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Background/Aims: We investigated the effect of preopera-
tive malnutrition on postoperative surgical outcomes in 
elderly patients undergoing pancreatoduodenectomy for 
periampullary neoplasms. Methods: This prospective cohort 
study enrolled 154 patients aged ≥65 years with periampul-
lary neoplasms. Using the Mini Nutritional Assessment tool, 
patients were categorized into three groups according to 
their preoperative nutritional status: well-nourished (13.0%), 
at-risk-of-malnutrition (59.7%), and malnourished (27.3%). 
Results: Significant intergroup differences were observed 
in preoperative body mass index (25.6±2.4 kg/m2 [well-
nourished] vs 23.4±2.6 kg/m2 [at-risk-of-malnutrition] vs 
21.1±2.8 kg/m2 [malnourished], p<0.001). The overall 
morbidity significantly differed between the well-nourished 
and malnourished groups (20% vs 50.0%, p=0.024). The 
rates of clinically significant postoperative pancreatic fistula 
were significantly different among groups (p=0.035). Uni-
variate and multivariate analyses showed that the at-risk-of-
malnutrition or malnourished status (hazard ratio [HR], 3.45; 
p=0.037) and intraoperative blood loss (HR, 1.01; p=0.040) 
significantly affected the overall postoperative morbidity 
in elderly patients. Conclusions: Before surgery, 87.0% of 
patients were classified into the at-risk-of-malnutrition or 
malnourished group. Compared with well-nourished patients, 
patients with nutritional issues showed a higher overall surgi-
cal morbidity. Improved preoperative nutritional status leads 
to favorable surgical outcomes in elderly patients. (Gut Liver 
2019;13:690-697 )

Key Words: Pancreatoduodenectomy; Nutritional status; Elderly

INTRODUCTION

Periampullary neoplasms comprise heterogeneous lesions 
including benign and malignant neoplasms of the pancreatic 
head, ampulla of Vater (AoV), distal common bile duct (CBD), 
and duodenum. Regardless of the tumor origin, pancreatoduo-
denectomy (PD) is the standard treatment for periampullary 
neoplasms.1 Surgical mortality rates have declined following 
advances in surgical techniques and the perioperative care 
associated with PD. However, the complexity of the surgical 
procedure leads to considerable morbidity after PD.2,3 With the 
increase in life expectancy in the fast-growing population of el-
derly patients, pancreatic procedures are increasingly being per-
formed in this patient population. However, functional decline 
and comorbidities increase the risk of postoperative complica-
tions after major pancreatic resection in elderly patients.4

Tumor growth in patients with periampullary neoplasms in-
cluding pancreatic cancer leads to obstruction of the pancreatic 
duct and/or CBD.1,2 As the reduction of digestive juice hinders 
nutrient absorption, most patients present to the hospital with 
malnutrition associated with weight loss. Patients with periam-
pullary neoplasm should undergo Whipple’s operation, which 
entails resection of the pancreatic head, duodenum, CBD, and/or 
pylorus of the stomach; these organs play a major role in diges-
tion. However, few prospective studies have reported the use of 
nutritional index before and after Whipple’s operation. Hence, 
it is important to classify elderly patients with nutritional risk 
who are scheduled for surgery to treat periampullary neoplasm 
according to their nutritional status, and to provide them with 
nutritional education and intervention to improve their preop-
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erative nutritional status. 
Quality of life (QOL) is a reference tool to assess the quality 

of care, and it serves as an important appraisal instrument in 
geriatric assessment.5 Impaired QOL is associated with malnutri-
tion.6-8

This study aimed to categorize all elderly patients according 
to their preoperative nutritional status, using the Mini Nutri-
tional Assessment (MNA) tool to evaluate the effect of preop-
erative nutritional status on postoperative morbidity, cognitive 
function, and the QOL of elderly patients with periampullary 
neoplasms. We used a prospective database from the Seoul Na-
tional University Hospital (SNUH), Seoul, Korea. 

MATERIALS AND METHODS

1. Study design

We performed a prospective cohort study using prospectively 
recorded information of patients registered in a clinical database 
at SNUH between January 2008 and December 2014. The study 
was approved by the Institutional Review Board of SNUH (IRB 
No. 0801-030-232). Informed consent was obtained from all 
patients before enrollment. This study was performed according 
to the ethical standards of the Helsinki Declaration.

2. Patient classification, and inclusion and exclusion criteria

Patients aged ≥65 years at the time of diagnosis who under-
went pylorus-preserving pancreatoduodenectomy (PPPD) or 
PD to treat periampullary neoplasms, those without any severe 
comorbidities such as liver cirrhosis or end-stage renal disease, 
and those who provided written informed consent for participa-
tion were included in the study. Patients aged <65 years, those 
undergoing palliative resection, those showing metastasis or 
recurrence, those receiving neoadjuvant treatment, those with 
a history of other abdominal operations (including gastrectomy 
or colectomy), those with cerebrovascular accidents (these could 
affect cognitive function), those with an American Society of 
Anesthesiologists (ASA) classification score >III, and those in 
whom information regarding MNA was unavailable were ex-
cluded. Finally, we categorized 154 patients into three groups 
based on their preoperative nutritional status using MNA as: well-

nourished, at-risk-of-malnutrition, and malnourished (Fig. 1). 

3. Primary and secondary outcomes of the study

This study was designed to evaluate postoperative overall 
morbidity according to the nutritional status of patients who 
underwent PD or PPPD for periampullary neoplasms. Second-
ary outcomes included complications of Clavien-Dindo criteria 
grade IIIa or worse, rate of perioperative pancreatic fistula (POPF), 
cognitive score, QOL score, and length of hospital stay. In ad-
dition, univariate and multivariate logistic regression analyses 
were performed to evaluate the risk factors affecting overall 
postoperative morbidity. 

4. Data extraction

Data were collected before and after surgery. All patients 
were enrolled within 24 hours of admission for an elective op-
eration. Nutritional status was classified using the MNA, which 
comprised 16 questionnaires under four sections:9,10 anthropo-
metric, general, dietary, and subjective assessment. All answers 
were expressed as numerical values, which were converted into 
scores, with a maximum of 28 points. Patients completed self-
reported questionnaires. The nutritional status was assigned 
a score, with patients scoring >22 considered well-nourished, 
those scoring 15 to 21.5 considered at-risk-of-malnutrition, and 
those scoring <15 considered malnourished.9 

Data regarding the cognitive function and QOL of the patients 
were obtained before surgery, using questionnaires. Cognitive 
function was assessed using a 4-point scale cognitive function 
questionnaire based on the European Organization for Research 
and Treatment of Cancer (EORTC QLQ-C30).11 QOL was assessed 
using the global health status/QOL questionnaires from the 
EORTC QLQ-C30. Overall, the self-reported QOL questionnaires 
comprised responses categorized on a 7-point scale. Transfor-
mation of raw scores into a 0 to 100 scale and adjustments of 
missing data were performed according to the EORTC QLQ-C30 
scoring manual. 

Patient demographics, tumor location, type of operation, 
length of hospitalization, pathological report, and postopera-
tive morbidity were recorded for each patient. Postoperative 
morbidity was graded using the Clavien-Dindo classification.12 

195 Assessed for eligibility

154 Categorization into three groups

41 Excluded due to;
palliative resection,
MNA was unavailable,
and follow-up loss

20 Well-nourished 92 At-risk-of-malnutrition 42 Malnourished

Fig. 1. Diagram for patient disposi-
tion.
MNA, Mini Nutri tional Assessment.
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POPF was defined according to the International Study Group 
of Pancreatic Fistula criteria,13 which define a pancreatic fistula 
as a measurable volume of drainage fluid with an amylase con-
centration >3 times the upper limit of normal after postopera-
tive day 3. Three grades of POPF are defined, on the basis of 

the clinical effect of POPF on the postoperative course of the 
patient. Delayed gastric emptying was defined as nasogastric 
drainage for >10 days, the need to reinsert a nasogastric tube 
because of vomiting, or the inability to tolerate a semisolid diet 
14 days after surgery.14

Table 1. Patient Demographics and Pathologic Outcomes According to Preoperative Nutritional Status 

Parameter
Overall 
(n=154)

Group A 
(n=20)

Group B 
(n=92)

 Group C 
(n=42)

p-value

Total A vs B A vs C B vs C

Age, yr 71.0±4.5 69.4±3.5 71.2±4.5 71.5±4.9 0.235 0.228 0.179 0.909

Sex 0.185 0.124 0.068 0.530

   Male 80 (51.9) 14 (70.0) 47 (51.1) 19 (45.2)

   Female 74 (48.1)  6 (30.0) 45 (48.9) 23 (54.8)

Preoperative diabetes mellitus 46 (29.9)  5 (25.0) 29 (31.5) 12 (28.6) 0.828 0.565 0.768 0.731

Preoperative BMI, kg/m2 23.0±2.9 25.6±2.4 23.4±2.6 21.1±2.8 <0.001* 0.003* <0.001* <0.001*

Transferrin, mg/dL 217.8±47.8 223.5±31.8 223.3±49.8 203.9±47.4 0.103 0.998 0.212 0.123

Prealbumin, mg/dL 22.6±7.2 23.6±6.1 22.1±6.0 23.1±9.6 0.718 0.803 0.995 0.939

Albumin, g/dL 3.7±0.4 3.9±0.3 3.7±0.4 3.6±0.4 0.125 0.280 0.071 0.618

Total protein, g/dL 6.7±0.6 6.9±0.7 6.7±0.6 6.6±0.6 0.484 0.666 0.633 0.997

Cognitive score 86.0±17.1 91.7±10.3 86.6±17.4 82.1±18.1 0.127 0.281 0.078 0.456

QOL score 52.5±27.8 71.5±18.5 57.9±25.9 31.1±23.2 <0.001* 0.032* <0.001* <0.001*

Pancreas texture 0.164 0.958 0.205 0.062

   Soft  112 (72.7)  15 (75.0) 68 (73.9) 29 (69.0)

   Hard  42 (27.3)  5 (25.0) 24 (26.1) 13 (31.0)

Intraoperative blood loss, mL  350±266  326±150 349±305 364±214 0.519 0.629 0.422 0.733

Operation time, min 305±90 337±79 302±97 298±76 0.244 0.097 0.081 0.832

Main pancreatic duct diameter, mm 0.164 0.920 0.632 0.560

   ≥3 91 (59.1) 11 (55.0) 50 (54.3) 30 (71.4)

   <3 63 (40.9)  9 (45.0) 42 (45.7) 12 (28.6)

Operation 0.555 0.309 0.280 0.845

   Pancreatoduodenectomy 19 (12.3) 1 (5.0) 12 (13.0) 6 (14.3)

   Pylorus preserving 

     pancreatoduodenectomy

135 (87.7) 19 (95.0) 80 (87.0) 36 (85.7)

Location 0.681 0.534 0.502 0.734

   Pancreas  65 (42.2) 10 (50.0) 40 (43.5) 15 (35.7)

   Common bile duct  48 (31.2)  4 (20.0) 28 (30.4) 16 (38.1)

   Ampulla of Vater  38 (24.7)  5 (25.0) 23 (25.0) 10 (23.8)

   Duodenum 3 (1.9)  1 (5.0) 1 (1.1) 1 (2.4)

Malignancy 0.075 0.065 0.078 0.817

   Benign  32 (20.8) 8 (40.0) 16 (17.4) 8 (19.0)

   Malignant 122 (79.2) 12 (60.0) 76 (82.6) 34 (81.0)

      Stage 122 (100) 12 (100) 76 (100) 34 (100) 0.997 0.285 0.685 0.836

        I  36 (23.4)  4 (33.3) 22 (28.9) 10 (29.4)

        II  83 (53.9)  7 (58.3) 53 (69.7) 23 (67.6)

        III  3 (1.9)  1 (8.3) 1 (1.3) 1 (2.9)

Data are presented as the mean±SD or number (%). Group A, well-nourished; group B, at-risk-of-malnutrition; group C, malnourished. 
BMI, body mass index; QOL, quality of life. 
*Significantly different.
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5. Statistical analysis

Data were analyzed using SPSS software version 22.0 (IBM 
Corp., Armonk, NY, USA). All laboratory values were analyzed 
as continuous variables. The t-test and analysis of variance tests 
were performed for normally distributed variables. The Mann-
Whitney U and Kruskal-Wallis tests were performed for nonnor-
mally distributed variables. Categorical data were represented as 
percentages, and the values were compared using the Pearson 
chi-square or Fisher exact test. Univariate and multivariate lo-
gistic regression analyses were performed to determine the fac-
tors affecting overall postoperative morbidity. Variables show-
ing p-values <0.05 using univariate analysis were subjected to 
multivariate analysis using a logistic regression model. 

RESULTS

1. Patient demographics

We categorized 154 patients into three groups based on their 
preoperative nutritional status using the MNA tool as well-
nourished (n=20, 13.0%), at-risk-of-malnutrition (n=92, 59.7%), 
and malnourished (n=42, 27.3%). No significant intergroup dif-
ferences were observed in age; sex; ASA scores; preoperative 
diabetes mellitus incidence; serum transferrin, serum prealbu-
min, serum albumin, and serum total protein levels; and cogni-
tive function score (Table 1). However, significant intergroup 
differences were observed in the preoperative body mass index 

(BMI) (25.6±2.4 kg/m2 [well-nourished], 23.4±2.6 kg/m2 [at-risk-
of-malnutrition], and 21.1±2.8 kg/m2 [malnourished], p<0.001). 
Additionally, significant intergroup differences were observed in 
the QOL scores (71.5±18.5 [well-nourished], 57.9±25.9 [at-risk-
of-malnutrition], and 31.1±23.2 [malnourished], p<0.001). Table 
1 shows the perioperative and pathological outcomes based on 
the preoperative nutritional status of the patients. No significant 
intergroup differences were observed in the type of surgery, 
and most patients underwent PPPD (n=135, 87.7%). Similarly, 
no significant intergroup differences were observed in tumor 
location, pancreatic texture, intraoperative blood loss, opera-
tion time, and the diameter of the main pancreatic duct. The 
most common location of involvement was the pancreas (n=65, 
42.2%), followed by the CBD (n=48, 31.2%), AoV (n=38, 24.7%), 
and duodenum (n=3, 1.9%). No significant intergroup differ-
ence was observed in terms of malignancy. The percentage of 
malignant neoplasms was higher than that of benign neoplasms 
(n=122, 79.2% vs n=32, 20.8%). 

2. Postoperative outcomes and morbidity

Table 2 shows the correlation between postoperative mor-
bidity and length of hospitalization and the preoperative nu-
tritional status. A statistically significant difference in overall 
morbidity was observed between the well-nourished and mal-
nourished groups (n=4, 20% vs n=21, 50.0%, p=0.026). The 
overall POPF rate was 43.5% (n=67), and the rate of clinically 
significant POPF (defined as grade B or C) was 19.5% (n=30). 

Table 2. Postoperative Outcomes According to Preoperative Nutritional Status 

Overall 
(n=154)

Group A 
(n=20)

Group B 
(n=92)

Group C 
(n=42)

p-value

Total A vs B A vs C B vs C

Overall morbidity 64 (41.6) 4 (20.0) 39 (42.4) 21 (50.0) 0.043* 0.062 0.026* 0.411

Clavien-Dindo criteria 

   Grade II 25 (16.2) 0 16 (17.4) 9 (21.4) 0.041* 0.045* 0.025* 0.578

   Grade IIIa or worse 39 (25.3) 4 (20.0) 23 (25.0) 12 (28.6) 0.765 0.636 0.471 0.662

POPF grade 30 (19.5) 0 22 (23.9) 8 (19.0) 0.035* 0.015* 0.038* 0.531

   Grade B 28 (18.2) 0 20 (21.7) 8 (19.0)

   Grade C  2 (1.3) 0 2 (2.2) 0

Delayed gastric emptying  9 (5.8) 0 6 (6.5) 3 (7.1) 0.487 0.240 0.220 0.894

Wound dehiscence 22 (14.3) 4 (20.0) 11 (12.0) 7 (16.7) 0.569 0.338 0.748 0.458

Postoperative bleeding  5 (3.2) 0 4 (4.3) 1 (2.4) 0.571 0.342 0.487 0.577

Pulmonary  3 (1.9) 0 3 (3.3) 0 0.359 0.412 0.237

Adhesive ileus  1 (0.6) 0 1 (1.1) 0 0.714 0.640 0.498

Choledochojejunostomy leak  1 (0.6) 0 1 (1.1) 0 0.714 0.640 0.498

Intra-abdominal fluid collection† 16 (10.4) 0 10 (10.9) 6 (14.3) 0.222 0.122 0.075 0.572

In hospital mortality 0 0 0 0

Postoperative hospital stay, day 17.7±8.3 16.9±5.2 17.7±7.9 18.1±10.2 0.939 0.669 0.641 0.832

Data are presented as the number (%) or mean±SD. Group A, well-nourished; group B, at-risk-of-malnutrition; group C, malnourished.
POPF, perioperative pancreatic fistula.
*Significantly different; †Only complications requiring interventional radiologic procedures were counted.
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Significant intergroup differences were observed in the rates 
of clinically significant POPF (0.0% [well-nourished] vs 23.9% 
[at-risk-of-malnutrition] vs 19.0% [malnourished], p=0.035). 
Grade C POPF occurred in two patients in the at-risk group; one 
patient required additional radiological intervention for superior 
mesenteric artery pseudoaneurysmal bleeding, and one patient 
required insertion of a percutaneous drain to control POPF fol-
lowed by admission to the intensive care unit to treat septic 
shock. However, no inhospital mortality associated with surgical 
complications was reported.

No significant intergroup differences were observed in terms 
of other complications. The mean length of hospitalization was 
the greatest in the malnourished group (18.1±10.2 days), fol-
lowed by the at-risk-of-malnutrition group (17.7±7.9 days), and 
the well-nourished group (16.9±5.2 days), although this differ-
ence was statistically insignificant. 

Overall, 38 patients (24.7%) had a BMI ≥25 kg/m2; among 
them, 17 patients experienced postoperative morbidities (as 
against 47 patients with BMI <25 kg/m2, p=0.706). In total, 13 
patients experienced postoperative morbidities of grade III or 
more (as against 26 patients with BMI <25 kg/m2, p=0.196). 

No significant intergroup differences were observed in terms of 
postoperative morbidities between patients with BMI <25 kg/m2 
(n=116, 75.3%) and those with BMI ≥25 kg/m2 (n=38, 24.7%).

Subgroup analysis was performed on the basis of age catego-
rization to evaluate whether age affected the clinical outcomes 
(Table 3); 117 patients were aged between 65 and 74 years 
(76.0%), and 37 patients were aged between 75 and 85 years 
(24.0%). No significant intergroup differences were observed in 
sex, ASA scores, preoperative diabetes mellitus incidence, and 
BMI; cognitive function score; QOL scores; nutritional status; 
and overall morbidity. 

3. Risk factors for overall postoperative morbidity

Patients were divided into two groups according to the occur-
rence of postoperative morbidities. Univariate and multivariate 
analyses of demographic factors, perioperative outcomes, and 
pathological parameters (Table 4) showed that the at-risk-of-
malnutrition or malnourished status (hazard ratio [HR], 3.45; 
p=0.037) and intraoperative blood loss (HR, 1.01; p=0.040) were 
significantly associated with overall postoperative morbidity 
in elderly patients. However, other factors did not significantly 

Table 3. Subgroup Analysis According to Age Population 

Total (n=154)
Subgrouping according to age, yr

p-value
65–74 (n=117) 75–85 (n=37)

Sex 0.708

   Male 80 (51.9) 62 (53.0) 18 (48.6)

   Female 74 (48.1) 55 (47.0) 19 (48.1)

ASA grade 0.680

   I  45 (29.2) 33 (28.2) 12 (32.4)

   II 109 (70.8) 84 (71.8) 25 (67.6)

Preoperative diabetes mellitus 0.421

   No 108 (70.1) 80 (68.4) 28 (75.7)

   Yes  46 (29.9) 37 (31.6) 9 (24.3)

Preoperative BMI, kg/m2 23.0±2.9 23.2±2.9 22.6±3.2 0.348

Cognitive score 86.0±17.1 85.4±17.4 88.1±15.9 0.415

QOL score 52.5±27.8 52.9±28.1 51.1±27.2 0.734

Nutritional status 0.191

   Well-nourished 20 (13.0) 18 (15.4) 2 (5.4)

   At risk 92 (59.7) 70 (59.8) 22 (59.5)

   Malnourished 42 (27.3) 29 (24.8) 13 (35.1)

Overall morbidity 0.703

   No 90 (58.4) 67 (57.3) 23 (62.2)

   Yes 64 (41.6) 50 (42.7) 14 (37.8)

Clavien-Dindo criteria 

   Grade II 25 (16.2) 19 (16.2) 9 (16.2) 0.997

   Grade IIIa or worse 39 (25.3) 31 (26.5) 8 (21.6) 0.667

Data are presented as the number (%) or mean±SD.
ASA, American Society of Anesthesiologists; BMI, body mass index; QOL, quality of life.
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differ between patients without and with overall postoperative 
overall morbidity. 

4. Changes in QOL scores based on postoperative time of 
assessment 

QOL scores (Table 5) were recorded before and at 3, 6, and 
12 months after surgery. The QOL score did not significantly 
differ before and after surgery in the well-nourished group; 
however, it increased with time postoperatively in the at-risk-
of-malnutrition and malnourished groups. The QOL score in the 
well-nourished and at-risk-of-malnutrition groups was signifi-
cantly higher than that in the malnourished group 6 months af-
ter surgery; however, no significant intergroup differences were 
observed at 12 months after surgery. 

DISCUSSION

This prospective cohort study categorized elderly patients 
based on their preoperative nutritional status using the MNA 
tool to evaluate the effect of preoperative nutritional status on 
postoperative morbidity in elderly patients with periampullary 
neoplasms who underwent PD or PPPD. Approximately 87.0% 
of the patients had preoperative nutritional deficiencies, and the 
overall postoperative morbidity rate was higher in patients with 
nutritional issues than in well-nourished patients. This study 
indicated that preoperative nutritional issues could affect post-
operative outcomes. 

The MNA is a validated nutritional screening tool that is 
particularly useful in elderly patients.10 In this study, using the 
MNA, we observed that 25% of the patients were malnourished, 
and the rates of incidence of preoperative malnutrition and at-
risk-of-malnutrition were approximately 87%, respectively. A 

Table 5. Change in Quality of Life Score According to Time after Surgery 

Overall
(n=154)

Group A 
(n=20)

Group B 
(n=92)

Group C
(n=42)

p-value

Total* A vs B A vs C B vs C

QOL score

   Preoperative 52.5±27.8 71.5±18.5 57.9±25.9 31.1±23.2 <0.001† 0.032† <0.001† <0.001†

   Postoperative 3 mo 61.3±19.2 67.6±16.1 60.8±20.6 58.8±16.6 0.220 0.148 0.083 0.605

   Postoperative 6 mo 61.2±20.3 67.6±14.9 63.8±20.6 51.7±19.8 0.014† 0.392 0.004† 0.009†

   Postoperative 12 mo 67.6±17.2 71.7±18.4 67.5±17.3 65.6±16.7 0.625 0.455 0.327 0.637

Data are presented as the mean±SD. Group A, well-nourished; group B, at-risk-of-malnutrition; group C, malnourished. 
*Kruskal-Wallis tests were conducted for variables with nonnormally distributed data; †Significantly different.

Table 4. Univariate and Multivariate Analyses of Risk Factors for Postoperative Overall Morbidity of Elderly Patients with Periampullary Neo-
plasms 

Variable
Total

(n=154)

Overall morbidity Univariate analysis Multivariate analysis

 Negative 
(n=90)

Positive 
(n=64)

HR (95% CI) p-value HR (95% CI) p-value

Age ≥75 yr 37 (24.0) 23 (25.6) 14 (21.9) 0.82 (0.38–1.74) 0.599

Male sex  80 (51.9) 44 (48.9) 36 (56.3) 1.34 (0.71–2.56) 0.368

Nutritional status (at risk or malnourished) 134 (87.0) 74 (82.2) 60 (93.8) 3.24 (1.03–10.2) 0.044* 3.45 (1.10–11.09) 0.037*

ASA, grade II 109 (70.8) 66 (73.3) 43 (67.2) 0.74 (0.37–1.50) 0.409

Preoperative diabetes mellitus  46 (29.9) 26 (28.9) 20 (31.3) 1.12 (0.56–2.25) 0.752

Type of surgery, PPPD 135 (87.7) 76 (84.4) 59 (92.2) 2.46 (0.79–7.60) 0.117

Malignancy (malignant) 122 (79.2) 68 (75.6) 54 (84.4) 1.75 (0.76–4.00) 0.187

Pancreatic texture, soft 112 (72.7) 66 (73.3) 46 (71.9) 1.00 (0.45–2.22) 0.986

Intraoperative blood loss, mL 350±266 309±184 407±343 1.00 (1.00–1.03) 0.045* 1.01 (1.00–1.03) 0.040*

Operation time, min 305±90 297±78 317±103 1.00 (0.99–1.01) 0.998

Pancreatic duct diameter, <3 mm 63 (40.9) 39 (43.3) 24 (37.5) 1.20 (0.58–2.46) 0.613

Data are presented as the number (%) or mean±SD.
HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists physical status; PPPD, pylorus-preserving pancreatoduode-
nectomy.
*Significantly different.
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previous study also showed similar results, wherein over 80% 
of patients with a preoperative diagnosis of periampullary car-
cinoma were classified as moderately to severely malnourished 
using nutritional screening tools, and patients with a high 
nutritional risk showed poor postoperative clinical outcomes.15 
However, the previous retrospective study primarily focused 
on postoperative wound complications and did not analyze the 
known risk factors for morbidities related to pancreatic surgery, 
including pancreatic texture, pancreatic duct size, operation 
time, and estimated blood loss.15

Although periampullary neoplasm, especially pancreatic 
cancer, is a fast-growing tumor, it is important to improve the 
nutritional status of the patients before the surgical procedure. 
As our patients underwent surgery within 2 to 4 weeks of diag-
nosis, provision of nutritional support to malnourished patients 
was possible. Moreover, creating an awareness about the nu-
tritional status of patients at the time of diagnosis is important 
for the healthcare provider, including surgeon, as well as for the 
patients and their family. 

In this study, 64 patients (41.6%) experienced postoperative 
complications and 39 patients (25.3%) experienced complica-
tions classified as ≥grade IIIa in the Clavien-Dindo classifica-
tion. The overall rate of postoperative complications was higher 
in the at-risk-of-malnutrition and malnourished groups than in 
the well-nourished group. No significant intergroup differences 
in morbidity were observed in terms of complications classified 
as ≥grade IIIa in the Clavien-Dindo classification. However, four 
patients in the well-nourished group required wound repair sec-
ondary to wound dehiscence. No patient in the well-nourished 
group showed grade B or C POPF. Notably, four patients in the 
at-risk-of-malnutrition group and one patient in the malnour-
ished group showed postoperative bleeding, requiring a radio-
logical interventional procedure. Patients in the well-nourished 
group showed a relatively shorter length of hospitalization, 
which could be attributed to a lesser severity of postoperative 
complications in this group than the severity of complications 
observed in the at-risk-of-malnutrition or malnourished group.16 
In this study, the rate of severe complications (except wound 
dehiscence) was higher in the at-risk-of-malnutrition and mal-
nourished groups. 

Univariate and multivariate analyses of the risk factors for 
overall postoperative morbidity showed that the at-risk-of-
malnutrition or malnourished status and intraoperative blood 
loss were significantly associated with overall postoperative 
morbidity in elderly patients. Preoperative nutritional status 
could be a significant predictor of postoperative morbidity in 
elderly patients with periampullary neoplasms. Thus, physicians 
should screen such patients carefully to manage their preopera-
tive nutritional status.3,17

Malnutrition is associated with impaired QOL.6,7 In this study, 
the overall preoperative QOL scores were lower in the mal-
nourished group than in the at-risk-of-malnutrition and well-

nourished groups. The overall preoperative QOL score in the 
malnourished group was 31.0, which was <50% of the reference 
value.18 Notably, malnourished elderly patients are predisposed 
to cognitive impairment and a low QOL.19,20 In this study, QOL 
scores were recorded before surgery, and at 3, 6, and 12 months 
after surgery. Interestingly, no significant differences were ob-
served in the QOL scores in the well-nourished group; however, 
the postoperative QOL score increased with time in the at-risk-
of-malnutrition and malnourished groups. 

This study has some limitations. Variables including socio-
economic status, physical function, and depression (which are 
known factors affecting nutritional status) were not included in 
the analysis. Patients were classified into three groups according 
to their preoperative nutritional status. Unfortunately, the num-
ber of patients differed between the groups, and a small-sized 
group could have affected detailed analysis and, consequently, 
our results. Nevertheless, this study was one of the largest pro-
spective cohort studies among studies conducted in Northeast 
Asia countries to evaluate the effects of preoperative malnutri-
tion on postoperative outcomes including postoperative mor-
bidity and the length of hospitalization in elderly patients with 
periampullary neoplasms. 

In conclusion, according to the results of this prospective, 
single-center cohort study that categorized elderly patients with 
periampullary neoplasms on the basis of preoperative nutri-
tional status using uniform MNA criteria, 87.0% patients were 
classified preoperatively as at-risk-of-malnutrition or malnour-
ished. The overall postoperative morbidity rate was higher in 
patients with nutritional issues than in well-nourished patients. 
Therefore, it is important to provide nutritional education and 
perform intervention to improve preoperative nutritional status 
in elderly patients with nutritional risk who are scheduled for 
surgery to treat periampullary neoplasms. Further studies should 
be conducted to evaluate whether these interventions could 
prevent malnutrition, thereby reducing overall postoperative 
morbidity rates. 
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