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Abstract

Background Complications after neurosurgical operations can have severe impact on patient well-being, which is poorly
reflected by current grading systems. The objective of this work was to develop and conduct a feasibility study of a new
smartphone application that allows for the longitudinal assessment of postoperative well-being and complications.
Methods We developed a smartphone application “Post OP Tracker” according to requirements from clinical experience
and tested it on simulated patients. Participants received regular notifications through the app, inquiring them about their
well-being and complications that had to be answered according to their assigned scenarios. After a 12-week period, subjects
answered a questionnaire about the app’s functionality, user-friendliness, and acceptability.

Results A total of 13 participants (mean age 34.8, range 24—68 years, 4 (30.8%) female) volunteered in this feasibility study.
Most of them had a professional background in either health care or software development. All participants downloaded,
installed, and applied the app for an average of 12.9 weeks. On a scale of 1 (worst) to 4 (best), the app was rated on average
3.6 in overall satisfaction and 3.8 in acceptance. The design achieved a somewhat favorable score of 3.1. One participant
(7.7%) reported major technical issues. The gathered patient data can be used to graphically display the simulated outcome
and assess the impact of postoperative complications.

Conclusions This study suggests the feasibility to longitudinally gather postoperative data on subjective well-being through
a smartphone application. Among potential patients, our application indicated to be functional, user-friendly, and well
accepted. Using this app-based approach, further studies will enable us to classify postoperative complications according to
their impact on the patient’s well-being.

Keywords Functional impairment - Patient-reported outcome measures - Health-related quality of life - Classification of
surgical complications - Smartphone - mHealth
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CDG Clavien-Dindo grade ICU Intensive care unit
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subjective well-being, functional status, and quality of life.
Depending on a particular complication’s type and severity
this impact can range from mild to severe, it can be tem-
porary or permanent and it might require non-operative or
operative action to resolve. Despite their particular impor-
tance, complications are not yet well recorded and classified.

Currently, postoperative complications are commonly
graded according to the Clavien-Dindo grade (CDG) [3,
5]. This grading system indicates, which kind of treatment
is required to deal with a particular complication. With this
treatment-centered classification system, however, the impact a
complication may have on the patient’s well-being is neglected
[23]. Moreover, the current methods to follow-up patients after
neurosurgery are not optimal, as they are static and rely on
snapshots at fixed points in time, while in reality, the clinical
course may vary substantially over time [2]. With our current
follow-up methods, there is no mechanism to detect unfavora-
ble clinical courses before the situation exacerbates.

Due to the already widespread and currently increasing
availability of modern smartphone technology, managing
postoperative outcomes via mobile applications is the future
[2, 15]. Mobile health applications have the potential to sig-
nificantly improve patient lives [25]. It has been shown that
telemedicine for post-discharge surgical care is safe, effec-
tive, and acceptable to both patients and health care providers
[13]. Mobile health applications for postoperative monitoring
have been successfully tested in the fields of gastrointestinal,
gynecological, and orthopedic surgery besides neurosurgery
[12, 22, 27]. In the field of spine surgery, in particular, appli-
cations for patient management and outcome assessment
proved to be successful and well appreciated by patients [8,
14, 19, 26]. However, none of the aforementioned studies and
applications laid a special focus on the impact of postoperative
complications on the patient’s well-being.

We recently developed a smartphone application, in order
to longitudinally capture our patient’s subjective well-being
and record postoperative complications after neurosurgery.
Besides recording outcome data on the patient level, another
goal of this app is to help determine the impact of a par-
ticular complication on a patient’s outcome. This feasibility
study was conducted to assess, whether our app is opera-
tional, user-friendly, and well accepted among potential
applicants.

Methods and materials
App overview

Development

We developed the first prototype of the app, named “Post OP
Tracker”, focusing on the Google Android platform. Post OP
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Tracker was developed on the environment Android Studio®
(Mountain View, CA, USA) [10] using the Oracle Java ®
(Austin, TX, USA) programming language [11].

First use

It is anticipated that patients are informed about the app in
the preoperative period during outpatient clinics. The app
should be downloaded and installed during clinics either
by the patient him-/herself, supported by the physician or
hospital staff if needed.

Upon first use, the Post OP Tracker app generates a code
for each individual patient, an alphanumeric string with
six characters (Figs. 1 and 2). This code is used to keep
patients anonymous throughout the data collection period
and prevent privacy concerns, but to be able and identify
each patient at a later stage, at the time of data upload to the
web server. The app then requests the type of surgery being
performed, using a drop-down list. In the pilot phase and
for purpose of this feasibility analysis, we only programmed
four representative choices covering essential areas in neu-
rosurgery (hydrocephalus, brain tumor, disc prolapse, and
brain aneurysm), but this list can easily be extended. The
date of anticipated surgery is added, as well.

Notification service

The central function of the Post OP Tracker app is the noti-
fication service, which is why the patient can choose the
notification time according to his/her preference. At this pre-
set notification time, patients receive a push notification [9],
requesting him/her to enter a pre-defined set of variables (see
“Patient entry” below).

Before and in the first week after the operation, patients
receive this notification on a daily basis, in order to
establish a solid preoperative “baseline evaluation” and
to measure patient well-being closely within the most
dynamic early postoperative period. Of note, on the day
of the operation, no notification is displayed. As the fre-
quency of complications decreases and the functional sta-
tus becomes more stable the longer out of surgery, the
frequency of notifications is lowered from daily to every
3rd day from the 2nd to the 4th postoperative week, then
to every 4th day from the 5th through the 12th postopera-
tive week. This timing for postoperative notifications was
chosen to optimize compliance and ensure patient adher-
ence (patients will not be “overloaded” with notifications),
while capturing the status closely in the most fluctuating
“early postoperative period.” The notification service is
designed to run in the background at all times and to pop
up at the pre-set time. If patients do not respond to the
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generate patient code

4 request patient information:

-type of surgery
-date of surgery

-desired notification time

-

/N /)

4 generate notification dates:

-pre-op: every day

-1. week post-op: every day

-2. - 4. week post-op: every 3rd day
-5. - 12. week post-op: every 4th day

A J

start notification service

Fig.1 Activity diagram of the first use

pop-up immediately, the notification will stay in the noti-
fication bar.

After the 12th postoperative week has passed and the last
notification has appeared, the data inquiry ceases, and no
more inputs are requested from the participant for this fea-
sibility study.

Patient entry

On each day of data entry, a patient receives a push noti-
fication at the pre-set time, requesting him or her to enter
his/her subjective functional status from 1 (worst) to 100
(best), using a slider bar (Figs. 3 and 4). If the entry occurs
postoperatively, the patient can also indicate, whether a

15:23

Post OP Tracker

Welcome to the Post OP Tracker! Please enter
the patient information

Patient code ig47qn

Surgery type Hydrocephalus

Surgery date 01.06.2021
Notification time 12:00
START

Fig.2 Screenshot of the first use. Screenshots of the app were trans-
lated to English for the purpose of this paper

complication occurred, using a switch button. If no compli-
cation occurred, the patient has completed the day’s require-
ment and the data is saved locally on the smartphone device.

If a complication occurs, further input elements appear
on the app’s screen, which can be entered by the patient or
a health care professional. The user first chooses the type of
complication using a drop-down list (e.g., hemorrhage, sei-
zure, infection, etc.) and classifies the complication accord-
ing to the Clavien-Dindo grading scale (CDG; Table 1) [5].
The user has the possibility to enter a string of free text, if
desired (e.g., “purulent drainage and increasing tenderness
of the wound”).

Whenever a complication occurs, the notification dates
are reset, treating the complication as if it were a new opera-
tion and thus increasing the interval of post-complication
patient inputs. The rationale is to again increase the fre-
quency of capturing the patient’s well-being, as we antici-
pate the patient status is less stable/more variable compared
to a complication-free postoperative course. This reset, how-
ever, does not affect the static 12-week runtime of the app.
Additionally, all of the patient’s data is uploaded to a web
server whenever a complication is entered.
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12:10
Post OP Tracker
( request patient entry: w
L—well-being (1-100) J _ _
Patient code: igd7qn
Please enter your today's average functional
pre-op status from 1 (very bad) to 100 (very good)
pre-op
or post-op ?
27 bad
Complication occured? yes
complication?
Type of complication:
Hemorrhage v
Consequence (Clavien-Dindo):
( request patient entry: \ 4A: ICU transfer, single organ dysfunction v
-type of complication
-consequence (CD-Grade) Free text:
-free text .
Infection ruled out
/ reset noftification dates: \
-1. week after comp.: every day
-2. - 4. week after comp.: every 3rd day SAVE ENTRY
-5. - 12. week after comp.: every 4th day
[ upload patient file ]
Fig.4 Screenshot of the postoperative patient entry with the com-
plication “hemorrhage” and the Clavien-Dindo grade 4A as conse-

V %

Fig.3 Activity diagram of the patient entry; CD, Clavien-Dindo
grade of postoperative complications

Patient data

All of the patient’s entered data is stored locally on the
patient’s smartphone, using the JSON format [7]. Those
JSON files contain the patient’s code, the performed sur-
gery, the date of the surgery, and all of the entries the
patient made upon receiving notifications. The entries con-
sist of the date of the entry, the patient’s functional status
(1-100) and, if applicable, the complication together with
grading and the string of free text.

@ Springer

quence

Data uploads from the patient’s smartphone to the web
server are conducted on several occasions:

1) Mandatorily upon entering a complication,

2) automatically on the last day of each month, and

3) manually by the patient at each time point, should he/
she wish to do that.

4) Finally, at the end of the app’s runtime (12th week post-
operative), the patient is prompted to upload his/her
data.

The JSON patient files are uploaded to a password-pro-
tected web server, using the File Transfer Protocol [18].
The uploaded patient data can be accessed online by the
responsible health care professional, who at this stage can
also verify if the data is complete and the patient entries
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Table 1 Clavien-Dindo grading scale (CDG) [5]

Grades Definition
Grade I Any deviation from the normal postoperative course without the need for pharmacological treat-
ment or surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are as follows: drugs as antiemetics, antipyretics, analgesics, diuret-
ics and electrolytes, and physiotherapy. This grade also includes wound infections opened at the
bedside
Grade 11 Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included
Grade I1I Requiring surgical, endoscopic, or radiological intervention
- Illa Intervention not under general anesthesia
- IIIb Intervention under general anesthesia
Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU-management
-IVa Single organ dysfunction (including dialysis)
-IVb Multi-organ dysfunction
Grade V Death of a patient

“Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks; CNS, central nervous system; /C, interme-

diate care; ICU, intensive care unit

occurred regularly. Using Microsoft Excel® (Redmond, WA,
USA), the patient data can be imported and displayed in a
comprehensible manner.

Study design

This feasibility study was designed as a prospective, mono-
centric observational study. Participants were healthy indi-
viduals without prior disease or injury of the brain or spine.
Since this study enrolled no patients, no approval by an insti-
tutional review board was required. We planned to recruit 15
subjects for this analysis.

Participant identification

We recruited volunteers by contacting coworkers, friends,
and family members. Most of them either had a professional
background in health care or in software development. The
participants received a handout, containing general infor-
mation about the app and the study aims, an installation
manual, and a user guide.

To be included, subjects had to fulfill the following
criteria:

1) Owning an Android smartphone

2) Willingness to input data on a daily basis for 12 weeks

3) Willingness to fill out a questionnaire at the end of the
runtime.

Prior diseases or injuries of the brain or spine were our
exclusion criteria.

For each participant, we mapped out a scenario, defining
the type and date of surgery and describing the postoperative

outcome. Subjects were required to simulate that outcome as
realistically as they could. We equally distributed favorable,
ordinary, and unfavorable postoperative outcomes among
the participants. Those simulating an unfavorable outcome
were the only participants required to enter postoperative
complications. For each entered complication, we specified
a realistic description, timeframe (days of onset and dura-
tion), and impact on the subjective well-being. We detailed
the complication’s impact on the subjective well-being with
descriptions concerning health-related quality of life and
activities of daily living.

Participant questionnaire and rating scale

At the end of the runtime (12 weeks postoperative), we asked
the participants to fill out a questionnaire, using Google
Forms® (Mountain View, CA, USA). Subjects were asked to
give basic demographic information and their patient code,
which linked them to their anonymous data uploads.

We asked questions concerning the participant’s overall
satisfaction and their adherence to regular patient inputs.
Further inquiries concerned temporal effort of patient inputs,
usability, design, and the willingness to use the Post OP
Tracker app as a patient and as a health care professional
(concerning only health care professionals).

For each of those questions, we gave the choice of four
possible answers on a Likert scale, ranging from.

1) not user-friendly

2) alittle user-friendly

3) somewhat user-friendly
4) very user-friendly.
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Additionally, we included questions concerning the
technical operability of the app. We wanted to know if the
notifications appeared regularly and at the desired time,
and if there were any technical problems during the runt-
ime of the study. Technical problems as well as a general
feedback could be given using free text answers.

The complete questionnaire is given in Online Resource
1.

Results

We recruited 15 volunteers, of which 13 (86.7%) used the
Post OP Tracker app until the end of the runtime and filled
out the questionnaire (Table 2). One volunteer ceased the
participation because of personal reasons, another one
because of misunderstandings regarding the daily patient
inputs. All other participants downloaded, installed, and
applied the app for an average of 12.9 weeks. The mean
age was 34.8 years (range 24—68). Four participants were
female (30.8%), nine were male (69.2%). Five subjects
reported a professional background in health care (38.5%);
four had a background in software development (30.8%).
Five participants simulated an unfavorable outcome
(38.5%) and thus entered postoperative complications.

Participant satisfaction
Participants reported an average satisfaction of 3.6/4. The

app design was the lowest-rated entity on the question-
naire with an average score of 3.1/4. The willingness to use

Table 2 Participant baseline characteristics

Mean age, range 34.8 (24-68)
Sex
Female 4 (30.8%)
Male 9 (69.2%)
Profession
Health care 5 (38.5%)
Software development 4 (30.8%)
Other 4 (30.8%)
Simulated surgery type
Hydrocephalus 3(23.1%)
Brain tumor 3(23.1%)
Disc prolapse 3(23.1%)
Aneurysm 4 (30.8%)
Simulated outcome
Favorable 4 (30.8%)
Ordinary 4 (30.8%)
Unfavorable, with complications 5(38.5%)
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the Post OP Tracker app, both as a patient or as a health
care professional, was rated highest with a score of 3.8/4
(Table 3).

Technical reports

Table 4 includes inquiries concerning technical aspects
of the app. An important aspect of Post OP Tracker is the
regularity of the notifications, requesting patient entry. Six
users received the notifications regularly at the desired time
(46.2%); one user did not (7.7%). The remaining six users
who answered “other” (46.2%) were asked to further explain
their answers. Some of those users reported a slight delay
of a couple of minutes. Other users reported a 1-h delay
after the change from daylight saving time to standard time.
Indeed, this subject was overlooked by us when developing
the app and concerned only users who started their runtime
before the day of time change.

Ten users reported no technical issues (76.9%); two
reported minor issues (15.4%). One user reported a missing
notification at the end of the 12-week runtime, which would
have requested him to make his last entry. Another user
explained some uncertainties concerning the patient upload.
The user who reported a major technical issue was the same
person who answered the question concerning regularity of
notifications with no. This person, who installed our app on
a Huawei phone, was shown no notifications at all. It is a
known issue that due to the strict settings concerning power

Table 3 Participant satisfaction

Entity Mean score (range)
Overall satisfaction 3.6 (34)
Adherence to regular patient inputs 3.6 24)
Temporal effort of patient inputs 3.7(34)
General usability of the app 3.6 (34)
Design of the app 3.1(24)
Willingness to use app as health care profes- 3.8(34)
sional
Willingness to use app as patient 3.8(34)

Table 4 Technical reports

Did the notifications appear regularly at the desired time?

Yes 6 (46.2%)

No 1(7.7%)

Other 6 (46.2%)
Did you encounter any technical issues?

No 10 (76.9%)

Yes, minor 2 (15.4%)

Yes, major 1(7.7%)
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savings, Huawei phones terminate background processes
[28], in our case, the service showing the requesting patient
entry notification.

Discussion

Our results suggest that the Post OP Tracker app in its cur-
rent state is operational and can be used to longitudinally
collect patient’s inputs on their subjective well-being and
postoperative complications. Overall, our volunteers/simu-
lated patients were very satisfied with the Post OP Tracker
with regard to usability and willingness to using it in a clini-
cal setting. The design of the app received only somewhat
favorable ratings and some technical issues were reported,
which help us now to improve the app before applying it to
real patients within a clinical study.

After these experiences gained throughout the feasi-
bility analysis, we consider it highly advisable to further
apply the Post OP Tracker to real neurosurgery patients.
Recent studies have shown a high level of interest in and
access to smartphone apps aiding postoperative recovery
in neurosurgery patients [14, 17, 26]. Generally, ena-
bling patients in monitoring their treatment can have a
positive impact on patient’s engagement and outcomes [1,
15]. Observing the quality of postoperative recovery via
mobile applications appears to be feasible to both patients
and surgeons [2, 24]. Further development and implemen-
tation should focus on usability of technology and per-
sonal contact with the study personnel, as those factors are
key contributors to maximizing participant engagement in
mobile health studies [6].

Simulated outcome examples

We would like to illustrate how the Post OP Tracker app’s
graphical results can be analyzed and interpreted.

Fig.5 Simulated outcome of a
hydrocephalus operation with a
complication 90

80

Surgery

100

70
60

50
40
30
20
10

0

26.10 0211 09.11

16.11

Figure 5 shows an area graph of the simulated outcome of
a participant. The y-axis shows the patient’s subjective well-
being on a scale of 1 to 100; the x-axis the day of entry, rang-
ing from 1 week before the operation to 12 weeks after the
operation. This participant was tasked to simulate receiving
a ventriculoperitoneal shunt operation for normal pressure
hydrocephalus with a singular complication arising around
2 weeks after the surgery. The first decline in well-being
marks the days preceding and immediately following the
day of surgery, which may indicate anxiety besides progres-
sive signs of hydrocephalus before and incisional pain from
the wound after surgery. After this, the well-being increases
as the patient recovers sharply but declines somewhat until
the pre-defined complication arises. The complication was
defined to be a generalized epileptic seizure that had to be
treated with anticonvulsants (Clavien-Dindo grade II) in this
scenario. The participant then simulated recovery from the
complication in the following weeks.

Figure 6 shows the outcome of another participant under-
going the same surgery, however without any postoperative
complications. Note how this participant chose to simulate
a slower recovery than the participant in Fig. 5. However,
in this case vignette, no complication occurred and, hence,
no decline in the subjective well-being was recorded, as
opposed to Fig. 5.

Future outlook: application of the app
in neurosurgery

These two case vignettes contain individual and hence
highly variable datasets. By gathering data from a high
number of real patients after neurosurgery through the app,
however, we could determine an “average normal postopera-
tive course” for each type of surgical procedure without a
postoperative complication.

In a second step, we could compare the outcome and post-
operative course of patients who experienced any type of
complication from those with an uneventful postoperative

Complication

23.11 3011 07.12 1412 2112 2812 04.01 11.01 18.01
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Fig.6 Simulated outcome of a Surgery
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hydrocephalus operation with-

out complications 90
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course. The difference between the “normal” and “abnor-
mal” postoperative course could be calculated and its mag-
nitude would be a measure of complication severity. This
approach would take into consideration the impact of a com-
plication on the patient’s well-being, other than the current
classification systems.

For example, an imaginary 57-year-old female under-
going a shunt procedure for normal pressure hydrocepha-
lus experiencing a postoperative urinary infection on day
5 (treated with antibiotics and total resolution 1 week
later) will be classified as a CDG II type of complica-
tion. The same patient, now experiencing a small intra-
parenchymatous hemorrhage in the left basal ganglia,
resulting in permanent hemiparesis and aphasia, will be
classified as CDG I type of complication (as no treat-
ment is required). The Post OP Tracker app will be able
and differentiate between the severity of these complica-
tions better, as outlined in Fig. 7. Please note that the area
between the average postoperative course and the individ-
ual postoperative course in patients with a postoperative
complication can be used as an indicator of complication
severity (marked in red color). With collected data with
the help of this app, we could re-define and validate a new
classification system for postoperative complications by
ranking complications according to their impact on the
patient’s subjective well-being.

A word of caution is required with regards to app-based
data collection in patients that experience any type of com-
plication resulting in cognitive decline or aphasia. Both
complication sequelae would interfere with a patient’s
ability to respond to the Post OP Tracker app’s pop-ups.
Once we apply this app to real patients within the frame-
work of an observational study, there are two options how
to deal with this situation: First, if in doubt, the ability of a
patient to continue with the study could be evaluated with
cognitive screening tools, such as the Montreal Cogni-
tive Assessment (MoCA) [16], a brief and effective tool
in neurosurgery patients [20]. Patients with presumably
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permanent significant deficits will no longer be required
to perform data entries and hence exit the study. How-
ever, as patients may recover over time, data entry could
be temporarily halted and again continued after clinical
improvement. Second, a patient’s next-of-kin might be
approached to provide the missing data points during the
time when the patient is unable to respond him-/herself.
Both ways of dealing with this situation are sub-optimal
from a scientific point of view but are pragmatic solutions
that serve to estimate the impact of a given complication
as accurately as possible.

Strength and limitations

We are aware that our current sample is limited (n=13).
The possibility of selection bias can also not be denied by
the authors, since health care professionals and software
developers are not necessarily reflective of the average
neurosurgery patient population. Simulated “patients”
were included in this feasibility study, who made their
entries according to our pre-defined scenarios and their
best knowledge. This, of course, is only an estimate of how
patients, who experience real postoperative complications,
will accept the app and classify outcome, especially during
the onset and progression of neurological symptoms (e.g.,
postoperative headache, prolonged nausea or dizziness,
neurological impairment, repetitive seizures ...). However,
we decided that this simplified approach is an ideal set-
ting for testing a prototype app, without bothering patients
and avoiding ethical issues. Technical operability has
been established, as only one participant reported major
technical issues, but this important feedback is helpful to
improve the app, before applying it to patients. We chose
the classic visual analog scale [21] as a way of represent-
ing the subjective functional status in order to minimize
the temporal effort of patient inputs and thus ensuring
patient adherence. However, more sophisticated patient-
reported outcome measures (PROMs) of pain, disability,
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Fig.7 Two exemplary out-
comes. The blue line indicates
the average postoperative
outcome of a shunt surgery with
95% CI. The gray line displays
the described outcome for the
imaginary patients. While the
patient with a urinary infection
reaches the average functional
status again quickly, the patient
suffering from intracerebral
hemorrhage will likely never
recover back to normal

Surgery
well-being ]

Infection

Surgery
well-being

time

Hemorrhage

or quality of life could easily be implemented in the future.
The exclusive availability of the Post OP Tracker app on
Google Android phones is another limitation of our study.
Further development should aim at an additional Apple
i0S version, considering the iPhone’s market share of 43%
in Switzerland [4]. A big strength is our active involve-
ment in the development of our app, which allowed us to
conserve financial resources and tailor Post OP Tracker
precisely to our needs.

Conclusions

This study suggests the feasibility of developing a new
smartphone application for longitudinal postoperative
monitoring in neurosurgery. Pilot-testing the app in
healthy individuals/ “simulated patients”, we recorded
high satisfaction rates, which are encouraging to take
on the next step and applying the app to real patients.
Implementing this big data approach, future studies can

time

define detailed “normal” postoperative courses after
specific neurosurgical procedure types. Postoperative
complications can then be classified as deviation from
a normal course, with complication severity defined
according to its magnitude.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00701-021-04967-0.

Acknowledgements The authors gratefully thank all subjects who
participated in this study.

Funding Open Access funding provided by Universitit Ziirich.
Declarations

Ethics approval The manuscript does not contain clinical studies or
patient data. Since this study enrolled no patients, no approval by an
institutional review board was required.

Conflict of interest The authors declare no competing interests.

@ Springer


https://doi.org/10.1007/s00701-021-04967-0

216

Acta Neurochirurgica (2022) 164:207-217

Consent Informed consent was obtained from all individual partici-
pants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

Agboola S, Havasy R, Myint-U K, Kvedar J, Jethwani K (2013)
The impact of using mobile-enabled devices on patient engage-
ment in remote monitoring programs. J Diabetes Sci Technol
7:623-629. https://doi.org/10.1177/193229681300700306
Akeret K, Vasella F, Geisseler O, Dannecker N, Ghosh A, Brugger
P, Regli L, Stienen MN (2018) Time to be “smart”-opportunities
arising from smartphone-based behavioral analysis in daily patient
care. Front Behav Neurosci 12:303. https://doi.org/10.3389/fnbeh.
2018.00303

Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD, de Santibaiies E, Pekolj J, Slankamenac K, Bassi
C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi
M (2009) The Clavien-Dindo classification of surgical complica-
tions: five-year experience. Ann Surg 250:187-196. https://doi.
org/10.1097/SLA.0b013e3181b13ca2

Comparis (2020) comparis.ch. https://www.comparis.ch/-/media/
images%202nd%20level %20page/download-center/smartphone-
report-2020/comparis_smartphonestudie_2020_de.pdf. Accessed
23 Mar 2021

Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240:205-213.
https://doi.org/10.1097/01.51a.0000133083.54934.ae

Druce KL, Dixon WG, McBeth J (2019) Maximizing engagement
in mobile health studies: lessons learned and future directions.
Rheum Dis Clin North Am 45:159-172. https://doi.org/10.1016/].
rdc.2019.01.004

Ecmalnternational (2017) The JSON Data Interchange Syntax.
https://www.ecma-international.org/wp-content/uploads/ECMA-
404_2nd_edition_december_2017.pdf. Accessed 7 Mar 2021
Glauser G, Ali ZS, Gardiner D, Ramayya AG, Pessoa R, Grady
MS, Welch WC, Zager EL, Sim E, Haughey V, Wells B, Restuccia
M, Tait G, Fala G, Malhotra NR (2019) Assessing the utility of an
ToS application in the perioperative care of spine surgery patients:
the NeuroPath Pilot study. Mhealth 5:40. https://doi.org/10.21037/
mhealth.2019.09.01

GoogleDevelopers (2020) Android Studio. https://developer.andro
id.com/guide/topics/ui/notifiers/notifications. Accessed 3 Mar
2021

GoogleDevelopers (2021) Android Developers. https://developer.
android.com/studio. Accessed 7 Mar 2021

Gosling J, Joy B, Steele G, Bracha G, Buckley A (2015) The
Java® language specification. Oracle America, Redwood City
Graetz I, Anderson JN, McKillop CN, Stepanski EJ, Paladino
AlJ, Tillmanns TD (2018) Use of a web-based app to improve

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

postoperative outcomes for patients receiving gynecological
oncology care: a randomized controlled feasibility trial. Gynecol
Oncol 150:311-317. https://doi.org/10.1016/j.ygyno.2018.06.007

. Gunter RL, Chouinard S, Fernandes-Taylor S, Wiseman JT,

Clarkson S, Bennett K, Greenberg CC, Kent KC (2016) Current
use of telemedicine for post-discharge surgical care: a systematic
review. ] Am Coll Surg 222:915-927. https://doi.org/10.1016/j.
jamcollsurg.2016.01.062

Joswig H, Stienen MN, Smoll NR, Corniola MV, Chau I, Schaller
K, Hildebrandt G, Gautschi OP (2017) Patients’ preference of the
timed up and go test or patient-reported outcome measures before
and after surgery for lumbar degenerative disk disease. World
Neurosurg 99:26-30. https://doi.org/10.1016/j.wneu.2016.11.039
Maldaner N, Tomkins-Lane C, Desai A, Zygourakis CC, Weyer-
brock A, Gautschi OP, Stienen MN (2020) Digital transformation
in spine research and outcome assessment. Spine J 20:310-311.
https://doi.org/10.1016/j.spinee.2019.06.027

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, White-
head V, Collin I, Cummings JL, Chertkow H (2005) The Montreal
Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment. J] Am Geriatr Soc 53:695-699. https://doi.
org/10.1111/j.1532-5415.2005.53221.x

Nathan JK, Rodoni BM, Joseph JR, Smith BW, Park P (2020)
Smartphone use and interest in a spine surgery recovery mobile
application among patients in a US academic neurosurgery prac-
tice. Oper Neurosurg (Hagerstown) 18:98—102. https://doi.org/10.
1093/ons/opz061

NetworkWorkingGroup (1985) IETF Tools. https://tools.ietf.org/
pdf/rfc959.pdf. Accessed 7 Mar 2021

Ponder M, Ansah-Yeboah AA, Charalambous LT, Adil SM, Ven-
katraman V, Abd-El-Barr M, Haglund M, Grossi P, Yarbrough C,
Dharmapurikar R, Gellad Z, Lad SP (2020) A smartphone app
with a digital care pathway for patients undergoing spine surgery:
development and feasibility study. JMIR Perioper Med 3:e21138.
https://doi.org/10.2196/21138

Rautalin IM, Sebok M, Germans MR, Korja M, Dannecker N,
Zindel-Geisseler O, Brugger P, Regli L, Stienen MN (2020)
Screening tools for early neuropsychological impairment after
aneurysmal subarachnoid hemorrhage. Neurol Sci 41:817-824.
https://doi.org/10.1007/s10072-019-04159-w

Reed MD, Van Nostran W (2014) Assessing pain intensity with
the visual analog scale: a plea for uniformity. J Clin Pharmacol
54:241-244. https://doi.org/10.1002/jcph.250

Scheper H, Derogee R, Mahdad R, van der Wal RJP, Nelissen
RGHH, Visser LG, de Boer MGJ (2019) A mobile app for post-
operative wound care after arthroplasty: ease of use and perceived
usefulness. Int J Med Inform 129:75-80. https://doi.org/10.1016/].
ijmedinf.2019.05.010

Schiavolin S, Broggi M, Acerbi F, Brock S, Schiariti M, Cusin
A, Visintini S, Leonardi M, Ferroli P (2015) The Impact of neu-
rosurgical complications on patients’ health status: a compari-
son between different grades of complications. World Neurosurg
84:36—40. https://doi.org/10.1016/j.wneu.2015.02.008

Semple JL, Sharpe S, Murnaghan ML, Theodoropoulos J, Met-
calfe KA (2015) Using a mobile app for monitoring post-operative
quality of recovery of patients at home: a feasibility study. JMIR
Mhealth Uhealth 3:e18. https://doi.org/10.2196/mhealth.3929
Silva BM, Rodrigues JJ, de la Torre DI, Lopez-Coronado M, Sal-
eem K (2015) Mobile-health: a review of current state in 2015.
J Biomed Inform 56:265-272. https://doi.org/10.1016/j.jbi.2015.
06.003

Sosnova M, Zeitlberger AM, Ziga M, Gautschi OP, Regli L, Wey-
erbrock A, Bozinov O, Stienen MN, Maldaner N (2021) Patients
undergoing surgery for lumbar degenerative spinal disorders favor
smartphone-based objective self-assessment over paper-based


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/193229681300700306
https://doi.org/10.3389/fnbeh.2018.00303
https://doi.org/10.3389/fnbeh.2018.00303
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://www.comparis.ch/-/media/images%202nd%20level%20page/download-center/smartphone-report-2020/comparis_smartphonestudie_2020_de.pdf
https://www.comparis.ch/-/media/images%202nd%20level%20page/download-center/smartphone-report-2020/comparis_smartphonestudie_2020_de.pdf
https://www.comparis.ch/-/media/images%202nd%20level%20page/download-center/smartphone-report-2020/comparis_smartphonestudie_2020_de.pdf
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.rdc.2019.01.004
https://doi.org/10.1016/j.rdc.2019.01.004
https://www.ecma-international.org/wp-content/uploads/ECMA-404_2nd_edition_december_2017.pdf
https://www.ecma-international.org/wp-content/uploads/ECMA-404_2nd_edition_december_2017.pdf
https://doi.org/10.21037/mhealth.2019.09.01
https://doi.org/10.21037/mhealth.2019.09.01
https://developer.android.com/guide/topics/ui/notifiers/notifications
https://developer.android.com/guide/topics/ui/notifiers/notifications
https://developer.android.com/studio
https://developer.android.com/studio
https://doi.org/10.1016/j.ygyno.2018.06.007
https://doi.org/10.1016/j.jamcollsurg.2016.01.062
https://doi.org/10.1016/j.jamcollsurg.2016.01.062
https://doi.org/10.1016/j.wneu.2016.11.039
https://doi.org/10.1016/j.spinee.2019.06.027
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1093/ons/opz061
https://doi.org/10.1093/ons/opz061
https://tools.ietf.org/pdf/rfc959.pdf
https://tools.ietf.org/pdf/rfc959.pdf
https://doi.org/10.2196/21138
https://doi.org/10.1007/s10072-019-04159-w
https://doi.org/10.1002/jcph.250
https://doi.org/10.1016/j.ijmedinf.2019.05.010
https://doi.org/10.1016/j.ijmedinf.2019.05.010
https://doi.org/10.1016/j.wneu.2015.02.008
https://doi.org/10.2196/mhealth.3929
https://doi.org/10.1016/j.jbi.2015.06.003
https://doi.org/10.1016/j.jbi.2015.06.003

Acta Neurochirurgica (2022) 164:207-217

217

217.

28.

patient-reported outcome measures. Spine J 21:610-617. https://
doi.org/10.1016/j.spinee.2020.11.013

Symer MM, Abelson JS, Milsom J, McClure B, Yeo HL (2017)
A mobile health application to track patients after gastrointestinal
surgery: results from a pilot study. J Gastrointest Surg 21:1500—
1505. https://doi.org/10.1007/s11605-017-3482-2

Urbandroid (2021) Don’t kill my app! https://dontkillmyapp.com/
huawei. Accessed 13 Mar 2021

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.spinee.2020.11.013
https://doi.org/10.1016/j.spinee.2020.11.013
https://doi.org/10.1007/s11605-017-3482-2
https://dontkillmyapp.com/huawei
https://dontkillmyapp.com/huawei

	Determining the impact of postoperative complications in neurosurgery based on simulated longitudinal smartphone app-based assessment
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods and materials
	App overview
	Development
	First use
	Notification service
	Patient entry
	Patient data

	Study design
	Participant identification
	Participant questionnaire and rating scale

	Results
	Participant satisfaction
	Technical reports

	Discussion
	Simulated outcome examples
	Future outlook: application of the app in neurosurgery
	Strength and limitations

	Conclusions
	Acknowledgements 
	References


