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IMPORTANCE Total pancreatectomy (TP) is indicated for advanced pancreatic cancer or
multifocal tumors. Furthermore, TP may be performed to avoid the risk of pancreatic fistula in
selected patients to improve the perioperative risk profile.

OBJECTIVE To define reference values for TP based on a low-risk cohort treated at expert
centers.

DESIGN, SETTING, AND PARTICIPANTS This multicenter study analyzed outcomes from patients
undergoing primary TP for malignant or benign lesions from 25 international expert centers
from January 2017 to November 2023. Low-risk patients undergoing TP (LR-TP) were without
vascular resections or significant comorbidities.

EXPOSURES TP.

MAIN OUTCOMES AND MEASURES Twenty reference values were derived from the 75th or the
25th percentile of the median values of all centers. Outcomes of LR-TP were compared with a
cohort of TP with vascular resection, TP due to high-risk pancreatic anastomosis, and the
benchmark values for low-risk pancreatoduodenectomy.

RESULTS Of 994 patients, 333 (33.5%; median [IQR] age, 66 [58-72] years; 171 male [51.4%])
qualified as the LR-TP cohort. Reference values included blood loss (�1000 mL), major
complications (�37%), 3-month postoperative mortality (<6%), and retrieved lymph nodes
(�29). Compared with TP with vascular resections, reference cutoffs were not met for major
complications (51% vs LR-TP �37%) and 90-day mortality (11% vs LR-TP �6%). For TP due to
high-risk anastomosis, failure to rescue rate (38% vs �6%) and 90-day mortality (11% vs
LR-TP �6%) were not met. Compared with pancreatoduodenectomy, reference values for
postoperative mortality were 3 times higher for LR-TP (�2% vs �6%) and less for resected
lymph nodes (�16 vs �29).

CONCLUSIONS AND RELEVANCE This case-control study provided global reference values for
TP, indicating significantly higher postoperative morbidity and mortality compared with
pancreatoduodenectomy. Perioperative morbidity of TP was especially increased in patients
with vascular resections. These reference values can serve for quality control of pancreatic
surgery.
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T otal pancreatectomy (TP) is indicated for patients with
advanced pancreatic cancer or multifocal pancreatic tu-
mors. Furthermore, TP has recently gained interest in

mitigating the risk of postoperative pancreatic fistula (POPF) af-
ter pancreatoduodenectomy with high-risk pancreatic anasto-
mosis. Furthermore, in patients undergoing pancreatoduode-
nectomy with vascular resections, TP is suggested to mitigate
the perioperative risk, especially regarding vascular complica-
tions combined with POPF.1-3 However, despite centralization
efforts toward expert centers, TP remains an overall rarely per-
formed procedure with significant morbidity and mortality com-
pared with pancreatoduodenectomy. Similar to pancreatoduo-
denectomy, postoperative complications after TP depend on the
extent of resection with regard to concomitant venous, arte-
rial, and multivisceral resections.4 To provide reference val-
ues, a differentiated analysis of TP taking the corresponding lev-
els of surgical complexity into account is pivotal.

Assessment of quality requires tangible parameters;
therefore, benchmarking, defining outcomes for standard-
ized patients and subgroups, has become an essential
tool to compare outcomes between centers within a
health care system or to centralize medical care for high-
risk procedures.5 Because improving quality is one of the
key approaches to cut down on complications, the single
most relevant cost driving factor, better outcomes will also
save health care spending and make health care more
cost-efficient.6 Defining standard outcomes for various sub-
groups of patients allows quality assessment and objective
comparisons between different surgeons, centers, and
health care systems. Especially for highly complex proce-
dures performed at dedicated centers, objectifiable and
internationally standardized quality assessment is pivotal.
Defining reference values in well-defined low-risk cohorts
from worldwide expert centers can be used for comparison
in the field.

The aim of this multicenter study was to define the inter-
national reference values for TP. The data of patients under-
going TP that was performed at 25 international centers were
included to provide cutoffs for future comparisons.

Methods
Study Design
This retrospective multicenter case-control study analyzed out-
comes from low-risk patients undergoing primary TP for be-
nign or malignant disease at 25 international expert centers.
Ethical approval was obtained from the Ethics Committee of
Northwestern Switzerland. General informed consent was
obtained at the respective centers. International high-volume
centers with a case load of at least 50 pancreatic resections per
year and a maintained prospective patient database covering
minimum 1-year follow-up were included. The final collabora-
tive group consisted of 25 expert centers from 3 continents:
including 1 from Asia, 7 from the Americas and 17 from Europe,
from which 20 reference values were identified to define best
practice for TP.7-10 The anonymized data were collected and
stored in an encrypted online data registry provided by the

University Hospital Basel.11 This study followed the Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Study Population
PatientsundergoingprimaryTPwereincludedfromJanuary2017
to November 2023 with a minimum follow-up of 1 year for each
patient. Included were patients 18 years and older undergoing
TP for benign or malignant disease. Excluded were cases of sec-
ondary completion pancreatectomy. Low-risk TP (LR-TP) was de-
fined as those individuals without major comorbidities such as
obesity (body mass index [BMI] >35, calculated as weight in
kilograms divided by height in meters squared), chronic cardio-
vascular disease (congestive heart failure, myocardial infarc-
tion within 6 months preoperatively, atrial fibrillation, previ-
ous coronary intervention, or cardiac surgery), chronic
obstructive pulmonary disease, or kidney diseases (Modifica-
tion of Diet in Renal Disease equation ≥ stage 3); those not using
medications for diabetes, antiplatelets, and anticoagulation; and
those with American Society of Anesthesiologists classifica-
tion 4 or greater.7 Furthermore, only TP without venous or ar-
terial resection were included in the LR-TP cohort (TP type 1 ac-
cording to Loos et al4).7 Patient race and ethnicity data were not
collected for this study.

Indicators for Outcome
Fifteen critical perioperative parameters were analyzed as ref-
erence values for all cases. For patients with pancreatic ductal
adenocarcinoma(PDAC),5additionaloncologiccriteriawereana-
lyzed. Like previous outcomes studies on pancreatic surgery,
parameters were assessed at 3 months after surgery.7 Addi-
tional, 12-month follow-up data and 3-year overall survival were
also provided.

Outcome measures included procedure-related morbidity
and mortality, pancreas specific morbidity (defined according to
theInternationalStudyGroupofPancreaticSurgery[ISGPS])such
as postoperative hemorrhage (PPH),8 delayed gastric emptying9

and readmission. Morbidity was assessed with Clavien-Dindo
(CD) classification and the comprehensive complication index
at3monthsaftersurgery.10 Inaddition,endocrineoutcomessuch
as number and severity of hypoglycemic events were analyzed

Key Points
Question What are international reference values for total
pancreatectomy based on a low-risk cohort treated at expert
centers?

Findings In this international, multicenter, case-control study
including 994 patients from 25 reference centers, 20 surgical and
oncological reference values for total pancreatectomy were
defined and included a relevant rate of major complications and
90-day postoperative mortality.

Meaning This study found global reference values for total
pancreatectomy, which indicate significantly higher postoperative
morbidity and mortality as compared with pancreatoduode-
nectomy, especially in patients with vascular resections.
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for short- and long-term endocrine outcomes. Long-term gly-
cemic control was additionally measured using hemoglobin A1c.

For patients with PDAC, oncologic outcomes including R1
rate (<1-mm clearance or positive circumferential resection
margin [CRM]),12 number of resected lymph nodes, 1-year over-
all survival, and 3-year overall survival were assessed.

The failure to rescue rate was calculated by dividing the
number of deaths in patients with a CD complication graded
greater than II (numerator) by the total number of patients with
a complication graded CD greater than II (denominator).13

Textbook outcome summarizes optimal surgical results af-
ter pancreatic surgery as a composite outcome and was de-
fined by the absence of bile leak, PPH, major complications,
readmission, and in-hospital mortality.14

The Pancreatic Surgery Composite Endpoint (PACE) was
likewise developed as a standardized measure to assess ideal
outcomes after pancreatic surgery. The PACE is positive if 1 of
the following postoperative complications is present: PPH,
reoperation, or reintervention. The PACE can be used to pre-
dict prolonged hospital stays and perioperative mortality.15

Outcome Comparisons
The applicability of the TP reference values was tested in 4 in-
dependent cohorts. Patients undergoing TP from the same

25 centers but classified as higher-risk TP cases due to rel-
evant comorbidities were compared with the LR-TP values. Sec-
ond, a comparison with patients undergoing TP with vascu-
lar resections (venous and/or arterial) was made, this cohort
included both LR and higher-risk patients based on comor-
bidities. Third, because TP is a treatment alternative to miti-
gate the risk of POPF, TP due to a potential high-risk pancreas
anastomosis were compared with LR-TP cutoffs. High-risk
anastomosis was proposed as an ISGPS type C-D anastomosis
(type C, soft texture and pancreatic duct >3 mm; type D, soft
texture and pancreatic duct ≤3 mm).16 All TPs in which in the
operative note indicated that the main surgeon decided intra-
operatively to perform a TP due to an expected high-risk pan-
creatic anastomosis were registered as high-risk anastomosis
TP. Fourth, LR-TPs were compared with the published multi-
national benchmark values for pancreatoduodenectomy, which
were developed by definition in low-risk patients.7

Statistical Analysis
Reference values were set at either the 75th or 25th percen-
tile of the median outcome parameters of the centers. For poor
outcomes, the 75th percentile, and for good outcomes, the 25th
percentile, were chosen as previously applied and reported for
other complex procedures in pancreatic, hepatobiliary and up-

Table 1. Patient Characteristics

Characteristic
Total cohort
(N = 994)

Low-risk
total
pancre-
atectomy
(n = 333)

Higher-risk total
pancreatectomy
(n = 212)

Total
pancreatectomy
high-risk
anastomosis
(n = 46)

Total
pancreatectomy
vascular resection
(n = 449)

Age, median (IQR), y 66 (58-73) 66 (58-72) 67 (57-74) 70 (63-75) 66 (58-73)

Sex, No. (%)

Female 476 (47.9) 162 (48.6) 93 (43.9) 12 (26.1) 221 (49.2)

Male 518 (52.1) 171 (51.4) 119 (56.1) 34 (73.9) 228 (50.8)

Body mass index,
median (IQR)a

25.23 (4.97) 25.18 (3.76) 26.21 (6.44) 26.59 (3.85) 24.81 (4.90)

Comorbidities, No. (%)

Diabetes 347 (34.9) 109 (32.7) 98 (46.2) 20 (43.5) 140 (31.2)

Chronic obstructive
pulmonary disease

67 (6.7) 0 43 (20.3) 6 (13.0) 24 (5.3)

Chronic kidney failure 35 (3.5) 0 22 (10.4) 1 (2.2) 13 (2.9)

Cardiac disease 95 (9.6) 0 60 (28.3) 5 (10.9) 35 (7.8)

Histological diagnosis,
No. (%)

Pancreatic ductal
adenocarcinoma

679 (69.1) 181 (55.7) 95 (45.2) 24 (52.2) 403 (90.0)

Neuroendocrine tumor 48 (4.9) 20 (6.2) 18 (8.6) 3 (6.5) 10 (2.2)

Intraductal papillary
mucinous neoplasm

118 (12) 66 (20.3) 43 (20.5) 5 (10.9) 9 (2.0)

Other benign lesions 10 (1.0) 3 (0.9) 8 (3.9) 2 (4.3) 9 (2.0)

Chronic pancreatitis 67 (6.8) 24 (7.4) 37 (17.6) 0 6 (1.3)

Other malignant 8 (0.8) 5 (1.5) 9 (4.3) 5 (10.9) 11 (2.4)

Size of lesion,
median (IQR), mm

28 (20-38) 26 (20-35) 26 (20-39) 24 (18-30) 30 (23-39)

Intraoperative gastrectomy
due to venous congestion,
No. (%)

21 (25.9) 9 (45) 3 (25) 1 (25) 7 (18.4)

Bile leak, No. (%) 65 (6.5) 21 (6.3) 17 (8.0) 6 (13.9) 27 (6.0)

Chyle leak, No. (%) 77 (7.8) 21 (6.3) 13 (6.2) 3 (6.7) 43 (9.7)

Postoperative gastric
ischemia, No. (%)

15 (1.6) 6 (1.8) 3 (1.5) 2 (4.5) 6 (1.4)
a Calculated as weight in kilograms

divided by height in meters
squared.

Research Original Investigation Reference Values for Surgical Outcomes of Total Pancreatectomy

52 JAMA Surgery January 2026 Volume 161, Number 1 (Reprinted) jamasurgery.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.4941


per gastrointestinal surgery.7,17-19 Statistical analysis was per-
formed using descriptive statistics.

For the multivariable analysis, we used multiple impu-
tation to address the missing at random pattern of missing
data. Five datasets were generated using either logistic
regression or predictive mean matching for categorical and
continuous variables. A pooled logistic regression analysis
was performed using the Rubin rule to combine the results
from each dataset. Predictor variables were defined based
on clinical relevance and results from the univariable analy-
ses. The cutoff for inclusion in the latter was a 2-sided
P value <.20. To receive more clinically meaningful param-
eters, continuous variables were dichotomized based on
clinically meaningful cutoffs. To assess information loss,
the regression was first done using the continuous variable.
There was no change in outcome direction or statistical sig-
nificance. The dependent variables were major complica-
tion and mortality.

All statistical analysis were performed using R Statistical
Software, version 4.2.3 (R Foundation for Statistical
Computing).

Results
From January 2017 to December 2023, 994 patients under-
went TP at 25 expert centers. Of these, a total of 333 patients
(33.5%; median [IQR] age, 66 [58-72] years; 162 female [48.6%];
171 male [51.4%]) qualified as LR-TP. Median (IQR) follow-up
was 35.4 (28.5-45.4) months. The surgical indication was PDAC
in the majority of patients (679 [68.3%]), followed by
multifocal intraductal papillary mucinous neoplasm in 118
[11.9%]). Median (IQR) tumor size was 28 (20-38) mm. In one-
half of the patients (408 [51.1%]), the decision to proceed with
TP was made intraoperatively, most commonly due to tumor-
related factors (307 [68.1%]) and only in a minority to avoid a
high-risk pancreatic anastomosis (46 [4.6%]). Preoperatively
in patients with PDAC, the tumor was classified as upfront re-
sectable in 287 patients (44.8%), borderline resectable in 172
patients (26.9%), and locally advanced in 181 patients (28.3%).
In patients with PDAC, median (IQR) preoperative carbohy-
drate antigen 19-9 level was 63 (20-240) U/mL, and 184 pa-
tients (35.4%) were treated with neoadjuvant therapy.

Overall, 449 patients (45.1%) underwent vascular resec-
tion. A venous resection was performed in 429 patients (43.2%)
and arterial resections in 100 patients (10.1%). Of patients un-
dergoing vascular resections, 20 (4.5%) underwent arterial re-
section only, 349 (77.8%) venous resections only, and 80 (17.8%)
underwent combined resections. Baseline characteristics of the
overall and LR-TP cohort can be found in Table 1.

Reference Values
Twenty reference values were defined in accordance with prior
studies.7,19 Reference values included blood loss (≤1000 mL),
major complications (≤37%), 3-month postoperative mortal-
ity (<6%), retrieved lymph nodes (≥29), reoperation rate
(≤26.3%), and 90-day mortality (≤6.3%). For patients with
PDAC, the cutoff for combined R1 and positive CRM rate

was ≤41.7% and the cutoff for 1-year overall survival was
≥68.4% (Table 2).

Postoperative Hypoglycemic Events
In the first 6 months after TP, 61 of 301 patients (21%) re-
ported hypoglycemia episodes occurring weekly to monthly.
Most patients had asymptomatic hypoglycemia or moderate
symptoms, and only 2 patients experienced severe hypogly-
cemia requiring help from others. At 12 months, 39 of 244 pa-
tients (16%) reported hypoglycemia without changes in fre-
quency or severity compared with 6 months (Table 3).

Outcome Comparison
Outcomes for higher-risk TP were mostly comparable with re-
sults of the LR-TP cohort. Only readmission (23% vs LR-TP
≤20%) and mortality rate (6.6% vs LR-TP ≤6.3%) were slightly
above the cutoffs for LR-TP.

For patients undergoing TP with vascular resection, sev-
eral reference cutoffs were above the ones for LR-TP. For ex-
ample, operative time (496 minutes vs LR-TP ≤456 minutes),
major complications (51% vs LR-TP ≤37%,) and 90-day
mortality (11% vs LR-TP ≤6%) were above the LR-TP cutoff.

Table 2. Reference Values After Total Pancreatectomy
in 333 Low-Risk Cases

Characteristic
Reference
value Median (IQR)

Estimated blood loss, mL ≤1000 639 (53-2021)

Operative time, min ≤456 400 (295-649)

Intensive care unit stay, d ≤5 3 (0-20)

Length of stay, d ≤23 17 (6-38)

Postoperative morbidity at 3 mo, %

Any complication ≤85.6 78 (0-100)

Clavien-Dindo grade ≥3a ≤37 23 (0-100)

Reoperation rate ≤26.3 8.8 (0-57.1)

Mortality ≤6.3 0 (0-28.6)

Delayed gastric emptying grade B/C ≤33.3 14.3 (0-100)

Postpancreatectomy hemorrhage
grade B/C

≤6.3 0 (0-50)

Comprehensive complication index ≤26.3 18.9 (0-100)

HbA1c level, % ≤7.9 7.5 (6.4-8.5)

Readmission rate ≤24.4 15.4 (0-50)

Failure to rescue rate ≤6.2 0 (0-28.6)

Textbook outcome ≥54.2 67.7 (0-100)

Pancreatic surgery composite end
point

≤30.8 17.6 (0-100)

Pancreatic ductal adenocarcinoma, %
(n = 237)

R1 rateb ≤41.7 16.7 (0-100)

No. of resected lymph nodes ≥29 30 (7-51)

1-y OS ≥68.4 78.8 (46-100)

3-y OS ≥28.9 50.0 (0-86)

Receiving adjuvant therapy ≥63.8 80.0 (45-100)

Abbreviations: HbA1c, hemoglobin A1c; OS, overall survival.

SI conversion factor: To convert HbA1c to proportion of total hemoglobin,
multiply by 0.01.
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However, all oncologic reference values were similar in pa-
tients with TP undergoing vascular resection.

In patients with TP due to a potential high-risk pancre-
atic anastomosis, the 2 most relevant differences were a high
failure to rescue rate (38% vs LR-TP ≤6%) and a mortality rate
(11% vs LR-TP ≤6%) exceeding LR-TPs cutoffs. Importantly, the
90-day mortality of TP for high-risk anastomosis was almost
double that of LR-TP and comparable with TP with vascular
resection, whereas the failure to rescue rate was by far the high-
est in the high-risk anastomosis group.

Comparing the cutoffs for LR-TP with similarly defined low-
risk pancreatoduodenectomy revealed several clinically rel-
evant differences. Although cutoffs for operation time (456
minutes vs LR-TP ≤447 minutes) and major complications
(≤37% vs LR-TP ≤33%) were comparable, postoperative mor-
tality (≤2% vs LR-TP ≤6%) was 3 times higher for LR-TP. The
reference values for number of resected lymph nodes (≥16 vs
LR-TP ≥29) was higher after LR-TP, but the cutoff for com-
bined R1 and positive CRM resections was similar for low-risk
pancreatoduodenectomy (≤39% vs LR-TP ≤42%) (Figure and
Table 4).

Predictors of Major Complications and Mortality
In the multivariable analysis of the overall cohort, operative
time (odds ratio [OR], 1.86; 95% CI, 1.38-2.51; P <.001) and the
intraoperative decision to perform TP (OR, 1.61; 95% CI, 1.13-
2.30; P <.001) were the only predictors of major complica-
tions. Predictors for 90-day mortality were age (OR, 1.06; 95%
CI, 1.03-1.09; P <.001), the intraoperative decision to perform
TP (OR, 2.96; 95% CI, 1.61-5.43; P <.001), and intraoperative
transfusion (OR, 1.02; 95% CI, 1.00-1.04; P = .01) (eTables 1 and
2 in Supplement 1).

Discussion
This case-control study presents the first, to our knowledge, in-
ternational reference values for surgical and oncologic out-
comes for TP in a low-risk patient cohort without vascular re-
sections. Even in specialized centers, TP was associated with
significant postoperative morbidity and mortality, and the on-
cologic outcomes for patients with PDAC were similar to the ref-
erence values of other formal pancreatic resections. Although
major complications in LR-TP were comparable with low-risk
pancreatoduodenectomy, mortality in LR-TP was 3 times higher

than after low-risk pancreatoduodenectomy. Interestingly, in TP
with vascular resection and TP due to high-risk pancreatic anas-
tomosis, a relevant increase in morbidity, mortality, and failure
to rescue rate was observed. These findings confirm the in-
creased risk of vascular resections on outcomes in TP, in line with
other prior studies on TP but also other formal pancreatic
resections.4,20 Furthermore, the higher complication and mor-
tality risk of TP is in line with findings from recent nationwide
analyses and other studies reporting mortality rates between 5%
and 22%.21-23 However, absolute complications and mortality
rates are lower in this cohort compared with the recently pub-
lished Germany-wide data analysis.24

Concomitant vascular resections are known to increase ma-
jor complications and mortality in any pancreatic surgery.4,25

In pancreatoduodenectomy, postoperative mortality doubled
from 2% to 4% with portal-venous resections.7,26 In case of TP
with vascular resection, a similar doubling of the 90-day
mortality to 11% was observed in this cohort.

More surprising, however, is the finding that TP for high-
risk pancreatic anastomosis carries a similar mortality and fail-
ure to rescue rate as TP with vascular resection. This is of high
clinical significance because TP has been suggested as an al-
ternative to pancreatoduodenectomy for patients with a high
risk for POPF and relevant comorbidities.2 Although counter-
intuitive, TP for high-risk anastomosis had a 90-day mortal-
ity of 11%, almost 5-fold the mortality of low-risk pancreato-
duodenectomy. These results need further investigation but
strongly advise against a liberal use of completion pancreatec-
tomy due to a high-risk pancreatic anastomosis. Although pan-
creatoduodenectomy with high-risk anastomoses (ISGPS type
C-D) is associated with a 20% to 40% risk of POPF and an 11%
rate of rescue completion pancreatectomies, the mortality in
this series was still lower at 6%.2,16 Furthermore, modern, al-
gorithm-based complication management can halve mortal-
ity after pancreatoduodenectomy from 5% to below 3%.27

Although the cause of mortality after pancreatoduode-
nectomy is often POPF associated, the mortality of LR-TP in

Figure. Comparison of Total Pancreatectomy (TP) Reference
Values in 4 Independent Cohorts

Low-risk reference
HR anastomosis TP
Higher-risk TP
Vascular TP

Major complications

Mortality

DGE

Bleeding

Reoperation

Failure 
to rescue

DGE indicates delayed gastric emptying; HR, high risk.

Table 3. Incidence and Severity of Postoperative Hypoglycemic Events

Event, No. (%) 6 mo (n = 301) 12 mo (n = 244)
Hypoglycemia episodes 61 (21) 39 (16)

Frequency

Daily 2 (3) 1 (3)

Weekly 33 (54) 21 (54)

Monthly 26 (43) 17 (44)

Severity

Asymptomatic 27 (44) 18 (46)

Moderate symptoms 1 (51) 20 (51)

Severe symptoms 2 (3) 3 (8)
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this series21 was due to septic shock (42%), postoperative bleed-
ing (29%), and visceral ischemia (14%). This finding is of rel-
evance because no POPFs can occur after TP, which is gener-
ally considered the main driver of postpancreatectomy
complications and mortality.28 In TP, postoperative bleeding
and gastric venous congestion (GVC) have been identified as
strong mortality-driving factors.29 However, it is possible that
pancreatic surgeons likely underestimate GVC after TP as high-
lighted by the need of a more extensive gastrectomy in
26% of patients due to GVC intraoperatively. Furthermore,
delayed relaparotomy with gastrectomy for GVC was found to
be an independent predictor for 90-day mortality.29

Another drawback of TP compared with partial pancre-
atectomy is the subsequent diabetes. Despite postoperative

patient education, specialized diabetes teams, and the intro-
duction of the insulin pumps, glycemic control after TP is par-
ticularly challenging.30,31 The current study revealed symp-
tomatic hypoglycemic episodes in 1 of 5 patients with no
reduction up to 12 months postoperatively. Endocrine insuf-
ficiency is a rarely reported outcome after TP, however,
approximately 25% of patients are readmitted due to endo-
crine-related morbidity, and 2% die of hypoglycemia and ke-
toacidosis in the long term.32 In patients undergoing pancre-
atoduodenectomy with preoperative diabetes, only 40% were
insulin dependent postoperatively, showing the importance
of pancreas preservation, whenever possible. Also, the qual-
ity of life in the same study was significantly better compared
with patients undergoing TP.3

Table 4. Comparison of Reference Values for Total Pancreatectomy
With Higher-Risk Patients and Pancreatoduodenectomy

Characteristic

Higher-risk total
pancreatectomy
(n = 212)

Total
pancreatectomy
vascular resection
(n = 449)

Total
pancreatectomy
high risk
anastomosis
(n = 46)

Reference values
Pancreato-
duode-
nectomy
(n = 2375)

Low-risk total
pancre-
atectomy

Estimated blood loss,
median (IQR), mL

380 (150-900) 1000 (500-2000) 500 (300-1000) NA ≤1000

Operative time, median
(IQR), min

402 (329-521) 496 (385-601) 440 (370-532) <450 ≤456

Intensive care unit stay,
median (IQR), d

1 (0-3) 2 (0-4) 1 (0-3) NA ≤5

Length of stay, median
(IQR), d

13 (8-21) 17 (11-28) 16 (12-25) ≤15 ≤23

Postoperative morbidity
at 3 mo

Any complication, No.
(%)

161 (75.9) 358 (79.7) 36 (78.3) ≤73 ≤86

Clavien-Dindo grade
≥3a, No. (%)

74 (34.9) 228 (50.8) 16 (34.8) ≤30 ≤37

Reoperation rate, No.
(%)

31 (14.7) 111 (24.7) 9 (20.0) NA ≤26.3

Mortality, No. (%) 14 (6.6) 49 (10.9) 4 (11.1) ≤1.6a ≤6.3

Delayed gastric
emptying grade B/C,
No. (%)

17 (8.1) 44 (9.9) 8 (17.8) NA ≤33.3

Postpancreatectomy
hemorrhage grade B/C,
No. (%)

10 (4.4) 34 (7.6) 4 (8.9) ≤7 ≤6.3

Comprehensive
complication index,
median (IQR)

20.9 (8.7-35) 27.6 (20.9-43.4) 20.9 (8.7-42.3) ≤20.9 ≤26.3

HbA1c level, median
(IQR), %

7.9 (7.2-8.9) 7.3 (6.9-8.3) 7.9 (7.4-8.5) NA ≤7.8

Readmission rate,
No. (%)

153 (23.4) 113 (25.2) 10 (21.7) ≤21b ≤20

Failure to rescue
rate, %

7.1 12.5 37.5 ≤9 ≤6.2

Textbook outcome,
No. (%)

118 (55.7) 188 (41.9) 24 (52.2) NA ≥54.2

Pancreatic surgery
composite end point,
No. (%)

53 (25.1) 205 (45.7) 12 (26.7) NA ≤30.8

Pancreatic ductal
adenocarcinoma

R1 rate, No. (%) 19 (22.6) 132 (32.8) 10 (25.0) ≤39 ≤41.7

No. of resected lymph
nodes, median (IQR)

26.5 (17-36) 31 (22-43) 22 (12-33) ≥16 ≥29

1-y OS, median
(IQR), %

71.5 (61-81) 73.5 (68-79) 68.8 (52-91) ≥68 ≥68.4

3-y OS, median
(IQR), %

30.9 (22-45) 38.9 (33-46) 14.4 (5-47) ≥21 ≥28.9

Adjuvant therapy,
No. (%)

42 (58.3) 139 (55.4) 14 (63.6) NA ≥63.9

Abbreviations: HbA1c, hemoglobin
A1c; NA, not applicable; OS, overall
survival.

SI conversion factor: To convert
HbA1c to proportion of total
hemoglobin, multiply by 0.01.
a In-hospital.
b 1-year Readmission rate.

Reference Values for Surgical Outcomes of Total Pancreatectomy Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery January 2026 Volume 161, Number 1 55

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.4941


In patients with PDAC, oncologic survival cutoffs after TP
were comparable with those after pancreatoduodenectomy,
even though the lymph node retrieval rate was higher after TP.
In fact, TP with concomitant vascular resections might be con-
sidered as the most radical pancreatic resection, emphasized
by the excellent long-term survival of 39 months. Although
modern resection strategies such as the triangle operation
might sometimes be impeded in patients undergoing pancre-
atoduodenectomy, TP allows for an excellent clearance around
the vascular structures such as the celiac trunk or the supe-
rior mesenteric artery. Currently, little is known about the po-
tentially more radical oncologic effect of TP, and further stud-
ies should aim at comparing similar tumors regarding
anatomical and biological factors undergoing either TP or pan-
creatoduodenectomy. However, whether the level of radical-
ity justifies the postoperative morbidity after TP requires a case
by case assessment and individualized decision-making.

Limitations
This study has some limitations. The inclusion of patients by
center resulted in an unequal patient distribution, which could

lead to a bias in volume-outcome associations. Furthermore,
with only 1 Asian center, this cohort was underrepresented. As
a third limitation, we contextualized the reference cutoffs of
the 75th and 25th percentile. However, there is criticism as
these cutoffs may not represent the best possible outcome
realistically.5

Conclusions
In conclusion, this was the first, to our knowledge, interna-
tional multicentric outcome analysis to set novel reference
values comparing 4 clinically common scenarios for TP, indi-
cating several relevant differences compared with pancreato-
duodenectomy. Due to the increased mortality after TP, its in-
dication as a POPF mitigation strategy should be carefully
balanced, and the potential risk of TP is likely underesti-
mated. TP with vascular resection is a high-risk operation with
relevant perioperative mortality and should only be per-
formed in specialized centers with a high expertise in com-
plex pancreatic resections.
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