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Abstract

Background The introduction of enhanced recovery programmes (ERP) in pancreatic surgery has significantly
improved clinical outcomes by decreasing the length of hospital stay, cost and complications without increasing
readmissions and reoperations. To complement evidence on these outcomes, there is a need to explore patients’
perspectives of a structured ERP. Therefore, this study aimed to explore the health-related quality of life (HRQoL)

of patients before and after implementing ERP in pancreaticoduodenectomy ad modum Whipple (PD) at a regional
surgical centre.

Method This was an explorative and comparative single-centre study in Sweden. A prospective cohort receiv-

ing ERP was included between October 2019 and December 2022 (n=73) and was compared with a retrospective
pre-ERP cohort between October 2011 and December 2013 (n=65). EQ-5D, the European Organization for Research
and Treatment of Cancer (EORCT) Quiality of Life Questionnaire Cancer 30 items (QOL-C30), and EORCT Quiality

of Life Questionnaire pancreatic cancer module (QOL-PAN26) were collected preoperatively and at three and six
months postoperatively. Demographic and clinical variables were collected from patient charts. Complications were
expressed using the Clavien-Dindo Classification and the Comprehensive Complications Index (CCl).

Results There were no significant differences in general health, cancer- or disease-specific HRQol between the pre-
ERP and ERP cohorts. Length of stay was significantly shorter in the ERP cohort (16 vs. 11 days; p <0.001). There
was no significant difference in CCl.

Conclusion No significant differences were found in the HRQoL of patients who participated in an ERP compared
to those who did not. However, a significant decrease in LoS was found when ERP was applied.

Trial registration Not applicable.
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Background

Enhanced recovery programmes (ERP) were intro-
duced in the mid-nineties to improve recovery for
surgical patients [1]. These programmes involve a mul-
tidisciplinary and multimodal approach to surgical
care by structured use of evidence-based clinical inter-
ventions geared towards optimal and swift recovery
during the pre-, peri-, and postoperative phases. Such
interventions may include counselling and optimisa-
tion of present medical conditions, normovolemia,
opioid-sparing analgesia, early return to per oral nutri-
tion and early postoperative mobilisation. ERP have
positive effects on clinical variables, such as decreas-
ing length of stay (LoS), complications, and costs with-
out increasing reoperations or readmissions [2].

While previous studies have provided evidence that
clinical outcomes have improved after implementing
ERP in pancreatic surgery, there are, to our knowl-
edge, no studies examining patient-reported outcomes
measures (PROM), such as health-related quality of
life (HRQoL), in the evaluation of ERP within this
type of surgery. Health has been defined by the World
Health Organization (WHO) as ‘a state of complete
physical, mental and social well-being and not merely
the absence of disease or infirmity” [3]. The concept
of health is interconnected with the concept of qual-
ity of life (QoL), which encompasses all aspects of life.
HRQoL, on the other hand, refers specifically to the
effects of illness and treatment on QoL [4]. According
to Wilson and Cleary’s concept model [5], the HRQoL
conceptual model can be divided into five levels, in
which biological and physiological variables affect
higher levels of outcome such as symptoms and func-
tioning, and as an extension, overall health. Hence, as
a multi-domain outcome, HRQoL is a relevant concept
in evaluating advanced interventions such as ERP and
can provide insights that can improve patient-centred
care [6]. A previous review study on colorectal sur-
gery patients showed no difference in HRQoL between
groups that received standard care compared to ERP.
Other studies have reported a faster return to daily
activities and reduction of fatigue, but also higher
levels of pain and lower emotional and mental health
scores [7]. Two randomised controlled trials compar-
ing ERP with standard care in gastric cancer surgery
demonstrated shorter LoS but also improved HRQoL
in the ERP cohorts [8, 9]. As ERP are consistently
being implemented in pancreatic surgical care, there is
a need to close the knowledge gap on how ERP impact
the HRQoL of patients [10].
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Method

Aim

The aim of this study was to explore surgical care out-
comes including HRQoL of patients before and after
implementing ERP in pancreaticoduodenectomy ad
modum Whipple (hereafter PD) at a high- volume pan-
creatic unit. This study was performed as an explora-
tive and comparative single-centre study at a university
hospital and reported according to The Transparent
Reporting of Evaluations with Nonrandomised Designs
(TREND) [11].

Samples and data collection

Two cohorts of patients scheduled for pancreaticodu-
odenectomy (PD) at a university hospital in the west
of Sweden were included in this study (Fig. 1). A ret-
rospective pre-ERP cohort of patients from a clinical
improvement project was included between October
2011 and December 2013, and a prospective cohort
was included between October 2019 and December
2022. Patients were approached at the preoperative
visit to request their participation, and upon enrol-
ment, received questionnaires for baseline registration,
postoperative follow up at was sent out and returned
by mail. Inclusion criterion for the pre-ERP cohort was
undergoing PD. Exclusion criteria were palliative resec-
tion due to metastasis or locally advanced disease, as
well as additional or other types of pancreatic surgery.
In the pre-ERP cohort, PROM together with additional
clinical data were extracted from the medical records of
all patients who underwent PD between October 2011
and December 2013. Minimal invasive procedures were
excluded as these where not included in the ERP for
pancreatic surgery at the time of the study.

In the ERP cohort, all patients scheduled for PD were
approached at the preoperative visit to request their
participation, and upon enrolment, received question-
naires for baseline registration. Postoperatively, the
questionnaires together with return envelopes were
sent out by post three and six months after surgery.
Clinical data were extracted from medical records.

All data collection, including enrolment and logistics
was conducted within our research group.

Measures

Disease-specific HRQoL: The European Organiza-
tion for Research and Treatment of Cancer (EORCT)
Quality of Life Questionnaire Cancer 30 items (QOL-
C30), containing five functional scales, three symptom
scales, a global health status scale, and six single-item
scales [12] and EORCT Quality of Life Questionnaire
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Retrospective cohort

Patients planned for pancreatic surgery
October 2011 to December 2013

External exclusion
n= 36
Reasons:
Logistic (n=36)

Patients included in local database.
n= 140

Internal exclusion
n=75
Reasons:
Total pancreatectomy (n=27)
Other type of pancreatic surgery
(e.g. distal resection, cystectomy)
(n=25)
Non-resectable disease (n=23)

Patients included in analysis
n=65

Fig. 1 CONSORT Flow chart

pancreatic cancer module (QOL-PAN26), containing
eight multi-item scales and 10 single items scales [13].
General HRQoL: The EQ-5D, consists of two com-
ponents: a zero to 100 visual analogue scale (EQ VAS)
to estimate general HRQoL at the time of response, in
which a high score indicates better self-rated health; a
descriptive scale measuring five dimensions of mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. The responses to the dimensions are scored
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Prospective cohort

Patients planned for pancreatic resection Ad
Modum Whipple between October 2019 to

/ External exclusion \

n= 163
Reasons:

Logistics (n=51)
COVID-19 infection (n=45)
Robotic surgery (n=24)
Unknown (n=20)
Declined participation (n=15)

A 4

Extended/Additional surgery
(n=3)

Other endocrine/NET surgical
approach (n=2)

Non-Swedish-speaking (n=2)

kParticipant in other study (n=1)/

Patients included in study

n=118

Internal exclusion
n=45
Reasons:
Non-resectable disease (n=21)
Total pancreatectomy (n=13)
Diseased within the first three
postoperative months (n=6)
Other type of pancreatic surgery
(n=4)
Cancelled participation (n=1)

Patients included in analysis
n=73

on three levels: 1=no problems, 2=some problems,
3=extreme problems. A combination of these levels can
be coded into 243 different states of health. Full health
is indicated by 11,111 and the worst possible health by
33,333 [14]. The combination of responses to the five
questions is further translated to utilities using both a
society-based value set from the United Kingdom (UK)
[15] and a Swedish experience-based value set [16] to
enable analysis of general HRQoL.



Andersson et al. BMC Surgery (2024) 24:407

Demographic and clinical variables

Preoperative variables: Age at inclusion, sex, comorbidi-
ties, American Society of Anaesthesiologists (ASA) clas-
sification [17], smoking, WHO performance status [18],
involuntary weight loss, neoadjuvant chemotherapy.
Perioperative variables: duration of surgical procedure
(in minutes), duration of anaesthesia (in minutes), perio-
perative bleeding (in millilitres). Postoperative variables:
diagnosis based on pathology (TNM), adjuvant chemo-
therapy, length of stay (in days), reoperations within pri-
mary stay, readmissions (30 and 60 days), complications
(highest Clavien-Dindo classification) [19], comprehen-
sive complication index (CCI) [20].

Data analysis

Data were recorded using Microsoft Excel and analysed
with IBM Statistical Package Social Science (SPSS) ver-
sion 27, although for EQ-5D, utility translations were
conducted using Stata Statistical Software: Release 17.0.
College Station, TX: StataCorp LLC. Normal distribution
was evaluated using histograms, and descriptive statis-
tics were reported, including the mean, median, range,
standard deviation (SD), and frequencies as percentages.
Distribution differences, such as sex and smoking, were
calculated using the Pearson Chi” or Fischer’s exact test.
Interval and frequency data were compared using the
student’s t-test, and ordinal data by the Mann—Whitney
U or the Friedman test. Confidence intervals were cal-
culated for continuous clinical variables. After post hoc
Bonferroni correction calculation, the level of statistical
significance was set to p (a)<0.001. A mixed between-
within subject ANOVA was carried out on HRQoL meas-
ure occasions and group, Wilks’ Lambda was used on
interaction effect (group differences together with meas-
ure occasions) as well as for measure occasion. Values for
partial ETA squared according to Cohen [21] were used
as the effect size variable: 0.01 =small effect, 0.06 =mod-
erate effect, 0.14-=large effect size.

For the EORTC instruments and EQ-5D meas-
ures, individual missing items/rounds of responses
were managed by excluding the calculated value in the
hypothesised scales for each participant at a specific
occasion. Only participants with both pre- and postop-
erative measures were included for analysis of change
between measures. Analyses were conducted both for
scales as continuous variables and results categorised as
improved/unchanged/deteriorated. No imputation was
conducted.
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Results

Health-related quality of life

A total of 140 patients from the retrospective data-
base and 118 from the prospective group were initially
included, from these cohorts 73 prospective patients
(ERP) were compared with 65 retrospective patients
(Pre-ERP), see Table 1. Patient-rated general HRQoL,
based on the EQ VAS and EQ-5D index scores, and can-
cer-specific HRQoL, based on the QOL-C30, were very
similar between the pre-ERP and the ERP group at base-
line (Tables 2 & 3). During the first three months, there
was a trend of more patients improving in the pre-ERP
cohort compared with the ERP. At six months, patients
in the ERP cohort generally reported higher scores in
both EQ VAS and EQ index scores. In terms of cancer-
related HRQoL, mean QOL-C30 values were higher in
the pre-ERP cohort compared to the ERP cohort at three
months; also, more patients worsened in the ERP cohort
compared with the pre-ERP cohort between baseline
and three months. At six months the ERP cohort scored
higher in global health status compared to the pre-ERP
cohort; also, more patients improved in the ERP cohort
between three and six months. However, the differences
between the pre-ERP and ERP cohorts were not statisti-
cally significant (Table 2).

Functioning scale scores of the QOL-C30 and QLQ-
PANZ26 were not significantly different between the ERP
and pre-ERP cohorts (Tables 2 & 4). There was a trend
of slightly higher or similar scores in the ERP cohort at
baseline and at three months. However, at six months,
the trend was reversed, with higher functional scale
scores in the pre-ERP cohort and more patients had
worsening or unchanged scores in functional scales over
time in the ERP cohort. Satisfaction with health care
scores was highest preoperatively and deteriorated over
time in both cohorts, with more patients having worsen-
ing or unchanged scores. Overall, ERP care was not bet-
ter than pre-ERP care in terms of functional scale scores.

Symptom scale scores of the QOL-C30 and QOL-
PANZ26 were not significantly different between the ERP
and pre-ERP cohorts (Tables 2 & 4). At three months
the ERP cohort scored higher in more symptom scales
compared with the pre-ERP cohort. The overall symp-
tom burden remained high at six months compared with
preoperative measurements in both cohorts. Also, at six
months there was a trend of less symptom burden in the
ERP cohort compared with the pre-ERP cohort.

The mixed between-within subject ANOVA did
not show any interaction effect between intervention
and time of measurement (Table 5). There was no sig-
nificant interaction effect between ERP and meas-
ure occasion. There was a measure occasion effect for
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Table 5 Mixed between-within subject ANOVA for HRQoL outcomes measure

Interaction effect
(group x measure

Measure occasion effect
(Preoperative,

Group effect
(Pre-ERP and ERP)

occasion) 3 months, 6 months)
Effect size' P? Effect size' P Effect size' P?
EQ5D EQVAS 0.136 0.003 0.013 0307 0.062 0.074
EQ INDEX- Swedish Experienced based 0.050 0.103 0.001 0.813 0.028 0.290
EQ INDEX—UK Society based 0.009 0.675 0.003 0.584 0.048 0.115
EORTC C30 Global health status 0.081 0.031 0.006 0.492 0.033 0.256
Physical functioning 0.068 0.057 0.018 0.225 0.135 0.003
Role functioning 0.057 0.082 0.021 0.173 0.032 0.252
Emotional functioning 0.036 0.213 0.042 0.055 0.116 0.006
Cognitive functioning 0.004 0.864 0.001 0.835 0.045 0.152
Social functioning 0.050 0114 0.001 0.967 0.028 0.298
Fatigue 0.075 0.041 0.013 0.291 0.083 0.029
Nausea and vomiting 0.091 0.016 0.008 0404 0.067 0.049
Pain 0.001 0.993 0.082 0.007 0.035 0.228
Dyspnoea 0.048 0.122 0.015 0.255 0.066 0.052
Insomnia 0.012 0.591 0.040 0.057 0.063 0.060
Appetite loss 0.044 0.142 0.007 0423 0.025 0.338
Constipation 0.030 0.262 0.006 0458 0.005 0.794
Diarrhoea 0.001 0.996 0.005 0.506 0.189 <0.001
Finance difficulties 0.031 0.268 0.001 0910 0.062 0.072
EORTC PAN26 Pancreatic pain 0.036 0.218 0.037 0.078 0.024 0370
Bloating 0.058 0.077 0.079 0.008 0.067 0.052
Digestive symptoms 0.014 0.548 0.001 0.793 0.207 <0.001
Taste 0.032 0.255 0.015 0.260 0.231 <0.001
Indigestion 0.040 0.189 0.001 0.800 0.116 0.006
Flatulence 0.004 0.855 0.016 0.238 0.271 <0.001
Weight loss 0.030 0.276 0.001 0.809 0.156 <0.001
Weakness in arms and legs 0.015 0.527 0.008 0417 0.169 <0.001
Dry mouth 0.001 0.999 0.003 0.626 0.005 0.825
Hepatic symptoms 0.036 0210 0.010 0.357 0.265 <0.001
Altered bowel habits 0.002 0.929 0.001 0916 0.148 0.002
Body image 0.081 0.036 0.001 0.850 0.085 0.029
Troubled with side-effects 0.002 0.903 0.031 0.104 0.386 <0.001
Future worries 0.026 0.316 0.008 0.396 0.128 0.003
Planning of activities 0.035 0.224 0.002 0.655 0.030 0.271
Satisfaction with health care 0.038 0.220 0.049 0.047 0.132 0.004
Sexuality 0.014 0.620 0.001 0.967 0.071 0.075

T Effect size calculated by Partial Eta Squared

2 p-value calculated for Wilks' Lambda

diarrhoea in QOL C30 and for digestive symptoms,
taste, flatulence, weight loss, weakness in the arms and
legs, hepatic symptoms, and trouble with side-effects
in QOL PAN26 over the three measurement times in
symptom scales. There was no significant group effect,
indicating no effect from ERP in these results.

Clinical variables

There were no significant differences in patient distribu-
tion between the pre-ERP and ERP cohorts in terms of
age and sex (Table 1). However, there was a higher pro-
portion of adenocarcinoma patients in the pre-ERP
cohort, while a higher proportion of patients in the
ERP cohort had a benign diagnosis. Simultaneously, the
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proportion of intraductal papillary mucinous neoplasms
(IPMN) was comparable between the cohorts. All com-
pared comorbidities, except for diabetes, were signifi-
cantly more common in the ERP cohort. Furthermore,
the ERP cohort had an overall lower physical status as
measured by ASA scoring. The pre-ERP cohort experi-
enced more perioperative bleeding, while the duration
of anaesthesia and surgery was significantly longer in the
ERP cohort. The ERP cohort had a significantly shorter
LoS at the surgical centre and total LoS. There were no
significant differences between the two cohorts in CCI,
reoperations, or readmissions at 30 or 60 days.

Discussion

There is a lack of data on HRQoL in studies evaluating
the effect on clinical outcomes of ERP in patients who
have undergone PD. This is the first study to address the
long-term effects (beyond 30 days) of ERP on general and
disease-specific HRQoL after pancreaticoduodenectomy
and the results shows a significanty shorter LoS in the
ERP cohort without compromising HRQoL.

There were no significant differences in general and dis-
ease-specific HRQoL between pre-ERP and ERP cohorts.
Patients’ HRQoL deteriorated at the three-month meas-
urements in both cohorts but improved at the six-month
measurements, returning to baseline measurements or
even surpassing them slightly. Functioning scales meas-
ured at baseline were similar in both cohorts and there
was an overall improvement at three months compared
to baseline. However, at six months, functioning scales
had deteriorated or remained unchanged compared to
baseline with a trend of improvement in the pre-ERP
cohort. This raises the question on how neoadjuvant
chemotherapy, preoperative ASA score, comorbidities
and vascular resections impact functional scores. This
needs to be addressed in future multicentre studies.

Concerning  disease-specific ~ symptom  burden,
increased levels were observed at three and six months in
both cohorts compared to baseline. However, here there
was a positive trend in the ERP cohort, scoring generally
lower in symptom-specific scales at six months compared
to the pre-ERP cohort. The reason for this is unknown.
ERPs typically focus on care at pre-admission, as well as
during early and intermediate postoperative phase and
not the late postoperative phase. According to Wilson
and Cleary’s conceptual model on HRQoL [5], individual
and environmental factors influence symptoms, func-
tional status, and general health perception, which ERPs
aim to address. Still, the effect of ERP on long term post-
operative HRQoL needs to be further explored.

As for the decline in satisfaction with health care
(Table 4), observed in both cohorts but to a greater
extent in the ERP cohort, this might be related to that
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patients may struggle with their recovery on their own
after discharge. Especially in the ERP cohort where
LoS was shorter. Hence, patients may be prepared
within the ERP for a declining function as well as
increased symptom burden, but are still in need of sup-
port from formal and informal caregivers to mitigate
effect on recovery which has described in qualitative
studies [22, 23].

The pattern of patients regaining HRQoL after pancre-
atic surgery has been described in previous research. In
a systematic review, physical, social, and global health
status scales deteriorated during the first three months.
However, after six months, the scales showed a return to
baseline scores. Symptoms such as fatigue returned to
baseline, diarrhoea worsened and pain was undetermined
[24]. The present study describes a similar pattern within
the global health status as well as functional and symp-
tom scales. However, except from the trends discussed
above, there were no significant differences between the
pre-ERP and ERP cohorts. This lack of association with
the implementation of ERP was also confirmed by the
mixed between-within subject ANOVA, suggesting that
ERP do not affect patient-reported HRQoL to any signifi-
cant extent. However, there was a trend of better general
health and HRQoL in the ERP cohort, which was con-
firmed in a recent systematic review [10] stating that ERP
may have a positive impact in hepato-pancreatico-biliary
surgery seven days postoperatively. However, in that
study there were no measuring points beyond 30 days
postoperatively.

The ERP cohort had a significantly longer operation
time, which could be explained by the surgery being
more advanced, patients being more physically impaired
and higher proportion of vascular resections compared
with the pre-ERP cohort (Table 1). This was confirmed
in previous studies, stating that ASA classification>3,
preoperative chemotherapy, pancreatic duct<3 mm in
diameter, T-stage >3 and vascular resection are risk fac-
tors for prolonged operating time and length of stay [25].
Length of hospital stay (LoS) has often been the primary
variable for the evaluation of ERP in previous research,
demonstrating a general decrease in LoS when ERP is
implemented in pancreatic surgery [2].This is also con-
firmed in the present study, as the ERP cohort had a sig-
nificantly shorter LoS, both at the primary surgical centre
and in total, including hospital stay at a regional hospi-
tal before discharge. Additionally, current research indi-
cate a strong correlation between LoS and complication
rates measured by CCI in patients undergoing PD [26].
In our study, we found no significant difference in either
CCI or readmission between the pre-ERP and the ERP
cohort even though the ERP cohort had a significantly
shorter LoS. This may indicate that other factors then
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postoperative complication burden alone is more related
to LoS when applying ERP.

Patients in the ERP group were significantly more
affected by comorbidities and had a significantly higher
ASA score, which might generate a higher risk of compli-
cations [27-29]. However, there was no significant differ-
ence in CCI or the highest Clavien-Dindo Classification
between the pre-ERP and the ERP cohort. According to
Swedish national statistics, patients offered pancreatic
surgery tend to be more physically impaired and with
more comorbidities over the years [30]. There were
more patients with benign disease in the ERP cohort.
Other international studies also describe that about 10%
of patients undergoing surgery for malignant or IPMN
turns out to be benign [31].

This study has several limitations. Over time care
changes and evolves such as surgical approach and staff
turnover as well as the introduction of ERP (Supple-
ment 1). During the data collection of both cohorts in
this study the surgical team, as well as the facilities and
logistics remained constant. Less visible is the change
in care culture that the introduction of ERP brings. This
culture change includes not only accepting new evi-
dence but also an improved collaboration between disci-
plines and departments involved in the patients surgical
journey. One confounding factor in the present study is
to what extent patients and staff were compliant to the
ERP. Unfortunately, there was no data available on this.
Another confounding factor is that most patients finalize
their hospital stay at other hospitals with different rou-
tines. This might have an impact on total LoS, or patient
follow up after discharge. Within this study all data was
collected from one surgical centre and the sample size
must be assessed as small. The retrospective data col-
lection in the pre-ERP cohort was subject to selection
bias as lesser benign lesions and proportion of vascular
resections, as well as more extensive growth according to
TNM classification. One inherent problem with HRQoL
data is the risk of response shift; some patients might
subjectively adapt to a new level of functioning even
though their objective, actual state remained unchanged.
This might have influenced the result in the present study
since as time passes, patients adapt and score higher in
functional measurements or HRQoL than what is objec-
tively true [32].

Conclusion

No significant differences were found in the HRQoL of
patients who participated in an ERP compared to those
who did not. However, a significant decrease in LoS was
found when ERP was applied.
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Abbreviations

ERP Enhanced recovery programs

HRQoL Health related quality of life

PD Pancreaticoduodenectomy ad modum

EORTC European Organization for Research and Treatment of Cancer
QOL-C30 Quiality of Life Questionnaire Cancer 30 items

QOL-PAN26  Quality of Life Questionnaire pancreatic cancer module

ca Comprehensive Complications Index

PROM Patient-reported outcomes measures

WHO World Health Organization

QoL Quiality of life

TREND The Transparent Reporting of Evaluations with Nonrandomised
Designs

UK United Kingdom

SPSS IBM Statistical Package Social Science

ASA American Society of Anaesthesiologists

IPMN Intraductal papillary mucinous neoplasms
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