IMPROVING POSTOPERATIVE
RECOVERY BY eHEALTH

EVA VAN DER MEIJ

VRIJE UNIVERSITEIT

Improving postoperative recovery by eHealth

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad Doctor
aan de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus
prof.dr. V. Subramaniam,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de Faculteit der Geneeskunde
op vrijdag 8 maart om 13.45 uur
in de aula van de universiteit,
De Boelelaan 1105

door
Eva van der Meij
geboren te Amsterdam

promotoren:

copromotor:

prof.dr. J.R. Anema
prof.dr. J.A.F. Huirne
prof.dr. H.J. Bonjer
prof.dr. W.J.H.J. Meijerink

leescommissie:

prof.dr. A.J. van der Beek
prof.dr. H.C.W. de Vet
prof.dr. M.P. Schijven
prof.dr. C.H. van der Vaart
prof.dr. W. van Rhenen
dr. J. Wijma

CONTENTS
Chapter 1

General introduction

9

Part 1: Development of a perioperative eHealth intervention
Chapter 2

The effect of perioperative eHealth interventions on the
postoperative course: a systematic review of randomised and
non-randomised controlled trials.
PLOS One. 2016 Jul 6; 11(7): doi:10.1371/journal.pone.0158612

21

Chapter 3

Using eHealth in perioperative care: a survey study investigating
shortcomings in current perioperative care and possible future
solutions.
BMC Surgery. 2017 May 23;17(1):61

59

Chapter 4

A modified Delphi method towards multidisciplinary consensus
on convalescence recommendations after abdominal surgery.
Surgical Endoscopy. 2016 Dec;30(12):5583-5595

79

Part 2: Development of a study to evaluate a perioperative eHealth intervention
Chapter 5

Assessing postoperative recovery by using an accelerometer; a
proof of concept study.
BMC surgery. 2017 May; 17(1):56

103

Chapter 6

Using PROMIS for measuring recovery after abdominal
surgery : a pilot study.
BMC Health Services Research . 2018 Feb;18(1):128

121

Chapter 7

Substitution of usual perioperative care by eHealth to enhance
postoperative recovery in patients undergoing general surgical
or gynecological procedures; study protocol of a randomized
controlled trial.
JMIR Research Protocols. 2016 Dec 21;5(4):e245

141

Part 3: Evaluation of a perioperative eHealth intervention
Chapter 8

Personalized perioperative care by eHealth after abdominal
surgery measured by Patient Reported Outcome Measures
(PROMs); a multicenter, single-blind, randomized, placebocontrolled trial
The Lancet. 2018 Jul 7;392(10141):51-59

179

Chapter 9

Using eHealth in perioperative care aiming to improve return to
normal activities after surgery; a cost-effectiveness analysis
alongside a multicenter randomized clinical trial.
The Lancet. 2018 Jul 7;392(10141):51-59 - Appendix

201

Chapter 10

A perioperative eHealth program to enhance postoperative
recovery after abdominal surgery; process evaluation alongside
a randomized controlled trial.
Journal of Medical Internet Research. 2018 Jan 2;20(1):e1

225

Chapter 11

General Discussion

251

Appendix 1: Implementation of an e-health intervention for patients
undergoing abdominal surgery: which implementation strategy should
be applied?
Appendix 2: Implementation of an eHealth intervention for patients
undergoing abdominal surgery: a study protocol of a qualitative study
to explore barriers and facilitators for implementation

Chapter 12

English summary
Nederlandse samenvatting

281

Chapter 13

List of co-authors
List of publications

299

GENERAL INTRODUCTION
Description of the problem
Throughout the 1960s and 1970s minimal invasive laparoscopic techniques were
introduced in gynecological practice .1 In the years that followed, major developments in
these techniques took place and it became possible to perform an increasing number of
surgical procedures by a laparoscopic approach; the first laparoscopic cholecystectomy
was performed in 1987, followed by the laparoscopic hernia inguinal repair in 1988.1,2 A
rapid acceptance of these techniques in abdominal surgery took place and as a
consequence laparoscopic techniques are now the standard method for almost all
abdominal surgical procedures. Performing surgery by the open, conventional method
is now only indicated in specific, exceptional cases.
The introduction and acceptance of these techniques have become one of the most
important developments in abdominal surgery ever and have changed the field of
surgery and perioperative care drastically.1 On the basis of the following two cases the
most important changes in general health care which took place over the past decades
due to the introduction of minimal invasive techniques in surgery will be described.
Marjolein (54) underwent an adnexal extirpation because of a cyst in her ovary. This was
performed by an open approach, via an incision in her abdomen. The operation took 45
minutes and after surgery she stayed in the hospital for three nights. The first day she was
in pain but the doctor prescribed her some painkillers and she was supported by the nurses
during these days. They helped her out of bed each day and assisted her in becoming more
active. Marjolein felt insecure about getting up and being active, but the nurses told her
what she was allowed to do or not. The doctor visited her several times and she could put
all her questions and concerns to her. After three days she was discharged from hospital
and once she was at home she continued her recovery in the same line. Although she was
in pain, she felt secure about what she might do or not due to the days of support in the
hospital. After six weeks she had an appointment in the outpatient clinic and told the
doctor that she had resumed almost all her regular activities in daily life. Her doctor was
satisfied with the progress of her recovery and told her that she could resume all her daily
activities including work. A few days later she felt completely recovered.
Nicole (51) also had a cyst in her ovary and she underwent an adnexal extirpation by a
laparoscopic approach. The operation took one hour and she left the hospital the same
day with minimal pain. She asked the doctor when she could resume some specific
activities and he advised her to listen to the signals her body would give her and to resume
the activities gradually. Although she was happy to be at home, in the following days she
was dealing with feelings of insecurity about when to resume her daily activities and about

several complaints. Whenever she tried to lift or carry an object, she felt some pain in her
abdomen which made her feel insecure. She was in doubt about calling the hospital but
hesitated because she was wondering if her questions were urgent enough. Two days later
her anxiety had grown, because the pain had not gone. To be on the safe site, she visited
her general practitioner who reassured her about her symptoms, but could not answer her
questions as to when she could resume her activities and advised her to call the hospital.
Because Nicole had an appointment three weeks later, she decided to wait till her
appointment in the outpatient clinic which was scheduled six weeks after surgery. When
the doctor finally saw her three weeks later, he told her that she was allowed to do
everything. In the days following the appointment she resumed all her activities without
pain and soon felt fully recovered.
The two cases above describe the changes in general healthcare which have taken place
since laparoscopic techniques were introduced in abdominal surgery. Considerable
results are reported in several studies comparing various laparoscopic techniques with
open techniques, such as a decrease in intraoperative blood loss, a decrease in
postoperative pain, fewer postoperative complications, shorter duration of
postoperative in hospital stay and better cosmetic outcomes because of the small
incisions.3-6 However, although the period of hospital stay after surgery has in most
cases been reduced, this does not automatically imply a shorter period of postoperative
recovery. On the contrary, literature shows that recovery after minimal invasive surgery
takes longer than what was originally expected from a medical perspective.7,8
A reasonable explanation for this is the fact that the duration and amount of
postoperative care provided to the patients have been reduced as well and that the
greater part of the recovery process takes place at home. This may result in a reduced
contact with healthcare professionals and as a consequence less information about the
recovery process. Clear information about the recovery process has proven to have a
positive effect on the actual length of the recovery period, which is based on the fact
that managing expectations before surgery could positively influence the period after
surgery.9-12 This is what is also illustrated in the examples described above; although
Nicole’s period of in hospital stay was significantly shorter than Marjolein’s, this is not
correlated to the length of the recovery period. Where Marjolein was provided with a few
days of tender love and care and could put all her questions to the healthcare providers
in the hospital, Nicole was at home and did not receive postoperative care, or only in a
limited way in terms of a general patient information brochure. As a consequence,
Nicole did not know what to expect and when she could resume her activities. In
addition, she had complaints of which she did not know whether these were to be
expected and she was hampered in resuming her activities. In addition she did not know
to whom she could put her questions, as results of which she decided to wait until her
appointment five weeks after surgery. In the end, the recovery periods of Marjolein and

Nicole were nearly the same in length and both took almost five weeks. For Nicole this
was longer than what was originally expected from a medical perspective and can be
explained by the more limited perioperative care she received.
In addition to the negative influence of this prolonged recovery on patients’ feelings and
quality of life, this also has negative effects on society because of the associated
increase in costs due to an increased health care consumption and prolonged absence
from work.13,14 This means that, although there are substantial benefits in minimal
invasive surgery, such as the shorter duration of hospital stay and less pain, the full
benefits of minimal invasive surgery will not be obtained until maximum guidance and
information are provided in the perioperative period.
Possible solution
Above we have described that there is an urgent need for a new way of postoperative
guidance in postoperative care. Considering the increasing number of surgeries and
aging population, this should be provided in an efficient way.15,16 Ehealth seems to be a
perfect tool for this. On the one hand there is because there is a growing demand for
electronic technologies in society; it is estimated that 65% of the United States
population now owns a smartphone and 48% owns a tablet.17 The development of these
technologies gives people the opportunity to get information and to self-manage all
type of activities in daily living, including their health.18 On the other hand, ehealth may
also prove to be of great benefit to health care. It may help to deliver more patient
centered care and to involve patients more in their own treatment. Better patient
engagement is a crucial factor for improving quality of care and can lead to increased
patient safety. It is therefore not surprising that in recent years ehealth interventions
have become increasingly popular in medical care.19,20
In gynecological surgery an ehealth program has proven to be effective regarding return
to work in two studies; participants who used the eHealth intervention in the
perioperative period returned to work nine and ten days earlier respectively than
participants who received usual care.21,22 Whether such an ehealth intervention will also
be effective with regard to normal activities and in a broader population has not been
assessed yet.
Measuring the effect of the possible solution
As a consequence of the introduction of interventions to enhance postoperative
recovery, an increasing amount of studies have been focusing on postoperative recovery
over the past years.23,24 This is because of the fact that we all want to know how these
new techniques or interventions compare in relation to the old ones and this means that
we want to objectively assess the length of the recovery period. A lot of instruments are
currently used to measure recovery after surgery, focusing on several aspects of the

recovery process such as physical functioning, pain or participation in society after
surgery.25-27 This results in extensive and frequently time consuming questionnaires,
hampering the reliability of the questionnaires.28,29 But most importantly, a lot of these
instruments are very generic and whether these instruments are sensitive to measure
relevant changes from a patient perspective in post-operative function remains
controversial.28,30,31 It is therefore necessary that new measuring instruments are
evaluated which have the potential to measure the outcome measure in an objective or
personalized way and are sensitive enough to measure patient relevant outcomes.
Aim of this thesis and research questions
In this thesis we aim to evaluate whether a perioperative eHealth intervention can be
effective in terms of return to normal activities after various forms of abdominal surgical
procedures. This will be evaluated by answering the following research questions:
1. Is there a need for eHealth in perioperative care?
2. What should the optimal eHealth intervention to improve return to normal activities
after abdominal surgery focus on?
3. How can the effect of an eHealth intervention in terms of return to normal activities
after abdominal surgery be measured?
4. What are the effects of the eHealth intervention in terms of recovery, use and costs?
Outline of this thesis
In the first part of this thesis we tried to find the answer to research questions 1 and 2.
First, a systematic review was performed in which we listed all the available evidence
about the effects of eHealth in perioperative care. The results are described in chapter 2.
Next, we performed a survey study in which we evaluated patients’ needs and benefits
around a perioperative eHealth intervention, which was necessary for the development
of the intervention. The results of this survey study are described in chapter 3. In
chapter 4 we have described the results of a Delphi study in which we developed
convalescence recommendations, one of the most important elements of the eHealth
intervention. In part 2, we focused on the design of the study in which the intervention
which was developed in part 1 will be evaluated. To answer research question 3, we
performed a pilot study to evaluate the optimal measuring instrument for measuring the
effect of interventions on the postoperative course. The results of this pilot study are
described in chapter 5 and chapter 6. In chapter 7, the study protocol of a randomized
clinical trial evaluating the eHealth intervention is described. The results of the study
and thus the answer to research question 4, are described in part three of this thesis.
Chapter 8 describes the effects of the intervention on the outcome measures related to
recovery. In chapter 9 the cost-effectivity of the eHealth intervention was evaluated and

in chapter 10 a process evaluation of the implementation process has been described.
In chapter 11 the main findings of this thesis are outlined and discussed, including an
appendix in which the implementation plan for the intervention will be discussed.
Finally, chapter 12 contains a summary of this thesis in Dutch and English.
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ABSTRACT
Background
EHealth interventions have become increasingly popular, including in perioperative
care. The objective of this study was to evaluate the effect of perioperative eHealth
interventions on the postoperative course.
Methods
We conducted a systematic review and searched for relevant articles in the PUBMED,
EMBASE, CINAHL and COCHRANE databases. Controlled trials written in English, with
participants of 18 years and older who underwent any type of surgery and which
evaluated any type of eHealth intervention by reporting patient-related outcome
measures focusing on the period after surgery, were included. Data of all included
studies were extracted and study quality was assessed by using the Downs and Black
scoring system.
Findings
A total of 33 articles were included, reporting on 27 unique studies. Most studies were
judged as having a medium risk of bias (n=13), 11 as a low risk of bias, and three as high
risk of bias studies. Most studies included patients undergoing cardiac (n=9) or
orthopedic surgery (n=7). All studies focused on replacing (n=11) or complementing
(n=15) perioperative usual care with some form of care via ICT; one study evaluated both
type of interventions. Interventions consisted of an educational or supportive website,
telemonitoring, telerehabilitation or teleconsultation. All studies measured patientrelated outcomes focusing on the physical, the mental or the general component of
recovery. 11 studies (40.7%) reported outcome measures related to the effectiveness of
the intervention in terms of health care usage and costs. 25 studies (92.6%) reported at
least an equal (n=8) or positive (n=17) effect of the eHealth intervention compared to
usual care. In two studies (7.4%) a positive effect on any outcome was found in favour of
the control group.
Conclusion
Based on this systematic review we conclude that in the majority of the studies eHealth
leads to similar or improved clinical patient-related outcomes compared to only face to
face perioperative care for patients who have undergone various forms of surgery.
However, due to the low or moderate quality of many studies, the results should be
interpreted with caution.

INTRODUCTION
In recent years eHealth interventions have become increasingly popular in medical
care.1,2 On the one hand this is because there is a growing demand for electronic
technologies in society; the development of these technologies gives people the
opportunity to get information and to self-manage all type of activities in daily living,
including their health.3 On the other hand, eHealth may also prove to be of great benefit
to health care. It may help to deliver more patient centered care and to involve patients
more in their own treatment. Better patient engagement is a crucial factor for improving
quality of care and can lead to increased patient safety. It has the potential to motivate
people and to turn them into more active and effective managers of their own health.4
For this reason, also in peri-operative care eHealth interventions are broadly applied.5,6
They are used pre-operatively with the aim to prepare patients in the best possible
manner for surgery or to speed up recovery post-operatively.7-9 Educational or
supportive websites are frequently used to suit this purpose. In addition, many eHealth
interventions are used intra-operatively, for example tools to assist the surgeon during
surgery or simulation interventions for educating trainee surgeons.10,11 Finally in the
post-operative course eHealth devices or programs are broadly applied to assist
patients in their recovery process.12,13 This is also delivered by educational or supportive
websites, but several other types of eHealth interventions have been developed. For
example, telemonitoring, in which patients are monitored from a distance, or
telerehabilitation in which patients are supported by eHealth devices in their recovery
process instead of within a rehabilitation center or physiotherapy sessions in a
conventional way. Finally e-consultations rather than the standard postoperative
consults are applied.
EHealth interventions focusing on recovery are an important topic since literature shows
that recovery after surgery takes much longer than expected.14-17 Given the growing
number of surgeries per year, it is important that we find a way to support these patients
in their recovery process. There are two different reasons to use eHealth in perioperative
care. The first one is to optimise the recovery process by providing additional care. This
is evaluated by patient-related outcome measures such as satisfaction, pain or
functioning. Another reason to apply eHealth interventions is to substitute the usual
care by some form of eHealth, with the aim of delivering more efficient care. This is
evaluated by outcome measures such as costs or health care usage.
Many studies have been carried out to evaluate the potential benefit of eHealth
interventions on the postoperative course, focusing on a wide range of surgery types,
interventions and outcome measures. However, until now, no systematic review of
these eHealth interventions has been carried out to report the effectiveness of these
types of mediation compared to more conventional perioperative care. Therefore we

conducted a systematic review with the objective to evaluate the effect of perioperative
eHealth interventions on the postoperative course including both randomised and nonrandomised controlled trials.

METHODS
We conducted a systematic review in accordance to the Prisma guidelines.18 No protocol
was registered in advance.
Eligibility criteria
Studies fulfilling the following inclusion criteria were included:
Type of studies
We included controlled studies, containing both randomised and non-randomised
comparative studies. Studies which did not include a control group drawn from the
same population were excluded. The studies must have been written in English.
Type of participants
Participants of 18 years and older, undergoing any type of surgery were considered.
Type of interventions
Studies were included if they evaluated any type of eHealth interventions. We used the
definition of eHealth which was defined by Paglari et al: “eHealth is an emerging field of
medical informatics, referring to the organization and delivery of health services and
information using the Internet and related technologies”.19 We defined related
technologies as modern technologies such as mobile apps or tele-monitoring.
Interventions consisting of audiotapes or telephone calls were not considered. We only
included studies in which the intervention started before surgery or within the four
weeks after surgery.
Type of outcome measures
We counted studies with all types of patient-related outcome measures, including costs,
with a focus on the period after surgery. Health outcomes specific for the type of
surgery, and outcome measures related to knowledge or education were not
considered.

Information sources
A systematic literature search was performed by RO and EM in the bibliographic
databases PubMed, Embase.com, the Cochrane Library (via Wiley) and CINAHL (via
EBSCO) from inception until the 2nd of December 2015.
Search
Search terms expressing eHealth were used in ‘AND’ combination with search terms
comprising the operative period. Search terms included controlled terms (e.g. MeSH in
PubMed and Emtree in Embase) as well as free text terms. We used free text terms only
in The Cochrane Library. The full search strategies for all the databases can be found in
Supplementary file 1. The selected studies were checked for related citations in PubMed
and cross-references.
Study selection
Two reviewers (EM and FS) independently screened the records that were produced in
the search. First, titles were screened according to the inclusion criteria. Second, the
abstracts of the remaining records were screened for inclusion. The full text of the
remaining articles was reviewed by both reviewers. Hereafter a third reviewer (JA) was
consulted when there was disagreement about the in- or exclusion of articles by the first
two reviewers. The final decision was based on consensus between the three reviewers.
When articles were identified that reported the same study, initially only the parent
study was included. The articles were included as separate articles when relevant
outcome measures were reported or when subgroup analyses were carried out which
reported results which were in line with the aim of this review.
Data collection process
One reviewer (EM) extracted the data using a data extraction form which was developed
by the authors, based on the Cochrane Consumers and communication Review Group’s
data extraction template.20 A second reviewer (FS) checked the extracted data.
Disagreements were discussed and when necessary a third reviewer (JA) was consulted.
Authors were contacted in the case of missing data.
Data items
Data were extracted from each included study on: 1) specific study characteristics
(authors, year of publication, geographic location, study design and number of
participants) 2) characteristics of the study participants (in- and exclusion criteria,
reason for surgery (benign or malign), type of surgery, age, gender) 3) type of
intervention (type, moment of commencement (before surgery, during hospitalization
or during or shortly after discharge), duration of the intervention) 4) type of control

group and 5) outcome (type of outcome measure, methods of assessing outcome
measures, timing of assessing outcome measures, follow-up duration)
Assessment of risk of bias in included studies
Risk of bias of the individual studies was assessed by using the Downs and Black scoring
system.21 This item scoring list was adapted slightly by the authors of this review, in a
similar way to previous reviews.22,23 We changed the answering options of item 27 ‘Did
the study have sufficient power to detect a clinically important effect where the
probability value for a difference being due to chance is less than 5%?’. We defined the
answering options as ‘Yes’ when a power calculation was performed and there was
sufficient power, ‘No’ when a power calculation was performed, but the power was not
reached or a subsample was drawn from another study and ‘UTD’ when there was no
report of a power calculation. The maximum score for this adapted list was 27 points
Two reviewers (EM and FS) independently judged the risk of bias of the included studies.
Furthermore, the two reviewers discussed about the items which were not judged the
same, until they reached consensus. We defined the following three quality score
classifications; good (21-27), fair (14-20) and poor (lower than 14).
Quantitative analysis
Due to heterogeneity in terms of type of surgery, type of intervention, type of outcome
measures and study design it was not possible to conduct a meta-analysis. Instead, we
aimed to present a descriptive overview of the different studies including their
characteristics and results.

RESULTS
Results of the search
The literature search yielded 3779 records (Fig 1). Seven additional articles were
identified by screening the selected studies for cross-references and related citations in
Pubmed. Duplicates were removed and the titles of the remaining 2633 records were
screened. After reviewing the abstracts of the remaining articles, 189 records were
excluded because they did not meet the inclusion criteria. The full text of the remaining
81 articles was examined, which resulted in 33 articles fulfilling the inclusion criteria of
this review, reporting on 27 unique studies (six articles reported other outcome
measures or subgroup analyses of one of the included studies).

Figure 1. Prisma Flow diagram

Design of the included studies
Of the 27 included studies, most studies (n=22) were randomised controlled trials; of
these trials three had a non-inferiority design. The remaining five studies were
prospective or retrospective controlled studies. Almost all studies had two arms,
(intervention and control) except for one study with three arms.24 Duration of follow-up
varied from 24 hours up to 12 months.25,26 Studies were executed in 12 different
countries; most of them in the USA (n=11), followed by four in Canada. The mean
number of participants per study was 130 (range 22 -379).27,28
Participants
Most studies (n=9) included patients undergoing cardiac surgery, accompanied by seven
studies which involved orthopaedic surgery. The indication for surgery was in most
studies benign (n=23); only two studies included patients undergoing surgery because of
a malignant indication only and two studies included both.24,29,30,31 The mean age of the
participants varied from 43.2 years to 75.3 years.32,33 Most studies included both male
and female patients, except for one study which included patients undergoing
gynaecological surgery. 32
Type of Interventions
All studies focused on replacing (n=11) or complementing (n=15) perioperative usual
care by or with some form of care via ICT. One study evaluated both by using two
intervention arms.24 We categorised the methods into four categories according to the
main aim of the intervention:
1. An educational or supportive website or device (ESW) to provide information about
the surgery and the recovery process, to give positive reinforcement or to provide a
tailored rehabilitation program in addition to the usual perioperative care:
12 studies.8,25,29,32-40
2. Telemonitoring (TM) through electronic questionnaires or by an electronic symptom
alert system in or outside the hospital: eight studies.24,28,30,31,41-44 In three studies this took
place inside the hospital in the form of robotic telerounding and in five studies the
telemonitoring took place outside the hospital by electronic symptom questionnaires or
vital functioning monitoring. In one study this was part of an enhanced discharge
planning intervention and one of these studies also provided audio-video sessions. 28
3. Telerehabilitation (TR) at home instead of within a rehabilitation center or
physiotherapy
sessions
in
a
conventional
way:
six
studies.26,27,45-48
4. Teleconsultations (TC) were used instead of a face to face consult with the surgeon in
the decision process whether or not to perform surgery: one study.49

In seven studies the intervention had already started before surgery 8,25,32,36,37,40,49, in five
studies the intervention started in hospital after surgery 24,31,41,42,44, but in most cases the
intervention started at or shortly after discharge 26-30,33-35,38,39,43,45-48. As a consequence,
most interventions were focused on the period after surgery.
Type of outcome measures
The outcome measures were classified into three categories:
1. The first category consisted of outcomes regarding the physical component of the
postoperative course such as physical functioning, pain and complications. This type of
outcome measure was reported in 20 studies.8,25-39,41,42,45,46
2. In the second category outcome measures focusing on the mental component of the
postoperative course were defined, such as mental health or anxiety, reported in 14
studies.8,25-29,32-35,38,40,43,47
3. In the last category general outcome measures regarding the postoperative course
were observed (19 studies), such as costs, return to work, satisfaction or length of
hospital stay.8,24-28,30-33,35,40,41,43,44,46-49
Seven studies included also reported on outcome measures specific to the type of
surgery or intervention, for example cardiovascular risk factor modification adherence,
or outcomes measuring the function or condition of the shoulder or knee.26,27,30,34,45-47 One
study reported on patient knowledge about surgery and recovery.40 The results of these
outcome measures were not considered in this review.
Risk of bias in included studies
11 studies were judged as having a low risk of bias, 13 studies as medium risk of bias,
and three studies as high risk of bias. Five items were scored by a notably low number of
studies: if there was made an assumption to blind the patients (n=2) or the caregivers
(n=5), whether adverse events were being reported (n=8), if the study had sufficient
power to detect a clinically important effect (n=9) and if compliance with the
intervention was reliable (n=10).

Table 1. Study characteristics
Study
Patients
characteristics
ID
Design Type of
surgery

Intervention
N

Control

Outcome

Aim 1

Start of
the intervention

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result 3

Website with a description
of the expected clinical
course. Including the
possibility to request more
information or to get in
contact with a member of
the team by e-mail
Website with recovery
advise, tools to improve
communication with care
providers and to identify
recovery problems
Web-based nursing
intervention (including a
preoperative web-based
session, 2 face-to-face
postoperative sessions
and it generates messages
according to patients'
attitudes)

A

Before
surgery

Standard
website
with
limited
information

1. Anxiety
2. Postoperative
pain
3. Analgesia
requirements
4. Satisfaction

24h
following
surgery

24

x

A

Before
surgery

Placebo
website

1. Return to work
2. Pain
3. Quality of life
4. Recovery

26 weeks
after
surgery

25

+

A

A few days
or the day
before
surgery

Usual
care

7 days
after
surgery

24

+

Web based multimedia
tutorial in addition to
standard counselling.
Including anatomy,
pathology, and general
perioperative instructions.

A

Before
surgery

Usual
care

1. Pain intensity
2.Pain
interference with
daily activities
3.Pain barriers
4.Tendency to
catastrophe pain
5. Analgesic
consumption
1. Satisfaction
with overall
treatment
2. Satisfaction
with the intervention 3. Anxiety
4. Knowledge

First
postoper
ative
visit

22

+

Description of the
intervention

Education or supportive website or device (ESW)
Neary et
al, 2010

RCT

Minimally
invasive
parathyroidectomy

64

Vonk et
al, 2014

RCT

Adnexal
surgery or
hysterectomy

215

Martorel
la et al,
2012 37

RCT

Cardiac
surgery

60

Yin et al,
2015 40

RCT

Knee
arthroscopy

64

25

32

Study
characteristics
ID
Design

Patients
Type of
surgery

N

Description of the
intervention

Aim 1

Heikkinen et
al, 2012

RCT

Shoulder
or knee
arthroscopy

147

S

Miller et
al, 2007

RCT

Cardiac
surgery

49

Zimmer
man et
al, 2004

RCT

Cardiac
surgery

45

Internet based patient
education program
(Containing instructions
for preparing for surgery
and follow-up care)
Daily sessions with a
telehealth device
(focusing on assessment
of symptoms and
education)
Daily sessions with a
telehealth device

Barnason et
al, 2003

RCT

Cardiac
surgery

35

Barnason et
al, 2006

RCT

Cardiac
surgery

50

Barnason et
al, 2009

RCT

Coronary
artery
bypass
surgery

232

Daily sessions with a
telehealth device
(provides strategies to
manage symptoms)
Daily sessions with a
telehealth device
(provides strategies to
manage symptoms,
education and
positive reinforcement)
Daily sessions with a
telehealth device
(provides strategies to
address commonly
occurring symptoms
experienced after
recovery)

8

38

Intervention
Start of
the intervention
Before
surgery

Control

Outcome

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result 3

Face to
face education
with a
nurse
Usual
care

1. Symptoms
during the
surgical process
2.Costs ***
3. Emotions ****
1.Physical functioning 2.Physical
activities
3. Psychosocial
functioning
1. Symptom
experience
2. Postoperative
problems
1. Self-efficacy
2. Functional
status

4 weeks
after
surgery

21

x

3 months
after discharge

18

x

6 months
after discharge

16

+

3 months

15

+

1. Physiologic and
psychosocial
functioning
2. Postoperative
problems
3. Health care use
1. Physiologic and
psychosocial
functioning 2.
Physical activities
3. Health care use
4. Costs*
5. Symptoms**

3 months

15

+

6 months
after discharge

18

-+

A

Discharge

A

Discharge

Routine
care

A

Discharge

Routine
care

A

Discharge

Home
health
care

A

Discharge

Usual
care

39

34

33

35

Table 1: Study characteristics (continued)
Study
Patients
characteristics
ID
Design Type of
N
surgery
Brink et
al, 2007
29

Prosp.
controlled
trial

Head and
neck
cancer
surgery

184

Goldsmith et
al, 1999

RCT

Ambulatory surgery

195

36

Intervention

Control

Outcome

Start of
the intervention
Discharge

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result 3

Usual
care

1. Quality of life

3 months
after discharge

17

+

Description of the
intervention

Aim 1

Electronic health
information support
system (patients could
communicate and could
be monitored at home)
Access to the pain
management section of
the ambulatory surgery
nursing website

A

A

Before
surgery

Website
without
pain
management

1. Postoperative
pain score (VRS)

Question
naire
upon
discharg
e

14

+

1. Postoperative
patient morbidity
2. Hospital length
of stay
3. Satisfaction
1. Anxiety levels
2. Depressive
symptoms
3. Health care
utilization
1. Patient
satisfaction with
post-operative
care

2 weeks
after discharge

23

x

3 weeks
after discharge

23

+

2 weeks
after discharge

21

+

Telemonitoring (TM)
Ellison
et al,
2007 31

RCT

Urologic
procedures

270

Daily robotic telerounding
bedside visits

S

Direct after
surgery

Standard
daily
bedside
rounds

Keeping
et al,
2013 43

RCT

Cardiac
surgery

182

Telehealth follow-up;
audio-video sessions
during the first week after
discharge

A

Discharge

Usual
care

Ellison
et al,
2004 24

RCT,
three
armed

Urologic
procedures

85

1: Daily bedside rounds
and an additional
telerounding visit once
daily. 2: substitution of the
bedside round on
postoperative day 2 with a
telerounding visit

1. A
2. S

First postoperative
day

Standard
once
daily
bedside
rounds

Study
characteristics
ID
Design

Patients
Type of
surgery

N

Description of the
intervention

Aim 1

Halimi
et al,
2008 28

Noninferio
rity
RCT

Pacemaker
implantation

379

Enhanced discharge,
followed by home
monitoring. In the event of
a device dysfunction or
clinical event, the
investigator was notified

S

Pombo
et al,
2013 42
Cleeland et
al, 2011

RCT

Ambulatory
surgery
Thoracic
surgery for
lung cancer

32

A daily electronic pain
diary to assess selfreported pain
At-home symptom
monitoring by automated
telephone calls. An alert
was forwarded to the
clinical team if any a
subset of symptoms
reached a severity
threshold.

Gandsas et al,
2007 44

Retrospective
review

376

Stomberg et
al,2012

RCT
(pilot)

Laparoscopic
gastric
bypass
surgery
Cholecystectomy
and hysterectomy

40

RCT

30

41

Intervention

100

Control

Outcome

Start of
the intervention
Discharge

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result 3

Discharg
e on the
basis of
usual
care

4 weeks

22

+

A

Direct after
surgery

Usual
care

1. (Major) Adverse
events 2.Non
major adverse
events (NMAE) 3.
Duration of
hospital stay
4. Quality of life
5. Costs
1. Pain intensity
2.Compliance

5 days

19

x

A

Discharge

Automated telephone
calls
without
alerts

4 weeks
after discharge

15

+

Robotic bedside rounds in
addition to standard
bedside rounds

A

Direct after
surgery

Standard
bedside
rounds

1. Symptoms 2.
Reduction in
symptom
threshold events
3. Patient
satisfaction
4. Satisfaction
with the
intervention
1. Duration of
hospital stay 2.
Readmission rate
3. Costs

?

12

x

Pain assessment by a
mobile phone support
system

S

The day of
surgery

Paper
based
pain
assessment

1. Pains scores
2.Satisfaction
with the
intervention

6 days

10

-

Table 1: Study characteristics (continued)
Study
Patients
characteristics
ID
Design Type of
N
surgery

Intervention

Control

Outcome

Description of the
intervention

Aim 1

Start of
the intervention

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result 3

1. Active knee
extension and
flexion 2. Muscle
strength 3.
Balance and gait
4. Pain
5. WOMAC
1. WOMAC
2.Patient specific
functional Scale
3. Quality of life
4. Timed up-andgo test
5. Pain
6. Satisfaction
1. Length of
hospital stay 2.
Number of
physio-therapy
sessions 3. Pain
4. Range of
motion 5. Quality
of life
1. Costs

3 months
after
surgery

24

x

6 weeks
after
surgery

23

+

8 weeks
after discharge

20

+

4 months

18

+

Telerehabilitation (TR)
Piquares et al,
2013 45

Noninferio
rity
RCT

Total knee
arthroplasty

142

Interactive
telerehabilitation therapy

S

Discharge

Conventi
onal
rehabilit
ation
program

Russel
et al,
2011 46

Noninferio
rity
RCT

Total knee
arthroplasty

65

Rehabilitation through
real-time interaction with
a physical therapist across
an Internet-based
telerehabilitation system

S

One week
after
discharge

Conventi
onal
rehabilit
ation
program

Erikson
et al,
2009 27

Clinical
contro
lled
trial

Shoulder
joint
replacement

22

Physiotherapy under the
supervision of a
physiotherapist using
videoconferencing

S

Discharge

Physiotherapy
in a
conventi
onal way

Tousignant et
al, 2015

RCT

Total knee
arhroplasty

197

In home telerehabilitation
group

S

Direct after
surgery

Home
visit
control
group

48

Study
characteristics
ID
Design

Patients
Type of
surgery

N

Description of the
intervention

Aim 1

Tousignant et
al, 2011

RCT

Total knee
arthroplast
y

48

Telerehabilitation:
videoconferencing with
remote-controlled
cameras

Kortke
et al,
2006 26

Open
clinical
study

Cardiac
surgery

170

Cataract
surgery

62

47

Intervention

Control

Outcome

Control
group

Type of outcome
measure

Followup until

Quality
score 2

Result

S

Start of
the intervention
Discharge

Usual
care

3 months
after discharge

17

x

Ambulant rehabilitation
using telemedicine

S

Discharge

Rehabilit
ation in a
rehabilit
ation
hospital

1. Range of
motion
2. Balance
3.Knee function
4.Functional
autonomy 5.
Quality of life
1. Maximal
physical
performance 2.
Quality of life 3.
Complications
4. Costs

12
months
after
surgery

14

+

One asynchronous and
one synchronous
teleconsultation with the
surgeon to make the
decision whether or not to
perform surgery

S

Before
surgery

3

Teleconsultation (TC)
Zahlman et
al, 2002

Historically
contro
lled
investi
gation

Usual
care

1. Satisfaction with Refer8
+
overall treatment
ral
2.Number of visits
back to
49
to the surgeon's
the
office
ophtal3.Duration of
moloconsultations
gist
1: A = the aim of the intervention is to deliver additional care , S = aim of the intervention is to (partly) substitute standard care
2: Quality score classification: good (21-26), fair (14-20), poor (lower than 14)
3: + = significant difference in favour of the intervention group regarding at least one outcome measure , - = significant difference in favour of the control group
regarding one outcome measure, x = no significant difference between groups regarding all outcome measures
* Reported in a sub analysis in Young 2012, ** Reported in a sub analysis in Zimmerman 2007, *** Reported in Heikinen 2011, **** Reported in Heikinen 2012

Outcomes
17 studies (63.0%) reported a significant effect in favour of the intervention group
regarding at least one of the reported outcome measures. (Table 1) Eight studies (29.6%)
reported no significant differences between the groups. Two studies (7.4%) found an
effect in favour of the control group, but one of these studies also found a positive effect
with regards to the intervention group relating to one outcome measure. In total, 12
studies evaluated an ESW intervention. In eight studies (66.7%) a significant difference
in favour of the intervention group was observed. In the eight studies in which a TM
intervention was evaluated, a significantly positive effect was found in four studies
(50.0%). Moreover four out of six studies (66.7%) reported a positive effect of a TR
intervention. The only study which evaluated a TC intervention found a significant
difference with regards to the intervention group. 11 out of the 15 studies that evaluated
an intervention in addition to usual care found a significant difference between groups
in favour of the intervention group (73.3%). Of the 11 studies that evaluated an
intervention which substituted the usual care, six found a positive effect (54.5%). Table 2
shows the overall results of the positive or negative effects for the different types of
reported outcome measures.
1. Outcomes regarding the physical component of the postoperative course
1.1 Physical functioning
In Table 3, the study results of the 10 studies reporting physical functioning scores are
presented. Regarding physical functioning, six studies showed significant changes
between groups in favour of the intervention group. 27;29,32-34,46 Four of these studies used
the SF-36 as a measuring instrument.27;32-34 Two studies used other questionnaires. One
study used a self-developed quality of life questionnaire with five physical functioning
subscales.29 Of these five subscales, the physical self-efficacy subscale showed a
significant difference 6 weeks and 3 months after surgery, whereas the general physical
complaints and perceived abilities in swallowing and food intake only showed a
significant difference 6 weeks after surgery. One study reported a significant difference
in the absolute mean change of the Patient-Specific Functional Scale.46 Pertaining to
these six studies, four were rated as being of medium risk of bias and two of low risk. All
of these studies (mainly) focused on the period after discharge, with four studies
evaluating an ESW intervention. Moreover, only one study started prior to surgery, the
other five studies started at the moment of discharge or one week afterwards.32 A
particular study (n=170) with a medium risk of bias reported no difference in effect
between groups for physical functioning, however they reported an increase of scores in
both groups compared to baseline values, which was only significant regarding all
subscales in the intervention group (TR).26 The remaining three studies showed no

difference in effect between groups for any of the subscales.28;35;38 One of these was the
large, medium risk of bias study of Barnason 2009, in contrast to the two earlier studies
of Barnason in which a positive effect of the intervention was reported.33;34,35 This study
from 2009 was very similar to the previous two studies from these researchers, however
it consisted of a bigger sample and a longer follow-up duration.

Table 2. Results regarding the different types of outcome measures
Number of
Significant effect
Significant effect
studies reporting in favour of the
in favour of the
this outcome
intervention
control group
measure
group
Physical

No significant
difference

Physical functioning
Physical activities
Pain
Symptoms
Complications
Mental

10
2
9
5
3

6
0
3
1
1

0
1
1
0
0

4
1
5
4
2

Psychosocial
functioning
Anxiety
Depression
Emotions
Self-efficacy
Autonomy
General

9

4

0

5

3
1
1
1
1

1
0
0
1
0

0
0
0
0
0

2
1
1
0
1

General quality of life
Satisfaction
Return to work
Length of recovery
Health care use
Length of hospital stay
Costs

3
6
1
1
6
4
6

1
4
1
0
2
1
2

0
0
0
0
0
0
0

2
2
0
1
4
3
4

Table 3. Studies reporting physical functioning scores
ID
Measuring
Measuring
Effect1
instrument
moments

Details of the effect

Note

Subsample of an unpublished study of Barnason.

Education or supportive website or device (ESW)
Barnason et
al, 2003 34

4 physical
functioning
subscales of
the SF36

Prior to
discharge - 6
wks - 3
months

+

2 subscales showed significant higher
adjusted mean scores in the intervention
group (physical functioning and general
health functioning)

Barnason et
al, 2006 33

4 physical
functioning
subscales of
the SF36
5 physical
functioning
subscales of
a quality of
life questionnaire

Prior to
discharge - 6
wks 3 months
Prior to
discharge - 6
wks - 3
months

+

1 subscale showed significant higher
adjusted mean scores in the intervention
group (general health functioning)

+

Vonk et al,
2014 32

4 physical
functioning
subscales of
the SF36

+

Barnason et
al, 2009 35

3 physical
functioning
subscales of
the SF36

Prior to surgery - 2 wks
- 6 wks - 12
wks –
26 wks
Prior to discharge - 3
wks - 6 wks 3 months

2 subscales showed significant improved
scores 6 weeks after surgery in the
intervention group (perceived abilities in
swallowing and food intake and general
physical complaints) 1 subscale showed
significant improved scores 6 weeks and 3
months after surgery in the intervention
group (physical self-efficacy)
Significantly more improvement in the
physical health part of the SF-36 in the
intervention group

x

No significant differences for any of the
three subscales

Miller et al,
2007 38

3 physical
functioning
subscales of
the SF36

Prior to discharge - 6
wks - 3
months

x

No significant differences for any of the
three subscales

Brink et al,
2007 29

Sub analyses of patients with high disease burden
(n=55) 50 and of female patients (n=40) 51 did not
show significant differences. No differences in
physical functioning scores were found between
men and women 52.
The intervention group had a greater
improvement on all of the 3 subscales between
baseline and 3 months than the control group.

ID

Measuring
instrument
Telemonitoring (TM)

Measuring
moments

Effect1

Details of the effect

Halimi et al,
2008 28

1 month
after
inclusion

x

No significant difference between groups for
the mean score of the physical health part of
the SF-36

4 physical
functioning
subscales of
the SF36
Telerehabilitation (TR)
Erikson et
al, 2009 27

Note

4 physical
Week before +
The intervention group improved
functioning
surgery - 8
significantly more between baseline and
subscales of
wks
follow-up on 1 subscale (decrease in pain)
the SF36
Russel et al,
PatientOne week
+
Significantly more improvement in the
2011 46
Specific
after
intervention group for the total score of the
functional
discharge –
patient-specific functional scale
Scale
6 wks
Kortke et al, 4 physical
Prior to
x
No between group comparison available.
The intervention group significantly improved
2006 26
functioning
surgery - 6
regarding all 4 subscales 6 months after surgery,
subscales of
months - 12
the control group only regarding to 2 subscales
the SF36
months
1: between group comparison
+ = significant effect regarding one or more subscales in favour of the intervention group, - = significant effect regarding one or more subscales in favour of
the control group, x = no significant differences between groups

1.2 Physical activities
Two ESW studies measured physical activities using an activity diary and RT3
accelerometer. One large study (n=232, medium risk of bias) reported a significant
change in estimated energy expenditure measured by the RT3 accelerometer; the
control group showed higher scores three weeks after surgery when compared to the
intervention group. 35 One medium risk of bias study (n=49) reported no difference in
effect for this outcome measure between groups.38
1.3 Pain-related outcome measures
Nine studies measured pain scores (Table 4), of which three reported a positive effect in
the postoperative pain score for the intervention group. These studies all vary based on
the type of surgery, type of intervention and duration and timing of the interventions.
Five studies presented no significant differences in pain scores between groups.
25;37;42;45;46
Two of these were non-inferiority studies.45,46 One study (n=40, high risk of bias)
reported significantly higher pain levels in the intervention group.41 In this study the
assessment of postoperative pain was evaluated. The intervention group (TM)
responded by mobile phones and the control group by paper-based questionnaires.
Two low risk of bias, ESW studies measured analgesic consumption or requirements.25,37
One such study (n=64) reported no change in effect between the intervention and the
usual care group.25 The second study (n=60) observed significantly more use of opioid
medication in the intervention group than in the control group.37 However, regarding
pain interference with daily activities, a positive effect of the intervention was found
for pain interference with breathing/coughing three days after surgery. A similar positive
influence was found for the intervention group in pain interference on appetite on day
seven after surgery compared to the control group.
1.4 Postoperative symptoms or problems
Five studies reported problems or symptoms in the postoperative course, which were
not rated as complications.8;30;33;39;51 In a particular study (sub analyses on female
patients, n=45, low risk of bias) a positive effect was observed for one out of ten
symptoms; patients who received daily sessions with a telehealth device (ESW
intervention) reported significantly lower fatigue scores than patients who received
usual care six weeks after CABG surgery.51 The other studies (three ESW interventions
and one TM intervention) reported no significant differences in symptom scores
between groups.

Table 4. Studies reporting pain scores
ID
Type of outcome
Measuring
measure
instrument

Measuring moments

Effect 1

Details of the effect
Mean Intervention
group (SD or range)

Mean Control
group (SD or range)

+

x

- NR
- NR
- NR
- NR
- NR
- NR
- NR
- 1.92 (0.41)
NR

- NR
- NR
- NR
- NR
- NR
- NR
- NR
- 3.52 (0.58)
NR

Education or supportive website or device (ESW)
Goldsmith et al,
1999 36

Postoperative
pain score

5-point Verbal
Rating Scale

Vonk et al, 2014

Pain intensity

VAS

Martorella et
al, 2012 37

Pain intensity

Numerical ratings
scale (0-10)

- Discharge
- The night after surgery
- Day after surgery
- Before surgery
- 2 weeks after surgery
- 6 weeks after surgery
- 12 weeks after surgery
- 26 weeks after surgery
- Day 1 - Day 2 - Day 3
- Day 7 after surgery

Neary et al,
2010 25

Postoperative
pain score

VAS (0-10)

- 24h following surgery

x

- 3.45 ( 2.7)

- 3.38 (2.7)

Numerical ratings
scale (0-10)
Numerical ratings
scale (0-100)

- 24h after surgery
- 5 day after surgery
Every four hours from the day of
surgery until 6 days after surgery

x
-

- 2.1 (1.06)
- 1.86 (1.86)
NR

- 2.3 (1.06)
- 2 (0)
NR

32

+

Telemonitoring (TM)
Pombo et al,
2013 42
Stomberg et al,
2012 41

Pain intensity
Pain score

Telerehabilitation (TR)
Erikson
et al, 2009 27

Improvement in
pain

VAS (0-10)

- Between the week before surgery and
8 weeks after discharge

+

- 7 (3-10)

- 2 (-1-5)

Piquares et al,
2013 45

Mean change in
pain score

VAS

x

- 0.69 (1.44)

- 0.61 (1.87)

- 1.79 (2.45)

- 2.3 (2.03)

Russel
et al, 2011 46

Mean change in
pain score

VAS

- Between baseline and completing
rehabilitation
- Between baseline and 3 months after
surgery
- Between baseline and 6 weeks after
surgery

- 3.07 (1.55)

- 3.29 (1.31)

x

1: between group comparison, + = significant effect in favour of the intervention group, - = significant effect in favour of the control group, x = no effect

1.5 Complications
Three studies reported complications during follow up. No studies found a higher
instance of complications in the intervention group. One study (n=170, medium risk of
bias) reported more difficulties in the control group than in the intervention group (TR)
during follow up.26 Two other studies reported no differences between groups.28;31 One
of these studies was a non-inferiority study in which complications were the primary
outcome measure.28
2. Outcomes related to the psychosocial component of the recovery process
2.1 Psychosocial functioning
There were nine studies that described the psychosocial functioning subscales of
quality-of-life questionnaires (Table 5). Of these, four found significant differences
between groups that favoured the intervention group with regards to one or more
subscales.27,29,32,34 Two of these were small studies (n=35 and n=22) with a medium risk of
bias and reported a positive effect of the intervention on the vitality subscales of the SF36.27,34 In one such study there was a positive effect of the intervention on the Mental
Health subscale.34 The third study which reported an effect was a study with 184
participants undergoing head and neck cancer surgery and with a medium risk of bias.
In this study a positive effect was reported on 2 out of 17 mental health subscales
(anxiety and fear related to head and neck problems) 6 weeks after discharge.29 The
fourth study which reported an effect in psychosocial functioning was a low risk of bias
study with 215 participants.32 A positive effect of the intervention (ESW) was reported for
the mental component of the SF-36.
2.2 Anxiety, depression and emotions
In total, four studies measured mental health recovery with instruments other than the
quality-of-life questionnaires. There were also two studies with a low risk of bias that
measured anxiety with the S-STAI or the HADS respectively.25,43 No differences in anxiety
scores at follow up were measured. One study measured anxiety about recovery after an
ESW intervention with a self-developed questionnaire.40 Participants from the
intervention group were significantly less anxious about their recovery. Depression was
measured with the CASD-10, which also did not show any significant differences
between groups.43 Postoperative emotion scores were measured in a low risk of bias
study with 147 participants undergoing orthopaedic surgery.53 No effect on emotions
was measured between the ESW intervention and the control group .

Table 5. Studies reporting psychosocial functioning scores
ID
Measuring
Measuring moments
instrument
Education or supportive website or device (ESW)

Effect 1

Details of the effect

Note

2 subscales showed significant
higher adjusted mean scores in
the intervention group (mental
health and vitality)
2 subscales showed significant
improved scores 6 weeks after
surgery in the intervention
group (state of anxiety and fear
related to specific head and
neck problems)
Significantly more improvement
in the mental health part of the
SF-36 in the intervention group

No significant differences for the
other two subscales

Barnason
et al, 2003

4 psychosocial
functioning subscales
of the SF36

Across time

+

Brink et
al, 2007 29

17 psychosocial
functioning subscales
of a self-developed
quality of life
questionnaire

Prior to discharge - 6 wks - 3
months

+

4 psychosocial
functioning
subscales
of the SF36
Barnason
4 psychosocial
et al, 2006
functioning
33
subscales of the SF36
Barnason
3 psychosocial
et al, 2009
functioning subscales
35
of the SF36
Miller et
3 psychosocial
al, 2007 38
functioning subscales of the SF36
Telemonitoring (TM)

Prior to surgery - 2 wks - 6
wks - 12 wks - 26 week

+

Across time

x

No significant differences for any
of the four subscales

Across time

x

No significant differences for any
of the three subscales

Prior to discharge - 6 wks - 3
months

x

No significant difference
between groups for any of the
three subscales

Halimi et
al, 2008 28

1 month

x

No significant difference
between groups in the mental
health part of the SF-36

34

Vonk et al,
2014 32

4 psychosocial
functioning subscales of the SF36

3 months after surgery there were
no significant differences
between groups

Sub analyses of patients with
high disease burden (n=55), did
not show significant differences 50

Table 5. Studies reporting psychosocial functioning scores (continued)
ID
Measuring
Measuring moments
Effect 1
instrument
Telerehabilitation (TR)
Erikson et
al, 2009 27

4 psychosocial
functioning subscales of the SF36

Week before surgery - 8 wks

+

Kortke et
al, 2006 26

4 psychosocial
functioning subscales
of the SF36

6 months

x

Details of the effect

The intervention group
improved significantly more
than the control group on one
subscale (vitality)
No between group comparison
reported.

Note

The intervention group
significantly improved with
regard to all 4 subscales 6 months
after surgery, the control group
with regard to none of the
subscales

1: between group comparison
+ = significant effect in favour of the intervention group, - = significant effect regarding in favour of the control group, x = no significant differences between
groups

2.3 Self-efficacy and autonomy
We found one study (n=48, medium risk of bias) which measured functional autonomy in
patients undergoing total knee arthroplasty using the SMAF, and reported no difference
in effect between the two groups after two months.47,48 Self-efficacy was measured in a
small study (n= 35, medium risk of bias) by the Barnason Efficacy Expectation scale 6
weeks and 3 months after CABG surgery.34 The intervention group (ESW) reported
significantly higher adjusted mean scores across time compared to the usual care
groups.
3. General outcome measures in relation to the recovery process
3.1 General quality of life
In total 11 studies used quality of life measurements. Nine of them were represented
earlier in this review because they reported separate physical or psychosocial outcomes.
However, two relatively small studies measured quality of life total scores for patients
undergoing total knee arthroplasty, and found no difference in effect.46;47 Furthermore,
one study (n=215 , low risk of bias) also measured the total scores of the SF-36, next to
the separate physical and mental component scores, and reported a positive effect of
the intervention (ESW).32
3.2 Satisfaction
Four out of six studies that compared overall satisfaction with the treatment between
groups found a significant difference in effect in favour of the intervention group.24,30,40,49
Five studies evaluated patient satisfaction, with a particular focus on the intervention,
without measuring the control group.25,30,40,41,46 They all reported that patients were very
satisfied.
3.3 Length of recovery
In only one study (n=215, low risk of bias) the return to work rate was compared
between both groups.32 In this study a significant difference in return to work of nine
days was reported due to the intervention (ESW). They also measured the effect of the
intervention by a validated recovery outcome follow-up (RI-10). No difference between
both groups was measured.
3.4 Health Care Usage
In all, six studies measured health care usage in the postoperative period, but there
were some important differences in the source of health care use the studies evaluated.
Four studies measured the number of visits to the physician. However, two medium risk
of bias studies (n=50 and n=232) reported no significant differences between groups. 33,35
Two studies reported significantly more visits in the control group.43,49 In one study

(n=62, high risk of bias) this was not a surprising finding since the intervention in this
study consisted of a teleconsult instead of a regular hospital visit (TC intervention).49
One study measured the number of physiotherapy sessions during a TR intervention.27
The telemedicine group received a greater number of treatments compared to the
control group, but it was not described whether or not this difference was significantly
or clinically relevant. The three studies which reported the number of emergency
department visits found no significant differences between groups,33,35,43 nor did the four
studies which reported the number of re-admissions in the hospital.33,35,43,44
3.5 Length of Hospital Stay
There were four studies which measured hospital length of stay.27,28,31,44 Only one of
these studies (n=379, medium risk of bias) reported a positive effect using a home
monitoring program (TM intervention) after a pacemaker implantation on hospital
length of stay (3.2 days SD 3.2 vs 4.8 days SD 3.7).28
3.6 Costs
Five out of six studies reported on costs related to direct and indirect health care costs.
26,28,48,54,55
The majority (n=4) included the extra costs for the intervention.26,48,54,55 Only one
trial reported the cost-effectiveness of the intervention calculating the ICER related to
the effect on physical activity.55 There was also a trial which only reported the estimated
cost savings based on the length of stay in hospital.44 Only two studies reported a
positive effect in costs.26,48 For one such study the effect depended on the travel distance
for the patient between their residence and the hospital. For the other three studies no
difference in costs were measured between the two groups.48 All were large studies (at
least 147 participants) but with a high or medium risk of bias.26,28,44,48,54,55

DISUSSION
Main Findings
In this systematic review we evaluated the effect of complementing or substituting care
by perioperative eHealth interventions on the postoperative course based on the results
of 27 included studies. There was a large diversity in studies regarding to type of
patients, interventions and outcome measures. 25 studies (92.6%) reported at least an
equal (n=8) or positive effect (n=17) of the eHealth intervention compared to usual care.
In two studies (7.4%) also a positive effect was observed for all outcomes in favour of the
control group. Most studies evaluated an ESW intervention. There were no considerable
differences in the effectiveness between the different types of eHealth interventions. No
association was found between the aim of the intervention (addition of care or
substitution of care) and its effectiveness. The majority of the studies (n=9) included

patients undergoing cardiac surgery. Of these, seven studies (77.7%) found a positive
effect with regards to the intervention group concerning one or more of the noted
outcome measures. Seven studies included patients undergoing orthopedic surgery.
Three of these studies (42.9%) reported a positive effect. However, these populations
are very troublesome to compare as there was a wide diversity in the type of eHealth
interventions which were evaluated in both groups.
We categorised the outcome measures which were reported in the different studies into
physical, mental and general outcome measures. Overall the results in these outcomes
measures were comparable which suggests that there were no specific differences in the
effect of eHealth interventions on the different types of postoperative outcome
measures.
As well as categorising outcome measures into physical, mental and general, another
categorisation could have been made: outcome measures focusing on the additional
value of eHealth interventions on patients’ wellbeing (such as physical or mental
functioning, pain, satisfaction) and outcome measures focusing on the efficiency of
eHealth interventions (such as health care use and costs). The second category type of
outcome measures was notably less used in the selected studies (n=11). Of these, six
studies reported on costs. These studies were all relatively large, but were all considered
to have a medium risk of bias. Two studies observed a positive effect in costs.
Strengths and Limitations
This is the first systematic review published on the usage of eHealth in the perioperative
care. Another strength of this review is methodological quality, ensured by following the
Prisma guidelines for systematic reviews.18 We conducted a very broad literature search
and carefully evaluated the different type of search terms which could possibly be used.
Due to the wide range of inclusion criteria, we were able to report a broad overview of
the potential health benefits of the application of eHealth interventions for various types
of perioperative care.
A potential limitation may be the exclusion of four non-English publications that could
have been relevant within the scope of our review. Another potential limitation could be
not using all search terms within our search strategy because of the enormous amount
of literature by using the extra term ‘surgery’. This yielded another 4405 extra titles. After
screening the first 500 hits, bringing only two extra relevant hits not retrieved in our
initial search, we decided to use the cross-references and related citations of the
included studies instead. However, we cannot exclude that we missed studies because
of this procedure. Most of the comprised studies were judged as being of a medium risk
of bias. In this assessment, five items were scored by a notably low number of studies: if
an assumption was made to blind the patients or the caregivers, whether adverse events
were being reported, if compliance with the intervention was reliable and if the study
had sufficient power to detect a clinically important effect. We considered all five items

to be important risk factors for introducing bias Although, we understand that blinding
of the patients and caregivers is difficult in this type of studies, measuring the
compliance and adverse events should be an integral part for this type of research. In
addition, the fact that only nine studies performed a power calculation and included
enough patients, requires to interpret the results of this review with caution.
Another limitation is that it was not possible to conduct a meta-analysis due to
heterogeneity in terms of type of surgery, type of intervention and the follow-up period.
Finally, we did not report the disease or surgery-specific health outcomes as the aim of
our review was to give a broad overview of the implication of eHealth interventions in
general perioperative care. It could however be that this may have under – or
overestimated the effect of the eHealth interventions on recovery.
Comparison with Other Studies
Our results are in line with the results of various systematic reviews focusing on the
effects of complementing or substituting care by eHealth in general medical care.
Flodgren et al, 2015 published a Cochrane systematic review about the effectiveness of
eHealth on professional practice and health care outcomes.56 They concluded that the
use of eHealth leads to, minimally, similar health outcomes as usual care and may
probably improve health care. Ekeland et al, 2010 evaluated the effect of telemedicine
interventions in general medical care in a systematic review.57 They included 80
systematic reviews, of which 21 studies concluded that eHealth was effective and in 18
studies the evidence was limited and inconsistent. These results are in line with our
review in which 17 out of 27 studies (63%) reported a positive effect for one or more
outcome measures. In our review, only limited study data were included which related
to the cost-effectiveness of eHealth. In line, de la Torre-Dıez et al. 2015, published a
review about the cost-utility and cost-effectiveness for telemedicine in general medical
care and concluded there is a lack of good quality, cost-effective studies.58 Eland de Kok
et al. 2011, systematically reviewed the effects of eHealth on care for chronically ill
patients.59 They concluded that the usage of eHealth leads to moderately positive
effects on primary health outcomes, but again concluded a lack of cost-effectiveness
studies.56
Conclusion and Clinical Relevance
Based on this systematic review we conclude that eHealth interventions with the aim to
complement or substitute perioperative care by educational websites, telemonitoring
interventions, telerehabilitation programs and teleconsultations probably improves
clinical patient outcomes compared with conservative face to face perioperative care for
patients who have undergone various forms of surgery. There is, however, a lack of good
quality (cost)-effective studies included in this review, with only a limited proportion of
studies reporting they have performed a power calculation or have measured the

compliance, or report about the occurrence of adverse events. For the future, we
strongly recommend high quality cost-effective studies to provide more evidence for
practitioners and policymakers whether or not they should implement eHealth
interventions in perioperative care.
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APPENDICES
Supplementary file 1: Search strategies
Search strategy in PubMed (2nd December 2015)
Search
#9

Query
#5 AND #8

Results
1068

#8
#7

#6 OR #7
postoperati*[tiab] OR post-operati*[tiab] OR perioperati*[tiab] OR perioperati*[tiab] OR preoperati*[tiab] OR pre-operati*[tiab] OR
postoperati*[ot] OR post-operati*[ot] OR perioperati*[ot] OR perioperati*[ot] OR preoperati*[ot] OR pre-operati*[ot]
"Perioperative Care"[Mesh:NoExp] OR "Perioperative Nursing"[Mesh] OR
"Postoperative Care"[Mesh] OR "Preoperative Care"[Mesh:NoExp] OR
"Perioperative Period"[Mesh:NoExp] OR "Postoperative Period"[Mesh]
OR "Preoperative Period"[Mesh]
#1 OR #2 OR #3 OR #4

679527
605762

internet*[tiab] OR webbased*[tiab] OR web-based*[tiab] OR
webportal*[tiab] OR web-portal*[tiab] OR world wide web*[tiab] OR
internet*[ot] OR webbased*[ot] OR web-based*[ot] OR webportal*[ot] OR
web-portal*[ot] OR world wide web*[ot]
"Internet"[Mesh]

51852

econsult*[tiab] OR e-consult*[tiab] OR ediagnos*[tiab] OR ediagnos*[tiab] OR eHealth*[tiab] OR eHealth*[tiab] OR mhealth*[tiab] OR
m-health*[tiab] OR mobile health*[tiab] OR remote consult*[tiab] OR
Teleconsult*[tiab] OR Tele-consult*[tiab] OR telediagnos*[tiab] OR telediagnos*[tiab] OR telehealth*[tiab] OR teleHealth*[tiab] OR
telemedic*[tiab] OR tele-medic*[tiab] OR telemonitor*[tiab] OR telemonitor*[tiab] OR teleconsult*[tiab] OR tele-consult*[tiab] OR
econsult*[ot] OR e-consult*[ot] OR ediagnos*[ot] OR e-diagnos*[ot] OR
eHealth*[ot] OR eHealth*[ot] OR mhealth*[ot] OR m-health*[ot] OR
mobile health*[ot] OR remote consult*[ot] OR Teleconsult*[ot] OR Teleconsult*[ot] OR telediagnos*[ot] OR tele-diagnos*[ot] OR telehealth*[ot]
OR teleHealth*[ot] OR telemedic*[ot] OR tele-medic*[ot] OR
telemonitor*[ot] OR tele-monitor*[ot] OR teleconsult*[ot] OR teleconsult*[ot]]
"Telemedicine"[Mesh]

14712
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#5
#4

#3
#2

#1

Search strategy in CINAHL (2nd December 2015)
Search
Query

155683

103975

55750

17462
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S9

S5 AND S8

S8
S7

S6 OR S7
TI ( postoperati* OR post-operati* OR perioperati* OR peri-operati* OR
preoperati* OR pre-operati* ) OR AB ( postoperati* OR post-operati* OR
perioperati* OR peri-operati* OR preoperati* OR pre-operati* )

71010
49433

711

S6

(MH "Perioperative Care") OR (MH "Postoperative Care") OR (MH

34157

"Preoperative Care") OR (MH "Perioperative Nursing") OR (MH
"Postoperative Period") OR (MH "Preoperative Period")
S5
S4

S1 OR S2 OR S3 OR S4
TI ( internet* OR webbased* OR web-based* OR webportal* OR webportal* OR “world wide web*” ) OR AB ( internet* OR webbased* OR webbased* OR webportal* OR web-portal* OR “world wide web*” )
(MH "Internet+")

101680

S2

TI ( econsult* OR e-consult* OR ediagnos* OR e-diagnos* OR eHealth* OR
eHealth* OR mhealth* OR m-health* OR “mobile health*” OR “remote
consult*” OR Teleconsult* OR Tele-consult* OR telediagnos* OR telediagnos* OR telehealth* OR teleHealth* OR telemedic* OR tele-medic*
OR telemonitor* OR tele-monitor* OR teleconsult* OR tele-consult* ) OR
AB ( econsult* OR e-consult* OR ediagnos* OR e-diagnos* OR eHealth*
OR eHealth* OR mhealth* OR m-health* OR “mobile health*” OR “remote
consult*” OR Teleconsult* OR Tele-consult* OR telediagnos* OR telediagnos* OR telehealth* OR teleHealth* OR telemedic* OR tele-medic*
OR telemonitor* OR tele-monitor* OR teleconsult* OR tele-consult* )

4305

S1

(MH "Telemedicine+")

4278

S3

Search strategy in Embase.com (2nd December 2015)
Search
Query
#9

#5 AND #8

#8
#7

#6 OR #7
postoperati*:ab,ti OR (post NEXT/1 operati*):ab,ti OR perioperati*:ab,ti OR
(peri NEXT/1 operati*):ab,ti OR preoperati*:ab,ti OR (pre NEXT/1
operati*):ab,ti

#6

#5
#4

#3
#2

#1

'perioperative period'/exp OR 'perioperative nursing'/exp OR 'postoperative
period'/de OR 'postoperative care'/exp OR 'preoperative period'/de OR
'preoperative care'/exp OR 'preoperative education'/exp
#1 OR #2 OR #3 OR #4
internet*:ab,ti OR webbased*:ab,ti OR (web NEXT/1 based*):ab,ti OR
webportal*:ab,ti OR (web NEXT/1 portal*):ab,ti OR ('world wide' NEXT/1
web*):ab,ti
'internet'/exp
econsult*:ab,ti OR (e NEXT/1 consult*):ab,ti OR ediagnos*:ab,ti OR (e NEXT/1
diagnos*):ab,ti OR ehealth*:ab,ti OR (e NEXT/1 health*):ab,ti OR
mhealth*:ab,ti OR (m NEXT/1 health*):ab,ti OR (mobile:ab,ti AND
health*:ab,ti) OR (remote NEXT/1 consult*):ab,ti OR telediagnos*:ab,ti OR
(tele NEXT/1 diagnos*):ab,ti OR telehealth*:ab,ti OR (tele NEXT/1
health*):ab,ti OR telemedic*:ab,ti OR (tele NEXT/1 medic*):ab,ti OR
telemonitor*:ab,ti OR (tele NEXT/1 monitor*):ab,ti OR teleconsult*:ab,ti OR
(tele NEXT/1 consult*):ab,ti
'telemedicine'/exp

19547
88609

Results
1876
893397
782443

288322
146044
67767
81597

26870

23021

Search strategy in The Cochrane Library (2nd December 2015)
Search
Query
#5
#4
#3
#2
#1

Results

#3 and #4
(postoperati* or post-operati* or perioperati* or peri-operati* or preoperati*
or pre-operati*):ti,ab,kw
#1 or #2

124
78509

(internet* or webbased* or web-based* or webportal* or web-portal* or
"world wide web*"):ti,ab,kw
(econsult* or e-consult* or ediagnos* or e-diagnos* or eHealth* or eHealth*
or mhealth* or m-health* or "mobile health*" or "remote consult*" or
Teleconsult* or Tele-consult* or telediagnos* or tele-diagnos* or telehealth*
or teleHealth* or telemedic* or tele-medic* or telemonitor* or tele-monitor*
or teleconsult* or tele-consult*):ti,ab,kw

5612

7882

2749

ABSTRACT
Background
An eHealth care program has previously shown to have a positive effect on return to
work, quality of life and pain in patients who underwent gynaecological surgery.
Plausibly, providing the care program to a population undergoing other types of surgery
will be beneficial as well. The objectives of this study are to evaluate patients’ opinions,
needs and preferences regarding the information and guidance supplied to patients
during the perioperative period, to investigate whether eHealth may be of assistance
and to explore if gender specific needs exist.
Methods
A questionnaire was sent to all patients between 18 and 75 years (n = 362), who
underwent various forms of abdominal surgery between August 2013 to September 2014
in a university hospital in the Netherlands. The questionnaire contained questions about
the current situation in perioperative care and questions about patients’ preferences in
an eHealth care program. Gender differences were evaluated.
Results
Two hundred seven participants (57.2%) completed the survey. The majority of the
participants were relatively satisfied with the perioperative care they received (68.6%).
Most reported shortcomings in perioperative care concerning the supply of information
regarding the resumption of activities and guidance during the recovery course. An
eHealth care program was expected to be of added value in perioperative care by 78% of
the participants; a website
was reported as most useful. In particular practical functions on a website focusing on
the preparation to surgery and monitoring after surgery were appraised to be highly
valuable. Overall, women had slightly more needs for extra information and support
during the perioperative course than men.
Conclusions
In abdominal surgery, there is a need for an eHealth care program, which should focus
mainly on the supply of information about the resumption of activities as well as
guidance in the postoperative course.

BACKGROUND
Postoperative recovery often takes much longer than the period considered appropriate
by specialists.1–5 An important predictor for the length of recovery is the level of
invasiveness of the surgical procedure. In addition, patient expectations about their
recovery influence the length of recovery considerably.2,5,6 For this reason, a
perioperative eHealth intervention focusing on the supply of information with respect to
the recovery period after gynecological surgery, was developed in 2011 by a qualitative
study using an intervention mapping protocol.7 Intervention mapping is a systematic
description of a logical planning process in several steps, starting with a needs
assessment and ending with an evaluation of the developed intervention.8 The ehealth
intervention which was developed included an interactive website containing tailored,
structured and detailed instructions concerning the resumption of activities after
surgery. The effectivity of this intervention was evaluated by a randomized controlled
trial; patients who received the eHealth intervention in addition to usual perioperative
care returned to work nine days earlier compared to the patients who received usual
perioperative care only.9 The care program also had a positive influence on quality of life
and perception of pain after 26 weeks.
Plausibly, providing the care program to a population undergoing other types of surgery
will be beneficial as well. However, it should be investigated whether the intervention
should be adjusted to a new patient population. In addition, the care program was
developed five years ago and patients’ needs and preferences nowadays may have
changed. Moreover, the eHealth intervention was originally developed for female
patients undergoing gynecological surgery. It has already been proven that, besides
disease specific and biochemical differences, women and men differ on various aspects
according to their needs and health care use, requiring additional research on this topic
taking gender differences into account.10–16
In conclusion, patients’ views on perioperative care and their preferences regarding
eHealth need to be investigated across a broader population, before the earlier
developed eHealth intervention for gynaecological patients can be offered to all
patients undergoing abdominal surgery. Therefor a survey questionnaire was developed
for patients who underwent various forms of abdominal surgery. With this study we aim
1) to evaluate shortcomings in the information and guidance supplied to patients in
current perioperative care, and 2) to investigate whether eHealth may be of assistance in
this, and finally 3) if gender specific needs exist.

METHODS
Study design
A survey questionnaire study was conducted in accordance with the STROBE statement.
17
The medical ethics committee of the VU medical center approved the protocol in 2014
(registration number 2014.378).
Development of the questionnaire
A questionnaire was developed for this study and was based on the results of a
qualitative study which was performed in 2011 to develop the eHealth intervention for
patients undergoing gynecological surgery.7 In this study an intervention mapping
protocol was used, including a literature search, focus group discussions with patients
and questionnaires for patients, medical doctors and eHealth specialists. The
questionnaire of the present study consisted of two parts. First, gaps in current
perioperative care were evaluated and patients’ needs and preferences were
investigated. Topics included patients’ mental health state before and after surgery, the
information patients received before and after surgery and the guidance and monitoring
provided to them during the recovery process. The questions were based on the
outcomes of the needs assessment part of the intervention mapping protocol. The
second part of the questionnaire consisted of questions about patients’ needs regarding
various forms of eHealth in perioperative care. These questions were based on the
outcomes of the part of the intervention mapping protocol called “the program plan;
design of the intervention”. In addition, some questions were added based on the
comments of patients who had used the earlier developed eHealth intervention in a
randomized controlled trial and on additional literature findings.9,18–21
Study population
All patients between 18 and 70 years old who underwent a cholecystectomy, inguinal
hernia surgery, appendectomy, colectomy, a hysterectomy or adnexal surgery (all
laparoscopic or open), between august 2013 and august 2014 in the VU University
Medical Center in Amsterdam, the Netherlands, received an invitation to complete the
questionnaire. The surgical procedures were selected as these are the most commonly
performed general abdominal surgical and gynecological procedures (apart from
Caesarean Section) in the Netherlands.22, 23
Data collection
In October 2014, the potential participants received an envelope containing information
about the study, the questionnaire and a return envelope. In case patients did not wish
to participate they could indicate this by returning a return slip. When the researchers

had not received the return slip or the completed questionnaire after 3 or 6 weeks
respectively, the participant received a reminder. Questions with five answering options
(for example: really useful, useful, neutral, not useful, not useful at all) were recoded to
three answering options, by combining ‘really useful and useful’ and ‘not useful and not
useful at all’, to give a clearer overview of the results. Baseline characteristics such as
the American Society of Anesthesiologists (ASA) classification, Body Mass Index (BMI),
indication for surgery and complications during or after surgery, were collected by
screening the medical records of the participants. The level of invasiveness of the
surgical procedure was defined as ‘minor surgery’ or ‘other’. Procedures which were
defined as minor surgery were laparoscopic cholecystectomy, hernia inguinal surgery
(open and laparoscopic), laparoscopic appendectomy or laparoscopic adnexal surgery.
This was based on the fact that these types of procedures are related to more or less the
same convalescence recommendations after surgery.24, 25 The remaining procedures
were defined as ‘other’ because it was not possible to categorize them into groups
because of their heterogeneity according to of invasiveness.
Statistical analyses
All statistical analyses were carried out using SPSS version 20.0. Descriptive statistics
were used to present the baseline characteristics and responses of the participants. We
used cross-tabulations, Chi2-tests and t-tests to compare baseline characteristics
between responders and nonresponders. Responses were compared according to
gender, only in the group of patients who underwent a general surgical procedure with a
minor level of invasiveness (laparoscopic cholecystectomy, laparoscopic or open hernia
inguinal surgery, laparoscopic appendectomy). Reason for this was to develop the
maximum homogeneous group, to limit the effect of potential confounding factors.

RESULTS
Response
A total of 362 potential participants were identified and received an invitation to
participate. The questionnaire was completed by 207 participants (57.2%). Of 6
potential participants, we were sure that we did not reach them, because the
questionnaires were returned to us with the notification that the potential participant
had moved. Seventeen potential participants indicated that they were not willing to
participate by sending back the return slip and four potential participants were
excluded because of a language barrier or cognitive impairment. We performed a
comparison of the participants and non-participants regarding some important baseline
characteristics (Table 1).

This analysis only showed significant differences between responders and
nonresponders according to age (participants were older than non-participants) and
type of surgery (patients who underwent a gynecological procedure were more likely to
respond than patients who underwent general surgical procedures). There were no
statistically or clinically relevant differences in the health related characteristics which
we analyzed. Median time between surgery and the moment of sending the
questionnaire to the participants was 38 weeks (range 5–62 weeks).
Table 1. Comparison of participants and non-participants
Variable
Participants
n=207
Gender, n (%)
Male
56 (27.1)
Female
151 (72.9)
Age, mean ±SD
46.59 ±13.39
SES, mean ±SD
BMI, mean ±SD
ASA classification, n (%)
ASA 1
ASA 2
ASA 3
ASA 4

0.64 ±1.05
n=200
27.43
n=171
80
82
7
2

±15.12
(46.8)
(48.0)
(4.1)
(1.2)

Non-participants
n=155
47 (30.2)
108 (69.7)
39.57 ±12.52
0.64 ±1.18
n=140
27.78
n=108
58
39
10
1

P-value
0.50
0.00
0.53
0.89

±18.12
(53.7)
(36.1)
(9.3)
(0.9)

0.53

Intoxications*, n (%)
n=194
n=128
0.26
Yes
105 (54.1)
64 (47.8)
No
89 (45.9)
70 (52.2)
Type of surgery, n (%)
0.01
Gynecological
107 (51.7)
60 (38.7)
Surgical
100 (48.3)
95 (61.3)
Major complications during or
0.94
after surgery**, n (%)
Yes
9 (4.3)
7 (4.5)
No
198 (95.7)
148 (95.5)
SD = standard deviation, SES = Social Economic Status Scores are based on geographic location, BMI =
Body Mass Index, ASA = American Society of Anesthesiologists classification
* Defined as: Any current use of alcohol, tobacco and/or drugs, ** Defined as: Conversion to an open
procedure, re-surgery within 30 days, injury of the bladder, intestine or liver during surgery, or drainage
of an abscess after surgery

Baseline characteristics
Table 2 presents the baseline characteristics of the participants who completed the
questionnaire. Most participants were female (n = 151, 72.9%) and the indication for
surgery was in the majority of the participants benign (n = 181, 87.4%). Mean age was
46.6 years. Of the participants, 95.1% used the Internet on a daily base. The subgroup of
participants which was used to compare the results of men and women with each other
(i.e. who underwent a general surgical procedure with a minor level of invasiveness),

consisted of 71 participants (male n = 42, female n = 29). Men underwent laparoscopic
hernia inguinal surgery more often in comparison to women (n = 15, 35% vs n = 2, 6.9%)
and women underwent a laparoscopic cholecystectomy more often compared with men
(n = 19, 65.5% vs n = 12, 26.6%). In addition, age differed remarkably between men and
women in this subgroup (52.67 (SD 13.8) vs 41.66 (SD 13.9)) which is possibly due to the
difference in surgical procedures. No other clinically differences were found within this
subgroup.
Table 2. Baseline characteristics
Variable
Gender, n (%)
Male
Female
Age, mean ±SD
Nationality, n (%)
Dutch
Other
Level of education, n (%)
Low
Medium
High
Employment status, n (%)
Employed
Non-employed
Internet use, n (%)
Daily or more times a week
Seldom or never
Source of Internet use, n (%)
Computer/laptop
Smartphone/tablet
Both
BMI, mean ±SD
ASA classification, n (%)
ASA 1
ASA 2
ASA 3
ASA 4
Type of surgery, n (%)
Gynecological
Surgical
Indication for surgery, n (%)
Malignancy
Benign

Total n=207
56 (27.1)
51 (72.9)
46.59 ±13.4
190 (91.8)
17 (8.2)
25 (12.1)
66 (31.9)
116 (56.0)
142
65
n=203
193
10
n=193
25
38
130
n= 200
26.4
n= 171
80
82
7
2

(68.6)
(31.4)
(95.1)
(4.9)
(13.0)
(19.7)
(67.4)
±5.6
(46.8)
(48.0)
(3.4)
(1.2)

107 (51.7)
100 (48.3)
26 (12.6)
181 (87.4)

Table 2. Baseline characteristics (continued)
Variable
Total n=207
Type of surgery
Minor *
132 (63.8)
Adnexal surgery (LS)
61
Cholecystectomy (LS)
31
Hernia inguinal surgery (LS)
17
Hernia inguinal surgery (O)
3
Appendectomy (LS)
20
Other
75 (36.2)
Adnexal surgery (O)
5
Cholecystectomy (LS)
4
Appendectomy (LS)
6
Colectomy (LS)
9
Colectomy (O)
10
Uterus extirpation (LS)
36
Uterus extirpation (O)
5
Major complications during or after
9 (4.3)
surgery **
SD = standard deviation, BMI = Body Mass Index, ASA = American Society of Anesthesiologists classification,
LS = laparoscopic procedure, O: Open procedure
* This subdivision is based on a classification which has been used previously in gynaecologic surgery.32,33
The general surgical procedures were classified in line with this classification, based on the length of
convalescence recommendations for resumption of activities after these general surgical and
gynaecological procedures. These convalescence recommendations were developed in a Delphi study.21,34
** Defined as: Conversion to an open procedure, re-surgery within 30 days, injury of the bladder, intestine
or liver during surgery, or drainage of an abscess after surgery

Patients’ views on the available information and provided guidance in perioperative
care
Before surgery
Mental health state
About one third of the participants (32.9% (68/207)) answered that they felt nervous
before surgery. Compared to men, women were more likely to feel nervous (37.2%
(11/29) vs 11.9% (5/42)) (Figure. 1).
Information supply
The majority of the participants (83.6%, 163/195) received information about the
resumption of activities after surgery. The majority felt the information provided was
sufficient, however, 26.3% (54/205) patients reported that they would have preferred to
receive more information. This percentage was slightly higher in women compared to
men (34.5% (10/29) vs 19.0% (8/42)). More than half of the participants (57.5% (115/200))
searched on the Internet for more information about the surgical procedure and
recovery process.

Preparations with regard to return to work
Of the employed participants, 23.4% (32/137) reported that they made a plan regarding
return to work (re-integration plan). 17 of them did this together with their employer
and 15 did this on their own. In the subgroup of participants who underwent minor
general surgical procedures, the creation of a re-integration plan was less common (0/20
of female participants and 4/24 male participants). All participants who made a
reintegration plan except one, reported this to be useful and would do it again.
After surgery
Overall, 68.6% (142/203) of the participants reported that they were satisfied with their
recovery period.
Mental health state
About one third of the participants (68/199) felt insecure during their recovery process.
Women felt insecure more often than men (37.9% (11/29) vs 17.5% (7/40)). Thirty-four
patients (16.7%) reported that they would have preferred more emotional or mental
support after their surgical procedure. Women had a higher need for this than men
(20.7% (6/29) vs 7.5% (3/40)).
Information supply
Confusion about the resumption of daily activities existed in about 35% of the patients
(133/205). Recommendations regarding the resumption of activities provided by
medical specialists, general practitioners (GP) and occupational physicians (OP), were
reported to be inconsistent by 57% of the responders. The majority of patients (79.2%;
164/204) reported that they knew who they had to contact in case of physical
complaints or questions. Seventy-six patients reported that they still had questions after
discharge. The majority of these patients (76.3%; 58/76) did ask those questions,
however only 59.6% (35/58) were satisfied after this contact.
Interaction with occupational physician (OP)
Of the employed participants, 27.0% (38/141) had at least one contact with their OP
before or after surgery. Only 39.5% (15/38), designated this contact as useful.
Guidance during the recovery process
Of all participants, 39.0% (78/200) reported that they would have liked to receive more
assistance by a health care professional during their recovery process. The mean time
between surgery and the appointment in the outpatient clinic was four weeks. The
timing of the postoperative appointment was adequate according to 76.2% of the

patients. Around one in five patients (22.3%) preferred the appointment to be planned
sooner. Only 1.6% would preferred the appointment to be later.
Patients preferences regarding eHealth
General
A total of 78.7% participants (155/197) agreed with the statement that there is a need for
an eHealth care program focusing on the deliverance of information and guidance
during the perioperative period. Women were slightly more interested in this than men
(88.9% compared to 73.2%). The majority of the patients (82.4%) stated that they were
willing to spend about one to two hours of their time on such a program per week during
the course of their recovery, while the other 17.6% were willing to spent even more than
two hours per week.
Website
The majority of the patients (70.5%; 136/193) reported that if an eHealth intervention
(i.e. a specially developed website) had been available before or after their surgical
procedure, they would have used it. This was slightly more the case in women compared
to men (75.0%; 21/28 versus 62.2%; 23/37). Table 3 presents the functions patients
reported to prefer on such a website, in order of popularity. Most items were assessed as
useful by the majority of the participants; except two: the ability to give your employer
or OP insight into a part of the website and a forum to talk with other patients. Most
popular items were a page containing an overview of important telephone numbers, a
list with frequently asked questions (FAQ) and the possibility to evaluate symptoms after
surgery.
Mobile phone application (app)
Almost half of the participants (48.2%; 95/197) reported that they would prefer to use
the eHealth care program by a mobile phone application as well. This was more often
the case in men than in women (65.0%; 26/40 vs 48.3%; 14/29). Among the participants
who reported that they are using the Internet on a smartphone or tablet in daily life (n =
168), only a slightly higher percentage (51.2%, 86/168) reported that they would prefer
to use the eHealth care program on a mobile phone application as well. Less than half of
the patients (38.4%; 73/190) reported they would use the possibility to connect an
activity tracker to their mobile phone application to track their activity during the
recovery process.

Figure 1. Patients’ statements
A)

Patients’ statements regarding the PRE-operative period

B)

Patients’ statements regarding the POST-operative period

The bars present the percentage of the participants who agreed with the statement.
* Differences between male and female evaluated in the group of patients who underwent a minor general
surgical procedure (n = 71), ** Percentage of the 32 participants who created a re-integration plan

E-consultation
Only a minority of the patients (17.6%; 35/199) would have preferred to replace their
postoperative appointment in the outpatient clinic by electronic contact with their
doctor (e-consult). This percentage increased slightly when only taking the participants
into account who underwent minor surgery (27.9%; 19/68). The most reported reason
for declining an e-consult was that the participants appreciated to have personal
contact with their doctor (n = 153). However, the ability to use an e-consult to ask
questions to a doctor or nurse during the recovery process in case of complaints, was
assessed as useful by 57.6% (114/198) of the participants. One in five patients (21.2%;
42/198) assessed e-consultation as not being useful at all.
Table 3. Assessment of different website functions
Function

Useful

Not useful

No opinion

n

Before surgery
A practical list; what to manage before surgery?

157 (79.7%)

6 (3.0%)

34 (17.3%)

197

Information about the surgical procedure

150 (76.1%)

11 (5.6%)

36 (18.3%)

197

Making a personal convalescence plan

141 (71.6%)

11 (5.6%)

45 (22.8%)

197

A video about the recovery process

132 (67.3%)

25 (12.8%)

39 (19.9%)

196

Making a reintegration plan for work

123 (62.4%)

14 (7.1%)

60 (30.5%)

197

A video about the surgical procedure

104 (52.5%)

39 (19.7%)

55 (27.8%)

198

Evaluation of symptoms

175 (88.8%)

5 (2.5%)

17 (8.6%)

197

Monitoring of recovery

141 (72.3%)

16 (8.2%)

38 (19.5%)

195

Focus on emotional well-being

117 (60.6%)

21 (10.9%)

55 28.6%

193

Inviting your GP to a part of the website

99 (50.8%)

40 (20.5%)

56 (28.7%)

195

Inviting your OP to a part of the website

64 (30.9%)

44 (21.3%)

87 (44.6%)

195

Inviting your employer to a part of the website

53 (27.2%)

62 (31.8%)

80 (41.0%)

195

Contact details of the health care professionals

178 (89.9%)

4 (2.0%)

16 (8.1%)

198

Frequently asked questions

160 (81.6%)

8 (4.1%)

28 (14.3%)

196

A list with frequently used medical terms

142 (72.8%)

9 (4.6%)

44 (22.6%)

195

Links to other websites

119 (64.0%)

15 (8.1%)

52 (28.0%)

186

67 (32.4%)

56 (27.1%)

74 (32.6%)

197

After discharge

General

Forum to chat with other patients

DISCUSSION
Principal findings
In this survey study we analyzed the opinions of patients who underwent abdominal
surgery about the availability of information and guidance they received before and
after their surgical procedure. In addition, we evaluated their views on the use of
eHealth in the perioperative period. Although most participants reported that they had
received some basic information about the surgical procedure and the recovery process,
more than half of the participants searched the Internet for additional information. Most
important reported shortcomings included the absence of detailed information about
the resumption of (work) activities as well as the inconsistency between advice received
by different healthcare professionals involved in the recovery process. A considerable
proportion of patients (39%) reported that they would have liked to receive more
assistance from a healthcare professional during their recovery process, and one in eight
patients reported that they would have preferred more emotional support. Women had
a slightly higher need for additional information and support than men. A majority of
participants expected an eHealth program to be helpful during the recovery trajectory. A
website was assessed as most useful. In particular practical functions focusing on the
preparation for surgery and monitoring after surgery were expected to be valuable.
There was less need for interaction with others (e.g. chat-function or forum, or giving
other health care professionals access to the website). Also, the majority of patients
opposed the option to replace the standard postoperative consult by an e-consult, since
they preferred a personal contact with their surgeon.
Comparison to the literature
When we compare our results to the qualitative study of Vonk Noordegraaf et al. which
was at the base of the development of an eHealth intervention for patients undergoing
gynecological surgery, there are many similarities. In concordance to our own findings,
Vonk Noordegraaf concluded that important shortcomings in current perioperative care
were 1) the lack of instructions regarding the resumption of activities, 2) the
inconsistency in the recommendations given by different healthcare providers and 3)
the insecurity with respect to postoperative symptoms. However, there was
inconsistency between the two studies on one point. In Vonk Noordegraaf ’s study,
participants reported that they would have preferred to have more contact with other
patients during the perioperative course and subsequently suggested this to be one of
the three most important tools to incorporate in the eHealth intervention. In our study
this option was rated as one of the three most unpopular items of a possible eHealth
intervention. Probably, the difference can be explained because of the difference in
study population between the two studies. Another possible explanation could be the

difference in study design between the two studies. The results from Vonk Noordegraaf’s
study were derived from focus group discussions and therefor selection bias was highly
likely because participants attending in this study were willing to discuss their problems
with others. Finally, it could also be that there is indeed not a major need for it, which is
in line with the low satisfaction rate with these functions in a previously tested eHealth
intervention for peri-operative care in gynecology.26 Comparing our results to other
recent publications, shows another inconsistency, namely the unpopularity of the
postoperative appointment by an e-consult in our study.18–21,27 This difference might be
explained by the fact that those previous studies mainly focused on the feasibility, safety
and cost-effectiveness rather than the preferences of patients. Our study suggests, that
even it would be feasible and safe from a medical perspective to replace the
appointment in the outpatient clinic by an e-consult, from the Dutch patients’
perspective there is hardly any foundation for this. However, using e-consultations as an
extra means of contact with the hospital in case of complaints, was rated as useful.
Earlier studies described differences in the recovery process after cardiac surgery
between men and women.28–34 These studies conclude that during the recovery process
women suffered from more symptoms, showed lower functioning scores and had a
higher re-admission rate than men, which could not be explained because of illness
severity or other patient characteristics.29,30,32,33 When specifically focusing on gender
differences according to the effectivity of eHealth interventions applied in the recovery
process after cardiac surgery, data trends in one study showed that the intervention had
greater impact on women than on men in the postoperative course.34 We only detected
some minor differences according to gender: overall women showed a slight higher
need to information, extra support or eHealth compared to men. However, the results
regarding this topic should be interpreted with caution; although we selected the most
homogeneous group possible within the limits set by this study for comparing men and
women, the remaining group was small, age differed significantly and the type of minor
surgical procedures differed between men and women.
Strengths and limitations
A strength of this study lies in the extensiveness of the questionnaire and the fact that
the questionnaire was developed based on the results of a qualitative study. We
approached all patients who underwent all types of surgical abdominal procedures over
the period of one year, which has led to a good clinical representation. However, this
study has also limitations. First, the recruitment of patients was limited to an academic
hospital. This may have influenced the results because, in general, in academic hospitals
the more complicated surgical procedures are being performed. Nonetheless, the
indication for surgery in our study population was in most cases benign and the
complication rate was moderate. In addition, perioperative care provided in the
academic and non-academic hospitals in the Netherlands is quite similar; based on the

guidelines of the Dutch Society of Obstetrics and Gynecologists (NVOG), patients get
verbal instructions by a nurse or physician at discharge and will receive a leaflet with
some recovery instructions.9,35 Moreover, patients receive an appointment at the
outpatient clinic between two and six weeks after surgery. Therefore we assume, that
the results are generalizable. Second, because of the retrospective design of this study
the time between surgery and the questionnaire varied between 5 weeks and 62 weeks
between the study participants. This might have resulted in recall bias as well as in
difference between pre-surgery and post-surgery answers. For example, if patients
underwent surgery without complications they would be more likely to answer that they
had no need for extra information or support than when they were questioned before
surgery. However, since the complication rate was normal in this study, we think that
this only could have led to an underestimation regarding the need for information and
support. A third limitation might be the relative low response rate (57.2%). However, we
were able to compare baseline characteristics between participants and nonresponders. Responders were significantly older (46.59 vs 39.51), which may have
influenced the results. Possibly, patients’ needs and preferences regarding eHealth were
underestimated, since older adults generally make less use of new technologies.36 In
addition, the responders underwent gynaecological procedures more frequently in
comparison to the non-responders, however, the ratio gynecological procedures versus
general surgical procedures was equal in the groups of responders. Although we were
able to perform a non-response analysis regarding some important baseline
characteristics, we could not rule out that there were other important differences
between the two groups which we were not able to compare. For example Internet use:
95.1% of the study participants reported that they are using the Internet several times a
week or on a daily basis. We do not have data regarding this topic from the
nonparticipants. So it is therefore possible that the rate of Internet use was much lower
in this group, which makes the generalizability of the results, mainly regarding the
preferences regarding eHealth, lower. Finally, the heterogeneity in terms of the many
types of surgical procedures included in this study, could also be pointed as a limitation.
However, we had a good rationale for this since we aimed to evaluate whether the
results obtained with a qualitative study in a gynecological population, were also
applicable to a broader population.
Conclusions
The results of this study showed that most important shortcomings in current
perioperative care in patients undergoing abdominal surgery are the lack of detailed
advice about the resumption of activities following surgery and the limited guidance of
professionals during the recovery process. EHealth is expected to be very useful tool to
overcome these shortcomings. The results of this study can be used by health care

professionals and policymakers when developing these type of eHealth interventions for
perioperative care. It provides a broad overview of the different phases of perioperative
care and the generalizability of the study is high. Future research should include a costeffectiveness evaluation including a process evaluation of such eHealth interventions to
evaluate the feasibility. In addition, future research should focus on gender differences
in postoperative recovery, since trends of this study suggest that there may be
differences.
Abbreviations
ASA American society of anesthesiologists classification
BMI Body mass index
FAQ Frequently asked questions
GP General practitioner
LS Laparoscopic procedure
O Open procedure
OP Occupational physician
SES Social Economic Status
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ABSTRACT
Background
Evidence-based information on the resumption of daily activities following
uncomplicated abdominal surgery is scarce and not yet standardized in medical
guidelines. As a consequence, convalescence recommendations are generally not
provided after surgery, leading to patients' insecurity, needlessly delayed recovery and
prolonged sick leave. The aim of this study was to generate consensus-based
multidisciplinary convalescence recommendations, including advice on return to work,
applicable for both patients and physicians.
Methods
Using a modified Delphi method among a multidisciplinary panel of 13 experts
consisting of surgeons, occupational physicians and general practitioners, detailed
recommendations were developed for graded resumption of 34 activities after
uncomplicated laparoscopic cholecystectomy, laparoscopic and open appendectomy,
laparoscopic and open colectomy and laparoscopic and open inguinal hernia repair. A
sample of occupational physicians, general practitioners and surgeons assessed the
recommendations on feasibility in daily practice. The response of this group of care
providers was discussed with the experts in the final Delphi questionnaire round.
Results
Out of initially 56 activities, the expert panel selected 34 relevant activities for which
convalescence recommendations were developed. After four Delphi rounds, consensus
was reached for all of the 34 activities for all the surgical procedures. A sample of
occupational physicians, general practitioners and surgeons regarded the
recommendations as feasible in daily practice.
Conclusion
Multidisciplinary convalescence recommendations regarding uncomplicated
laparoscopic cholecystectomy, appendectomy (laparoscopic, open), colectomy
(laparoscopic, open) and inguinal hernia repair (laparoscopic, open) were developed by
a modified Delphi procedure. Further research is required to evaluate whether these
recommendations are realistic and effective in daily practice.

INTRODUCTION
In the last decade, enhanced recovery after surgery (ERAS) or fast track programs to
speed up discharge after surgery have become increasingly popular.1-3 This, together
with the introduction of minimally invasive surgery, causes more surgical procedures to
be performed in day- or short-stay care, leading to an early transfer of the
postoperative care to the primary healthcare professionals. However, hardly any
attention so far has been focused on the rehabilitation following hospitalization;
evidence-based information on when and how to gradually resume daily activities
including work after uncomplicated surgery is scarce, and uniform multidisciplinary
recovery recommendations are not yet standardized in medical guidelines.4-6
Due to the limited evidence on recovery advice, the majority of caregivers involved in
this process provide patients with experience-based recommendations.4,7-10 Different
groups of healthcare professionals are exposed to diverse patients after diverse kinds
of surgery, resulting in a wide variety of opinions on convalescence abilities after that
particular surgery. For example, postoperative follow-up by the operating surgeon will
be executed in an early stage after surgery, whereas occupational physicians (OPs) will
be consulted relatively late in the course of sick leave by patients with a delayed
recovery only. General practitioners are seldom consulted by patients on the
resumption of activities or work.11, 12
As a consequence, patients often receive conflicting advice from involved care
providers leading to insecurity on when to resume various activities after surgery.13 In
addition, compliance to these diverse recommendations is difficult and therefore low.
4,9,14,15
This may contribute to a delayed recovery and prolonged sick leave.11
Subsequently, prolonged absence from work and return to daily activities may result in
a poorer emotional well-being and have major socioeconomic consequences.14,16
The literature shows that duration of time to return to work (RTW) is influenced by
patients’ expectations on time to return to work.17 Studies investigating the influence
of postoperative advice on when to resume activities and work state that uniform
convalescence recommendations have a positive effect on early resumption of daily
activities and work.7,18-20
This underlines the need for accurate information on when to resume various activities
and work following surgery. To improve recommendations on patients’ expectations
and to provide a guiding tool for physicians, the development of multidisciplinary
convalescence consensus is essential.
The aim of this modified Delphi study is to develop uniform, multidisciplinary
convalescence recommendations, designed for the most frequently performed general
abdominal surgical interventions in the Netherlands: laparoscopic cholecystectomy,

laparoscopic and open appendectomy, laparoscopic and open inguinal hernia repair
and laparoscopic and open colectomy.

MATERIALS AND METHODS
Design of a modified Delphi study
The Delphi technique is a method with the aim to develop a consensus opinion on a
specific subject within an expert group in a structured way.21 Through repeated
anonymous questionnaire rounds, the experts are provided with the opportunity to
reflect on the results of the previous questionnaire round in a controlled manner. A
Delphi procedure is successfully completed as soon as consensus is reached according
to a previously defined consensus rule, or when the investigator concludes that
consensus is not increasing in following rounds: in other words, when it turns out that
experts are not prepared to alter their point of view anymore.
The Department of Gynecology and Obstetrics, the Department of Public and
Occupational Health and the Department of General Practice of the VU Medical Centre
have demonstrated that a modified Delphi procedure is a useful tool in achieving
consensus on when to resume work and daily activities after uncomplicated abdominal
gynecological surgery.22 In the present Delphi study, we have used a similar design to
achieve consensus on various general surgical procedures: laparoscopic
cholecystectomy, laparoscopic and open appendectomy, laparoscopic and open
inguinal hernia repair and laparoscopic and open colectomy. In addition to the
structured repeated anonymous questionnaire rounds, one live panel discussion
meeting was organized. For the group discussion, a nominal group technique was used
to reach consensus.23 The data were collected between February and November 2014.
The study design is presented in Figure 1.

Figure 1. Study design

Literature review
A review of the literature in five international databases (PubMed, EMBASE, The
Cochrane Library, CINAHL and PsycInfo) published until 2013 was performed with the
assistance of a medical information specialist. Searches were carried out for
convalescence recommendations and time to return to normal activities (RNA) and
time to return to work (RTW) as primary outcome measures after cholecystectomy,
appendectomy, colectomy and inguinal hernia repair. Search terms used included the
following mesh terms as well as a combination of free text words and mesh terms in
title or abstract: “Colectomy,” “Appendectomy,” “Cholecystectomy,” “Herniorrhaphy,”
“Hernia repair,” “Absenteeism,” “Convalescence,” “Recovery of Function,” “Sick
Leave,” “Disability Evaluation,” “Work Capacity Evaluation,” “Rehabilitation,”
“Vocational,” “Return to Work” and “Sickness Impact Profile.”
Papers were assessed for eligibility by two researchers (EB, DVV) by a list of predefined
inclusion criteria. Only studies reporting RNA or RTW as their primary or secondary
outcome were included. Study types other than randomized controlled trials (RCTs),
systematic reviews or international guidelines were excluded. During the process, it
was decided to only select studies from 1990 onward because of the large number of
eligible studies. All recovery times and recommendations reported in the included
papers were summarized, and this review of the literature was provided to all expert
panel members to be used as a guidance while completing the first Delphi
questionnaire round.
Case definition and draft case description
For each surgical intervention, a case description was designed to be used by the
expert members as a reference point while completing the questionnaires. These case
descriptions outlined an uncomplicated surgical procedure in otherwise healthy
patients without any comorbidity.
Development of a list with relevant convalescence recommendations
The Functional Ability List (FAL) was used to develop convalescence recommendations.
This instrument distinguishes 59 different physical and psychosocial activities (e.g.,
lifting and concentrating) and provides an overview of an individual’s general
functional abilities. In the Netherlands, it is used by OPs and insurance physicians (IPs)
to assess and advise patients in their functional abilities in daily life and at work.
Experts were asked to determine which of the 59 items of the FAL were considered
relevant in the recovery of patients in the perspective of the surgeries described and
were able to propose additional activities to design recovery recommendations for.

Consensus rules
A set of consensus rules was used to identify on which FAL item the experts consented
and which FAL items did not yet reach consensus. In case no consensus was reached,
the particular FAL item had to be scored again by the experts in the following
questionnaire round. Consensus for dichotomous items was reached when consensus
at all individual time points was at least 75 %. For items with three or more grades of
ability, consensus was reached when consensus over all time points exceeded 66.7 %.
Expert panel recruitment
During the formation of the expert panel, it was important to select members that
resemble the different types of caregivers that are involved in the guidance of patients
recovering from surgery, as they all have their own focus during the recovery period.
The members of the expert panel, consisting of seven surgeons, three occupational
physicians (Ops) and three general practitioners (GPs), were recruited from different
hospitals and professional organizations/boards in the Netherlands. Surgeons, all
practicing minimally invasive surgery according to modern care standards, were
recruited at different district hospitals as well as academic centers in the Netherlands,
taking into consideration each individual expertise on the investigated surgical
procedures. GPs were recruited using the network of an academic center for the
training of family practice. None of the members of the expert panel reported to have
potential conflicts of interest.
Description of the structural consensus method
Delphi questionnaire rounds and group meeting
In the first round, the functional ability of each activity (FAL item and additional
activities) was scored on the day of surgery and at 11 different time points following
surgery by each of the panel members individually for all seven case descriptions
(laparoscopic cholecystectomy and laparoscopic as well as open appendectomy,
colectomy and inguinal hernia repair). In this way, the gradual resumption of the
activity could be visualized. For example, it was asked when patients were expected to
be able to carry 2, 5, 10 and 15 kg (Figure 2).
The mode and median values of the ability scores for each item anonymously obtained
in the first Delphi round were graphically presented to the experts in a group meeting.
During this group meeting, it was possible to explore the items in which a wide variance
of opinions were identified and the meeting provided the experts with the opportunity
to gain insight in the reasons for the wide variation according to their frame of
reference concerning this topic. After the group discussion, all experts were asked to
anonymously rate the ability score for the specific items again (Delphi round 2), taking

into consideration that the most restrictive ability score had to be chosen in the event
of uncertainty.
Figure 2. Example of the item carrying and lifting of the functional ability list
Ability score
0. Normal, can carry roughly 15 kg (toddler)
1. Slightly limited, can carry roughly 10 kg (infant)
2. Limited, can carry roughly 5 kg (bag of potatoes)
3. Very limited, can lift roughly 1 kg (litre container of milk)
0
dy

2
dy

4
dy

1
wk

2
wk

3
wk

4
wk

6
wk

8
wk

10
wk

12
wk

1. cholecystectomy - laparoscopic
2. appendectomy – laparoscopic
3. appendectomy - open
4. colectomy - laparoscopic
5. colectomy - open
6. hernia repair - laparoscopic
7. hernia repair – open
0 dy = day of surgery , 2 dy = second day after surgery etc, 1 wk = first week after surgery etc.

After this round, the following questionnaire round asked to rate the functional ability
score once more for the items at the individual time points where consensus had not
yet been reached, taking into consideration the most frequently chosen ability score
(mode) at this specific time point calculated in the second Delphi round.
In the subsequent questionnaire round, the results of the prior round were presented
to the experts. For those items that did not yet reach consensus, we asked the experts
again to anonymously reflect their opinion. In addition to the median and the mode
scores, we also provided the experts with the following details to help them choose the
score that fitted best, taking into consideration the consented ability scores on other
time frames of the same procedure and on the same time point for other surgical
procedures:
• The ability scores of all other FAL items for that same surgical procedure at
that particular time point the experts consented on;
• The ability scores of that specific FAL item on that specific time point in
relation to the other surgical procedures;
• The consensus opinion on the similar FAL item on that specific time point for
adnexal surgery and hysterectomy, conducted in our previous Delphi study.

Evaluation of the feasibility of recommendations by a sample of physicians
A detailed overview of the consensus reached by the expert panel members after the
first four Delphi rounds was sent to representatives of the same professional groups as
the expert panel members. A total of 40 representatives were asked to participate. Of
these, 18 physicians were able to do so. These 18 representatives, consisting of six OPs,
seven GPs and five surgeons, judged the feasibility of the recommendations in daily
practice.
Final Delphi questionnaire round
The consensus opinion reached after the Delphi questionnaire rounds and one group
meeting was schematically presented to the expert panel in the final Delphi
questionnaire round, together with the feasibility judgment of the sample of
physicians. The experts could reflect on the comments of the sample of physicians and
if necessary reconsider their opinion.

RESULTS
Review of the literature
The literature search resulted in 2454 papers. All titles and abstracts were reviewed,
and cross-references of relevant papers were checked. A total of 65 papers seemed
potentially relevant. After assessing the eligibility, six full-text articles 7,24-28 were sent to
all panel members accompanied by a summary of the reported results of 35 papers and
one international guideline existing of: nine RCTs and one prospective study for
cholecystectomy (regarding RTW 29-34, regarding RNA 29,30,33), 13 RCTS for appendectomy
(six regarding RTW 27,35-39 and seven regarding RNA 35,36,38,40-43), six studies for colectomy
(regarding three on RTW described in one review study 27 and two on RNA 44, 45) and two
systematic reviews 25,46, one international guideline 47 and two prospective studies on
hernia repair 48. None of these studies reported gradual resumption of various activities
after surgery, but most reported on general “return to leisure or daily activities,”
without underlying definitions.
List of relevant convalescence recommendations
Out of 56 activities of the FAL, the expert panel selected 26 relevant activities to
develop convalescence recommendations for. The 26 FAL items were included in the
Delphi procedure, together with five additional activities (taking a bath, jumping,
vacuum cleaning and sexual intercourse (men and women)). During the group meeting,
the experts decided that in the second Delphi questionnaire round, two additional
activities of importance in the recovery of patients should be added: riding a bike and

driving a car. In Delphi round 3, the experts asked to add item public transportation.
Also, the experts agreed on the fact that FAL item concentrating is influenced by the
form of anesthetics that is used, irrespective of the type of surgery the patient is
undergoing. Therefore, this item was divided into regional or local anesthetics and
scored at the different time points in Delphi rounds 3 and 4. A total of 26 FAL items and
eight additional activities, meaning 34 activities all together, were evaluated.
Expert panel
The expert panel consisted of seven surgeons, all performing minimally invasive
surgery [two women (32 and 53 years) and five men (range 37–52 years)], three general
practitioners [one man (47 year) and two women (34 and 37 years)] and three
occupational physicians [three men (range 51–57 years)]. All of them had the Dutch
nationality.
Consensus course
Number of Delphi rounds and response rate
Five questionnaire rounds and one expert group meeting were required to meet the
objectives of the study. The response rate for all rounds was 100 %. All experts
completed the entire study.
First Delphi questionnaire round
After the first Delphi questionnaire round, the consensus per time point and the mean
consensus were calculated for each item. Regarding all surgical procedures, there were
no items that reached overall consensus, meaning no consensus at every individual
time point was reached.
Delphi questionnaire rounds 2, 3 and 4
Table 1 illustrates the flow of minimal consensus reached per individual time point for
laparoscopic cholecystectomy. As shown in this table, for cholecystectomy in round 2,
nine out of 31 items met the previously defined criteria for the consensus rule. In Delphi
round 3, consensus was reached for 17 out of the 34 items. After the fourth Delphi
questionnaire round, consensus on all 34 activities was reached. The other surgical
procedures were judged in a similar manner, and for each of the 34 items regarding all
seven surgical interventions, consensus was reached.

Table 1. Course of minimum consensus reached per individual time point for cholecystectomy
FAL-item
Max. number of existing gradaround
round
round
round
tions in which item is expressed 1
2
3
4
Reaching out
3
46.2%
61.5%
61.5%
100%
Reaching out frequently
4
46.2%
61.5%
84.6%
100%
Bending
3
38.5%
61.5%
76.9%
100%
Bend frequently
4
53.8%
69.2%
100%
100%
Turning/twisting round
2
46.2%
53.8%
61.5%
100%
Pushing/pulling
3
46.2%
61.5%
84.6%
100%
Lifting or carrying
4
38.5%
76.9%
100%
100%
Handle light objects
4
30.8%
46.2%
61.5%
100%
Handle heavy objects
2
69.2%
69.2%
69.2%
92.3%
Sustained Walking
4
46.2%
69.2%
100%
100%
Walking per day
4
53.8%
61.5%
84.6%
100%
Climbing stairs
4
50.0%
100.0% 100%
100%
Climbing
4
41.7%
46.2%
53.8%
92.3%
Kneeling or squatting
2
63.6%
76.9%
100%
100%
Prolonged sitting
4
41.7%
61.5%
76.9%
100%
Sitting per day
4
41.7%
53.8%
92.3%
100%
Prolonged standing
4
58.3%
46.2%
53.8%
84.6%
Standing per day
4
46.2%
53.8%
84.6%
100%
Actively kneeling
2
61.5%
84.6%
100%
100%
Actively bending
2
53.8%
53.8%
61.5%
84.6%
Working above shoulders
2
61.5%
69.2%
69.2%
100%
Working hours per day
5
38.5%
38.5%
38.5%
100%
Working hours per week
5
30.8%
46.2%
46.2%
100%
Working hours shift work
3
30.8%
41.7%
46.2%
92.3%
Taking a bath a
2
53.8%
61.5%
61.5%
92.3%
Jumping a
2
61.5%
61.5%
53.8%
92.3%
Vacuum cleaning a
2
53.8%
69.2%
92.3%
100%
Driving a car b
2
NQ
61.5%
76.9%
100%
Riding a bicycle b
2
NQ
53.8%
61.5%
100%
Sexual intercourse (man) a
2
53.8%
61.5%
53.8%
76.9%
Sexual intercourse (woman)a
2
53.8%
76.9%
100%
100%
Concentrating
3
53.8%
84.6%
NQ
NQ
Insight into own abilities
3
66.7%
100%
100%
100%
Transportation c
2
NQ
NQ
61.5%
92.3%
Concentrating (2)*
3
NQ
NQ
50.0%
100.0%
Italic: Mean consensus reached. but contains individual time point with consensus <66. 7 % for categorical or <
75 % for dichotomous, Bold: Consensus reached at every individual time point
NQ = Particular FAL item was not questioned this round * the experts judged this item to be influenced by the
type of sedation given (regional or local anesthetics), therefore this item was adjusted from round 3 on.
a Additional item, b Additional item after first Delphi round, c Additional item after second Delphi round

Evaluation of the feasibility of recommendations by a representative sample of physicians
For all procedures, the 18 physicians of the sample judged the consensus as feasible in
daily practice. Only minor revisions were requested.

Fifth Delphi round
In this round, the experts reflected on the comments of the sample of physicians. The
few minor revisions the sample requested were judged as irrelevant by all 13 experts.
Therefore, no adjustments were made to the draft recommendations.
Final convalescence recommendations and case descriptions
A final set of convalescence recommendations was formulated for each case
description, based on the consensus findings after Delphi round 4 and comments of the
sample of physicians. Table 2 illustrates how the recommendations may be
summarized as guidelines for all surgical procedures.
Table 2. Summary of the final set of multidisciplinary convalescence recommendations
Handling capacity
Hernia Hernia CholecysAppenAppenColec- ColecFrom light to strenuous
repair
repair
tectomy
dectomy dectomy
tomy
tomy
activity
LS
O
LS
LS
O
LS *
O*
Light
2 hours sustained sitting
30 minutes walking
2-4
2-4
2-4
2-4
4
4 days
1-2
Climbing at least 1 staircase
days
days
days
days
days
-1 wk
wks
Lifting or carrying 5kg
Medium
Sitting during entire day
4 hours standing a day
1
1
1-2
1-2
1-2
3-4
4
4 hours walking a day
wk
wk
wks
wks
wks
wks
wks
Lifting or carrying 15kg
Heavy
- Standing and walking
2
2
3
2-3
3
4
6
during entire working day
wks
wks
wks
wks
wks
wks
wks
Other activities
Driving a car
1 wk
1 wk
1 wk
1 wk
1 wk
2 wks
2 wks
Riding a bicycle
1 wk
1 wk
1 wk
1 wk
1 wk
2 wks
3 wks
Taking a bath
1 wk
1 wk
1 wk
1 wk
1 wk
1 wk
1 wk
Sexual intercourse man**
1 wk
1 wk
1 wk
1 wk
1 wk
1 wk
1 wk
Sexual intercourse woman**
1 wk
1 wk
1 wk
1 wk
1 wk
1 wk
2 wks
Resumption of (average) job
± 8 hours a day
2 wks
2 wks
2 wks
2 wks
2 wks
6 wks
8 wks
± 40 hours a week
2 wks
3 wks
3 wks
3 wks
3 wks
6 wks
8 wks
The resumption of activities is considered medically safe from the presented days/weeks after day of
surgery, although individual factors may account for variation in post-operative recovery
Wk(s) = week(s), Dy(s) = days, Ls = Laparoscopic, O = Open
* In case of adjuvant chemo-/ radiation therapy: additional advice is required, ** Considered medically
possible, but may still be painful

DISCUSSION
Main findings
The modified Delphi method proved to be an efficient and useful method in achieving
multidisciplinary consensus on convalescence recommendations following
uncomplicated abdominal surgery. Consensus was reached on 34 relevant activities
after four questionnaire rounds and one group meeting. The recommendations were
judged to be feasible for use in daily practice by a sample of physicians.
Strengths and limitations
The strength of this study lies in its design: a modified Delphi method. Main advantages
of this method are fourfold. First is the heterogeneity of the expert panel resembling the
different caregivers’ occupations involved in the guidance of patients in their
postoperative recovery period, since they all have their own focus during this process.
This answered our aim to reach multidisciplinary consensus. Second is the systematic
collection of evidence concerning this topic, of which the experts received an overview.
Third, the design of the study allowed experts to complete all questionnaires
anonymously, preventing domination by any individual who might otherwise be overly
influential. Fourth, the group meeting provided a setting in which reflection was
possible and revision of earlier judgments of FAL items could take place. Furthermore,
all experts completed the entire Delphi procedure without any dropouts.
A limitation of this study is the use of the functional ability list, which was originally
developed for the detailed assessment of functional ability by OPs and IPs in the
Netherlands. In our modified Delphi study however, we used it to judge different
gradations of strain in the recovery process after abdominal surgery. To date, there is no
better suitable instrument available for the measurement and judgment of graded
resumption of activities after surgery. Secondly, it could be questioned whether the
sample of involved physicians is representative for all professionals involved, since the
group of experts and the sample of physicians were not randomly selected and both
groups consisted of a relatively small number of participants. The advantage of having a
group with only 13 experts is that it is easier to discuss with each other and to hear
everyone’s opinion based on daily practice and experiences. In addition, the level of
evidence should stay the same, also if the group consisted of more professionals. We
believe that 13 group members and 18 additional representatives should be enough to
judge the recommendations. However, in order to evaluate whether these
recommendations are realistic. future research with a bigger sample of patients and
healthcare professionals is necessary. In addition, all physicians were from the
Netherlands. Cultural differences could play a role in recovery and recovery
recommendations, so external validity has to be examined for the results to be

internationally applicable. It needs to be noted that formulated recommendations are
only valid for healthy patients undergoing uncomplicated abdominal surgery and that in
case of complications or comorbidities the physician will have to decide whether the
convalescence recommendations need to be adapted.
No patients have participated in this Delphi study, which could be considered as a
limitation of the study. We decided not to do so since in general patients underestimate
their ability on RTW and RNA. Several factors play a role in this and one of them is that
the positive effects of minimally invasive approaches on recovery and RNA abilities are
not known by patients.6,8,49,50 The greatest benefit of the development of uniform
multidisciplinary recovery guidelines is the opportunity to manage patients’
expectations and cognitions regarding RTW and RNA. However, we did not neglect the
importance of patient participation. The convalesce recommendations that are
developed will be evaluated in an RCT, which will be described later in this discussion.
Comparison with other studies
Uniform, multidisciplinary guidelines on when to resume daily activities and work after
cholecystectomy, appendectomy, colectomy and inguinal hernia repair do not yet exist.
The participation of all different healthcare specialists involved in a patient’s recovery
process—from the moment surgery was scheduled until the return to daily and workrelated activities—in the development of guidelines in these patients, is unique.
To our knowledge, there is one other study that used the Delphi technique to describe
the resumption of six recovery-related activities after cholecystectomy, appendectomy
and inguinal hernia repair (both open and laparoscopic).51 This Delphi study asked
surgeons to consent on when it should be medically safe to resume the six activities that
patients judged relevant in their recovery: “stretching”, “undertaking strenuous
exercise”, “having sex”, “taking a bath”, “driving a car” and “being free of pain.”
Comparing the recommendations of this study group to our own results demonstrates
that the recommendations formulated by our own expert panel concerning the
resumption of “strenuous activities” after laparoscopic and open inguinal hernia repair
and appendectomy are less restrictive. Furthermore, our study is more extensive as our
experts developed recommendations for the gradual resumption of 34 activities instead
of considering only six single activities relevant. Finally, we consider our
recommendations to be more representative for all stakeholders, as they were
formulated by our multidisciplinary expert panel resembling all professionals of
importance in the recovery period (surgeons. OPs and GPs) instead of only regarding
surgeons’ opinion on the expected recovery.
In 2009, our department executed a similar modified Delphi study for the development
of convalescence recommendations after gynecological surgery.22 The modified Delphi
method proved to be successful in bridging the gaps in opinions between the different
stakeholders (in this case gynecologists, OPs and GPs) and to achieve consensus in a

relatively short period of time. After four questionnaire rounds and two group meetings,
consensus was reached for all relevant recommendations for resumption of activities
after hysterectomy (vaginal, abdominal and laparoscopic) and after adnexal surgery
(laparoscopic). Convalescence recommendations developed in both studies turned out
to be similar for comparable procedures. For example, both expert panels agreed that it
is medically safe to resume light activities after 2 days and to resume strenuous
activities (standing and walking the entire day) after 2 weeks following both
laparoscopic adnexal surgery and inguinal hernia repair (laparoscopic as well as open).
Furthermore, recommendations following abdominal hysterectomy were quite
comparable to the recommendations following open colectomy, with this difference
that the resumption of an average job (8 h a day, 40 h a week) was considered medically
possible after 8 weeks following open colectomy instead of the 6 weeks following an
abdominal hysterectomy.
The convalescence recommendations that were developed in the gynecological Delphi
study were evaluated in an RCT.20 Patients who had access to the recommendation
returned to work 9 days earlier than patients from the control group. Regarding the
feasibility, it can be reported that in total 11 % (12/110) of the patients in the RCT stated
that the recommendations were too conservative. On the other hand, 21 % (23/110) of
these patients reported that the reintegration plan they had composed was too
optimistic for their own situation. The majority of patients, 83 % (87/105), followed most
convalescence recommendations. Since the recommendations that were evaluated in
the present Delphi study turned out to be very similar, this suggests that the
recommendations should also be realistic. However, also after this Delphi study future
research is necessary to validate the recommendations.
Considering international guidelines on advice on RTW or RNA such as the UK guideline
from the Royal College of Surgeons (RCS), the RCS developed patient leaflets that offer a
broad guideline in recovery advice after uncomplicated surgery. These leaflets are
accompanied by a “recovery tracker”, which globally describes how someone might feel
after the specific surgery and offers some suggestions about what exercises to
undertake postoperatively. This guideline recommends a postoperative recovery to full
activity or work of 1–2 weeks after open inguinal hernia repair and of 2–3 weeks after
laparoscopic cholecystectomy.52 These recommendations are in line with those
developed by our expert panel for a full return to physically demanding work, with the
difference in that our recommendations take notion of the gradual resumption of
activities. The clinical guidelines of the American Disability Advisor (MDA) present
important time points at which additional evaluation should take place, if full recovery
has not occurred; their disability guideline tables are designed to determine the
duration of sickness benefit. In case of uncomplicated cholecystectomy, it states that
most individuals should be able to resume normal activities within 7–10 days.53 Upon
return to work after inguinal hernia repair, individuals should not lift anything heavy for

6–8 weeks after surgery according to the MDA recommendations.54 On the other hand,
the European Hernia Society guidelines on the treatment of inguinal hernia in adult
patients state that the imposition of a temporary ban on lifting, participating in sports or
working after inguinal hernia surgery, is not necessary and as they quote “Probably a
limitation on heavy weight lifting for 2–3 weeks is enough”.47 The latter is in line with the
recommendations of our expert panel.
Following uncomplicated appendectomy, most individuals are discharged from hospital
within 1 day after surgery. The MDA states that activity will be limited for 1–3 weeks
following surgery, but full recovery should be expected within 4–6 weeks and temporary
restrictions on lifting are advised (not exceeding 11 kg for 6 weeks).55 Our Delphi panel
judged that there is no need to restrict lifting or carrying of 15 kg after 1–2 weeks. For
colectomy, a well-defined advice on when and how to convalesce is lacking, and
according to the MDA, return to work and resumption of light activities should be
approved by the surgeon.56
Apart from the above-mentioned activities in the MDA guideline tables, an overview of
the gradual resumption of recovery-related activities is not provided and therefore no
timeline-related advice can be given for the resumption of specific activities in the
recovery period of patients. The differences in recovery recommendations stated by the
MDA compared with those of our Delphi expert panel are most plausibly explained
through the fact that MDA guidelines are developed to determine the duration of
sickness benefit from an insurance perspective; if full recovery does not occur in a
certain timeframe, additional evaluation should take place. Our guideline, on the other
hand, is developed to provide patients as well as doctors with accurate, uniform
information about the expected time of recovery, reintegration and the gradual
resumption of activities.
Interpretation of the results and policy implications
The recommendations developed through our Delphi study can be interpreted as an
average functional recovery time for the otherwise healthy adult patient. If
complications or comorbidities are present, the physician will have to determine
whether the recovery period needs to be extended. For example, concerning an
appendectomy our expert panel decided the recommendations needed to be adjusted
in case of a perforated appendectomy.
With the development of these multidisciplinary uniform convalescence
recommendations, we aimed to provide surgeons, OPs and GPs with a tool to help them
advise their patients at different moments in their recovery process. Unambiguous
advice is of great importance to enhance recovery and social participation, including
RTW.7,57 Convalescence recommendations given by healthcare providers, however, still
show a great diversity.4,9 Patients often do not know whom to contact in case of
questions or problems related to their recovery process. Standardized

recommendations have become increasingly relevant since the introduction of ERAS or
fast track programs and minimally invasive surgical techniques. Despite the related
early transfer from hospital to primary care, hardly any attention so far has been focused
on the rehabilitation after hospitalization. Well-defined postoperative instructions will
likely have a positive effect on reducing sick leave and will motivate the patient to
resume activities with increasing gradations of strain.7,24, 58,59
Minimally invasive surgery potentially has major advantages over traditional surgery,
not only from a patient’s (recovery) perspective but also on a socioeconomic scale. In
order to take full benefit of these advantages, it is needed to optimize perioperative
counseling and to develop multidisciplinary detailed recommendations on RNA and
RTW after all types of surgery.
Future perspectives
Now that multidisciplinary convalescence recommendations are developed, the next
step will be to validate these recommendations within a sample of patients undergoing
the particular types of surgical procedures. From 2008 onward our study group invested
in optimizing perioperative care through the development of a multidisciplinary care
program.13 This care program consisted of an eHealth intervention providing guidance
to patients undergoing benign gynecological surgery from the preoperative phase until
full recovery of daily activities and work. Simultaneously, it evaluated the effectiveness
of the convalescence recommendations of the 2009 Delphi study in clinical practice.60
The multidisciplinary eHealth intervention proved to be an effective tool on reducing
sick leave and improving quality of life and pain in patients after undergoing surgery.20
These findings underline the need for uniform multidisciplinary convalescence advice
after more types of surgery.
In line with this the effectiveness of the recommendations of the present Delphi study
needs to be evaluated in clinical practice through an RCT. Currently, we are designing
this RCT in which the intervention group of patients will be equipped with tailored
convalescence advice and integrated clinical and occupational care management for
patients with prolonged sick leave is facilitated, compared to usual care. The primary
outcome will be duration until resumption of daily activities. In addition, healthcare
professionals from the participating hospitals will be asked to judge the
recommendations.
Conclusion
A multidisciplinary expert team consisting of surgeons, GPs and Ops, achieved
consensus on convalescence recommendations regarding gradual resumption of daily
activities and work after laparoscopic cholecystectomy and laparoscopic as well as open
inguinal hernia repair, colectomy and appendectomy. At present, study toward
validating the effectiveness of the recommendations in clinical practice is conducted.

In order to take full benefit of the potential advantages of minimally invasive surgery, it
is recommended to optimize perioperative counseling and to develop multidisciplinary
detailed recommendations on RNA and RTW after more types of surgery.
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ABSTRACT
Background
Postoperative recovery after abdominal surgery is measured mostly based on subjective
or self-reported data. In this article we aim to evaluate whether recovery of daily
physical activity levels can be measured postoperatively with the use of an
accelerometer.
Methods
In this multicenter, observational pilot study, 30 patients undergoing laparoscopic
abdominal surgery (hysterectomy, adnexal surgery, cholecystectomy and hernia
inguinal surgery) were included. Patients were instructed to wear an Actigraph wGT3XBT accelerometer during one week before surgery (baseline) and during the first, third
and fifth week after surgery. Wear time, steps taken and physical activity intensity levels
(sedentary, light, moderate and vigorous) were measured. Patients were blinded for the
accelerometer outcomes. Additionally, an activity diary comprising patients’ selfreported time of being recovered and a list of 18 activities, in which the dates of
resumption of these 18 activities were recorded after surgery, was completed by the
patient.
Results
Five patients were excluded from analyses because of technical problems with the
accelerometer (n =1) and protocol non-adherence (n = 4). Light, moderate, vigorous,
combined moderate and vigorous intensity physical activity (MVPA), and step counts
showed a clear recovery curve after surgery. Patients who underwent minor surgery
reached their baseline step count and MVPA three weeks after surgery. Patients who
underwent intermediate surgery had not yet reached their baseline step count during
the last measuring week (five weeks after surgery). The results of the activity diaries
showed a fair agreement with the accelerometer results (Cohens Kappa range: 0.2730.391). Wearing the accelerometer was well tolerated and not regarded as being
burdensome by the patients.
Conclusions
The accelerometer appeared to be a feasible way to measure recovery of postoperative
physical activity levels in this study and was well tolerated by the patients. The
agreement with self-reported physical recovery times was fair.

BACKGROUND
Postoperative recovery is an essential component of surgical therapy. Innovation of
surgical techniques and the development of interventions aiming to enhance the
recovery process, necessitate tools to measure recovery.1-5 A frequently used standard
to measure postoperative recovery is length of hospital stay, because it provides us with
a well-defined and objective definition.6 However, an increasing number of operations
are performed as day surgeries and hospital stay has decreased generally over the last
decade.7 Patients are not fully recovered at time of discharge and subsequently, hospital
stay does not correlate with postoperative recovery. Currently, a wide variation of
instruments and outcomes are used to determine postoperative recovery, such as
quality of life, satisfaction, pain, recovery indices and return to normal activities.1,8-10
Unfortunately, all of these measuring instruments are subjective and self-reported and
therefore prone to measurement bias.1
In physical activity research, accelerometers are used as an objective measure of
physical activity and sedentary behaviors.11,12 Furthermore, activity monitors such as
pedometers and the now widely commercially available wearables are used to promote
physical activity, for example as behavior change tool in trying to prevent and manage
obesity.13,14 Promoting physical activity is an important element in medical care as well,
for example in the prevention of postoperative complications such as pneumonia,
decubitus and deep venous thrombosis.15-17 The use of accelerometers in postoperative
care seems therefore logical, not only to measure postoperative physical activity levels,
but also as a tool to stimulate physical activities after surgery.
Some earlier research has been carried out with accelerometers in perioperative care,
but these studies have focused on a relatively short postoperative period or used the
accelerometer as an intervention to stimulate physical activities.18-20 Therefore, data
representing the normal recovery process measured with an accelerometer are lacking.
In this observational pilot study we will measure physical activities during four moments
of one week each in the postoperative period. We aim to evaluate:
1) Whether recovery of physical activity levels can be measured postoperatively with
the use of an accelerometer.
2) Whether the physical activity results measured with the accelerometer correspond
with self-reported recovery of physical activity levels.
3) Whether the use of an accelerometer in the postoperative course is feasible and
accepted by patients.

METHODS
Study design
A multicenter, observational pilot study was conducted including 30 patients. Two
teaching hospitals in Amsterdam, the Netherlands participated in the study. All patients
waiting for surgery, who met the inclusion criteria, were approached for participation
and signed informed consent. Patients received a gift card of 50 euros after completing
the study. The study was conducted in accordance with the STROBE statement.21 The
study was approved by the local medical ethics committee of the VU medical center with
registration number 2014.364.
Population
Patients between 18 and 75 years old, who were on the waiting list for the following type
of surgeries were included: laparoscopic hysterectomy, laparoscopic adnexal surgery,
laparoscopic cholecystectomy and laparoscopic inguinal hernia repair. These
procedures were selected since we aimed to include a various sample of procedures
because of the proof of concept design of the study and these are commonly applied
surgical and gynecological procedures in the Netherlands. Laparoscopic hysterectomy
was defined as intermediate surgery and laparoscopic adnexal surgery, laparoscopic
cholecystectomy and laparoscopic inguinal hernia repair as minor surgery. This
subdivision is based on a classification which has been used previously in gynecologic
surgery.22,23 The general surgical procedures were classified in line with these
classifications. We based the latter on Delphi based recommendations among experts
for resumption of normal activities after various surgical procedures in gynecology and
general surgery.24,25 Exclusion criteria were: (suspicion of) malignancy, deep infiltrating
endometriosis, less than one week of waiting between identification and surgery, lack of
understanding of the study information or insufficient Dutch language proficiency.
Outcome measures
Physical activities – Accelerometer
We used the Actigraph wGT3X-BT accelerometer to measure physical activity (Actigraph,
Pensacola, FL, USA), which is a small lightweight device worn on the hip with an elastic
belt. Patients were asked to wear the accelerometer for seven consecutive days during
the week before surgery (T0), one week after surgery (T1), three weeks after surgery (T2)
and five weeks after surgery (T3), resulting in four measuring moments of one week
each. Patients were asked to wear the accelerometer during waking hours on the right
hip, except during water based activities. The Actigraph does not provide feedback to
the patient. The sensor of the accelerometer provides raw acceleration data and also

converts accelerations into activity counts based on a company algorithm. Activity
counts are summed up and stored over a set time period (epoch). Accelerometer data
was cleaned in 60 second epochs in order to capture health enhancing physical activities
in line with the protocol used in NHANES.26 Non-wear time was defined as ≥ 60 minutes
of no activity (consecutive zeroes, allowing for two interruptions of <100 counts). A valid
day was defined as having a minimum of 10 h per day wear time, with the exception for
the first week after surgery when a valid day was defined as six hours of wear time per
day. This was done as patients were more bedridden in this week and often did not wear
the accelerometer when in bed. Participants needed a minimum of four valid days per
measuring week, to be included in the analyses. Steps taken and time spent in different
intensity levels were used as outcomes. Existing cut-off points were used for the vertical
axis of the accelerometer, in order to determine time spent in sedentary time (<100
counts/min), and light- (100–2019 counts/min), moderate- (2020–5998 counts/min) and
vigorous intensity physical activity (≥5999 counts/min).26
Physical activities – Activity diary
Patients completed an activity diary after surgery, in which they recorded the first date
they were able to perform a specific activity. This comprises a newly developed list of 18
activities (Additional file 1). Patients were instructed to fill in the dates on which they felt
they had returned to their normal activity level for each of the 18 activities on the list.
Patients were provided with the option to fill in ‘not applicable’ where appropriate. In
addition the list contained two questions ‘when did you feel physically recovered’ and
‘when did you feel fully recovered (physically and mentally)’. After five weeks patients
were asked to return the list. When patients had not returned to their normal activity
level regarding an activity, the date was censored on five weeks after surgery. The list
was based on an earlier study of our research group in which patients could make their
own recovery advice based on recommendations which were developed in a Delphi
study.24,25
Feasibility - Feasibility questionnaire
We evaluated the feasibility of the accelerometer with a number of questions five weeks
after surgery (Additional file 2). These questions concerned compliance, burden and
usability of the accelerometer.
Statistical analyses
Mean step count and physical activity intensity level were calculated per measuring day
and per measuring week, using only valid days. The definition for recovery of physical
activity levels was that the mean activity level was at 90% or above of the mean baseline
activity level, a definition which is commonly used in similar type of research.19 This was
calculated for both step count and mean moderate physical activity intensity (MVPA).

Comparing normally distributed scale variables between two subgroups was performed
using the independent-Samples T test. When a scale variable was not normally
distributed, the Mann-Whitney U test was used. Comparing nominal variables between
two subgroups was done using the X2 test. Repeated-measures ANOVA were used to
compare the mean counts of the accelerometers between the different time points. A
significance level of p < 0.05 was considered. Agreement between the accelerometer and
the activity diary was quantified using Cohens kappa. A Cohen kappa of ≤ 0 was
considered as no agreement, 0.01–0.20 as none to slight agreement, 0.21–0.40 as fair
agreement, 0.41– 0.60 as moderate agreement, 0.61–0.80 as substantial agreement, and
0.81–1.00 as perfect agreement.27

RESULTS
Participants
Between September 2014 and July 2015 we identified 106 patients from the surgery
waiting list. In 20 patients surgery had already been carried out (n=11), surgery had been
cancelled (n=7), or we had not been able to reach them in time (n=2). Of the 86 patients
assessed for eligibility, 30 patients (34.9%) participated in the study. The main reason for
non-participation was that patients were not interested in study participation (Figure 1).
Figure 1. Flowchart

Comparison between the patients who participated and those who did not, revealed no
statistically significant differences regarding demographic characteristics (gender, age,
social economic status) and health related characteristics (type of surgery, American
Society of Anesthesiologists (ASA) classification and body mass index (BMI)). All 30
included patients completed the study. Data of 25 patients were used for analyses
(Table 1). Data of five patients were not used for analyses due to an accelerometer error
(n=1) or not meeting the accelerometer wearing criteria (n=4). Most patients were

female (76.7%), the mean age was 44.3 years old and most patients were employed
(83.3%). Seventeen patients underwent minor surgery and 13 patients underwent
intermediate surgery. There were no major differences in baseline characteristics
between patients who were analyzed and those whose data were not used for the
analyses, except for BMI which was higher in the group of patients excluded from
analyses.
Table 1. Characteristics of the analyzed patients
Analyzed patients
Patients excluded from
(n=25)
analyses (n=5)
Gender, n (%)
Male
6 (23.3)
1 (20.0)
Female
19 (76.7)
4 (80.0)
Age, mean ±SD
45.16 ±8.96
42.6 ±7.16
SES, mean ±SD 31
0.82 ±1.05
-0.33 ±0.78
Level of education, n (%)
Low
5 (20.0)
1 (20.0)
Medium
10 (40.0)
2 (40.0)
High
10 (40.0)
2 (40.0)
Employment status, n (%)
Employed
21 (84.0)
4 (80.0)
Unemployed
4 (16.0)
1 (20.0)
Type of surgery (all laparoscopic), n (%)
Minor
13 (52.0)
4 (80.0)
Adnexal surgery
6
1
Inguinal hernia repair
4
1
Cholecystectomy
3
2
Intermediate (hysterectomy)
12 (48.0)
1 (20.0)
ASA classification, mean ±SD
1.20 ±0.41
2.25 ±0.50
BMI, mean ±SD
25.31 ±4.22 *
29.12 ±5.40
Sport, n (%) **
Yes
18 (72.0)
3 (60.0)
No
7 (28.0)
2 (40.0)
SD = standard deviation, SES = Social Economic Status. Scores are based on geographic location, ASA =
American Society of Anesthesiologists classification, BMI = Body Mass Index
* Significantly lower in the analyzed patients compared to the patients whose data were not used for the
analyses, ** Patients were asked on baseline whether they perform any type of sport in daily life

Results of the accelerometer
Table 2 presents the accelerometer results per measuring week for the 25 patients. The
p-values indicate whether the values of each measuring week differ significantly from
each other. Values highlighted with a * differ significantly in comparison to the value of
T0 (baseline measurement). The mean number of valid days per week was similar for
each measuring week. The mean wear time per day differed significantly between the
different measuring weeks (p < 0.001) with the longest wear time during T0. Of the
different physical activity intensity levels, light, moderate, vigorous, combined

moderate and vigorous activities (MVPA) and step count differed significantly per
measuring week, thus representing the clearest recovery curves after surgery. Mean
min/day moderate physical activity and MVPA on T3 were not significantly different from
T0, indicating that baseline levels were reached at this moment.
Table 2. Mean accelerometer data (n=25), based on valid days
One week
One week
Three weeks
Five weeks
P-value
before
after surgery
after surgery
after surgery
for time
surgery (T0)
(T1)
(T2)
(T3)
trend **
Mean min/day wear
869 (64.18)
709 (109.71)*
815 (71.62)*
822 (71.72)*
<0.001
time per day (SD)
Mean number of valid
6.24 (1.10)
5.76 (1.16)
6.16 (1.03)
6.20 (0.96)
0.175
days per week (SD) ***
Mean min/day
548 (101.67)
554 (83.62)
549 (78.49)
534 (91.81)
0.674
sedentary physical
activity (SD)
Mean min/day light
294 (85.86)
148 (76.98)*
248 (94.89)*
268 (85.70)*
<0.001
physical activity
intensity (SD)
Mean min/day
26.08 (19.23)
6.53 (8.93)*
17.76 (15.16)*
19.47 (14.94)
<0.001
moderate physical
activity intensity (SD)
Mean min/day vigorous
1.02 (2.30)
0.08 (0.28)
0.41 (1.19)
0.31 (1.31)
0.089
physical activity
intensity (SD)
Mean min/day
27.10 (19.46)
6.61* (9.08)
18.17* (15.53)
19.78 (14.94)
<0.001
moderate and vigorous
physical activity
intensity (MVPA) (SD)
Mean step count per
7634
2775*
5912*
6464*
<0.001
day (SD)
(3343.25)
(1815.71)
(3134.72)
(2781.38)
* significant different compared to T0 (Bonferroni corrected p-value < 0.05) , ** The p-values indicate whether
the values of each measuring week differ significantly from each other, *** A valid day was defined as having a
minimum of 10 h per day wear time, except for the first week after surgery (T1) when a valid day was defined as
6 h of wear time per day.

In Figure 2 the mean step count (2A) and MVPA (2B) levels per measuring week are
graphically displayed, for the total group and according to type of surgery. For the group
of patients who underwent minor surgery, mean step count and MVPA differed
significantly on T1 compared to T0, but this was no longer the case on T2 (p = 0.650 and
p = 0.543 respectively), indicating that these group of patients had achieved their mean
baseline step count and MVPA three weeks after surgery. However the group of patients
who had undergone intermediate surgery had not even achieved their mean baseline
step count and MVPA five weeks after surgery (difference between T3 and T0 p = 0.007
and p = 0.022 respectively). When determining whether or not each individual patient
has achieved his or her own baseline step count (2C) or MVPA (2D), the graph shows a
different pattern. In contrast to what graph 2A and 2B suggests, graphs 2C and 2D show

that only 44% of the patients had reached their baseline step count and MVPA within five
weeks after surgery (61.5% (8/13) of the patients who underwent minor surgery and 25%
(3/12) for the intermediate surgery patients). This illustrated the individual variations
between patients, with some patients surpassing their baseline levels (n = 8), which
increases the mean group levels. Patients who did not reach their baseline step count
five weeks after surgery (n = 11) on average achieved 69.45% of their baseline step count
(range 43.57–89.40%). For MVPA this was 50.7% with a range of 17.95–89.43%.
Figure 2. Results of the accelerometer.

a: Mean step count per measuring week. b: Mean MVPA per measuring week. c: Percentage of patients who
reached baseline step count per measuring week. d: Percentage of patients who reached MVPA per measuring
week. ●= Total group, ■ = Intermediate surgery group (laparoscopic hysterectomy), ▲ = Minor surgery group
(adnexal surgery, cholecystectomy, inguinal hernia repair as minor surgery (all laparoscopic))
T0: one week before surgery, T1: one week after surgery, T2: three weeks after surgery, T3: five weeks after
surgery

Figure 3 presents the daily variation in mean step count for each assessment week. This
clearly shows the expected within week variation of activity levels but also reveals a
clear recovery curve in the first week after surgery. Twenty-four patients returned their
activity diary at the end of the study. Twenty five percent of the patients (6/24) resumed
all the activities which were applicable to them five weeks after surgery. This showed a
fair agreement with reaching baseline step count five weeks after surgery (Cohens kappa
0.391) and reaching MVPA five weeks after surgery (Cohens kappa 0.273). In addition
patients were asked whether they felt physically recovered and fully mentally and
physically recovered after five weeks. 45.8% (11/24) reported that they felt physically
recovered after five weeks. This showed moderate agreement (Cohens kappa 0.497)
with reaching baseline step count after five weeks and fair agreement with reaching
MVPA after five weeks (Cohens kappa 0.239). 37.5% (9/24) reported that they felt fully
mentally and physically recovered after five weeks. This matched fair with the
accelerometer data. (Cohens kappa of 0.319 for reaching baseline step count and
Cohens kappa of 0.391 for reaching MVPA after five weeks).
Figure 3. Mean step count per day according to type of surgery.

●= Total group, ■ = Intermediate surgery group (laparoscopic hysterectomy), ▲ = Minor surgery group
(adnexal surgery, cholecystectomy, inguinal hernia repair as minor surgery (all laparoscopic))
----- = not a measuring moment
T0: one week before surgery, T1: one week after surgery, T2: three weeks after surgery, T3: five weeks after
surgery
A selection of the most relevant activities of the activity diary are presented in Figure 4
(12 out of 20). The majority of the patients who underwent intermediate surgery did not
resume the majority of the activities by the end of week 5. Therefore, the outcomes of
the intermediate surgery group were not included in Figure 4. In Figure 4 the median

recovery times for the selected activities of the patients who underwent minor surgery
are plotted against the daily step count levels. Return to seven out of 12 activities had a
median time between one and two weeks after surgery, the weeks in which the largest
increase in step count was detected.
Figure. 4 Mean step count per day and median reported recovery times (minor surgery group).

T0: one week before surgery, T1: one week after surgery, T2: three weeks after surgery, T3: five weeks after
surgery

We evaluated the feasibility of the accelerometer with a number of questions among the
participants at the end of the study. One participant did not respond. Of the remaining
24 participants, 23 (95.8%) reported that it had been clear to them how to use the
accelerometer. None of the patients found it burdensome to wear the accelerometer.

Ten patients (41.7%) indicated that they had failed to wear the accelerometer for one or
two days. Reasons were that they had forgotten it (n = 6), because they had stayed in
bed the whole day (n = 3) and that it had been too painful to wear the accelerometer at
these moments (n = 1).

DISCUSSION
Results of this proof of concept study show that the accelerometer provides a feasible
and objective method to measure recovery of physical activity levels after various forms
of abdominal surgery. The group of patients who underwent minor surgery reached
their mean baseline step count and MVPA three weeks after surgery. The group of
patients who underwent intermediate surgery had not reached their mean baseline step
count and MVPA five weeks after surgery. However, determining whether or not each
individual patient has reached his or her own baseline step count, shows that only
61.5% (8/13) of the patients who underwent minor surgery and 25% (3/12) of the
patients who underwent intermediate surgery, had reached their baseline step count or
MVPA at the end of the study (five weeks after surgery). An explanation for this
dissimilarity is that eight patients had surpassed their baseline levels five weeks after
surgery, which increased the mean group levels. The outcomes of the accelerometer
showed a fair agreement with the self-reported activity results recorded in the activity
diary and a moderate agreement with patients’ report of having the feeling of being
physically recovered.
There are few other studies which use the accelerometer in the postoperative care. In a
study by Bisgaard et al, 24 patients undergoing laparoscopic cholecystectomy used a
wrist-worn mini-motion logger Actigraph accelerometer (Basic model, Ambulatory
Monitoring, Inc, New York, NY) one week before surgery until one week after surgery.18
Patients reached their baseline physical activity level two days after surgery. The
difference in outcome might be explained by differences in study population. The preoperative activity level in our study was lower than the pre-operative activity level in
Bisgaards’ study (105.07 activity counts/minute vs around 200 activity counts/minute),
which suggests that the study population in Bisgaards’ study consisted of a more active
group. However, we have to be careful comparing the activity levels from both studies,
since different measuring instruments are used. Secondly, our group of patients who
underwent minor surgery, comprised three different types of laparoscopic surgery, of
which three out of 13 underwent a laparoscopic cholecystectomy. The heterogeneity of
our group might result in different outcomes. Lastly, the study group of Bisgaard et al.
followed a relatively intense study program which might have resulted in a difference of
motivation.

Another study carried out with an accelerometer in postoperative care by WasowiczKemps et al. including an intervention group (n = 36) and a control group (n = 28) which
both wore an accelerometer (PAM Model AM101, PAM B.V., Doorwerth, The Netherlands),
performed measurements one week before a laparoscopic cholecystectomy until one
week after surgery.19 The control group received no feedback from their accelerometers
as the display was turned off, while the intervention group did receive physical activity
feedback from the display after surgery and also received personal advice regarding
their physical activity. Activity scores were expressed in PAM scores based on
accelerations in the vertical axis. In the control group 10/28 (36%) patients had reached
their preoperative value one week after surgery compared to 18/36 (50%) patients in the
intervention group. Reaching baseline was defined as a PAM score exceeding 90% of the
mean preoperative value. In our study only 2/13 patients (15.4%) who underwent minor
surgery reached their baseline step count one week after surgery and 5/13 (23.1%) their
baseline MVPA. In our study the definition of reaching baseline was also set at 90% of the
mean preoperative value. Again, the difference in outcome might be due to the
heterogeneity of our minor surgery group and the fact that patients from the
intervention group of Wasowicz-Kemps’ study received extra advice regarding their
physical activities and could not see their own activity results.
Until now, our pilot study has been the first study in which postoperative physical
activity levels are measured for a period longer than one week after surgery with an
accelerometer, without any additional interventions, resulting in a clear and objective
view of the recovery process. Only in obesity surgery, studies have been performed
measuring activity levels after bariatric surgery nine months and 12 months after
surgery respectively.28,29 However, these studies are focusing on measuring physical
behavior changes instead of measuring recovery of physical activities after surgery.
Another strength of our study is that we also measured self-reported activity results,
using a self-developed activity diary. We have chosen to do so since pre-existing
questionnaires focusing on daily activities were not suitable to match to the
accelerometer results, because we were interested in a date of resumption after surgery
and this is not what these kind of questionnaires focus on. We tried to develop a welldocumented list, which has not yet been validated in this population, by using a
functional ability list which earlier had been used to develop the convalescence
recommendations of the type of surgical procedures we included in our study.24,25
However, since the agreement between the accelerometer results and the activity diary
was fair in this study, no assumptions can be made regarding the fact that this was
because we have not used a validated questionnaire to measure activities or because
the correlation between self-report and objective measures was indeed low. This could
be the case since the accelerometer only measures objective physical data and the selfreport also contains subjective mental feelings regarding the recovery process. The

same applies to the moderate agreement between patients’ self-report of being
physically recovered and reaching baseline step count with the accelerometer. Future
research in this field should therefore be performed using a validated physical activity
instrument (such as the International Physical Activity Questionnaire alongside the
accelerometer).30 Another limitation of our pilot study is the heterogeneity within the
small study sample with regard to surgical procedures. Different surgical procedures
might result in different patterns of recovery. However, the heterogeneity could also be
regarded as an advantage, as using an accelerometer to objectively assess
postoperative recovery levels might be applicable to a wide range of surgeries. We have
tried to remedy this by dividing the surgical procedures into minor and intermediate
surgery. Although the subdivision is partly based on current literature, the subdivision
remains controversial. Therefore, future studies should try to include more participants
per surgical procedure in order to improve comparison between and within the different
patient groups. Another limitation is that the mean wear time per day differed
significantly between the measuring weeks. Wear time during T1 was lower, which was
due to the alternative definition that was used for this time point as many patients were
bedridden and not always wearing the accelerometer in bed in this week. This may give
an underestimation of physical activity in the first postoperative measuring week,
especially in patients that might not have been bedridden and did not wear the
accelerometer. However, wear time in the first week after surgery was considerably
lower than in the other weeks mostly because participants did not wear the
accelerometer in bed, and hence a correction for wear time would overestimate the
physical activity levels in the first week considerably as non-wear time was mostly spent
sedentary. Overall the protocol adherence was good, which suggests that the
underestimation will have been minimal. Wear time during T2 and T3 was also lower
than during T0, however in our opinion this difference was clinically not relevant and
possibly still due to extra sleep time. Lastly, there was a relatively low inclusion
percentage. The non-response analysis showed no significant differences in patient
characteristics between included and non-included patients, but the included patients
are likely to be a selection of the more motivated patients who are more willing to
accept the additional burden of wearing an accelerometer.
This study has shown that the accelerometer can be used as an objective tool to
measure recovery of physical activity levels after laparoscopic abdominal surgery
(hysterectomy, adnexal surgery, cholecystectomy and hernia inguinal surgery). Step
count and MVPA showed the same postoperative pattern which suggests that measuring
postoperative step counts is an adequate measure for assessing postoperative activity
level. Although this study showed that it is possible to measure postoperative recovery
by an accelerometer, the clinical application remains controversial. First of all, because
of the fact that using the accelerometer is relatively time consuming. This was

supported by the low inclusion percentage in this study and the fact that although all
patients completed the study, four patients could not fulfilling the strict wearing time
criteria. A small wrist-worn device might have the advantage over the current hip-worn
device, being easier to wear during the bed bound period just after surgery, resulting in
better wear compliance. In addition the accelerometer which we used in this study costs
approximately EUR 250 per device. Researchers can consider using a cheaper
commercially available activity tracker which only measures steps in future research or
clinical practice as opposed to our more expensive research based tool. Further, we
think that the relatively low inclusion percentage was also because we could not offer
the participants any benefit since they did not receive any feedback in the current study.
However, when an intervention will be added, ie when patients can see their own
activity results and get feedback, the added value might become obvious. The results of
this study can help defining some standard values for giving feedback. In conclusion, an
accelerometer can be useful in postoperative care to measure postoperative physical
activity levels. Future research with a larger number of patients, also including open
abdominal surgical procedures have to be performed to get more insight into the
generalizability and clinical applicability of the results of this proof of concept study.
Conclusions
This observational proof of concept study showed that:
1) The accelerometer showed a clear recovery curve over time and a clear difference in
recovery curve according to level of invasiveness of the surgical procedure, which makes
it a promising tool to assess post-operative recovery of daily physical activity levels.
2) The agreement between accelerometer results and the self-reported recovery times
was fair in this study. More research is necessary to explore this.
3) The accelerometer was a feasible measure for objectively assessing post-operative
recovery of daily physical activity levels, as it was well tolerated by the patients.
Abbreviations
ASA: American society of anesthesiologists classification
BMI: Body mass index
MVPA: Moderate and vigorous intensity physical activity
SES: Social Economic Status. Scores are based on geographic location
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ABSTRACT
Background
To assess the construct validity and responsiveness of the PROMIS Physical Function
v1.2 short form 8b (PROMIS-PF), and the PROMIS Ability to Participate in Social Roles
and Activities v2.0 short form 8a (PROMIS-APS) in postoperative recovery.
Methods
An observational pilot study was conducted in which 30 patients participated,
undergoing various forms of abdominal surgery. Patients completed the PROMIS-PF and
PROMIS-APS, the Short Form 36 Health Survey (SF-36) and the World Health
Organization Disability Assessment Schedule 2.0 (WHODAS) at several time points
before and after surgery. The construct validity and responsiveness of the two PROMIS
short forms were evaluated by testing pre-defined hypotheses and were considered
adequate when at least 75% of the data was consistent with the hypotheses. Construct
validity was evaluated by calculating Spearman correlations and the responsiveness by
calculating effect sizes.
Results
6/7 (85.7%) of the results were consistent with the hypotheses supporting the construct
validity of the PROMIS-PF. For the PROMIS-APS this was the case in 6/15 (40.0%) of the
results. For the PROMIS-PF, 6/7 (85.7%) of the results were consistent with the
hypotheses, supporting responsiveness. Regarding the responsiveness of the PROMISAPS, only 7 out of 13 (53.8%) of these results were consistent with the hypotheses.
Conclusions
This study supported the construct validity and the responsiveness of the PROMIS-PF
v1.2 short form 8b for measuring recovery in abdominal surgery. Considering the major
advantages of PROMIS, we recommend the use of the PROMIS-PF in abdominal surgery.

BACKGROUND
Measuring recovery after surgery has become increasingly important over the past
years. This is due to the fact that new surgical techniques have been developed and
interventions to speed up recovery are increasingly popular, which means that the
number of comparative studies in postoperative care is growing.1–4 However,
postoperative recovery is a complex and multi-dimensional construct and the recovery
process varies among patients.5, 6 A variety of instruments is currently being used to
measure recovery after surgery, capturing different aspects of the recovery process,
such as physical function, pain, or participation in society.7–9 These questionnaires are
often quite long and time consuming to complete, which is experienced as burdensome
by patients.10,11 Furthermore, all patients need to complete the same questions, while
not all questions are relevant to all patients. It is not clear either whether these
instruments are sensitive enough to measure relevant changes in postoperative function
from a patient’s perspective.10,12,13
A promising alternative is the Patient-Reported Outcomes Measurement Information
System (PROMIS).14 The PROMIS initiative has developed a new innovative generic
assessment system for measuring patient-reported health, consisting of Item Response
Theory (IRT)-based item banks, which are large sets of questions (items) that all
measure the same construct, such as physical function or participation. An advantage of
using item banks is that relevant items for a specific patient (group) can be selected
from an item bank and administered as short forms, consisting of a fixed set of 4–10
items. This has the potential to personalize questionnaires by selecting only those items
which are relevant for a specific patient or population. This is particularly interesting for
measuring postoperative recovery, since the postoperative recovery process is different
for each individual. An ultimate form of personalization is to administer item banks
through Computerized Adaptive Testing (CAT). With CAT items are selected from an item
bank based upon the respondent’s answers to previous questions. A main advantage of
CAT is that patients get more relevant questions and fewer questions are required to get
a reliable score. However, a computer and specific CAT software are required.
The PROMIS instruments have been validated in several populations and countries and
shown to have good measurement properties.15 Also, PROMIS has shown to be
responsive to changes in surgical patients.16-18 However, construct validity and
responsiveness have not been assessed in patients undergoing abdominal surgery and
no longitudinal validation study has yet been performed in the Netherlands. Since CAT
software was not yet available at the start of this study, we aimed to evaluate the
construct validity and responsiveness of the PROMIS Physical Function v1.2 short form
8b (PROMIS- PF) and the PROMIS Ability to Participate in Social Roles and Activities v2.0

short form 8a (PROMIS-APS) in patients undergoing commonly applied minor surgical
abdominal procedures.

METHODS
Study design
Data was used from an observational pilot study in 30 patients undergoing minor
surgical abdominal procedures. The original aim of the pilot study was to evaluate the
feasibility of using an accelerometer in the postoperative course after abdominal
surgery, in preparation for a clinical trial.19,20 A sample size of 30 was considered
appropriate for the feasibility testing of the accelerometer. Questionnaires were
completed by all patients in the pilot study and could be used for assessing the
construct validity and responsiveness of the PROMIS short forms. The study was
approved by the local medical ethics committee under registration number 2014.364
and funded by ZonMw (project number 837002409), an organization for health research
and development in the Netherlands. Patients who fulfilled the inclusion criteria and
who were willing to participate, signed informed consent.
Participants
Patients were recruited from the surgical waiting lists of two participating teaching
hospitals in Amsterdam, the Netherlands between September 2014 and July 2015.
Patients undergoing one of the following types of surgical procedures were eligible for
the study: laparoscopic hysterectomy, laparoscopic adnexal surgery, laparoscopic
cholecystectomy and laparoscopic inguinal hernia repair. Laparoscopic adnexal surgery,
laparoscopic cholecystectomy and laparoscopic inguinal hernia repair were classified as
minor surgical procedures and laparoscopic hysterectomy as an intermediate surgical
procedure. This subdivision is commonly used in gynecologic surgery.7,21 Exclusion
criteria were: (suspicion of) malignancy, deep infiltrating endometriosis, a waiting
period of less than one week for surgery, lack of understanding of the study information,
insufficient Dutch language proficiency, or lack of informed consent.
Measurements
Participants were asked to complete four questionnaires electronically at four different
moments (during the month before surgery (T0), one week after surgery (T1), three
weeks after surgery (T2) and five weeks after surgery (T3)) (Table 1).
PROMIS - Physical Function v1.2 short form 8b (PROMIS-PF)
The PROMIS-PF item bank consists of 121 items and measures self-reported capability
rather than actual performance of physical activities. This includes the functioning of

one’s upper extremities (dexterity), lower extremities (walking or mobility), and central
regions (neck, back), as well as instrumental activities of daily living, such as running
errands. The PROMIS short form v1.2 8b was derived from the PROMIS-PF function item
bank, and contains eight questions assessing limitations in daily physical activities. This
IRT-based item bank has been developed and validated in the US and translated into
Dutch-Flemish.22,23 Validation studies performed in Dutch patients confirmed the
unidimensionality and underlying calibration of the IRT model.24-26 Scores are expressed
as T-scores, representing a standardized score with a mean of 50 (corresponding to the
mean score in the US general population) and a standard deviation (SD) of 10. Higher
scores mean better physical function.
Table 1: Assessment of outcome measures
One week before
One week after
Three weeks after
Five weeks after
surgery (T0)
surgery (T1)
surgery (T2)
surgery (T3)
PROMIS -PF
X
X
x
x
PROMIS-APS
X
X
x
x
WHODAS
X
X
x
x
SF-36
X
x
x
PROMIS-PF: PROMIS - Physical Function v1.2 short form 8b. PROMIS-APS: PROMIS Ability to Participate in Social
Roles and Activities v2.0 short form 8a. WHODAS: WHO Disability Assessment Schedule 2.0. SF-36: The Short
Form (36) Health Survey

PROMIS Ability to Participate in Social Roles and Activities v2.0 short form 8a (PROMIS-APS)
The PROMIS-APS item bank contains 35 items and assesses the perceived ability to
perform one’s usual social roles and activities. The short form V2.0 8a consists of eight
questions and was derived from the PROMIS-APS item bank. This IRT-based item bank
has been developed and validated in the US and translated into Dutch-Flemish.27, 28
Validation studies performed in Dutch patients undergoing rehabilitation and in the
Dutch general population confirmed the unidimensionality and underlying calibration of
the IRT model (personal communication, manuscripts in preparation). Scores are
expressed as T-scores, representing a standardized score with a mean of 50
(corresponding to the mean score in the US general population) and a standard
deviation (SD) of 10. Higher scores mean better ability to participate.
WHO Disability Assessment Schedule 2.0 (WHODAS)
The WHODAS is a self-report questionnaire developed by the World Health Organization
(WHO), containing 36 questions divided into six subscales 29:
• Cognition – understanding & communicating (WHO-CG, 6 items)
• Mobility– moving & getting around (WHO-MO, 5 items)
• Self-Care– hygiene, dressing, eating & staying alone (WHO-SC, 4 items)
• Getting Along– interacting with other people (WHO-GA, 5 items)

• Life Activities– domestic responsibilities, leisure, work & school (WHO-LA, 4 items),
divided in the Household subscale (WHO-LA-H) and the Work subscale (WHO-LA-W, 4
items)
• Participation– joining in community activities (WHO-PART, 8 items)
Construct validity and responsiveness of the WHODAS was supported in people with
different health conditions across different cultures.30 Higher scores indicate more
impairment in the constructs being measured.
The Short Form (36) Health Survey (SF-36)
The SF36 contains 36 questions measuring eight constructs:
• Physical Functioning (SF-PF, 10 items)
• Emotional Role Functioning (SF-ERF, 3 items)
• Physical Role Functioning (SF-PRF, 4 items)
• Bodily Pain (SF-BP, 2 items)
• Mental Health (SF-MH, 5 items)
• Vitality (SF-VT, 4 items)
• Social Functioning (SF-SF, 2 items)
• General Health (SF-GH, 5 items)
The Dutch version of the questionnaire was used, which was validated in a Dutch
general population. Multitrait scaling analysis confirmed the hypothesized scale
structure of the SF-36 and internal consistency was high. Known-group comparisons
yielded consistent support for the validity of the SF-36.23 Higher scores represent more
of the construct being measured.
Statistical analyses
SPSS version 20.0 was used to analyze the data. Baseline characteristics were presented
using descriptive statistics. To evaluate construct validity and responsiveness of the
PROMIS-PF and the PROMIS-APS, predefined hypotheses (by EM and CT) were tested:
Hypotheses regarding the construct validity of the PROMIS-PF
1, 2, 3, 4: The PROMIS-PF has a high correlation (>0.7) with the Mobility subscale of the
WHODAS (WHO-MO) on each time point (T0, T1, T2, T3).
5, 6,7: The PROMIS-PF has a high correlation (>0.7) with the Physical Functioning
subscale of the SF-36 (SF-PF) on each time point (T0, T2, T3).

Hypotheses regarding the construct validity of the PROMIS-APS
1, 2, 3, 4: The PROMIS-APS has a high correlation (>0.7) with the Life ActivitiesHousehold subscale of the WHODAS (WHO-LA-H) on each time point (T0, T1, T2, T3).
5, 6, 7, 8: The PROMIS-APS has a high correlation (>0.7) with the Life Activities-Work
subscale of the WHODAS (WHO-LA-W) on each time point (T0, T1, T2, T3).
9, 10, 11, 12: The PROMIS-APS has a high correlation (>0.7) with the Participation
subscale of the WHODAS (WHO-PART) on each time point (T0, T1, T2, T3).
13, 14, 15: The PROMIS-APS has a high correlation (>0.7) with the Physical Role
Functioning subscale of the SF-36 (SF-PRF) on each time point (T0, T2, T3).
Hypotheses regarding the responsiveness of the PROMIS-PF
1, 2, 3: Intermediate surgical procedures show larger change in physical function scores
between the consecutive time points (T0-T1, T1-T2, T2-T3) than minor surgical
procedures.
4, 5, 6: The PROMIS-PF is equally or more responsive (at most 0.05 smaller effect size)
than the WHO-MO subscale of the WHODAS between the consecutive time points (T0-T1,
T1-T2, T2-T3)
7: The PROMIS-PF is equally or more responsive (at most 0.05 smaller effect size) than
the SF-PF subscale of the SF-36 between the consecutive time points (T2-T3)
Hypotheses regarding the responsiveness of the PROMIS-APS
1, 2, 3: Intermediate surgical procedures show larger change in participation scores
between the consecutive time points (T0-T1, T1-T2, T2-T3) than minor surgical
procedures.
4, 5, 6: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size)
than the WHO-LA-H of the WHODAS between the consecutive time points (T0-T1, T1-T2,
T2-T3)
7, 8, 9: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size)
than the WHO-LA-W of the WHODAS between the consecutive time points (T0-T1, T1-T2,
T2-T3)
10, 11, 12: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect
size) than the WHO-PART of the WHODAS between the consecutive time points (T0-T1,
T1-T2, T2-T3)
13: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size) than
the SF-PRF subscale of the SF-36 between the consecutive time points (T2-T3)
Spearman correlations were calculated for assessing construct validity. Construct
validity was considered sufficient when at least 75% of the results were consistent with
the hypotheses. Responsiveness was evaluated by comparing the effect sizes between
the PROMIS short forms and the subscales of the WHODAS and SF-36. Effect sizes were

calculated by dividing the change score between two consecutive time points by the
standard deviation (SD) of the first time point. Responsiveness was considered sufficient
when at least 75% of the results were consistent with the hypotheses.

RESULTS
Participants
Thirty patients (34.9%) gave consent to participate. No statistically significant
differences regarding age, gender, social economic status and type of surgery were
found between patients who participated and those who did not. More details about the
inclusion process are described in our related article.31
Table 2. Baseline characteristics of the patients
Variable
Gender (n %)
Male
Female
Age (mean sd)
Level of education (n %) a
Low
Medium
High
Employment status (n %)
Employed
Unemployed
Type of surgery (all laparoscopic) (n %)
Minor surgical procedures
Adnexal surgery
Inguinal hernia repair
Cholecystectomy
Intermediate (hysterectomy)
ASA classification (mean sd)
1
2
3
BMI (mean sd)

Total (n=30)
7 (23.3%)
23 (76.7%)
45.3 (8.8)
6 (20.0%)
12 (40.0%)
12 (40.0%)
25 (83.3%)
5 (16.7%)
17 (56.7%)
7
5
5
13 (43.3%)
n=24
16 (66.7%)
7 (29.2%)
1 (4.2%)
25.9 (4.6)

Mean PROMIS-PF T-score (SD) before surgery (T0)

49.4 (9.5)

Mean PROMIS-APS T-score (SD) before surgery (T0)

50.7 (10.1)

a: Low = preschool, primary school, lower vocational education; Intermediate = secondary education,
intermediate vocational education; High = higher vocational education, university, postgraduate.
ASA: American Society of Anesthesiologists classification. BMI: Body Mass Index. PROMIS-PF: Physical Function
short form. PROMIS-APS: PROMIS Ability to Participate in Social Roles and Activities short form. SD: Standard
Deviation.

All questionnaires were completed without missing values on each time point by all
participants, except for the last questionnaire (T3), which one participant failed to
complete. Baseline characteristics of the participants are presented in Table 2. Six
participants underwent adnexal surgery, four patients inguinal hernia repair, three
patients a cholecystectomy and twelve a hysterectomy. Most patients were female
(76.7%) and the mean age was 45.3 years. Mean PROMIS scores during the month before
surgery (T0) were close to 50, comparable to the average general population (Table 2).
Construct validity
In Table 3 the correlations of the PROMIS-PF and of the PROM-APS with each subscale of
the SF-36 and WHODAS per time point are presented. For the PROMIS-PF 6/7 (85.7%) of
the results were consistent with the hypotheses and the construct validity of the
PROMIS-PF was therefore supported. For the PROMIS-APS 6/15 (40.0%) of the results
were consistent with the hypotheses and thus the construct validity was not supported.
Table 3. Construct validity of the PROMIS-PF and PROMIS-APS
a: Correlations of the PROMIS-PF with the WHO-MO and SF-PF
WHO-MO*
T0
-0.70
T1
-0.66
T2
-0.84
T3
-0.76

SF-PF
0.92
Not measured
0.92
0.88

b: Correlations of the PROMIS-APS with the WHO-LA-H, WHO-LA-W, WHO-PART and SF-PRF
WHO-LA-H*
WHO-LA-W*
WHO-PART*
SF-PRF
T0
-0.71
-0.76
-0.89
0.72
T1
-0.61
-0.55
-0.80
Not measured
T2
-0.62
-0.68
-0.65
0.58
T3
-0.91
-0.76
-0.69
0.69
Correct expected correlations are highlighted in bold
T0: one week before surgery. T1: one week after surgery. T2: three weeks after surgery. T3: five weeks after
surgery. WHO-MO: Mobility subscale of the WHODAS. SF-PF: Physical Role Functioning subscale of the SF-36.
WHO-LA-W: Life Activities-Work subscale of the WHODAS. WHO-LA-H: Life Activities-Household subscale of the
WHODAS. WHO-PART: the Participation subscale of the WHODAS. SF-PRF: Physical Role Functioning subscale
of the SF-36. * correlations are negative because higher WHODAS scores indicate more impairment regarding
mobility.

Responsiveness
For the PROMIS-PF, six out of seven results (85.7%) were consistent with the hypotheses
and thus the responsiveness was supported (Table 4, Fig. 1). Only the WHO-MO was
more responsive than the PROMIS-PF between T0 and T1. The responsiveness of the
PROMIS-APS was not supported: only 7 out of 13 (53.8%) of the results were consistent

with the hypotheses (Table 4, Fig. 1). Remarkable was that the results at the final time
period (T2-T3), were all consistent with the hypotheses.

Table 4: Responsiveness of the PROMIS-PF and PROMIS-APS
a. PROMIS-PF
Hypotheses on
Explanation
Group or subscale: Effect size
each time
Group or subscale: Effect size
Change score (SD)
Change score (SD)
point
Hypothesis: Intermediate surgical procedures show larger change in physical function scores on each time
point than minor surgical procedures.
T0-T1
Intermediate: 2.11
Minor: 1.23
19.52 (9.25)
12.26 (10.00)
T1-T2
Intermediate: 1.78
Minor: 1.27
4.85 (2.73)
10.22 (8.07)
T2-T3
Intermediate: 1.81
Minor: 0.26
8.12 (4.48)
2.61 (9.88)
Hypothesis: The PROMIS-PF is equally or more responsive (at most 0.05 smaller effect size) than the WHO-MO
subscale of the WHODAS between the consecutive time points
T0-T1
PROMIS-PF: 1.62
Who-MO: 2.49
15.40 (9.52)
43.96 (17.62)
T1-T2
PROMIS-PF: 1.11
Who-MO: 1.16
7.90 (7.14)
33.96 (29.37)
T2-T3
PROMIS-PF: 0.51
Who-MO: 0.56
5.08 (10.01)
12.50 (22.44)
Hypothesis: The PROMIS-PF is equally or more responsive (at most 0.05 smaller effect size) than the SF-PF
subscale of the SF-36 between the consecutive time points
T2-T3
PROMIS-PF: 0.51
SF-PF: 0.53
5.08 (10.01)
11.21 (21.26)
Total hypotheses confirmed: 6/7 = 85.7%
Correct predicted hypotheses are highlighted in bold

b. PROMIS-APS
Hypotheses on
each time point

Explanation
Group or subscale: Effect size
Group or subscale: Effect size
Change score (SD)
Change score (SD)
Hypothesis: Intermediate surgical procedures show larger change in participation scores between the
consecutive time points than minor surgical procedures
T0-T1
Intermediate: 1.20
Minor: 0.68
11.81 (9.82)
6.97 (10.12)
T1-T2
Intermediate: 0.25
Minor: 0.42
2.56 (10.04)
5.06 (12.04)
T2-T3
Intermediate: 1.16
Minor: 0.45
8.78 (7.54)
5.55 (12.36)
Hypothesis: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size) than the WHO-LA-H
of the WHODAS between the consecutive time points
T0-T1
PROMIS-APS: 0.90
Who-LA-H: 2.10
9.07 (10.06)
51.67 (24.37)
T1-T2
PROMIS-APS: 0.33
Who-LA-H: 1.17
3.98 (11.95)
34.00 (29.13)
T2-T3
PROMIS-APS: 0.59
Who- LA-H: 0.32
7.00 (11.91)
10.00 (31.58)
Hypothesis: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size) than the
WHO-LA-W of the WHODAS between the consecutive time points
T0-T1
PROMIS-APS: 0.90
WHO-LA-W: 1.79
9.07 (10.06)
51.42 (28.80)
T1-T2
PROMIS-APS: 0.33
WHO-LA-W: 0.96
3.98 (11.95)
30.24 (31.47)
T2-T3
PROMIS-APS: 0.58
WHO-LA-W: 0.30
7.00 (11.91)
11.08 (36.47)
Hypothesis: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size) than the WHOPART of the WHODAS between the consecutive time points
T0-T1
PROMIS-APS: 0.90
WHO-PART: 0.74
9.07 (10.06)
16.11 (21.70)
T1-T2
PROMIS-APS: 0.33
WHO-PART: 0.70
3.98 (11.95)
13.06 (18.61)
T2-T3
PROMIS-APS: 0.58
WHO-PART: 0.49
7.00 (11.91)
9.78 (20.00)
Hypothesis: The PROMIS-APS is equally or more responsive (at most 0.05 smaller effect size) than the SF-PRF
subscale of the SF-36 between the consecutive time points (T2-T3)
T2-T3
PROMIS-APS: 0.58
SF-PRF: 0. 23
7.00 (11.91)
9.48 (40.97)
Total hypotheses confirmed: 7/13 = 53.8%
Correct predicted hypotheses are highlighted in bold

Figure 1. Responsiveness of the PROMIS-PF and the PROMIS-APS

T0: one week before surgery. T1: one week after surgery. T2: three weeks after surgery. T3: five weeks after
surgery. PROMIS-PF: Physical Function short form. PROMIS-APS: PROMIS Ability to Participate in Social Roles
and Activities short form. WHO-MO: Mobility subscale of the WHODAS. SF-PF: Physical Role Functioning
subscale of the SF-36. WHO-LA-W: Life Activities-Work subscale of the WHODAS. WHO-LA-H: Life ActivitiesHousehold subscale of the WHODAS. WHO-PART: the Participation subscale of the WHODAS. SF-PRF: Physical
Role Functioning subscale of the SF-36.

DISCUSSION
Main findings
In this pilot study we evaluated the construct validity and responsiveness of two
different PROMIS short forms. The construct validity and responsiveness of the PROMISPF were supported by the data. The construct validity as well as the responsiveness of
the PROMIS-APS were not supported by the data.
Interpretation
PROMIS is increasingly being used in clinical populations, including patients undergoing
surgical procedures. Especially in orthopedic surgery PROMIS instruments are widely
applied. They are used pre-operatively as a predictor for postoperative improvement, or
postoperatively to measure outcomes.32-39 As far as we are aware, PROMIS was used in
only one study in patient undergoing abdominal surgery.40 In this study several PROMIS
short forms were evaluated in several patient groups, including patients who underwent
hernia inguinal surgery. The results of this study supported the ability of PROMIS
instruments to detect week to week changes, however no other validated instruments
were used so construct validity could not be evaluated. In orthopedic surgery, several
studies have been performed evaluating PROMIS. 38-41 Owen Papuga et al. evaluated the
English PROMIS PF CAT to asses physical function outcomes after anterior cruciate
ligament (ACL) reconstructive surgery.38 Remarkable in this study was that improvement
in physical function was detected until 52 weeks after surgery with the PROMIS-PF, but
not with the other measurement instruments which were used in this study (GAITRite
walk testing, and IKDC assessment of knee function). This is in line with what we found
in our study: between the final measurement moments, we found higher effect sizes for
both PROMIS questionnaires than for the subscales of the WHODAS and SF-36. A likely
explanation is that PROMIS measures are more precise at the extremes of the scale,
which means that they can better measure higher levels of function and participation.42
Strengths and Limitations
Strengths of this study are the high response rate and small number of missing values. In
addition, we used hypothesis based testing, which is the state of the art methodology
for evaluating the construct validity and responsiveness of a questionnaire. However
this study also has some limitations. First of all, the sample size was rather small (n = 30),
which means that the observed correlations may not be very reliable. This could be an
explanation for the variation in observed correlations at different time points. The
sample size was rather small because the study was not designed as a validation study,
but as a feasibility study for using an accelerometer.19 However, we considered the data
interesting enough for validity and responsiveness analyses because PROMIS was not

validated in this population before and responsiveness was not yet evaluated in Dutch
patients at all. Second, the expected correlations were opinion-based, rather than
evidence-based. It might be argued that our hypotheses were too strict. We expected
high correlations (> 0.7) between the measurement instruments because the
instruments aim to measure the same construct. However, there are still slight
differences in the actual constructs being measured. For example, the PROMIS-APS
measures the ability to participate in social roles and activities by asking e.g. “I have to
limit social activities outside my home” while the WHODAS measures the perceived
difficulty in participation by asking e.g. “how much of a problem did you have in joining
in community activities”. Maybe these differences in construct are larger than we
expected. We also did not take measurement error into account in our hypotheses, while
measurement error causes weakening of correlations between scores. This could
especially have played a role in the correlations between change scores, because
measurement error is included twice, so the observed correlations may be smaller than
expected based on the constructs being measured. Finally, it cannot be ruled out that
the PROMIS-APS short form is not as responsive as expected. Even though the
correlations of the PROMIS-APS with the other measurement instruments were not as
high as expected, they pointed in the right direction and were still moderately high
(> 0.55). Taking the differences in constructs into account, we think the results are
reassuring enough to consider further testing of the CAT version, to evaluate if the CAT
version is more responsive.
Implications for clinical practice and research
PROMIS has a number of advantages over traditional questionnaires, one of them being
that it offers a system of instruments, measuring different aspects of health (not only
physical function and participation, but also e.g. pain interference, fatigue, sleep
disturbances, anxiety and depression). These are commonly measured constructs,
which can be measured with PROMIS instruments in a standardized way across disease
populations. Currently, many different instruments are used for measuring
postoperative recovery. The use of PROMIS will enhance the interpretability and
comparability of study results. Another advantage is that PROMIS scores are expressed
as T-scores, relative to the general population, which may be valuable for interpreting
postoperative scores for curative procedures. The most important advantage of PROMIS
instruments however, is that they can be administered as CAT.43 The main advantage is
that fewer questions are required to get a reliable score. On average 5–7 items are
required with CAT to get a score with equal reliability to a 20–30 item questionnaire.
Furthermore, patients will get more relevant questions because their answers to
previous questions are taken into account. This makes PROMIS highly suitable to assess
different components of the recovery process in the least time consuming way. CAT
software for using PROMIS in the Netherlands was not yet available at the start of our

study, but it it is now. We therefore recommend studies with larger sample sizes using
different PROMIS item banks and CATs to evaluate the applicability of PROMIS in
postoperative care. In addition, we recommend to also include patients undergoing
open abdominal surgical procedures in future studies. These procedures were not
included in the current study, since this study was conducted as a pilot in study in
preparation for a clinical trial in which only laparoscopic procedures would be
included.19,20
Conclusions
This study supported the construct validity and the responsiveness of the PROMIS-PF
v1.2 short form 8b for measuring recovery in abdominal surgery. Considering the major
advantages of PROMIS, we recommend the use of the PROMIS-PF in abdominal surgery.
Even though the correlations of the PROMIS-APS v2.0 short form 8a with the other
measurement instruments were not as high as expected, they were still moderately high
(> 0.55) and further testing is recommended.
Abbreviations
CAT : Computerized Adaptive Testing
IRT : Item Response Theory
PROMIS-APS: PROMIS Ability to Participate in Social Roles and Activities v2 short form 8a
PROMIS-PF: PROMIS Physical Function v1.2 short form 8b
SD : standard deviation
SF-36: Short Form 36 Health Survey
SF-PF: Physical Functioning
SF-ERF: Emotional Role Functioning
SF-PRF: Physical Role Functioning
SF-BP: Bodily Pain
SF-MH: Mental Health
SF-VT: Vitality
SF-SF: Social Functioning
SF-GH: General Health
WHODAS: World Health Organization Disability Assessment Schedule 2.0
WHO-CG: Cognition – understanding & communicating
WHO-MO: Mobility– moving & getting around
WHO-SC: Self-Care– hygiene, dressing, eating & staying alone
WHO-GA: Getting Along– interacting with other people ()
WHO-LA: Life Activities– domestic responsibilities, leisure, work & school
WHO-LA-H: Life Activities subscale - Household
WHO-LA-W: Life Activities subscale - Work
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ABSTRACT
Background
Due to the strong reduction in the length of hospital stays in the last decade, the period
of in-hospital postoperative care is limited. After discharge from the hospital, guidance
and monitoring on recovery and resumption of (work) activities are usually not
provided. As a consequence, return to normal activities and work after surgery is
hampered, leading to a lower quality of life and higher costs due to productivity loss and
increased health care consumption.
Objective
With this study we aim to evaluate whether an eHealth care program can improve
perioperative health care in patients undergoing commonly applied abdominal surgical
procedures, leading to accelerated recovery and to a reduction in costs in comparison to
usual care.
Methods
This is a multicenter randomized, single-blinded, controlled trial. At least 308 patients
between 18 and 75 years old who are on the waiting list for a laparoscopic
cholecystectomy, inguinal hernia surgery, or laparoscopic adnexal surgery for a benign
indication will be included. Patients will be randomized to an intervention or control
group. The intervention group will have access to an innovative, perioperative eHealth
care program. This intervention program consists of a website, mobile phone app, and
activity tracker. It aims to improve patient self-management and empowerment by
providing guidance to patients in the weeks before and after surgery. The control group
will receive usual care and will have access to a nonintervention (standard) website
consisting of the digital information brochure about the surgical procedure being
performed. Patients are asked to complete questionnaires at 5 moments during the first
6 months after surgery. The primary outcome measure is time to return to normal
activities based on a patient-specific set of 8 activities selected from the PatientReported Outcomes Measurement Information System (PROMIS) physical functioning
item bank version 1.2. Secondary outcomes include social participation, self-rated
health, duration of return to work, physical activity, length of recovery, pain intensity,
and patient satisfaction. In addition, an economic evaluation alongside this randomized
controlled trial will be performed from the societal and health care perspective. All
statistical analyses will be conducted according to the intention-to-treat principle.

Results
The enrollment of patients started in September 2015. The follow-up period will be
completed in February 2017. Data cleaning and analyses have not begun as of the time
this article was submitted.
Conclusions
We hypothesize that patients receiving the intervention program will resume their
normal activities sooner than patients in the control group and costs will be lower.
ClinicalTrial: Netherlands Trial Registry NTC4699

INTRODUCTION
Between 1993 and 2013 the number of surgical procedures per year at community
hospitals in the United States increased by 16.5% to more than 26 million per year.1 This
is partly due to the growing trend in day care surgery (ambulatory surgery). This is
illustrated by the fact that in 2013 the number of surgeries performed in day care (17.4
million, 65.6%) exceeded the number of surgeries performed in overnight stay (9.1
million, 34.4%).1 Due to the strong reduction in the length of hospital stay, perioperative
in-hospital care has been reduced accordingly. Once patients have been discharged, the
degree of guidance and monitoring on recovery is limited, and sometimes conflicting
advice is given by the different health care providers involved in the recovery process.2-5
In addition, patients do not always know who to contact for support in case of
postoperative complaints. This poor guidance and transition of perioperative care after
hospital discharge contributes to patient uncertainties and postoperative fear that may
hamper their recovery.6,7 As a consequence, return to normal activities, including work,
after surgery takes much longer than expected.8,9 The delayed recovery has a negative
impact on quality of life, clinical outcomes, and medical consumption and increases the
risk of work disability, leading to an increased risk of mental health problems and poor
general health.10,11 In terms of the burden on society, this increases costs: costs resulting
from the increased medical consumption (direct costs) and costs in relation to the high
productivity loss due to prolonged sick leave (indirect costs).10
Therefore, improving the quality of perioperative care may contribute to accelerated
recovery and health care efficiency, which in turn may reduce health care costs. eHealth
seems to be an effective tool in this process for several reasons. First, electronic devices
are widely available and are increasingly popular. This means that patients can be easily
reached using this medium. Second, there is an increasing demand for self-management
in society; eHealth has the potential to motivate people and turn them into more active
and effective managers of their own health.12,13 Finally, eHealth is a useful tool to provide
the patients with tailored information, by providing only advice based on the patient’s
profile. Therefore an eHealth care program has been developed to improve
perioperative care after gynecological surgery.14 The program was developed using an
intervention mapping protocol, based on a systemic review of the literature, input of
patients during focus groups, and consented guidelines on resumption of activities after
surgery achieved after a Delphi procedure.14,15 The effect of the eHealth care program on
return to work was evaluated in a randomized controlled trial (RCT). Patients who had
access to the care program returned to work 9 days earlier than patients from the
control group.16 Because of these promising results, the care program was further
developed for a broader population, according to the wishes and preferences of a
sample of patients who had undergone various types of abdominal surgery. While the

gynecological care program aimed to deliver additional care by providing extra support
and information through eHealth, this adapted care program also aims to partly
substitute perioperative care with eHealth. In addition, the care program will focus on
health-behavior change techniques using an activity tracker, which has been described
before as an effective strategy.17,18 With this multicenter, single-blinded, RCT, we will
evaluate whether this adapted perioperative eHealth program will be effective and cost
effective as compared to usual care on the resumption of normal activities in patients
undergoing commonly applied minor abdominal surgical procedures with a short
duration of hospital stay.

METHODS
Study Setting
Patients will be included from the surgical and gynecological departments of 7 teaching
hospitals in the Netherlands. The trial was conducted in accordance with the Standard
Protocol Items: Recommendations for Interventional Trials and reported in accordance
with the Consolidated Standards of Reporting Trials.19-21 The study was approved by the
local medical ethics committee under registration number 2014.301 and by the
institutional review boards of all participating hospitals. The study is registered at the
Netherlands Trial Registry (NTR4699).
Eligibility Criteria
Eligible patients for this study are adults from 18 to 75 years old who are on the waiting
list for one of the following commonly applied minor surgical procedures: laparoscopic
cholecystectomy, open or laparoscopic inguinal hernia surgery, or laparoscopic adnexal
surgery. Participants meeting any of the exclusion criteria will not be considered
(Textbox 1).
Interventions
Control Group
Patients allocated to the control group will receive usual care and access to the
nonintervention part of the website (www.ikherstel.nl). On this part of the website, the
patient information brochure about the surgical procedure from the hospital where the
patient will have surgery is presented. This is the same brochure as the one patients
often receive in various hospitals when they are scheduled for surgery. The only reason
to give patients access to this website is to minimize the bias in estimation of the
intervention effect. Furthermore, pre- and postoperative care will be given according to
the local protocol of the hospital. In the Netherlands, patients do not receive structural

and detailed instructions about the resumption of normal activities including work.
Usually, after the patient is discharged from the hospital, an outpatient postoperative
consultation is scheduled 4 to 8 weeks following surgery.
Textbox 1. Exclusion criteria
Exclusion criteria:

•
•
•
•
•
•
•
•

Surgery without a curative intention or with additional radio- or chemotherapy
Deep infiltrating endometriosis
Ectopic pregnancy
Adnexal surgery because of pelvic inflammatory disease or tubal ovarian abscess
Combination of several surgical procedures
Severe comorbidity which might complicate the postoperative course
Patient who are unable to understand the information from the study
Insufficient understanding or ability to complete questionnaires in Dutch

Intervention Group
Patients in the intervention group will receive access to the intervention part of the
website, a mobile application, and an activity tracker. Table 1 provides an overview of
the different components of the intervention.
Website:
The website aims to prepare patients in the best possible manner for their surgery and
to offer guidance during their recovery process until full recovery and resumption of all
daily activities are achieved. The following tools on the website will support this.
• Providing Information About the Surgical Procedure and Recovery Process: On
the website, information will be tailored to the patient, which offers the
opportunity to enhance patient involvement (Figure 1).13 This is possible
because some data are already prefilled when patients receive their website
account (eg, surgical procedure, sex, hospital). The information will be offered
by text as well as animations. The aim is to prepare the patient as well as
possible for the day of surgery, which may contribute to the patient being more
aware of what to expect and have a positive effect on anxiety and satisfaction.22
In addition, it aims to improve recovery expectations, as expectations about the
length of the recovery before surgery have proven to be an important predictor
of the length of recovery.23 After surgery, text and animations will be offered
about the recovery period, which may support patients during this period and
may help them with feelings of insecurity. Information about several
postoperative complaints is available, including practical advice about when,
how, and with whom patients should seek contact. We hypothesize that by

providing this information, patients will be encouraged to resume their daily
activities. In addition, this empowerment will help when deciding whether
contact with a health care provider is indicated in case of complaints or
complications during their recovery.
•

Making a Personalized Convalescence Plan: The most important tool on the
website is the option to generate a personalized and tailored convalescence
plan, including advice about resumption of daily (work) activities (Figures 2 and
3). Using a modified Delphi method, specific convalescence recommendations
were developed for several types of abdominal surgical procedures.24,25 The
recommendations given are tailored to the patient and are based on the input
of patients’ normal preoperative activities and the surgical technique (using
algorithms). It aims to improve recovery, return to normal (work) activities, and
quality of life. The convalescence plan will be approved electronically on the
first postoperative day by the operating surgeon, resulting in a definitive
convalescence plan. If complications occur during surgery, the surgeon will not
approve the convalescence plan and the patient will receive a message that
their initial convalescence plan is no longer applicable and that the adjusted
instructions of the surgeon should be followed.

•

Getting Feedback on Recovery by a Recovery Monitor and Recovery Report: The
recovery monitor and report are tools to identify recovery problems and give
patients feedback on their recovery progress. Patients are asked to indicate by
a recovery monitor to what extent they have resumed their activities (Figure 4),
which is subsequently graphically displayed in a recovery report allowing them
to track their progress (Figure 5). If patients report a delayed recovery, an
alerting system advises them to contact a specific health care professional,
depending on the underlying problem. It also aims to improve monitoring and
transition of postoperative care; after the patient has given consent, the Web
portal can be accessed by a health care provider in secondary care to monitor
the patients’ recovery and thus identify recovery problems.

•

Postoperative Consult by eConsultation Instead of Consultation in the Outpatient
Clinic: At discharge, patients from the intervention group will not receive a
standard appointment at the outpatient clinic. Instead, they are offered
continuous guidance via the website (information, feedback on recovery) and
the possibility to ask questions on the website to a health care professional
from their own hospital by means of an eConsult in case of recovery problems
(Figure 6). They are informed that the question will be answered within 2
working days except for urgent matters. In that case, they receive a phone
number for direct contact. In addition patients will receive a telephone call 2
weeks after surgery to inform them about any test results. Various studies

already have proven that telephone follow-up is feasible and effective after the
type of surgical procedures which are included in this study.26-28 The telehealth
follow-up aims to replace the standard single postoperative consultation in the
outpatient clinic to increase access to care, reduce patient uncertainties and
fear related to the recovery process, reduce costs and workload, and meet
patient preferences of care during out-of-office hours.29,30 We hypothesize that
patients will be more comfortable and less hampered in resuming their
activities with the opportunity to ask questions whenever they prefer instead of
the standard consultation several weeks after surgery.
Table 1: Components of the intervention
Component Target population
Website
All patients of the
intervention group

Content
Information by text
and animationsa
Making a
personalized
convalescence
plana
Recovery monitor
and recovery
reporta
eConsult

App

Activity
tracker

All patients of the
intervention group with a
smartphone

Information by texta

Insight in the
convalescence
plana
Recovery monitor
and recovery
reporta
Creating a packing
list
Section to make
notes
Monitoring and
giving feedback on
recoverya

Aim
Enhancing patient involvement and
recovery expectations and reducing
anxiety
Creating recovery expectations and
improving recovery
Reducing uncertainties and fear
related to the recovery process and
improving monitoring of postoperative
care
Increasing access to care, reducing
patient uncertainties and fear related
to the recovery process, and reducing
costs and workload (by replacing the
appointment in the outpatient clinic)
Enhancing patient involvement and
recovery expectations and reducing
anxiety
Creating recovery expectations and
improving recovery
Reducing uncertainties and fear
related to the recovery process and
improving monitoring and transition
of postoperative care
Helpful tool
Helpful tool

All patients of the
Reducing uncertainties and fear
intervention group with a
related to the recovery process, which
smartphone which can be
may improve recovery
linked to an activity tracker
a
Content is based on the intervention mapping study of Vonk Noordegraaf.14

•

Mobile Phone App (mHealth) and Activity Tracker: All information which is
available on the website is also available on the mobile phone app (Ikherstel
app), which will be synchronized with the website. This mHealth app has been
developed because of the increasing use of mobile phone apps and in order to
make the intervention more accessible. This means that the convalescence
plan that is created by the patient on the website will also be displayed on the
app. In addition, the app will offer some extra features, such as a section to
make notes and the option to compose a list of what to pack when being
admitted to hospital (Figure 7). If patients do not have a smartphone they will
only use the website. Patients who have a smartphone may also receive an
activity tracker (UP MOVE, Jawbone). Not all kinds of smartphones can be
linked to this activity tracker, so only a proportion of the patients will receive an
activity tracker. This activity tracker measures daily step count. We performed a
pilot study with an accelerometer in 30 patients who underwent surgery that
showed that the step count had a clear correlation with activity intensity levels
(data not yet published, personal communication). Patients can link the activity
tracker to the app. The activity tracker will be used as an aid for patients to
monitor and to give feedback on their recovery. Patients are instructed to wear
the accelerometer from the seventh day before surgery until 3 weeks after
surgery and during the sixth week after surgery. In the week before surgery a
baseline measurement will be performed. The mean step count per day of this
week will be set as their target postoperative activity level. In the app, it will be
displayed on which date this target level is expected to be reached (Figure 8).
This date is based on the convalesce plan which is developed by the patient.
After surgery, the daily step count will be graphically displayed in the app and
on the website as a percentage of their target activity level. When no baseline
measurement is performed (for example, because the period between inclusion
and surgery is shorter than 1 week), the target activity level will be set at 7100
steps per day (based on the mean preoperative value of the pilot study). As the
pilot study also indicated that the most improvement in activity level was
detected in the first 2 weeks after surgery, it was decided to ask the patients to
wear the accelerometer during the first 3 weeks after surgery. The sixth week
was chosen because we hypothesize that baseline activity level will be reached
in this week. Patients will be offered the opportunity to wear the activity tracker
in the fourth and fifth week after surgery as well.

Figure 1. Text and animations on the website (see Supplementary file 1 for more information).

Figure 2. Personalized convalescence plan (see Supplementary file 1 for more information).

Figure 3. Personalized convalescence plan displayed on a timeline (see Supplementary file 1 for more
information).

Figure 4. Recovery monitor (see Supplementary file 1 for more information).

Figure 5. Recovery report (see Supplementary file 1 for more information).

Figure 6. eConsult (see Supplementary file 1 for more information).

Figure 7. Mobile phone app (see Supplementary file 1 for more information).

Figure 8. Activity tracker connected to the mobile phone app (see Supplementary file 1 for more
information).

Outcomes
Table 2 presents all outcome measures, the measurement instruments that will be used,
and the time points when they will be assessed.
Primary Outcome
The primary outcome measure of the study will be time to return to normal activities
(RNA). The Patient-Reported Outcomes Measurement Information System (PROMIS)
Physical Functioning item bank version 1.2 will be used to measure limitations in daily
activities. This item response theory (IRT)–based item bank has been developed and
validated in the United States and translated into Dutch-Flemish.31,32 Initial validation
studies in Dutch patients confirmed the unidimensionality and underlying calibration of
the IRT model (personal communication, article submitted). This item bank consists of
121 activities. We made a selection of the 29 most relevant activities for this study
(Supplementary file 2). We considered the 92 excluded activities as not being affected by
the type of surgery (eg, “Can you brush your hair?”) or as duplicate activities. The list of
29 activities will be presented to the patients at baseline (prior to surgery), and they will
be asked to select 8 activities which are most relevant for them in daily life. In this way,
patients will design their own personal physical functioning short form. Since items in
an IRT-based item bank are calibrated onto the same continuum, one can select any
subset of questions in that bank and the scores obtained from the derived short forms
are comparable to that from the complete bank.33 In the follow-up questionnaires,
patients will only receive those PROMIS questions regarding the 8 activities that they
selected before surgery as relevant to their personal life. Items are scored on a 5-point
scale with 1 as most limited and 5 as no limitation. In addition, they will be asked
postoperatively whether they can perform this activity on the same level as before
surgery. If they answer “yes,” they are asked to fill in since when (date), and the question
will no longer be repeated in the following questionnaires. If the question is answered
with a “no,” the question will be asked again at the next follow-up moment. For each
patient, this will result in 8 dates of resumption of their activities. These dates will be
converted into time periods by calculating the number of days that have elapsed
between the date of surgery and the date of the resumption of that particular activity.
The moment of resumption of the last activity on the list will be defined as the RNA
moment and thus the primary outcome measure will be time elapsed between surgery
and resumption of the last activity. If patients have not resumed 1 or more activities at 6
months, those activities will be censored. If information about the resumption of 2 or
fewer activities is missing, the RNA moment will be calculated based on 6 activities. If
information about the resumption of more than 2 activities is missing, the RNA moment
cannot be calculated accurately and will be considered as missing data.

Table 2. Outcome measures, measurement instruments, and time points.
Enrollment Surgery
Post-allocation
T0
T1
T2
T3
T4
T5
ENROLLMENT:
Eligibility screen
X
Informed consent
X
Allocation
X
INTERVENTIONS:
Intervention group
Website
XXXXXXXXXXXXXXXXXXXXXXXXXXXX
Mobile phone app
XXXXXXXXXXXXXXXXXXXXXXXXXXXX
Activity tracker
XXXXXXXXXXXXXXXXXXXXXXXXXXXX
Control group
Placebo website
XXXXXXXXXXXXXXXXXXXXXXXXXXXX
ASSESSMENTS:
Primary outcome measure
Return to normal PROMIS physical
activities functioning a
X
X
X
X
X
X
Secondary outcome measures
Participation PROMIS Social Roles a
X
X
X
X
X
Self-rated health EuroQol-5D-3L
X
X
X
X
X
Return to work Return to work questionnaire
X
X
X
X
X
Physical activity IPAQ b
X
X
X
X
Recovery RI-5 c
X
X
X
X
Pain intensity VAS d
X
X
X
Patient satisfaction Satisfaction questionnaire
X
Prognostic factors
Sociodemographic data Demographic questionnaire X
Potential confounding factors
Complications
- During surgey Surgical report
Xe
- After aurgery Postoperative medical notes
Xe
Process measures
Protocol adherence Adherence questionnaire
X
Cost measures
Care program Bottum-up approach
Xe
Health care utilization Cost questionnaire
X
X
Informal care Cost questionnaire
X
X
Productivity loss
- Presenteeism iPCQ f and WHO-HPQ g
X
X
X
X
X
X
- Absenteeism iPCQ
X
X
X
X
X
X
- Unpaid productivity Cost questionnaire
X
X
T0: = 1 month before surgery, T1 = 1 week after surgery; T2 = 3 weeks after surgery, T3 = 6 weeks after surgery, T4
= 3 months after surgery, T5 = 6 months after surgery.
a
Patient-Reported Outcomes Measurement Information System, b International Physical Activity
Questionnaire, c Recovery specific quality of life questionnaire short form, d Visual analog scale, e Measured by
the research team, f Institute for Medical Technology Assessment (iMTA) Productivity Cost Questionnaire, g
WHO-HPQ: World Health Organization—Health and Work Performance Questionnaire

Secondary Outcomes
As secondary outcomes we will use the time until the first activity can be resumed and
the moment that 75% of the activities are resumed. Scores of the physical functioning
short forms will also be calculated by summarizing for each patient the scores of the 8
activities and transforming them into a T-score on the PROMIS physical functioning
metric, where 50 represents the average score of the US population with an SD of 10.
The following outcomes will also be measured:
•

Social participation: assessed with the PROMIS Ability to Participate in Social
Roles and Activities version 2.0 short form 8a. 34

•

Self-rated health: measured by the 3-level EuroQol-5D (EQ-5D-3L).35

•

Durations of return to work (RTW) (only for the working population): the time
until the first day on which work will be resumed and the time until full
resumption of work activities will be assessed

•

Physical activity: assessed by the International Physical Activity Questionnaire
(IPAQ) short form.36

•

Length of recovery: measured by the recovery specific quality of life
questionnaire (RI-5) short form.37

•

Pain intensity: measured by the Von Korff questionnaire visual analog scale
(VAS).38

•

Patient satisfaction: measured with a self-developed patient satisfaction
questionnaire focused on satisfaction with perioperative care, the care program
(both groups), the website (both groups), the app (intervention group only), and
the activity tracker (intervention group only).

Prognostic Factors
Before surgery (T0), various sociodemographic data will be assessed (sex, age, level of
education, living conditions, working conditions) and questions asked regarding
expectations about the length of recovery. Also the T-scores of the PROMIS physical
functioning short forms conducted by the patient will be calculated.
Potential Confounding Factors
Major complications during surgery (eg, conversion to an open procedure), major
complications in the postoperative course (eg, leading to a prolonged hospital stay of
more than 2 nights after surgery), and readmission to the hospital in the 30 days after
surgery or repeated surgery in the 30 days after surgery are considered as potential
confounders. The complications will be assessed by reviewing the surgical reports and
postoperative notes.

Process Measures
A process evaluation of the intervention will be carried out in accordance with the
Linnan and Steckler method.39 Table 3 contains the different components of the
intervention and the level at which they are measured and in what way.
Table 3. Process evaluation
Website

Reach: The proportion
of intended target
audience that participated in the study
Dose delivered: The
number or amount of
intended units of each
component delivered
or provided to the
intervention group
Dose received: The
extent to which
participants from the
intervention group
actively engage with,
interact with, are
receptive to, or use
materials or
recommend resources
Fidelty: The extent to
which the intervention
was delivered as
planned

App

eConsult

Telephone
Activity tracker
consult after
two weeks
Patients who met the inclusion criteria, signed informed consent, and are
randomized to the intervention or control groupa
Proportion of the patients of the
intervention group who received an
account for the web portal and appa

Proportion
of the
patients of
the
interventio
n group
that made
a convalescence
planc
Proportion
of the
convalesc
ence plans
that are
electronic
ally
approved
by the
specialistc

Proportion
of the
patients of
the intervention
group that
used the
appd
X

Proportion of
the patients
of the
intervention
group that
asked one or
more times a
question on
the web
portalc
Proportion of
the questions
that are
answeredc

Proportion of
the patients of
the intervention group who
received a
telephonic
appointment
at dischargeb
Proportion of
the patients of
the
intervention
group that
received their
telephonic
appointmentb

Proportion of
the patients of
the
intervention
group who
received an
activity trackera

Proportion of
the patients of
the
intervention
group that
came back at
the outpatient
office in
addition to
their
telephonic
consultb

Proportion of
the patients of
the
intervention
group that used
the tracker in
the first 3
weeks after
surgery
(minimum 3
days per week)
and in the sixth
week after
surgery (minimum 3 days)c

Proportion of
the patients of
the
intervention
group that
connected the
activity tracker
to their phonec

Table 3. Process evaluation (continued)
Website
App

Participant attitudes:
Satisfaction and usage
barriers of the
intervention

Assessment
of the
website by
the
intervention
group and
reasons for
not using
the websited

Assessment
of the app
and reasons
for not using
the appd

eConsult

X

Telephone
consult after
two weeks
X

Activity tracker

Assessment of
the activity
tracker and
reasons for not
using the
activity trackerd

a

Data collection method: logistic database. bData collection method: notes in the medical record. cData
collection method: web log dData collection method: adherence and satisfaction questionnaire.

Cost Measures
Identification of Costs:
Costs will be measured from a societal and a health care perspective. Societal costs will
consist of costs of the intervention (ie, the substitution of perioperative care by eHealth),
other health care use, informal care, absenteeism (ie, absence from work), presenteeism
(ie, reduced productivity while at work), and unpaid productivity (ie, inability to perform
educational activities, chores, volunteer work). When the health care perspective is
applied, only costs accruing to the formal health care sector will be included (ie, costs of
the intervention and other health care use).
Measurement and Valuation of Costs:
Intervention costs will include all costs related to the development and implementation
of the intervention and will be measured using a bottom-up microcosting approach (ie,
detailed data will be collected regarding the quantity of resources consumed during the
development and implementation of the intervention as well as their unit prices). All
other cost categories will be measured using Web-based questionnaires administered at
baseline and after 1 week, 3 weeks, 6 weeks, 3 months, and 6 months of follow-up (Table
2). Health care costs will include costs related to the use of primary care (eg, general
practitioner), secondary care (eg, hospital visits), and medication. These costs will be
valued using Dutch standard costs and, if unavailable, prices according to professional
organizations.40 Informal care will be valued using a recommended Dutch shadow
price.40 Absenteeism will be measured using the Institute for Medical Technology
Assessment (iMTA) Productivity Cost Questionnaire (iPCQ) and valued in accordance
with the friction cost approach using the estimated cost of productivity losses in the
Netherlands.40,41 Presenteeism costs will be measured using the iPCQ questionnaire and
the World Health Organization Health and Work Performance Questionnaire and valued

using the estimated cost of productivity losses in the Netherlands as well.42 Unpaid
productivity costs will be valued using the aforementioned recommended Dutch
shadow price.40
Sample Size Calculation
Previous studies evaluating this type of intervention on RNA are lacking. We based our
sample size calculation on the outcomes on RTW after gynecological surgery of our
previous study.16 Based on this study we expected a hazard ratio (HR) of 1.4 for RNA
using the optimized intervention. Considering an HR of 1.4 and using a 2-sided log-rank
test at a significance level of 5%, we need to observe 285 events (patients returning to
normal activities) to achieve a power of 80%. The total sample size is set at 308 (154 per
arm) to account for an anticipated proportion of 2.5% of patients not returning to daily
activities within the 6-month follow-up period and a dropout rate of 5%.
Recruitment and Inclusion
All patients between 18 and 75 years old who are on the waiting list for a laparoscopic
cholecystectomy, inguinal hernia surgery, or adnexal surgery in one of the participating
hospitals who meet the inclusion criteria will receive a letter of information about the
study on behalf of their doctor. After 1 week, contact will be made by phone to evaluate
their willingness to participate and to access eligibility. If the patient wants to and is
eligible to participate, informed consent will be signed. Participants will not receive any
financial or nonfinancial incentives.
Allocation
After inclusion, patients will be asked to complete the first online questionnaire (T0)
within the month before surgery. After patients have completed the questionnaire,
randomization will take place by means of a computer-based randomization list
stratified regarding hospital, sex, and surgical procedure using permuted blocks, size 2.
Patients are randomized to the intervention or the control group in a 1:1 ratio. The
researcher performing randomization is independent from the recruitment or data
analyses.
Blinding
Patients are blinded to the intervention as they do not know which program is
developed as a nonintervention or intervention care program. After allocation, patients
will receive an email containing a link to the care program to which they are allocated.
Both care programs can be accessed through the website, but after signing in, patients
will receive access only to the part of the website to which they are randomized. The
researchers involved in the analyses will be blinded to the allocation throughout the
analyses. Health care providers cannot be blinded to the intervention because it is

highly likely that they will be notified of the allocation either by the patient or the
patient’s medical file.
Data Collection
Data will be collected by means of self-reported electronic questionnaires at standard
moments. Data will be collected in the month before surgery (T0) and 1 week (T1), 3
weeks (T2), 6 weeks (T3), 3 months (T4) and 6 months (T5) after surgery (Table 2). When
data regarding RNA are missing during 2 measuring moments, an attempt will be made
to collect the missing questions by telephone or email.
Data Analyses
Effect Analyses
All analyses will be performed in SPSS (IBM Corp). Baseline characteristics will be
summarized using descriptive statistics and compared between the intervention and
control group using t tests, Mann-Whitney U tests, chi-square tests, or Fisher exact tests.
Survival analysis will be used to analyze time until RNA data. Both crude and adjusted
analyses will be performed. Hospital, surgical procedure, and sex will be taken into
account as covariates in the adjusted analyses because these are the factors for which
stratification will apply. In addition, when there are clinically relevant differences
between the intervention and the control group in the baseline characteristics or
potential confounding factors, this will also be considered as a covariate in further
analyses. To describe the distribution of the duration until RNA in both groups, the
Kaplan-Meier method will be used. The Cox proportional hazard model will be applied to
calculate HRs. Differences in secondary outcomes between the groups will be assessed
by mixed models and multilevel logistic regression models for outcomes that are
measured more than once during follow-up, and t tests, Mann-Whitney U tests, chisquare tests, or Fisher exact tests will be used when differences on 1 time point will be
compared. Statistical analyses will be performed according to intention-to-treat
principle, which will be compared to per-protocol analyses. Patients will be included in
the per-protocol analyses when they used the intervention as intended, which will be
defined as the generation of a convalescence plan on the website. This will be measured
by a web log. Subgroup analyses will be performed regarding the surgical procedure (1.
Cholecystectomy, 2. Hernia inguinal surgery and 3. Adnexal surgery) and type of surgery
(gynecological vs surgical procedures). A post hoc analysis will be carried out on
patients without major complications (definition described in Potential Confounding
Factors).

Economic Evaluation
The economic evaluation will be performed from a societal and health care perspective.
The time horizon of the economic evaluation is 6 months, thus discounting of costs and
effects is not necessary. Both cost-effectiveness and cost-utility analyses will be
performed. The cost-effectiveness analysis will be performed with the primary effect
measure (ie, RNA). The cost-utility analysis will be performed with quality-adjusted lifeyears (QALYs). The patients’ EQ-5D-3L health states will be converted into utilities using
the Dutch tariff, and QALYs will be calculated using linear interpolation between
measurement points.43 The analyses will be done according to the intention-to-treat
principle. Missing cost and effect data will be imputed using multiple imputation after
which results will be pooled using Rubin’s rules.44 Cost and effect differences will be
analyzed using multilevel analyses with a 2-level structure (ie, patient, hospital). The
95% CIs around the cost differences will be estimated using bias-corrected intervals with
5000 replications. The bootstrap replications will be stratified for hospital to account for
the clustering of data.45 Incremental cost-effectiveness ratios (ICERs) will be calculated
by dividing the difference in mean total costs between the groups by the difference in
mean effects. Uncertainty surrounding the ICERs will be graphically presented on costeffectiveness planes. Cost-effectiveness acceptability curves will also be estimated
illustrating the probability that the optimization and substitution of perioperative care
by eHealth is cost effective in comparison with usual care for a range of different ceiling
ratios. Various sensitivity analyses will be performed to assess the robustness of the
results.

RESULTS
The inclusion process started in September 2015. The expected end date is August 2016.
The data collection process will last until February 2017 since the follow-up duration is 6
months. The results are expected in 2018. Data cleaning or analyses have not begun as
of this article’s submission.

DISCUSSION
Summary
In this RCT we will evaluate the effect of eHealth on RNA after abdominal surgery.
Strengths and Limitations
In the earlier studies performed by our research group, the effect of the eHealth
intervention was evaluated in terms of duration until RTW.16,46 The reason the primary

outcome measure in this study is changed to duration until RNA is that in the earlier
studies only employed patients could participate; we believe that unemployed patients
can also benefit from this eHealth care program to facilitate recovery. However, one of
the reasons for chosing duration until RTW in the earlier performed studies was that this
outcome measure was relatively easy to measure and objectify. Duration until RNA is
more difficult to measure and objectify. Most studies using this outcome measure make
use of fixed measurement instruments, which may contain questions not always
applicable to all patients or may not represent the most relevant problems for patients.
As far as we know, this is the first study in which RNA after surgery is measured by a
measurement instrument tailored to the patient. A tailored instrument increases the
validity and reliability of the primary outcome measure. The ultimate form of tailoring is
computer-adaptive testing (CAT), in which after the first item, the selection of items is
determined by the person’s responses to previous items. For example, Zanocco et al
used CAT to measure changes in patient-reported health before and after
parathyroidectomy.47 PROMIS short forms and CATs are increasingly used as outcome
measures across clinical studies in different fields.48 In our study we will use
individualized short forms because CAT software for use in the Netherlands is still under
development.49 Another strength of this study is that we developed a nonintervention
(standard) website, which enables us to blind the patients to which group they are
assigned. Blinding of the health care professionals, however, was not possible. But in
our opinion this will not influence the study results, since the health care professionals
do not play a substantial role in the intervention or of the data-collecting process. This
study is also strengthened by the fact that state-of-the-art statistical methods, such as
multiple imputation, bootstrapping, and multilevel analyses, will be used. A limitation of
the study is the heterogeneity of surgical procedures. However, the Delphi study that we
performed to compose the convalescence recommendations used in this study showed
more or less the same convalescence recommendations for all surgical procedures,
which suggests that the recovery periods of these surgical procedures are
comparable.24,25 In addition, the heterogeneity can be considered an advantage,
because the results will be applicable to a broader population. Another limitation may
be that the study is carried out in 7 hospitals, which means that the usual care that the
control group receives can vary between hospitals. We tried to reduce this bias by
stratifying the randomization by hospital. Finally, the baseline measurement with the
activity tracker will be performed in the week before surgery and therefore cannot
assure that the baseline measurement will give a representative view of the normal
activity pattern of the patients. However, the patients who participate in the study will
undergo elective surgery. This in general will mean that the patients will not be suffering
from an acute illness or bedridden at the time of surgery. Although we cannot entirely
rule out that the baseline measurement will be influenced, we nevertheless believe that
the risk will be minimal.

Comparison to Prior Work: What This Study Will Add
To our knowledge, there are 13 other studies which have evaluated an educational or
supportive eHealth intervention in perioperative care.16,46,50-61 Most of these studies were
relatively small or did not perform a power calculation. Only 2 studies were carried out
in patients undergoing abdominal surgery. In addition, almost all studies (12/13) aimed
to evaluate the eHealth intervention in addition to usual care. Only 1 study aimed to
evaluate eHealth as (partial) substitution of usual care; however, this study had no
report of a power calculation and included patients undergoing orthopedic surgery. The
most comparable study to ours is that of Bouwsma et al, which evaluated the costeffectiveness of an eHealth intervention in patients undergoing gynecological surgery
(results not yet published).46 The main differences with our study are the primary
outcome measure (RNA vs RTW), the aim of the eHealth intervention (substitution of
care vs additional care), and the patient population (working and nonworking men and
women vs working women). A total of 9 studies found a significant positive effect of the
eHealth intervention regarding an outcome measure focusing on the postoperative
course. However, studies evaluating eHealth interventions in abdominal surgery to
substitute usual care are lacking, which underlines the importance of this current study.
Clinical Relevance
Improving the quality of perioperative care is required because postoperative care is
limited due to the reduction in the length of hospital stay. In addition, because of the
increasing demand for health care due to the aging population and personnel shortages
in health care, it is necessary to deliver more efficient and cost effective perioperative
care. This study will evaluate whether eHealth can be used to suit this purpose. It will
both give insight for health care professionals by determining the best form of
perioperative care and facilitate policy makers in deciding whether eHealth can be used
to substitute usual care against lower costs. The generalizability of this study is high
because the eHealth intervention will be evaluated in various types of surgical
procedures and will only require minor adaptions in order to be applied to other types of
procedures.
ABBREVEIATIONS
CAT: computer-adaptive testing
eHealth: electronic health
EQ-5D-3L: EuroQol-5D (3 level)
HR: hazard ratio
ICER: incremental cost-effectiveness ratio
IPAQ: International Physical Activity Questionnaire

iPCQ: Institute for Medical Technology Assessment (iMTA) Productivity Cost
Questionnaire
IRT: item response theory
mHealth: mobile health
PROMIS: Patient-Reported Outcomes Measurement Information System
QALY: quality-adjusted life-years
RCT: randomized controlled trial
RI-5: recovery specific quality of life questionnaire short form
RNA: return to normal activities
RTW: return to work
VAS: visual analog scale
WHO-HPQ: World Health Organization Health and Work Performance Questionnaire
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APPENDICES
Supplementary file 1. Figure explanations
Figure 1 - Text and animations on the website
The content is subdivided into three parts (the three pink tabs): Information to prepare
patients for surgery (left tab), information about the day of surgery and the surgical
procedure (middle tab) and information about the recovery period (right tab).
Figure 2 - Personalized convalescence plan
This is an example of a convalescence plan generated by a patient who will undergo a
laparoscopic cholecystectomy. At the top, the date of surgery is displayed. On the lefthand side the activities are displayed which the patient has selected as being relevant
for him or her. From top to bottom these include: carrying or lifting (5kg), sitting down
for a period of 2 hours, standing upright for a period of 15 minutes after each other,
walking for a period of 5-15 minutes, shopping, taking care of someone, working, sports.
On the right-hand side the corresponding resumption dates and times are displayed
(calculated from the day of surgery).
Figure 3 - Personalized convalescence plan displayed on a time line
Here a convalescence plan is displayed on a timeline, based on the activities selected by
the patient who will undergo an open inguinal hernia procedure. These are translated as
follows: Day of surgery, standing upright for a period of 15 minutes, sitting down for a
period of 2 hours, shopping, taking care of someone, working, driving a car, taking a
bath, walking for a period of 1 hour, carrying or lifting of 15 kg, cycling, expected date of
full recovery for this patient (based on the selected activities). Shopping, taking care of
someone and work are ‘composed activities’, which means that the patients selected
several items to compose the activity. For example, for work he or she selected: lifting of
15kg, 4 hours of standing during the day, 2 hours of sitting during the day, walking for a
period of 1 hour, being active in a bent position and a period of work extending across
30 hours per week.
Figure 4 - Recovery monitor
The figure presents the recovery monitor of a patient who underwent a laparoscopic
cholecystectomy. The activities which the patient has selected for developing his or her
convalescence plan are displayed on the left-hand side. In the middle the corresponding
resumption dates are presented and on the right-hand side, the patient can select
whether he or she has resumed this activity (by selecting the green button) or not (by
selecting the red button). Activities which the patient resumed are then displayed in

green under the subheading ‘activiteiten die weer gedaan worden’, which means
‘activities which have been resumed’. Activities which the patient is allowed to resumed
but is not able to, are presented in red under the subheading ‘activiteiten waar ik aan
werk’ which means ‘activities in progress’. Activities in blue present activities with
resumption dates in the future. Activities in orange may be resumed the same day.
Figure 5 - Recovery report
Here a screenshot of the website after surgery is presented. At the top the expected
recovery date is displayed. In the left square the results of the activity tracker (described
below under subheading ‘Mobile phone application (M-health) and an activity tracker’)
are presented. In the middle square the recovery report is presented. The green line
indicates the recovery progress of the patient (based on the activities which the patient
selected as ‘I have resumed’. This is also presented by the corresponding ‘34% recovery
progress’. When the patients have selected all the activities as ‘I resumed’, the green line
will close the circle and the recovery progress percentage will be 100%. The blue line
indicates the recommend recovery based on the recovery advice. The blue line will close
the circle on 18 August 2015 (the expected recovery date). In this example you can see
that the blue line is longer than the green line, meaning the patient’s recovery progress
to be quicker than expected. In the right square, the first activity which the patient may
resume and the corresponding resumption date are presented.
Figure 6 - E-consult
In the white area patients can type their personal questions. They can send their
question by selecting the pink button. In the text at the top it is explained that the
question will be answered within two working days and that the patient has to phone
the hospital for urgent matters.
Figure 7 – Mobile phone application
Three screenshots of the app are presented in this figure. The left-hand screenshot
presents the packing list. The middle screenshot presents the convalescence plan
displayed in the recovery monitor. The right-hand screenshot presents the frequently
asked questions (FAQ).
Figure 8 – Activity tracker connected to the mobile phone application
This figure contains three screenshots of the app as well. The screenshot on the left
presents the activity tracker which can be connected to the app by selecting the pink
button. The screenshot in the middle presents the dashboard of the app before surgery.
The circle indicates the number of steps taken that day. In the pink square the number
of days until surgery are presented (i.e. 19) and next to this the date of surgery is

displayed. The right-hand screenshot contains an image of the app after surgery. The
large circle presents the recovery report which is synchronized to the recovery report of
the website (for explanations see figure 3B). The small circle indicates the report of the
activity tracker. The number in pink (i.e. 7100) presents the mean number of steps taken
per day by the patient before surgery, which is the target postoperative activity level. At
the top the date is displayed when this target level is expected to be reached. This
means that this specific person is expected to reach their target postoperative level of
7100 steps per day on 16 July 2016. The green line indicates the steps taken on that day
so far, also presented by the black number (i.e. 1819). On the right-hand side the first
activity which the patient may resume and corresponding resumption date are
presented.

Supplementary file 2. Selection of the PROMIS physical function item bank v.1.2
Question

Answering options

PFB42 Are you able to stand unsupported for 30
minutes?

5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do

PFA10 Are you able to stand for one hour?

PFB49 Does your health now limit you in going for a
short walk (less than 15 minutes)?

PFA23 Are you able to go for a walk of at least 15
minutes?

PFB5r1 Does your health now limit you in hiking a
couple of miles (3 km) on uneven surfaces,
including hills?
PFB24 Are you able to run a short distance, such as
to catch a bus?

Question

Answering options

PFB13 Are you able to carry a shopping bag or
briefcase?.

5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do

PFA14r1 Are you able to carry a heavy object (over
10 pounds/5 kg)?

PFB39r1 Are you able to reach and get down a 5
pound (2 kg) object from above your head?

PFC10 Does your health now limit you in climbing
one flight of stairs?

PFC10 Does your health now limit you in climbing
several flights of stairs?

PFA3 Does your health now limit you in bending,
kneeling, or stooping?

PFB43 Does your health now limit you in taking
care of your personal needs (dress, comb hair,
toilet, eat, bathe)?
PFA53 Are you able to run errands and shop?

PFB11 Are you able to wash dishes, pots, and
utensils by hand while standing at a sink?

PFA42 Are you able to carry a laundry basket up a
flight of stairs?

Question

Answering options

PFB12 Are you able to make a bed, including
spreading and tucking in bed sheets?

5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do
5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do

PFB3 Does your health now limit you in putting a
trash bag outside?

PFB1 Does your health now limit you in doing
moderate work around the house like vacuuming,
sweeping floors or carrying in groceries?
PFA25 Are you able to do yard work like raking
leaves, weeding, or pushing a lawn mower?

PFA4 Does your health now limit you in doing
heavy work around the house like scrubbing floors,
or lifting or moving heavy furniture?
PFA33 Are you able to exercise hard for half an
hour?

PFA13 Are you able to exercise for an hour?

PFA19r1 Are you able to run or jog for two miles
(3km)?

PFC7r1 Are you able to run five miles (8 km)?

PFC33r1 Are you able to run ten miles (16 km)?

5 Without any difficulty
4 With a little difficulty
3 With some difficulty
2 With much difficulty
1 Unable to do

Question

Answering options

PFB7 Does your health now limit you in doing
strenuous activities such as backpacking, skiing,
playing tennis, bicycling or jogging?

5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do
5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do

PFC12 Does your health now limit you in doing two
hours of physical labor?

PFC35 Does your health now limit you in doing
eight hours of physical labor?

5 Not at all
4 Very little
3 Somewhat
2 Quite a lot
1 Cannot do

ABSTRACT
Background
Instructing and guiding patients after surgery is essential for successful recovery.
However, the time that health-care professionals can spend with their patients
postoperatively has been reduced because of efficiency-driven, shortened hospital
stays. We evaluated the effect of a personalised e-health-care programme on return to
normal activities after surgery.
Methods
A multicentre, single-blind, randomised controlled trial was done in seven hospitals in
the Netherlands. Patients aged 18–75 years who were scheduled for laparoscopic
cholecystectomy, inguinal hernia surgery, or laparoscopic adnexal surgery for a benign
indication were recruited. An independent researcher randomly allocated participants
to either the intervention or control group using computer-based randomisation lists,
with stratification by sex, type of surgery, and hospital. Participants in the intervention
group had access to a perioperative, personalised, e-health-care programme, which
managed recovery expectations and provided postoperative guidance tailored to the
patient. The control group received usual care and access to a placebo (standard)
website containing standard general recovery advice. Participants were unaware of the
study hypothesis and were asked to complete questionnaires at five timepoints during
the 6-month period after surgery. The primary outcome was time between surgery and
return to normal activities, measured using personalised patient-reported outcome
measures. Intention-to-treat and per-protocol analyses were done. This trial is
registered in The Netherlands National Trial Register, number NTR4699.
Findings
Between Aug 24, 2015, and Aug 12, 2016, 344 participants were enrolled and randomly
allocated to either the intervention (n=173) or control (n=171) group. 14 participants
(4%) were lost to follow-up, with 330 participants included in the primary outcome
analysis. Median time until return to normal activities was 21 days (95% CI 17–25) in the
intervention group and 26 days (20–32) in the control group (hazard ratio 1.38, 95% CI
1.09–1.73; p=0.007). Complications did not differ between groups.
Interpretation
A personalised e-health intervention after abdominal surgery speeds up the return to
normal activities compared with usual care. Implementation of this e-health programme
is recommended in patients undergoing intermediate-grade abdominal, gynaecological,
or general surgical procedures.

INTRODUCTION
The length of hospital stay after intermediate-grade abdominal surgery has reduced
significantly during past decades because minimally invasive surgical procedures are
now typically used.1 Implementation of rapid-recovery protocols after surgery, and
economic pressures to lower the cost of a hospital stay, have also contributed to
shortening of time in hospital.2 These changes of clinical practice have restricted the
opportunity for health-care professionals to spend time with their patients before and
after surgery, thus affecting negatively the provision of information and postoperative
instructions tailored to the individual.3 High-quality patients’ counselling improves
postoperative recovery,4,5 and as a result of the changes in practice, recovery after
minimally invasive surgery is slower than expected.6,7 Hence, patients will not take full
advantage of minimally invasive surgery until optimum guidance and information is
provided in the perioperative period. In view of the increase in surgical procedures over
past decades, this problem is urgent and should be addressed in an efficient way.8
We have developed an interactive e-health programme that offers patients personalised
care during the perioperative period. Patients receive customised recovery advice and
day-to-day feedback tailored to their personal situation by an activity tracker, while an
e-consult function enables patients to chat with the health-care provider.9 Here, we
report the findings of a randomised controlled trial of this interactive e-health
programme versus standard care in patients undergoing intermediate-grade abdominal
general surgical or gynae-cological procedures. We postulated that using the e-health
programme will lead to quicker patients’ recovery in terms of return to normal activities.
Because normal activities vary considerably between participants, we used personalised
patient-reported outcome measures to assess the effect of the e-health intervention.

Research in context
Evidence before this study
We searched Pubmed, Embase, CINAHL, and the Cochrane Central Register of
Controlled Trials (CENTRAL) on Aug 15, 2017, with terms expressing e-health (eg,
“telehealth”, “telemonitoring”, “e-consult”, “mobile health”, and “internet”) in
combination with terms comprising the operative period (eg, “perioperative”,
“preoperative”, and “postoperative”). We restricted our search to controlled trials
published in Dutch and English. Our search retrieved one randomised controlled trial
that evaluated an educational perioperative e-health intervention in 215 employed
participants undergoing various forms of gynaecological surgery. The intervention
group used a supportive and educational website that focused on the period before
and after surgery whereas the control group received usual care. Participants from the
intervention group returned to work 9 days earlier, reported a higher quality of life,

and had less pain compared with the control group.
Added value of this study
Our study was done in patients undergoing intermediate-grade abdominal general
surgical or gynaecological procedures. The e-health intervention from the study
described above was extended, whereby personalised care could be provided,
according to patients’ preferences nowadays. Return to normal activities, which is
subjective and can vary widely across individuals, was assessed by personalised
patient-reported outcome measures. Patients in the intervention group resumed
normal activities significantly earlier than did those in the control group. Physical
function, participation, and satisfaction were better in the intervention group, and
negative effects or complications were absent.
Implications of all the available evidence
These findings provide substantial evidence for implementation of an educational and
supportive e-health intervention as standard care after intermediate-grade abdominal
surgery. The results of this study are of major importance for health-care providers in
primary and secondary care, health-care insurance organisations, and policy makers
in view of the positive effect on patients’ outcomes and quality of care.

METHODS
Study design and participants
We did a multicentre, single-blind, randomised controlled trial at seven teaching
hospitals in the Netherlands. We recruited potential study participants from the surgical
waiting lists of these teaching hospitals. We judged patients eligible for the study if they
were aged 18–75 years and scheduled for laparoscopic adnexal surgery, laparoscopic or
open hernia inguinal surgery, or laparoscopic cholecystectomy. Exclusion criteria
included surgery without curative intent or with additional radiotherapy or
chemotherapy, deep infiltrating endo metriosis, (ectopic) pregnancy, adnexal surgery
because of pelvic inflammatory disease or tubal ovarian abscess, a combination of
several surgical procedures, and severe comorbidity that might complicate the
postoperative course. We defined these exclusion criteria because the intervention
would not be applicable for these patients.10,11 Two further exclusion criteria were an
inability to understand information about the research and insufficient understanding
or ability to fill in (Dutch) questionnaires. We defined these two exclusion criteria
because patients meeting these criteria would not be able to participate in the study.
We obtained written informed consent from all patients who met the inclusion criteria
and were willing to participate. The study was approved by the local medical ethics
committee of the VU medical centre (registration number 2014.301) and by the

institutional review boards of all participating hospitals. The quality committee of the
Amsterdam Public Health research institute reviewed and approved the study. The
study protocol has been published.9
Randomisation and masking
After informed consent had been signed we asked participants to complete a baseline
questionnaire (T0) in the 4-week period before surgery. Randomisation to either the
intervention or control group took place directly after the baseline questionnaire had
been completed. Randomisation was done in a 1:1 ratio using computer-generated lists
and was stratified by hospital, sex, and surgical procedure using a block size of two. A
researcher who was independent from the recruitment process and data analyses did
the randomisation process. Immediately after randomisation, participants received an
email that was generated automatically, containing a link to one of the two care
programmes (intervention or control). Participants were unaware of the study
hypothesis: they knew they were allocated to one of two care programmes, but they did
not know that one programme was developed as an intervention and the other as a
control (standard care). The researcher who did the analyses was masked to the random
allocation throughout. Health-care providers were not masked to the allocation.
Procedures
The intervention care programme comprised three parts: a website, an app, and an
activity tracker. The aim of the different parts of the intervention was to prepare
participants in the best way for surgery and to support them during the postoperative
period.12 With the intervention programme, participants had the option to develop a
personalised convalescence plan, could access information about the perioperative
period by text and video animations, could use a monitor providing personal feedback
on the recovery process, and had use of an e-consult function. By using an activity
tracker, participants assigned the intervention programme were provided on a day-today basis with their current recovery status, based on a baseline measurement from the
week before surgery. Figure 1 shows the different aspects of the intervention, and these
are described in detail elsewhere.9
The control programme consisted of usual care and access to a placebo website,
consisting of a patient information leaflet with information about the surgical
procedure, general recovery advice provided by the hospital, and telephone numbers of
their hospital. The reason for giving patients access to this placebo website was to
minimise bias in estimation of the intervention effect (figure 1).
In addition to the baseline questionnaire completed in the 4-week period before surgery
(T0), participants received electronic questionnaires by email 1 week (T1), 3 weeks (T2),

6 weeks (T3), 3 months (T4), and 6 months (T5) after surgery. We used responses to these
questionnaires for outcome assessment.
Figure 1: Description of the intervention and the control

Outcomes
The primary outcome measure was time elapsing between surgery and return to normal
activities after surgery. We used the Dutch–Flemish Patient-Reported Outcomes
Measurements Information System Physical Function (PROMIS-PF) item bank version 1.2
to assess return to normal activities after surgery.13–15
The PROMIS-PF item bank includes 121 items, covering a wide range of activities from
self-care (everyday activities) to more complex activities requiring a combination of
skills. Every item contains five response categories. The PROMIS-PF item bank was
developed using Item Response Theory (IRT) analyses and has been validated
extensively in diverse populations and countries, including our own population.13,14,16,17
The items included in IRT-based item banks are all manifestations of the same
underlying construct, and after calibration and validation of an item bank, subsets of
items can be administered, giving valid and reliable scores that can be compared on the
same scale with scores obtained from answering the whole item bank.13,14,18 PROMIS
scores are expressed as T-scores, where a T-score of 50 represents the average score of
the general US population, with an SD of 10. We preselected 29 items from this item
bank that were relevant activities for our study population. On the baseline (T0)
electronic questionnaire, we asked participants from both groups to select eight
activities from this list of 29 activities that—in their view—would most reflect their day-

to-day activities. Participants, thus, created their personalised physical function short
form. Based on the underlying IRT model of the item bank, individual T-scores are
comparable, even though participants completed different items.18 In questionnaires
administered after surgery (T1 to T5), we asked participants if they had already resumed
these activities, and if so, since when they had done so. Every participant, therefore, had
eight resumption dates for their personalised activities. We converted these dates into
periods by subtracting the date of surgery from these dates. The moment on which the
last activity was resumed was the return to normal activities moment and, thus, the
primary outcome.
If one or more activities had not been resumed when completing the last questionnaire
(6 months after surgery [T5]), we censored the dates of resumption of these activities on
6 months. When the resumption dates of one or two activities were missing, we
calculated the return to normal activities moment based on six or seven activities,
respectively. For participants with missing resumption dates for more than two
activities, we could not ascertain accurately the return to normal activities moment,
because five-item short forms have little reliability for patients with more extreme
scores.14 We censored these participants at the latest follow-up moment for which we
knew return to normal activities was not yet resumed.
To check if participants assigned to the control group did not select so-called easier
activities than participants allocated to the intervention group, we calculated for each
participant the mean first threshold of the IRT item characteristic curve of the eight
selected items. In IRT analyses, every item with five response options has four
thresholds, indicating the level of physical function at which the highest probability of
giving a certain response changes from one response category to the next (also called
item difficulty).
Secondary outcome measures were: first return to normal activities after surgery (ie, the
moment on which the first activity was resumed); 75% return to normal activities after
surgery (ie, the moment on which 75% of the activities were resumed); physical function
(T-score of PROMIS-PF personalised short form); social participation (T-score of PROMIS
Ability to Participate in Social Roles and Activities version 2.0 short form 8a [PROMISAPS]);19 self-rated health (measured with EuroQol five dimensions three levels [EQ-5D3L]);20 time until the first day of return to work;, time until full resumption of work
activities; physical activity (calculated as total hours of walking, moderate, and vigorous
activities per week and measured with the International Physical Activity Questionnaire
[IPAQ]);21 length of recovery (mean score of the Recovery Index short version form
[RI5]);22 pain intensity (measured on a visual analogue scale);23 and satisfaction with
perioperative care and with the care programme (measured with a satisfaction
questionnaire on a scale from 1 [low] to 10 [high]).

We assessed major complications during and after surgery by reviewing surgical reports
and postoperative notes. For the calculation of costs, we included intervention costs
(bottom-up approach), health-care costs (primary health-care costs, secondary healthcare costs, medication costs, and home care costs [ascertained with a cost
questionnaire]), and costs related to productivity loss.9 To calculate quality-adjusted
life-years (QALYs), we used the EQ-5D-3L. Further, we did a process evaluation in which
the implementation process of the intervention was evaluated. Results of this study are
published elsewhere.24 A detailed description of the outcome measures in the study,
including how and when they were assessed, is in the study protocol.9
Statistical analysis
We calculated the sample size needed for our study using the following procedure.
Based on a previous study, we expected a hazard ratio (HR) of 1.4 for the difference in
return to normal activities between both groups.25 Using a two-sided log-rank test at a
significance level of 5%, we needed to observe 285 events (participants returning to
normal activities) to achieve a power of 80%. We aimed for a total of 308 participants
(154 in both groups), allowing for an expected proportion of 2.5% of participants not
returning to normal activities within the 6-month follow-up period and a dropout rate of
5%. We did analyses in SPSS version 22. We did statistical analyses according to the
intention-to-treat (ITT) principle. We also did per-protocol analyses, which included only
the participants who used the intervention as intended (ie, participants from the
intervention group who at least generated a convalescence plan on the website, and all
patients in the control group). We used Kaplan-Meier curves to describe differences
between study groups in time to return to normal activities after surgery and time to
return to work, and we compared these outcomes between groups using Cox regression.
For the primary analysis, we included study group as an independent variable and
adjusted for covariates used for stratification (ie, sex, hospital, surgical procedure).
Moreover, we did a sensitivity analysis in which baseline factors that might affect the
length of the recovery period after surgery (ie, the recovery index [RI5], recovery
expectations at baseline, and employment status) were added to the model with study
group and stratification factors.5 We did a final sensitivity analysis in which we defined
return to normal activities after surgery as time elapsing between randomisation and
return to normal activities. We analysed differences in continuous outcomes between
groups over time by mixed models, with time as a categorical independent variable. We
included an interaction between group and time in these models, to compare the course
of the mean outcome over time between the groups. When the interaction was found
not to be significant we removed it from the model, and the main effect for group was
considered to establish whether means when averaged over follow-up differed between
groups.

We did an economic evaluation from a health-care and societal perspective for the
primary outcome measure (return to normal activities) and QALYs.9 Cost differences
were—in line with the primary outcome analysis— adjusted for factors for which
stratification took place. We used bivariate regression analyses to estimate total cost
and effect differences.26 We used bias-corrected accelerated bootstrapping (5000
replications) to estimate statistical uncertainty. Cost-effectiveness acceptability curves
were estimated. A detailed description of methods and results of the cost-effectiveness
analysis are reported in chapter 9.
This trial is registered in the Netherlands National Trial Register, number NTR4699.
Role of the funding source
The funder had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all
the data in the study and had final responsibility for the decision to submit for
publication.

RESULTS
Between Aug 24, 2015, and Aug 12, 2016, 896 potential participants were assessed for
study participation. Of these, 344 (38%) gave their consent to participate (figure 2). A
comparison of participants and non-participants according to age, sex, and type of
surgical procedure revealed no clinically relevant or significant differences between
both groups (data not shown). 173 participants were randomly allocated to the
intervention group and 171 to the control group. One participant allocated to the
intervention did not receive an account for the intervention website, because of
logistical problems. 138 participants used the intervention as intended (ie, they at least
generated a convalescence plan on the website) and were included in per-protocol
analyses. Follow-up ended on March 14, 2017. Median length of follow-up was 26 weeks
(IQR 26–26).
344 (100%) participants completed the baseline questionnaire (T0), and questionnaires
at 1 week (T1), 3 weeks (T2), 6 weeks (T3), 3 months (T4), and 6 months (T5) after surgery
were completed by, respectively, 327 (95%), 323 (94%), 310 (90%), 304 (88%), and 300
(87%) study participants. Data for the primary outcome measure (return to normal
activities after surgery) were available for 330 (96%) study participants (figure 2). For
four participants, the date for return to normal activities after surgery was based on
seven instead of eight activities (n=1 in the intervention group and n=3 in the control
group).

Figure 2: Trial profile

Baseline characteristics of study participants are presented in table 1 and were largely
similar between groups, except participants in the control group expected to return to
work earlier than did participants in the intervention group. The mean difficulty scores
of the short forms (personalised by participants) were comparable between the
intervention and the control group, which means that the activities selected by

participants were comparable in item difficulty. Complications during and after surgery
were low in both groups (table 1).
Table 1: Baseline characteristics
Variable
Intervention group (n=173)
Control group (n=171)
Gender
Male
78 (45%)
79 (46%)
Female
95 (55%)
92 (54%)
Age (years)
52 (42-61)
51 (41-58)
Nationality
Dutch
171 (99%)
168 (98%)
Other
2 (1%)
3 (2%)
Level of education
Low
31 (18%)
31 (18%)
Medium
50 (29%)
58 (34%)
High
92 (53%)
82 (48%)
Employment situation
Employed
132 (76%)
123 (72%)
106
95
Salaried employment
25
26
Self-employed
1
2
Volunteer work
41 (24%)
48 (28%)
Non employed
8
7
Domestic work
3
1
Student
5
4
Incapacitated for work
2
9
Unemployed
Retired
23
27
Type of work *
Light or medium intensity level
98 (74%)
90 (73%)
Heavy intensity level
34 (26%)
33 (27%)
Type of surgery
Gynecological
54 (31%)
49 (29%)
119 (69%)
122 (71%)
Surgical
67
63
Hernia inguinal surgery (LS)
1
2
Hernia inguinal surgery (O)
Cholecystectomy (LS)
51
57
RTW expectations (median days, IQR) *
14 (7-14)
10 (5-14)
RNA expectation ( median days, IQR )
14 (14-28)
14 (10-28)
Baseline physical function score (T52 (8)
51 (8)
score of the physical function short
form)
Difficulty of the selected physical
-0.6 (0.6)
-0.6 (0.8)
function items †
Complications during surgery
3 (2%)
4 (3%)
Complications after surgery
3 (2%)
2 (1%)
Data are number of patients (%), median (IQR), or mean (SD). LS = Laparoscopic, O = Open, RTW expectations =
Number of days participants expect that they will Return To Work after surgery, RNA expectations = Number of
days participants expect that they will Return to Normal Activities after surgery * n=255, only applicable to the
employed participants. Light or medium intensity level (sedentary work, no heavy lifting required). Heavy
intensity level (lifting and carrying loads required) † Mean first threshold of the IRT item characteristic curve of
the eight selected items on baseline.

Median time until return to normal activities was 21 days (IQR 17.29–24.71) for
participants in the intervention group and 26 days (20.43–31.57) for participants in the
control group (adjusted HR 1.38, 95% CI 1.09–1.73; p=0.007; table 2, figure 3).
Comparable results were noted in sensitivity analyses when adjustments were made for
factors that might affect the length of the recovery period (adjusted HR 1.36, 95% CI
1.08–1.72; p=0.008; table 2), and when return to normal activities was measured from
the moment of randomisation instead of from the moment of surgery (median 32 days
[IQR 22–52] in the intervention group and 40 days [24–69] in the control group; HR 1.38,
95% CI 1.10–1.73; p=0.006). Per-protocol analyses had no substantial effect on the
results (table 2).
Table 2: Primary outcome measure
Type of
Intervention group
Control group
Difference
analysis
N (Cases
Median RNA
N (Cases
Median RNA
Hazard
95% CI
p
Censored)
(95%CI)
Censored)
(95%CI)
ratio
value
Primary
163 (8)
21.00
167 (18)
26.00
1.38
1.09-1.73
0.007
analysis *
(17.29-24.71)
(20.43-31.57)
Sensitivity
1.36
1.08-1.72
0.008
analysis †
Per
132 (4)
20.00
167 (18)
26.00
1.43
1.12-1.83
0.004
Protocol
(18.31-21.69)
(20.43-31.57)
analysis‡
RNA=Time to Return to Normal Activities after surgery. * Intention to treat analysis, adjusted for factors on
which randomisation was stratified: hospital, surgical procedure and sex. † Intention to treat analysis,
adjusted for stratification factors and factors which could influence the length of the recovery period (score of
the recovery index (RI5, which is focused on pain, fatigue and physical functioning), recovery expectations on
baseline (length in days), work status)5 ‡ In the intervention group only participants who made a
convalescence plan were included. Analysis adjusted for factors on which randomisation was stratified.

Median time until first return to normal activities was 3 days (IQR 1–5) in the intervention
group and 3 days (1–6) in the control group (HR 1.14, 95% CI 0.92–1.42; p=0.229). Median
time until 75% of normal activities were resumed differed significantly between study
groups (median 13 days [IQR 6–22] in the intervention group vs 16 days [7–25] in the
control group; HR 1.25, 95% CI 1.01–1.56; p=0.046). In the subsample of participants who
were employed, time until first resumption of work did not differ between groups
(median 14 days [IQR 7–21] in the intervention group vs 13 days [7–23] in the control
group; HR 1.00, 95% CI 0.77–1.29; p=0.983), but time until full resumption of work did
differ significantly (median 18 days [IQR 10–27] in the intervention group vs 19 days [11–
33] in the control group; HR 1.31 95% CI 1.01-1.70; p=0.045). Correcting these analyses
for return to work expectations, which differed between groups at baseline, did not
change the results by much (data not shown).

Figure 3: Time to return to normal activities after surgery

HR=hazard ratio. *Number at risk is the number of participants allocated to the group, minus the number who dropped out,
minus the number who already reached the outcome event (return to normal activities).

Other secondary outcomes are presented in table 3. None of the outcome measures
showed a significant interaction with time, so the presented differences represent the
mean differences averaged over the follow-up period. Social participation scores and
physical function scores were significantly higher during follow-up in the intervention
group compared with the control group. Other outcome measures did not differ
between groups. Participants in the intervention group gave a higher rating to the care
programme they had access to than did participants in the control group (mean
satisfaction score 7.2 [SD 1.7] vs 6.3 [2.4]; p=0.001). Satisfaction with overall received

care did not differ between study groups (mean score 7.5 [SD 1.7] for the intervention
group vs 7.1 [2.3] for the control group; p=0.169).
Table 3: Secondary outcome measures
Outcome measure (Measuring instrument)

Measuring
Beta*
95% CI
P-value
moments
Physical function (PROMIS-PF)
T1, T2, T3, T4, T5
1.22
0.16-2.27
0.024
Social participation (PROMIS-APS)
T1, T2, T3, T5
1.44
0.15-2.72
0.038
Self-rated health (EQ-5D)
T2, T3, T4, T5
1.62
-3.33-6.57
0.520
Physical activities (IPAQ)
T1, T2, T3
5.87
-13.12-24.87
0.543
Recovery (RI5)
T1, T2, T3, T4, T5
0.17
-0.41-0.76
0.559
Pain intensity (VAS)
T1, T2, T3
-0.49
-1.59-0.61
0.379
Mixed model analyses using all the measuring moments after surgery on which the outcomes were assessed.
Corrected for baseline scores measured month before surgery except for the pain variables which were not
measured on baseline.
PROMIS-APS=PROMIS Ability to Participate in Social Roles and Activities short form, 14 PROMIS-PF=PROMIS
physical function personalized short form, RI5= Recovery index short version form, 17 IPAQ= International
Physical Activity Questionnaire, 16 VAS=Visual analogue scale, 18 EQ-5D= EuroQol-5D. 15 T1=one week after
surgery, T2=three weeks after surgery, T3=six weeks after surgery, T4=three months after surgery, T5=six
months after surgery. *Intervention relative to control group. Interactions between group and time were not
significant and the beta’s for main-effect for group after removing the interaction from the model are
presented.

Total health-care costs were €202 higher in the intervention group (€926 [SEM 124] for
the intervention care programme vs €721 [90] for the control programme), but this
difference was not significant (95% CI –58 to 486; table 4). The difference in QALYs
between both groups was small (mean 0.46 [SEM 0.004] in the intervention group vs 0.45
[0.004] in the control group; difference 0.01, 95% CI 0.0003–0.02).
Table 4: Mean cost differences
Cost category
Hospital admission costs
Primary care costs †
Secondary care costs ‡
Medication costs
Home care costs
Intervention costs
Total Health care costs

Intervention group
(n=173) Mean (SEM)
674
32
106
12
57
45
926

(104)
(7)
(18)
(5)
(30)
(124)

Control group
(n=171) Mean (SEM)
514 (79)
67 (14)
119 (15)
11 (6)
10 (4)
0
721 (90)

Mean cost-difference
(95% CI)*
164 (-67-399)
-35 (-70- -10)
-15 (-54-24)
-0.2 (-23-10)
44 (10-117)
45
202 (-58-486)

Costs are expressed in euros. Significant differences are highlighted in bold. SEM = Standard Error of the Mean
* Uncertainty estimated using bootstrapping, corrected for characteristics for which stratification took place
(hospital, sex and type of surgery). † Including visits to the general practitioner, occupational therapist, social
worker or physiotherapist. ‡ All secondary care costs apart from hospital admission costs

DISCUSSION
The findings of our study show that delivering personalised care via an e-health
intervention programme is effective with respect to the time taken to return to normal
activities after intermediate-grade abdominal surgery (as assessed with a personalised
patient-reported outcome measure). Furthermore, the intervention care programme
had a positive effect on social participation and physical function. No negative effects of
the e-health intervention were noted, and complications before and after surgery were
low.
As far as we know, our study is the first to assess the effect of an e-health intervention on
the time to return to normal activities after intermediate-grade abdominal surgery. In a
systematic review about the effects of e-health in perioperative care, 11 studies were
identified in which educational e-health interventions were evaluated.27 However, only
one study was done in patients undergoing abdominal surgery.25 This paucity of studies
is remarkable considering the increasing popularity of minimally invasive techniques
done in day-care settings in this area and the associated lack of postoperative guidance
in the postoperative course, which creates an urgent need for e-health solutions. In that
study,25 an educational perioperative e-health intervention was evaluated in patients
undergoing gynaecological surgery. Participants in the intervention group returned to
work (full resumption) 9 days earlier than participants in the control group. Our
intervention was based on that study,25 thus, we expected comparable results. In our
study, we noted a significant difference in time to full resumption of work, in favour of
the intervention group; however, the difference between groups was only one day. The
reason for this discrepancy between studies could be because the intervention in our
study focused mainly on resumption of normal activities, and return to work was only
assessed in employed participants (74%). A second explanation could be that return to
work was assessed in a less extensive way in our study (first day of work resumption and
day of complete work resumption) by comparison with the earlier study,25 in which
sickness absence calendars were assessed prospectively. Finally, the type of surgical
procedures included in our study were, overall, less invasive in character compared with
the earlier study, which might have caused the smaller difference between groups in
return to work time because of the overall shorter duration of sickness absence after
these types of surgical procedures.
A major strength of our study was the use of a personalised patient-reported outcome
measure for assessment of the primary outcome. In several studies assessing the effects
of an intervention on recovery after surgery, instruments or outcome measures were
used that were not sensitive to measure effects or were not relevant in the context of the
research question.22,28,29 A patient-reported outcome measure has the potential to
quantify patients’ subjective perceptions of the effect that treatment has on their daily

lives, in a standardised manner. Furthermore, collection of patient-reported outcome
data in clinical settings has been proven to help inform clinical decision-making and can
be helpful in reflecting the quality of health care.30 Above all, a patient-reported
outcome measure has the potential to personalise the outcome, making it possible to
measure the effect on each individual patient, which is essential since normal activities
are different for every participant. In our study, participants selected the activities that
were most relevant for them in daily life; thus, the primary outcome of return to normal
activities was specific to outcomes that mattered to participants. Moreover, the
measurement process and the main part of the e-health intervention (the possibility to
make a convalescence plan) were strongly related to each other, because activities that
could be selected for the convalescence plan were (for the greater part) derived from the
PROMIS-PF item bank. Therefore, the effect of the intervention could be measured very
specifically. Further strengths of our study are the low proportion of dropouts (4%) and
the fact we could mask participants to the study hypothesis. This type of masking is
unique in the area of e-health research and is the best possible option, because
complete masking of participants is not possible since treatments compared are
inherently different.31
All analyses regarding the primary outcome measure, including the per-protocol
analysis, showed a significant effect in favour of the intervention group, which shows the
consistency of our findings. One might argue that the criterion for including participants
in the per-protocol analysis (ie, creating a convalescence plan) might not be sufficient
because we do not know if participants used the plan they created. However, this
objectively measurable outcome acts as a proxy to create a clear cutoff. Selection bias is
likely to play a part in the per-protocol analysis because a selected subgroup of
participants from the intervention group was compared with all participants randomly
allocated to the control group. Care should, therefore, be taken when interpreting the
results of the per-protocol analysis, which in principle concerns a non-randomised
comparison.
Our study has other limitations. First, the proportion of participants included in the
study after assessment for eligibility was low (38%). Although we could compare
participants and non-participants with respect to age, sex, and surgical procedure,
selection bias cannot be ruled out completely. Further, we did not register the reason for
non-participation in patients who were not willing to participate. Was the inclusion
percentage low because of the study setting and the burden of completing
questionnaires during a 6-month period after surgery, or because patients prefer not to
use an e-health intervention at all? A survey study in a comparable population showed
that 78% would prefer to use e-health in perioperative care;12 thus, the most obvious
explanation would be the additional burden of the research setting. Second, we defined
our outcome measures—return to normal activities and return to work—as time
elapsing between surgery and reaching the event. Preferably, we would define these

outcomes as time elapsing between randomisation and reaching the event. However,
from a clinical perspective, this definition would be irrelevant because the event could
not be reached before surgery. Doing the randomisation procedure at the time of
surgery was also not possible for logistical reasons. To address this issue, we did an
extra sensitivity analysis in which return to normal activities was measured from the
date of surgery. This analysis showed comparable results to the main analysis.
Moreover, median lead times between randomisation and surgery were the same (8
days) in both groups. This finding, together with the comparable results between both
analyses, reduce the likelihood of bias. Finally, we were not able to mask health-care
providers to the random allocation, but because these workers had no function in the
data collection or analysis process, we are confident that the amount of bias is scant. We
postulated that patients who had surgery and used a personalised e-health intervention
would return to normal activities sooner after the surgical procedure than patients who
received usual care. Our hypothesis was based on the idea that informing patients about
the surgical procedure and the recovery process before surgery and during the recovery
process (management of expectations) would improve the recovery process.4,5 This
hypothesis was confirmed by our study findings and, moreover, we showed that the ehealth intervention improved postoperative recovery with little effort for health-care
providers. However, the effect on return to normal activities was not reflected in the
difference in QALYs between the study groups, which was small and not clinically
relevant. Total health-care costs were higher in the intervention group than in the
control group, but this difference was not significant. Primary health-care costs were
lower and home care costs were higher in the intervention group compared with the
control group. A possible explanation for this discrepancy between primary and home
care costs is that the extra information and guidance that patients received by using the
intervention reduced the demand for primary care. However, extra information about
the expected recovery period might have resulted in a larger anticipated need for extra
help after discharge, which might have induced the increase in home care costs.
Future research should focus on the needs and motivation of different stakeholders to
invest in these types of interventions and the logistical facilitators and barriers for
implementation. This knowledge, together with results of the cost-effectiveness analysis
of this intervention (chapter 9) will provide important information with a view to the
implementation process of this e-health intervention. Moreover, future studies of the ehealth intervention should be done in patients undergoing major abdominal surgical
procedures, because the findings of our study cannot be generalised to these
procedures, although it is likely that this population would also benefit from this
intervention, since shortening of hospital stay and the related reduced level of
postoperative guidance also apply to this population.2,5
The findings of our study showed a perioperative e-health care programme was effective
to shorten the time until normal activities were resumed after intermediate-grade

abdominal surgery. This improvement in recovery time, in combination with a
shortened hospital stay, an increase in surgical volume, and the growing popularity of
technology in this area, suggests that a personalised, perioperative, e-health
programme should be considered for implementation in standard perioperative care.
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APPENDICES
Supplementary file 1 – Supporting analyses

Type of
analysis
Intention to
treat crude
analysis
Post hoc‡

Intervention group

Control group

N (Cases
Censored)
163 (8)

N (Cases
Censored)
167 (18)

159 (8)

Median RNA
(95%CI)
21.00
(17.29-24.71)

Difference
Median RNA
(95%CI)
26.00
(20.43-31.57)

21.00
161 (16)
25.00
(18.84-23.16)
(19.61-30.39)
RNA=Time to Return to Normal Activities after surgery
‡ Participants with major complications during or after surgery were excluded

Hazard
ratio
1.34

95% CI

1.31

1.041.64

1.071.69

p
value
0.011
0.022

ABSTRACT
Objective
To evaluate the cost-effectiveness and cost-utility of a perioperative e-health
intervention in abdominal surgery compared to usual care.
Methods
An economic evaluation from a societal and healthcare perspective was conducted as
part of a multicentre, single blind, randomized controlled trial. 344 patients undergoing
a laparoscopic cholecystectomy, inguinal hernia surgery or laparoscopic adnexal
surgery for a benign indication were included. 173 participants were randomized to the
intervention group and received access to a personalized e-health intervention to guide
them pre- and postoperatively. 171 participants were randomized to the control group
and received usual care and access to a placebo website. The primary outcome measure
was return to normal activities (RNA). This was measured by a personalized PROM, since
normal activities typically vary considerably between individuals. In addition, a costutility analysis was performed using quality-adjusted life-years (QALYs). The follow-up
duration was six months. Missing data were imputed by multiple imputations.
Bootstrapping was used to estimate statistical uncertainty. Various sensitivity analyses
were performed.
Findings
Intervention group participants returned to normal activities significantly earlier than
control group participants (mean difference 13.3 days, 95% CI 3.5-23.0). Total costs and
healthcare costs were higher in the intervention group than in the control group, but
this difference was not statistically significant (adjusted mean difference €168, 95%CI 775-1129 and €202, 95% CI -58-486 respectively). When the societal perspective was
applied, the incremental cost-effectiveness ratio (ICER) for RNA was €13, indicating that
each day that normal activities were resumed earlier in the intervention group was
associated with an extra €13 compared with the control group. The probability of the
intervention being cost-effective compared with usual care was 0.38 at a willingness to
pay (WTP) of €0/day earlier RNA. This probability increased to 0.97 when the WTP was
€100/day. When the healthcare perspective was applied, the ICER was €15. and the
probability of the intervention being cost-effective was 0.08 at WTP of €0/day earlier
RNA. This increased to 0.99 when the WTP was €100/day. The intervention’s probability
of being cost-effective for QALYs compared with usual care was relatively low at all
values of willingness to pay (WTP).

Interpretation
As it is unknown how much decision-makers are willing to pay per day earlier return to
normal activities, strong conclusions about the intervention’s cost-effectiveness in
terms of this outcome cannot be made. The cost-effectiveness of this perioperative Ehealth intervention depends on the willingness to pay and the likelihood of costeffectiveness being considered acceptable from different perspectives. The intervention
is not cost-effective for QALYs.

INTRODUCTION
Over the past years, the number of surgical procedures performed per year has risen
rapidly because of the growing need for surgical procedures worldwide.1,2. This increase
has resulted in rising hospital care costs, partly due to the growing demand for
healthcare workers.3 In addition, a growing number of new minimal invasive techniques
has been developed. Although these procedures are relatively expensive to perform,
they will likely result in lower hospital care costs because of the associated shortened
duration of hospital stay.3,4 The period of perioperative in-hospital care provided to the
patients is therefore increasingly limited nowadays, which is a negative development
since instructing and guiding patients after surgery has proven to have a positive effect
on the actual length of recovery.5,6 As a consequence, return-to-normal-activities
(including work) after surgery takes much longer than expected, irrespective of the
surgical technique and level of invasiveness.5,7 Such delays in recovery have a negative
impact on clinical outcomes, medical consumption, and sick leave, which in turn results
in unnecessary costs for society.6,8 This means that the costs which are saved by the
shortening of the hospital care duration are partly transferred to primary care, extra
home health care, and employers. To avoid that costs are transferred to other sectors
and to improve surgical outcomes after surgery, alternative perioperative support
options should be considered. E-health seems to be an efficient tool for this, since the
number of persons who own a tablet or mobile phone has increased significantly over
the past years.9 Several perioperative E-health interventions have been developed in
recent years. A systematic review evaluating the effectiveness of this type of
intervention showed that the majority of E-health interventions leads to similar or
improved clinical patient-related outcomes compared to face to face perioperative
only.10 However, since there has been a high economic pressure to lower healthcare
costs over the past decades, it is important to not only evaluate the effectiveness of such
interventions, but also their cost-effectiveness. Therefore, this study aimed to perform a
cost-effectiveness analysis as well as a cost-utility analysis, in which a perioperative Ehealth intervention with the aim to enhance return to normal activities after abdominal
surgery was compared with usual care. Since various stakeholder are likely to be
affected by implementation of this intervention (e.g. government, employers,
healthcare insurances), the cost-effectiveness analysis was performed from a societal
and healthcare perspective and various other perspectives were applied in the
sensitivity analyses. We hypothesized that activities would be resumed sooner after
surgery and costs would be lower because of the related loss in productivity costs and
lower healthcare consumption.

METHODS
Study design
This economic evaluation was carried out alongside a randomized controlled trial
evaluating an E-health intervention in comparison with usual care regarding return to
normal activities after various forms of abdominal surgery. The study protocol was
approved by the medical ethics committee of the VU medical centre (registration
number 2014.301) and the trial was registered in the Netherlands Trial Register
(NTRNTR4699). The study protocol has been published earlier.11
Participants
The study took place in seven teaching hospitals in the Netherlands. Patients between
18 and 75 years old who were scheduled for laparoscopic adnexal surgery, laparoscopic
cholecystectomy or hernia inguinal surgery for a benign indication between august 2015
and august 2016 were contacted for study participation. Patients who were planned for
surgery without a curative intention or with additional radio- or chemotherapy, who
were scheduled for a combination of several surgical procedures, who had severe
comorbidity which might complicate the postoperative course, who were unable to
understand the information concerning the research or who had insufficient
understanding or ability to fill in (Dutch) questionnaires, were excluded. When patients
were eligible and willing to participate, informed consent was signed.
Randomization and masking
Participants who signed an informed consent form, were asked to complete a baseline
questionnaire before surgery. Hereafter, randomization took place by a researcher who
was independent from data collection or data analyses by using computer-based
randomization lists. Participants were randomized to an E-health intervention
(intervention group) or usual care and a placebo website (control group). Since
participants did not know which of the programs was developed as an intervention care
program, they were blinded to the allocation. Healthcare providers were not blinded to
group allocation.
Procedures
A detailed description of the intervention has been provided elsewhere.11 In brief, the
aim of the E-health intervention was to prepare patients in an optimal manner for their
surgical procedure and to support them after surgery during their recovery process. This
was done by a website, app and activity tracker, all providing information about the
period around the surgical procedure and giving feedback during the recovery period.
On the website an e-consult function was also available so that patients could ask

questions to their healthcare provider. Because participants were provided with this
option, they were initially only offered a telephone appointment to substitute the
postoperative appointment in the outpatient clinic. In addition to usual care, the control
group received access to a placebo website, on which the information leaflet of the
surgical procedure was presented.
Outcomes
All outcomes were measures by electronic questionnaires before surgery (T0) and on
five moments during the six months after surgery (i.e. one week (T1), three weeks (T2),
six weeks (T3), three months (T4), and six months (T5) after surgery).
Effect measures
The primary endpoint of the study was the time until participants returned to normal
activities after surgery (RNA). This was measured tailored to the individual, by using a
personalized PROM. At baseline, study participants were asked to conduct their
personal PROMIS physical functioning short form by selecting eight items which best
reflected their daily life from the PROMIS physical functioning item bank v 1.2.12-14 In the
subsequent questionnaires, participants were asked whether or not they already had
resumed these activities. The moment that the last activity from the short form was
resumed was defined as the RNA moment. When after six months one or more activities
had not been resumed yet, these dates were censored on six months. For the cost-utility
analysis, the 3-level EuroQol five-dimensional questionnaire (EQ-5D-3L) was
administered.15 Patients’ EQ-5D-3L health states were converted into utility scores using
the Dutch tariff. Quality Adjusted Life Years (QALYs) were calculated using the areaunder-the-curve method. Utility scores for the health states at the different time points
were multiplied with the time between these time points. Utility scores were linearly
interpolated between time points.16
Cost measures
All costs were converted to Euros (€) 2016 using consumer prices indices.
Intervention costs
A bottom-up micro-costing approach was used to calculate the costs of the intervention.
All costs related to the development, operation and implementation of the intervention
were included. Data on the costs of developing and maintaining the website, app, and
activity tracker were derived on invoices and user statistics. Labour costs of intervention
providers were calculated by multiplying their time investments (which were registered
by the researcher during the study) by their hourly salary rates.17 Travel costs were
calculated by multiplying the distances travelled by the principal investigator by a

standard kilometre rate (i.e. €0.28). Capital costs were valued using hospital records.
The intervention’s development costs per participant were estimated by dividing the
total development costs by the estimated number of program users during the first five
years after implementing it broadly.18 This was done because the development costs are
a one-time investment, which will not be further required once the intervention is
implemented. The intervention’s operation and implementation costs per participant
were calculated by dividing the total costs by the number of intervention patients in the
study, considering the fact that these costs were only incurred for this population and
would be incurred again in case the intervention would be implemented broadly.
Health care costs
Health care use was measured using a retrospective questionnaire administered at
three and six months after surgery. All these costs are paid by the healthcare insurance
company and include costs related to primary healthcare (including visits to the general
practitioner, occupational therapist, social worker or physiotherapist), secondary
healthcare (including hospital admission or visits to the outpatient clinic), medication
and home care (home visits from a carer).
Healthcare costs were valued using Dutch standard costs, prices according to
professional organizations if standard costs were unavailable, and unit prices of the
Royal Dutch Society of Pharmacy.17,19
Absenteeism costs
The Institute for Medical Technology Assessment (iMTA) Productivity Cost Questionnaire
(iPCQ) was used for measuring sickness absence from work and was administered at
each measurement point.20 Sickness absence days were valued using age- and genderspecific price weights, and in accordance with the friction cost approach with a friction
period of 23 weeks.17
Presenteeism costs
Presenteeism was assessed at each measurement point using two items of the iPCQ. The
first item asked patients to report the total number of days that they went to work while
experiencing health complaints. The second item asked patients to report their
performance level on these days on a scale from 0 (I was not able to do anything) to 10 (I
was able to do everything).21 Both answers were used to calculate the total number of
presenteeism days using the following formula:
Presenteeism days = ((10 - performance level)/10) * number of days with health
complaints.

Presenteeism days were valued using age- and gender-specific price weights.17
Unpaid productivity costs
Unpaid productivity costs were costs related to productivity losses from domestic work,
volunteer work, or school/study. Unpaid productivity losses were assessed at three and
six months after surgery and valued using a Dutch recommended shadow price of
€14.13 per hour of unpaid productivity loss.17
Informal care costs
Informal care costs were costs related to the help patients received from their family
and friends. This was also assessed at three and six months after surgery and valued
using a Dutch recommended shadow price of €14.13 per hour help.17
Statistical analysis
Descriptive statistics were used to describe and compare baseline characteristics of
study groups. T-tests, Mann–Whitney U tests, Chi-square tests or Fischer exact tests
were used to compare baseline characteristics of participants with and without missing
data. Analyses were performed according to the intention to treat principle. Missing data
were imputed using Multiple Imputation by Chained Equations (MICE), stratified by
treatment group. The imputation model consisted of all available cost and effect
measure values, variables that were related to the absence of data (Level of education, T
score PROMIS physical function short form on baseline), variables that differed between
groups at baseline (Return to work expectations), and all covariates that were included
in the analyses (hospital, surgical procedure and sex). Multiply imputed datasets were
analysed separately as specified below. Hereafter, results were pooled using Robin’s
Rules.22
The economic evaluation was performed from a societal and a healthcare perspective. A
cost-effectiveness analysis was performed in terms of the primary effect measure (RNA)
and a cost-utility analysis was conducted from the societal perspective in terms of
quality-adjusted life-years (QALYs). To compare costs between groups, 95% confidence
intervals (95%CIs) around adjusted cost differences were calculated using bias corrected
accelerated bootstrapping (5000 replications). Seemingly Unrelated Regression analyses
were used to estimate total cost and effect differences, corrected for characteristics for
which stratification took place (hospital, sex and type of surgery).23 In addition, costs
differences related to productivity loss were corrected for work employment status,
because intervention group participants were more frequently employed, and thus had
a higher level of cumulative absenteeism days from work, than their control group
counterparts. Incremental cost-effectiveness ratios (ICERs) were calculated by dividing
the difference in total costs between groups by the difference in effects. Uncertainty

surrounding the ICERs was graphically displayed by plotting bootstrapped cost-effect
pairs on incremental cost-effectiveness planes (CE-pairs). Cost-effectiveness
acceptability curves were constructed for QALYs, illustrating the probability of the
intervention being cost-effective compared with the control condition for a range of
different ceiling ratios.
Various sensitivity analyses were performed. In the surgery-related analysis, only costs
were included that were directly related to surgery (i.e. when a participant for example
already used medication before surgery, these costs were not included), in the
employers’ perspective analysis only employed participants and costs accruing to Dutch
employers and intervention costs were included, in the presenteeism analysis all costs
were included but the presenteeism costs were estimated using the WHO-HPQ instead
of the iPCQ, and finally a complete-case analysis was performed, in which only those
participants were included who had fully completed all questionnaires, which means
that nu results were imputed.
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all
the data in the study and had final responsibility for the decision to submit for
publication.

RESULTS
Participants
Of the 1031 patients who were assessed for eligibility, 344 participants were included
and were randomized to the intervention (n=171) or control group (n=173) (Figure 1).
Participants and non-participants were similar in terms of age, gender, and type of
surgical procedure. Baseline characteristics of the study participants are presented in
the main article. Both groups had similar baseline characteristics, except for their
employment status (i.e. intervention group participants were more frequently employed
than their control group counterparts) and RTW expectations (i.e. intervention group
participants expected to resume their work activities after surgery sooner than
participants from the control group). Complete follow-up data were available for the
primary outcome measure (RNA) from 95.9% (n=330) of patients and for 82.3% (n=283)
of patients for QALYs. Complete follow-up regarding presenteeism was obtained from
66.9% (n=230) of patients, for absenteeism from 68.3% (n=235) of patients and for
healthcare costs from 84.0% (n=289) of patients.

Figure 1: Trial Profile

Use of the intervention
172 intervention group participants received an account for the website. Of them, 80%
(138/172) used the website actively. Only 51% (89/173) were offered a telephone
appointment instead of an appointment at the outpatient clinic (87 participants actually
had the telephone appointment) and 7% (12/172) made use of the E-consult function. A
detailed evaluation of the different components of the intervention and the participants’
reasons for not using the intervention are described in the process evaluation of the
study.24
Costs
Mean intervention costs per patient were €45 (Table 2). Total costs were higher in the

intervention group (€4137 (SEM 462)) than in the control group (€3756 (SEM 370)),
however this difference was not significant (adjusted mean difference €168, 95%CI -7751129). Absenteeism was the biggest cost driver, with €1890 (SEM 217) in the intervention
group and €1792 (SEM 206) in the control group. From the health care perspective, the
adjusted mean cost difference between groups was €202, 95% CI -58-486 (including €45
intervention costs). Two cost categories differed significantly between groups. That is,
home care costs were significantly higher in the intervention group than in the control
group, whereas primary care costs were significantly lower in the intervention group
than in the control group (Table 3).
Table 2: Intervention costs
Component

Cost
categories

Who or what

Units

Unit
price

Development
costs
Operation
costs
Electronical
approval
Activity trackers
Maintenance
Administrator
time
Website hosting
Implementation costs
Hospitals

Labor costs
Capital costs
Material costs
Labor costs
Capital costs
Labor costs
Capital costs
Other

Labor costs
Travel costs
Labor costs
Labor costs
Labor costs
Capital costs
Material costs

Gynaecologists
Activity trackers
Computer specialist
Investigator
Time

Investigator
Investigator
Specialists
Residents
Nurses
Printed materials

Total
costs
€ 32.827,79

Costs
per
patient
€ 0.27

Subtotal

€ 0.27

2.9 hours
2.9 hours
50
10 hours
10 hours
25 hours
25 hours
12 months

€110.03
€4.04
€35.00
€36.56
€1.61
€29.75
€4.03
€18.26

€319.09
€11.72
€1750.00
€366.50
€16.10
€737.80
€ 99.94
€219.12
Subtotal

€1.84
€0.07
€10.12
€2.12
€0.09
€4.26
€0.58
€1.27
€ 20.35

26 hours
1653 km
18 hours
18 hours
4 hours
7 hours

€29.75
€0.28
€110.03
€42.43
€40.56
€6.07

€777.07
€463.01
€1925.53
€742.53
€141.96
€42.49
€135.60
Subtotal

€4.49
€2.68
€11.13
€4.29
€0.82
€0.25
€0.78
€ 24.44

Total costs of the intervention per patient
€ 45.06
The intervention’s development costs per participant were estimated by dividing the total development costs
by the estimated number of program users during the first five years after implementing it broadly (122.022).
This number was based on the fact that per year 61164 laparoscopic adnexal surgery, laparoscopic
cholecystectomy and hernia inguinal surgery are being performed.18 In a five year period this will be 305,820.
Taking into account a reach of 39.9%, based on the results of our process evaluation, 122.022 estimated
program users during the first five were expected. The intervention’s operation and implementation costs per
participant were calculated by dividing the total costs by the number of intervention patients in the study
(n=173).

Table 3: Mean cost differences
Cost category

Intervention group
Control group
Adjusted mean costN=173 Mean (SEM)
N=171 Mean (SEM)
difference (95% CI)*
Costs related to productivity loss
3211 (416)
3035 (337)
-28 (-880-828)
Absenteeism costs
1890 (217)
1792 (206)
-26 (-517-444)
Presenteeism costs
1072 (239)
1009 (178)
-22 (-473-459)
Unpaid productivity costs
30 (7)
27 (4)
2 (-11-18)
Informal care costs
219 (58)
208 (42)
9 (-105-167)
Health care costs
881 (125)
721 (90)
157 (-103-441)
Hospital admission costs
674 (104)
514 (79)
164 (-67-399)
Primary care costs
32 (6.76)
67 (14)
-35 (-70- -10)
Secondary care costs
106 (17.55)
119 (15)
-15 (-54-24)
Medication costs
12 (5)
11 (6)
-0.2 (-23-10)
Home care costs
57 (30)
10 (4.48)
44 (10-117)
Intervention costs
45
0
45
Total Costs
4137 (462)
3756 (370)
168 (-775-1129)
Costs are expressed in euros. Significant differences are highlighted in bold.
SEM = Standard Error of
the Mean. * Uncertainty estimated using bootstrapping, corrected for characteristics for which stratification
took place (hospital, sex and type of surgery). Costs differences related to productivity loss were in addition
corrected for work employment status considering the greater percentage of employed participants in the
control group.

Effectiveness
The mean duration until RNA was 48 days (SD 4.2) in the control group and 35 days (SD
3.0) in the intervention group. The adjusted difference in RNA between both groups was
13.3 days, 95% CI 3.5-23.0. The difference in QALYs between both groups was small
(mean intervention group 0.46 (SEM 0.004), mean control group 0.45 (SEM 0.004),
difference 0.01 (95%CI 0.0003-0.02)).
Cost-effectiveness
From the societal perspective, the incremental cost-effectiveness ratio (ICER) for RNA
was €13, indicating that each day that normal activities were resumed earlier in the
intervention group was on average associated with a cost of €13 in comparison with the
control group (Table 4). The cost-effectiveness plane (CE-plane) showed that 62.6% of
the bootstrapped CE-pairs were located in the north-east quadrant, the quadrant which
reflects that the intervention was on average more effective but also more expensive
than usual care (Figure 2a). The cost-effectiveness acceptability curve (CEAC) showed
that if the willingness to pay (WTP) for one day earlier return to work was €0/day, the
probability that the intervention was cost-effective in comparison to usual care was
0.38.

Table 4: Differences in pooled mean costs and effects
Sample size
Intervention
Control

Outcome

∆ C (95% CI)
€

∆ E (95% CI)
Units

ICER
€/unit

Distribution CE plane
NE
SE
SW

Societal
173
171
RNA
168 (-801-1106)
13 (3.5-23.0)
13
62.6
37.1
0.0
perspective
QALY
0.01 (0.0003-0.02)
15210
60.8
37.0
0.1
Healthcare
173
171
RNA
202 (-64-478)
13 (3.3-22.8)
15
92.3
7.3
0.0
perspective
QALY
0.01 (0.0003-0.02)
17724
90.3
7.5
0.1
Surgery related
173
171
RNA
275 (-318-929)
13.4 (3.1-23.7)
21
79.8
19.8
0.0
Analysis
QALY
0.01 (-0.0003-0.02)
23973
78.6
19.8
0.1
Employers’
131
121
RNA
-68 (-1172-1005)
14.8 (2.4-25.9)
Dominant
43.2
56.0
0.0
Perspective
QALY
0.01 (0.005-0.02)
Dominant
42.1
55.9
0.2
Complete cases
92
111
RNA
-462 (-1609-685)
10 (2.2-23.0)
Dominant
22.6
68.0
5.1
Analysis
QALY
0.01 (0.001-0.03)
Dominant
25.4
70.5
1.6
Presenteeism
173
171
RNA
168(-798-1101)
13.3 (3.5-22.0)
13
69.5
29.9
0.0
Analysis
QALY
0.01 (0.0003-0.02)
15159
60.8
37.0
0.1
∆ = Difference, NE = North-east quadrant of the CE plane, SE = North-east quadrant of the CE plane, SW = South-west quadrant of the CE plane. NW = North-west
quadrant of the CE plane. ICER = Incremental Cost-Effectiveness Ratio, RNA = return to normal activities, QALY = quality adjusted life years
Societal perspective: All costs were included
Health care perspective: only health care costs and intervention costs were included
Surgery related: only surgery related costs and intervention were included
Employers’ perspective: only employed participants and costs according to absenteeism/presenteeism from work and intervention costs were included
Complete case: only participants were included who fully completed all the questionnaires.
Presenteeism analysis: presenteeism costs estimated using the WHO-HPQ
Please note that the adjusted mean differences in effects may differ slightly across sensitivity analyses due to
the use of seemingly unrelated regression analyses, in which the differences in costs and effects are corrected for their possible correlation.

NW
0.3
2.1
0.4
2.1
0.4
1.5
0.8
1.8
4.3
2.4
0.6
2.1

This probability gradually increased with increasing WTPs to 0.97 at a WTP of €100/day
(Figure 2b).
When the analysis was performed from the healthcare perspective, an ICER of €15 was
found, with 92.3% of the CE-pairs located in the north-east quadrant (Figure 3a). The
CEAC showed that if the WTP for one day earlier return to work was €0/day, the
probability that the intervention was cost-effective in comparison to usual care was
0.08. This probability increased to 0.99 at a WTP of € 100/day (Figure 3b).
Cost-utility analysis
When the analysis was performed from the societal perspective, the ICER for QALY was
15210. The probability of the intervention being cost-effective compared with usual care
was 0.38 at a WTP of €0/QALY gained, and increased only slightly with higher WTP values
(Figure 2d). From the healthcare perspective, an ICER for QALY of 177424 was found and
a probability of the intervention being cost-effective of 0.08 at a WTP of €0/QALY gained.
Figure 2: Societal perspective - cost-effectiveness planes and cost-effectiveness acceptability curves

2A CE plane for RNA
2B CEAC for RNA
2C CE plane for QALY
2D CEAC for QALY
CE plane = Cost-effectiveness plane, CEAC = cost-effectiveness acceptability curve, RNA = return to normal
activities, QALY = quality adjusted life years

Figure 3: : Healthcare perspective - cost-effectiveness planes and cost-effectiveness acceptability curves

3A CE plane for RNA
3B CEAC for RNA
3C CE plane for QALY
3D CEAC for QALY
CE plane = Cost-effectiveness plane, CEAC = cost-effectiveness acceptability curve, RNA = return to normal
activities, QALY = quality adjusted life years

Sensitivity analyses
Several sensitivity analyses were performed (Table 4). The analysis in which only costs
were included that were related to the surgical procedure showed a slightly higher
difference in costs between groups and as a consequence a higher ICER for both RNA
and QALY. When the employers’ perspective was applied, the intervention dominated
usual care for RNA and QALY, indicating that each day earlier RNA in the intervention
group was associated with cost savings compared to usual care. From this perspective,
the probability of the intervention being cost-effective for RNA increased to 0.54 at a
willingness to pay (WTP) of €0 for both RNA and QALY and further increased to 0.99 when
the WTP was €100/day. Also in the analysis in which only participants were included who
completed all the questionnaires, a cost-difference in favour of the intervention group
was found, which was possibly the result of selective drop-out, which makes these
results less valid.

DISCUSSION
Summary of the main findings
In this study the cost-effectiveness and cost-utility of a perioperative e-health
intervention in comparison with usual care was evaluated alongside a randomized
controlled trial. Our findings showed that intervention participants resumed their
normal activities significantly earlier than participants from the control group. Each day
that normal activities were resumed earlier was on average related to an additional
investment of €13 (ICER) from the societal perspective and an ICER of €15 from the
healthcare perspective. If decision-makers are not willing to pay anything per day that
normal activities are resumed earlier, the intervention has a relatively low probability of
being cost-effective in comparison to usual care (i.e. 0.38) from the societal perspective
as well as from the healthcare perspective (i.e. 0.08). However, this probability gradually
increased with increasing WTPs to 0.97 and 0.99 at €100/day respectively, indicating that
the intervention may be considered cost-effective for RNA depending on the decisionmakers WTP and probability of cost-effectiveness that they perceive as acceptable.
When the employers’ perspective was applied, best results were found regarding the
cost-effectiveness for RNA, the intervention dominated the control condition For QALYs,
the intervention’s probability of being cost-effective compared with usual care was
relatively low at all values of WTP, indicating that the intervention is not cost-effective
for QALYs. Sensitivity analyses confirmed these results.
Interpretation
We hypothesized that the intervention would lead to a quicker resumption of normal
activities after surgery and that, as a consequence costs would be lower. In the first
place, because we expected that the quicker resumption of activities would be
associated by lower paid and unpaid productivity costs. In the second place, because
the intervention also focused on providing information during the postoperative period
and included an E-consult function which could substitute the regular appointment at
the outpatient clinic, both of which we expected to cause a reduction in healthcare
costs. Although intervention group participants did indeed resume their activities
significantly sooner than their control group counterparts, this was not associated with
lower costs. A possible explanation for the fact that no difference in healthcare costs
was found is that the two components of the E-health intervention that were specifically
developed to substitute regular care were not frequently used. That is, only 7% of
participants used the E-consult function and only half of the participants had a
telephone appointment instead of a regular appointment in the outpatient clinic, of
which 28% in addition visited the outpatient clinic. Nonetheless, the costs related to
primary care use were significantly lower in the intervention group, which may be

explained by the intervention effect; because patients received extra information and
guidance during the perioperative period, they may have had fewer questions and
feelings of uncertainty resulting in a lower demand for primary care. A possible
explanation for the fact that no difference in unpaid productivity costs was detected,
although intervention group participants resumed their activities significantly earlier
than their control group counterparts could possibly be explained by differences on
baseline in unpaid productivity activities between the two groups, which we have not
measured and thus we could not adjust the analyses for this. The fact that informal care
costs were slightly higher in the intervention group than in the control group, could be
related to the extra help participants may have asked for, because of the insight they
were provided with by creating a convalescence plan before surgery; the convalescence
plan provided the participants from the intervention group with a clear time line about
when they could resume their activities and thus until what time they need to ask for
extra help.
Whether the intervention is considered cost-effective in comparison with usual care
depends on the willingness-to-pay for an additional unit of effect of decision makers. For
QALYs, such WTP values are readily available.25 However, for RNA this is less
straightforward. One approach to establishing WTP values for RNA is by looking at the
lost productivity costs per day of paid or unpaid work. Assuming a working day of 8
hours, these costs are €255 and €113 per day of paid and unpaid work lost, respectively.
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Since the probability of cost-effectiveness was 0.99 at a WTP of 100 €/day earlier return
to RNA we consider it highly likely that the intervention is considered cost-effective for
RNA. However, with regard to QALYs, the intervention was not cost-effective considering
the low probabilities of cost-effectiveness at generally accepted Dutch WTP values
(10,000 to 80,000 €/QALY).25
Strengths and limitations
This study has several strengths. First of all, the study was carried out alongside a single
blinded, randomized controlled trial. The drop-out rates were low and the
questionnaires on the different measurement points were completed by a large number
of participants in comparison to other economic evaluations.26,27 In addition, results of
the different sensitivity analyses which were performed, were more or less comparable
to the main analysis which supports the robustness of the results. A final strength of the
study is that we used state of the art statistical methods, such as multiple imputation
and bootstrapping. However, this study also has some limitations. First of all, all data
regarding costs were self-reported and may thus be prone to recall and social
desirability bias. Ideally, we would have liked to have had access to absenteeism data of
the participants’ employers, however this was not possible mainly due to logistic issues
(e.g. all participants had different employers). Regarding the health care consumption
data, it was impossible to assess them in objective way, since health insurance claim

data of participants are practically inaccessible in Dutch economic evaluations (e.g.
because Dutch citizens are insured by over 30 different health insurers). Another
limitation is the relatively low inclusion percentage of 38%. Although we were able to
compare participants and non-participants on several important baseline
characteristics which were available for both, selection bias could not be ruled out.
Comparison with other studies
A recent systematic review of the effectiveness of E-health interventions in perioperative
care, showed that only five of the 21 included studies reported on costs, of which only
one performed a full economic evaluation.11,28 In that study, a symptom management
intervention was evaluated in older women following coronary artery bypass surgery.
The intervention was found to be effective in improving physical activities after surgery.
Nonetheless, the study did not report on the joint uncertainty of costs and effects (e.g. in
the form of cost-effectiveness planes and/or cost-effectiveness acceptability curves), the
study was based on secondary analyses, and the study was assessed by the reviewers as
being of medium quality. Recently, another economic evaluation was published. 29 This
was an economic evaluation of a perioperative E-health intervention in gynaecological
surgery in comparison with usual care, evaluated in terms of return to work (RTW). Our
study and intervention were based on this study and therefore comparable results were
expected. Nonetheless, the study of Bouwsma showed an ICER for RTW of €56, meaning
that each day earlier return to work was associated with a societal cost saving of €56
compared with usual care. The likelihood of the intervention being cost-effective was
0.79 at a WTP of €0/earlier returned to work, which increased with increasing values of
WTP. Although differences in costs were not statistically significant in both studies, it is
noteworthy that the difference in productivity costs was found to be in favour of the
intervention group in the study of Bouwsma et al and in favour of the control group in
the current study. In our opinion, the most important reason for this is the fact that in
the current study less invasive surgical procedures were included as compared with the
study of Bouwsma et al. This may have caused the smaller difference between groups in
return to work time, because of the overall shorter duration of sickness absence after
these types of surgical procedures. Moreover, an important difference between both
studies is that the study of Bouwsma et al. aimed to improve return to work in a working
population and our study aimed to improve return to normal activities in a working and
non-working population and thus less aimed to improve return to work. This may have
influenced the smaller difference in absenteeism costs between groups.
Implications for general practice and future perspectives
To implement this e-health intervention in general practice, stakeholders would need to
invest in this intervention. The answer to the question if this E-health intervention can
be considered cost-effective from their perspective depends on what they would be

willing to pay for one day earlier return to normal activities. This will be different for
different stakeholders. A first option could be the employer, considering the fact that
from this perspective lowest ICERs were produced with highest probabilities of being
cost-effective. In addition, it seems relevant for them to invest in such interventions,
since employers in the Netherlands are obligated to pay their employees salary during
the first two year of sickness absence and considering the fact that one day of sickness
absence is related to 200 euro’s in costs. However, the relevance for them remains
uncertain since absenteeism costs in the current study were not lower in the
intervention group than in the control group. To decrease absenteeism costs and thus
increase the intervention’s relevance for employers, we suggest to combine the return
to work stimulation part of the intervention of Bouwsma et al with the intervention
mainly focused on RNA of the current study, which probably could stimulate the
resumption of work after surgery. The relevance for stakeholders seems also obvious
regarding the healthcare perspective, considering the urgent problem of the prolonged
postoperative recovery in laparoscopic surgical procedures in particular. It would seem
reasonable for them to pay for reducing recovery time after this type of surgical
procedures. For example, in hernia inguinal surgery, several studies have showed that,
although the length of hospital stay was reduced after introduction of laparoscopic
techniques, direct costs are nevertheless higher compared with open techniques. 30-33
These studies, however, only looked at direct costs (hospital costs) and took it for
granted that these extra costs would be compensated as a result of cost savings
achieved by the expected accelerated recovery.34 However, it should be pointed out
that, since literature shows that recovery time after laparoscopic surgery is not
automatically shorter compared with open surgical procedures, which is probably
caused by the limited postoperative guidance provided to the patient, this may not be
the case. It seems therefor justified for healthcare providers to invest in optimizing the
postoperative guidance. since this will cause that the full benefits of laparoscopic
surgery can finally be obtained. Possible stakeholder could be in this case the
developers of the minimal invasive techniques, healthcare insurance companies or
hospitals. For all it seems logical that the surgical procedures they provide or perform,
would be performed in the most efficient way. A final option would be that government
should pay, mainly because of the benefits of the quicker recovery and thus positive
influence on the health status of the general population in terms of PROMs. Considering
the multiple stakholders that are involved in the implementation process and that could
benefit from the intervention, future studies should focus on the the barriers for future
implementation of this type of e-health intervention, especially according to cost
investments. A possible option could be a shared savings model, which means that
different stakeholders contribute to the investments needed to implement the
intervention and share the savings which are generated by the intervention. 35 In
addition, future research should focus on evaluating the intervention in other types of

surgical procedures, since it is likely that these patients will benefit from the
intervention as well, however at this point the results cannot be generalized to other
populations.
Conclusion
In conclusion, this perioperative e-health intervention results in an earlier return to
normal activities, measured by a personalized, PROM after surgery. The costeffectiveness of this perioperative E-health intervention regarding RNA depends on the
willingness to pay of decision-makers and the probability of cost-effectiveness that they
consider acceptable from different perspectives. If decision makers are willing to pay
€100 per day earlier RNA, the intervention can be considered cost-effective in
comparison with usual care from a societal and healthcare perspective. From an
employers‘ perspective the intervention dominates usual care. The intervention is not
cost-effective for QALYs.
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ABSTRACT
Background
Electronic health (eHealth) interventions have proven effective, but implementation in
clinical practice is difficult. More research focusing on the implementation process of
eHealth interventions is necessary.
Objective
The objective of this study was to describe the process evaluation of a perioperative
eHealth intervention, aiming to enhance recovery after laparoscopic abdominal surgery.
Methods
A process evaluation was carried out alongside a multicenter randomized controlled
trial. Patients aged between 18 and 75 years who were scheduled for a laparoscopic
cholecystectomy, hernia inguinal surgery, or laparoscopic adnexal surgery were
included. The eHealth intervention comprised a website and mobile phone app with the
possibility to develop a personalized convalescence plan, a section with information
about the surgical procedure and the recovery period, the possibility to ask questions
via an electronic consultation (eConsult), and an activity tracker. The process evaluation
was carried out using the model of Linnan and Steckler, measuring components such as
reach, dose delivered, dose received, fidelity, and participants’ attitudes.
Implementation scores were calculated based on the average of the four components.
Quantitative data were collected by means of an electronic questionnaire, a logistic
database, a weblog, and medical files. Qualitative data were collected by conducting
interviews with a subsample of the study participants.
Results
A total of 344 of the 863 eligible patients were included in the study, which accounted for
a reach of 39.9%, and 173 participants were randomized to the intervention group. The
implementation scores of the different functions of the intervention ranged between
60% and 65%. The website, mobile phone app, and activity tracker were rated 7.3 to 7.6
on a scale of 1 to 10. Almost all participants who were interviewed about the eConsult
function rated it as being of additional value if combined with the usual care but not as a
replacement for usual care.
Conclusions
Although participants were overall satisfied with the intervention, the implementation
scores of the different functions of the intervention were fair. More research is needed to

evaluate the barriers and facilitators for implementation of this perioperative eHealth
intervention in normal practice outside study setting.
Trial Registration: Netherlands Trial Registry NTR4699

INTRODUCTION
The conviction that patients heal better in their own personal environment has been
one of the main drivers reducing hospital stay after surgical interventions. Cutting direct
hospitalization costs while increasing revenues due to more efficient use of hospital
resources is another strong incentive. However, the transition from in-hospital recovery
to domestic convalescence has occurred at a high pace without sufficient attention to
the needs of patients.1 As a consequence, the length of recovery after surgery takes
longer than the period considered to be needed from a medical perspective.2-6 Literature
shows that patients deal with feelings of uncertainty regarding their recovery when they
are at home, and in addition, it is proven that influencing these feelings by education
and support would have a positive effect on the length of recovery.6 Therefore, an
electronic health (eHealth) intervention focusing on information supply and guidance
during the perioperative period of commonly applied gynecological surgical procedures
was developed.7,8 The effectivity of the eHealth intervention was evaluated in two
different trials; patients who used the eHealth intervention in the perioperative period
returned to work earlier, reported higher quality of life scores, and lower pain scores
than patients who received usual perioperative care only.7,9 Therefore, the intervention
was further developed; new features, such as a mobile phone app, an activity tracker,
and an electronic consultation (eConsult) function, were added. In addition, the
intervention was extended, whereby it could also be used in the perioperative period of
commonly applied general surgical procedures.10 Due to these promising results
regarding the effectivity of the intervention, implementation of the intervention in
clinical practice seems logical. However, although literature shows in general that
eHealth interventions can show beneficial effects, execution of these types of
interventions in clinical practice has often been slower and more difficult than
expected.11,12 To evaluate whether the eHealth intervention was executed as planned,
we conducted a process evaluation. The aim is to systematically analyze the process
from offering the different aspects of the intervention to the participant. By doing this,
the feasibility of the intervention will be investigated and barriers and facilitators for
future implementation could be explored. In addition, evaluating the adherence to the
intervention protocol should be an integral part of evaluating this type of interventions,
as this will play an important role in interpreting the results regarding the effectivity.

METHODS
Trial Design
This process evaluation was carried out alongside a multicenter randomized clinical trial
in seven teaching hospitals in the Netherlands (Netherlands Trial Registry NTR4699). A
detailed description of the study design has been published earlier in this journal.10 The
study was reported in accordance with Consolidated Standards of Reporting Trials of
Electronic and Mobile HEalth Applications and onLine TeleHealth (CONSORT-EHEALTH)
and was approved by the local medical ethics committee under the registration number
2014.301.13
Participants
Patients aged between 18 and 75 years who were scheduled for a laparoscopic
cholecystectomy, hernia inguinal surgery, or laparoscopic adnexal surgery were eligible
to participate. A sample size calculation was performed; a total of 308 participants
would be required. More details about the study population and sample size calculation
have been described in the study protocol.10
Interventions
Participants were randomized to the control group or the intervention group.
Participants from the control group received the usual care and access to a placebo
website (containing the patient information brochure about the surgical procedure).
Participants from the intervention group received access to the eHealth care program
consisting of a website, a mobile phone app, and an activity tracker. The most important
tools of the website were the possibility to develop a personalized convalescence plan
and the possibility to ask questions to the health care professional (eConsult). Because
participants were provided with the option to ask questions via the website by an
eConsult, they were initially only offered a telephonic appointment instead of an
appointment in the outpatient clinic.10
Study Settings
Quantitative data were collected 3 months after surgery by an electronic questionnaire,
a logistic database, a weblog, and medical files. In addition, qualitative data were
collected by conducting telephone interviews. By means of purposive sampling, a
sample of participants was selected from the total study population for an additional
interview to collect some additional information for this study. The sample consisted of
a subsample of participants who used the eConsult function and a subsample of
participants who did not. First, a patient who used the eConsult function was selected,
and when this patient was willing to be interviewed, a participant who did not use the

eConsult function was selected and matched according to age, gender, and type of
surgical procedure. This was repeated until data saturation was reached. This approach
enables the exploration of the opinion of the participants about the intervention,
including reasons for using or not using the eConsult.
Outcomes
The process evaluation was performed using the model of Linnan and Steckler.14 This is
a commonly used model in this research field and has the potential to evaluate the
process of the implementation systematically because it describes the adherence to the
intervention in 5 terms: reach, dose delivered, dose received, fidelity, and participants’
attitudes. Except for the reach component of the model, the components were assessed
for each function of the intervention separately. The definitions of the different
components of the model are presented in Table 1. A detailed description of the
definitions is provided in Supplementary file 1.
Randomization and Blinding
Participants were randomized to the intervention or the control group in a 1:1 ratio by a
researcher who was independent from the recruitment, data collection process, or
analyses. The study participants were blinded to the allocation.
Table 1. Description of the outcome measures
Process
Description/definition
measure
Reach
Patients who met the inclusion criteria, signed informed consent and are randomized to
The Proportion
the intervention or control group
of intended
target audience
that participated in the study
Datacollection
method

Logistic database
Website

Dose delivered
The number or
amount of
intended units
of each component delivered
or provided to
the intervention
group

N: Patients
who received
an account for
the web portal
D: All patients
of the
intervention
group

Mobile phone
app
N: Patients
who received
an account for
the app
D: All patients
of the
intervention
group

Datacollection
method

Logistic
database

Logistic
database

E-consult

Logistic
database

N: Patients
who received
an account for
the web portal
D: All patients
of the
intervention
group

Telephone
appointment
N: Patients
who were
offered a
telephone
appointment
at discharge
D: All patients
of the intervention group

Activity
tracker
N: Patients
who received
an activity
tracker
D: All patients
of the
intervention
group

Medical file

Logistic
database

Process
measure

Description/definition
Website

Mobile phone
app
N: Patients
who used the
app
D: Patients
who received
an account for
the app and
completed the
questionnaire

E-consult
N: Patients
who asked a
question on
the web portal
D: Patients
who received
an account for
the web portal

Telephone
appointment
N: Patients
who received
their
telephone
appointment
D: Patients
who were
offered a
telephone
appointment

Activity
tracker
N: Patients
who
connected the
activity tracker
to their phone
D: All patients
that received
an activity
tracker

Questionnaire

Weblog

Medical file

Weblog

N: Questions
that are
answered
D: Questions
that are asked

N: Patients
who came
back at the
outpatient
office in
addition to
their telephonic consult
D: Patients
that received a
telephone
appointment

N: Patients of
the
intervention
group that
used the
activity tracker
D: All patients
that received
an activity
tracker

Weblog

Medical file

Weblog

Dose received
The extent to
which participants from the
intervention
group actively
engage with,
interact with,
are receptive to
or use materials
or recommend
resources

N: Patients
who made a
convalescence
plan
D: Patients of
the
intervention
group who
received an
account for
the web portal

Datacollection
method
Fidelity
The extent to
which the
intervention
was delivered
as planned

Weblog

Datacollection
method
Participants’
attitudes
Satisfaction and
usage barriers
of the
intervention

Weblog
Assessment of
the website by
the
intervention
group and
reasons for
not using the
website

Assessment of
the app by the
intervention
group
and reasons
for not using
the app

Assessment of
the e-consult
function by
the e-consult
users and
reasons for
not using the
e-consult*

Reasons for
not having a
telephone
appointment*

Assessment of
the activity
tracker
and reasons
for not using
the activity
tracker

Datacollection
method

Questionnaire

Questionnaire
+ Interview*

Interview*

Medical file*

Questionnaire
+ Interview*

N:
Convalescence
plans that are
electronically
approved by
the specialist
D: Patients
that made a
convalescence
plan

X

X

Data Analysis
IBM SPSS Statistics version 20.0 was used for analyzing the data. The quantitative data
were analyzed using descriptive statistics such as frequencies, means, and standard
deviations (SD). Implementation scores were calculated using the averaging approach,
which means that the average scores of the process measures (reach, dose delivered,

dose received, and fidelity) were calculated for each function of the intervention.
Qualitative data were transcribed verbatim.

RESULTS
Reach
During September 2015 and August 2016, 1031 potential participants were identified
from the surgical waiting list. The flow of the inclusion process has been described in
Figure 1. A total of 344 participants gave consent to participate (39.9%, 344/863); there
were no major differences regarding age, gender, and surgical procedure between the
participants and nonparticipants. A total of 173 participants were randomized to the
intervention group.
The baseline characteristics of these participants are presented in Table 1. In addition,
45.1% were male and the mean age was 51 years; 54 participants underwent adnexal
surgery, 68 hernia inguinal surgery (1 open procedure), and 51 a cholecystectomy. The
response rate to the questionnaire which was assessed 3 months after surgery, in which
questions were asked according to participants’ attitudes regarding the different
functions of the intervention and the usage of the app, was 84.4% (146/173).
By purposive sampling, participants were selected for an additional interview. After 12
interviews (6 with participants who used the eConsult function and 6 with participants
who did not) data saturation was reached. The subsample of eConsult users consisted of
2 males and 4 females. Three of them underwent a laparoscopic cholecystectomy, 2
hernia inguinal surgery, and 1 adnexal surgery. The mean age was 39 years. Due to the
purposive sampling method, the subsample of participants who did not make use of the
eConsult function had the same composition regarding gender and surgical procedure.
The mean age in this subsample was 44 years. The other components of the Linnan and
Steckler model will be described separately for each part of the intervention and are
also presented in Figure 3.

Figure 2: Flow diagram

Only the follow-up results concerning the process evaluation are presented.

Table 1. Baseline characteristics
Variable
Gender, n (%)
Male
Female
Age, mean ±SD
Nationality, n (%)
Dutch
Other
Level of education, n (%)
Low
Medium
High
Working situation, n (%)
Employed
Not employed
Type of surgery, n (%)
Laparoscopic adnexal surgery
Laparoscopic hernia inguinal surgery
Open hernia inguinal surgery
Laparoscopic cholecystectomy

Intervention group (n=173)
78 (45.1)
95 (54.9)
51 (12.57)
171 (98.8)
2 (1.2)
31 (17.9)
50 (28.9)
92 (53.2)
132 (76.3)
41 (23.7)
54
67
1
51

(31.2)
(38.7)
(0.6)
(29.5)

Website
Dose Delivered
A total of 172 of the 173 participants of the intervention group (99.4%) received an
account for the website. One patient did not receive an account due to logistic
problems.
Dose Received
Of the 172 participants in the intervention group who received an account for the
website, 138 (80.2%) developed a convalescence plan on the website.
Fidelity
Only 25.2% of the convalescence plans were electronically approved by the medical
specialists.
Participants’ Attitudes
Participants assessed the website with a mean score of 7.6 on a scale of 1 to 10. Reasons
for not (frequently) using the website were that participants reported that they did not
see the added value (n=32), had no need for it because they had no complaints (n=14),
were not able to log in (n=10), had no time (n=11), had forgotten that there was a
website (n=9), underwent another type of surgery (open procedure instead of
laparoscopic approach) (n=2), used the app (n=2), did not find the information that they
were looking for (n=1), or had no computer (n=1).

Mobile Phone App
Dose Delivered
Of the 173 participants in the intervention group, 159 (91.9%) had a mobile phone or
tablet. All these 159 participants received an account and an information brochure
containing instructions on how to download and use the app.
Dose Received
Of the 135 participants who received an account for the app and completed the
questionnaire 3 months after surgery, 67 (49.6%) answered that they had used the app.
A total of 16 participants (23.9%) had used the app only several times, 3 participants
(5%) weekly, and 48 participants (72%) several times a week or on a daily basis.
Participants’ Attitudes
Participants assessed the app with a mean score of 7.6 on a scale of 1 to 10. Reasons for
not using the app were that participants reported that they did not see the added value
(n=24), were not able to download the app (n=23), had no mobile phone (n=6), had
forgotten it (n=4), suffered from complications (n=4), had no need for it because they
had no complaints (n=3), had no time (n=3), or did not find the information they were
looking for (n=1). In addition, qualitative data were collected regarding participants’
experiences with using the app. Participants who used the app found it a convenient
tool. Several aspects of the app were mentioned as being helpful. One participant stated
the following:
The overview of the convalescence plan in the app was very useful and gave a good picture
about what to expect, I resumed my activities quicker because of the app.
[Female, 46 years old, laparoscopic adnexal surgery]
Another participant stated the following:
The recovery monitor in the app which gives feedback on the speed of my recovery in
relation to the convalescence plan provided me with support and made me feel
comfortable. [Female, 38 years old, laparoscopic cholecystectomy]
One participant stated the following:
The app was a convenient tool in comparison to the website, because you do not have
always your computer quickly available. [Female, 32 years old, laparoscopic
cholecystectomy]

eConsult
Dose Delivered
All participants of the intervention group who received an account for the website were
automatically provided with the possibility to ask questions to their health care provider
by an eConsult (n=172).
Dose Received
A total of 12 participants (7.0%) made use of the eConsult function.
Fidelity
All 12 questions were answered by the health care providers. Mean time between asking
the question and getting a reply was 37 hours.
Participants’ Attitudes
The participants who were interviewed mentioned that they had found the eConsult
function of added value. The reasons given were that it was an easy or a quick way to ask
questions and that they could ask questions while at work. One participant stated the
following:
The eConsult function was of added value to me, because I have a busy job so I had no time
to call the hospital during office hours. Now I could ask my questions after office hours.
[Male, 54 years old, hernia inguinal surgery]
However, the participants did not find it useful for all types of questions. One participant
stated the following:
The eConsult function on the website is an interesting function, mainly when a quick
response could be provided. When you have to wait more than a few days for a response, it
will be useless. In addition, for urgent questions (for example high fever) I would have
called anyway. [Female, 38 years old, laparoscopic cholecystectomy]
Another participant stated the following:
For more complex questions I would have called the hospital because typing emails is not
my strongest point. [Male, 60 years old, hernia inguinal surgery]
Most of the participants who used the eConsult explicitly mentioned that they would use
it again in the future. Most of the eConsult users said that they would not prefer to use
the eConsult instead of a (telephone) appointment with the physician, but as an extra
facility only. One participant stated the following:
In my opinion the eConsult should not replace the appointment in the outpatient clinic.
Personal contact with my doctor is important for me. However, a combination of both
would be perfect. [Female, 46 years old, laparoscopic adnexal surgery]

Another participant stated the following:
The eConsult should not necessarily replace the appointment in the outpatient clinic. It
should be the patient’s choice whether or not he or she prefers to have an appointment.
[Female, 40 years old, laparoscopic cholecystectomy]
All the participants who had not used the eConsult function mentioned that they had
not used it because they had no questions or complaints. Most of them mentioned that
they would have used it if they had questions, but one participant mentioned that she
would rather have called the hospital in that case:
I have not used the eConsult function because I had no questions or complaints. However,
if I had had any questions I rather would have called the hospital because my question
would have been quicker answered. [Female, 44 years old, laparoscopic
cholecystectomy]
Telephone Appointment
Dose Delivered
A total of 89 participants of the intervention group (51.4%) were offered a telephone
appointment at the moment of discharge from the hospital. In 25.5% of the participants,
it was unclear whether or not the telephone appointment was provided. The remaining
23.1% (n=40) participants were not offered a telephone appointment.
Dose Received
A total of 87 participants (97.8%) received their telephone appointment. The reasons for
not receiving the appointment were that that the patient had complaints; therefore, the
telephone appointment was replaced by a visit to the outpatient clinic (n=1), and 1
patient requested for an appointment in the outpatient clinic instead of a telephone
appointment. The other 61 participants of the intervention group had no postoperative
appointment at all (n=37) or had an appointment in the outpatient clinic only (n=49).
Fidelity
A total of 24 participants visited the outpatient clinic in addition to their telephone
appointment. In 10 participants, this was decided during the telephone appointment, 8
participants visited the outpatient clinic before the telephone appointment because of a
complication or complaints, and the reason was unclear in 6 participants.
Participants’ Attitudes
There were 49 participants who only came back at the outpatient clinic and thus did not
receive a telephone appointment. In 67% of the participants, this was because of a
protocol violation, in 22% because of a complication or complaints, in 6% because a
procedure had to be performed, and in 2.0% because of a fertility appointment.

Figure 3. Results of the process evaluation
863 patients were eligible for study participation, 344 patients signed informed (39.9%). 173
were randomized to the intervention and 171 to the control group
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Activity Tracker
Dose Delivered
Of the 173 participants from the intervention group, 124 (71.2%) received an activity
tracker. Of the other 55 participants, 14 had no mobile phone and 35 had a mobile
phone that was not compatible with the activity tracker.
Dose Received
Of the 124 participants who received an activity tracker, 86 (69.4%) connected the
activity tracker to their mobile phone.
Fidelity
A total of 63.7% of the participants who received an activity tracker have used the
activity tracker.
Participants’ Attitudes
The activity tracker was assessed with a mean score of 7.3 on a scale of 1 to 10. Reasons
for not using the activity tracker were as follows: problems with connecting the activity
tracker to their phone (n=10), did not see the added value (n=3), suffered from
complications (n=3), had no need for it because they had no complaints (n=1), or
because the patient felt too sick to use the activity tracker (n=1). Four out of the 12
participants who were interviewed had not used the activity tracker. Reasons were that
their mobile phone was not compatible with the activity tracker or that they felt no need
to do it. One participant stated the following:
I felt no need to connect the activity tracker to my phone, that was too much hassle.
[Male, 60 years old, laparoscopic hernia inguinal surgery]
Most of the participants who used the tracker found it to be a convenient and interesting
tool. One participant stated the following:
The activity tracker was a motivator to be more active. It was useful to monitor my
movements. However I had to remind myself to wear the activity tracker daily.
[Female, 48 years old, laparoscopic adnexal surgery]
Another participant stated the following:
The activity tracker was a nice additional tool. It is nice to track how active you are on a
day. Sometimes my recovery (displayed on my activity tracker) turned out to be faster than
what I was thinking. When I saw for example my activity status of two weeks earlier
compared to my current status, I realized that my recovery was going faster than I
expected. It was a motivational tool for me.
[Female, 40 years old, laparoscopic cholecystectomy]

One participant stated the following:
The activity tracker was easy in use and it was very nice to track my activities. It worked
motivating for me. I have moved more to reach my goal. [Female, 32 years old,
laparoscopic cholecystectomy].
Implementation Scores
The implementation scores of the different functions of the intervention are presented
in Figure 3. They coincide very closely, ranging between 60% and 65%.

DISCUSSION
Principal Findings
In this process evaluation, the implementation process of a perioperative eHealth
intervention, comprising a website, app, activity tracker, eConsult function, and a
telephone appointment 2 weeks after surgery, was evaluated. The implementation
scores of the different functions of the intervention were fair and ranged between 60%
and 65%. The website, app, and activity tracker were assessed with a mean score of 7.3
to 7.6 on a scale of 1 to 10. Twelve study participants were interviewed about the
eConsult function; almost all rated it as being of additional value when combined with
the usual care.
Interpretation of the Results
The implementation scores were fair, which was caused by the fact that some of the
functions of the intervention scored surprisingly low regarding the components of the
Linann and Steckler model. In our opinion, there may be three possible reasons for this.
First, there was a lack of continuity in providing the intervention to the participants.
Because the 173 participants from the intervention group were included in 7 different
centers, a mean of 25 participants were included per center in a 1 year period. It is likely
that this low volume of patients would have caused the fair implementation and that if
the intervention would be implemented in clinical practice outside study setting and, as
a consequence, the intervention would be provided to every patient routinely, scores
will be much higher. In our opinion, this lack of routine will be the major explanation for
the fact that only 25.2% of the convalescence plans were electronically approved by the
specialist and only 51.4% were offered a telephone appointment. Another possible
explanation for the fair implementation scores is that there is really no need for this
specific function. We think that this could be the case in the eConsult function, which
was only used in 7% of the participants to whom it had been offered. In the additional
interviews we performed, almost all participants answered that they would have used
the function in the case they had questions; however, they had no questions. A final

explanation could be that participants were hampered by technical barriers to use the
intervention. Especially for the activity tracker, the interviews showed that for some
participants the different steps that had to be undertaken to install the tracker were a
barrier for using it. This could be overcome by a helpdesk providing assistance in this.
However, the procedure itself can also be simplified and more easy to use. On the basis
of this finding, we can improve the procedures related to installing the activity tracker.
Comparison With Prior Work
In 2014, Bouwsma et al published a process evaluation about the eHealth intervention,
which was the base for the development of the eHealth intervention evaluated in this
study.15 Bouwsma reported an implementation score of the eHealth intervention of
80.3%, which was between 15% and 20% higher than the implementation scores of our
study. There are some possible explanations for the difference in scores. First of all, and
in our opinion the most important one, is the degree of involvement of the researcher in
both studies regarding motivating the study participants to use the intervention. For
example, the eHealth intervention which was evaluated in the process evaluation of
Bouwsma et al was provided to the study population, and when the research team
signaled that is was not being used by the study participant, the researcher contacted
the study participant to offer assistance. In addition, when the convalescence plan was
not approved by the medical specialist, the specialist was contacted by the researcher
to bring it to his or her attention. In this study, we tried to limit the involvement of the
researcher to a minimum to have a realistic perspective on the actual implementation,
including the potential barriers. After the intervention was delivered to the participant,
the research team only provided assistance when the study participant contacted them.
It was decided to do so as we wanted to create a situation that was most comparable
with the situation in which the intervention would be implemented in the future with a
helpdesk (outside study setting). In our opinion, this is of great importance as the
implementation of eHealth interventions has proven to be a difficult process; so, when
we aim to evaluate the barriers of implementation, we should evaluate the intervention
in a situation that is as similar to the future situation as possible.
Strengths and Limitations
One of the strengths of the study was the extensiveness in which the process evaluation
was performed. This is because the individual functions of the intervention were
evaluated separately. By evaluating the individual functions of the intervention,
important information was generated according as to what makes the intervention
more or less effective, which can be of assistance in the future for the purpose of
adapting the intervention. Another strength of the study is the high response rate
(84.4%) to the questionnaire that was used to assess participants’ attitudes regarding

the intervention 3 months after surgery. In addition, the data collection process
consisted of several components. Quantitative data containing objective data from a
weblog and a logistic database as well as more subjective data assessed by
questionnaires were collected, and in addition, qualitative data were collected by
interviews with a sample of the study population. However, qualitative data were only
collected in a small subsample (n=12) of the study population, and therefore, these data
were only presented as an example descriptively and should be interpreted with
caution. This study also has some limitations. The most important one is the fact that we
have not collected information regarding reasons for nonparticipation. As 60% declined
to participate, it would be very valuable to know whether this was because of the study
setting and associated burden or because of the fact that the patients had no need for a
perioperative eHealth intervention. In our opinion, it is not likely that the latter reason
was the major reason for nonparticipation. We performed a survey study 1 year earlier in
one of the hospitals that also participated in this study. In this study, patients who had
undergone adnexal, hernia inguinal, or a cholecystectomy were also included, and 78%
of them indicated that they had felt the need for an eHealth program during their
perioperative course.16 Second, although we think that it is a strength that we evaluated
the different functions of the intervention separately, it was difficult to define some
components of the Linann and Steckler model regarding the functions of the
intervention, for example, the definition of “dose received” of the eConsult function. The
nominator was defined as Participants who asked a question on the Web portal and the
denominator as Participants who received an account for the Web portal. Ideally, the
denominator would be only the participants who had a question; however, we did not
measure this. A final limitation of the study is the questionable manner in which the
implementation scores are calculated. This is well illustrated by the fact that we have
calculated nearly five identical implementation scores, whereas the individual
components of each function of the intervention differed considerably. For example,
dose received was 7.0% for the eConsult function and 97.8% for the telephone
appointment; however, the implementation scores were nearly the same (62% and 65%,
respectively). We used the averaging approach; however, Baranowski et al recommend
that the implementation score has to be the result of the product of reach, dose, and
fidelity.17 As the calculation of the implementation score is doubtful, we should be
careful with interpreting these scores.
Clinical Implications and Future Research
This study has several important implications. First, the results are of great relevance
when interpreting the results regarding the effectiveness evaluation of this study, which
will become available in the future. Second, it may be helpful for future research
regarding the implementation of these types of eHealth interventions. Unless some
eHealth interventions are proven to be effective, the usage in daily practice of the

intervention fails most of the time. Therefore, research evaluating the barriers and
facilitators for implementing eHealth interventions should be carried out. In this study,
we evaluated the feasibility of the intervention. Another study is needed to evaluate
implementation barriers in daily practice on a wide scale, because in this study, the
intervention was applied in a study setting. This may have influenced the results, mainly
the results regarding the dose-delivered component, because the intervention was
delivered by the researcher who was likely more involved in the process than, for
example, a health care provider who had to deliver the intervention in the future outside
the research setting. Finally, the study setting may also have influenced the results, as
only 39.9% of the assessed participants gave consent to participate and likely the
participants who participated were not a good reflection of the overall population. More
qualitative research should therefore be performed in the future focusing on all
stakeholders, such as patients, caregivers, and policymakers, that are not involved in an
effectiveness study.
Conclusions
In conclusion, participants were overall satisfied with the intervention. However, the
implementation scores of the different functions of the intervention were fair. More
research is needed to evaluate the barriers and facilitators for implementation of this
perioperative eHealth intervention before it can be implemented outside the study
setting.
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APPENDICES
Supplementary file 1: Description of the outcome measures.
Reach
Reach was defined as the proportion of the target population who were assessed for
eligibility, met the inclusion criteria, signed informed consent and were randomized to
the intervention or control group. A logistic database was completed by the researcher
to assess these measurements.
Website
Dose Delivered
When participants were allocated to the intervention group they received an account for
the website by e-mail provided by the researcher. Dose delivered was calculated by
dividing the number of participants who received an account for the website by all
participants of the intervention group. This was measured with a logistic database, in
which the researcher registered when an account was sent to the participant.
Dose Received
One of the most important functions of the website was the possibility to make a
personalized convalescence plan. This convalesce plan was based on multidisciplinary
convalescence recommendations which were developed through a modified Delphi
study. Participants could select the activities which were important for them in daily life
and subsequently a convalescence plan was generated automatically by the computer
using algorithms. Because this was the most important tool of the website, dose
received was calculated by dividing the number of participants who made a convalesce
plan by the number of participants of the intervention group who received an account
for the website. This was assessed by a weblog. The researcher had access to this
weblog in which the most important user statistics of the website were visible.
Fidelity
When a patient of the intervention group generated a convalescence plan, his or her
surgeon received an e-mail the day after surgery in which was asked if a complication
occurred during the surgical procedure. Reason for this was that the convalescence plan
was only developed for participants who underwent a surgical procedure without perioperative complications . When no complications occurred the surgeon was requested
to approve the convalescence plan. When the surgeon indicated that a complication had
occurred, the patient was automatically informed that the convalescence plan was no
longer applicable to him or her. Fidelity was therefore calculated by dividing the number
of patients with convalescence plans that were electronically approved by the medical

specialists by the all patients who made a convalescence plan. This was measured by
the
weblog.
Participants’ Attitudes
Participants’ attitudes regarding the website were assessed in a questionnaire three
months after surgery. Participants were asked to assess the website on a scale from 1 to
10. In addition, reasons for not using the website were assessed.
Mobile Phone Application
Dose Delivered
The mobile phone application contained the same information and functions as the
website. When participants gave consent to participate in the study, they were asked if
they had a smartphone or tablet. This was asked because only the participants with a
smartphone or tablet had to receive the instruction about how to download, install and
use the mobile phone application (app). Dose delivered of the app was calculated by
dividing the number of participants from the intervention group who had a smartphone
or tablet and thus received an account for the app including the instructions by all
participants of the intervention group. This was assessed with the logistic database.
Dose Received
Dose received was the result of dividing the participants who used the app by the
participants who received an account for the app. It was not possible to measure this by
user statistics, therefore this was asked in the questionnaire three months after surgery.
Fidelity
Fidelity of the app was not defined because there was no prescribed description about
how the app had to be used.
Participants’ Attitudes
In the same questionnaire as described above, participants who used the app were
asked to assess the app on a scale from 1 to 10. Participants who answered that they did
not use the app were asked about the reasons for not doing so. In addition a sample of
study participants were interviewed and asked about their opinion about the app.
EConsult
Dose Delivered
After surgery, a button appeared on the website with the description ‘I have a question’.
By clicking on this button participants could fill in their question and subsequently the
question was sent to a health care professional of the hospital in which the patient
underwent surgery. Because the eConsult function was provided on the website, the
definition of dose delivered regarding the eConsult was the same as for the website.
Dose Received

Dose received was calculated by dividing the number of participants who asked a
question by way of an eConsult one or more times by the number of participants of the
intervention group who received an account for the website. This was measured by the
user statistics displayed in the weblog.
Fidelity
The proportion of the questions asked which were answered by the health care
professional was defined as fidelity. This was also measured by the user statistics of the
weblog. In addition it was possible to calculate the mean timeframe in which the
questions were answered.
Participants’ Attitudes
Participants’ attitudes regarding the eConsult were assessed by interviews with a
selection of the study participants; a selection of participants who used the eConsult
function and a selection who did not. Questions were asked about their opinion
regarding the eConsult function, reasons for using or not the eConsult function and
regarding future applicability of the eConsult.
Telephone Appointment
Dose Delivered
After discharge, a telephone appointment was offered to the participants of the
intervention group instead of an appointment in the outpatient clinic. Reason for this
was that these participants also had the possibility to use the eConsult function. Dose
delivered was defined as the proportion of the participants of the intervention group
who were offered a telephone appointment at discharge.
Dose Received
Dose received was calculated by dividing the number of participants who were called by
the participants who were offered a telephone appointment at the time of discharge.
Reasons for not having the appointment were evaluated by reviewing the medical file.
Fidelity
Fidelity was calculated by dividing the number of participants who came back to the
outpatient clinic in addition to their telephone appointment by the participants who
had a telephone appointment. Reasons for this were assessed by checking the medical
file.
Participants’ Attitudes
Reasons for not having a telephone appointment were defined as participants‘ attitudes
and were assessed by a questionnaire three months after surgery.
Activity Tracker
Dose Delivered

Only the group of participants from the intervention group who had a smartphone or
tablet which was compatible with the activity tracker received an activity tracker. This
proportion of the participants was defined as dose delivered.
Dose Received
Dose received was calculated by dividing the number of participants who connected the
activity tracker to their smartphone by the participants who received an activity tracker.
Fidelity
Participants were asked to wear the activity tracker during the week before surgery,
during the first three weeks after surgery and in the sixth week after surgery. Fidelity was
defined as the proportion of the participants who received the activity tracker, who used
the activity tracker as intended.
Participants’ Attitudes
Participants were asked to assess the usability of the activity tracker during the
questionnaire, three months after surgery. They were asked to access the tracker with a
number on a scale from 1 to 10 and to give reasons for not wearing the activity tracker.
In addition the sample of participants who were interviewed were also asked about their
opinion regarding the activity tracker and about their reasons for not using the tracker.

GENERAL DISCUSSION
The aim of this thesis, described in chapter 1, was to evaluate whether a perioperative
eHealth intervention may be effective in terms of return to normal activities (RNA) after
various forms of abdominal surgical procedures. In this chapter we will discuss the
answers on the research questions, which were formulated within the context of the aim
of this thesis. We will also discuss the results in relation to current literature and the
methodological considerations of this thesis. Finally, the implications for general
practice and future research will be outlined.

SUMMARY OF THE MAIN FINDINGS AND ANSWERS TO THE RESEARCH
QUESTIONS
1. Is there a need for eHealth in perioperative care?
To answer this question, two studies were performed which are described in part 1 of
this thesis. First, we conducted a systematic review (chapter 2) to investigate the effects
of perioperative eHealth interventions on the postoperative course. 27 studies were
included, with a large diversity in type of patients, interventions and outcome measures.
25 studies (92.6%) reported at least an equal (n=8) or positive effect (n=17) of the
eHealth intervention compared to usual care. We concluded that eHealth interventions
can improve clinical patient outcomes for patients who have undergone various forms
of surgery. There was however, a lack of good quality (cost)-effectiveness studies, with
only a limited proportion of studies reporting on compliance with the intervention or the
occurrence of adverse events. This, in combination with the overall positive results,
justified undertaking a randomized controlled trial (RCT), taking these considerations
into account. In addition, a survey study was performed (chapter 3) in patients who
underwent various forms of abdominal surgery, to investigate whether there was need
for eHealth in perioperative care, from a patients perspective. In total 207 participants
(57.2%) completed the survey. An eHealth care program was presumed to be of added
value in perioperative care by 78% of the participants.
Answers to the research question based on this thesis
Is there a need for eHealth in perioperative care?
1. EHealth may have a positive effect on clinical outcomes in postoperative care
2. There is need for eHealth in perioperative care in abdominal surgery from a
patient perspective
2. What should the optimal eHealth intervention to improve return to normal
activities after surgery focus on?

In the survey study described in chapter 3, participants were also asked to express their
views on the available information and guidance provided during their perioperative
period. Major shortcomings that were most reported included the absence of detailed
information about the resumption of (work)activities as well as the inconsistencies in
the advice given by different healthcare professionals involved in the recovery process.
In addition, participants were asked for their specific preferences regarding eHealth in
perioperative care. A website was considered as most useful (70.5%). In particular
practical functions on a website focusing on the preparation to surgery and monitoring
after surgery were regarded as being of great value. Almost half of the participants (48.2
%) reported that they would prefer to use the eHealth care program by a mobile phone
application as well (mobile health (mHealth)). The majority of patients were not in
favour of replacing the standard postoperative consult by an e-consult, since they
preferred personal contact with their surgeon. However, the ability to use an e-consult
to ask questions to a doctor or nurse during the recovery process in case of complaints,
was assessed as useful by 57.6% of the participants.
A Delphi study was performed in which different healthcare professionals participated
and provided input for the content of the e-health intervention. A panel of thirteen
experts consisting of surgeons, occupational physicians and general practitioners were
recruited and developed detailed convalescence recommendations for graded
resumption of 34 activities after uncomplicated laparoscopic cholecystectomy,
laparoscopic and open appendectomy, laparoscopic and open colectomy and
laparoscopic and open inguinal hernia repair. A sample of occupational physicians,
general practitioners and surgeons, assessed the recommendations on feasibility in
daily practice. (chapter 4). These recommendations were incorporated in the
perioperative eHealth intervention.
Answers to the research question based on this thesis
What should the optimal eHealth intervention to improve return to normal activities
after abdominal surgery focus on?
A perioperative eHealth intervention in abdominal surgery should:
1. Focus on the resumption of (work) activities after surgery, a multidisciplinary
group of healthcare providers developed multidisciplinary convalescence
recommendations for this purpose
2. Focus on providing information before and monitoring after surgery
3. Not include eConsultations with the aim to replace standard care, but as a
supplement to face to face care.
3. How can the effect of an eHealth intervention in terms of return to normal activities
(RNA) after surgery be measured?

In part 2 of this thesis, a pilot study was described in which several measurement
instruments to measure postoperative recovery were evaluated in a small sample (n=30)
of patients undergoing laparoscopic abdominal surgery. An accelerometer appeared to
be a feasible way to measure recovery of postoperative physical activity levels and was
well tolerated by the patients (chapter 5). However, the type of accelerometer that we
used during this study because it was validated, was relatively time consuming for the
patients and for the researcher. This was not the case for the PROMIS physical function
(PROMIS-PF) and (PROMIS-APS) item bank, of which 4-10 items could be selected to
conduct (personalized) short-forms. The construct validity and the responsiveness of
the PROMIS-PF for measuring recovery in abdominal surgery were confirmed but this
was not approved for the PROMIS-APS (chapter 6). Therefore the PROMIS-PF was
chosen to measure the primary outcome measure (RNA) of the RCT in this thesis. In
chapter 7 the application of the PROMIS-PF to measure RNA in a personalized form
(personalized PROM) was developed and described. Participants could select before
surgery eight activities which were applicable to them in daily life, while after surgery
they were asked whether or not they had already resumed these activities. The time
between surgery and the date on which the last activity was resumed was defined as the
time to return to normal activities.
Answers to the research question based on this thesis
How can the effect of an eHealth intervention in terms of return to normal activities
(RNA) after abdominal surgery be measured?
1. An accelerometer is a feasible way to measure postoperative recovery, but the
one we used turns out to be time consuming
2. The PROMIS-PF and PROMIS-APS can be used for this purpose and have the
advantage that they can be personalized. Only the construct validity and
responsiveness of the PROMIS-PF short form has been proved in abdominal
surgery and thus we recommend using the (personalized) PROMIS-PF short form
to measure return to normal activities after surgery
4. What are the effects of the eHealth intervention in terms of recovery, use and costs?
A single-blind, randomized, placebo-controlled trial was conducted to evaluate the
eHealth intervention developed in this thesis (chapter 7). Patients between 18 and 75
years old, who were scheduled for a laparoscopic cholecystectomy, inguinal hernia
surgery, or laparoscopic adnexal surgery for a benign indication were recruited.
Participants in the intervention group received access to the perioperative,
personalized, eHealth care program. The control group received usual care and access
to a placebo (standard) website containing usual general recovery advice. The primary
outcome was time elapsing between surgery and return to normal activities (measured

by a personalized PROM, which was developed in part 2 of this thesis). Secondary
outcome measures were participation, physical function, physical activities, time to
return to work, satisfaction and pain. In part 3 of this thesis the study results were
presented. Chapter 8 showed that the median time until normal activities were resumed
after surgery was 21 days for participants from the intervention group and 26 days for
participants from the control group (hazard ratio [HR] 1.38, 95% CI 1.09-1.73; p=0.007).
The social participation scores and physical function scores were significantly higher
during the follow-up period in the intervention group compared with the control group.
Chapter 9 showed that total costs were higher in the intervention group than in the
control group, but this difference was not statistically significant (€336, 95%CI -6811369). The incremental cost-effectiveness ratio (ICER) for RNA was 22, indicating that
each day that normal activities were resumed earlier in the intervention group was
associated with an extra €22 costs compared with the control group. The probability of
the intervention being cost-effective compared with usual care was 0.29 at a willingness
to pay (WTP) of €0/day earlier RNA. This increased to 0.95 when the WTP was € 100 for
each day earlier RNA. As it is unknown how much decision-makers are willing to pay for
each day that normal activities are resumed earlier, strong conclusions about the
intervention’s cost-effectiveness in terms of this outcome cannot be drawn. The costutility analysis showed that the intervention was not cost-effective for QALYs. A process
evaluation (chapter 10) showed that the implementation scores of the different
functions of the intervention ranged between 60% and 65%. The website, mobile phone
application and activity tracker were rated 7.3-7.6 on a scale from 1-10. Almost all
participants who were interviewed about the E-consult function rated it as being of
additional value if combined with the face to face care, but not as a replacement for
face to face care.
Answers to the research question based on this thesis
What are the effects of the eHealth intervention in terms of recovery, use and costs?
1. Patients who used the eHealth intervention returned to normal activities five
days earlier than participants who received usual care.
2. The incremental cost-effectiveness ratio (ICER) for RNA was 22, indicating that
each day that normal activities were resumed earlier in the intervention group
was associated with an extra €22 costs compared with the control group
3. The probability of the intervention being cost-effective compared with usual care
was 0.29 at a willingness to pay (WTP) of €0/day earlier RNA. This increased to
0.95 when the WTP was € 100/day earlier RNA.
4. Although participants were overall satisfied with the intervention, the
implementation scores of the different functions of the intervention were fair.

WHAT THIS THESIS ADDS
The RCT described in this thesis was the third in a series of studies evaluating a
perioperative e-health intervention. In Table 1, an overview is presented of the design of
the different studies and their most important outcomes. The designs of the first two
studies were more or less comparable in terms of type of patients, outcome measures
and interventions.1,2 In both studies, employed participants were included undergoing
gynecological surgery. They received access to a website (ikherstel) and in addition,
when sick leave exceeded 10 weeks, access to an occupational intervention. Both
studies showed a quicker resumption of work activities after surgery. The RCT
performed in this thesis differed in some important aspects from the two earlier studies.
In the first place, the study was performed in a broader patient population; in the
current study also patients undergoing general surgical procedures were included. This
means that in addition to other types of surgical procedures also male patients were
included. Furthermore, non-employed participants were also included in the current
study. Since the positive effect of eHealth has been demonstrated in such a broad
population (male/female, minor/major surgery, employed/non employed participants)
it is likely that the generalizability of the results to other surgical procedures is high
(Table 1). There were two remarkable differences between the current study and the two
earlier performed studies. First of all the difference regarding return to work between
the intervention and the control group; although there was a difference detected in all
three studies, this difference was smaller in the third study in comparison to the earlier
performed two studies. Secondly, the difference in the results of the economic
evaluation of the second (Bouwsma et al) and the third (van der Meij et al) study;
although differences in costs were not statistically significant in both studies, it is
noteworthy that the difference in costs was found to be in favour of the intervention
group in the study of Bouwsma et al and in favour of the control group in the current
study. In our opinion, both differences are strongly related to each other and thus could
be explained by the same explanations. First of all, this could be explained by the fact
the intervention of the present study mainly focused on the resumption of normal
activities and as a consequence return to work only was assessed in the employed
participants (74%). A second explanation could be that return to work was assessed in a
less extensive way in the present study (first day of work resumption and day of
complete work resumption) in comparison with the earlier study, in which sickness
absence calendars were prospectively assessed. Finally, the type of surgical procedures
included in the present study were overall less invasive in character, which may have
caused the smaller difference between groups in return to work time, because of the
overall shorter duration of sickness absence after these types of surgical procedures.

Table 1: Overview of the three ‘Ikherstel studies’
Trial 1 (2009-2010)
Vonk Noordegraaf et al.
Description
Design

RCT, n=215

Population/most
important
inclusion criteria

Hysterectomy
Laparoscopic adnexal
surgery
18-65 years
Employed
Benign indication for
surgery

Intervention

Website and occupational
health intervention
Placebo website and
usual care
Return to work

Control group
Primary outcome

Trial 2 (2011-2014)
Bouwsma et al.

Trial 3 (2015-2016)
Van der meij et al.

Stepped wedge cluster
randomized trial, n=450
Hysterectomy
Laparoscopic adnexal
surgery
18-65 years
Employed
Benign indication for
surgery

RCT, n=344

Website and occupational
health intervention
Usual care
Return to work

Laparoscopic adnexal
surgery
Hernia inguinal surgery
Laparoscopic
cholecystectomy
18-75 years
Benign indication for
surgery
Website, app, activity
tracker, e-consult
Placebo website and
usual care
Return to normal
activities

Results
RTW
+1
+2
+3
RNA
NM
NM
+4
Quality of life
+
X
X
Pain intensity
+
+5
X
Cost-effectiveness
NM
+
X
Proces measures
- Reach
60.2%
52.3%
33.5%
- Dose delivered
100%
94.7%
98.8%
- Dose received
86.4%
82.6%
79.9%
- Fidelity
74.5%
65.7%
25.2%
+ effect detected in favor of the intervention group, X = no effect detected in this study, NM = not measured,
RCT = Randomized controlled trial, RTW = Time until full return to work after surgery, RNA = Time until return
to normal activities after surgery. 1) Median Intervention group: 39 days, Median Control group: 48 days, HR
1.43; 95%CI 1.003-2.04; p=0.048 (during the 49 days after surgery) 2) Median Intervention group: 49 days Median
Control group: 62 days HR 2.66; 95%CI1.88-3.77;p<0.001 (during the first 85 days after surgery) 3) Median
Intervention group: 18 days Median Control group: 19 days HR 1.31 95%CI 1.01-1.70; p=0.045 4) Median
Intervention group: 26 days Median Control group: 21 days HR 1.38, 95%CI 1.09-1.73;p=0.007 5) 14 days after
surgery, the effect disappeared with longer follow-up

In addition, this study provided us with insight into the optimal eHealth intervention for
perioperative care. We had intended to include eConsultation as a replacement of the
outpatient postoperative visit to reduce health care costs given the promising results
that were described regarding this topic in literature.3-7 However, patients who had no
access to e-consultation, rated eConsulation as possible beneficial to usual care but
they did not see a role for its replacement of a face-to-face appointment. In addition, the
healthcare providers of the participating hospitals in the RCT did also not prefer to use
the eConsult instead of the appointment in the outpatient clinic either, mainly because
of logistic reasons. This inconsistency of our findings with the positive findings in the

literature concerning e-consultation may be explained by the fact that these previous
studies mainly focused on the feasibility, safety and cost-effectiveness rather than on
the preferences of patients. Our study concluded, that even if it would be feasible, safe
and cost-effective from a medical perspective to replace the appointment in the
outpatient clinic by an e-consult, from the Dutch patients’ perspective there was hardly
any demand for this. Perhaps this could be explained by the unfamiliarity with this
function and probably needs more time to get used to it. Another explanation could be
the difference in scale, since Holland is a small country in which travel distances to the
hospitals are relatively short and probably not a barrier for visiting the outpatient clinic.
However, using e-consultations as an extra was rated as useful, both by the population
from the survey study (chapter 3) and by the population of the RCT (chapter 10).
Finally, a new and unique new way of measuring recovery was developed and used in
this thesis (personalized PROM). Literature shows that several studies evaluating effects
of an intervention on recovery after surgery are using instruments or outcome measures
which are not sensitive to measure effects or which are not relevant in the context of the
research question.8-10 This is why we especially conducted a pilot study before the start
of the RCT, to evaluate the optimal measuring instrument for measuring RNA in our RCT.
The optimal measurement instrument in our opinion should be responsive among the
target population and be able to detect the influence of the intervention on participants’
daily lives in a standardized manner. The PROMIS-PF seems to be a perfect tool for
measuring RNA. In the first place because the construct validity and responsiveness
were proven in our target population in a pilot study.11 But most important and unique;
PROMIS has the advantage that it could be personalized because participants could
select only the activities which are relevant for them in daily life, making it possible to
use a personalized effect measure for each individual patient.

METHODOLOGIC CONSIDERATIONS
Part 1: Development of a perioperative eHealth intervention
The eHealth intervention was developed based on a systematic review, survey study and
Delphi study. The different study designs provided us with maximum information and
evidence, which is a major strength. The systematic review was conducted and
performed according to the PRISMA guidelines.12 This study design was chosen since this
has the highest level of evidence in therapeutic studies and all available evidence in the
field of eHealth in perioperative care could be assessed which provided us with a
thorough base for the rest of the study.13 However, it was not possible to conduct a
meta-analysis and results were thus only descriptively presented. The survey study was
conducted to investigate patients’ needs and preferences. Although this quantitative
design would in general not be the first choice when performing a needs assessment, we

think in this setting this was a good choice, since a qualitative study according to this
subject was earlier performed in gynecological patients.14,15 Since our main aim was to
adapt the intervention which was developed for the gynecological patients in order to
make it feasible to a broader population (male and female patients undergoing several
types of abdominal surgical procedures), testing the results from the qualitative study in
a quantitative manner would be sufficient in our opinion. However, there were some
study limitations. First of all, the recruitment of patients was limited to an academic
hospital, which could be different compared with a non-academic hospital population,
since, generally speaking, the more complicated surgical procedures are performed in
academic hospitals. A second study limitation was the retrospective study design;
patients had undergone surgery in the year before. This might have resulted in recall
bias, for example, if patients underwent surgery without complications they would be
more likely to answer that they had no need for extra information or support than when
they were questioned before surgery. Performing this study prospectively in several
hospitals (academic and non-academic) , would be optimal. Reasons for not doing so
were mainly of a pragmatic and logistic nature, since we had to develop the intervention
quickly due to the multicenter trial which had to be performed. The third study design
performed in this part was the Delphi study to develop the multidisciplinary
convalescence recommendations for surgical procedures. This was in our opinion a
good study design considering the limited amount of available evidence according to
this topic. In addition a heterogeneous expert panel could be created, resembling the
different caregivers’ occupations involved in the guidance of patients in their
postoperative recovery period, since they all have their own perspective during this
process. An important limitation of this study design is the fact that the level of evidence
of opinion-based medicine is relatively low; however the developed recommendations
were partly based on the available literature about this topic and were subsequently
evaluated in an RCT.
Part 2: Development of a study to evaluate a perioperative eHealth intervention
The pilot study performed in this part was designed as a feasibility study in preparation
for our RCT, and as a consequence the generalizability and clinical applicability of the
results were low. An additional limitation was that no open abdominal surgical
procedures were included and the number of participants was low (n=30). However, for
the first study aim, the evaluation of the accelerometer (chapter 5), this was not a major
concern since an important conclusion was that using the accelerometer was expensive
and time consuming. There are no reasons to assume that this conclusion would change
when the study was performed in another or larger population. However, regarding the
evaluation of the two PROMIS measurement instruments (chapter 6), this was a
limitation and future results with a larger sample size, also including open surgical
procedures, should be performed. In the study protocol, the application of the PROMIS

instruments to measure RNA in a personalized way, was developed and described. The
application of PROMIS in this form was not applied before and could be considered as a
limitation since it was not validated in this way. However, the PROMIS-PF item bank was
developed using Item Response Theory (IRT) analyses, which means that after
calibration subsets of items can be administered, giving scores that can be compared on
the same scale with scores obtained from answering the whole item bank. Based on the
underlying IRT model of the item bank, individual T-scores are comparable, even though
participants completed different items. This, in combination with the fact that PROMIS
instruments have been validated in several populations and countries, has proved to
have good measurement properties and has been validated in our own population,
justifying in our opinion the use of a personalized PROM.16
Part 3: Evaluation of a perioperative eHealth intervention
The chapters described in this part were all based on an RCT, which has the highest level
of evidence in individual evaluation research.13 In contrast to an earlier performed study
of our research group in which the randomization took place on cluster level, we
decided to randomize on patient level, which minimizes the risk on recruitment bias.17
The RCT was performed according to high standards and the protocol was registered in
advance.18,19 The study was performed in an extensive manner and included a costeffectiveness analysis and a process evaluation.20 Although the intervention was
evaluated in a study setting, we tried to create a situation which was most similar to
daily practice. This was performed by minimizing the influence of the researcher as
much as possible. However, the influence of the study setting could not be ruled out
completely. This is well illustrated by the relatively low inclusion percentage of 38% in
the study. We have not registered the reasons for non-participation in patients who were
not willing to participate, which is a limitation, since it would have been useful to know
whether this was because of the study setting and additional burden of completing
questionnaires or because patients prefer not to use an eHealth intervention at all.
Finally, the primary outcome measure RNA was defined as the time elapsing between
surgery and RNA. Although it would from a methodological perspective more relevant to
define RNA as time elapsing between randomization and RNA, we have chosen not to do
so since it would from a clinical perspective irrelevant to measure from the moment of
randomization since RNA could not take place between randomization and surgery.
However, we have performed an additional analysis in which RNA was measured from
the moment of randomization, which showed comparable results to the main analysis.
The cost-effectiveness analysis was performed in accordance with the state of the art
statistical methods, such as multiple imputation and bootstrapping. Although all type of

costs were included in a very extensive way, all data were self-reported and thus prone
to recall and social desirability bias.
The process evaluation was a very valuable addition to the effect and costs measures,
since process measures are relevant when turning from study setting to daily practice.
The process evaluation was performed by using quantitative and qualitative data, which
is an important strength. In addition, the individual functions of the intervention were
evaluated separately. By evaluating the individual functions of the intervention,
important information was generated as to what makes the intervention more or less
effective, which can be of assistance in the future for the purpose for adapting the
intervention and implementation. A limitation of the study was that qualitative data
were only collected in patients and not in healthcare providers. This is of importance
when implementing this intervention, since healthcare providers also would play an
important role in the implementation process. Future studies should focus on this.

IMPLICATIONS FOR CLINICAL PRACTICE AND FUTURE PERSPECTIVES
Part 1: Development of a perioperative eHealth intervention
A final version of the intervention which has been developed in part 1 should be
adapted, based on the results of the process evaluation (chapter 10). Hereafter, it may in
our opinion also be applied in other surgical procedures then studied in this thesis with
a benign indication, since the effect of the intervention has been proven in different
studies and populations. However two things have to be performed before. The first one
is that convalescence recommendations should be developed for new surgical
procedures (by a Delphi study) and secondly we recommend to perform a needs
assessment by a survey study (similar to ours in chapter 3) to investigate the specific
needs and preferences of new patient populations (patients and healthcare providers).
Based on this, the eHealth intervention could probably be adapted. Before the
intervention can be applied in patients undergoing surgery because of a malign
indication, more research is necessary, since needs and benefits could significantly be
different in oncological patients. Therefore, a qualitative study including focus group
discussion in patients undergoing surgical procedures for malign indications has been
performed but are not a part of the current thesis. In this focus group discussion it was
investigated whether oncological patients feel the need for an eHealth intervention and
if so, to investigate their specific needs in that respect.21
Part 2: Development of a study to evaluate a perioperative eHealth intervention
We strongly recommend using the personalized PROM, which has been developed in
part 2 of this thesis, as a measurement instrument for RNA in future studies, considering
the advantages and successful use in our study. Since the instrument is currently also

being used in another RCT in which surgical procedures are included with a major level
of invasiveness, it facilitates future comparison of its usefulness in case of different
levels of invasiveness.22 This will give us further insight into the responsiveness and
sensitivity of the instrument and will hopefully provide us with more evidence for using
this instrument in the future for different indications. Activity trackers can be used either
but we advise to use a tool that is less time consuming than the one we used in our
study.
Part 3: Evaluation of a perioperative eHealth intervention
Since the effectivity of the intervention has been proven in three different studies, the
next step will be the implementation of the intervention. However, it is widely known
that the implementation of eHealth interventions has often been slower than
anticipated.23 One of the reasons for this is that different subspecialty areas or
stakeholders are involved in the implementation process and all have different interests
and will experience different barriers.24 In recent years literature about the problems
regarding implementation of eHealth interventions has been growing steadily. However,
many studies evaluate the subject from one perspective only, while the implementation
of eHealth interventions is a multi-stakeholder process. To address this issue, in the
appendix of this chapter the barriers for implementation and different implementation
strategies are discussed. This was performed by assessing the barriers for
implementation according to the four innovation determinants of the model of Fleuren
et al.25 When no information was available about an innovation determinant, this object
was added to a topic list which will be used in a following qualitative study. A study
protocol for this study using a multiple case design to explore the barriers and facilitators
regarding the implementation of this perioperative e-health intervention in more detail
was added. Depending on the results of the qualitative study, the final implementation
strategy can be selected.

CONCLUSION
In conclusion, the perioperative eHealth care program developed and evaluated in this
thesis proved effective for the purpose of shortening time to return to normal activities
after abdominal surgery measured by a personalized PROM. This, in combination with
the shortening of hospital stay, the increase in surgical volume plus the growing
popularity of ICT tools, implies that a personalized, perioperative eHealth program
should be considered for implementation in standard perioperative care despite the
relatively small additional costs.

Future perspectives:
1. Before the eHealth intervention can be implemented, future research should be
performed to investigate the barriers for implementation
2. Based on the results of future research an implementation strategy has to be
chosen.
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Appendix 1

Implementation of an e-health
intervention for patients undergoing
abdominal surgery: which implementation
strategy should be applied?

BACKGROUND
Over the past years, the duration of hospital stay after surgery has been reduced
increasingly.1 This is due to the development of minimal invasive surgical techniques
and the growing popularity of interventions aiming to enhance the recovery process
(such as ERAS or fast track programs).2-4 However, the shorter hospital length of stay has
not automatically led to a quicker recovery: literature shows that the recovery period
after discharge often takes much longer than the period considered appropriate from a
medical perspective.5-9 Possible explanations for this are that patients after discharge
often do not know when they may resume their daily activities and are dealing with
feelings of insecurity. Therefore an e-health intervention focusing on information supply
and guidance during the perioperative period of surgical procedures was developed.10-12
The e-health intervention was evaluated and further adapted in three different studies.
These studies showed that the e-health intervention had a positive effect on the
duration until the resumption of work and normal activities after surgery. The
compliance with the e-health intervention was good in the three studies.13,14
Since the effectivity of the intervention has been proven in three different studies, the
next step will be the implementation of the intervention. However, it is widely known
that the implementation of eHealth interventions has often been slower than
anticipated.15 One of the reasons for this is that different subspecialty areas or
stakeholders are involved in the implementation process and all have different interests
and will experience different barriers.16 In 2016, a systematic review was published in
which systematic reviews were included focusing on the factor that are of influence on
the implementation of e-health interventions.15 Factors important for implementation
were categorized in five levels; the individual e-health technology, the outer setting, the
inner setting, the individual health professionals and the process of implementation.
This study concluded that the barriers for implementation of eHealth interventions are
multi-level and complex. All the systematic reviews which were included reported
multiple factors that were important for implementation and no single factor could be
identified as a main barrier or facilitator for implementation.15 It is therefore remarkable
that many studies which are focused on the implementation of eHealth interventions,
evaluate the subject from one perspective only, for example from the perspective of
nurses, physicians, patients or decision makers.16-20
To realize a successful implementation of our intervention, we aim to evaluate the
implementation process from all perspectives related to the (implementation of the)
intervention. To realize this, two steps have to be undertaken. First of all the barriers for
implementation have to be investigated and addressed when possible (step 1).
Thereafter, in step 2, an implementation strategy should be selected based on the

results of step 1. Therefore, this appendix aims to describe the barriers and facilitators
for implementation where after an implementation strategy can be selected.

Step 1: Investigation of the barriers for implementation (innovation
determinants).
The model of Fleuren et al was used to investigate the barriers for implementation of
this eHealth intervention (figure 1).21 This model presents the main stages in the
innovation processes (dissemination, adoption, implementation, and continuation) and
the various determinants which probably can affect the desired change from one stage
to the other. These determinants are: 1) characteristics of the socio-political context 2)
characteristics of the organization 3) characteristics of the person adopting the
innovations (user of the innovation) and 4) characteristics of the innovation. It is
important to evaluate these determinants carefully because based on these
determinants the final implementation strategy can be selected, whereby the stages of
the implementation process can be completed successfully. We will now describe the
different determinants including the barriers related to each determinant. When barriers
were not known yet, the determinant was added to a topic list as a base for a follow-up,
qualitative study which we conducted (study protocol in appendix 1).
Component 1. Characteristics of the socio-political context
Most import barriers in this context are related to financial issues; someone has to make
an investment in the intervention, but who? The cost-effectiveness analyses showed
that the most obvious party to do so would appear to be the employers, considering the
lower absenteeism costs in the intervention group in comparison to the control
group.22,23 In addition, it seems relevant for them to invest in such interventions, since
employers in the Netherlands are obliged to continue to pay their employees their
salaries during the first two years of sick leave and considering the fact that one day of
sick leave equals EUR 200 in costs. Another possibility would be for the investment to be
made by healthcare stakeholders. Considering the urgent problem of the prolonged
postoperative recovery in laparoscopic surgical procedures in particular, which is
probably caused by the limited postoperative guidance provided to the patient, it would
seem reasonable for them to invest in reducing recovery time after this type of surgical
procedures by a perioperative eHealth intervention. By doing this, the full benefits of
laparoscopic surgery can finally be obtained. Possible stakeholders in this case could be
the developers of the minimal invasive techniques, healthcare insurance companies or
hospitals. For all parties involved it would seem logical that the surgical procedures they
provide or perform are provided or performed in the most efficient way.
However, the most important problem in this discussion is the financial costs and
benefits being situated in other components. For example, when healthcare insurance

companies invest in the intervention, they will argue that there is no financial relevance
for them to invest, since healthcare costs were not lower in the intervention group in this
study. However, apart from the question whether it is effective or cost-effective to
invest in the intervention, the question should be who is willing to invest or for who is it
relevant to invest? In our opinion clearly this would be the hospitals and health care
providers/medical specialists since it would be likely that they want to provide the best
available care to their patients. For example, the fact that all patients receive
information leaflets about the disease they suffer from or (surgical) procedure they will
undergo, has never been evaluated as to (cost)-effectiveness. It is a way of standard care
which we consider necessary or relevant. In our opinion, this is also the fact with this
eHealth intervention. It is a new way of perioperative care which is essential to deliver to
our patients, because of the shortening of hospital stay duration. In addition, in a
century in which the use of ICT devices has become enormously popular, we cannot
ignore the use of these devices in general healthcare. Finally, the intervention has
proven effective with regard to the resumption of normal activities and return to work in
three different studies after surgery, which is the aim of a lot of surgical interventions,
and thus ethical to provide to our patients. A final option would be government funding,
mainly because of the benefits of earlier recovery and thus a positive influence on the
state of health of the general population in terms of PROMs. Summarizing, important
barriers for implementation are situated in this component since the financial costs and
benefits being situated in other components; from a financial perspective it seems most
logical that employers should invest in the implementation of this eHealth intervention
(for the employed patients), from a clinical perspective hospitals would in our view be
the more appropriate party to do so. Therefore, this determinant will be added to the
topic list of our qualitative follow-up study (appendix 1). In this study will be assessed
whether these stakeholders are willing to invest in the implementation of this
intervention. In addition, a feasibility project is currently being performed, focusing
among others on this determinant, in which the financial and legal aspect of the
intervention are investigated.
Component 2. Characteristics of the organisation:
Barriers for implementation in the organization determinant could be related to the
system, for example because the eHealth intervention cannot be integrated in the
electronic patient system or because the ICT system of the hospital cannot facilitate the
intervention due to security issues. These barriers have not been evaluated yet and
should be investigated in our qualitative study. Also the feasibility project will focus on
this determinant, in particular on the technical aspects of the implementation of the
intervention in clinical practice.

Component 3. Characteristics of the adopting person (user):
There are two types of users of this eHealth intervention; patients and healthcare
providers. Barriers for not using the intervention on patient level could be related to the
patient himself or herself, for example because the patient prefers not to use eHealth or
has no computer. These issues are difficult to solve and the question is whether they
should. All we can do is tailor the intervention as much as possible to the patient. That is
why we have performed an intervention mapping study before the first study and a
survey study before the last trial, in order to investigate the specific preferences of the
population to whom we wanted to offer the intervention.24,25 Summarizing, the barriers
for implementation of this intervention on patient level are as much as possible
investigated and addressed.
Barriers for healthcare providers could also be related to the healthcare providers
themselves (personal), for example because he or she is short of time, does not see the
added value etc. These barriers are not assessed yet and should be further investigated
by the qualitative research we conducted (appendix 1).
Component 4. Characteristics of the innovation:
This component includes the characteristics of the intervention. For example, when the
intervention is not easy in use, or does not contain functions which are interesting for
this population. We have performed several studies to investigate these issues. First of
all, alongside all three studies in which the eHealth intervention was evaluated, a
process evaluation was performed, evaluating patients’ opinion about the intervention
and reasons for using or not using the intervention.26,27 These barriers were addressed
before the following study started. This means that the barriers for implementation
related to the intervention have been addressed as much as possible and will not be the
major barrier for implementation of this intervention.

Figure 1 .Framework of Fleuren et al, representing the innovation process and related determinants of
this eHealth intervention

Step 2: Choosing an implementation strategy
Grol and Wensing have described different strategies to implement interventions in
healthcare.28 The choice depends on the determinant in which the most important
barriers for implementation are present. It is also possible to combine the different
strategies.
1. Educational strategy:
In this strategy educational materials will be used (such as printed educational
materials, audit and feedback, educational meetings, computerized and noncomputerized reminders, educational outreach visits) in the implementation process.
This strategy is most applicable when barriers for implementation are detected in the
second and third component (characteristics of the organization and adopting user). For
example, when the qualitative study shows that healthcare providers do not see the
added value of the intervention or do not know what the intervention contains and aims
at, this strategy will be valuable and important.

2. Market oriented strategy:
This strategy seems applicable in this situation, considering the financial barriers which
are detected in the first component; characteristics of the socio-political context. It
seems most logical that the intervention will be sold to one particular stakeholder. As
described above, it seems most logical that this will be employers, considering the fact
that it could be cost-effective for them to provide the intervention to their employees.
Another option would be that patients who will undergo surgery will pay for the
intervention. However, disadvantages are in this case that patients have to pay for
‘better care’ and thus that probably the richer patients will receive better care.
3. Patient oriented strategy:
By using this strategy, the responsibility for using the intervention will be transferred to
patients. A possibility can be that an open access intervention will be created, which
means that everyone will get access to the intervention and can use it. A major
disadvantage of this will be that care will be delivered independently from the hospital
and thus patients may receive conflicting advice. In addition, someone has to host the
intervention, which means that a little investment remains necessary.

DISCUSSION
Considering the fact that most barriers for implementing our intervention are situated in
the socio-political component and probably in the organization and adopting person
(healthcare providers) component, the most relevant implementation strategy of this ehealth intervention will be a combination of an educational and market-oriented
strategy. Depending on the results of the qualitative study which will be performed, the
final implementation strategy can be chosen.
In this appendix, we discussed the future widescale implementation of this intervention
from a multi-level approach,. We used the model of Fleuren etal, however a lot of other
models could have been used. For example the CFIR which was used in a systematic
review evaluating systematic reviews in this field.15 The CFIR consolidates
implementation factors in five major levels; innovation characteristics (Fleuren:
Characteristics of the innovation), outer setting (Fleuren: Characteristics of the sociopolitical context), inner setting (Fleuren: Characteristics of the organisation),
characteristics of the individuals (Fleuren: Characteristics of the adopting person) and
process (implementation strategy). These levels are thus strongly correlated to the
determinants which we evaluated by using the model of Fleuren, which means that the
same aspects were evaluated in both models.
This appendix provided substantial input for the follow-up qualitative study we
conducted. The description of barriers and facilitators in this appendix of together with

the results of the qualitative study will provide us with information about which
implementation strategy, or combination of strategies, will be most sufficient. After this,
the implementation of this promising eHealth intervention, which has been proven
effective in three different studies, can finally be obtained.
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Appendix 2

Implementation of an eHealth intervention
for patients undergoing abdominal surgery: a
study protocol of a qualitative study to
explore barriers and facilitators for
implementation

STUDY DESIGN
The design of the study is a multiple case study using in-depth semi-structured
interviews. Two cases will be used as input for the study. The first case will be an
hospital in which the intervention was implemented successfully in study setting. The
second case will be an hospital in which the implementation of the intervention in study
setting was least successful. Semi-structured interviews will be conducted in the two
hospitals to explore the barriers and facilitators for implementation of the intervention.
The input for the interviews will be delivered using quantitative data. Therefore the
study consists of two steps:
Step 1: Development of the topic lists based on our previous study (Implementation of
an e-health intervention for patients undergoing abdominal surgery: which
implementation strategy should be applied?), and an investigation of the documents of
the technology transfer office from the VU University Medical Center focusing on the
implementation of innovations in health care.
Step 2: In-depth semi-structured interviews using the topic lists developed in step 1.
The medical ethics committee of the VU medical center approved the protocol in 2014
(registration number 2017.376).
Study population and recruitment
The snowball sampling technique will be used. Starting point will be the local
investigator of the study in respectively the success case hospital and the fail case
hospital. Depending on the problems regarding implementation which will be provided
by the local investigators, new interviews will be planned. These interviews will take
place with the stakeholders which are provided by the local investigators. In the next
interviews the same will take place until no new stakeholders or problems are presented
anymore. An example is presented in figure 1.
Study setting
One hospital will be used as the “success case” hospital. This will be the hospital in
which the intervention was most successfully implemented in study setting. Another
hospital woll will be used as “fail case hospital”. This was the hospital in which the
implementation of the intervention in study setting was least successful. In addition,
when patients are provided as potential stakeholders, they will be recruited in the
gynecology department of the VU medical Hospital by their treating gynecologist.

Data-collection
Step 1: Development of the topic lists. The topic list will be based on the following
elements:
Previous study
In an earlier performed study, the model of Fleuren et al was used to investigate the
barriers for implementation of the eHealth intervention under study. When barriers
were not known yet, the determinants will be added to the topic list.
Investigation of the documents of the technology transfer office from the VU University Medical
Center focusing on the implementation of innovations in health care
The VU University Medical Center has a technology transfer office which facilitates to
implement innovations in health care. They will be consulted for the input for the topic
lists of group B.
Step 2: Semi-structured interviews using the topic lists developed in step 1.
In-depth semi-structured interviews will be conducted using the topic lists developed in
step 1. Before the interview, an animation about the eHealth intervention will be shown
to the participants. In this animation the rationale and the different components of the
intervention will be presented. The interview will take place depending on the
participants’ preferences; by telephone or personally.
Analyses
The interviews will be audio taped and transcribed verbatim by the researcher. The
verbatim transcripts will be analyzed comprising three steps:
(1) Open coding (identifying, categorizing and describing of concepts)
(2) Axial coding (creating subthemes by relating codes to each other)
(3) Selective coding (developing storyline by relating subthemes to main themes)

SUMMARY
Hospital stay after abdominal surgery has been reduced significantly during the past
decades as a result of the use of minimally invasive surgery. As a consequence, the
period of in-hospital postoperative care has been reduced accordingly and the greater
part of the recovery process takes place at home. This means that the amount of
postoperative care received by patients these days has also been reduced. It has been
demonstrated previously that high quality patient counseling improves postoperative
recovery. It is therefore not surprising that literature shows that recovery after minimal
invasive surgery takes much longer than what was originally expected from a medical
perspective. In this thesis we have developed and evaluated a perioperative eHealth
program which offers patients personalized care during the perioperative period and
aims to improve return to normal activities after various forms of abdominal surgical
procedures.
Chapter 1 provides a general introduction on this topic and an outline of this thesis. The
following research questions were formulated in this chapter:
1. Is there a need for eHealth in perioperative care?
2. What should the optimal eHealth intervention to improve return to normal activities
after abdominal surgery focus on?
3. How can the effect of an eHealth intervention in terms of return to normal activities
after abdominal surgery be measured?
4. What are the effects of the eHealth intervention in terms of recovery, use and costs?
Research question 1 and 2 are answered in part 1 of this thesis, question3 in part 2 and
question 4 in part 3.
Part 1: Development of a perioperative eHealth intervention
The chapters in this part of the thesis are all focused on the development of a
perioperative eHealth intervention and aim to answer research question 1 and 2.
To develop the optimal perioperative eHealth intervention, first all the available
evidence regarding this topic was reviewed. Chapter 2 presents the results of this
systematic review. 27 studies were included with a large diversity in type of patients,
interventions and outcome measures. Only two studies were performed in patients
undergoing abdominal surgery. 25 studies (92.6%) reported at least an equal (n=8) or
positive effect (n=17) of the eHealth intervention compared to usual care. We concluded
that eHealth interventions can improve clinical patient outcomes for patients who have
undergone various forms of surgery. There was however, a lack of good quality (cost)-

effectiveness studies, with only a limited proportion of studies reporting on compliance
with the intervention or the occurrence of adverse events. This, in combination with the
overall positive results, justified undertaking a randomized controlled trial (RCT), taking
these considerations into account.
In Chapter 3, the shortcomings in perioperative care were investigated from a patient
perspective, as well as how eHealth could be of assistance in this. Patients who
underwent various forms of abdominal surgery in a one-year period were invited to
complete a questionnaire about this topic. In total 207 participants (57.2%) completed
the questionnaire. Although most participants reported that they had received some
basic information about the surgical procedure and the recovery process, more than
half of the participants searched the internet for additional information. Most reported
shortcomings included the absence of detailed information about the resumption of
(work) activities as well as the inconsistency between advice received by different
healthcare professionals involved in the recovery process. Women had a slightly higher
need for additional information and support than men. A majority (78%) of the
participants expected an e-health program to be helpful during the recovery process. A
website was assessed as most useful, followed by a mobile phone application. In
particular practical functions focusing on the preparation for surgery and monitoring
after surgery were expected to be valuable. The majority of patients opposed the option
to replace the standard postoperative consult by an eConsult, since they preferred a
personal contact with their surgeon.
Chapter 4 describes the role of healthcare providers in the development of the eHealth
intervention. A panel of 13 experts consisting of surgeons, occupational physicians and
general practitioners participated in a modified Delphi study. In this study,
multidisciplinary convalescence recommendations were developed for the graded
resumption of 34 activities after uncomplicated laparoscopic cholecystectomy,
laparoscopic and open appendectomy, laparoscopic and open colectomy and
laparoscopic and open inguinal hernia repair. After four Delphi rounds, consensus was
reached for all of the 34 activities. A sample of occupational physicians, general
practitioners and surgeons regarded the recommendations as feasible in daily practice.
These convalescence recommendations were incorporated in the eHealth intervention
and further evaluated in the RCT (chapter 8).
Part 2: Development of a study to evaluate a perioperative eHealth intervention
This part of the thesis is focused on the development of a study to evaluate the
intervention which was developed in part 1 of this thesis. The chapters in this part aim to
answer research question 3.

Considering the fact that the eHealth intervention aimed to improve recovery after
surgery, the effect of the intervention was planned to be measured in terms of return to
normal activities. However, most measuring instruments focusing on return to normal
activities are very generic and not sensitive to measure relevant changes from a patient
perspective in post-operative function. It was therefore necessary that new measuring
instruments were evaluated which have the potential to measure the outcome in an
objective or personalized way and which were are sensitive enough to measure patient
relevant outcomes. For this reason, an observational pilot study was performed in
which several measurement instruments to assess postoperative recovery were
evaluated in a small sample (n=30) of patients undergoing laparoscopic abdominal
surgery (laparoscopic hysterectomy, laparoscopic adnexal surgery, laparoscopic
cholecystectomy and laparoscopic inguinal hernia repair).
Chapter 5 describes the results regarding the feasibility of an accelerometer to measure
postoperative recovery. Participants (n=30) were instructed to wear an Actigraph
wGT3X-BT accelerometer one week before surgery (baseline) and during the first, third
and fifth week after surgery. Five patients were excluded from analyses because of
technical problems with the accelerometer (n=1) and protocol non-adherence (n=4). The
different activity intensity levels and step count showed a clear recovery curve after
surgery. Wearing the accelerometer was well tolerated and not regarded as being
burdensome by the patients. Although this study showed that it was possible to
measure postoperative recovery by an accelerometer, the clinical application remained
controversial because of the fact that using this accelerometer was relatively time
consuming and expensive.
Chapter 6 describes the results of the pilot study with regard to the PROMIS physical
function (PROMIS-PF) and PROMIS Ability to Participate in Social Roles and Activities
(PROMIS-APS) item bank as measuring instruments for recovery. Of this item banks 4-10
items could be selected to conduct (personalized) short-forms. The construct validity
and responsiveness of the two PROMIS short forms were evaluated by testing predefined hypotheses and were considered adequate when at least 75% of the data was in
accordance with the hypotheses. The construct validity and the responsiveness of the
PROMIS-PF for measuring recovery in abdominal surgery were confirmed (85.7% of the
hypotheses were confirmed) but this was not approved for the PROMIS-APS.
Considering the major advantages of PROMIS, we recommend using PROMIS
instruments in future studies.
In chapter 7 the study protocol for the evaluation of the eHealth intervention developed
in part 1 of this thesis, is described. The study design was a multicentre randomized,

single blinded, controlled trial. Patients between 18 and 75 years old who were on the
waiting list for a laparoscopic cholecystectomy, inguinal hernia surgery or laparoscopic
adnexal surgery for a benign indication were assessed for eligibility. The power
calculation showed that at least 308 participants had to be included. Patients were
randomized to an intervention or a control group. The intervention group would get
access to the perioperative eHealth intervention developed in part 1, consisting of a
website, mobile phone application (app) and an activity tracker. The intervention aims
to improve patient self-management and empowerment by providing guidance to
patients in the weeks before and after surgery. The control group was provided with
usual care and access to a non-intervention (standard) website, consisting of the digital
information brochure about the surgical procedure which will be performed. The
primary outcome measure was time to return to normal activities. This was measured by
a personalized PROM based on the PROMIS physical functioning item of which the
construct validity and responsiveness was approved in chapter 6. bank v 1.2.
Participants could select before surgery eight activities which were applicable to them in
daily life, while after surgery they were asked whether or not they had already resumed
these activities. The time between surgery and the date on which the last activity was
resumed was defined as the time to return to normal activities. Secondary outcomes
included social participation, self-rated health, duration of return to work, physical
activity, length of recovery, pain intensity and patient satisfaction. In addition, an
economic evaluation alongside this randomized controlled trial was conducted from the
societal and healthcare perspective.
Part 3: Evaluation of a perioperative eHealth intervention
In this part, the eHealth intervention developed in part one was evaluated in the
randomized controlled trial (RCT) which was conducted in part 2.
Chapter 8 describes the clinical effects on the recovery process of the eHealth
intervention. 344 participants were included and randomized to the intervention
(n=173) or the control group (n=171). 14 participants (4.1%) were lost to follow-up,
resulting in 330 participants included in the primary outcome analysis. The median time
until return to normal activities was 21 days in the intervention group and 26 days in the
control group (hazard ratio 1.38, 95% CI 1.09 – 1.73; p=0.007). Complication rates did not
differ between groups. The social participation scores and physical function scores were
significantly higher during the follow-up period in the intervention group compared with
the control group. We concluded that using this eHealth intervention after abdominal
surgery, resulted in a quicker return to normal activities, compared with the usual care.

In chapter 9 the results regarding the cost-effectiveness of the eHealth intervention are
presented. Total costs were higher in the intervention group than in the control group,
but this difference was not statistically significant (€168, 95%CI -775-1129). The
incremental cost-effectiveness ratio (ICER) for return to normal activities was 22,
indicating that each day that normal activities were resumed earlier in the intervention
group was associated with an extra €13 compared with the control group. The
probability of the intervention being cost-effective compared with usual care was 0.38 at
a willingness to pay (WTP) of €0/day earlier return to normal activities. This probability
increased to 0.97 when the WTP was € 100/day. As it was unknown how much decisionmakers are willing to pay for each day that normal activities were resumed earlier,
strong conclusions about the intervention’s cost-effectiveness in terms of this outcome
were not drawn. The cost-utility analysis showed that the intervention was not costeffective for QALYs.
In chapter 10 the results of the process evaluation which was performed alongside the
RCT are presented. This showed that the implementation scores of the different
functions of the intervention ranged between 60% and 65%. The website, mobile phone
application and activity tracker were rated 7.3-7.6 on a scale from 1-10. Almost all
participants who were interviewed about the eConsult function rated it as being of
additional value if combined with the usual care, but not as a replacement for usual
care.
Finally, chapter 11 concludes with a general discussion. The main findings of this thesis
were summarized and research questions were answered. Further, methodologic
considerations of the different studies were discussed and in an appendix the
implementation process was discussed and a protocol for future research was
described.
The answers to the research questions were as follows:
1. Is there a need for eHealth in perioperative care?
- EHealth may have a positive effect on several aspects in postoperative care
- There is a need for eHealth in perioperative care in abdominal surgery from a
patient perspective

2. What should the optimal eHealth intervention to improve return to normal
activities after abdominal surgery focus on?
A perioperative eHealth intervention in abdominal surgery should:
- Focus on the resumption of (work) activities after surgery, multidisciplinary
convalescence recommendations were developed for this purpose
- Focus on preparing before and monitoring after surgery
- Not include eConsultations with the aim to replace standard care, however using
eConsultations as an extra can be useful
3. How can the effect of an eHealth intervention in terms of return to normal
activities after abdominal surgery be measured?
- An accelerometer is a feasible way to measure postoperative recovery, but turns
out to be time consuming
- The PROMIS-PF and PROMIS-APS can be used for this purpose and have the
advantage that they can be personalized. Only the construct validity and
responsiveness of the PROMIS-PF short form has been proved in abdominal
surgery and thus we recommend using the (personalized) PROMIS-PF short form
to measure return to normal activities after surgery
4. What are the effects of the eHealth intervention in terms of recovery, use and
costs?
- Patients who used the eHealth intervention returned to normal activities five days
earlier than participants who received usual care
- Costs were higher in the intervention group, but this difference was not significant
- Although participants were overall satisfied with the intervention, the
implementation scores of the different functions of the intervention were fair.
Based on this, we have concluded that, in view of the need for eHealth from a patient
perspective and the proven effectivity with regard to return to normal activities after
surgery, this personalized eHealth program should be considered for implementation in
standard perioperative care. Future research will focus on the barriers for
implementation. Based on the results of this an implementation strategy can be
chosen.

SAMENVATTING
De opnameduur in het ziekenhuis na abdominale chirurgie is de afgelopen jaren sterk
afgenomen als gevolg van het toenemende gebruik van minimaal invasieve chirurgie.
Dit betekent dat het grootste deel van het postoperatieve herstel thuis plaatsvindt en
derhalve ook de hoeveelheid postoperatieve zorg die patiënten ontvangen inclusief de
begeleiding ten aanzien van het hervatten van activiteiten sterk is afgenomen. Het is
echter bewezen dat het informeren en begeleiden van patiënten voor de operatie en
tijdens het herstelproces een positief effect heeft op de actuele duur van het herstel. Het
is dan ook niet verrassend dat onderzoeken laten zien dat herstel na met name
minimaal invasieve chirurgie langer duurt dan wat oorspronkelijk vanuit medisch
perspectief werd verwacht. In dit proefschrift hebben we daarom een perioperatief
eHealth programma ontwikkeld met als doel patiënten rondom de operatie te
begeleiden en zodoende het moment van hervatten van normale activiteiten na
abdominale chirurgie te bevorderen.
Hoofdstuk 1 bestaat uit een algemene introductie over dit onderwerp en beschrijft de
opbouw en inhoud van dit proefschrift. De volgende onderzoeksvragen werden
geformuleerd in dit hoofdstuk:
1. Is er behoefte aan eHealth in de perioperatieve zorg?
2. Waar moet de optimale eHealth interventie, met als doel het herstel van normale
activiteiten na abdominale chirurgie te bevorderen, uit bestaan?
3. Hoe kan het effect van een eHealth interventie met betrekking tot het herstel van
normale activiteiten na abdominale chirurgie gemeten worden?
4. Wat zijn de effecten van de eHealth interventie met betrekking tot het postoperatieve
herstel, gebruik en kosten?
De onderzoeksvragen 1 en 2 worden beantwoord in deel 1 van dit proefschrift,
onderzoeksvraag 3 in deel 2 en onderzoeksvraag 4 in deel 3.
Deel 1: De ontwikkeling van een perioperatieve eHealth interventie
De hoofstukken in dit deel van het proefschrift zijn gericht op het ontwikkelen van een
perioperatieve eHealth interventie, met als doel het beantwoorden van
onderzoeksvraag 1 en 2.
Om de optimale eHealth interventie te ontwikkelen werd eerst alle beschikbare
literatuur met betrekking tot dit onderwerp bekeken en beoordeeld. In hoofdstuk 2
worden de resultaten hiervan beschreven. Er werden in totaal 27 gepubliceerde studies
gevonden over dit onderwerp, met een grote diversiteit in type patiënten, interventies

en gemeten uitkomstmaten. Slechts twee studies waren uitgevoerd bij patiënten die
abdominale chirurgie ondergingen. 25 studies (92.6%) rapporteerde een gelijk (n=8) of
een positief effect (n=17) van de eHealth interventie vergeleken met de gebruikelijke
zorg. We concludeerden in dit hoofdstuk dat eHealth interventies de klinische
uitkomsten van patiënten die abdominale chirurgie ondergaan kunnen verbeteren. Er
was echter een gebrek aan (kosten-)effectiviteit studies van goede kwaliteit en slechts
een klein deel van de studies rapporteerde over het daadwerkelijk gebruik van de
interventie en het optreden van bijwerkingen. Dit, in combinatie met de positieve
resultaten, rechtvaardigde het opzetten van een nieuwe gerandomiseerde
gecontroleerde trial (RCT), waarin deze tekortkomingen uit eerdere studies opgenomen
werden.
In hoofdstuk 3 worden de tekortkomingen in de huidige perioperatieve zorg vanuit een
patiënten perspectief geïnventariseerd en wordt bekeken hoe eHealth hier een rol in zou
kunnen spelen. Patiënten die verschillende vormen van abdominale chirurgie hadden
ondergaan werden uitgenodigd om een vragenlijst over dit onderwerp in te vullen. In
totaal vulden 207 deelnemers (57.2%) de vragenlijst in. De meeste deelnemers gaven
wel aan dat ze enige basisinformatie over de procedure en hun herstelperiode hadden
ontvangen voor aanvang van de operatie, echter meer dan de helft van de deelnemers
gaf aan dat ze op het internet hadden gezocht naar meer informatie. De belangrijkste
tekortkomingen die werden gerapporteerd waren het gebrek aan gedetailleerde
informatie over het hervatten van (werk)activiteiten na de operatie en de inconsistentie
in adviezen die gegeven werden door de verschillende soorten betrokken artsen.
Vrouwen hadden iets meer behoefte aan extra informatie en begeleiding tijdens het
herstel dan mannen. De meerderheid (78%) van de deelnemers gaf aan dat zij
verwachtten dat een eHealth interventie van toegevoegde waarde had kunnen zijn
tijdens hun herstelproces. Een website werd als meest waardevol beoordeeld, gevolgd
door een mobiele applicatie (app). In het bijzonder werden functies die gericht waren op
het voorbereiden op de operatie en het monitoren en begeleiden na de operatie als
nuttig beoordeeld. Het merendeel van de deelnemers was tegen het vervangen van de
standaard nacontrole op de polikliniek door een elektronisch consult (eConsult), gezien
het feit dat ze het persoonlijk contact met hun arts erg waardeerden.
In hoofdstuk 4 worden artsen betrokken bij het ontwikkelen van de eHealth interventie.
Een groep van 13 experts bestaande uit chirurgen, bedrijfsartsen en huisartsen nam deel
aan een gemodificeerde Delphi studie. In deze studie werden multidisciplinaire
hersteladviezen ontwikkeld voor het gegradeerd hervatten van 34 activiteiten na een
ongecompliceerde laparoscopische cholecystectomie, laparoscopische of open
appendectomie, laparoscopische en open colectomie en een laparoscopische of open

hernia inguinalis operatie. Na vier Delphi rondes werd consensus bereikt voor alle 34
activiteiten. Een andere groep van bedrijfsartsen, huisartsen en chirurgen beoordeelde
de ontwikkelde hersteladviezen als haalbaar en reëel. Deze hersteladviezen werden
ingebouwd in de eHealth interventie welke werd geëvalueerd middels een randomized
controlled trial (RCT) (Deel 3).
Deel 2: Het ontwikkelen van een studie om een perioperatieve eHealth interventie te
evalueren
Dit deel van het proefschrift focust zich op het ontwikkelen van een studie om de
interventie welke werd ontwikkeld in deel 1 van dit proefschrift, te evalueren. De
hoofdstukken in dit deel hebben als doel om onderzoeksvraag 3 te beantwoorden.
Om het effect van de eHealth interventie op het postoperatieve herstel te kunnen meten
is het belangrijk om het juiste meetinstrument uit te kiezen. Om deze reden werd er
allereerst een pilotstudie uitgevoerd waarin verschillende instrumenten om het
postoperatieve herstel te meten werden getest in een kleine groep patiënten (n=30) die
laparoscopische abdominale chirurgie hadden ondergaan (laparoscopische
hysterectomie, laparoscopische adnex chirurgie, laparoscopische cholecystectomie en
laparoscopische hernia inguinalis chirurgie). Hoofdstuk 5 beschrijft de resultaten met
betrekking tot de haalbaarheid van het gebruik van een accelerometer om het
postoperatieve herstel te meten. Deelnemers werden geïnstrueerd om een Actigraph
wGT3X-BT accelerometer te dragen gedurende een week voor de operatie
(uitgangsmeting) en gedurende de eerste, de derde en de vijfde week na de operatie. De
gegevens van vijf deelnemers konden niet geanalyseerd worden vanwege een technisch
probleem met de accelerometer (n=1) of vanwege het niet gevolgd hebben van het
protocol (n=4). De mate waarin patiënten actief waren en het aantal stappen lieten een
duidelijke herstelcurve zien na de operatie. Het dragen van de accelerometer werd goed
getolereerd en niet ervaren als belastend door de deelnemers. Echter, ook al liet deze
studie zien dat het meten van postoperatieve herstel met een accelerometer mogelijk
was, de klinische toepassing van dit type accelerometer bleef controversieel omdat het
gebruik ervan relatief tijdsintensief en duur was.
Hoofdstuk 6 beschrijft de resultaten van de pilotstudie met betrekking tot de PROMIS
fysiek functioneren (PROMIS-PF) en de PROMIS sociale participatie (PROMIS-APS)
vragenlijsten als meetinstrument voor herstel. Uit deze vragenlijsten konden 4-10 items
geselecteerd worden om (gepersonaliseerde) korte vragenlijsten (short forms) te
ontwikkelen. De construct validiteit en de responsiviteit van de twee PROMIS short
forms (PROMIS-PF short form en PROMIS-APS short form) werden geëvalueerd in dit
hoofdstuk. Dit werd gedaan door het testen van vooraf opgestelde hypotheses. Voor

zowel de construct validiteit als de responsiviteit van beide short-forms werden
hypotheses opgesteld en getoetst in de studie. Indien tenminste 75% van de vooraf
gestelde hypotheses met betrekking tot een short form aangaande de
constructvaliditeit of de responsiviteit werd bevestigd werd de constructvaliditeit
respectievelijk responsiviteit aangaande die short form aangetoond. De
constructvaliditeit en de responsiviteit van de PROMIS-PF voor het meten van herstel na
abdominale chirurgie werd aangetoond (85.7% van de hypotheses werden bevestigd),
maar dit was niet het geval voor de PROMIS-APS. Gezien de voordelen die het gebruik
van PROMIS te bieden heeft, bevelen wij het gebruik van PROMIS instrumenten in
toekomstige studies aan.
In hoofdstuk 7 is het protocol beschreven van de studie die werd opgezet om de in deel
1 van dit proefschrift ontwikkelde eHealth interventie te evalueren. De studieopzet was
een multi-center gerandomiseerde, enkel geblindeerde, studie. Patiënten tussen de 18
en 75 jaar die op de wachtlijst stonden voor een laparoscopische cholecystectomie,
hernia inguinalis chirurgie of een laparoscopische adnex operatie voor een benigne
indicatie werden benaderd voor deelname aan de studie. Een vooraf uitgevoerde
sample size berekening liet zien dat minimaal 308 patiënten geïncludeerd dienden te
worden. Patiënten werden gerandomiseerd in de interventie- of controlegroep.
Deelnemers uit de interventiegroep kregen toegang tot de perioperatieve eHealth
interventie welke ontwikkeld werd in deel 1 van dit proefschrift, bestaande uit een
website, een app en een activiteitenmeter. De interventie had als doel om patiënten
meer controle te geven over het herstelproces door hen beter te begeleiden en van
informatie te voorzien gedurende de weken voor en na de operatie. De controlegroep
kreeg de gebruikelijke zorg en toegang tot een placebo website, waarop een digitale
informatiefolder over de operatie te zien was. De primaire uitkomstmaat was herstel van
hervatting van normale activiteiten. Dit werd gemeten met behulp van een
gepersonaliseerde PROM gebaseerd op de PROMIS fysiek functioneren item bank v 1.2,
waarvan de construct validiteit en responsiviteit werd aangetoond in hoofdstuk 6.
Deelnemers konden uit deze item bank acht activiteiten selecteren die voor hen van
belang waren in het dagelijks leven en vervolgens werd gedurende de follow-up (na de
operatie) op verschillende tijdsmomenten gevraagd of ze deze activiteiten al hervat
hadden. De periode tussen de operatie en het moment waarop de laatste activiteit werd
hervat was gedefinieerd als de tijd tot het hervatten van normale activiteiten.
Secundaire uitkomstmaten waren participatie, zelf-beoordeelde gezondheid, duur tot
de terugkeer naar werk, fysieke activiteit, de lengte van het herstel, pijn en
patiënttevredenheid. Ook werd er een economische evaluatie opgezet vanuit een
maatschappelijk en een gezondheidsperspectief.

Deel 3: De evaluatie van een perioperatieve eHealth interventie
In dit deel van het proefschrift worden de resultaten beschreven van de
gerandomiseerde studie welke in deel 2 van dit proefschrift werd ontwikkeld.
In hoofdstuk 8 worden de resultaten beschreven met betrekking tot de effectiviteit van
de eHealth interventie. 344 deelnemers werden geïncludeerd en gerandomiseerd voor
de interventie (n=173) of de controle groep (n=171). 14 deelnemers (4.1%) vielen uit
gedurende de looptijd van de studie, wat resulteerde in 330 deelnemers die uiteindelijk
meegenomen konden worden in de analyse van de primaire uitkomstmaat. De mediane
tijd tot het hervatten van activiteiten was 21 dagen in de interventiegroep en 26 dagen in
de controlegroep (hazard ratio 1.38, 95% CI 1.09 – 1.73; p=0.007). Het aantal
complicaties verschilde niet tussen de twee groepen. De interventiegroep scoorde
vergeleken met de controlegroep significant beter gedurende de follow-up op de
onderdelen sociale participatie en fysiek functioneren. We concludeerden dat het
gebruik van dit eHealth programma na abdominale chirurgie, resulteerde in het sneller
hervatten van normale activiteiten in vergelijking met de controle groep.
In hoofdstuk 9 worden de resultaten met betrekking tot de kosteneffectiviteit van de
eHealth interventie gepresenteerd. De totale kosten waren hoger in de interventiegroep
dan in de controlegroep, maar dit verschil was niet statistisch significant (€168, 95%CI 775-1129). De incremental cost-effectiveness ratio (ICER) voor het herstel van normale
activiteiten was 13, wat betekent dat iedere dag dat de normale activiteiten eerder
werden hervat in de interventiegroep, gepaard ging met €13 extra in kosten in
vergelijking met de controlegroep. De kans dat de interventie kosteneffectief was in
vergelijking met de controlegroep was 0.38 op het moment dat men bereid was €0 te
betalen voor elke dag dat de normale activiteiten eerder hervat werden. Deze kans steeg
naar 0.97 op het moment dat men bereid zou zijn om € 100 te betalen voor elke dag dat
de normale activiteiten eerder hervat werden. Aangezien het onbekend is hoeveel men
bereid is om te betalen voor iedere dag dat normale activiteiten eerder worden hervat,
konden er ook geen sterke conclusies getrokken worden betreffende de
kosteneffectiviteit van de interventie met betrekking tot het herstel van normale
activiteiten. De kosten-utiliteitsanalyse liet zien dat de interventie niet kosteneffectief
was met betrekking tot quality adjusted life years (QALYs).
Hoofdstuk 10 richt zich op de resultaten van de procesevaluatie, welke werd uitgevoerd
naast de RCT. De implementatiescores van de verschillende functies van de interventie
varieerden tussen de 60% en de 65%. De website, app en activiteitenmeter werden
beoordeeld met een gemiddelde van 7.3 tot 7.6 op een schaal van 1 tot 10. Daarnaast
werden er semigestructureerde interviews gehouden over de eConsult functie van de

interventie. Bijna alle deelnemers die werden geïnterviewd gaven aan dat ze het
eConsult van toegevoegde waarde vonden op het moment dat het gecombineerd werd
met de gebruikelijke zorg. De eConsult functie werd echter niet gezien als een vervanger
van de gebruikelijke zorg.
Tenslotte wordt in hoofdstuk 11 afgesloten met een algemene discussie. De
belangrijkste bevindingen uit het proefschrift worden opgesomd en de
onderzoeksvragen worden beantwoord. Verder worden de methodologische
overwegingen van de verschillende studies besproken. Ook bevat dit hoofdstuk een
appendix waarin het implementatieproces wordt bediscussieerd en een studieprotocol
wordt beschreven voor toekomstig vervolgonderzoek.
De antwoorden op de onderzoeksvragen waren als volgt:
1. Is er behoefte aan eHealth in de perioperatieve zorg?
- eHealth heeft een bewezen positief effect op verschillende aspecten in de
perioperatieve zorg
- Vanuit patiënten perspectief is er behoefte aan eHealth in de perioperatieve zorg
2. Waar moet de optimale eHealth interventie, met als doel het herstel van normale
activiteiten na abdominale chirurgie te bevorderen, uit bestaan?
Een perioperatieve eHealth interventie rondom abdominale chirurgie moet:
- Zich richten op het hervatten van (werk) activiteiten na abdominale chirurgie.
Multidisciplinaire hersteladviezen worden ontwikkeld om dit te kunnen
verwezenlijken
- Gefocust zijn op de voorbereiding van de patiënt op de operatie en het monitoren
van het herstel na de operatie
- Niet bestaan uit een eConsult functie met als doel de standaard zorg te
vervangen, maar het gebruik van het eConsult als toevoeging bovenop de
gebruikelijke zorg is wel gewenst
3. Hoe kan het effect van een eHealth interventie met betrekking tot het herstel van
normale activiteiten na chirurgie, gemeten worden?
- Een accelerometer bleek een bruikbaar middel hiervoor, maar dit type
accelerometer is erg tijdsintensief in het gebruik.
- De PROMIS-PF en PROMIS-APS kunnen hiervoor ook gebruikt worden en hebben
als belangrijk voordeel dat ze gepersonaliseerd kunnen worden op ieder individu.
De constructvaliditeit en responsiviteit zijn alleen bewezen van de PROMIS-PF in
abdominale chirurgie en dus bevelen we het gebruik van de (gepersonaliseerde)

PROMIS-PF voor het meten van het herstel van normale activiteiten na
abdominale chirurgie aan
4. Wat zijn de effecten van de eHealth interventie met betrekking tot postoperatief
herstel, gebruik en kosten?
- Patiënten die gebruik maakten van de eHealth interventie hervatten vijf dagen
eerder hun normale activiteiten dan patiënten uit de controlegroep
- De kosten waren hoger in de interventie groep, maar dit verschil was niet
statistisch significant. De kosteneffectiviteit hangt af van de hoogte van het
bedrag dat men bereid is te betalen per dag dat normale activiteiten eerder
hervat worden
- Patiënten waren over het algemeen tevreden over de eHealth interventie, echter
de implementatiescores van de verschillende functies van de interventie waren
matig.
Op basis van deze antwoorden concludeerden we dat, gezien het feit dat er vanuit een
patiënten perspectief behoefte is aan eHealth en gezien de bewezen effectiviteit van
deze eHealth interventie op het herstel van normale activiteiten na abdominale
chirurgie, deze gepersonaliseerde eHealth interventie geïmplementeerd moet worden in
de standaard perioperatieve zorg. Eveneens lijkt het zinvol om te onderzoeken hoe de
implementatie van de interventie kan worden geoptimaliseerd.
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