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Abstract
The Inguinal Hernia Application (IHAPP) is designed to overcome current limitations of regular follow-up after inguinal 
hernia surgery. It has two goals: Minimizing unnecessary healthcare consumption by supplying patient information and 
facilitating registration of patient-reported outcome measures (PROMs) by offering simple questionnaires. In this study 
we evaluated the usability and validity of the app. Patients (≥18 years) scheduled for elective hernia repair were assessed 
for eligibility. Feasibility of the app was evaluated by measuring patient satisfaction about utilization. Validity (internal 
consistency and convergent validity) was tested by comparing answers in the app to the scores of the standardized EuraHS-
Quality of Life instrument. Furthermore, test-retest reliability was analyzed correlating scores obtained at 6 weeks to 
outcomes after 44 days (6 weeks and 2 days). During a 3-month period, a total of 100 patients were included. Median age was 
56 years and 98% were male. Most respondents (68%) valued the application as a supplementary tool to their treatment. The 
pre-operative information was reported as useful by 77% and the app was regarded user-friendly by 71%. Patient adherence 
was mediocre, 47% completed all questionnaires during follow-up. Reliability of the app was considered excellent (α > 
0.90) and convergent validity was significant (p = 0.01). The same applies to test-retest reliability (p = 0.01). Our results 
demonstrate the IHAPP is a useful tool for reliable data registration and serves as patient information platform. However, 
further improvements are necessary to increase patient compliance in recording PROMs.
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Introduction

Follow-up after inguinal hernia (IH) repair aids several pur-
poses, such as clinical evaluation of the postoperative course, 
patient satisfaction, research objectives, and data registration 
for internal quality control and benchmarking [1]. In general, 
regular follow-up occurs once, at a predefined moment, by 
means of a telephone or outpatient consult. However, there 
is no consensus about the timing or method of follow-up. A 
recent study concluded that regular follow-up provides no 
clinical benefit since most patients report postoperative com-
plications on their own initiative, regardless of timing [1]. 
Besides, morbidity rates following IH surgery are low. In our 

high-volume hernia clinic, this is, respectively, 1% for both 
recurrence and moderate pain after one year postoperatively 
[2–4]. Follow-up at a fixed time-point, even if the consult 
is very brief, does, however, improve patient satisfaction, 
regardless of whether the patient has complaints [1].

The quality of IH surgery can be determined, among 
other factors, by recurrence, pain, return to daily activi-
ties, complication rates and cost-effectiveness [5]. Espe-
cially important are those factors that are best reported by 
patients themselves. These patient-reported outcome meas-
ures (PROMs) need to be registered at multiple follow-up 
timepoints, as proper benchmarking cannot be achieved with 
a single follow-up consult. However, using multiple follow-
up consults merely for quality assessment is wasteful, time-
consuming and expensive. A different type of follow-up is 
required for this kind of quality control. In several existing 
hernia registries, the personal identification number (PIN) 
of a citizen can be used to follow patient movements across 
different care providers [6]. This allows for automated detec-
tion of whether patients were operated for a recurrent IH, 
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for example. Nonetheless, these automated registries still 
lack PROMs. In The Netherlands specifically, reporting of 
outcomes for follow-up remains challenging due to lack of 
registration via PIN. This results in very heterogeneous reg-
istration, often lacking PROMs, or not registering at all [7]. 
Additionally, PROMs are reported differently nationwide 
and uniformity is lacking, even in research settings [8, 9]. 
Therefore, current methods of follow-up are inefficient for 
both patients and healthcare personnel, increasing the finan-
cial burden of hernia care whilst not providing the desired 
level of quality control and benchmarking.

The use of mobile Health (mHealth) technology for 
follow-up has the potential to overcome these challenges 
because it is portable, uniform and easy to use [10]. In The 
Netherlands, the rate of smartphone ownership is high, 
approximately 89% in 2022 [11]. This level of accessibility 
theoretically facilitates the usage of mHealth. In addition, 
mobile app follow-up care has been proven suitable for 
low-risk postoperative ambulatory patients [12]. In this 
context, the Inguinal Hernia App (IHAPP) was created. It 
has two main goals: to minimize healthcare consumption by 
expanding patient education and to facilitate the registration 
of PROMs for internal quality control and research purposes. 
It consists of three domains: (1) a time-dependent clinical 
care pathway explaining a “normal” pre- and postoperative 
course; (2) questionnaires for data registration; and (3) a 
library with additional background information about 
IH treatment. The primary outcome of our study is the 
feasibility of using the IHAPP as patient education and data 
registration tool. Secondary outcomes are reliability and 
validity in comparison to standardized questionnaires and 
scales.

Methods

Design and sample size

A single-center prospective cohort study was performed in a 
high-volume hernia clinic in The Netherlands. In this clinic, 
approximately 1500 procedures are performed annually. 
Patients were included from May 2021 up to and including 
July 2021. An empirically chosen sample of 100 patients was 
regarded sufficient to evaluate our primary outcome.

Patient selection

All patients scheduled for IH repair (either Lichtenstein 
or totally extraperitoneal procedure, TEP) were assessed 
for eligibility. Inclusion criteria were age between 18 
and 80 years old, ownership of a device compatible with 
the IHAPP (iPhone or Android devices), and sufficient 
understanding of the Dutch language. No further exclusion 

criteria were applied. The study protocol was reviewed 
and approved by the local ethical review board (W20.008). 
Written informed consent was obtained in all patients.

Peri‑operative course

Patients followed the standard peri-operative protocol for IH 
surgery in this hospital.

The IHAPP

The IHAPP was developed by Synappz using a Clinicards 
platform [13]. In this digital, web-based portal, patient 
data were self-reported and collected prospectively. The 
application was not designed for treatment or diagnostic 
purposes, although it could theoretically be used to monitor 
patients actively. Therefore, participants were informed 
that their treating physician would not have access to 
nor anticipate on the answers that they gave to any of the 
questionnaires. Because patients were not actively monitored 
through the IHAPP, they were explicitly instructed to 
contact their physician in case of any doubt concerning 
complications during the postoperative course.

The app respects the safety of privacy-sensitive medical 
information by using anonymized data and the software is 
in line with the Dutch privacy laws and regulations, such as 
the AVG (Algemene Verordening Persoonsgegevens, which 
is the Dutch implementation of the General Data Protection 
Regulation, GDPR). The medical application is Conformité 
Européenne (CE)-certified and has obtained all mandatory 
European certificates (ISO 27001, NEN 7510).

Questionnaires

Upon downloading the app, patients answered a short 
demographic survey (e.g. age, gender, employment, 
smoking habit, etc.) in order to complete their profile. 
Short questionnaires were entered by patients at different 
timepoints: pre-operatively, 2  weeks and 6  weeks 
postoperatively. To evaluate test–retest reliability an 
additional questionnaire was incorporated at 44  days 
postoperative (6 weeks and 2 days). Patients were kept 
engaged and motivated to answer by posing dynamic 
questions, based on previous answers, using an adaptive 
question algorithm. To adequately register uniform PROMs 
the following standardized questionnaires and scales formed 
the foundation of the app:

(1)	 The European Registry for Abdominal Wall Hernias—
Quality of Life (EuraHS-QoL) instrument and adjusted 
questions of the Short-Form Inguinal Pain Question-
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naire (SF-IPQ) to estimate pain and limitations [14, 
15];

(2)	 The Numeric Rating Scale (NRS) to quantify 
resumption of daily activities (e.g. work, sport, etc.) 
[7].

Questionnaires had a fixed timeslot of two to three days, 
which prevented retrospective data entry, which could 
introduce bias. For example, the pre-operative questionnaire 
could not be entered in retrospect. Push notifications were 
used to remind patients of open questionnaires, but only if 
explicit consent to do so was given during app installation. 
Therefore, all patients received additional manual reminders 
by e-mail when necessary. As a last resort, patients were 
contacted by one of the investigators by telephone, if they 
had not yet answered.

Patient satisfaction was measured by means of a 
questionnaire which was newly formulated for the purpose 
of our study, utilizing a 5- and 6-point Likert scale and 
posing open and nominal questions.

Clinical care pathway

The IHAPP also informed patients of the clinical care 
pathway. Patients followed different digital care paths for 
Lichtenstein and TEP repair. This is further personalized by 
time-dependent release of information, only showing when 
relevant to the patient. For example, when approaching the 
date of surgery, patients were supplied with specific pre-
operative information. The care pathway is displayed as a 
chronologic timeline. Postoperatively, the pathway informed 
patients on what to expect from a normal postoperative 
course. Common complications not requiring intervention, 
such as hematoma, seroma and early postoperative pain 
were mentioned. Furthermore, practical instructions were 
provided, for instance when to remove the adhesive plasters, 
resume taking showers, return to work or sport, or when 
it is safe to drive or cycle again. This information was 
accompanied by informational videos or relevant research 
articles.

Statistical analysis

All statistical analyses were performed using SPSS 
statistical software, version 23 (IBM Corp., Armonk, NY, 
USA). For demographic and baseline data descriptive 
statistics were applied. Missing data were excluded list 
wise. The Cronbach’s alpha was used to assess the internal 
consistency reliability of the EuraHS-QoL and IHAPP. A 
threshold of 0.80 was considered an indication of good 
internal consistency and a value ≥ 0.90 was considered 
excellent. Convergent validity was calculated using 
Spearman correlation coefficients for the pain subscales 

of the EuraHS-QoL and corresponding NRS scores in the 
IHAPP. Test–retest reliability was studied by correlating 
scores obtained at 6 weeks and 44 days (6 weeks and 2 days) 
using Spearman correlation coefficients.

Results

A total of 290 patients were assessed for eligibility. After 
initial screening, 126 patients were included. After comple-
tion of the follow-up period, patients who had completed ≤1 
questionnaire were excluded from analyses (Fig. 1). As a 
result of COVID-19, the amount of operations was reduced 
throughout the trial resulting in an unstable surgery sched-
ule and many last minute changes. Therefore the missing 
group makes up the majority of the excluded patients. Other 
reasons for not participating can be found in Fig. 1. After 
inclusion, one of our participants presented at the outpatient 
clinic for single-visit hernia surgery with a small asymp-
tomatic IH. After explanation of the possibility of a wait 
and see policy, the patient decided to cancel the operation. 
Four patients requested withdrawal before completion of 
the follow-up period. Often, an argument for withdrawal 
was technical issues when using the app for the first time. 
One 79-year-old woman desired access to the app but did 
not wish to participate in the trial. During follow-up 21 
patients were lost, whereas eight patients had only answered 
one questionnaire in total, even after repeated reminders. 
Most reasons are unknown (n = 6) but one patient reported 

Enrollment 

Assessed for eligibility (n=290) 

Included (n=126) 

Follow-Up 

Completed follow-up (n=100) 

Excluded (n=164) 
Not interested (n=31) 
Missed (n=72) 
No response (n=13) 
No follow-up possiblea (n=23) 
Age (n=25) 

Dropout before treatment (n=5) 
No surgery (n=1) 
Requested withdrawal (n=4) 

Lost during follow-up (n=21) 
<2 questionnaires (n=8) 
Never used application (n=13)

Fig. 1   Flowchart of inclusions. aNo follow-up possible: no smart-
phone (n = 18), language barrier (n = 3), participating in another study 
of our clinic (n = 2)
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COVID-19 infection and another mentioned being on holi-
day as an explanation. Arguments for never activating the 

app were not receiving push notifications (n = 1), annoyed by 
the utilization (n = 1), not responding to our e-mails (n = 2), 
difficulty understanding content due to language (n = 1), 
technical difficulties when using the app (n = 3), wrong 
e-mail address (n = 1) and unknown reasons (n = 4).

Finally, a group of 100 patients was available for complete 
analysis. The median age was 56 years (inter quartile range 
(IQR) 40-64) with an average Body Mass Index (BMI) of 
25.2 kg/m2. Patients were predominantly male (98%). The 
majority of patients received TEP repair (78%). Ten patients 
were treated for a recurrent hernia. Complete baseline 
characteristics are summarized in Table 1.

App feasibility

The evaluation questionnaire was answered by 96 of 100 
patients (Tables 2 and 3). The complete questionnaire is 
shown in Table 4.

Usability

The app’s usability was assessed with three questions: 
user-friendliness, whether content was clear to understand 
and if the app was perceived as additional value to their 
treatment. Approximately 71% regarded the application as 
user-friendly. For 3% of patients the content of the app was 
not clear enough and 16% expressed a neutral opinion. The 
majority of participants (68%) valued the application as an 
additional tool to their treatment.

Patient information

The information provided in the clinical care path-
way was predominantly experienced as ‘very useful’. 
There were no subjects who answered negatively (‘not 
useful at all’/‘not useful’) when asked about the pre-
operative information and only two patients did not 
read this information. Usefulness of information in the 
pathway declined to 71% when asked again, at 6 weeks 

Table 1   Patient characteristics

(n = 100)

Age, years, median (IQR) 56 (40–64)
BMI, kg/m2, mean (SD) 25.2 (3.5)
Gender, n
 Male 98
 Female 2

Surgery technique, n
 TEP 78
 Lichtenstein 22

Recurrent hernia, n 10
Side, n
 Left 39
 Right 41
 Bilateral 20

Smoking, n
 Yes 10
 No 73
 Quit 17

Anticoagulant therapy, n
 Yes 10
 No 90

Sexually active, n
 Yes 87
 No 13

Previous surgery, n 27
 Appendix 11
 Prostate 1
 Other location 15

Paid job, n 78
 Light physical demand 66
 Heavy physical demand 12
 Retired 15
 Not working 7

Table 2   Evaluation results on 
a 5- or 6-point Likert-scale 
(n = 96)

NA not applicable

Very negative Negative Neutral Positive Very positive Not read

User-friendly, n (%) 2 (2.1) 7 (7.3) 19 (19.8) 53 (55.2) 15 (15.6) NA
Clear content, n (%) 0 (0) 3 (3.1) 15 (15.6) 62 (64.6) 16 (16.7) NA
Additional value, n (%) 2 (2.1) 14 (14.6) 15 (15.6) 50 (52.1) 15 (15.6) NA
Useful info pre-op, n (%) 0 (0) 0 (0) 13 (13.5) 43 (44.8) 38 (39.6) 2 (2.1)
Useful info + 1 day, n (%) 0 (0) 1 (1.0) 19 (19.8) 40 (41.7) 34 (35.4) 2 (2.1)
Useful info + 2 weeks, n (%) 0 (0) 6 (6.3) 20 (20.8) 39 (40.6) 30 (31.3) 1 (1.0)
Useful info + 6 weeks, n (%) 1 (1.0) 8 (8.3) 19 (19.8) 40 (41.7) 28 (29.2) 0 (0)
Useful info library, n (%) 0 (0) 3 (3.1) 18 (18.8) 43 (44.8) 25 (26) 7 (7.3)
Questionnaires, n (%) 0 (0) 0 (0) 12 (12.5) 46 (47.9) 38 (39.6) NA
Interpretation, n (%) 0 (0) 1 (1.0) 15 (15.6) 49 (51) 31 (32.3) NA
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postoperatively. The articles in the library were accessed 
by the majority of patients, only 16% did not read any. 
Patients were able to comment freely as well. Nearly 
all comments mentioned a lack of detailed information 
concerning the resumption of daily activities. Patients 
wanted specific guidelines about which activity they 
could perform at which time point. Other comments 
included a ‘foreign body’ feeling of the mesh and spe-
cific case-reported symptoms.

Questionnaires

The questions included in the questionnaires were inter-
preted as (very) easy (88%) and (very) clear (83%). Rea-
sons for not answering questions were forgetting (n = 6), 
vacation (n = 3) or unspecified reasons (n = 7). Eight out 
of ten participants were certain they had answered all 
questionnaires. However, our data report that less than 
half of all patients (n = 45) answered four questionnaires. 
Forty patients completed three questionnaires and 15 
patients completed two questionnaires. In total, 84 par-
ticipants responded to the pre-operative questionnaire, 
93 patients responded to the 2 and 6 weeks postoperative 
questionnaire and 59 patients responded to the 44 days 
post-op survey. Feedback regarding the questionnaires 
mainly mentioned technical problems with the app, for 
example not being able to open a questionnaire, or that 
reminders kept being sent, even after completing all 
questions. Some patients requested the function to give 
more detailed context when entering pain scores.

Reliability and validity

Cronbach’s Alpha was measured at 0.96 (n = 72) pre-
operative. Therefore, internal consistency reliability was 
considered excellent (α > 0.9). Cronbach’s Alpha was 

also regarded excellent 6 weeks postoperative (α = 0.97, 
n = 69).

Convergent validity scores were calculated for pre-
operative pain in rest (n = 73, R = 0.720), pain during 
activities (n = 72, R = 0.896) and pain of the past week 
(n = 73, R = 0.769). A positive correlation was observed 
which was significant (p = 0.01). The same was true 
for answers about limitations during in house (n = 70, 
R = 0.758) and outside activities (n = 77, R = 0.866). Dif-
ferences in total cases can be explained due to forget-
ting to fill in all the answers of the paper version of the 
EuraHS-QoL. It was impossible to skip questions in the 
app. The same variables at 6 weeks postoperative were 
also assessed. There was a positive correlation for all 
cases (n = 69). Pain in rest (R = 0.656), pain during activ-
ities (R = 0.795) and pain of the past week (R = 0.669) 
were all considered significant (p = 0.01). The same 
applies to limitations during in house (R = 0.602, 
p = 0.01) and outside activities (R = 0.644, p = 0.01).

The test–retest reliability for the subscales of pain 
(pain in rest, pain during activities, pain of the past week, 
pain during heavy labor, limitations during in house and 
outside activities) were all positively correlated (n = 59, 
p = 0.01). The different locations (n = 21) of pain had 
a positive correlation between 6 weeks and 44 days (6 
weeks and 2 days), except for the answer “other located 
pain” (p = 0.064). For the variables returning fully to 
daily functioning and working, as well as the correspond-
ing amount of days, the total caseload was too small to do 
a sufficient comparison (due to missing data).

Discussion

Present findings suggest that the IHAPP is primarily an 
effective tool for patient education. Additionally, it can 
be considered a valid and reliable platform for collecting 
PROMs when compared to the standardized EuraHS-
QoL instrument. However, due to a lack of compliance, 
the IHAPP is not yet a feasible tool for systematic 
registration of PROMs after IH surgery.

When usability of the application was evaluated, at 
least two-thirds of all patients reported positive attitudes 
towards the utilization of the app. The majority of 
patients experienced the clinical care pathway as useful 
and informative.

The questionnaires’ fixed timeslot of two to three days 
prevented retrospective data entry to avoid recall bias. 
Although most participants were confident they answered 
every question (n = 77, 80%), data show that in reality, 
only 45 participants completed all four assessments. 

Table 3   Evaluation results of nominal questions (n = 96)

Library function, n (%)
Yes 40 (41.7)
Partly 40 (41.7)
No 16 (16.7)
Reasons for no response, n (%)
Not applicable (all Q’s answered) 77 (80.2)
Forgotten 6 (6.3)
Too long 1 (1.0)
Not in the mood 2 (2.1)
Vacation 3 (3.1)
Other reason(s) 7 (7.3)
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This discrepancy displays the general lack of adherence, 
which limits the potential of mHealth for the purpose of 
PROMs registration by means of this app.

Existing literature on feasibility of using smartphone 
applications for registration of PROMs in surgical 
patients is sparse. Nevertheless, one comparable report 
can be found. In 2020 van Hout et al. proposed the use 
of a smartphone app for perioperative monitoring of IH 
surgery. Comparable advantages, such as less recall and 
response bias, were suggested [16]. Their usage of an 
adaptive question algorithm makes comparing between 
subjects difficult, because every patients receives a dif-
ferent amount and type of questions, the standardized 
aspect of the questionnaires disappears. Another signifi-
cant difference was an alarm notification system, which 
sent alerts when an adverse event was suspected based 
on self-reported scores. We deliberately did not integrate 

this option in our application. Patients were clearly 
instructed to report suspected adverse events to their phy-
sician instead. The recently published pilot study of van 
Hout et al. observed high patient satisfaction (92.8%), 
which is also true for our study. In contrast to the IHAPP, 
they used daily single questions multiple times a day and 
patients were not reminded to answer whatsoever [17]. 
For the purpose of determining validity and reliability, 
we were forced to send additional reminders. Moreover, 
we believe it is ethically debatable whether a patient 
should be unnecessarily burdened with questionnaires if 
an uncomplicated postoperative course is experienced. 
Therefore, we chose to restrict questionnaires to a limited 
number of timepoints. In future versions of the applica-
tion a follow-up of two years could be incorporated, with 
extra questionnaires at 3 months, 6 months, 1 year and 2 
years postoperatively.

Table 4   Application evaluation questionnaire

Questions Answers

1 Was the app user-friendly? Likert-scale (1–5)
1 = Not at all user-friendly
5 = Very user-friendly

2 Was the content of the app straightforward? Likert-scale (1–5)
1 = Not at all straightforward
5 = Very straightforward

3 Did the app add value to your treatment? Likert-scale (1–5)
1 = No added value at all
5 = Very much added value

4 Was the information before surgery useful? Likert-scale (1–6)
1 = Not at all useful
5 = Very useful
6 = Not read

5 Was the information 1 day after surgery useful? Same options as Q4
6 Was the information 2 weeks after surgery useful? Same options as Q4
7 Was the information 6 weeks after  surgery useful? Same options as Q4
9 Did you miss any information before treatment or during recovery? Open
10 Have you read the information of the library? Yes/partly/no
11 Was the information of the library useful? Same options as Q4
12 Do you have any feedback regarding the information of the library? Open
13 How did you experience answering the questionnaires? Likert-scale (1–5)

1 = Very difficult
5 = Very easy

14 Were all the questions clear to you? Likert-scale (1–5)
1 = Not clear at all
5 = Very clear

15 What was a reason for  not answering a questionnaire? (multiple answers 
possible)

Not applicable (I answered all the questionnaires)/for-
gotten/too long/not in the mood/holiday/other, being 
(open)

16 What did you overall miss in the app? Open
17 Do you have suggestions for improvement of the app? Open
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Reasons for non-adherence and discontinuation are 
relevant outcomes to assess feasibility of applications for 
PROMs collection. Van Hout et al. showed after fourteen 
days and three months postoperatively, the adherence 
was 91,7% and 69% (n = 229). Yet after one year, only 
28.8% completed follow-up, presenting poor long-term 
follow-up [17]. Specific reasons for low compliance were 
not investigated, but suggestions include “successful 
treatment” and high peak load of questions. Colls et al. 
found strong patient adherence (median adherence 79%) 
with a smartphone app for daily PROMs in rheumatoid 
arthritis, and observed a comparable decreasing trend 
over a 6-month period. There was a correlation between 
increased compliance and older age (≥ 65 years) as well 
as better disease control [18]. In the present study, factors 
influencing adherence were not specifically identified as 
patients were positive they had answered all the question-
naires. However, in reality only 47% answered all four. 
Examining our questionnaires separately, a fairly high 
level of adherence can be noted: 84% pre-operatively, 
93% 2 weeks postoperatively and 93% 6 weeks postop-
eratively. Patients received push notifications through the 
app and they were reminded by e-mail and eventually 
telephone when they did not respond to questionnaires. 
Without these e-mail and telephone reminders, adherence 
would be lower. Bauer et al. reported that after 8 weeks, 
only 35% of patients sustained use of a smartphone app 
for transmitting PROMs daily [19]. Compliance in the 
present study was higher, and this is likely explained 
by the lower volume of questionnaires. Four question-
naires were sent over a 6-week period, compared to daily 
questionnaires for eight weeks. Retaining patient engage-
ment remains the most challenging part of these studies. 
Most patients will endure few symptoms after IH surgery 
and they may feel as though reporting their (lack of) 
complaints is not worth their time. A review by Nielsen 
et al. suggests similar reasons for non-adherence [20]. 
Additionally, they pose that technical issues reported 
by more than half of its included participants (n = 51) 
caused dropout, which was similar in our study popula-
tion [20]. Better understanding of patients’ reasons for 
discontinuation is important for future research.

Studies using mHealth as an additional tool in 
surgery for patient educational purposes and information 
provision are quite available. Timmers et  al. showed 
that complementing patient education using a mobile 
application improved surgical outcomes in terms of 
level of pain, quality of life and patient satisfaction [21]. 
Another feasibility trial tested an application to monitor 
recovery after robot-assisted radical prostatectomy. They 
showed similar outcomes regarding patient education 
and patient satisfaction [22]. These studies provided 
exercises to enhance recovery, which is something that 

patients in the present study specifically suggested as an 
improvement. Another difference is the use of day-to-
day time-intervals with information, which could result 
in better outcomes compared to our study. A systematic 
review of Lu et  al. illustrates how application-based 
interventions have the potential to increase patient 
adherence to protocols and reduce healthcare costs whilst 
maintaining patient satisfaction [23]. These findings 
strengthen our theory that an app aids to minimize health 
care consumption.

A randomized controlled trial of Armstrong et  al. 
demonstrated their mobile application averted in-person 
visits during the first 30 days after ambulatory breast 
reconstruction. Follow-up care using this app neither 
affected complication rates nor satisfaction scores. Visits 
were replaced by interactive options, such as uploading 
photographs of the surgical site, monitoring pain with a 
visual analogue scale (VAS) and measuring quality of 
recovery with a questionnaire [12]. An option to share 
images, as was done for the previous study, or for exam-
ple chat directly with a surgeon was not included in the 
IHAPP. Although patient engagement is greater when 
these interactive options are available, they are likely 
to increase workload and healthcare costs and as such 
contradicted the present study goals [19].

Limitations

Our clinic operated at reduced surgical capacity due to 
the COVID-19 pandemic during this study. This resulted 
in a very unstable surgical schedule with many last min-
ute changes and cancellations, which in turn led to the 
majority (n = 72) of exclusions. If not for this, the poten-
tial amount of patient inclusions could have been sig-
nificantly greater and inclusion targets could have been 
achieved much faster.

It is arguable whether the present study population 
is representative for a normal patient group due to the 
ratio of Lichtenstein and TEP repairs, which was 1 to 4. 
Typically, Lichtenstein repairs account for 5–10% of all 
the IH repairs in our hernia clinic. The same applies for 
the gender imbalance, generally 5% of the IH popula-
tion is female, but our group consists of only 2%. Pos-
sible explanations for this are the COVID-19 pandemic, 
resulting in increased waiting times, ‘catch-up care’ and 
a different male:female ratio.

The backend of the IHAPP was not yet connected to 
the Electronic Patient Record (EPR), which limits stor-
ing and accessing data. Therefore, the treating physician 
could not see or act upon the data entered by patients. 
Such integration would be highly recommended for a 
future application.
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Test–retest ability was implemented by sending 
patients the same questionnaire twice within the interval 
of two days. Many patients misinterpreted this part of 
the app, thinking they had already completed this ques-
tionnaire and thus did not complete it, despite explicit 
instructions. Removing this test–retest ability assess-
ment would positively influence adherence. Another 
way of determining test–retest ability would need to be 
conceived.

Patients were actively reminded to complete question-
naires by the investigators. This likely had a significant 
influence on adherence. For future pilots it would be 
interesting to study patient compliance for the IHAPP 
without any interference by an investigator, thus relying 
only on the existing reminder mechanisms, in order to get 
a real-world impression of patient adherence.

Conclusions

The IHAPP is an innovative tool, especially as a patient 
information platform. Registering patient data by using 
this app is possible in a reliable and valid manner. 
However, adherence is quite low. Improvements should 
target increasing adherence by designing surveys to be 
more enticing to the patient or allowing more interaction 
from within the app. Increasing compatibility of the 
app with the EPR of the hospital will be a significant 
improvement. Future studies should focus on reduction 
of unnecessary postoperative consultations, by improving 
the provided information regarding the postoperative 
course. We assume optimization of preoperative 
education will result in improved patient outcomes and 
the need of fixed follow-up will no longer be necessary.
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