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Articles

Algorithm-based care versus usual care for the early
recognition and management of complications after
pancreatic resection in the Netherlands: an open-label,
nationwide, stepped-wedge cluster-randomised trial

F Jasmijn Smits*, Anne Claire Henry*, Marc G Besselink, Olivier R Busch, Casper H van Eijck, Mark Arntz, Thomas L Bollen, Otto M van Delden,

Daniel van den Heuvel, Christiaan van der Leij, Krijn P van Lienden, Adriaan Moelker, Bert A Bonsing, Inne H Borel Rinkes, Koop Bosscha,

Ronald M van Dam, Wouter ] M Derksen, Marcel den Dulk, Sebastiaan Festen, Bas Groot Koerkamp, Robbert  de Haas, Jeroen Hagendoorn,

Erwin van der Harst, Ignace H de Hingh, Geert Kazemier, Marion van der Kolk, Mike Liem, Daan J Lips, Misha D Luyer, Vincent E de Meijer, ] Sven Mieog,
Vincent B Nieuwenhuijs, Gijs A Patijn, Wouter W te Riele, Daphne Roos, Jennifer M Schreinemakers, Martijn W | Stommel, Fennie Wit,

Babs A Zonderhuis, Lois A Daamen, C Henri van Werkhoven, | Quintus Molenaart, Hjalmar C van Santvoortf, for the Dutch Pancreatic Cancer Group

Summary
Background Early recognition and management of postoperative complications, before they become clinically relevant,
can improve postoperative outcomes for patients, especially for high-risk procedures such as pancreatic resection.

Methods We did an open-label, nationwide, stepped-wedge cluster-randomised trial that included all patients having
pancreatic resection during a 22-month period in the Netherlands. In this trial design, all 17 centres that did pancreatic
surgery were randomly allocated for the timing of the crossover from usual care (the control group) to treatment
given in accordance with a multimodal, multidisciplinary algorithm for the early recognition and minimally invasive
management of postoperative complications (the intervention group). Randomisation was done by an independent
statistician using a computer-generated scheme, stratified to ensure that low—medium-volume centres alternated
with high-volume centres. Patients and investigators were not masked to treatment. A smartphone app was designed
that incorporated the algorithm and included the daily evaluation of clinical and biochemical markers. The algorithm
determined when to do abdominal CT, radiological drainage, start antibiotic treatment, and remove abdominal drains.
After crossover, clinicians were trained in how to use the algorithm during a 4-week wash-in period; analyses
comparing outcomes between the control group and the intervention group included all patients other than those
having pancreatic resection during this wash-in period. The primary outcome was a composite of bleeding that
required invasive intervention, organ failure, and 90-day mortality, and was assessed by a masked adjudication
committee. This trial was registered in the Netherlands Trial Register, NL6671.

Findings From Jan 8, 2018, to Nov 9, 2019, all 1805 patients who had pancreatic resection in the Netherlands were
eligible for and included in this study. 57 patients who underwent resection during the wash-in phase were excluded
from the primary analysis. 1748 patients (885 receiving usual care and 863 receiving algorithm-centred care) were
included. The primary outcome occurred in fewer patients in the algorithm-centred care group than in the usual care
group (73 [8%)] of 863 patients vs 124 [14%)] of 885 patients; adjusted risk ratio [RR] 0-48, 95% CI 0-38-0-61; p<0-0001).
Among patients treated according to the algorithm, compared with patients who received usual care there was a
decrease in bleeding that required intervention (47 [5%)] patients vs 51 [6%] patients; RR 0-65, 0-42-0-99; p=0-046),
organ failure (39 [5%] patients vs 92 [10%] patients; 0-35, 0-20-0-60; p=0-0001), and 90-day mortality (23 [3%)] patients
vs 44 [5%)] patients; 0-42, 0-19-0-92; p=0-029).

Interpretation The algorithm for the early recognition and minimally invasive management of complications after
pancreatic resection considerably improved clinical outcomes compared with usual care. This difference included an
approximate 50% reduction in mortality at 90 days.

Funding The Dutch Cancer Society and UMC Utrecht.
Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction

Postoperative complications occur in more than 20% of
patients after major surgery and are the greatest
contributors to health-care use and costs."” Despite
continuous improvements in a wide range of

health-care processes during the past decades,
postoperative complications are not always preventable.?
It has been suggested that the focus on improving
outcomes should therefore include the timely
recognition and management of complications.”*
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Research in context

Evidence before this study

We searched PubMed, Embase, and the Cochrane Library for
articles in any language published from database inception to
June 20, 2016, before the start of this study, and updated the
search on August 1, 2021 with search terms “diagnosis”,
“management”, “pancreatic resection”, and “complications”,
and synonyms. We found no studies that evaluated a
multimodal intervention for recognition and management of
complications after pancreatic resection. We found many
observational studies that evaluated different diagnostic
modalities for postoperative pancreatic fistula. We published a
systematic review on this topic in 2020. Our 2020 review
included all diagnostic tests that showed an association with
postoperative pancreatic fistula in at least two cohorts.
Identified variables were body temperature, C-reactive protein,
white blood cell count, serum amylase amount, drain amylase
amount, non-serous drain efflux, and peripancreatic fluid
collections on CT scan. To our knowledge, no randomised trials
have been published on complication management after
pancreatic resection. However, several observational studies
suggested the superiority of a minimally invasive treatment
strategy compared with reoperation.

Added value of this study
To our knowledge, our study provides the first high-quality
evidence that early recognition and minimally invasive

However, recognising the early signs of complications
before they lead to clinical deterioration is a challenge.
Noticing subtle changes in vital signs, biochemical
markers, and radiological features requires members of
amultidisciplinary medical team to have the appropriate
training and experience.’ Improving the failure to
rescue rate (ie, reducing mortality after major
complications) has emerged as a main target for
quality improvement by the international surgical
community.** There is a clear need for studies to
develop effective interventions that can be implemented
broadly to improve failure to rescue rates worldwide.**

Pancreatic resection is an example of a complex
operation with a high risk (30-73% of patients) of
postoperative complications.”” The most common
complication is pancreatic fistula, which results in an
intra-abdominal leak of amylase-rich fluid® that can lead
to life-threatening consequences, such as sepsis,
bleeding, and multiple organ failure.*® In patients with
clinically relevant pancreatic fistula, mortality is
12-18%."" Outcomes after pancreatic resection have
improved since the centralisation of such surgery to
high-volume centres owing to a focus on the technical
aspects of the surgery, process measures, and institutional
factors, such as improvements in prehabilitation,
anaesthesiology, and the quality of postoperative support
in intensive care units.*” Nevertheless, even in high-
volume centres, complications after pancreatic resection

management of complications after pancreatic resection,
before they become clinically relevant, can interrupt the cascade
of events that lead to organ failure and death. This effect was
measured both in high-volume centres and in low-medium-
volume hospitals.

Implications of all the available evidence

The multidisciplinary, multimodal algorithm for daily bedside
use was designed using data from our mandatory nationwide
audit, guideline inventories, Dutch national meetings and
international consensus meetings, and a comprehensive
systematic review of the literature. The algorithm was therefore
based on the best available evidence. After combining this
evidence with our study findings, we believe that after
pancreatic resection, all patients should receive a structured
daily evaluation to aid the early recognition and management
of complications before these become clinically relevant. This
provision will considerably improve clinical outcomes and
decrease the failure to rescue rate, which is an international
priority in surgical practice and among policy makers. Our
simple to use and low-cost algorithm, and the method for its
implementation, can be modified easily for use in other types of
surgery. Future studies could evaluate further improvements to
the algorithm and the adaptation of the algorithm in other
clinical contexts.

remain a serious problem.**" Furthermore, most
patients worldwide have such surgery in low-volume or
medium-volume centres.”" Reported nationwide 90-day
mortality rates after pancreatic resection range from 7%
to 12%.57 Improving failure to rescue rates has therefore
been prioritised in pancreatic surgery.™”

We designed a multimodal algorithm for the early
recognition and minimally invasive management of
postoperative complications in patients having pancreatic
resection for all indications. We hypothesised that
implementation of this multimodal algorithm would
result in better clinical outcomes than after usual care.

Methods

Study design and participants

The Care After Pancreatic Resection According to an
Algorithm for Early Detection and Minimally Invasive
Management of Pancreatic Fistula versus Current
Practice (PORSCH) trial is a Dutch, nationwide,
stepped-wedge cluster-randomised controlled trial.” In
the Netherlands, pancreatic surgery is centralised to
centres that do at least 20 pancreatoduodenectomies per
year. All 17 Dutch centres doing pancreatic surgery,
including all eight university hospitals, participated in
this study, and we included all patients having pancreatic
resection for all indications. There were no exclusion
criteria for centres or patients (ie, nationally, all patients
were included).

www.thelancet.com Vol 399 May 14, 2022
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The institutional review boards of all the included
centres approved the study and waived the need for
individual patient informed consent. Local principal
investigators provided informed consent for trial
participation on behalf of their institution (ie, gatekeeper
informed consent; see appendix p 7 for details).”
Protocol adherence was monitored continuously using
an online platform by the study coordinators, who were
not involved in clinical care. This online platform was
also the basis of a smartphone app that facilitated use of
the algorithm (appendix p 11). Adverse events that might
be related to the study intervention were discussed at
regular study meetings that were open to all clinicians
from the centres that had crossed over to the
intervention. The study was done in accordance with
the Declaration of Helsinki. We adhered to the
CONSORT guidelines for stepped-wedge cluster-
randomised trials.”? The study protocol has been
published previously.””

Randomisation and masking

As per the stepped-wedge cluster-randomised trial
design, all centres (clusters) delivered usual care (control
group) at the start of the study and crossed over to care
according to the algorithm (intervention group). At the
end of the trial, all centres had crossed over to the
intervention group. Randomisation of the timing of
crossover for each centre was done by an independent
statistician using a computer-generated scheme, and was
stratified to ensure that low—medium-volume centres
alternated with high-volume centres in randomisation
order. Randomisation order was concealed from patients
and the investigators, except for the local principal
investigator, who was informed at the start of the trial of
the time of crossover for that centre. Patients and
investigators were not masked to treatment.

Procedures

The process of designing the algorithm included a
comprehensive systematic review of the literature, and
an inventory of the guidelines on postoperative care,
several retrospective studies, and consensus meetings.”*
To reduce the risk of the contamination of usual care,
only one pancreatic surgeon from each centre was
involved in the study design. The final evidence-based
algorithm was reviewed by an advisory committee
of three international pancreatic experts from high-
volume centres; further details are provided in the
appendix (pp 8-9) and in the study protocol.””

After crossover, clinicians were trained in how to use
the algorithm during a 4-week wash-in period. Training
consisted of on-site presentations for all surgeons and
resident medical officers, nursing staff, diagnostic and
interventional radiologists, and intensive care staff. A
nationwide online expert panel of authors who were
pancreatic surgeons and interventional radiologists was
available to assess clinical cases and radiological imaging

www.thelancet.com Vol 399 May 14, 2022

and to advise on how to proceed with the management
of postoperative complications.

For each patient, daily evaluation using the algorithm
was done from postoperative day 3 to postoperative
day 14 (figure 1). The algorithm focused on the early
recognition of complications through the standardised
evaluation of vital signs, abdominal drain output, and
serum inflammatory markers (ie, white blood cell count
and C-reactive protein). If predefined cutoff values were
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Department of Surgery, Regional
Academic Cancer Centre Utrecht,
St Antonius Hospital
Nieuwegein and University
Medical Centre Utrecht,

3508 GA Utrecht, Netherlands
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See Online for appendix

exceeded, an abdominal CT scan was indicated.
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Figure 1: An overview of the multimodal, multidisciplinary algorithm for the early recognition and

management of complications after pancreatic resection
ULN=upper limit of normal.
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For the smartphone app see
https://apps.apple.com/nz/app/

pancreatic-surgery/

id1607487269 or https://play.

google.com/store/apps/

details?id=com.everywhereim.

1870

dpcg&gl=NL

Evaluation of CT scans was standardised, focusing on
radiological signs of postoperative pancreatic fistula and
other postoperative complications. The complete list of
criteria for assessment of CT scans is shown in the
appendix (p 24). In the case of inadequately drained
intra-abdominal fluid that was possibly related to a
postoperative complication, radiological drainage was
recommended. Treatment with intravenous antibiotics
was indicated in all patients with pancreatic fistula or a
systemic inflammatory response syndrome (in patients
with an indication for a CT scan according to the
algorithm). The algorithm also focused on the removal
of abdominal drains, to ensure removal occurred as early
as possible to help to prevent infection. The algorithm
also included daily assessment by the treating pancreatic
surgeon, who was responsible for making final clinical
decisions (appendix pp 20-23). An intraoperative drain
was placed in all patients, whereas other surgical
technique details were left to the discretion of local
surgeons.

After entering all data in the smartphone app, the
algorithm produced advice on the indication for CT scan,
radiological drainage, antibiotic treatment, and removal of
drains. An impression of the smartphone app is supplied
the appendix (p 25). A version of the Pancreatic surgery
smartphone app has been modified for daily clinical use
(see also appendix p 11).

Outcomes

The primary outcome was a composite of the most severe
postoperative complications: bleeding that required
invasive intervention, new-onset organ failure, and death
either during admission or within 90 days after resection,
and the outcome was met if any of these events occurred.
The three components of the primary outcome were each
analysed individually as secondary outcomes. Other
predefined secondary outcomes included postoperative
pancreatic fistula, postoperative bile leak, gastro-
enterostomy leak, chyle leak, delayed gastric emptying,
number and timing of CT scans, antibiotic treatment,
radiological drainage, reoperations, intensive care unit
(ICU) admission, length of ICU stay, length of hospital
stay, readmission rate, number of patients receiving
adjuvant chemotherapy, and costs. A complete list of all
secondary outcomes and definitions is included in the
appendix (pp 12-13, 18). Outcomes were assessed up to
90 days after initial pancreatic resection or, if patients
were still admitted after 90 days, until discharge.

Data were collected using a web-based predefined case
record form. In addition, baseline data were extracted
from the mandatory prospective Dutch Pancreatic
Cancer Audit.* All data were checked for accuracy and
completeness of the source data by researchers not
involved in clinical care. Before statistical analysis, data
for all potential primary outcomes were individually
assessed by members of a masked adjudication
committee consisting of authors who were pancreatic

surgeons and interventional radiologists, and disagree-
ments were resolved during a plenary consensus
meeting with masking still in effect.

Statistical analysis

Sample size calculation was done for the subgroup of
patients who were to have pancreatoduodenectomy to
ensure adequate power for this population. We assumed
an expected relative reduction of 50% in the incidence of
the primary outcome after pancreatoduodenectomy, on
the basis of 13-8% of patients, a two-sided a of 0-05, a
power of 80%, an intracluster correlation of 0-009, and a
cluster autocorrelation of 1,°7”* which resulted in
a required sample size of 1186 patients having a
pancreatoduodenectomy in the 17 centres. The planned
study duration was therefore 22 months, on the basis of
typical patient numbers per month. The total sample size
was expected to be 25% higher than the planned sample
size, because all types of pancreatic resection were
included. A planned interim analysis was done at
11 months to allow for the study duration to be extended
if enrolment was less than 47-5% of the planned sample
size.

Analyses were done according to the intention-to-treat
principle, comparing patients assigned to usual care with
patients assigned to algorithm-centred care. Date of
pancreatic resection (ie, before or after the planned
crossover date) determined which study group patients
were in. As predefined, patients having pancreatic
resection during the wash-in period were excluded from
analyses. Missing baseline data were imputed using
multiple imputation. The study protocol defined mixed-
effects logistic regression analyses of the binary outcomes
with odds ratio (OR) as the measure of effect size.
However, because risk ratios (RRs) are preferred to ORs
in terms of interpretation, collapsibility, and reduced
susceptibility to sparse-data bias, for the final analyses we
used mixed-effects Poisson regression with cluster-robust
SEs to estimate the shown RRs and 95% ClIs. Time-to-
event analyses (ie, from the date of the initial pancreatic
resection to 90 days postoperatively) were done using
shared-frailty Cox proportional hazards model. Count
data were analysed using a zero-inflated negative
binomial model. All analyses were adjusted
for the study design (ie, we used the hospital as a
random effect, normalised calendar time as a fixed
effect, and the volume strata as a fixed effect) and
baseline variables (all fixed effect) associated with
the primary outcome (ie, male sex, increasing age,
American Society of Anaesthesiologists classification >2,
pancreatoduodenectomy vs other types of pancreatic
resection) or postoperative pancreatic fistula (ie, soft
pancreatic texture, small-diameter pancreatic duct,
increasing blood loss during pancreatic resection, and
underlying disease that is not either pancreatitis or
pancreatic adenocarcinoma). Normalisation of calendar
time was achieved by subtraction of the numerical
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representation of the calendar date from the group mean,
divided by the SD. Total hospital costs included hospital
and intensive care unit admission, laboratory tests,
diagnosticimaging, endoscopy, radiological interventions,
and surgical procedures. Outpatient hospital costs and
other health-care costs were not included. Mean costs are
shown with two-sided bias-corrected and accelerated
95% Cls derived by bootstrapping with 5000 samples. A
two-sided p value below 0-05 indicated statistical
significance. For statistical analysis we used R studio
(version 1.3.959). For details on the statistical analysis,
including several exploratory analyses, see the appendix
(p 14). We did not use a data monitoring committee. This
trial was registered in the Netherlands Trial Register,
number NL6671.

Role of the funding source
The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results

All 17 centres doing pancreatic surgery in the Netherlands
were randomly assigned a crossover date. One centre
stopped doing pancreatic surgery before crossover to the
intervention. From Jan 8, 2018, to Nov 9, 2019, a total of
1805 patients had pancreatic resection in the Netherlands
and all of these patients were eligible and included in
this study. 885 (49%) patients received usual care (control
group), 57 (3%) patients underwent resection during the
wash-in phase, and 863 (48%) patients received
algorithm-centred care (intervention group; figure 2,
appendix p 19). No patients were lost to follow-up.
Baseline characteristics are provided in table 1.

Use of the algorithm in the smartphone app was
completed 9308 times. On 7631 (94%) of 8137 included
patient-days (ie, postoperative days 3-14), data were entered
into the smartphone app algorithm. A CT scan was done
in 814 (75%) of 1086 times that it was recommended by the
app. The app recommendation to administer antibiotics
was followed 253 (70%) of 360 times. The app
recommendation on drain removal was followed
4802 (83%) of 5807 times. A total of two complications that
might have been related to minimally invasive drainage
were reported (one perforation of the stomach and one
bowel perforation; 0-2% of all drainage procedures).

The primary outcome occurred in 73 (8%) of
863 patients in the intervention group and in 124 (14%) of
885 patients in the control group (adjusted RR 0-48,
95% CI 0-38-0-61; p<0-0001; table 2). Bleeding that
required intervention occurred in 5% (47 patients) in the
intervention group versus 6% (51 patients) in the control
group (adjusted RR 0-65, 95% CI 0-42-0-99; p=0-046).
New-onset organ failure, including failure of all individual
organ systems, occurred less often in the intervention
group than in the control group (39 patients [5%] vs
92 patients [10%], adjusted RR 0-35, 95% CI 0-20-0-60;
p=0-0001). 90-day mortality was lower in the intervention

www.thelancet.com Vol 399 May 14, 2022

17 centres assessed for eligibility

v
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v

v
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the usual care group were
analysed for the primary
outcome

17 centres (863 patients) in
the intervention group
were analysed for the
primary outcome

Figure 2: Trial profile

group than in the control group (23 patients [3%)] vs
44 patients [5%], adjusted RR 0-42, 95% CI 0-19-0-92;
p=0-029).

Results of other clinical events and health-care use are
shown in table 3. It appeared that CT scan, antibiotic
treatment, and radiological drainage were done more
often and earlier in patients in the intervention group
than patients in the control group. Patients in the
intervention group less often had reoperation or
admission to the intensive care unit than patients in the
control group (table 3). Mean total costs per patient were
€23202 (95% CI 22024 to 24498) in the intervention
group and €23450 (95% CI 22100 to 24450) in the
control group (mean difference €248, -1395 to 1890;
appendix p 30). Results of other secondary outcomes are
provided in the appendix (pp 31-32).

Results were consistent across all predefined
exploratory analyses (appendix pp 31-46). In the subgroup
of patients undergoing pancreatoduodenectomy, the
primary outcome occurred in 56 (9%) of 643 patients in
the intervention group and in 105 (16%) of 671 patients in
the control group (adjusted RR 0-46, 95% CI 0-34-0-61).
In this subgroup, 90-day mortality was 3% in the
intervention group (17 of 643 patients) and 5% in the
control group (35 of 671 patients; adjusted RR 0-40, 95%
CI0-18-0-85).

The lower proportion of people with the primary
outcome in the intervention group compared with in the
control group occurred both in low—medium-volume
centres (25 [9%)] of 291 patients vs 42 [14%)] of 294 patients,
adjusted RR 0-49, 95% CI 0-25-0-68) and in high-volume
centres (48 [8%)] of 572 patients vs 82 [14%)] of 591 patients
adjusted RR 0-46, 95% CI 0-32-0-66). Compared with the
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Intervention (n=863) Control (n=885)

Sex
Female 427 (49%) 444 (50%)
Male 436 (51%) 441 (50%)
Mean age, years 65-7 (11-6) 65-0 (11.7)
American Society of Anaesthesiologists score
1 68 (8%) 74 (8%)
2 501 (58%) 575 (65%)
3 287 (33%) 30 (26%)
4 7(1%) 6 (1%)
Neoadjuvant treatment 90 (10%) 81(9%)
Type of pancreatic resection
Pancreatoduodenectomy 643 (75%) 671 (76%)
Distal pancreatectomy 188 (22%) 187 (21%)
Other 32 (4%) 27 (3%)
Laparoscopic or robotically 230 (27%) 254 (29%)
assisted resection
Hard pancreatic texture* 239 (33%) 284 (35%)
Median diameter 4 (2-5) 3(2-5)

pancreatic duct, mmt

Median perioperative
blood loss, mLt

450 (200-900) 400 (200-850)

Underlying disease
Pancreatic ductal 319 (37%) 330 (37%)
adenocarcinoma
Ampullary carcinoma 83 (10%) 100 (11%)
Cholangiocarcinoma 98 (11%) 78 (9%)
Intraductal papillary 72 (8%) 84 (10%)
mucinous neoplasm
Pancreatic 75 (9%) 69 (8%)
neuroendocrine tumour
Chronic pancreatitis 37 (4%) 45 (5%)
Other 179 (21%) 179 (20%)

Data are n (%), mean (SD), or median (IQR). Percentages might not total 100
because of rounding. *209 missing values. 1353 missing values. $117 missing values.

Table 1: Baseline characteristics

control, the intervention also reduced 90-day mortality in
both low—medium-volume centres (8 [3%)] of 291 patients
vs 20 [7%] of 294 patients, adjusted RR 0-35, 95% CI
0-11-1-16) and high-volume centres (15 [3%] of 572 patients
vs 24 [4%] of 591 patients, adjusted RR 0-48, 95% CI
0-18-1-32).

Discussion

This stepped-wedge cluster randomised trial showed
that the use of a novel algorithm for the early recognition
and management of postoperative complications in
patients undergoing pancreatic resection greatly
improved clinical outcomes, including an approximate
50% reduction of mortality nationwide. Our findings
support a strategy in which all patients have a structured
daily evaluation to identify and treat complications
before they become clinically relevant. The smartphone
app that was designed for bedside use of the algorithm
can be used for this purpose.

Intervention  Control Adjusted  pvalue
(n=863) (n=885) risk ratio
(95% Cl)
Primary composite 73 (8%) 124 (14%) 0-48 <0-0001
outcome of at least (0-38-0-61)

one of bleeding
that required
invasive
intervention, organ
failure, or 90-day
mortality

Secondary outcomes for the individual components of the primary
outcome

Bleeding that 47 (5%) 51(6%) 0-65 0-046
required (0-42-0-99)
intervention
New-onset 39 (5%) 92 (10%) 035 0-0001
organ failure (0-20-0-60)
Circulatory 28 (3%) 70 (8%) 032 <0-0001
failure (0-23-0-46)
Respiratory 22 (3%) 55(6%) 035 <0-0001
failure (0-24-0-50)
Renal failure 12 (1%) 29(3%) 037 0-019
(0-16-0-85)
90-day mortality 23 (3%) 44 (5%)  0-42 0-029
(0-19-0-92)

Data are n (%), unless otherwise stated. Mixed-model Poisson regression analyses
adjusted with random intercept at hospital level, calendar time, pancreatic texture,
diameter pancreatic duct, blood loss pancreatic resection, underlying disease, sex,
age (years), American Society of Anaesthesiologists classification, type of pancreatic
resection, and hospital volume of resections.

Table 2: Primary outcome and contributory secondary outcomes for
algorithm-based care versus usual care after pancreatic resection surgery

Pancreatic resection is an operation done widely,
mostly in patients with malignant disease who usually
have a survival likelihood of only a few years.” Pancreatic
resection is also done in patients with chronic
pancreatitis” and prophylactically in young patients with
asymptomatic pancreatic cysts.”® In all patients, the
effect of severe complications is crucial in the shared
decision-making process about doing major abdominal
surgery. In our study, 90-day mortality before
introduction of the intervention was 5%, which is
higher than mortality of less than 2% reported by
international expert centres.® This difference might be
explained by the fact that we studied 90-day mortality,
whereas other studies often report 30-day mortality.® In
patients with pancreatic resection, 90-day mortality is
generally twice as high as 30-day mortality.”” A systematic
review of 44 studies on the effect of centralisation of
pancreatic surgery provision showed 90-day mortality of
9-16% in low-volume centres and 0-5% in high-volume
centres.” Furthermore, we studied mortality on a
national level, which reflected outcomes that were not
only for selected expert centres. At the national level,
90-day mortality ranges from 7-12% in Europe and the
USA.*"7 We therefore believe that the reduction in
nationwide 90-day mortality from 5-3% in our study is
clinically relevant.
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Intervention (n=863) Control (n=885) Adjusted risk ratio p value
(95% CI)*
Clinical eventst
Postoperative pancreatic fistula 239/863 (28%) 187/885 (21%) 1-23(0-97-1-56) 0-084
Postoperative bile leak$ 66/643 (10%) 57/671 (8%) 0-90 (0-60-1-33) 0-59
Gastroenterostomy leak# 8/643 (1%) 11/671 (2%) 0-88 (0:30-2-62) 0-82
Chyle leak 61/863 (7%) 69/885 (8%) 0-95 (0-59-1-54) 0-84
Delayed gastric emptying 134/863 (16%) 144/885 (16%) 1-17 (0-76-1-80) 0-48
Health-care resource use
Abdominal CT scans
Patients having CT scan 562/863 (65%) 473/885 (53%) 1-18 (1-01-1-36) 0-031
Median CT scans per patient§ 1(0-2) 1(0-2) 1-23 (1-00-1-53) 0-049
Total CT scans per study group 1533 1189
Median postoperative day of first CT scanq 5(4-9) 7 (5-13) 1.53(1-23-1-91) 0-0001
Antibiotics
Patients receiving antibiotics 395/863 (46%) 335/885 (38%) 119 (0-97-1-48) 010
Median duration of antibiotics treatment, days§ 2(0-8) 0(0-7) 1.02 (0-71-1-46) 0-91
Median postoperative day of start of antibiotic 7 (4-11) 8 (5-15) 129 (1.00-1-66) 0-046
treatment||
Radiological drainage
Patients undergoing radiological drainage 253/863 (29%) 207/885 (23%) 1.21(0-93-1-57) 0-16
Median radiological drainage procedures per patient§ 0(0-1) 0 (0-0) 1.05 (0:73-1-52) 077
Total radiological drainage procedures per study group 505 474
Median postoperative day of first drainage 8 (5-11) 9(7-13) 132 (0-95-1-84) 0-099
Reoperation
Patients having reoperation 42/863 (5%) 70/885 (8%) 0-63 (0-43-0-92) 0-017
Median reoperations per patient§ 0 (0-0) 0 (0-0) 0-55 (0-31-0-99) 0-045
Total reoperations per study group 50 86
Median postoperative day of surgical drain removal{] 5(3-9) 5(4-8) 1.03 (0-86-1-24) 0-09
Intensive care unit admission|| 57/863 (7%) 80/885 (9%) 0-57 (0-43-0-76) 0-0001
Median length of intensive care unit stay, days** 4(3-9) 4(2-8) 119 (074-1-93) 0-47
Median length of hospital stay, daysql 11(8-18) 10 (7-15) 0-95(0-81-1-11) 0-52
Readmission to hospital 168/863 (20%) 188/885 (21%) 1-04 (0-84-1-29) 0-70
Adjuvant chemotherapytt 172/330 (52%) 185/319 (58%) 1.02 (0-87-1-22) 0-74
Data are n/N (%), mean (SD), or median (IQR) unless otherwise stated. All analyses were adjusted for calendar time, pancreatic texture, diameter pancreatic duct, blood loss
pancreatic resection, underlying disease, sex, age (years), American Society of Anaesthesiologists classification, type of pancreatic resection, and hospital volume. *Mixed-
model Poisson regression analyses adjusted with the random intercept at hospital level. tOnly grade B or C complications according to the International Study Group on
Pancreatic Surgery are included in analyses. #Calculated in a subset of patients having pancreatoduodenectomy (643 [75%] of 863 patients in the intervention group vs
671[76%] of 885 patients in the control group). SAdjusted rate ratio from a negative binomial regression model (no offset term) adjusted with random intercept at hospital
level. §Cox proportional hazard ratio (HR) for which HRs greater than 1 indicate a shorter time to event in the intervention group than in the control group. ||Calculated in a
subset of patients admitted to the intensive care unit after postoperative day 3 (ie, new-onset ICU admission). **The conditional rate ratio from a zero-inflated negative
binomial regression model; zero-inflated inverted odds ratio 0-52 (95% Cl 0-31-0-87). ttCalculated in a subset of patients with pancreatic adenocarcinoma who survived the
index hospital admission (330 [38%] of 863 patients in the control group vs 319 [36%] of 885 patients in the intervention group).
Table 3: Secondary outcomes for algorithm-based care versus usual care after pancreatic resection surgery

The rationale for the multimodal, multidisciplinary
algorithm is based on two concepts. The first is the
timely identification of complications before they
become clinically relevant. Complications of abdominal
operations can lead to sudden clinical deterioration, with
a cascade of sepsis, multiple organ failure, then death.”
There is often a short time period in which early signs of
these complications might be visible on CT scan before
there are clinical consequences. For this reason, the
algorithm recommends an abdominal CT scan once a
particular threshold of subtle changes in vital signs and
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serum inflammatory markers is reached, even in
patients with no clinical suspicion of complications. Use
of the algorithm resulted in an increase in number of CT
scans done in the intervention group. Patients in the
intervention group also had their first CT scan a mean of
2 days earlier than patients in the control group. These
findings support the efficacy of the algorithm with
regard to the timely identification of complications.

The second concept behind the algorithm is the timely
treatment of complications, using a minimally invasive
approach rather than reoperation. Patients in the
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intervention group had treatment with antibiotics and
radiological drainage more often, and earlier, than
patients in the control group. Fewer patients in the
intervention group had reoperation. It is known that
general anaesthesia required for surgery and the
pro-inflammatory second hit of the surgical trauma
might worsen the physiological downwards spiral of
organ failure in critically ill patients.”*” The benefits of
radiological drainage have long been recognised in the
treatment of complications after elective pancreatic
surgery, but few studies have been done on this topic.*
One observational study’ suggested that radiological
drainage decreases complications and death compared
with primary reoperation for pancreatic fistula. Our
study provides further evidence for this concept.
Although the individual changes in clinical manage-
ment induced by use of the algorithm might not appear
large, the combined effect of changes led to a clinically
relevant reduction in the primary outcome. We did not
investigate the potential beneficial effect of each
individual component of the algorithm, including a
general awareness of the patient’s wellbeing owing to
the daily clinical assessment by a pancreatic surgeon.
This possibility could be a focus for future research, and
potentially lead to a leaner algorithm. It might be that
the use of modern technology, such as artificial
intelligence, can facilitate the decision to operate, the
identification and mitigation of modifiable risk factors,
and decisions regarding postoperative management.
These modalities are gaining popularity in many fields
of medicine but have been little studied in surgery.”
The main strength of our study is its generalisability
to everyday surgical practice. The nationwide effect of
the intervention was similar in subgroups in both low—
medium-volume and high-volume centres in the
Netherlands. This result supports the notion that, even
in centres with substantial experience in pancreatic
surgery, outcomes for patients could be improved
further by using a standardised and increasingly
intensive approach for the early recognition and
management of complications. The parameters for the
algorithm include vital signs and serum inflammatory
markers that are already widely used in daily practice.
CT scans and radiological drainage are also commonly
available techniques. This usage implies that imple-
mentation of the algorithm is feasible in most
countries, regardless of potential differences to the
health-care system of the Netherlands. However, it
does require the commitment of the clinicians
involved, and hospital capacity to do diagnostic and
interventional radiological procedures in around two-
thirds of patients after surgery. We found no apparent
downsides from the use of the algorithm. Total costs
were not increased. The algorithm was safe, low cost,
and easy to use, which was underlined by the use
of a smartphone app to complete the algorithm.
Nevertheless, we observed that in some centres it was

challenging to adhere persistently to the recommen-
dations given by the algorithm. Compliance by the
treating pancreatic surgeons was 70-83%, which can
be considered a limitation of our study. The effect of
the algorithm might have been even greater if
adherence had been higher. However, the observed
amount of adherence can still be considered quite
high, given that it is counterintuitive for clinicians to
do diagnostics or inventions in patients who do not
show any clinical signs of a postoperative complication.
Although the result did not reach statistical significance,
there appeared to be an increase in the incidence of
pancreatic fistula in the intervention group. This
increase was expected because radiological drainage
and antibiotic treatment was recommended in the
algorithm at a low threshold, which is classified as
grade B postoperative pancreatic fistula according
to international definitions.® However, it has been
recognised that adequately drained grade B pancreatic
fistula are of little clinical significance.”” This view is
supported by our finding of a substantial reduction in
the primary endpoint of major complications and death
in the intervention group. There appears to be a specific
number needed to treat for abdominal CT, antibiotics,
and radiological drainage in patients who are not
clinically ill, to prevent one potentially fatal event as a
result of a pancreatic fistula, and to thereby reduce the
failure to rescue rate. In addition, data might be subject
to sparse-data bias.

Failure to rescue has become an internationally
endorsed, publicly reported quality measure for all types
of surgery with potentially life-threatening compli-
cations.”” The early recognition and management of
postoperative complications has been proposed as the
main focus to decrease mortality in elective surgery
patients.”” In our study, the first randomised clinical trial
on this topic, failure to rescue decreased from 15%
(44 of 290) to 8% (23 of 301) of patients with major
complications (appendix p 32). We are not aware of other
algorithms that have been studied to improve the early
detection and timely management of postoperative
complications. We only included patients having pan-
creatic resection, which might question the general-
isability of our study to other patient populations.
However, in the future, the algorithm could be modified
to study its use in other diseases or surgical procedures
that have a high risk of postoperative complications
(eg, major liver resection, colorectal, gastric, and
oesophageal surgery).

In conclusion, our study showed that compared with
usual care, the early recognition and minimally invasive
management of complications after pancreatic resection
reduced the composite outcome of bleeding requiring
invasive intervention, organ failure, and death.
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