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Abstract

Background: Older adults undergoing surgeries face increased risks of postoperative neurocognitive disorders, which impair
cognitive functions. Analog neurocognitive tests are commonly used, but digital tests offer faster, more accessible assessments.

Objective: The primary aim of this study was to evaluate the feasibility of a digital cognitive test battery in older adults
undergoing abdominal surgery. Feasibility included estimation of recruitment and retention rates, acceptability, perceived
value, and usability of the test. The secondary aim was to explore outcome trajectories of cognition, depression, functional
status, and quality of recovery.

Methods: This nonrandomized feasibility study measured recruitment and retention rates using patient logs and expanded on
these findings in semistructured interviews with nurses. Acceptability, perceived value, and usability were explored through
interviews with patients and nurses, and the System Usability Scale (SUS). Cognitive functions were assessed with a digital
cognitive test battery (Consortium to Establish a Registry for Alzheimer Disease [CERAD] word list learning test, Trail
Making Test Parts A and B, Victoria Stroop Test, and Symbol Digit Pairing Test) and the Nursing Delirium Screening scale
(NU-DESC), and depression with the Geriatric Depression Scale (GDS-15). Functional status was measured using the World
Health Organization Disability Assessment Schedule (WHODAS), and postoperative recovery with the Swedish Quality of
Recovery questionnaire (SWQoR-24). Quantitative data were analyzed using descriptive statistics and nonparametric tests and
qualitative data with content analysis.

Results: The test battery was feasible, acceptable, and demonstrated excellent usability. The mean SUS score was 87 (SD
17.9; 95% CI 78.9-95.2), and all predefined progression criteria were met. Recruitment spanned over 1.5 years, during
which 24 patients were included (mean age of 77, SD 6.5 years; range: 63-90 years; n=13, 54% women). Most patients
underwent laparoscopic colorectal cancer surgery. Three patients developed postoperative delirium for 1 day only. No patient
developed delayed neurocognitive recovery or mild/major neurocognitive disorder at the postoperative follow-up. Qualitative
data showed that both nurses and patients regarded the digital cognitive test battery as important for assessing cognitive
function and found it easy to use and understand. Nurses reported that recruitment was challenging, partly because not all
patients attended a preoperative in-person consultation before surgery.
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Conclusions: The digital, self-administered cognitive test battery was found to be feasible, acceptable, and usable in older
adults undergoing abdominal surgery. However, recruitment challenges and a small, homogeneous sample limit generalizabil-

ity and warrant careful consideration in a larger-scale study.

Trial Registration: ClinicalTrials.gov NCT05564195; https://clinicaltrials.gov/study/NCT05564195
International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2022-070404
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Introduction

Undergoing surgery as an older adult comes with its own
set of challenges and risks. Older adults often experience a
higher symptom burden compared to younger patients, and
the aging process affects various biological and functional
systems [1], including the brain and cognitive functions.
Postoperative complications are a significant concern for
older adults, with cognitive complications being particu-
larly common. These include postoperative delirium (POD),
delayed neurocognitive recovery (ANCR), and postoperative
neurocognitive disorder (p-NCD) [2]. POD can occur within
the first week after surgery, while dINCR may develop within
30 days. The effects of p-NCD, whether mild or major, can
persist up to a year. These conditions can impact cognitive
functions, leading to impairments in attention, memory, and
executive functions [3], and manifest themselves as forgetful-
ness, difficulty initiating tasks, and challenges in executing
daily activities [4].

Various methods exist for assessing cognitive performance
following surgery, with analog tests being the most used
[5]. Recommended tests typically focus on episodic memory,
executive functions, and attention [6]. Digital tests offer faster
screening and analysis of cognitive functions, reduction of
administrative bias, and enhanced accessibility as they can
be performed outside of clinical settings [7]. Despite its
advantages over analog tests, digital tests remain underutil-
ized in perioperative care.

One such digital test, Mindmore, provides self-admin-
istered cognitive test batteries grounded in established
psychometric tests, including normative data adjusted for sex,
age, and education [8]. The digital cognitive test batteries are
validated, Conformité Européenne—certified, with demonstra-
ted high usability among older adult volunteers [7] and are
developed by licensed psychologists at a private company
[7,8]. Research from other settings indicates that digital
and remote assessments are generally feasible and accepta-
ble among older adults [9-11], including smartphone-based
monitoring [9], tablet tools for postoperative mobilization
[10], and telephone-based cognitive testing [11]. However, no
study has yet examined the feasibility of a digital, cognitive
test with older adults undergoing surgery.

Thus, the primary aim of this study was to evaluate the
feasibility of using a digital cognitive test battery in older
adults undergoing abdominal surgery. Feasibility included
estimation of recruitment and retention rates, acceptability,
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perceived value, and usability of the test. The secondary aim
was to explore outcome trajectories of cognition, depression,
functional status, and quality of recovery.

Methods

Overview

We followed the medical research council’s framework
for evaluating complex interventions [12] and prospectively
registered our study at clinicaltrials.gov (NCT05564195)
and published our study protocol [13]. We report in accord-
ance with reporting guidelines for nonrandomized feasibil-
ity studies [14] and relevant items from the CONSORT
(Consolidated Standards of Reporting Trials) 2010 statement
extension for pilot and feasibility trials [15].

Study Design and Setting

We conducted a nonrandomized single-group feasibility study
with the purpose of assessing key components for a future,
larger cohort study [14]. The study was carried out from
January 2023 to November 2024 in Stockholm County,
Sweden. The hospital where the patients were recruited
specializes in abdominal surgery and handles approximately
4700 outpatient visits annually.

Study Participants and Procedure

Registered nurses at the surgery clinic and research unit
screened and identified potential participants who met the
inclusion criteria at the preoperative visit, provided study
information, and obtained written informed consent. Inclusion
criteria were patients =60 years undergoing planned surgery
lasting a minimum of 60 minutes. Exclusion criteria included
Mini-Mental State Examination (MMSE) score <23, current
psychiatric disease (eg, bipolar disorder), central nervous
system disease (eg, stroke), uncorrected hearing or vis-
ual impairments, motor impairment in the dominant hand,
defective color vision, and lack of proficiency in the Swedish
language. A target sample size of 50 participants was
planned, based on a recommended minimum of 30 partici-
pants for pilot studies to provide initial estimates of outcome
variability and feasibility for future trials [16]. A Swedish
version of the MMSE was administered at the beginning of
the study before obtaining written permission from Psycho-
logical Assessment Resources (PAR). This administrative
oversight was later corrected, and the required authoriza-
tion has since been secured. The MMSE is a copyrighted
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instrument and may not be reproduced or used in any form or
language without prior written permission from PAR.

Data Collection

Quantitative data investigated recruitment and retention
process, usability, cognitive performance, including clinician
and patient-reported outcome measures. We collected data at
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baseline (TO) and postoperatively including follow-ups at the
hospital 1-3 days (T1), 3-5 weeks (T2), and at 6 months
(T3) at the patient’s home or at the premises of Karolin-
ska Institutet. All the outcome measurements included are
presented in Table 1. As some instruments lacked validation
in older adults in a perioperative context, their use in this
study was exploratory.

Table 1. Included clinician-reported and patient-reported outcome measurements.

Questionnaire Outcome Properties Timepoint Validation in Swedish context
Clinical Frailty Scale (CFS)  Frailty 9-item, ranging from 1-very fit to 9- T0? Validated in patients 65 years
[17] terminally ill. Very fit means people who and older [18].
are robust, active, energetic, and
motivated.
Nursing Delirium Screening  Delirium 5-item, observational scale where each Each postoperative Validated in older adult
Scale (NU-DESC) [19] symptom is rated 0-2. A score of day at the hospital  patients undergoing cardiac
=2=delirium. surgery [20].
Swedish Quality of Postoperative 24-item, including rating pain, anxiety, TO Validated in patients

Recovery (SwWQoR-24) [21]  quality of recovery

and sleep difficulties. The items are rated Tob

undergoing surgery [22].

on an 11-point Likert scale ranging from

0=none of the time to 10=all the time. The T3
global score ranges from 0-240 where
scores =32 indicate poor recovery.
Geriatric Depression Scale ~ Depression 15-item consists of binary (yes/no) TO Validated in older adult
(GDS-15) [23] questions on depressive symptoms. Scores ™ patients [24], .
at =5 indicate depression.
T3
System Usability Scale Usability 10-item, on a five-point Likert scale. The =~ T2 Not validated. We used a
(SUS) [25] score ranges from 0-100, where a higher Swedish translated version
score indicates high usability. and slightly modified the
statements to “tablet” instead
of “system” to enhance
participant comprehension.
World Health Organization ~ Function 12-item, ranging from l=none to TO Validated in patients with
Disability Assessment S=extreme, reflecting the degree of T2 psychotic disorders [26].

Schedule (WHODAS 2.0,
12-item)

difficulty experienced in various
functional areas. The score ranges from

T3

12 to 60, with a score of 12 indicating

“none” for all items.

4TO: baseline, preoperatively.
bT2: 3-5 weeks postoperatively.
“T3: 6 months postoperatively.

Qualitative data explored the acceptability, usability, and
perceived value of the digital cognitive test battery by
collecting data from 2 sources:

e Face-to-face or video interviews via Zoom (Zoom
Video Communications) with 17 patients at the
patient’s home. Patients chose their preferred mode of
interview. Data collection took place after T2, except
for one patient, whose interview was conducted at 5
months after surgery.

¢ Video interviews via Microsoft Teams (Microsoft
Corporation) or Zoom with 5 nurses at the research unit
and surgery clinic, recruiting patients and delivering the
digital cognitive test battery. Data collection took place
after T2.

The first author (AA) conducted the interviews with the
patients, and the last author (LB) conducted the interviews
with the nurses. We developed and followed semistructured
interview guides (Multimedia Appendix 1) for all interviews,
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which contained open-ended questions and suggestions for
additional probing questions. The interview guide for the
nurses was based on Sekhon et al’s [27] framework for
acceptability, which includes 7 constructs: affective attitudes,
burden, ethical aspects, intervention coherence, opportunity
costs, perceived effectiveness, and self-efficacy. After the
initial interviews, the guide was discussed and evaluated
within the research group. Each interview was audio-recorded
and transcribed verbatim by a transcription company.

Cognitive Test Battery

Mindmore offers different cognitive test batteries depending
on the patient group and procedure [7]. The tests included
in this study are listed in Table 2. Each test begins with
an introduction, followed by a practice trial with feedback
and then the actual test trial. The 4 tests take approximately
15 minutes to complete and are conducted on a 10.1-inch
Windows touchscreen study-specific tablet. The capacitive
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touchscreen records detailed information such as timing,
pauses, and finger lifts from the screen. Further, speech

Table 2. Included cognitive test battery.
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recognition is used for screening verbal memory. The patients
underwent the cognitive test battery at TO, T1, T2, and T3.

Cognitive test Cognitive domains

Properties

Verbal episodic memory,
delayed recall

Consortium to Establish a Registry for
Alzheimer Disease (CERAD) word list
learning test

Trail Making Test (TMT A and B) Attention, processing speed,
visuospatial function, executive

functions

Executive functions, selective
attention, cognitive flexibility,
inhibition response

Victoria Stroop Test

Symbol Digits Processing Test (SDPT) Attention, processing speed

10-word verbal learning test conducted over three trials, followed by
recall around 7 minutes later. For the word list learning trial, the score
ranges from 0-30, where a higher score indicates a higher function. For
delayed recall, the maximum score is 10.

25 circles in each segment, requiring the participants to connect them
sequentially. In Part B, the participants must connect 13 numbers and
12 letters alternately. A higher number of connections and shorter time
indicate higher performance.

24 words depicting different colors, printed using contrasting ink
colors. The participant is directed to quickly and thoroughly identify
the color of the ink rather than the word itself. Test score is calculated
as an index: meaning number of correct answers and average time, and
for interference.

9 randomized symbols to reduce practice effects. The participant
matches the symbols to digits on a 3x3grid within 90 seconds, with the
final score based on correct matches.

Outcomes

An overview of the feasibility outcomes and progression
criteria [28] is presented in Table 3. Our progression criteria
(eg, warranting a recommendation to proceed to a larger trial)
were based on our previous research with patients undergoing

Table 3. Feasibility outcome measures.

total hip arthroplasty [29] and previous studies including
patients undergoing colorectal surgery [30,31]; consequently,
we set the following progression criteria: recruitment =20%
of available patients, dropouts <30%, and usability =75 on the
System Usability Scale.

Outcome Description

Progression criteria Data source

Study design, recruitment, and retention
dropouts

Acceptability and perceived value of the
digital cognitive test battery, by patients and
nurses

test battery

Usability of the digital cognitive test battery,
by patients and nurses

Estimates, reasons for nonparticipation and

Experiences of using the digital cognitive = —

System Usability Scale; experiences of
using the digital cognitive test battery

>20% of available
patients; dropouts <30%

Patient screening log;
semistructured interviews

a Semistructured interviews

System Usability Scale
Score =75

System Usability Scale;

semistructured interviews

4Not applicable.

Statistical Analysis

Descriptive statistics included numbers and percentages for
categorical variables, means, median, SD, for continuous
variables, and 95% ClIs where appropriate. Analysis of normal
distribution was performed with Q-Q plots, histograms,
and the Shapiro-Wilk test. We applied the nonparametric
Friedman test on repeatedly measured data. We defined
cutoffs for ANCR/p-NCD following the recommendations by
Borchers et al [6]: mild decline at 1 to 2 SD and major
decline >2 SD in at least 2 test parameters at postoperative
time points 3-5 weeks or 6 months. We considered a 2-sided
P value of <.05 as statistically significant. All statistical
analyses were performed in IBM SPSS version 28 (IBM

Corp).
Qualitative Analysis

Three authors with experience in qualitative methods (AA,
MS, and LB) analyzed the qualitative data through an
iterative process. We conducted a deductive content analysis
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as described by Kyngds and Kaakinen [32] by applying
the theoretical framework of acceptability [27] on our data.
Initially, we created an analysis matrix based on the 7
constructs of acceptability and added a dimension for study
design, feasibility, and recruitment. Authors AA, MS, and
LB thoroughly read each transcribed interview multiple
times to familiarize themselves with the data and assess the
depth of information. LB organized the data using NVivo
(version 15, QSR International Pty Ltd), and coded quotes
related to our research questions using the analysis matrix.
AA validated the codes independently in NVivo. Subse-
quent discussions with MS ensured coding decisions and
researcher triangulation. MS created categories inductively
according to the constructs in our matrix, with AA and LB
reviewing and refining them collaboratively. AA translated
the final meaning units from Swedish to English, and LB
selected illustrative quotes for inclusion. Discussion of initial
categories and reflections with the co-authors of the manu-
script led to the re-organization of our meaning units and
categories within the matrix. All authors’ diverse clinical
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and research backgrounds, including anesthesia, surgery,
postoperative care, intensive care, and neuropsychology,

Table 4. The process of content analysis.
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provided complementary perspectives during analysis. The
content analysis is presented in Table 4.

Text quote examples

Categories Domains

”[...] it’s actually okay to contact patients, [...] to come for an extra visit, just to participate in a
study, because the patients who’ve been involved have, at least most of them, thought it was very

fun.” (RN4)

I thought it was interesting... [...], this study you’re doing, [...] to see how it affects you, because
[...] I hadn’t thought that a physical procedure would have such a big psychological impact as I
understood it would have. [...] I had never reflected on it in that way, but I was more... thought
that a physical procedure is a physical procedure and then you move on [..

“I thought it was easy... actually easy to understand. There weren’t any practical difficulties at all
with it, I thought. However, some parts might have been difficult to carry out at different times.

But overall, I thought it was very simple, clear, and good.” (P20)

Barriers and facilitating
factors in selection,
recruitment, and
retention processes

Study design,
recruitment, and
retention

Participants’ feelings and Affective attitudes
attitudes toward the

intervention

17 (P23)

No sense of burden Burden
Illness- and symptom

related factors

“But it’s a [...] patient group that has cancer. [...] they are a group that you must be a little more
careful with, especially if they’ve just received a diagnosis, and... Some are, like... they are right
there and want to [...] whereas many are like, ‘No, I can’t take anything more from anyone,
because I’ve just gotten this news. I have so much.” So, [...] you have to be a little more, not too...
well, careful with, maybe, a little... [...] A little more sensitive, I think [...] there are some who’ve
felt they haven’t had the energy, because they’ve had it so tough with so many other things, you
know, around their surgery, preparations, and their cancer, and everything.” (RN1)

Ethical Considerations

We obtained an ethical permit (2022-03593-01) from the
Swedish Ethical Review Authority before initiating the study.
All procedures complied with the World Medical Associa-
tion’s Declaration of Helsinki. Written informed consent
was obtained from all participants before inclusion. Data
were pseudonymized to ensure confidentiality. Participation
was voluntary, without compensation, and participants could
withdraw at any time.

Results

Participant Characteristics

Twenty-four patients were included in the study: 13 women
and 11 men. The mean age was 77 (SD 6.5) years. Half of

Table 5. Patient characteristics.

the patients (12/24, 50%) were classified as “very fit,” and
none were classified as frail according to the Clinical Frailty
Scale (CFS). Most of the patients had obtained a university
degree and had an advanced occupational background: two
patients were still working at the time of data collection.
Most patients (20/24, 83%) underwent laparoscopic colorec-
tal surgery for cancer under general anesthesia combined
with spinal anesthesia. Eight patients developed postopera-
tive complications, such as wound infections. Two of these
patients required resurgery, and one of them also needed
intensive care. At T2, 3 patients were treated with or had
recently completed chemotherapy, one patient had developed
an autoimmune disease, and 2 had a recent infection. Patient
characteristics are presented in Table 5. The 5 registered
nurses interviewed were between 35 years and 60 years old,
with 12-29 years of experience in their profession.

Characteristic Total sample (N=24)
Sex, n (%)
Female 13 (54)
Male 11 (46)
Age, years
Mean (SD) 77 (6.5)
Min-max 63-90
Level of education, n (%)
Elementary school 4(17)
Upper secondary school or similar 3(12)
Post-secondary education 4(17)

https://formative jmir.org/2025/1/e71911

JMIR Form Res2025 | vol. 9 1e71911 1 p.5
(page number not for citation purposes)


https://formative.jmir.org/2025/1/e71911

JMIR FORMATIVE RESEARCH

Amirpour et al

Characteristic

Total sample (N=24)

University education
Occupation ISCO-08%, n (%)
Managers

Professionals

Technicians and associate professionals

Service and sales workers
Clinical Frailty Scale, mean (SD)

Very fit

Well

Managing well

Mini-Mental State Examination, mean (SD)

American Society of Anesthesiologists classification®, n (%)

I
I
III
Comorbidities before surgery, n (%)
Cardiac disease
Vascular disease
Lung disease
Kidney disease
Diabetes
History of cancer
Autoimmune disease
Type of surgery®, n (%)
Laparoscopic colorectal
Laparoscopic paraesophageal hernia
Type of anesthesia®, n (%)
General anesthesia
General anesthesia and epidural
General anesthesia and spinal
Duration of surgeryb
Minutes, mean (SD)
Duration of anesthesia®
Minutes, mean (SD)
Intraoperative bleeding®
Milliliter, mean (SD)
Length of hospital stay®, mean (SD)

Postoperative complications®, n (%)
Resurgeryb, n (%)

13 (54)

8(33)
11 (46)
3(12)
2(8)

12 (50)
7(29)
5(21)
29 (1)

4(17)
11 (46)
8 (33)

7(29)
2 (8)
4(17)
2(8)
14
3(13)
2(8)

20 (87)
3(13)

3(13)
3(13)
17 (71)

190 (77)

258 (86)

28 (33)

5(4)

8 (33)
2(8)

4ISCO-08 = International Standard Classification of Occupations.

One missing.

Feasibility

The set progression criteria were met and the digital cognitive
test battery was deemed feasible; System Usability Scale
Score =75, recruiting =20% of available patients and dropouts

<30%.
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Recruitment and Retention

Recruitment took place over a period of 1.5 years, from
January 2023 to June 2024. Data collection concluded in
November 2024. Out of 117 patients screened for eligibility
(Figure 1), 20.5% (n=24) were included in the study, dropout
rates were 12% at T2 and 27% at T3.
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Figure 1. Study flowchart of participants from screening to study completion. Follow-up assessments were conducted postoperatively at 1-3 days,
3-5 weeks, and 6 months. Numbers of participants excluded, lost to follow-up, and analyzed at each time point are shown. Postop: postoperative

follow-up.

Screened before

eligibility criteria
(n=117)

Assessed for eligibility
and allocated to study
(n=24)

Allocation

A

Postoperative
follow-up at 1-3 days
(n=18)

Early follow-ups

Postoperative
follow-up at 3-5
weeks (n=21)

Y
Postoperative
follow-up at 6
months (n=17)

Long-term
follow-up

Y

Excluded (n=93)

= Not meeting inclusion critera (n=20)
»| * Declined to participate (n=7)

* Participation in other study (n=8)

* Not asked to participate (n=58)

Underwent surgery Excluded (n=1) .
(n=23) > = Surgery cancelled (n=1)

' Lost to follow-up (n=5)
« Feeling fatigued or unwell (n=4)
« Discharged from hospital (n=1)

Y

.

»| Lost to follow-up (n=2)
« Discontinued participation (n=2)

Lost to follow-up (n=4)

* Research team could not reach
patient (n=3)

» Newly diagnosed vision
impairment (n=1)

» TO:Baseline (n=24)

» T1:Postop 1-3 days (n=18)
» T2: Postop 3-5 weeks (n=21)

» T3: Postop 6 months (n=17)

Acceptability, Perceived Value, and
Usability

Twenty patients completed the SUS at T2, the mean score
was 87 (SD 17.9; 95% CI 78.9-95.2), indicating excellent
usability [33]. The qualitative results are presented below.

Study Design, Recruitment, and Retention

Several key factors influencing recruitment success were
described by the nurses: the research team being available,
and engaging with the clinical staff about the study, good
collaboration between the research unit and the nurses at the
surgery clinic, and that the study did not require any extra

https://formative jmir.org/2025/1/e71911

visits to the hospital. The nurses found it easy to approach
patients for participation since the study was not informa-
tion heavy. They emphasized that clear written and verbal
communication from the research team was beneficial and
improved the collaboration between the researchers and the
clinic.

The nurses at the surgery clinic were the first to meet
the patients and therefore played an important role in the
recruitment process. Positive attitudes among the nurses also
contributed to a favorable recruitment environment. How-
ever, several barriers were also identified. These included
time constraints, as nurses sometimes had no opportunity to
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approach patients during the in-person preoperative consul-
tation, as other commitments took priority. Some patients
did not attend an in-person preoperative consultation at
all, meaning they were not approached for participation.
According to the nurses, some participants, particularly older
adults, may struggle with using a tablet, which in some
cases led nurses to refrain from inviting them to participate.
The nurses also emphasized that the patients constituted a
vulnerable group due to their cancer diagnoses. At times,
the nurses felt it was inappropriate to invite these patients to
participate in the research study for that reason.

Yes, absolutely [about hesitating to ask the patient to
become a study participant]. [...] if you feel the patient
is struggling to process all the information you’ve
already given about the care and what will happen, and
then you feel like, “No, this is too much. This patient
isn’t receptive to this.” Or if they’re having a crisis
reaction or if you assess that, “No, this isn’t appropri-
ate to ask outright.” [RN5]

Nurses also noted that clinical staff at the postopera-
tive wards were unfamiliar with the delirium assessment,
requiring repeated reminders and instructions from the
research nurses. In addition, the nurses felt that the research
team’s expectations for recruitment numbers (50 patients)
were unrealistic. Recruitment was further challenged by
competition from another study targeting the same patient
population, which meant some patients were approached
only for the competing study. Suggestions from the nurses
for improving the recruitment included clearer inclusion and
exclusion criteria, flexibility in timing of inclusion, and better
patient preparation, such as info available in the waiting
room. The hospital also relocated to another building while
the study was ongoing, which also affected recruitment.

Affective Attitudes

Patients expressed largely positive and curious feelings
toward the digital test battery, describing it as interesting,
enjoyable, and meaningful. It was perceived as easy to use
and unproblematic. The patients also appreciated having the
chance to do something else for a while. They also valued the
opportunity to reflect on cognitive and psychological aspects
of surgery. Many patients had not considered that surgery
could impact their brains, as their attention was mainly
focused on abdominal symptoms.

I thought it was interesting... [...], this study you're
doing, [...] to see how it affects you, because [...] I
hadn’t thought that a physical procedure would have
such a big psychological impact as I understood it
would have. [...] I had never reflected on it in that way,
but I was more... thought that a physical procedure is a
physical procedure and then you move on [...] [P23]

At the same time, some patients described an anticipatory
anxiety about the cognitive tests, particularly when they were
already mentally burdened by their diagnosis or treatment.
The nurses perceived that participants enjoyed taking the
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tests, as it allowed them to focus on focus on something
different and get in the zone. They also noted that the patients
valued the extra attention they received as they were also
study participants, which seemed to increase motivation.

[It was] a very pleasant meeting with the patient [...]
and I think they’ve felt that too, that it’s been a
little [...] extra thing, [...]. Both those who have been
seriously ill and those who have [been feeling fine].
And it’s been a bit different. [...] they’ve still thought
it was fun, [...] and they’ve been happy to do it [the
cognitive test]. [RN2]

However, some nurses observed that certain participants
found specific tests challenging or stressful. Despite this, the
nurses themselves were satisfied with the digital cognitive test
battery and appreciated the interactions with patients, noting
only minor technical difficulties in one subtest. They also
felt responsible for explaining to patients why the tests were
intentionally designed to be challenging.

Burden

Participants’ experiences of burden varied depending on
individual circumstances and the timing of assessments.
Several participants described no burden at all; the tests
required minimal effort. They perceived the cognitive tests
as easy to complete and as one of many and comparable
to other routine activities within the care process. Some
patients even approached the tests competitively, motivated
to perform well.

I thought it was easy... actually easy to understand.
There weren’t any practical difficulties at all with it, I
thought. However, some parts might have been difficult
to carry out at different times. But overall, I thought it
was very simple, clear, and good. [P20]

For others, illness- and symptom-related factors influenced
participation. Medical complications, fatigue from surgery or
treatment preparation, and the overall cognitive strain of the
perioperative process led participants to decline participation.
Completing the tests shortly after surgery was described as
cognitively demanding and exhausting. Nurses emphasized
that patients with cancer diagnoses required extra attentive-
ness and support. They felt these patients often had a great
deal to process regarding their diagnosis and treatments, and
therefore needed to be approached with more care. The nurses
also described that some patients experienced difficulties
sitting upright after abdominal surgery due to their wound.

Some patients have [...] had a positive expectation and
thought, “This sounds really exciting, now I'll try this,”
while some have been more, like, anxiety-filled, “Oh
no, yeah, should I participate...? This will be tough...”
That is, some... some maybe aren’t feeling great to
begin with, and it feels like they... “Well, now am I also
going to find out that I'm not quite sharp in the head
anymore, now that my body has given up? Are we now
going to discover that I can’t manage this test?” [...]
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I remember having patients, for example, who’ve had
previous burnout [...] and they’ve felt like, “No, I don’t
want to do this, because I don’t want to add any stress
about how my brain functions.” [RN3]

Intervention-specific factors also played a role. The nurses
suggested that a simpler, less extensive cognitive test battery
would be more feasible in the perioperative setting. Nonethe-
less, they observed that participation did not represent a major
sacrifice for most patients.

Ethical Aspects

The participants viewed the study as meaningful and
expressed a strong desire to contribute, even when faced with
numerous other commitments around the time of surgery.
Those who chose to participate were motivated by the
opportunity to support research and potentially benefit future
patients. According to the nurses, most patients who were
invited agreed to participate.

[...] But when you notice that someone... has impaired
cognition, maybe not just from the surgery, but
actually for another reason and would need a dementia
assessment. What do you do then? It becomes another...
[about the responsibility to provide feedback as a
clinician]. [RN4]

At the same time, some nurses highlighted an ethical
dilemma concerning the handling of potentially negative
cognitive test results. Because they did not routinely work
with cognitive assessments, they felt uncertain about how to
respond if the cognitive tests would be implemented at their
clinic.

Intervention Coherence

Several factors facilitated test compliance. Participants
described that the instructions on the digital cognitive test
battery were very clear and easy to understand, even if some
were not used to using a tablet. The patients described that
they thought it could be implemented in the perioperative
process as they found it interesting.

I’ve never worked with a tablet like that. I use a regular
computer. I'm not so good with my phone either, but
with browsing around, it’s the computer. But it worked
with that tablet. [ ...] when I was actually sitting there, 1
went into that bubble. [P15]

The nurses emphasized the importance of explaining that
the tests were intended to be challenging but not compet-
itive, in order to prevent participants from feeling inade-
quate. The timing of assessments also influenced participants’
engagement: tests administered 1-3 days postoperatively were
difficult to complete due to fatigue, whereas later follow-ups
were easier as participants had more energy. There were also
other barriers and risks to the execution and implementation
of the cognitive test battery:
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[...] it requires that all the staff who handle them, you
know, get proper training on how it works. I don’t think
you can just throw it in and say, “Here, give this to a
patient who’s going to do this,” you have tof...] do it
carefully, just like with any research study, you need to
implement it properly. [RN1]

Since the tests were self-administered, the nurses
sometimes felt less involved. They noted; however, that some
patients required additional support during the test session
and appreciated the nurse’s presence. Nurses highlighted that
comprehensive staff training would be essential for successful
implementation if the tests were to be used more widely in the
clinic.

Opportunity Costs

The patients viewed participation in the study as a positive
investment in their cognitive health. They found it interest-
ing to learn about their cognitive functions and considered
the sessions a worthwhile trade-off, often describing them as
“just another thing on the to-do list”

[...] it’s also interesting to know how their cognitive
abilities are after the surgery, so it’s a balancing act
there, [...] But I think... otherwise, I think it has been
good. [RN1]

One patient described a situation where a nurse appeared
stressed while administering the test. The nurses emphasized
that staff need sufficient time both to administer the tests and
to ensure they are completed in a proper manner.

Perceived Effectiveness

Participants appreciated both the cognitive and clinical value
of the digital cognitive test battery. The nurses noted that,
if resources allowed, the tests could potentially be integra-
ted into routine care. From a cognitive perspective, patients
found the tests stimulating, though some tests were highly
challenging, which made them aware of their own cognitive
limitations.

And I didn’t quite realize, you know, what shortcom-
ings or... what deficiencies I have. [...] that was a bit
exciting, and a bit revealing that in some respects, I'm
as inattentive as I am. So, I thought that was... it was
an interesting experience. [P23]

Some patients described that repeated completion of the
tests allowed them to learn and improve over time. They
also described feeling that their “brains were activated,”
which inspired them to engage in continued cognitive training
outside the study. A few patients noted that the tests gave
them a sense of what memory or dementia assessments would
be like.
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Self-Efficacy

The nurses described that some patients needed additional
support during the test sessions to move forward with each
test, as some instructions were perceived as unclear at times.

[...] most of them, I think, need a test leader with
them. It’s a bit age-related too. The ones who are a bit
younger and more familiar with technology. Because
some can already say [...] “Well, I can’t... I'm so bad
with all this technology. I won’t be able to manage
this.” But then when you explain, “This is it. You
just have to follow the instructions [...]” For many,
especially if they are older, can be a bit scared of this
technology, which isn’t about filling out papers. [...]
they probably would manage it quite well on their own,
but they felt a sense of security knowing there was a
person beside them. [RN1]

However, most patients managed the test session fully
independently. The patients also described that they felt
confident in their abilities to complete the tests, without extra
assistance.

Cognitive Trajectories

Three patients fulfilled the criteria of POD for only one
day while in the surgical ward: 2 on the first postoperative
day and one on the third postoperative day. No further
cases of POD were observed during the subsequent postoper-
ative days in the hospital. There were statistically significant
changes in cognitive test results between the preoperative and
postoperative follow-ups in the attention and tempo domain
and the executive functions domain. The patients’ z scores
are presented in Multimedia Appendix 2. No patients met
the criteria for ANCR or p-NCD at the postoperative follow-
ups. Cognitive raw scores from the different data points are
presented in Multimedia Appendix 3.

Trajectories of Depression, Functional
Status, and Quality of Recovery

Preoperatively, one patient fulfilled cut-off criteria for
depression, 4 patients at T2, and one at T3. However, on a
group level, the GDS scoring was low overall. Functional
status scores with World Health Organization Disability
Assessment Schedule (WHODAS) 12 2.0 were highest at
T2. The patients’ highest scoring symptoms on the Swed-
ish Quality of Recovery questionnaire (SwQoR) were in the
cognitive and emotional domain eg, worry, concentration, and
well-being. There were no statistically significant changes
between preoperative and postoperative measurements of
depression, functional capacity, and quality of recovery
(Multimedia Appendix 2).

Discussion

Principal Findings

This was a nonrandomized feasibility study aimed at
assessing a digital, self-administered cognitive test battery
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in older adults undergoing abdominal surgery. Recruitment
and retention proved challenging, with rates falling below
expectations. The 1.5-year recruitment period turned out to
be unfeasible, and a single-center approach is not viable for
a larger-scale trial. One contributing factor to the shortfall in
sample size was that 58 eligible patients were not approached
for participation, in part because some did not attend a
preoperative in-person consultation before their scheduled
surgery. Similar recruitment challenges have been reported
in feasibility studies involving patients with cancer diagnoses
[10,34,35].

For a future trial, a multicenter recruitment model using
both clinical and research staff may be necessary [36].
Consent to participate can be performed remotely via an
invitation letter or email to the patient before the preoperative
consultation [36], and eligibility screening could be per-
formed remotely using validated tools, such as the telephone-
administered Montreal Cognitive Assessment [37,38] instead
of in-person MMSE. Online advertisement such as Google
Search Engine may further expand reach [39].

Other contributing factors behind low recruitment rates
were staff-related: nurses refrained from inviting some
patients to participate. Their decisions were influenced
by their perceptions of patient receptiveness, emotional
considerations due to their cancer diagnosis which aligns
with previous research in patients with lung cancer diag-
noses [40], and patients’ familiarity with digital devices.
Additional barriers included logistical disruptions, such as
hospital relocation.

The participants highlighted barriers and facilitators to
implementing cognitive assessments in the perioperative
setting. Some nurses expressed uncertainty about how to
respond when a patient scored low on the cognitive tests,
emphasizing the need for structured guidance and staff
training. This aligns with findings from a study on cognitive
assessments in primary care [41]. Ethical and implementa-
tion challenges can be addressed through staff education and
decision-support interventions; previous evidence suggests
these approaches have shown mixed success in improving
management of cognitive disorders [42]. Moreover, factual
knowledge alone may not be sufficient; addressing clini-
cians’s attitudes and implicit biases has also been shown to
influence the management of cognitive disorders [43].

In terms of acceptability and usability, the digital cognitive
test battery was considered easy to use and comprehend, with
a high perceived value from both patients and nurses. Patients
rated the digital cognitive test battery as having excellent
usability, which aligns with previous findings [7]. Although
cognitive screening is not performed routinely in older adults
undergoing surgery, it provides actionable information to
identify at-risk patients [44]. Cognitive test results indicat-
ing patients are at risk can guide preventative strategies,
including implementation of the Hospital Elder Life Program
for postoperative delirium [45], referral to geriatric special-
ists, or integration of a multidisciplinary perioperative care
team [44].
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No patient developed dNCR or p-NCD following surgery.
The subtest assessing attention and processing speed
improved over time; however, this finding must be interpreted
with caution. Given the repeated exposure to the same tests,
practice effects may contribute to observed improvement
[46]. The small sample size and lack of a control group in our
study constrain interpretation. Future trials should consider
alternate versions of similar tests or control groups. Several
patients had a high educational and occupational background,
which reflects a cognitively robust sample. Patients with low
cognitive reserves are at higher risk of developing postop-
erative cognitive disorders compared to those with high
cognitive reserves [47,48].

This study had some strengths. To the best of our
knowledge, this was the first time a digital, self-administered
cognitive test battery was tested for feasibility in this clinical
context. By deciding a priori progression criteria, we reduced
the risk of designing an ill-informed larger trial in the future
[28].

We acknowledge the limitations in this study. The cohort
was relatively homogeneous and cognitively robust. This
homogeneity limits the external validity, as feasibility in
this group may not reflect outcomes in frailer or more
diverse perioperative populations, particularly those with
lower cognitive reserves. Moreover, the high usability scores
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should be interpreted cautiously, as they may not translate
to patients with limited digital literacy. Additional limita-
tions include the absence of a control group, which restricts
interpretation of cognitive outcomes, as improvements in
attention may partly reflect practice effects rather than true
changes. Moreover, some of the clinician- and patient-repor-
ted outcome measurements used in this study have not
been validated in this population and setting. Recruitment
difficulties and the modest sample size posed additional
limitations, and we acknowledge that recruitment was, in
many cases, not feasible. We have a few inconsistencies with
the published study protocol [13] before starting our study,
as we extended the data collection and decided to include
nurses to assess the acceptability and usability of the digital
cognitive test battery.

Conclusions

The digital, self-administered cognitive test battery was
found to be feasible, acceptable, and usable in older
adults undergoing abdominal surgery. However, recruitment
challenges and the homogeneous sample limit the generaliza-
bility of these findings. Implementation in clinical practice
would require structured staff training and ethical consid-
erations. Future trials should include larger, more diverse
samples, consider control groups or alternate test versions to
account for practice effects in the cognitive tests.
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