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Abstract. It is not known whether pylorus-preserving pancre-
aticoduodenectomy (PPPD) is as effective as the standard 
pancreaticoduodenectomy (SPD) in the treatment of duodenal 
papilla carcinoma (DPC). A retrospective cohort trial was 
undertaken to compare the results of these two procedures. 
Clinical data, histological findings, short‑term results, survival 
and quality of life of all patients who had undergone surgery 
for primary DPC between January 2003 and February 2010 
were analyzed. According to the inclusion criteria and the 
surgical methods, 116 patients were divided into the PPPD 
group (n=43) and the SPD group (n=73). There were no signifi-
cant differences in various indices, including surgery duration, 
extent of intraoperative hemorrhage and postoperative patho-
logical indexes. The incidence of postoperative complications, 
including pancreatic fistula and delayed gastric emptying, 
were also similar between the two groups (20.9 vs. 21.9%; 
P=0.900 and 11.6 vs. 5.4%; P=0.402). Long-term survival and 
quality of life were identical following a median follow-up of 
45.6 months (range, 4-144 months). Within 6 months, there was 
a decreased loss of appetite following the pylorus-preserving 
procedure (26.9 vs. 49.3; P=0.003). The procedures were 
equally effective for the treatment of DPC. PPPD offers minor 
advantages in the early postoperative period but not in the long 
term.

Introduction

Duodenal papilla carcinoma (DPC) is a relatively uncommon 
type of cancer, with a prevalence of 0.01% among all clinically 
diagnosed malignant tumors (1). In total, ~60% of patients with 
primary malignant tumors of the duodenum are diagnosed 
with DPC (2). The majority of studies have demonstrated that, 
compared with other malignant periampullary carcinomas 
and malignant tumors of the pancreas, DPC has higher rates 
of excision and improved prognosis (3-5). Therefore, standard 
pancreaticoduodenectomy (SPD) remains the primary treat-
ment for DPC.

SPD is a relatively complex surgery for the treatment of 
malignant tumors of the digestive system. The incidence of early 
complications following SPD surgery is as high as 16.7-34.1%, of 
which postoperative pancreatic fistula is the most common (6,7). 
Although the individual risk of complications following SPD has 
gradually decreased (8), surgeons are still required to improve 
the method of SPD in order to enhance efficacy.

The first pylorus-preserving pancreaticoduodenectomy 
(PPPD) was performed on a patient with ampullary carci-
noma in 1944 (9). After almost 70 years of development, 
PPPD is now increasingly recognized as a treatment option 
by surgeons (10,11). Compared with SPD, PPPD preserves the 
storage and digestive functions of the stomach and reduces the 
postoperative complications of partial gastrectomy, thereby 
potentially improving the postoperative quality of life of the 
patients (12-16). However, the majority of reports in the litera-
ture focus on periampullary carcinoma and carcinoma of the 
pancreas head, making clinical contrast analyses of the two 
surgical methods for DPC unreliable.

Therefore, in the present study, a single-center prospective 
clinical trial was performed in order to validate the efficacy 
and safety of PPPD and SPD procedures for the treatment of 
patients with DPC through various therapeutic approaches at 
different postoperative treatment points.

Materials and methods

General information. Patients who had undergone SPD or 
PPPD for primary DPC at the People's Liberation Army (PLA) 
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General Hospital (Beijing, China) between January 2003 and 
February 2010 were eligible for participation in the present 
study. Patients were excluded if they had locally advanced 
DPC or metastases, advanced liver cirrhosis (Child-Pugh class 
B or C) (17) with portal hypertension, malnutrition or coagu-
lopathy. A total of 116 patients were divided into the PPPD 
group (n=43) and the SPD group (n=73). The cohort comprised 
76 males and 40 females with an average age of 58.1 years 
(range, 36-77 years). Written informed consent for treatment 
was obtained from all patients and included a detailed expla-
nation of the nature of the disease, possible treatment methods 
and potential postoperative complications. The present study 
was approved by the ethics committee of the PLA General 
Hospital and was performed in accordance with the ethical 
standards specified in The 1964 Declaration of Helsinki and 
its later amendments.

Surgical conditions. Prophylactic antibiotics were administered 
0.5-1 h prior to surgery and, if the surgery duration exceeded 
3 h, an additional dose was administered. The excision range 
of the SPD surgery included the following: 40% distal stomach, 
duodenum and 10 cm of the jejunum from the Treitz's liga-
ment; the gallbladder and common bile duct (proximal end to 
the crotch of the left and right hepatic ducts); the head, neck 
and uncinate process of the pancreas; and the lymph nodes 
and adipose tissues in the excision area. The reconstruction of 
the digestive tract included the following: Pancreatico enteric 
anastomosis (anastomosis of the pancreatic duct and jejunal 
mucous membrane, with a drainage tube placed into the pancre-
atic duct); cholecysto-colonic anastomosis; gastrojejunostomy 
anastomosis; and, for all patients, jejunum-jejunum side-to-side 
anastomosis (Braun's anastomosis) was performed under the 
gastrojejunostomy anastomosis. PPPD is different from SPD in 
that the distal end of the stomach was preserved in PPPD. The 
excision began 2 cm below the pylorus, and the lymph nodes 
at the corresponding lesser curvature of the stomach and those 
above and under the pylorus were also preserved.

Postoperative treatment. For all patients, conventional post-
operative treatment of the pancreas was performed. Prior to 
returning to their wards, patients were observed for ≥1 day in 
the intensive care unit. Following the surgery, 100 µg octreo-
tide was subcutaneously administered to all patients three 
times daily for 7 days. On the second day after surgery, routine 
blood, liver and kidney function tests were performed. On the 
third day after surgery, an abdominal color Doppler ultrasound 
examination was performed. At 7 days following the surgery, 
an abdominal computed tomography (CT) examination was 
performed to observe the conditions of the abdomen. Prior 
to the end of the surgery, a drainage tube was inserted into 
the pancreatico enteric anastomosis, cholecystocolonic anas-
tomosis and gastrojejunostomy anastomosis, and the volume, 
color and appearance of the drained fluid were recorded daily.

Following the surgery, the pancreatico enteric drainage 
tube was removed when the amylase level was <300 U/l inside 
the drainage tube (<2x the serum amylase level), the drainage 
amount was <50 ml each day, or the drainage duration was 
>10 days following surgery (15).

According to the diagnostic criteria defined by the 
International Study Group on Pancreatic Fistula (18), a 

pancreatic fistula was defined as follows: present ≥3 days 
following surgery, the draining liquid could be measured 
and the activity of amylase was 3x that of the serum amylase 
activity. Pancreatic fistulas were designated one of three grades 
(Grades A, B and C) according to the clinical events of the 
patient hospitalization. Grade A pancreatic fistulas required 
no change from the normal clinical approach, did not delay 
discharge and could usually be resolved by the removal of the 
retained surgical drainage tube. Grade B pancreatic fistulas 
required a change of treatment strategy or adjustment of the 
clinical approach (for instance, fasting, total parenteral nutri-
tional support or the addition of antibiotics or somatostatin), 
delayed discharge or required readmission for treatment 
following discharge. If, according to the pathogenetic condi-
tions of the patient, invasive procedures were required, the 
grade of the pancreatic fistula was upgraded to Grade C. 
Grade C pancreatic fistulas required a significant change in 
treatment strategy or adjustment of clinical approach. If clin-
ical symptoms were aggravated and there were complications 
including sepsis and organ dysfunction, investigation through 
reoperation may be required. Grade C pancreatic fistulas were 
often accompanied by complications, leading to an increased 
probability of postoperative mortality.

Biliary fistula was diagnosed if there was persistent secre-
tion of >50 ml/day bilirubin‑rich drainage fluid or if secretion 
continued after the 10th postoperative day (15).

Postoperative bleeding was defined as the requirement for 
>2 units of red blood cells >2.4 h after surgery or relaparotomy 
for bleeding (15).

The nasogastric tube was removed when the drainage 
decreased to <200 ml/24 h (15). Delayed gastric emptying was 
defined as gastric stasis requiring nasogastric intubation for 
≥10 days or the inability to tolerate a regular diet on the 14th 
postoperative day (19).

Pathological analysis. Primary DPC was confirmed by two 
independent pathologists (Pathology department, People's 
Liberation Army General Hospital, Beijing, China) through 
examination of all the pathological sections. Grading of tumors 
was determined according to the Union for International 
Cancer Control Tumor-Node-Metastasis (TNM) grading 
system (20). Strict pathological examination was performed on 
the margin of the tumors, including the neck of the pancreas, 
uncinate process, bile duct, duodenum/stomach, portal vein 
and mesenteric arteries, in order to ensure R0 excision. In 
addition, a detailed assessment regarding whether or not DPC 
involved the bile duct, pancreas, nerves or lymph nodes, was 
performed.

Follow‑up. Telephone and outpatient follow-ups were performed. 
The patients were followed up once every 3 months for 1 year 
following the surgery, once every 6 months for the 2nd and 3rd 
years, and once every year for 4-6 years following the surgery. 
The final date for any follow‑up was August 2016. Follow‑up 
observations included the survival of the patients and whether 
there was progression or recurrence. Tumor recurrence was 
re-examined by CT and magnetic resonance imaging.

For the analysis of postoperative quality of life, the 
European Organization for Research and Treatment of Cancer 
(EORTC-QLQ-C30) (19) questionnaire was used to assess the 
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quality of life of patients 3, 6, 12 and 24 months after surgery. 
The EORTC QLQ-C30 consists of a total of 30 items, including 
15 domains, of which there were 5 function-based subscales 
(physical, role, cognitive, emotional and social functioning), 
3 symptom subscales (fatigue, pain, and nausea and vomiting), 
a whole health condition subscale and 6 single items. Role 
functions, included daily activities, work, and whether hobbies 
were restricted or not. The answers were then translated into 
scores between 0 and 100, according to the scoring manual 
provided by the EORTC.

Statistical analysis. Statistical analysis was performed 
using SPSS software 16.0 (SPSS, Inc., Chicago, IL, USA). 
Continuous variables are presented as the mean values and 
ranges, and categorical variables are presented as percentages. 
Differences between continuous variables were determined 
using the Mann-Whitney U test or Student's t-test, and differ-
ences between categorical variables were determined using χ2 
or Fisher's exact tests (where n<5). The Kaplan-Meier method 
was used to analyze survival and levels of significance were 
determined using the log-rank test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

A total of 116 patients, including 43 patients in the PPPD group 
and 73 in the SPD group (comprising 76 males and 40 females 
with an average age of 58.1 years), were enrolled in the present 
study. No significant differences were identified in the various 
indices prior to surgery between the two groups of patients, 
including sex, age, symptoms, comorbidities (combination 
with other diseases), body mass index, serum albumin cancer 
antigen 19-9 and carcinoembryonic antigen (Table I).

The present study demonstrated that the average surgery 
duration in the PPPD group was shorter than that in the 
SPD group (319.2 vs. 331.4 min); however, no statistically 
significant difference was observed between the two groups 
(P=0.982). Furthermore, no statistically significant differ-
ences were observed in intraoperative blood loss (363.9 
vs. 415.0 ml, P=0.893), the diameter of the pancreatic duct 
(3.5 vs. 3.2 mm, P=0.367) or duration of hospitalization 
(38.7 vs. 33.5 days, P=0.527) between the two groups of 
patients (Table II).

No statistically significant differences in tumor size, depth 
of tumor invasion, involvement of bile duct, involvement of the 

Table I. Patient characteristics.

Characteristic Total (%) PPPD (%) SPD (%)  P-value

Sex    
  Male 76 (66.5) 25 (58.1) 51 (69.8) 0.199a

  Female 40 (34.5) 18 (41.8) 22 (30.1) 0.199a

Age, years 58.1 (36-77)c 58.1 (41-77)c 58.1 (36-75)c 0.812b

Symptoms    
  Jaundiced 60 (51.7) 19 (44.1) 41 (56.1) 0.212a

  AP 18 (15.5) 7 (16.2) 11 (15.1) 0.861a

  Jaundice with AP 15 (12.9) 6 (13.9) 9 (12.3) 0.801a

  Fever 6 (5.2) 2 (4.6) 4 (5.4) 0.810a

  Fever with AP 4 (3.4) 2 (4.6) 2 (2.7) 0.985a

  Cholangitis 4 (3.4) 2 (4.6) 2 (2.7) 0.985a

  Melena 2 (1.7) 1 (2.3) 1 (1.3) 0.721a

  Identified in PE 2 (1.7) 2 (4.6) 0 (0.0) 0.262a

  Emaciation 2 (1.7) 1 (2.3) 1 (1.3) 0.721a

  Others 3 (2.6) 1 (2.3) 2 (2.7) 0.638a

Combined diseases    
  Weight loss 29 (25.0) 10 (23.2) 19 (26.0) 0.739a

  Hypertension 20 (17.2) 10 (23.2) 10 (13.7) 0.188a

  CHD 12 (10.3) 4 (9.3) 8 (10.9) 0.973a

  Diabetes 9 (7.8) 4 (9.3) 5 (6.8) 0.906a

BMI (kg/m2) 24.4 (18.4-29.1)c 24.5 (19.7-27.6)c 24.3 (18.4-29.1)c 0.804b

Serum albumin (<35 g/l) 35 (30.2) 14 (32.5) 21 (28.7) 0.667a

CA19-9 (>100 U/ml) 39 (33.6) 14 (32.5) 25 (34.2) 0.852a

CEA (>5 ng/ml) 15 (12.9) 4 (9.3) 11(15.0) 0.543a

aχ2 test or Fisher's exact test; bMann-Whitney U test. cValues are presented as the median (range), as opposed to the n (%) presentation used 
for all other data. dDefined as clinical jaundice in combination with a serum bilirubin level >100 µmol/l. AP, abdominal pain; PE, physical 
examination; CHD, coronary heart disease; BMI, body mass index; PPPD, pylorus-preserving pancreaticoduodenectomy; SPD, standard 
pancreaticoduodenectomy; CA19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen.
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pancreas or surrounding tissues of the pancreas, involvement 
of nerves, lymph node metastasis, differentiation or TNM 
stage of the tumor were observed between the two groups of 
patients (Table III).

The most common postoperative complications in the 
patients receiving PPPD or SPD included pancreatic fistula 
(21.6%), biliary leakage (1.7%), postoperative bleeding (5.2%) 
and delayed gastric emptying (7.8%). In the PPPD group, there 

were 9 cases (9/43, 20.9%) of pancreatic fistula, including 2 cases 
with Grade A, 3 cases with Grade B and 4 cases with Grade C; 
while in the SPD group, there were 16 cases (16/73, 21.6%) of 
pancreatic fistula, including 7 cases with Grade A, 6 cases with 
Grade B and 3 cases with Grade C. There were no significant 
differences between the two groups (P=0.900). The incidence of 
delayed gastric emptying was similar between the two groups 
of patients, with 5 cases (5/43, 11.6%) in the PPPD group and 4 

Table III. Pathology.

 Total (%) PPPD (%) SPD (%) P-value, χ2 test
Characteristic  (n=116)  (n=116)  (n=116) or Fisher's exact test

Size of mass (≥2.5 cm) 49 (42.2) 19 (44.2) 30 (41.1) 0.744
Tumor invasion    0.569
  Tis/T1 15 (12.9) 8 (18.6) 7 (9.6) 
  T2 35 (30.2) 12 (27.9) 23 (31.5) 
  T3 37 (31.9) 11 (25.6) 26 (35.6) 
  T4 29 (25.0) 12 (27.9) 17 (23.2) 
Involvement of bile duct 40 (34.5) 15 (34.9) 25 (34.2) 0.944
Involvement of pancreas 50 (43.1) 14 (32.5) 36 (49.3) 0.078
Involvement of nerves 5 (4.3) 1 (2.3) 4 (5.4) 0.737
Lymph node metastasis (yes) 25 (21.6) 9 (20.9) 16 (21.9) 0.900
Numbers of lymph node metastasis    0.419
  1 13 (11.2) 6 (13.9) 7 (9.6) 
  2 7 (6.0) 3 (6.9) 4 (5.5) 
  3 2 (1.7) 0 (0.0) 2 (2.7) 
  >3 3 (2.6) 1 (2.3) 2 (2.7) 
Differentiation    0.699
  High 30 (25.9) 13 (30.2) 17 (23.3) 
  Middle-high 18 (15.5) 5 (11.6) 13 (17.8) 
  Middle 38 (32.8) 13 (30.2) 25 (34.2) 
  Middle-low 28 (24.1) 12 (27.9) 16 (21.9) 
  Low 2 (1.7) 0 (0.0) 2 (2.7) 
TNM stage    0.699
  I 43 (37.1) 17 (39.5) 26 (35.6) 
  II 43 (37.1) 14 (32.5) 29 (39.7) 
  III 30 (25.9) 12 (27.9) 18 (24.6) 
  IV 0 (0.0) 0 (0.0) 0 (0.0) 

Data are presented as n (%). PPPD, pylorus-preserving pancreaticoduodenectomy; SPD, standard pancreaticoduodenectomy; TNM, 
Tumor-Node-Metastasis.

Table II. Intraoperative observations and hospitalization duration.

Observation Total  PPPD  SPD  P-value 

Duration of surgery, min 326.8 (74.5) 319.2 (67.9) 331.4 (8.2) 0.982
Blood loss, ml 389.1 (286.5) 363.9 (196.7) 415.0 (327.9) 0.893
Pancreatic duct diameter, mm 3.3 (1.4) 3.5 (1.4) 3.2 (1.5) 0.367
Hospitalization duration, days 35.4 (18.2) 38.7 (25.0) 33.5 (12.5) 0.527

Data are presented as mean ± (standard deviation). PPPD, pylorus-preserving pancreaticoduodenectomy; SPD, standard pancreaticoduodenectomy.
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cases (4/73, 5.4%) in the SPD group (P=0.402). Similarly, there 
were no significant differences in biliary leakage (P=0.721), 
postoperative bleeding (P=0.810) or infection (wound or 
abscess) (P=0.938) between the two groups of patients. Three 
patients (2.6%) required relaparotomy for significant postopera-
tive bleeding (one patient in each group) and bowel obstruction 
(one patient who had undergone SPD). The overall operative 
mortality rate was 0.9%; 1 patient in the PPPD group succumbed 
to acute cardiac failure within 30 days (Table IV).

Between the time of surgery and August 2016, all 116 
patients underwent follow up. In this cohort of patients, the 
postoperative survival time was between 4 and 144 months, 
with a median survival time of 45.6 months. The overall survival 
rate of the 116 patients following surgery was 49.1%. The 
median survival time was 55.1 months (range, 4-142 months) 
in the patients in the PPPD group and 40.1 months (range 
4-144 months) in those in the SPD group. No statistically 
significant differences were observed in the total survival rate 
between the two groups (P=0.126; Table V; Fig. 1).

The present study also identified that the presence or 
absence of lymph node metastasis is a key factor influencing 
the prognosis of the 116 patients. The median survival time 
of the patients with lymph node metastasis was significantly 
shorter than that of the patients without lymph node metas-
tasis (25.2 vs. 51.3 months; P<0.001; Fig. 2). Therefore, the 
possible difference between the two surgical methods was 
investigated in patients with lymph node metastasis. The 
present study identified that in the 116 patients, there were 
25 cases of lymph node metastasis, compared with 9 cases and 
an average survival time of 27.4 months (range, 4-56 months) 
in the PPPD group and 16 cases and an average survival time 
of 24.0 months (range, 4-54 months) in the SPD group, with 
no statistically significant differences (27.4 vs. 24.0 months; 
P=0.592; Table V; Fig. 3). The results revealed that the two 
surgical methods had no significant influence on the prognosis 
of patients with lymph node metastasis.

Statistical analysis was performed on the postoperative 
quality of life of the patients with EORTC-QLQ-C30 scale. The 
present study identified that there were no significant differences 
in the overall health level or 5 functional domains (physical, 
role, cognitive, emotional and social functioning) between the 
two groups of patients. Within 6 months, in terms of loss of 
appetite, patients in the PPPD had a minor advantage over those 
in the SPD group (26.9 vs. 49.3; P=0.003; Table V; Fig. 4), while 
in terms of nausea, vomiting, diarrhea or pain, no statistically 
significant differences were observed (Table V).

Discussion

Compared with SPD, PPPD preserves the entire stomach and 
the lymph nodes at the lesser curvature of the stomach and 
above and below the pylorus. Therefore, there remain disputes 
regarding its influence on patient prognosis (14‑16). Compared 
with carcinoma of the pancreas head and other periampul-
lary carcinomas, primary DPC has a lower prevalence and 
improved prognosis, and may benefit from pylorus‑preserving 
pancreaticoduodenectomy (21,22). Therefore, the present 
study investigated whether PPPD is as effective as SPD in the 
treatment of DPC.

Previous studies have reported that since PPPD is a simpler 
procedure than SPD, the duration of surgery is shorter (13-15). 
However, the present study identified no statistically signifi-
cant differences in the durations of the two surgical methods. 
This may result from the improvements in the development 
of surgical devices in previous years or due to the fact that 
surgeries were performed by four different surgeons with 
considerable experience. Additionally, no statistically signifi-
cant differences in the incidence of intraoperative hemorrhage 
were observed.

Pancreatic fistulas, biliary fistulas, postoperative 
intra-abdominal hemorrhage, intra-abdominal infection 
and gastric emptying disorders were the most common 

Table IV. Postoperative complications, relaparotomy and mortality.

 Total PPPD SPD P-value

Complications    
  Pancreatic fistulaa 25 (21.6) 9 (20.9) 16 (21.9) 0.900
    A 9 (7.8) 2 (4.6) 7 (9.5) 
    B 9 (7.8) 3 (6.9) 6 (8.2) 
    C 7 (6.0) 4 (9.3) 3 (4.1) 
  Biliary leakage 2 (1.7) 0 (0.0) 2 (2.7) 0.721
  Postoperative bleeding 6 (5.2) 2 (4.6) 4 (5.4) 0.810
  Delayed gastric emptyingb 9 (7.8) 5 (11.6) 4 (5.4) 0.402
  Infection (wound or abscess) 7 (6.0) 2 (4.6) 5 (6.8) 0.938
  Other 38 (32.8) 15 (34.8) 23 (31.5) 0.708
Relaparotomy 3 (2.6) 1 (2.3) 2 (2.7) 0.638
Mortalityc 1 (0.9) 1 (2.3) 0 (0.0) 0.788

aDefined as ≥3 days after surgery and amylase activity of the draining liquid 3x higher than that of the serum. bDefined as gastric stasis requiring 
nasogastric intubation for ≥10 days or the inability to tolerate a regular diet on the 14th postoperative day. cMortality resulting from surgery 
within 30 days. PPPD, pylorus-preserving pancreaticoduodenectomy; SPD, standard pancreaticoduodenectomy.
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postoperative complications of the pancreas and duodenum; 
of which, the incidence of pancreatic fistula was the highest. 
A study by Lin and Lin (16) demonstrated that the incidence 
of postoperative pancreatic fistula in the patients in the SPD 
group was higher than in those in the PPPD group, while the 
results of a study by Seiler et al (14) revealed the opposite. 
However, there are also studies demonstrating that there was 
no significant difference in the incidence of pancreatic fistula 
between patients in the PPPD and SPD groups (12,15). The 
present study also identified that in terms of pancreatic fistula, 
there was no statistically significant differences between the 
PPPD and SPD groups.

Since the first reported gastric emptying disorder in 1978, 
there have been numerous studies reporting this symptom with 
various incidences, ranging between 25 and 70% (23-27). PPPD 

was once considered to be associated with the occurrence of 
gastric emptying disorder, and thus it was hypothesized that 
PPPD increased the incidence of gastric emptying disorder 
and prolonged the duration of hospitalization. Lytras et al (28) 
suggested that this may be associated with the intraoperative 
severance of the right gastric artery and the gastroduodenal 
artery during PPPD, which influences the blood supply to the 
pylorus. Tran et al (15) demonstrated that there was no statisti-
cally significant difference in the incidence of gastric emptying 
disorder between the two groups; however, gastric emptying 
disorder was revealed to be associated with intra-abdominal 
complications. The results of the present study were the same 
as those of a previous study by Tran et al (15), in that there was 
no significant difference in the incidence of gastric emptying 
disorder between the two groups.

Table V. Overall survival and quality of life analysis.

Variable Total  PPPD  SPD  P-value

OS 45.6 (4-144)c 55.1 (4-142)c 40.1 (4-144)c 0.126a

OS of positive lymph nodes 25.2 (4-56)c 27.4 (4-56)c 24.0 (4-54)c 0.592a

(EORTC)-QLQ-C30    
Physical functioning    
  6 months 49.8 (18.2) 53.6 (16.2) 47.7 (19.1) 0.189b

  24 months 49.2 (15.4) 52.3 (15.5) 47.5 (15.3) 0.210b

Role functioning    
  6 months 50.9 (21.8) 50.6 (23.8) 51.1 (20.9) 0.934b

  24 months 41.8 (21.8) 44.8 (24.8) 40.2 (20.0) 0.389b

Emotional functioning    
  6 months 44.6 (14.6) 40.9 (16.0) 45.1 (14.0) 0.742b

  24 months 42.9 (17.5) 43.3 (18.6) 42.7 (17.1) 0.893b

Cognitive functioning    
  6 months 55.5 (22.3) 57.0 (23.6) 54.7 (21.8) 0.673b

  24 months 46.9 (20.8) 48.7 (19.9) 46.0 (21.4) 0.600b

Social functioning    
  6 months 39.1 (21.3) 41.6 (23.2) 37.6 (20.3) 0.450b

  24 months 47.4 (21.2) 44.2 (23.5) 49.2 (19.8) 0.336b

Overall quality of life    
   6 months 46.8 (16.1) 43.9 (16.7) 48.5 (15.7) 0.244b

  24 months 47.1 (20.0) 49.3 (21.4) 45.8 (19.3) 0.477b

Appetite loss    
  6 months 41.2 (31.4) 26.9 (24.9) 49.3 (32.0) 0.003b,d

  24 months 45.3 (28.6) 47.3 (31.5) 44.2 (27.2) 0.649b

Nausea and vomiting    
  6 months 41.0 (24.1) 40.3 (25.0) 41.3 (23.9) 0.868b

  24 months 38.1 (22.1) 42.3 (24.1) 35.8 (20.7) 0.237b

Diarrhea    
  6 months 29.1 (26.7) 28.2 (26.1) 29.7 (27.4) 0.820b

  24 months 22.6 (21.5) 21.7 (20.9) 23.1 (22.0) 0.794b

aLog-rank test; bStudent's t-test. cValues are presented as the median (range), as opposed to the mean (standard deviation) presentation used for 
all other data. dP<0.05. PPPD, pylorus-preserving pancreaticoduodenectomy; SPD, standard pancreaticoduodenectomy; OS, overall survival; 
EORTC, European Organization for Research and Treatment of Cancer.
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The present study also demonstrated that there was no 
significant difference in the overall postoperative survival time 
between the two surgical methods. According to a long-term 
retrospective study in patients with periampullary carcinoma 
performed by Klein et al (29), the 15-year survival rate of 
patients without lymph node metastasis was significantly 
increased compared with that of patients with lymph node 
metastasis, an observation that was in line with the results of 
the present study. This indicates that lymph node metastasis 
was one of the factors influencing the postoperative long‑term 
survival of patients with periampullary carcinoma (30,31). 
Therefore, the influence of the two surgical methods on the 
survival rate of patients with lymph node metastasis was inves-
tigated in the present study. The results demonstrated that, in 
patients with pathologically‑confirmed post‑operative lymph 
node metastasis confirmed, there was no significant difference 
in the overall survival rate between the patients in the PPPD 
and SPD groups. This demonstrated that the PPPD surgical 
method was not a contraindication for patients with lymph 
node metastasis. Of the patients with lymph node metastasis 

included in the present study, metastases were primarily to the 
lymph nodes near the pancreas and duodenum, and there were 
no patients with distant metastasis of the lymph nodes. The 
number of cases included in the present study was small and 
thus, large-scale retrospective studies on the PPPD surgical 
method are required in order to confirm the conclusions of the 
present study.

Wenger et al (32) identified in a survey on the quality of life 
of patients at 2, 4, 6, 24, 36, 48 and 60 weeks after pancreati-
coduodenectomy that, in terms of loss of appetite, nausea and 
vomiting, diarrhea and weight gain, PPPD provided a signifi-
cantly better outcome than SPD, while in terms of the overall 
health level, there were no significant differences. The present 
study also identified that the overall health level was similar 
between the two groups, and that there were no statistically 
significant differences in early nausea and vomiting, diarrhea 
and weight gain following surgery. However, 6 months after 
surgery, loss of appetite was less marked in the PPPD group 

Figure 1. Kaplan-Meier analysis of the overall survival rates of 116 patients 
with duodenal papilla carcinoma who had undergone SPD or PPPD. P=0.126. 
SPD, standard pancreaticoduodenectomy; PPPD, pylorus-preserving pancre-
aticoduodenectomy.

Figure 2. Kaplan-Meier analysis of the overall survival rates of 116 patients 
who had undergone pancreatoduodenectomy, with (positive) and without 
(negative) lymph node involvement. P<0.001.

Figure 3. Kaplan-Meier analysis of the overall survival rates of 25 patients 
with positive lymph nodes who had undergone SPD or PPPD. P=0.592. SPD, 
standard pancreaticoduodenectomy; PPPD, pylorus-preserving pancreatico-
duodenectomy.

Figure 4. Postoperative appetite loss in 116 patients with duodenal 
papilla carcinoma treated with SPD or PPPD. Values are presented as the 
mean ± standard deviation. No statistically significant differences were 
observed between the two procedures, with the exception of 3 and 6 months 
after surgery (Student's t-test). *P<0.05. SPD, standard pancreaticoduodenec-
tomy; PPPD, pylorus-preserving pancreaticoduodenectomy.
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than in the SPD group; while in terms of nausea and vomiting, 
diarrhea and pain, there were no statistically significant 
differences. These results indicate that, for patients at an early 
postoperative stage, the appetite loss of those treated with 
PPPD was improved compared with those treated with SPD. 
However, the number of cases included in the present study 
was small, patients were recruited from a single center, and the 
majority of the patients included had R0 excision.

To conclude, the incidence of postoperative pancreatic 
fistula and gastrointestinal dysfunction were similar in the 
PPPD and SPD groups. No statistically significant differences 
were observed prior to surgery in various indices, including the 
duration of surgery and intraoperative hemorrhage. According 
to the postoperative follow-up, the overall survival time was 
similar between the two groups and no statistically significant 
difference was observed in the prognosis of the patients with 
lymph node metastasis. In the survey of the quality of life, 
no statistically significant differences were observed in the 
overall health level or later postoperative symptoms; however, 
6 months after surgery, PPPD of fered a minor advantage with 
regards to loss of appetite. These results indicated that the two 
surgical methods had similar effects in the treatment of PDC, 
but that PPPD may improve the early postoperative quality of 
life of the patients.
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