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Abstract
AIM
To examine the impact of aging on the short-term outcomes following pancreatic resection (PR) in elderly patients.
METHODS
A retrospective cohort study using prospectively collected data was conducted at the China National Cancer Center. Consecutive patients who underwent PR from January 2004 to December 2015 were identified and included. ‘Elderly patient’ was defined as ones age 65 and above. Comorbidities, clinicopathology, perioperative variables, and postoperative morbidity and mortality were compared between the elderly and young patients. Univariate and multivariate analyses were performed using the Cox proportional hazard model for severe postoperative complications (grades Ⅲb-Ⅴ).
RESULTS
A total of 454 (63.4%) patients were < 65-years-old and 273 (36.6%) patients were ≥ 65-years-old, respectively. Compared to patients < 65-years-old, elderly patients had worse American Society of Anesthesiologists scores (P = 0.007) and more comorbidities (62.6% vs 32.4%, P < 0.001). Elderly patients had more severe postoperative complications (16.8% vs 9.0%, P = 0.002) and higher postoperative mortality rates (5.5% vs 0.9%, P < 0.001). In the multivariate Cox proportional hazards model for severe postoperative complications, age ≥ 65 years [hazard ratio (HR) = 1.63; 95% confidence interval (CI): 1.18-6.30], body mass index ≥ 24 kg/m2 (HR = 1.20, 95%CI: 1.07-5.89), pancreaticoduodenectomy (HR = 4.86, 95%CI: 1.20-8.31) and length of operation ≥ 241 min (HR = 2.97; 95%CI: 1.04-6.14) were significant (P = 0.010, P = 0.041, P = 0.017 and P = 0.012, respectively).
CONCLUSION
We found that aging is an independent risk factor for severe postoperative complications after PR. Our results might contribute to more informed decision-making for elderly patients.
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Core tip: Pancreatic resection is the only treatment with curative potential for pancreatic cancer and periampullary cancer, and it is a useful treatment for other benign diseases. But, compromised physiological reserve and comorbidities may counterindicate pancreatic resection in elderly patients. We found that aging is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ). The potential deleterious effect of age on severe complications translates to a need for improvement in surgical management of elderly patients undergoing pancreatic resection. Our results might contribute to informed decision-making for elderly patients. 

INTRODUCTION
The aging population worldwide is growing at a remarkable rate. It is predicted that the proportion of the population aged 65 or above, in developed and developing nations alike, will rise until at least 2050[1]. The incidence of pancreatic and periampullary cancer is strongly age-related, and elderly patients represent 60% of all diagnosed cases[2]. Pancreatic resection is the only treatment with curative potential for pancreatic and periampullary cancer, and it is a useful treatment for other benign diseases[3]. Thus, pancreatic surgeons will increasingly face decisions on whether to perform a pancreatic resection on elderly patients. 
Over the last decade, several reports described outcomes for pancreatic resection on elderly patients; however, the results are inconsistent. Some studies[2,4-15] reported a positive association between age and the postoperative complications after pancreatic resections, whereas others[3,16-27] found no association. Moreover, the majority of such studies were conducted in developed countries. For developing countries, the data was scarce. As such, we conducted a single-center, large-scale retrospective study to examine the association between age and postoperative complications after pancreatic resections in Chinese patients.

MATERIALS AND METHODS
Patients who underwent pancreatic resection at the Cancer Hospital of the Chinese Academy of Medical Sciences, China National Cancer Center from January 2004 to December 2015 were identified and included in the study. All pancreatic resections including pancreaticoduodenectomy (n = 385), distal pancreatectomy (n = 281) and middle-segment pancreatectomy (n = 51) were reviewed. The patients were divided into those at the age of 65-years-old or above and those younger than 65 years. The patients aged at 65-years-old or above were defined as “elderly patients”. All study procedures were approved by the Institutional Review Board at the Cancer Hospital of the Chinese Academy of Medical Sciences.
The following factors were compared between two groups: demographic characteristics, smoking and alcohol consumption, body mass index (BMI), hemoglobin and serum albumin levels, American Society of Anesthesiologists (ASA) score, preoperative biliary drainage, comorbidities (diabetes, coronary artery disease, hypertension, chronic obstructive pulmonary disease, hepatitis B), previous history of cancer, previous abdominal surgery, family history of cancer, surgical procedure, intraoperative data (operative time, intraoperative blood loss), pathologic data, postoperative hospital stay, cost, perioperative complications and perioperative mortality.
Perioperative mortality was defined as in-hospital death within 30 d after surgery. The specific complications studied include delayed gastric emptying, pancreatic fistula, bile leak, gastrointestinal hemorrhage, cholangitis, pneumonia, wound infection, urinary tract infection, intraabdominal abscess, central line infection, and cerebrovascular accident. Postoperative complications were defined according to the Clavien-Dindo classification, and severe complications were defined as complications grade Ⅲb and greater[28,29]. Length of stay was calculated from the date of operation to the date of hospital discharge.

Statistical analysis
2 tests (for categorical variables) or t-tests (for continuous variables) were used to examine the differences in patients’ characteristics between the elderly and young groups. Univariate and multivariate Cox proportional hazards regression models were performed to identify independent predictors for severe postoperative complications (grades Ⅲb-Ⅴ). A P-value of less than 0.05 was considered statistically significant. Statistical analyses were conducted using SAS software version 9.3 (SAS Institute Inc., Cary, NC, United States).

RESULTS
Patient demographics and comorbidities
Pancreatic resection was performed in 454 elderly patients (63.4%) and 273 young patients (36.6%). The elderly patients had significantly higher male:female ratio and alcohol consumption (Table 1). Compared to the young patients, the elderly patients had statistically higher preoperative ASA scores, with 48.4% of these patients within Ⅲ/Ⅳ classes compared to 19.6% in the young patients (P = 0.007), and had a higher rate of preoperative biliary drainage (P = 0.011). The elderly patients had more comorbidities (62.6% vs 32.4%, P < 0.001). The incidences of diabetes, hypertension and coronary artery disease were significantly higher in elderly patients (Table 1). Depending on the primary tumor localization, pancreaticoduodenectomy (n = 385), middle-segment pancreatectomy (n = 51) or distal pancreatectomy (n = 281) were performed. The most common malignancies were pancreatic ductal adenocarcinoma in 45 (60.8%), and the rate of pancreatic ductal adenocarcinoma was higher in the elderly than in the young patients (P < 0.001).

Patient age and postoperative complications
Although overall complication rate was comparable between two groups (39.6% vs 33%, P = 0.075), the incidence of postoperative severe complications (grades Ⅲb-Ⅴ) was significantly higher in elderly patients (16.8% vs 9.0%, P = 0.002). Gastrointestinal hemorrhage and urinary tract infection was more frequent in the elderly patients. There was no significant difference in the incidence of delayed gastric emptying, pancreatic fistula, bile leak, cholangitis, pneumonia, wound infection, intraabdominal abscess, central line infection and cerebrovascular accident between the two groups. Postoperative mortality was significantly higher in the elderly patients (5.5% vs 0.9%, P < 0.001) (Table 2).

Patient age and operative variables/length of hospital stay
Age did not show a significant association with operative time, cost of hospitalization or postoperative hospital stay (Table 3). Intraoperative blood loss (median: 468 mL) was comparable between groups, whereas the number of individuals receiving blood transfusions was significantly greater among elderly patients (129/273 vs 169/454).

Risk factors for severe postoperative complications (grades Ⅲb-Ⅴ) in elderly patients 
Univariate Cox proportional hazards regression models identified the following risk factors for severe postoperative complications (grades Ⅲb-Ⅴ): age ≥ 65 (P = 0.002), BMI ≥ 24 kg/m2 (P = 0.012), ASA score Ⅲ/Ⅳ (P = 0.038), PD (P < 0.001), and length of operation (≥ 241 min) (P = 0.004). In multivariate analysis, independent factors were age ≥ 65 years [P = 0.010; odds ratio (OR) = 1.63; 95% confidence interval (CI): 1.18-6.30], BMI ≥ 24 kg/m2 (P = 0.041; OR = 1.20; 95%CI: 1.07-5.89), PD (P = 0.017; OR = 4.86; 95%CI: 1.20-8.31), and length of operation (P = 0.12; OR = 2.97; 95%CI: 1.04-6.14) (Table 4).

DISCUSSION
Pancreatic resection is recognized as a highly invasive surgery. Despite recent advances in surgical technique, devices and perioperative care, elderly patients undergoing pancreatic resection remain a challenge, mainly due to compromised physiological reserve and comorbidities, which may negatively impact the postoperative outcomes[27].
In our study, we found that the incidence of severe postoperative complications (grades Ⅲb-Ⅴ) was significantly higher in elderly patients (16.8% vs 9.0%, P = 0.002), although the overall complication rate was comparable between the two groups (39.6% vs 33%, P = 0.075). Recently, centers in developed counties have started to report their results after pancreatic resection in the elderly. The majority of studies reported statistically higher postoperative complication rates in the group they defined as elderly patients when compared to young patients. Lahat et al[8] reported that elderly patients (age ≥ 70 years) had more postoperative complications (41% vs 29%, P = 0.01), longer hospital stays (26.2 d vs 19.7 d, P < 0.0001) and higher incidences of perioperative mortality (5.4% vs 1.4%, P = 0.01). Adham et al[2] found that elderly patients had higher postoperative mortality rates (12.9% vs 3.9%, P = 0.04) and demonstrated age ≥ 70 years [hazard ratio (HR) = 3.5; 95%CI: 1.3-9.3] as an independent predictor of postoperative mortality. Ayman et al[14] showed that the incidence of complications was higher in elderly patients (25.9% in patients aged < 65 years, 36.8% in those aged at 65 to 69 years, and 37.5% in those aged ≥ 70 years, P = 0.006) and postoperative hospital mortality was comparable. Kow et al[10] found that morbidity rate in elderly patients was higher (56% vs 44%, P = 0.04) for age ≥ 70 years, but the mortality rate was comparable (0% vs 3%, P = 0.28). Riall et al[5] described increasing age as an independent risk factor for mortality after pancreatic resection by using a large population-based cohort. Another population-based study[15] in the Netherlands found that postoperative length of stay in hospital was longer and morbidity rate was higher (56% vs 44%, P = 0.04) among elderly patients, and also showed that elderly patient groups (≥ 70 years) exhibited a higher short-term mortality risk compared to patients under 70-years-old. Several studies did not show a statistical difference in overall morbidity or mortality rates between the older and younger groups. Our study is one of the largest studies, and our data is consistent with those from population-based studies.
Beside age, we also found BMI ≥ 24 kg/m2, pancreaticoduodenectomy and length of operation ≥ 241 min (median) were independent risk factors for severe postoperative complications (grades Ⅲb-Ⅴ). Taken together, age alone should not be the only contraindication to pancreatic resection. It is important for surgeons to recognize that elderly patients have higher severe postoperative complications. In order to allow the proper selection of those patients best suited for surgery, a more comprehensive evaluation of the comorbidities, BMI, complexity of the surgical procedure and type of surgical procedure is required. 
The age groups studied vary among the published studies. Some studies[10,19] set 65-years-old as the cut-off for elderly patients, while others set the ages of 70 years[2,8,13,15,21,23,25,27], 75 years[3,18,22] or even 80 years[7,11,16,20] as cut-offs. We accepted the age of 65 years as a definition of elderly. Compared to patients aged < 65 years, those elderly patients had statistically higher preoperative ASA scores and more comorbidities, such as diabetes, hypertension and coronary artery disease. In the present series, the elderly patients had a higher rate of preoperative biliary drainage (P = 0.011), which is in line with a previous study[21] that found most physicians might reduce the threshold of acceptable preoperative bilirubin in the elderly, fearing the well-known impact of sustained jaundice on nutritional status and renal function in elderly patients. The elderly patients also had a higher rate of pancreatic duct adenocarcinoma; this could be explained by age-dependent biological differences.
The study has several strengths. First, to our knowledge, this is one of the largest studies in developing countries evaluating the effect of age on short-term outcomes after pancreatic resection. Second, our study used the Clavien-Dindo classification system to classify the complications associated with pancreatic resection, and we found that aging is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ), which have negative effects on health-related quality of life, length of stay and resource utilization[30,31]. Our study may provide a more realistic view of complications following pancreatic resection. As for the current study, there are several limitations. The retrospective nature of this study can be associated with selection bias. The study also took place over a 12-year period, during which advances in surgical technique, devices and perioperative care likely improved outcomes in elderly patients. In addition, all patients were analyzed from a single institution, so the findings may not be generalizable to other settings. The limited sample size makes it difficult to further perform subcategory analysis based on age.
In conclusion, increasing age is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. Therefore, pancreatic surgery should be considered with caution in elderly patients. Our results may contribute to informed decision-making for elderly patients.

ARTICLE HIGHLIGHTS
Research background
Pancreatic resection is the only treatment with curative potential for pancreatic cancer and periampullary cancer, and it is also a useful treatment for other benign diseases. But, compromised physiological reserve and comorbidities may counterindicate pancreatic resection on elderly patients. Over the last decade, several reports described outcomes for pancreatic resection on elderly patients; however the results are inconsistent. Some studies reported a positive association between age and the postoperative complications after pancreatic resections, whereas others found no association. Moreover, the majority of such studies were conducted in developed countries. For developing countries, the data was scarce.

Research motivation
The aging population worldwide is growing at a remarkable rate. It is predicted that the proportion of the population aged 65 or above, in developed and developing nations alike, will rise until at least 2050. The incidence of pancreatic and periampullary cancer is strongly age-related, and elderly patients represent 60% of all diagnosed cases. Pancreatic resection is the only treatment with curative potential for pancreatic and periampullary cancer, and it is also a useful treatment for other benign diseases. Thus, pancreatic surgeons will increasingly face decisions on whether to perform a pancreatic resection on elderly patients. As such, we conducted a single-center, large-scale retrospective study to examine the association between age and postoperative complications after pancreatic resections in Chinese patients.

Research objectives
The aim of this study is to examine the impact of aging on the short-term outcomes following pancreatic resection in elderly patients.

Research methods
A retrospective cohort study using prospectively collected data was conducted at the Cancer Hospital of the Chinese Academy of Medical Sciences, China National Cancer Center. The patients were divided into those at the age of 65-years-old or above and those younger than 65 years. The patients aged at 65-years-old or above were defined as ‘elderly patients’. The following factors were compared between two groups: demographic characteristics, smoking and alcohol consumption, body mass index (BMI), hemoglobin and serum albumin levels, American Society of Anesthesiologists (ASA) score, preoperative biliary drainage, comorbidities (diabetes, coronary artery disease, hypertension, chronic obstructive pulmonary disease, hepatitis B), previous history of cancer, previous abdominal surgery, family history of cancer, surgical procedure, intraoperative data (operative time, intraoperative blood loss), pathologic data, postoperative hospital stay, cost, perioperative complications and perioperative mortality. 

Research results
Compared to patients < 65-years-old, elderly patients had worse ASA scores (P = 0.007) and more comorbidities (62.6% vs 32.4%, P < 0.001). Operative time, intraoperative blood loss, postoperative hospital stay and cost were comparable. Elderly patients had more severe postoperative complications (grades Ⅲb-Ⅴ) (16.8% vs 9.0%, P = 0.002) and higher postoperative mortality rates (5.5% vs 0.9%, P < 0.001). In the multivariate Cox proportional hazards model for severe postoperative complications (grades Ⅲb-Ⅴ), age ≥ 65 years, BMI ≥ 24 kg/m2, pancreaticoduodenectomy and length of operation ≥ 241 min were significant.

Research conclusions
Increasing age is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. Therefore, pancreatic surgery should be considered with caution in elderly patients. Our results may contribute to informed decision-making for elderly patients. Aging is an independent risk factor for severe postoperative complications after pancreatic resection. We found that aging is an independent risk factor for severe postoperative complications after pancreatic resection. Our results might contribute to more informed decision-making for elderly patients. We found that aging is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. Our results might contribute to more informed decision-making for elderly patients. 
The association between age and postoperative complications after pancreatic resections in Chinese patients is unknown. Our study used the Clavien-Dindo classification system to classify the complications associated with pancreatic resection, and we found that aging is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ). Our study may provide a more realistic view of complications following pancreatic resection. 
Elderly patients had more severe postoperative complications and higher postoperative mortality rates. Age ≥ 65 years is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. Outcomes for pancreatic resection on elderly patients are inconsistent. This potential deleterious effect of age on severe complications needs improvement for surgical management of elderly patients undergoing pancreatic resection.

Research perspectives
We found that aging is an independent risk factor for severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection. Our results might contribute to more informed decision-making for elderly patients.
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Table 1  Demographic, comorbidity, operation type, and pathology data in patients grouped according to age
Variable

< 65 yr, n = 454

≥ 65 yr, n = 273

Total, n = 727

P value

Sex





   Male

202

159

361


   Female

252

114

366


   Male:female ratio

       0.8

       1.4

       1.0

  0.0003

Mean BMI in kg/m2

     23.1

     23.4

     23.2

0.351

Smoking




0.129

   Never

323

180

503


   Ever

130

  93

223


Mean smoking amount. in packs/yr

  50

  53

  51

0.127

Mean smoking time in yr

     22.1

     26.1

     23.7

0.101

Alcohol




0.017

   Never

367

200

567


   Ever

  87

  73

160


Mean preoperative TBIL in mol/L

     31.4

     42.8

     36.3

0.134

Preoperative serum albumin in g/L

     39.7

     37.8

     38.9

0.111

ASA category Ⅲ + Ⅳ

  89

  77

166

0.007

Preoperative biliary drainage

  51

  49

100

0.011

Comorbidity





   Patients with any comorbidity

147

171

318

< 0.001

   Diabetes

  89

  73

162

0.025

   Coronary artery disease

  18

  57

  75

< 0.001

   Hypertension

  77

  63

140

0.043

   COPD

  11

  12

  23

0.141

   HBV

  26

    9

  35

0.138

   HCV

  11

    4

  15

0.379

   Previous history of cancer

    3

    6

    9

0.070

   Previous abdominal surgery

  61

  37

  98

0.964

   Family history of cancer

  49

  50

  99

0.004

Operation type





   Pancreaticoduodenectomy

232

153

385

0.196

   Distal pancreatectomy

169

112

281

0.308

   Middle-segment pancreatectomy

  43

    8

  51

  0.0008

Pathology data





   Pancreatic duct adenocarcinoma

  94

101

195

< 0.001

   Others1

360

172

532


1Distal bile duct adenocarcinoma, ampulla adenocarcinoma, gall bladder adenocarcinoma, duodenal adenocarcinoma, intraductal papillary mucinous neoplasm, neuroendocrine neoplasm, pancreatic metastasis, solid pseudopapillary tumor, benign neoplasm, pancreatitis. ASA: American Society of Anesthesiologists; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; TBIL: Total bilirubin.





Table 2  Postoperative complications in patients grouped according to age
Complication

< 65 yr, n = 454

≥ 65 yr, n = 273

Total, n = 727

P value

Patients with any complication

150 (33.0)

108 (39.6)

258 (35.5)

0.075

Patients with severe complication (grades Ⅲb-Ⅴ)

41 (9.0)

46 (16.8)

87 (12.0)

0.002a

Pancreatic fistula

72 (15.9)

55 (20.1)

127 (17.5)

0.140

Delayed gastric emptying

45 (9.9)

35 (12.8)

80 (11.0)

0.225

Bile leak

15 (3.3)

14 (5.1)

29 (4.0)

0.224

Reoperation

12 (2.6)

11 (4.0)

23 (3.2)

0.301

Readmission

4 (0.9)

1 (0.4)

5 (0.7)

0.416

Gastrointestinal hemorrhage

9 (2.0)

13 (4.8)

22 (3.0)

0.034a

Wound infection

18 (4.0)

12 (4.4)

30 (4.1)

0.777

Cholangitis

6 (1.3)

5 (1.8)

11 (1.5)

0.585

Urinary tract infection

12 (2.6)

16 (5.9)

28 (3.9)

0.029a

Pneumonia

7 (1.5)

10 (3.7)

17 (2.3)

0.067

Intraabdominal abscess

13 (2.9)

7 (2.6)

20 (2.8)

0.811

Bacteremia

7 (1.5)

9 (3.3)

16 (2.2)

0.118

Central line infection

12 (2.6)

10 (3.7)

22 (3.0)

0.437

Pulmonary embolus

0 (0)

1 (0.4)

1 (0.1)

0.197

Deep venous thrombosis

1 (0.2)

3 (1.1)

4 (0.5)

0.121

Arrhythmia

10 (2.2)

11 (4.0)

21 (2.9)

0.154

Cerebrovascular accident

1 (0.2)

1 (0.4)

2 (0.3)

0.716

Mortality

4 (0.9)

15 (5.5)

19 (2.6)

< 0.001a

Data are presented as n (%). aStatistical significance.





Table 3  Association among operative difficulty, postoperative hospital stay and cost with age
Variable

< 65 yr, n = 454

≥ 65 yr, n = 273

Total, n = 727

P value

Mean operative time in min

239.8

247.5

243.1

0.330

Mean intraoperative blood loss in mL

461.0

479.1

468.0

0.650

Blood transfusion, n

169

129

298

0.008

Mean postoperative hospital stay in d

21.1

22.7

21.9

0.150

Mean cost in RMB

76411

73610

74717

0.790






Table 4  Univariate and multivariate Cox proportional hazards models for severe postoperative complications (grades Ⅲb-Ⅴ)
Variable

Subgroup

Univariate

Multivariate



P value

P value

HR (95%CI)

Medical risk factors





   Age in yr

< 65 vs ≥ 65

0.002

0.010

1.63 (1.18-6.30)

   BMI

< 24 kg/m2 vs ≥ 24 kg/m2

0.012

0.041

1.20 (1.07-5.89)

   ASA classification

Ⅰ/Ⅱ vs Ⅲ/Ⅳ

0.038

0.271

-

Surgical risk factors





   Pancreaticoduodenectomy

Yes vs No

< 0.001

0.017

4.86 (1.20-8.31)

   Length of operation 

< 241 min vs ≥ 241 min (median)

0.004

0.012

2.97 (1.04-6.14)

ASA: American Society of Anesthesiologists; BMI: Body mass index; CI: Confidence interval; HR: Hazard ratio.


14

image1.png
Baishideng
K Publishing

JBaishideng® Group





