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Aim: Whether to execute pancreaticoduodenectomy or not for older people could pose a dilemma. This study clarifies the safety and 
justification of robotic pancreaticoduodenectomy (RPD) for older individuals over 80.
Methods: A total of 500 patients undergoing RPD were divided into group O (≥ 80 y/o) and group Y (< 80 y/o) for comparison.
Results: There were 62 (12.4%) patients in group O. Surgical mortality was 1.6% for overall patients and higher in group O, 6.5% vs 
0.9%; p = 0.001. The surgical complication was comparable between groups O and Y. Delayed gastric emptying and bile leakage were 
higher in group O, 9.7% vs 2.5%; p = 0.004, and 6.5% vs 0.9%; p = 0.001, respectively. Length of stay was also longer in group O, 
with a median of 26 vs 19 days; p = 0.001. Survival outcome after RPD was poorer in group O for overall periampullary 
adenocarcinomas, with a 5-year survival of 48.1% vs 51.2%; p = 0.025 and also for the subgroup of pancreatic head adenocarcinoma, 
with a 3-year survival of 27.4% vs 42.5%; p = 0.030.
Conclusion: RPD is safe and justified for the selected octogenarians and even nonagenarians, whoever is fit for a major operation. 
Nevertheless, pancreatic head cancer and higher mortality risk for the aged over 80 with advanced ASA score ≥ 3 should be informed 
as part of counselling in offering RPD.
Keywords: nonagenarian, octogenarian, pancreas, pancreaticoduodenectomy, robotic

Introduction
As life expectancy increases and health condition improves, so does the demand for better care and quality of life for 
older patients. The aging population is becoming a global phenomenon. The aged people over 80 will represent 
a consistent portion of this subset, reaching 12.7% of the population by 2080.1 Given the aging population and the 
associated increased incidence of malignancy with age, pancreatic adenocarcinoma, and periampullary malignancies are 
increasingly identified in the older brackets of the population.2–4 Pancreaticoduodenectomy, commonly known as the 
“Whipple procedure”, is a complex and challenging procedure and is considered the standard surgical treatment for the 
lesions in the periampullary region and pancreatic head. In the past, a major operation such as pancreaticoduodenectomy 
was not considered for older people after being diagnosed with a periampullary lesion. However, pancreaticoduode-
nectomy remains the only hope of a cure in patients with periampullary malignancy. As the percentage of patients in the 
older brackets increases, more patients seek surgical care as a chance to cure. Refusing patients for resection based on 
age alone seems unsustainable.2 Compared to the younger cohort, perioperative management of older people is more 
demanding mainly because of the major vulnerability of the aged, often concomitant with chronic comorbidities such as 
cardiovascular, metabolic, and pulmonary diseases. Therefore, older individuals are characterized by a reduced physio-
logical reserve, which may lead to more severe and life-threatening complications and higher surgical mortality than their 
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younger counterparts, especially those undergoing a major surgical procedure such as pancreaticoduodenectomy carrying 
high postoperative mortality and morbidity.1,5

Traditionally, open pancreaticoduodenectomy (OPD) is performed through a long saber slash, midline, or a rooftop 
abdominal incision which would cause excruciating pain and even probably result in detrimental effects on the patients.6 

Recently, in addition to growing surgical expertise and improving postoperative management, minimally invasive 
pancreaticoduodenectomy (MIPD) with smaller wound and less pain might provide aged patients with a wide range of 
options and also enable more advanced age individuals to become eligible candidates for pancreaticoduodenectomy. 
There are some reports regarding MIPD by the laparoscopic approach being safely performed with favorable outcomes in 
aged patients.7–9 However, pancreaticoduodenectomy is characterized by an extensive visceral organ dissection, meti-
culous identification of critical vascular anatomy, and technically demanding reconstruction. Thus, the implementation of 
MIPD has lagged behind other abdominal procedures.10 With the introduction of da Vinci Robotic Surgical System 
((Intuitive Surgical®, Sunnyvale, CA, USA) and approval by the US Food and Drug Administration in 2000,11 robotic 
surgery soon emerges to overcome the limitations of laparoscopic surgery because da Vinci Robotic Surgical System can 
provide Endowrist instruments increasing the range of motion mimicking open surgery, the high-definition 3-D vision of 
the surgical field, and tremor-free motion for both camera and instruments. These advances increase dexterity, improve 
ergonomics and reduce surgeon fatigue.10 However, spreading the RPD has also been sluggish, mainly because of the 
technical challenges, the relatively low surgical volume of this operation, and the cost.12 Despite the slow adoption of the 
robotic approach for pancreaticoduodenectomy, several studies have shown that RPD is a feasible and safe procedure 
compared to OPD.6,10,13,14

Only a few studies specifically evaluate the outcomes of pancreaticoduodenectomy in older people, and even a few 
authors focus on octogenarians.2–4,15,16 Therefore, the influence of increasing age on outcomes after pancreaticoduode-
nectomy is ambiguous. Whether the indication of surgery should be influenced by age remains a matter of debate, 
especially in those over 80 years.1,3,17–19 This study is to evaluate the perioperative characteristics and clarify the safety 
and justification of RPD for the aged over 80 years old. To our knowledge, no studies have reported the outcomes of RPD 
for advanced-age individuals such as octogenarians and nonagenarians.

Methods
Study Design and Study Population
Before the commencement, the study protocol was approved Data from patients with periampullary lesions undergoing 
RPD were identified for this retrospective study from a prospectively collected database from July 2014 to August 2022. 
According to the age at the time of RPD, the patients identified were categorized into two groups: group O (≥ 80 y/o), 
including octogenarian (80–89 y/o) and nonagenarian (90–99 y/o), and group Y (< 80 y/o). This study was approved by 
the Institutional Review Board (IRB) of Taipei Veterans General Hospital (IRB-TPEVGH No.: 2023-02-006BC) and 
carried out in accordance with the IRB guidelines and regulations. The requirement for informed consent was waived in 
this retrospective cohort study with data anonymity. Patient selection for RPD was determined through the availability of 
a robotic machine and patient preferences after detailed counseling about the innovative nature of RPD and its 
advantages and disadvantages. Preoperative demographics and clinical variables were assessed, including sex, age, 
body mass index (BMI), American Society of Anesthesiologists (ASA) physical status classification, periampullary 
lesions, and tumor size. Surgical outcomes for evaluation included operation time, blood loss, conversion, vascular 
resection, surgical mortality, a variety of complications after RPD, length of stay (LOS), and lymph node yield (harvested 
number). Survival outcomes of periampullary adenocarcinomas were also determined.

Study Endpoints
The primary study endpoint was to clarify the safety and justification of RPD for the octogenarian and nonagenarian in 
group O by comparing the surgical outcomes in their younger counterparts, group Y. The secondary study endpoint was 
to assess the survival outcomes of periampullary adenocarcinomas in group O and Y.
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Surgical Technique
RPDs were carried out with the assistance of Si or Xi da Vinci Robotic Surgical System® (Intuitive Surgical, Inc., 
Sunnyvale, CA, USA). All RPDs were performed using the same surgical technique by the same team led by Shyr YM. 
The robotic technique for the modified Blumgart pancreaticojejunostomy was described previously in detail.13 Briefly, 
after creating a pancreatic stump of approximately 0.5–1 cm, the divided distal jejunal limb was brought for an end-to- 
side pancreaticojejunostomy in a retrocolic fashion. A modified Blumgart pancreaticojejunostomy was performed using 3 
or 2 transpancreatic U-sutures with 3-0 sutures made of polydioxanone (PDS™) as the outer-layer sutures which were 
not tied until all of the inner duct-to-mucosa sutures were placed and tied. A series of simple interrupted 4-0 sutures made 
of polydioxanone (MonoPlus®) was then carefully and accurately placed for the inner layer, duct-to-mucosa anastomosis; 
usually 6 sutures for a non-dilated pancreatic duct and 8–10 for a dilated pancreatic duct. After the inner layer duct-to- 
mucosa anastomosis was completed, the anterior outer-layer horizontal mattress sutures using previously held U-sutures 
were completed on the anterior surface of the jejunum and pancreas. Pancreatic duct stents were not routinely used 
except for a small pancreatic duct < 3 mm, for which a short, internal stent was placed. Thereafter, hepaticojejunostomy 
without stenting was completed on the same jejunal limb, with interrupted suturing for the non-dilated bile duct or 
continuous homemade double-needles suturing for the dilated bile duct. A hand-sewn gastrojejunostomy was performed 
using the extracorporeal approach involving a careful downward positioning of the stomach. The final position of 
gastrojejunostomy was antecolic, antiperistaltic, and inframesocolic near the umbilicus region. The right gastric artery 
was routinely divided in our practice. Pylorus-preserving pancreaticoduodenectomy was attempted initially whenever 
possible; otherwise, a limited antrectomy was done for those with ischemic pylorus after dividing the right gastric artery. 
Mesopancreas dissections were described in detail in our previous study.6 Oral intake with a clear liquid diet was started 
as early as possible, usually on postoperative days 1–3 if there is no nasogastric tube soon after RPD.

Definitions of Surgical Complications
Surgical mortality was defined as death within 90 days after surgery, including the period of admission for the operation 
or hospital readmission. Surgical complications were classified by the Clavien–Dindo classification.20 Postoperative 
pancreatic fistula (POPF) was referred to as a clinically relevant grade B or C pancreatic leakage based on the 2016 new 
grading system by the International Study Group for Pancreatic Fistula.21 Post-pancreatectomy hemorrhage (PPH), 
delayed gastric emptying (DGE), and chyle leak was classified according to the criteria proposed by the International 
Study Group of Pancreatic Surgery (ISGPS).22–24

Statistical Analysis
Statistical analysis was carried out using Statistical Product and Service Solutions version 26 software (SPSS Inc, IBM, 
Armonk, NY, USA). Categorical variables were presented as the number (percentage) and compared using Pearson’s χ2 

test or Fisher’s exact test contingency tables. All continuous data were presented as median (range) and mean±standard 
deviation. The mean continuous variables distributed normally were compared between groups using the two-tailed 
Student’s t-test. The Wilcoxon rank-sum test was used for continuous variables without normal distribution. Survival 
rates were estimated using the Kaplan-Meier method. The Log rank test was used to compare differences between the 
survival curves. Statistical significance was set at P < 0.05.

Result
A total of 500 patients undergoing RPD were included in the study, with 438 (87.6%) in group Y (< 80 y/o) and 62 
(12.4%) in group O (≥ 80 y/o), including 55 octogenarians and 7 nonagenarians (Table 1). The median age of the O group 
was 83 (range 80-97), and of the Y group was 66 (range 19-79) at the time of RPD. The age distribution of RPD patients 
is shown in Figure 1, with a median age of 67 years (range 19-97). There was no significant difference in gender, BMI, 
and tumor size between group O and Y. Group O was associated with a higher rate of advanced ASA score > 3, 62.9% vs 
29.5% in group Y; p < 0.001. The incidences of pancreatic head adenocarcinoma (45.2% vs 36.2%) and ampullary 
adenocarcinoma (32.3% vs 24.4%) were higher when compared to their younger counterparts; p = 0.033.
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The operation time was longer in group O, with a median of 9.1 vs 8.0 hours in group Y; p = 0.039 (Table 2). 
Intraoperative blood loss, open conversion, and vascular resection were similar between these two groups. The surgical 
mortality was 1.6% for overall patients and higher in group O, 6.5% vs 0.9% in group Y; p = 0.010. The surgical 
mortality for each age decade is shown in Figure 2. There was no surgical mortality before the age of 60 years, whereas 
there were three (5.5%) in octogenarians and one (14.3%) in nonagenarians; p = 0.043. The causes of surgical mortality 
in group O included renal failure with multiple organ failure in one nonagenarian with an ASA score of 3, myocardial 
infarction in one octogenarian with an ASA score of 3 and one octogenarian with an ASA score of 4, and heart failure in 
one octogenarian with an ASA score of 3. All of the four patients in group O had pre-existing comorbidity and died of 
non-surgical complications which were not related to the RPD procedure itself. The overall surgical complication was 
comparable between these two groups, with 59.7% for group O and 57.3% for group Y. No statistical difference was 
noted regarding POPF, PPH, chyle leakage, wound infection, and lymph node yield, but DEG and bile leakage rates were 
higher in group O, 9.7% vs 2.5% in group Y; p = 0.004, and 6.5% vs 0.9% in group Y; p = 0.001 respectively. The LOS 
was also longer in group O, with a median of 26 vs 19 days in group Y; p = 0.001.

Table 1 Demographics for Patients with Periampullary Lesions Undergoing Robotic 
Pancreaticoduodenectomy

Total Age > 80 y/o Age < 80 y/o P value

Patients, n (%) 500 62 (12.4%) 438 (87.6%)

Age, year old < 0.001

Median (range) 67 (19–97) 83 (80–97) 66 (19–79)
Mean+SD 66+12 85+4 63+11

Gender (female/male) 0.661

Female 237 (47.4%) 31 (50%) 206 (47.0%)
Male 263 (52.6%) 31 (50%) 232 (53.0%)

BMI 0.242
Median (range) 23.5 (15.9–36.2) 23.5 (17.0–30.2) 23.5 (15.9–36.2)

Mean+SD 23.8+3.5 23.3+2.7 23.9+3.6

ASA physical status classification < 0.001
1 87 (17.4%) 2 (3.2%) 85 (19.4%)

2 245 (49.0%) 21 (33.9%) 224 (51.1%)

3 159 (31.8%) 37 (59.7%) 122 (27.9%)
4 9 (1.8%) 2 (3.2%) 7 (1.6%)

5 0 0 0

6 0 0 0
ASA physical status classification < 0.001

1and2 332 (66.4%) 23 (37.1%) 309 (70.5%)

> 3 168 (33.6%) 39 (62.9%) 129 (29.5%)
Periampullary lesions 0.033

Pancreatic head adenocarcinoma 171 (34.2%) 28 (45.2%) 143 (36.2%)

Ampullary adenocarcinoma 127 (25.4%) 20 (32.3%) 107 (24.4%)
Distal CBD adenocarcinoma 37 (7.4%) 4 (6.5%) 33 (7.5%)

Duodenal adenocarcinoma 22 (4.4%) 3 (4.8%) 19 (4.3%)

IPMN 38 (7.6%) 4 (6.5%) 34 (7.8%)
Neuroendocrine tumor 24 (4.8%) 2 (3.2%) 22 (5.0%)

Others 81 (16.2%) 1 (1.6%) 80 (18.3%)

Tumor size, cm 0.556
Median (range) 3.0 (0.5–11.0) 3.0 (1.1–8.0) 2.0 (0.5–11.0)

Mean+SD 3.1+1.4 3.2+1.3 3.1+1.4

Abbreviations: SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; CBD, common 
bile duct; IPMN, intraductal papillary mucinous neoplasm.
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Survival outcome after RPD was poorer in group O for overall periampullary adenocarcinomas, with a 5-year survival 
of 48.1% vs 51.2% in group Y; p = 0.025 (Table 3) and also for the subgroup of pancreatic head adenocarcinoma, with 
a 3-year survival of 27.4% vs 42.5% in group Y; p = 0.030 (Figure 3). As to the subgroup of ampullary adenocarcinoma, 
the survival outcome was no statistical difference between groups O and Y.

Discussion
Since 70% of cancer is expected to occur in older people, this has imposed a new challenge for the healthcare system.25 

This is particularly evident for pancreatic head cancer and other periampullary malignancies, as shown in this study with 
a higher incidence of pancreatic head adenocarcinoma (45.2% vs 36.2%) and ampullary adenocarcinoma (32.3% vs 
24.4%) when compared to their younger counterparts, p = 0.033. Nevertheless, pancreaticoduodenectomy currently 
remains the only hope of a cure for these malignancies. In other words, a major resection with pancreaticoduodenectomy 
needs to be considered more frequently in older people.2–4,26 However, whether to execute pancreaticoduodenectomy or 
not for older people could pose a dilemma, especially for those aged over 80 years.1,3,17–19 Currently, the majority of the 
findings regarding the impact of age on the outcomes of pancreaticoduodenectomy are based on studies from OPD,1,3,17– 

19 a few from LPD,7–9 and none from RPD. Current evidence shows that robotic pancreatoduodenectomy (RPD) is 
feasible with a safety profile equivalent to either open pancreatoduodenectomy (OPD) or laparoscopic pancreatoduode-
nectomy (LPD).27

The major concern in considering a major operation would be the “biological age” instead of chronological age. 
Biological age uses biophysiological measures to more accurately determine an individual’s age-related risk of adverse 
outcomes.28 The aged individuals are often associated with multiple chronic comorbidities and are characterized by 
reduced functional and physiological reserves.1,5 As shown in this study, the advanced ASA score > 3 was high, up to 
62.9% in Group O, compared to 29.5% in group Y, p < 0.001. The association of a more advanced ASA score > 3 could 
be a reflection of frailty and vulnerability in aged individuals who always need accurate preoperative evaluation and 
careful postoperative management.

The surgical risk would be the prime concern in considering RPD for the aged. Systematic review and meta-analysis 
with a combined total of 21,295 patients from 45 eligible studies of OPD by Pedziwiatr et al26 found that advanced age is 
a risk factor for increased non-surgical morbidity and, by extension, higher mortality. In this study, the overall surgical 
complication is comparable between these two age groups. There is no significant difference regarding intraoperative 
blood loss, POPF, PPH, chyle leakage, and wound infection in group O. Nevertheless; group O is associated with higher 
rates of delayed gastric emptying and bile leakage after RPD. As expected, the length of stay would also be longer in 

Figure 1 Distribution of patients undergoing robotic pancreaticoduodenectomy in each age decade.
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group O partly because of extra care work such as rehabilitation and a lengthy recovery program to be completed after 
a major operation.

The trade-off could be the risk of a higher surgical mortality rate in the older people group O as shown in this RPD 
study. The surgical mortality rate was 1.6% for the whole cohort in our series, and it was 6.5% higher in group O, 
compared with 0.9% in group Y, p = 0.010. There were three (5.5%) surgical mortality in octogenarians and one (14.3%) 
in nonagenarians; in contrast, no surgical mortality was noted before the age of 60. All of the four patients with surgical 
mortality in group O had pre-existing comorbidity, and the ASA score was at least 3 for all of them. They all died of non- 
surgical complications not related to the RPD procedure itself. Results from this study suggest that unfavorable physical 
status, such as advanced ASA score > 3 in aged patients, might lead to higher surgical mortality. A review of data from 
812 patients undergoing pancreaticoduodenectomy in 10 referral centers in Italy by Quero et al1 found that chronological 
age was not recognized as a prognostic factor for major cumulative complications, while ASA ≥3 was the only confirmed 
independent risk factor for severe complications with an odds ratio of 2.98 [95% confidence interval 1.3–6.8]; p = 0.009, 
at multivariate analysis. The authors suggested that age should not be considered an exclusion criterion for pancreati-
coduodenectomy, but a focused preoperative assessment is essential for adequate patient selection. These findings would 

Table 2 Surgical Outcomes After Robotic Pancreaticoduodenectomy

Total Age > 80 y/o Age < 80 y/o P value

Patients, n 500 62 (12.4%) 438 (87.6%)
Operation time, hour 0.039

Median (range) 8.0 (3.3–16.3) 9.1 (4.3–14.0) 8.0 (3.3–16.3)

Mean+SD 8.2+2.2 8.8+2.5 8.2+2.2
Blood loss, c.c. 0.242

Median (range) 150 (0–6000) 230 (5–1600) 140 (0–6000)

Mean+SD 244+414 302+318 236+426
Conversion to open, n (%) 8.8% 8.1% 8.9% 1.000

Vascular resection, n (%) 6.8% 1.6% 7.5% 0.083
Surgical mortality 1.6% 6.5% 0.9% 0.010

Surgical complication 57.6% 59.7% 57.3% 0.724

Clavien–Dindo 0 42.4% 40.3% 42.7%
Clavien–Dindo I 34.8% 19.4% 37.0%

Clavien–Dindo II 9.4% 14.5% 8.7%

Clavien–Dindo III 10.8% 14.5% 10.3%
Clavien–Dindo IV 1.0% 4.8% 0.5%

Clavien–Dindo V (death) 1.6% 6.5% 0.9%

POPF 0.285
ISGPF grade B and C 10.6% 14.5% 10.0%

DGE 0.004

ISGPS grade B and C 3.4% 9.7% 2.5%
PPH 0.755

ISGPS grade B and C 5.6% 6.5% 5.5%

Chyle leakage 25.0% 19.4% 25.8% 0.273
Bile leakage 1.6% 6.5% 0.9% 0.001

Wound infection 5.0% 6.5% 4.8% 0.575

LOS, day 0.001
Median (range) 19 (5–118) 26 (5–80) 19 (6–118)

Mean+SD 23+14 29+16 22+13

Lymph node yield 0.974
Median (range) 17 (10–49) 17 (10–43) 17 (10–49)

Mean+SD 18+6 18+7 18+6

Abbreviations: SD, standard deviation; POPF, postoperative pancreatic fistula; ISGPF, International Study 
Group of Pancreatic Fistula; ISGPS, International Study Group of Pancreatic Surgery; DGE, delayed gastric 
emptying; PPH, postpancreatectomy hemorrhage; LOS, length of stay.
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remind us that the “biological age” with preserved functional and physiological reserves should be prime important in 
considering RPD for aged individuals instead of chronological age alone. Shiozawa et al29 suggested eligibility criteria 
specific to pancreaticoduodenectomy for octogenarians: (1) Cardiac function, ejection fraction: at least 40. (2) Pulmonary 
function, forced expiratory volume in 1 second (FEV1.0%): at least 50%. (3) Nutritional status, serum albumin level: at 
least 3.0 g/dl. (4) Daily activity status, Karnofsky performance status, at least 80%. (5) Psychological independence 
status, capable of self-determination with respect to surgery. In other words, RPD should not be precluded for the aged 
with good performance status, including octogenarians and even nonagenarians who are fit for a major operation, 
whenever accurate preoperative evaluation and careful postoperative management for the older people patients are 
ready. Therefore, RPD could be a safe and justified procedure for the selected individuals over 80 years old in terms of 
comparable overall surgical complications compared with their younger counterparts.

Survival outcomes after RPD in the older people group O are inferior for the overall periampullary adenocarcinoma 
and a subgroup of pancreatic head adenocarcinoma, but not for ampullary adenocarcinoma, as compared with those in the 
younger group Y. Unsurprisingly, the inferior survival outcome for the overall periampullary adenocarcinoma in the 
group O might be attributed to the subgroup of pancreatic head adenocarcinoma, which is also associated with poorer 
survival and comprises the majority of the overall periampullary adenocarcinoma in the group O in our series. A study of 
586 consecutive surgically curable patients with diagnosed periampullary diseases by Okabayashi et al15 also showed 
significantly poorer 3-, 5-, and 10-year overall survivals in the octogenarian group than in the younger group, p =0 0.007. 

Table 3 Survival Outcomes for Periampullary Adenocarcinomas After Robotic Pancreaticoduodenectomy

Periampullary 
Adenocarcinoma

Median, 
(Mon.)

Range, 
(Mon.)

Mean+SD, 
(Mon.)

1-Year 
Survival

3-Year 
Survival

5-Year 
Survival

P value

Overall periampullary 0.025

Age > 80 y/o, n = 52 13.8 0.76–76.6 20.3+18.2 73.6% 55.5% 48.1%

Age < 80 y/o, n = 298 22.5 1.08–100.5 29.6+22.3 88.6% 59.0% 51.2%
Pancreatic head 0.030

Age > 80 y/o, n = 27 12.6 0.76–40.9 14.5+10.3 62.1% 27.4% NA

Age < 80 y/o, n = 142 18.4 1.08–91.1 24.3+19.5 82.8% 42.5% 37.0%
Ampullary 0.283

Age > 80 y/o, n = 18 14.5 5.2–66.7 23.6+19.4 86.2% 68.9% 68.9%

Age < 80 y/o, n = 106 28.4 4.07–100.5 36.1+25.0 93.0% 75.8% 64.6%

Figure 2 Surgical mortality after robotic pancreaticoduodenectomy in each age decade.
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A study by Kim et al4 concluded that long-term survival was lower in the older patients treated for pancreatic cancer 
(16.6 vs 22.5 months, p = 0.048), which might reflect disease biology and inherent lower life expectancy with increasing 
age, rather than being directly related to surgical factors. Levi et al16 suggested that the biology of pancreatic head 
adenocarcinoma needs to be weighed against the inherent risk of the RPD itself and the quality of life in the aged. Given 
that survival outcomes could be poorer for pancreatic head adenocarcinoma but not for ampullary adenocarcinoma, RPD 
should be judiciously considered in terms of prognosis in different periampullary cancers for the aged.

Limitations
There are some limitations in the present study. While the data used for this study are collected prospectively, the 
retrospective nature of this study would still introduce selection bias. Moreover, this study only focused on the immediate 
postoperative period and did not study the extended postoperative period or quality of life, which could have significant 
impacts on outcomes, as mentioned by Kisch et al.3 In addition, the optimized outcomes presented are a collaborative 
effort among several surgeons who often work in tandem during the initial learning curve to ensure patient safety. As 
such, the results might not be generalizable to other smaller centers that are unable to allocate the required resources and 
infrastructure, as reminded by Zureikat and coworkers at the University of Pittsburgh.30

Conclusions
“Biological age” with preserved functional and physiological reserve is of prime importance in considering RPD for aged 
individuals. In other words, RPD should not be precluded for the aged with good performance status, including 
octogenarians and even nonagenarians who are fit for a major operation, whenever accurate preoperative evaluation 
and careful postoperative management for the aged patients are ready. The trade-off of RPD in those unfit for a major 
operation would result in higher surgical mortality, as seen in our older people group O. Nevertheless, given that survival 
outcome could be poorer for pancreatic head adenocarcinoma but not for ampullary adenocarcinoma, RPD should be 
judiciously considered in terms of prognosis in different periampullary cancers, especially for pancreatic head adeno-
carcinoma. Therefore, pancreatic head cancer and higher mortality risk for the aged over 80 with advanced ASA score > 
3 should be informed as part of counselling in offering RPD. Otherwise, RPD could be a safe and justified procedure for 
the selected individuals over 80 years old in terms of overall surgical complications compared to the younger counter-
parts in our study.

Figure 3 Actuarial survival curves for group O (≥ 80 y/o) and group Y (< 80 y/o) with pancreatic head adenocarcinoma after robotic pancreaticoduodenectomy.
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Abbreviations
RPD, robotic pancreaticoduodenectomy; OPD, open pancreaticoduodenectomy; MIPD, minimally invasive pancreatico-
duodenectomy; IRB, Institutional Review Board; BMI, body mass index; ASA, American Society of Anesthesiologists; 
LOS, length of stay; POPF, postoperative pancreatic fistula; PPH, Post-pancreatectomy hemorrhage; DGE, delayed 
gastric emptying; ISGPS, International Study Group of Pancreatic Surgery; LPD, laparoscopic pancreatoduodenectomy.
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