 (10, 22) <0.001
Median follow‑up, months (IQR) 25 (10, 42) 16.5 (4.75, 40) 20 (7, 42) 0.082

mPD, modified pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; IQR, interquartile range; PF, pancreatic fistula; ICU, 
Intensive Care Unit.

Figure 1. Cumulative probabilities of discharge by operation type (P<0.001, 
multivariate Fine & Gray model). mPD, modified PD; stPD, standard PD; PD, 
pancreaticoduodenectomy.
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neoplasms, with a 5‑year survival rate of 22.8% for the PDAC, 
56.7% for AA and 27.4% for DCC. Multivariate analysis for 
the probability of death revealed that StPD (P=0.032), II 
and III ASA score (P=0.041 and P=0.001, respectively), and 
jaundice presentation (P=0.034) were independent signifi‑
cant risk factors associated with increased rate of death 
(Table III).

Discussion

In 1945, Allen O. Whipple reported for the first time a 
one‑stage procedure for the removal of periampullary 
neoplasms with a postoperative mortality rate of 31% (12). 
Since then, >70 years of experience in the PD procedure 
have resulted in a decrease in hospital mortality to <5% in 
high‑volume centers (8).

Notably, an increased rate of intraoperative mortality when 
using mannitol was determined in the present study, resulting 
in omission of the diuretic from the anesthesiologists' practice. 
The reason for this association has yet to be determined and 
may be assessed in future studies.

The global morbidity rates of PD remain high, ranging 
between 32 and 52%, and the majority of complications result 
from POPF, with an incidence rate of 10‑28.5%, and DGE, 
with an incidence rate of 20‑40% (8,14‑20). One of the most 
useful tools to depict morbidity is the Clavien‑Dindo classifi‑
cation. In the present study, severe postoperative complications 
(Clavien‑Dindo grades III‑V) were detected in only 14.7% of 

Table III. Multivariate logistic regression (without any post‑
operative factor) model for the probability of perioperative 
mortality and death.

A, Perioperative mortality

 Odds  
Factor ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 3.70 (1.06, 12.91) 0.040
Coronary disease   
  Noa  1  
  Yes 3.74 (1.08, 12.89) 0.037
Mannitol   
  Noa  1  
  Yes 5.53 (1.54, 19.89) 0.009
PRBC, units   
  Per unit 1.57 (1.04, 2.37) 0.032

B, Death

 Odds  
Factor ratio 95% CI P‑value

Operation type   
  mPDa  1  
  StPD 1.60 (1.04, 2.45) 0.032
Histological type (grouped)   
  AdenoCa Pancreasa  1  
  AdenoCa Vater 0.54 (0.26, 1.10) 0.090
  AdenoCa BD 0.69 (0.37, 1.29) 0.247
  IPMN 0.06 (0.01, 0.46) 0.007
  Other 0.31 (0.13, 0.74) 0.009
ASA score   
  Ia  1  
  II 3.43 (1.05, 11.18) 0.041
  III 7.83 (2.31, 26.55) 0.001
  IV 2.53 (0.25, 25.27) 0.428
Jaundice   
  Noa  1  
  Yes 1.78 (1.04, 3.03) 0.034

aReference category. mPD, modified pancreatoduodenectomy; StPD, 
standard pancreatoduodenectomy; PRBC, packed red blood cells; 
AdenoCa, adenocarcinoma; BD, bile duct; IPMN, intraductal papil‑
lary mucinous neoplasm; ASA, American Society of Anesthesiology.

Table IV. Multivariate model (Fine and Gray) for the prob‑
ability of hospital discharge. 

Factor SHR 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 0.51 (0.38, 0.67) <0.001
Coronary disease   
  Noa 1  
  Yes 0.34 (0.19, 0.62) <0.001
BMI, kg/m2   
  Per unit 0.94 (0.90, 0.98) 0.002
Fistula grading   
  No fistulaa 1  
  Biochemical leak 0.37 (0.22, 0.64) <0.001
  B 0.64 (0.37, 1.10) 0.104
  C 0.11 (0.03, 0.40) 0.001
Delayed gastric emptying   
  Noa  1  
  Yes 0.43 (0.29, 0.63) <0.001
Reoperation   
  Noa 1  
  Yes 0.27 (0.12, 0.58) 0.001
Analgesia type   
  PCEAa 1  
  PCA morphine 0.70 (0.46, 1.08) 0.107
  PCA morphine and 2.24 (1.42, 3.52) <0.001
  tramadol

aReference category. Death before hospital discharge acts as a 
competing risk. SHR, sub‑distribution hazard ratio; mPD, modified 
pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; 
BMI, body mass index; PCEA, patient‑controlled epidural analgesia; 
PCA, patient‑controlled analgesia; PRBC, packed red blood cells.
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patients in the mPD group, whereas in the StPD group, overall 
morbidity remained relevantly high at 42.0%.

Pancreatic fistulas remain an important complication of 
the Whipple procedure and significantly contribute to overall 

Table V. Multivariate logistic regression model for the probability of clinically significant postoperative pancreatic fistula, 
delayed gastric emptying and hemorrhage.

A, Probability of clinically significant POPF

Factor Odds ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 8.77 (3.18, 24.14) <0.001
NLR   
  Per unit 1.14 (1.03, 1.26) 0.012
Previous abdominal surgery   
  Noa 1  
  Yes 2.56 (1, 6.55) 0.049
Histological type (grouped)   
  AdenoCa Pancreasa 1  
  AdenoCa Vater 4.66 (1.37, 15.82) 0.014
  AdenoCa BD 3.08 (0.83, 11.50) 0.094
  IPMN 3.07 (0.60, 15.59) 0.177
  Other 3.22 (0.80, 12.97) 0.099

B, Probability of delayed gastric emptying   

Factor Odds ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 6.87 (2.82, 16.72) <0.001
Clinically significant POPF   
  Non‑significant (No or Grade A)a 1  
  Significant (Grades B and C) 5.14 (1.97, 13.44) 0.001
Reoperation   
  Noa 1  
  Yes 5.42 (1.72, 17.08) 0.004

C, Probability of hemorrhage   

Factor Odds ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 3.86 (0.96, 15.51) 0.057
FFP (units)   
  Per unit 1.60 (1.08, 2.38) 0.019
Clinically significant POPF   
  Non‑significant (No or Grade A)a 1  
  Significant (Grades B and C) 6.86 (2.24, 20.95) 0.001

aReference category. mPD, modified pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; POPF, postoperative pancreatic fistula; 
NLR, neutrophil‑lymphocyte ratio; AdenoCa, adenocarcinoma; BD, bile duct; IPMN, intraductal papillary mucinous neoplasm; FFP, fresh 
frozen plasma.
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morbidity after a PD. The risk factors for POPF include 
soft texture of the parenchyma, a small pancreatic duct, the 
presence of activated digestive fluids, decreased regional 
blood supply, the surgeon's experience and the underlying 

disease pathology. Several surgeons have assessed different 
approaches to eliminate POPF and its serious complications. 
Nonetheless, currently, there is no specific technique that can 
substantially eradicate the development of POPF (21). The aim 

Table VI. Multivariate logistic regression model for the probability of reoperation and ICU admission.

A, Probability of reoperation

Factor Odds ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 0.33 (0.07, 1.49) 0.150
Previous abdominal surgery   
  Noa 1  
  Yes 0.09 (0.01, 0.55) 0.009
Jaundice   
  Noa 1  
  Yes 5.95 (1.04, 33.98) 0.045
Clinically significant POPF   
  Non‑significant (No or Grade A)a 1  
  Significant (Grades B and C) 20.63 (3.72, 114.42) 0.001
Hemorrhage   
  Noa 1  
  Yes 38.06 (8.16, 177.46) <0.001

B, Probability of ICU admission   

Factor Odds ratio 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 0.65 (0.13, 3.33) 0.606
Coronary disease   
  Noa 1  
  Yes 8.92 (1.60, 49.77) 0.013
Jaundice   
  Noa 1  
  Yes 9.92 (1.32, 74.43) 0.026
PRBC (units)   
  Per unit 2.14 (1.23, 3.72) 0.007
Type of anesthesia   
  General and epidural anesthesiaa 1  
  General anesthesia 5.73 (1.26, 26.10) 0.024
Delayed gastric emptying   
  Noa 1  
  Yes 7.48 (1.54, 36.19) 0.012
Reoperation   
  Noa 1  
  Yes 166.51 (18.92, 1465.02) <0.001

aReference category. SHR, sub‑distribution hazard ratio; mPD, modified pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; 
POPF, postoperative pancreatic fistula; ICU, Intensive Care Unit; PRBC, packed red blood cells.
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of the current study was to assess a number of preoperative 
and intraoperative factors, and to determine how they alter the 
postoperative course after a PD. Among these perioperative 
factors, the type of the procedure performed was revealed to be 
associated with significantly lower morbidity (14.7% vs. 42.0%; 
P<0.001) and perioperative mortality rates (4.1% vs. 14.7%; 
P=0.007). Besides the StPD, the present study introduced a 
new technique regarding the restoration of gastrointestinal 
continuity, which involves a Roux‑en‑Y configuration, with 
the pancreaticojejunostomy and gastrojejunostomy in the 
short limb and the hepaticojejunostomy separately in the long 
jejunal limb. Pancreatic leak is the main risk of StPD, whereas 
optimization of the type of anastomosis could reduce the 
risk of the leaks. The theory behind this approach is that the 
activation of pancreatic enzymes (lipase, protease, amylase) 
by bile salt and alkalized pH could possibly be avoided when 
the pancreatic anastomosis is placed far from the biliary tree 

and closer to the low pH of the gastric fluid. This may be due 
to the fact that the activity of pancreatic amylase and lipase 
is dependent on the pH, and thus is decreased when placed 
away from the hepaticojejunostomy (12). The present results 
showed that, overall, clinically significant POPF complicated 
15.1% of the cases. Nonetheless, the rates were different 
between the two groups. Only 4.9% of patients operated with 
the mPD procedure were complicated with POPF, whereas in 
the StPD group the POPF rate was 28.4%. In addition, in the 
multivariate analysis, the type of PD performed was indicated 
as an independent risk factor for the probability of POPF.

Lee et al (17) suggested that pylorus preservation is an 
independent risk factor for DGE; their results showed that there 
was a significant difference in the DGE rates between patients 
that underwent pylorus‑preserving and pylorus‑resected 
PD (39.2% vs. 8.8%; P<0.001) (17). In the mPD procedure 
described in the present study, the pylorus was preserved. 
Nonetheless, a key step of the suggested procedure is the 
additional mechanical dilation of the pyloric muscle fibers 
prior to the construction of the anastomosis. This allows for 
future preservation of the propulsion of the pylorus, while 
removing the obstacle of a constricted muscle during the initial 
postoperative days. In addition, nonactivation of pancreatic 
proenzymes (trypsinogen, chymotrypsinogen, procarboxypep‑
tidase) close to the pancreaticojejunal anastomoses could be 
associated with reduced local inflammation and gastroparesis, 
while placement of the hepaticojejunostomy distally from the 
stomach prevents bile salt reflux (11). This could explain the 
extremely low DGE rates that were recorded in the mPD group 
when compared not only to the StPD group (7.3 vs. 42.1%), but 
also to all common rates reported in the literature (7,13‑19).

On a long‑term basis, the most significant aspect of a novel 
surgical technique is the ability to prolong the life duration 
of a patient. The global mortality rate associated with PD has 
steadily decreased in experienced centers to 5% (8,14‑20). 
Arjunan et al (15) observed that there was not a notably signifi‑
cant survival difference between patients with POPF and those 
without POPF (P=0.457). Veillette et al (22) demonstrated 
that there was a statistically significant increase in mortality 
in the presence of a fistula (P<0.01), with an ~8‑fold increase 
detected (9.3% of patients with fistula and 1.2% in the group 

Table VII. Multivariate logistic regression model for the prob‑
ability of recurrence. 

Factor SHR 95% CI P‑value

Operation type   
  mPDa 1  
  StPD 0.81 (0.52, 1.26) 0.353
Stage (grouped)   
  I/IAa 1  
  IB 3.00 (0.65, 13.90) 0.160
  II/IIA 4.55 (0.87, 23.90) 0.073
  IIB 5.67 (1.23, 26.22) 0.026
  III/IIIA/IIIB 6.94 (1.42, 33.78) 0.016
  Benign tumor 0.00 (0 , 0) <0.001

aReference category. Death before hospital discharge acts as a 
competing risk. SHR, sub‑distribution hazard ratio; mPD, modified 
pancreatoduodenectomy; StPD, standard pancreatoduodenectomy; 
POPF, postoperative pancreatic fistula; ICU, Intensive Care Unit; 
PRBC, packed red blood cells.

Figure 2. Cumulative probabilities of recurrence by operation type (P=0.353, 
multivariate Fine & Gray model). mPD, modified PD; stPD, standard PD; PD, 
pancreaticoduodenectomy.

Figure 3. Survival probabilities by operation type (P=0.032, multivariate Cox 
model). mPD, modified PD; stPD, standard PD; PD, pancreaticoduodenec‑
tomy.
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without fistula). In a previous study, it was revealed that the 
major means by which a fistula can lead to death is hemor‑
rhage (22). Thus, we can easily conclude that the presence of 
a POPF is a major determinant of morbidity but not mortality. 
As concerns the histological type, PDAC has been reported 
to have the worst prognosis (6). Cameron and He (8) showed 
that the 5‑year survival rate for PDAC was 19% in the first 
1,000 PDs and 24% in the second 1,000 (P=0.02). The differ‑
ence between these two groups may demonstrate an increase 
in margin‑negative resections and improved adjuvant therapy, 
but there was no statistically significant difference. These 
results were similar to the present outcomes, with a 5‑year 
survival rate of 22.8% for PDAC. In the two study groups, 
there was a statistically significant difference in the periopera‑
tive mortality (4.1 vs. 14.7%; P=0.007) but not in the 5‑year 
survival rate (51.2% vs. 53.7%; P=0.678). Therefore, even if 
the perioperative mortality and morbidity were radically 
diminished in the mPD group, the overall long‑term outcome 
after both procedures was similar. Nonetheless, multivariate 
analysis for the probability of death revealed that StPD 
(P=0.032) was an independent significant risk factor associ‑
ated with an increased rate of death. On the other hand, IPMN 
histopathology (P=0.007) seemed to act as a protecting factor 
against the incidence of death. Further studies are required to 
conclude if the modified technique used in the present study 
can increase the OS of patients.

The present study has some limitations. First, it has 
a moderate sample size and a retrospective study design. 
Although it is a single institutional study, surgical procedures 
were carried out by four different surgical teams, which may 

be a source of bias. However, they have almost an equal expe‑
rience in PD. The present study emphasizes the importance 
of adhering to a single reproducible anastomotic technique in 
lowering morbidity and the survival data adds to the literature 
regarding cancer care.

In conclusion, the present study demonstrated that the 
proposed configuration for PD was associated with better 
postoperative outcomes. It is hypothesized that this tech‑
nique creates a biochemical balance. This balance, and not 
surgical dexterity, may diminish inflammation and enhance 
the healing process, leading to better outcomes. The litera‑
ture lacks evidence regarding the Roux‑en‑Y technique of 
gut reconstruction in the PD procedure and its contribution 
to POPF‑related morbidity and mortality. Given the retro‑
spective nature of this research, a randomized prospective 
study from other pancreatic centers is necessary to validate 
the results.
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