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Summary
Background Despite clear advances in decreasing
postoperative mortality below 4% after pancreatic
resections in experienced centres, specific morbidity
according to standardized definitions still remains
high. While some recent multicentre studies have
reported on complications after pancreatic surgery
in Austria, detailed outcome data from single high-
volume centres over longer time-periods are scarce.
This study provides an in-depth picture of patient
characteristics, indications, morbidity and mortality
after pancreatic surgery in an Austrian tertiary referral
centre.
Methods All patients undergoing curative intent re-
section between 2010 and 2017 at the Medical Uni-
versity of Innsbruck were evaluated. Patient charac-
teristics and procedural details, overall and specific
complications including postoperative pancreatic fis-
tula (POPF), delayed gastric emptying (DGE) and post-
pancreatectomy haemorrhage (PPH) rates according
to accepted definitions are reported. Outcomes af-
ter pancreatic head resections, distal pancreatectomy
and other types of resections are compared. Factors
associated with severe and overall morbidity are eval-
uated by logistic regression modelling.
Results A total of 343 patients underwent pancreatic
resection, at a median of 64 years (53% males). Most
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common indications were pancreatic or bile-duct
carcinoma (52%), benign/precursor lesions (22%) and
neuroendocrine tumours (11%). The 90-day mor-
tality was 2%; 90-day overall/severe morbidity was
66.2%/22.4%. POPF grade B/C occurred in 19.3%,
PPH in 17.5% and DGE in 14.3%. Male gender was as-
sociated with severe morbidity, body mass index and
procedures other than distal resections with overall
morbidity. POPF and PPH were major causes for
relaparotomy.
Conclusions Pancreatic resections in our centre are
performed with low mortality, although morbidity
still represents a relevant clinical problem, especially
POPF and PPH.

Keywords Pancreatic surgery · Morbidity · Complica-
tions · Failure to rescue

Main novel aspects

� In-depth analysis of all consecutive pancreatic resec-
tions over 8 years in an Austrian high-volume centre.

� Postoperative 90-day mortality was 2% in this time-
period, ranging amongst state-of-the art units world-
wide, compared to 7.5% in-hospital mortality nation-
wide in Austria (in 2017). In our department, a low fail-
ure-to-rescue rate of 2.2% was achieved, although
meticulous documentation revealed a high postop-
erative morbidity of 66%.

� Postoperative pancreatic fistula and haemorrhage
represent the major challenges in terms of severe
complications after pancreatic surgery and their se-
quelae are the main reasons for relaparotomy, read-
mission and failure to rescue.
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Introduction

Mortality following pancreatic resection (PR) has de-
creased over the last decades with current rates rang-
ing between 2 and 6% in high-volume centres. In
contrast, morbidity in this surgical field still remains
high, and increases depending on the type as well as
complexity of the surgical intervention with overall
complication rates of up to 60% [1, 2]. Major morbid-
ity and associated sequelae occur in up to 30% and
are mostly related to specific complications typical
for pancreatic surgery including postoperative pan-
creatic fistula (POPF), delayed gastric emptying (DGE)
and post-pancreatectomy haemorrhage (PPH) [3]. In
order to enable international comparability, many dif-
ferent classification systems for these aforementioned
specific complications have been proposed. Hereby
the definitions established by the International Study
Group of Pancreatic Surgery (ISGPS) have gained
broad acceptance especially in experienced centres
[3, 4]. According the ISGPS definition, POPF develops
in 10–15% of patients after pancreatoduodenectomy
(PD) and in 10–30% of cases undergoing distal pan-
createctomy (DP) [2]. DGE after PD is seen in 20–50%
of all patients and PPH develops in 4–16% of pa-
tients after PD and in 2–3% after DP ([2]; Table 1).
Early recognition and adequate management of po-
tentially lethal complications represents the major
challenge. In this context, centre volume has been
identified as a factor of crucial importance, whereby
increased surgical experience as well as availability of
multidisciplinary approaches towards complication
management helps to prevent failure to rescue (FTR)
and consequently death [5, 6].

Most recently available, official nationwide post-
operative mortality rates after pancreatic surgery in
Austria from 2017 are displayed in Fig. 1 [7]. In sum-
mary, for a total population of 8.8 million, 60 hospitals
performed any type of pancreatic procedure, and the
nationwide in-hospital mortality was 7.5%. The me-
dian number of procedures was 10.5 (range 1–96), and
38 hospitals performed less than 20 procedures, 9 hos-
pitals between 20 and 29 procedures and 13 units at
least 30 procedures. The in-hospital mortality rate in
departments performing less than 10 pancreatic pro-
cedures per year was 12% compared to 8.1% in those
with 20–29 procedures and 5.8% in hospitals with at
least 30 procedures.

Table 1 Rates of complications specific for pancreatic
surgery, as described by [2, 39]

Specific complication PD (%) DP (%)

POPF 10–15 10–30

DGE 20–50 24

PPH 4–16 2–3

DGE Delayed gastric emptying, DP distal pancreatectomy, PD pancreato-
duodenectomy, POPF postoperative pancreatic fistula, PPH post-pancreate-
ctomy haemorrhage

Fig. 1 Nationwide numbers of pancreatic surgical proce-
dures performed per hospital in Austria (2017). Green bars
show the number of resections per unit performed in one year
(range 1–96). Blue dots represent individual mortality rates per
centre. The red line depicts a cut-off level of 30 or more proce-
dures performed per hospital. In these units (n= 13), the over-
all mortality was 5.8% compared to 10% in all other hospitals
(n= 47)

Regarding publications on detailed postoperative
mortality and morbidity after PR in Austria, multicen-
tre data were recently reported in one prospective trial
and two retrospective registries on pancreatic cancer
and neuroendocrine tumour resections [8–10]. These
publications all included only medium- to high-vol-
ume centres, with a resulting postoperative 30- to 90-
day mortality of 2.4 to 3.5%, showing that pancre-
atic surgery in specialized Austrian units is performed
within internationally accepted safety range. How-
ever, detailed analysis of indications, types of resec-
tions and postoperative morbidity and mortality over
a long time-period from single high-volume centres
may help to further define areas for potential improve-
ments [11–13].

Thus, we aimed to analyse 90-day morbidity and
mortality of patients undergoing PR at our institution
and to compare these outcomes with nationwide re-
sults and international outcomes published in the lit-
erature. Furthermore, we intended to identify poten-
tial parameters including patient characteristics and
comorbidities, indications as well as technical aspects
of surgery, which may indicate patients at higher risk
for postoperative complications.

Materials and methods

Patient cohort

All patients undergoing PR between 2010 and 2017
at the Department of Visceral, Transplant and Tho-
racic Surgery at the Medical University of Innsbruck
were evaluated. Exclusion criteria were: patients who
did not undergo resection after exploration, cases
with pancreatic biopsies only, duodenal malignancies
without need for pancreatic resection, and patients
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receiving palliative procedures such as gastroenteric
bypass surgery. Patients with chronic pancreatitis
were included when the procedure included removal
of pancreatic parenchyma (such as Frey’s procedure or
resection of chronically infected pseudocysts). Anal-
ysis was conducted from our institution’s auditable
database on pancreatic surgery, which has been retro-
spectively recorded from 2010–2015 and prospectively
from thereon. The database ethics protocol was re-
viewed by the ethics committee of Medical University
of Innsbruck (AN2016-0128), waiving the need for
individual informed consent. The following parame-
ters are reported in this study: patient characteristics
including age, body mass index (BMI), American So-
ciety of Anaesthesiology (ASA) scoring, pre-existing
diabetes, history of cardiovascular disease (coronary
heart disease, myocardial infarction, severe carotid
stenosis or peripheral arterial disease), pulmonary
disease (chronic obstructive pulmonary disease, as-
bestosis, etc.), metabolic diseases (metabolic syn-
drome or untreated thyroid disease), previous history
of or ongoing smoking and alcohol consumption, pre-
vious other malignancies or surgery. Surgical details
included indication for surgery, type and extent of
surgery including vascular and other organ resection,
postoperative morbidity and mortality (in-hospital
and 90-day). Pancreatic fistula is defined according
to the International study group for pancreatic fis-
tula (ISGPF) 2005 classification, DGE according to the
ISGPS 2007 definition and PPH according the ISGPS
2007 classification [14–16]. Postoperative 90-day mor-
tality was validated with the official national mortality
registry of Statistics Austria [17]. FTR was defined as
the number of patients who died from complications
divided by the number of complications as previously
e.g. reported by Tamirisa et al. [18]. Patients who died
from rapid disease progression within 90 days were
not included in FTR calculations.

Statistical analysis

Patient characteristics and surgical details are pre-
sented as numbers with frequencies (%) or medians
with standard deviation (SD). Differences in numbers
and types of procedures per year were assessed using
the χ2 and Fisher’s Exact Test. The Kruskal–Wallis test
and χ2 and Fisher’s Exact Test were used for compar-
isons between outcomes of the three different groups
of procedures (PD versus DP versus others). To es-
timate the risk of different clinical and procedural
factors for occurrence of severe or overall complica-
tions, univariable andmultivariable logistic regression
was performed with the enter method. P-values <0.05
were considered significant throughout all analyses.
SPSS version 21.0 (IBMCorporation, Chicago, IL, USA)
was used for statistical calculations.

Results

Patient demographics and indications for surgery

In total, 343 patients underwent pancreatic resection
between 2010 and 2017 in our institution. Patient
characteristics, indications for and type of surgery are
summarized in Table 2. The median age was 64 years
(SD 13.9) and 53.4% of patients were male. The most
common indication were malignant tumours (pancre-
atic carcinoma or distal cholangiocarcinoma; 51.9%)
and benign indications (22.2%), which included be-
nign cystic or precursor lesions (pancreatic intraep-
ithelial neoplasm [PanIN] 17.2%) other than IPMN
and chronic pancreatitis (5%). Regarding comorbidi-
ties, 11 (3.2%) and 53 (15.5%) patients had pre-ex-
isting type 1 or type 2 diabetes, respectively. A to-
tal of 137 patients (39.9%) presented with any type
of chronic metabolic disease, 197 (57.4%) with car-
diovascular disease and 68 (19.8%) with pulmonary
disease. Active smoking was reported in 103 (30.4%)
cases. Alcohol consumption was declared as occa-
sional by 116 patients (34.5%) and as regular/abusive
by 24 patients (7.1%). About 20% (n=69) of patients
had experienced previous other malignancies and 169
patients (49.3%) had undergone previous abdominal
surgery.

Surgical procedures

The number of resections per year increased over time
from n=38 in 2010 to n=59 in 2017, as did the rate of
laparoscopic procedures (0 to 10.2%; p= 0.023). Most
frequently a PD was performed (57.4%), followed by
DP (with or without splenectomy; 35.2%; Table 2). The
numbers of different types of surgical procedures per
year are displayed in Fig. 2 (PD versus DP and oth-
ers). Vascular resections were performed in 44 (12.8%)
patients (19 arterial and 31 venous resections). Con-
current (partial) resection of additional organs other
than the spleen was conducted in 50 patients (14.6%),
most commonly involving the gallbladder, liver and
stomach.

Postoperative surgical outcomes

Overall, postoperative complications within 90-day
occurred in 227 patients (66.2%), with 22.4% of
patients (n= 77) having severe complications (>3a).
Detailed frequencies according to the Clavien-Dindo
classification were as follows: grade I: 31 (9%); grade 2:
67 (19.5%); grade 3a: 52 (15.2%); grade 3b: 43 (12.5%);
grade 4a: 23 (6.7%); grade 4b: 5 (1.5%); grade 5: 6
(1.7%= in-hospital mortality). Relaparotomy was re-
quired in 51 cases (14.9%). The 90-day mortality was
2% (n= 7) and causes of death were multiorgan failure
(n= 4), rapid disease progression (n= 2) and cardiac
decompensation (n=1). No significant difference
regarding 90-day mortality or severe complications

K Outcomes following pancreatic resections—results and challenges of an Austrian university hospital. . . 83



main topic

could be recorded over the years. The median post-
operative length of stay was 15 days (SD: 16.4; range:
6–137) with a readmission rate of 18.4% (n=63). In
the whole cohort, clinically relevant POPF occurred
in 66 patients (19.3%; type B: 15.2%, type C: 4.1%)
and management was interventional in 38 (11.1%)
and surgical in 13 (3.8%) cases. PPH was recorded
in 17.5% of patients: grade A: 5% (n=17); grade B:
5.8% (n=20); grade C: 6.7% (n= 23). Patients expe-
riencing PPH ultimately underwent relaparotomy in
the further course in 58.3% of cases, compared to
5.7% of patients without PPH (p<0.001). DGE oc-
curred in 14.3% of patients: grade A: 6.4% (n= 22);
grade B: 3.2% (n= 11); grade C: 4.7% (n= 16). Other
common postoperative complications included peri-
pancreatic, intraabdominal fluid collections (n= 122;
35.6%), pleural effusion (n= 77; 22.4%), surgical site
infections (n= 46; 13.4%), and ileus (n=9; 2.6%). One
quarter of all patients received postoperative trans-
fusions (n= 84; 24.5%; missing= 37). The FTR rate
was 2.2% after occurrence of any complication (5 of
227 patients), 6.7% after PPH (4 of 60) and 1.5% after
clinically relevant POPF (1 of 66).

Detailed information on the type and severity of
morbidity according to the type of resection are pre-
sented in Table 3. There were no significant dif-
ferences between types of resection and overall/
severe morbidity as well as 90-day mortality. How-
ever, resections other than pancreatoduodenectomy
had a considerable higher rate of clinically relevant
POPF (p= 0.004) and less frequent pleural effusion
(p< 0.001). In terms of management, there was no
significant difference between the rate of relaparo-
tomy, median length of stay and readmission rate,
but requirement for transfusion was more common
after pancreatoduodenectomy and other procedures
compared to distal resections.

Factors associated with postoperative severe
morbidity

Table 4 shows factors associated with risk for postop-
erative severe morbidity (including death). The only
factor associated with severe complications in both
univariable and multivariable analysis was male gen-
der (hazard ratio [HR] 1.92; 95% confidence interval
[CI]: 1.09–3.38; p=0.024). The rate of severe com-
plications was significantly higher in male (27.9%)
compared to female patients (16.3%; p= 0.010). In-
terestingly neither age, nor comorbidities, type of
indication or resection, as well as additional proce-
dures like vascular resection or other organ resection
were significantly associated with increased rates of
severe complications. When evaluating overall mor-
bidity, the only risk factor associated with a higher rate
of complications in multivariable analysis was higher
BMI (HR 1.12; 95% CI 1.05–1.20; p<0.001), while
distal resections compared to other types of surgery

Table 2 Patient characteristics, indications and surgical
procedures

n (%)

Patient characteristics

Age (years)

<60 132 (38.5)

60–69 89 (25.9)

70–79 107 (31.2)

≥80 15 (4.4)

Gender: male 183 (53.4)

BMI (missing= 1)

<20 31 (9)

20–24.9 152 (44.3)

≥25 159 (46.4)

ASA score (missing= 46)

1 36 (12.1)

2 180 (60.6)

3 80 (26.9)

4 1 (0.3)

Indications

Benign tumour, PanIN or pancreatitis 76 (22.2)

IPMN 31 (9)

NET 39 (11.4)

Carcinoma 178 (51.9)

Others (Metastases, Sarcoma, etc.) 19 (5.5)

Type of resection

PPPD 185 (53.9)

PRPD (Kausch–Whipple) 12 (3.5)

Distal pancreatectomy+ splenectomy 77 (22.4)

Distal pancreatectomy (spleen preserving) 44 (12.8)

Enucleation 9 (2.8)

Total pancreatectomy 7 (2.0)

Frey procedure 4 (1.2)

Pseudocyst resection 3 (0.9)

Central resection 2 (0.6)

Further procedural aspects

Laparoscopic 22 (6.4)

Resection of vessels

Arterial 19 (5.5)

Venous (PV, SMV, VC) 31 (9)

Resection of other organs (except spleen)

None 293 (85.4)

Stomach 11 (3.2)

Adrenal gland 4 (1.2)

Liver 12 (3.5)

Bowel 7 (2)

Other (including gallbladder in non-PPPD/PRPD
procedures, etc.)

26 (7.6)

ASA American Society of Anaesthesiology, BMI body mass index, IPMN in-
traductal papillary mucinous neoplasm, NET neuroendocrine tumour,
PanIN pancreatic intraepithelial neoplasia, PPPD pylorus-preserving pan-
creatoduodenectomy, PRPD pylorus-resecting pancreatoduodenectomy,
PV portal vein, SMV superior mesenteric vein, VC vena cava
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Fig. 2 Number of pa-
tients per year undergo-
ing pancreatic resection in
our unit according to type
of procedure (grouped).
PPPD pylorus-preserving
pancreatoduodenectomy,
PRPD pylorus-resecting
pancreatoduodenectomy

Table 3 Perioperative outcome according to type of resection

n (%) p-value

Pancreatoduodenectomy Distal resections Others

Overall complications

Morbidity (90-day) 137 (69.5) 72 (59.5) 18 (72) 0.151

Severe morbidity (C-D >3a) 44 (22.3) 26 (21.5) 7 (28) 0.807

Mortality (90-day) 5 (2.5) 2 (1.7) 0 (0) 0.832

Clinically relevant POPF

Grade B/C 26 (13.2) 32 (26.4) 8 (32) 0.004

PPH 0.270

Grade A 10 (5.1) 6 (5) 1 (4)

Grade B 16 (8.1) 3 (2.5) 1 (4)

Grade C 16 (8.1) 5 (4.1) 2 (8)

DGE 0.287

Grade A 16 (8.1) 5 (4.1) 1 (4)

Grade B 10 (5.1) 1 (0.8) 0 (0)

Grade C 9 (4.6) 6 (5) 1 (4)

Other complications

Intraabdominal fluid collection 63 (32) 48 (39.7) 11 (44) 0.250

Surgical site infection 33 (16.8) 10 (8.3) 3 (12) 0.099

Ileus 7 (3.6) 2 (1.7) 0 (0) 0.641

Pleural effusion 58 (34.5) 17 (14.2) 2 (8) <0.001

Management variables

Relaparotomy 31 (15.7) 16 (13.2) 4 (16) 0.811

Postoperative transfusions (missing data= 37) 56 (34.1) 22 (18.5) 6 (26.1) 0.012

Length of stay: median (SD) 17 (16.9) 14 (16.5) 16 (8.8) 0.081

Readmission 34 (17.3) 22 (18.2) 7 (28) 0.405

C-D Clavien-Dindo classification, DGE delayed gastric emptying, POPF postoperative pancreatic fistula, PPH post-pancreatectomy haemorrhage, SD standard
deviation
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Table 4 Univariable and multivariable analysis of risk factors for severe complications

Factor Univariable analysis p-value Multivariable analysis p-value

Age 1.01 (0.99–1.03) 0.535 1.01 (0.98–1.03) 0.684

Male gender 1.99 (1.17–3.38) 0.011 1.92 (1.09–3.38) 0.024

BMI 1.02 (0.96–1.08) 0.525 1.02 (0.95–1.09) 0.615

ASA score 1.03 (0.67–1.59) 0.879 a –

Indication for surgery

Benign tumour 1.0 (Ref.) – 1.0 (Ref.) –

IPMN 1.56 (0.55–4.42) 0.407 1.63 (0.55–4.82) 0.381

NET 2.10 (0.83–5.32) 0.119 1.84 (0.70–4.86) 0.219

Carcinoma 1.65 (0.81–3.34) 0.167 1.53 (0.69–3.39) 0.291

Others (Metastases, etc.) 1.91 (0.58–6.28) 0.290 1.34 (0.35–5.13) 0.665

Preoperative conditions

Active smoking 0.86 (0.49–1.52) 0.611 0.89 (0.47–1.68) 0.711

Alcohol consumption 0.91 (0.54–1.52) 0.707 0.84 (0.48–1.48) 0.543

Diabetes 0.76 (0.38–1.51) 0.433 0.74 (0.35–1.55) 0.421

Cardiovascular disease 1.06 (0.63–1.76) 0.839 0.97 (0.51–1.86) 0.935

Pulmonary disease 1.08 (0.58–2.02) 0.812 1.04 (0.53–2.06) 0.902

Previous malignancy 0.85 (0.45–1.63) 0.631 0.76 (0.37–1.58) 0.466

Previous abdominal surgery 0.94 (0.57–1.56) 0.808 0.98 (0.55–1.73) 0.939

Type of resection

Pancreatoduodenectomy 1.0 (Ref.) – 1.0 (Ref.) –

Distal resection 0.95 (0.55–1.65) 0.859 1.04 (0.49–2.19) 0.923

Other 1.35 (0.53–3.45) 0.527 1.64 (0.58–4.60) 0.351

Laparoscopic resection 0.76 (0.25–2.30) 0.621 0.68 (0.20–2.34) 0.540

Additional procedures

Any vascular resection 1.18 (0.56–2.45) 0.664 1.07 (0.47–2.44) 0.868

Any other organ resection 0.97 (0.47–2.00) 0.934 1.11 (0.46–2.67) 0.820

ASA American Society of Anaesthesiology, BMI body mass index, IPMN intraductal papillary mucinous neoplasm, NET neuroendocrine tumour, Ref. Reference
category
aNot included in multivariable analysis due to number of missing cases

were associated with less morbidity (HR 0.42; 95% CI
0.22–0.82; p=0.011; detailed data not included).

Discussion

Our cohort displays the typical patients undergoing
PR in a tertiary referral hospital, where about 50%
of surgical procedures are performed for adenocar-
cinoma of the pancreas and papilla vateri or distal
cholangiocarcinoma as leading pathologies [11, 19,
20]. Other common indications include pancreatic
neuroendocrine neoplasms (11%) and IPMNs (9%). In
the heterogeneous group of “benign tumours” (22%)
a substantial number of precursor lesions (PanINs) is
summarized together with lesions of cystic or solid
appearance in preoperative workout, often detected
in cases of previous pancreatitis, making correct pre-
operative diagnosis sometimes challenging. In the lit-
erature it has been described that about 5% of indica-
tions of PR represent a false positive diagnosis lead-
ing to unnecessary surgery [20]. Despite not having
evaluated this issue in detail in the present analysis,
we currently follow a patient-oriented treatment se-
lection process especially regarding cystic neoplasia,

which often imply controversies in setting indications
for invasive treatment [21, 22]. The current work ex-
cluded patients with acute pancreatitis since this en-
tity is nowadays regularly treated by endoscopists and
does present with a completely different morbidity
rate e.g. in terms of pancreatic fistula and mortality.
Nevertheless, we have decided to include resection-
type procedures for chronic pancreatitis to get a com-
plete picture of the landscape of pancreatic surgery in
our unit. However, this subgroup of patients repre-
sents a small number of only 7 cases (2.1%) in 8 years
with no mortality and a morbidity rate comparable to
the overall cohort (57%).

In general, regarding the primary endpoint of this
study concerning 90-day morbidity (66%) and mortal-
ity (2%) rates, we have shown that outcomes after PR
in an Austrian high-volume centre are in line with cur-
rent internationally published results of well-known
expert institutions. A number of previous publica-
tions reported that postoperative mortality nowadays
remains below 4% after PR when performed in expe-
rienced centres [2]. Interestingly, a recent study from
Germany suggested that in-hospital mortality follow-
ing pancreatic surgery is in fact much higher when

86 Outcomes following pancreatic resections—results and challenges of an Austrian university hospital. . . K



main topic

systematically evaluated on a nationwide level com-
pared to single centre data [23]. In this study, the
overall mortality exceeded 10% in one of the most de-
veloped health care systems of the world. This clearly
shows that retrospective single-centre reports are not
necessarily transferable to official national outcome
data. Nevertheless, a dramatic difference in mortal-
ity has been described in a landmark paper by Birk-
meyer et al. when comparing low-volume with high-
volume hospitals, with a mortality rate of 16.3% ver-
sus 3.8% [24]. The volume of hospitals was defined by
criteria established by the Leapfrog Group, which also
included several non-surgical categories such as per-
manent availability of a fully equipped intensive care
unit [25]. Regarding number of PR, high-volume hos-
pitals were defined performing at least 11 resections
annually [26]. Accordingly, the correct implementa-
tion of the Leapfrog criteria would have prevented an
estimated 177 deaths from pancreatic resections in
2000 in the United States alone [25]. Despite slow na-
tionwide implementation in Austria, the current trend
of worldwide centralisation in specialised pancreatic
surgery is also observable in our unit, with a signif-
icantly increasing number of PR per year, currently
surpassing 70 resections in 2018.

In our study, while 90-day mortality with 2% was
in the lower range of outcomes reported by others
[2, 6], overall morbidity was substantial with 66% of
patients experiencing any type of complication. Since
two-thirds of these complications were graded mild
according to Clavien-Dindo (<3b), the high morbidity
rate first and foremost underlines the importance of
exact documentation to deliver a realistic clinical out-
come picture. In our institution, we have gradually
implemented a prospective documentation system
within the last years, hereby not only systematically
rating complications already during the hospital stay
but also listing morbidity including grading (Clavien-
Dindo) and management in every individual dis-
charge letter to increase transparency. Besides the
obvious scientific value, this also helps with rapid as-
sessment in case of readmission, which was necessary
in almost every fourth patient, despite an initial me-
dian length of stay of 15 days. Our readmission rate
lies within internationally reported numbers ranging
between 11 and 53% after PR [27–29]. Studies con-
firmed that postoperative complications, like POPF,
DGE and wound infections remain the most common
cause for readmission [27, 30]. In this study, we did
not systematically analyse the reasons for readmis-
sion, however sequelae of pancreatic fistula including
intraabdominal fluid retention or infection remain
the leading causes at our department. Other reasons
for readmission were subileus, pancreatic stent issues,
development of pseudocysts, colonic fistula, gener-
alized abdominal pain, pseudoaneurysm, infected
hematoma and bleeding after drainage removal.

In our cohort, severe complications occurred in
22% of patients, congruent to rates of over 20% in

the recent literature [31]. One of the most frequent
surgical complications at our department was clini-
cally relevant POPF, which was observed in 66 patients
(19.3%; type B: 15.2%, type C: 4.1%), ranging within in-
ternationally described rates of 10–35% [2, 32]. POPF
remains a major problem with regard to risk for other
complications and increasing healthcare costs for pro-
longed hospitalization or readmission [33, 34]. The
most important risk factors for POPF after distal pan-
createctomy described in the literature are: younger
age, increased BMI, soft pancreatic parenchyma, di-
abetes mellitus, disease pathology as well as volume
of the pancreatic remnant [35]. Since we have not
systematically examined pancreatic parenchyma tex-
ture and remnant volume, we have not evaluated risk
factors for POPF in this study.

A further common complication in our patient co-
hort was PPH recorded in 17.5% of patients (grade A:
5%; grade B: 5.8%; grade C: 6.7%). This rate is higher
to others, describing rates of 7% in high volume cen-
tres [36]. Early postoperative bleeding occurs mostly
due to technical errors, while late bleedings are often
associated with POPF related to arterial origin due
to vascular erosion or pseudoaneurysm [2, 37]. Al-
though not evaluated in detail, the rather higher rate
of PPH in our institution might be a consequence
of previous changes in pancreatic anastomosis tech-
nique for PPPD, frequent necessity of vascular re-
sections (12.8%) or extensive lymphadenectomy. In
the literature, the described success rate for interven-
tional/non-surgical management of PPH lies around
50% [38]. In our cohort, bleeding necessitated rela-
parotomy in 58% during the further course, while only
6% of patients without PPH underwent relaparotomy
within the same hospital stay.

Delayed gastric emptying represents the third typ-
ical and frequent complication following PR, occur-
ring in 19–57% [15]. DGE is not only a frequent com-
plication after pancreatoduodenectomy, but it is also
seen in distal pancreatectomy. The study fromGlowka
et al. reported an incidence of 24% for DGE after dis-
tal pancreatectomy [39]. In our patient’s cohort, the
rate for DGE was 14.3%. Of all complications spe-
cific for PR, DGE probably represents the one which
is most demanding to be reconstructed from patient
records during retrospective analysis. Therefore, DGE
rates in our cohort may be underestimated, especially
in the early years of this study. In general, DGE causes
significantly longer hospital stays, and it seems to be
more common after resection for malignant tumours
as well as being associated with other major compli-
cations [39]. Glowka et al. identified a statistically sig-
nificant correlation between POPF and DGE. This is in
line with our observation were 22.9% of patients with
any POPF developed DGE compared to 11.5% without
underlying POPF (p=0.010). Glowka et al. proposed
that prevention of pancreatic fistula might reduce the
incidence of DGE, particularly in patients with malig-
nancy [39].
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FTR has previously been identified as a crucial
factor leading to mortality after major surgery in-
cluding pancreatic resections, especially when several
complications accumulate during the postoperative
course [40]. In our cohort, despite frequent overall
complications, the postoperative mortality was com-
parably low, resulting in an overall FTR rate of 2.2%.
In a recent nationwide time-trend analysis between
2000 and 2011 from the United States of America
(USA) a significant decrease in risk-adjusted mortality
from 10 to 4% across all hospitals has been recorded.
Intriguingly, the authors showed that by increasing
the median hospital volume over the past decade,
FTR rates were substantially improved, especially in
low (15 to 11%) and intermediate volume (11 to 7%)
hospitals [41], while it remained stable with about
6–7% in high-volume hospitals, which were defined
as units performing 100 or more pancreatic resections
per year. When looking at the latest numbers of an-
nual resections per hospital performed in our country
(Fig. 1), further efforts in centralization in Austria are
indicated to decrease the current nationwide mortal-
ity rates of 7.5% recorded in 2017. Almost 80% of all
Austrian departments performing pancreatic surgery
achieved less than 30 procedures per year, resulting
in an in-hospital mortality of 10% compared to 5.8%
in experienced units with 30 or more procedures.
Accordingly, in our opinion, the minimum annual
number of at least 10 pancreatic procedures per hos-
pital currently proposed in the national healthcare
strategy should be increased to at least 30 procedures
in order to lower national mortality rates below 5%.

In further analyses, we were able to identify male
gender as the major risk factor for severe compli-
cations, while higher BMI and resections other than
distal pancreatectomy were associated with increased
overall morbidity. This gender aspect finding is in line
with McPhee et al. who observed that male patients
had a significantly higher morbidity andmortality rate
compared with female patients especially after dis-
tal pancreatectomy [42]. However, the main reasons
are unclear, especially since in comparable literature,
gender differences were reviewed only regarding the
overall frequencies of complications without details
on types of morbidity and also adjustment for comor-
bidities or other risk factors was lacking.

In summary, clear advances in terms of postoper-
ative management after PR in several centres in Aus-
tria including our unit result in mortality comparable
to high-volume centres in other countries. However,
postoperative morbidity in this field still remains high
and failure to-rescue might represent a relevant is-
sue especially in low-volume hospitals. Therefore, fur-
ther efforts towards centralization but also improve-
ment of prevention and management of POPF and
PPH are necessary. These specific complications im-
ply a substantial risk for sequelae, often necessitate re-
laparotomy or readmission, cause a potentially threat-
ful burden for affected patients and represent a major

cause for mortality and healthcare costs after pancre-
atic surgery.
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