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A B S T R A C T

Introduction: Wearable devices offer promising opportunities for continuous monitoring of recovery in older 
patients after cancer surgery. Understanding patient experiences is essential for successful clinical imple-
mentation. This study aimed to explore the usability of wearable devices for monitoring recovery in older pa-
tients after oncologic surgery, focusing on their experiences, challenges, and preferences for future clinical 
implementation.
Materials and methods: We conducted semi-structured interviews with older patients who wore a wearable device 
before and after undergoing cancer surgery at Leiden University Medical Center. Participants were recruited from 
an ongoing cohort study. Interviews were structured around Morville's User Experience Honeycomb framework 
and performed between February and August 2025. Interviews were audio-recorded, transcribed verbatim, and 
analyzed using thematic analysis.
Results: We performed interviews with 16 patients (median age 77 years, range 70–82) who underwent surgery 
for solid tumors, most commonly pancreatic cancer (56%). Participants had the device for a median of 104 days 
(range 66–132), wearing it for a median of 23 h per day. Three main themes emerged: (1) successful integration 
of the device into daily life despite practical challenges such as smartphone battery drain, (2) high trust in the 
technology with nuances regarding privacy and voluntary adoption, and (3) enthusiasm for future imple-
mentations centered on data access, personalized feedback, and safety monitoring. The value of monitoring was 
emphasized particularly by patients living alone.
Discussion: Older patients successfully adopted wearable devices during recovery after cancer surgery and 
demonstrated high trust in the technology. Clinical implementation should prioritize voluntary adoption, address 
practical barriers such as smartphone compatibility, and integrate wearables within a blended care approach 
combining technology with human support. Patients living alone may particularly appreciate wearable moni-
toring during recovery.

1. Introduction

Cancer often necessitates intensive treatment, such as chemotherapy 
or surgery. Older patients, particularly those with frailty and multiple 
comorbidities, are at increased risk of poor treatment tolerability 
compared to younger patients [1–3]. Consequently, they face higher 
risks of postoperative complications and prolonged recovery, which 

could be improved by tailored and continuous monitoring.
Recent advancements in digital health technologies, particularly 

wearable devices, have introduced new possibilities for remote and 
continuous monitoring of recovery. Wearable devices can provide real- 
time data on biometrics such as physical activity, sleep, and vital signs, 
offering patients and healthcare providers valuable insights into recov-
ery progress [4]. Despite the promising role of wearable devices, 
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research focusing on their use in the older cancer population is limited, 
with few studies examining their implementation in clinical settings [5].

Usability is a critical determinant of successful adoption. Older 
adults, in particular, may face barriers related to digital literacy, phys-
ical and cognitive limitations, and device design [6]. Exploring the ex-
periences, preferences, and challenges faced by older patients from a 
usability perspective can help identify facilitators and barriers to 
effective device usage and reveal opportunities to improve the design 
and clinical integration of these technologies.

This study aimed to explore the usability of wearable devices for 
monitoring recovery in older patients after cancer surgery, focusing on 
experiences, challenges, and wishes for future clinical implementation.

2. Methods

2.1. Study design and participants

We conducted semi-structured interviews with older individuals who 
wore a wearable device before and after undergoing cancer surgery. 
Participants were purposively sampled from the ongoing TOPFORM 
study (manuscript in preparation) at Leiden University Medical Center 
(LUMC). TOPFORM enrolled patients aged 70 years or older scheduled 
for surgical resection of a solid malignant tumor. Inclusion criteria 
included access to a compatible smartphone and ability to indepen-
dently recharge the device. Exclusion criteria were acute surgery, non- 
ambulatory pre-surgery, inability to provide informed consent, or 
planned neoadjuvant therapy.

During TOPFORM, participants wore the Corsano CardioWatch 
287–2 starting at their preoperative visit (typically one to two weeks 
before surgery) until three months postoperatively or until initiation of 
adjuvant chemo- or radiotherapy, whichever occurred first. This wrist- 
worn bracelet, without a display, connected to participants' smart-
phones via Bluetooth to continuously and passively collect data on 
physical activity, heart rate, stress, and sleep (Fig. 1). After initial setup, 
no user interaction with the app was required; data collection occurred 
automatically in the background. Data were collected for research 
purposes only and were not shared with participants or their healthcare 
providers during the study. Device usage was assessed using device- 
generated data. The Corsano CardioWatch continuously records 
minute-by-minute wear status through integrated sensors that detect 
skin contact. Daily wear time was calculated by summing all minutes 
with confirmed device-skin contact for each calendar day.

For the interview study, participants had to have had the device for 
at least two weeks postoperatively and be interviewed within three 
months after study completion to limit recall bias. Participants receiving 

palliative care were excluded. This interview study was declared exempt 
from the Dutch Medical Research Involving Human Subjects Act (WMO) 
and was approved by a non-WMO scientific review board of LUMC. All 
participants provided informed consent. Reporting followed the 
consolidated criteria for reporting qualitative research (COREQ) 
checklist [7] (Supplementary file 1).

2.2. Data collection

Participants who completed TOPFORM follow-up and consented to 
additional research were contacted sequentially by phone by the project 
leader (JJD). Interviews were performed either by a male PhD candidate 
and medical doctor with formal training in qualitative interviews (JJD), 
or by a female master's student (DV) under supervision. The research 
team further included senior researchers with extensive experience in 
qualitative research and geriatric medicine. No member of the research 
team was involved in the clinical care of the interviewees.

Interviews took place between February and August 2025, in person 
at the participant's home, at a separate room in the hospital, or by phone, 
according to participant preference. All interviews were performed in 
Dutch. Partners were present during some interviews at participants' 
request, but only patient responses were analyzed. Interviews were 
audio-recorded, transcribed verbatim, and anonymized. No repeat in-
terviews were conducted. Transcripts were not returned to participants 
for comment or correction. Field notes were made after each interview 
to capture context and non-verbal observations. Interviews followed a 
topic guide based on Morville's User Experience Honeycomb framework 
[8], covering usability, usefulness, desirability, accessibility, findability, 
credibility, and value (Fig. 2; Supplementary file 2). The topic guide 
was refined iteratively during data collection. The topic guide was not 
formally pilot tested, but was reviewed within the research team prior to 
the first interview. Morville's User Experience Honeycomb framework 
was selected because it provides a comprehensive approach beyond 
usability alone, offering a broad base for developing the interview guide. 
Since this study focused on understanding patients' experiences rather 
than evaluating a specific clinical implementation, we selected a user 
experience framework rather than an implementation science 
framework.

Fig. 1. The Corsano CardioWatch 287–2 wearable device used in this study. Fig. 2. Morville's User Experience Honeycomb framework.
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2.3. Data analysis

Thematic analysis was applied [9]. Coding was independently per-
formed by two researchers (JJD and DV). A code tree was created, and 
codes were discussed until consensus was reached. Deductive and 
inductive coding were combined: the Morville framework dimensions 
initially guided coding, while inductive codes ensured findings reflected 
participants' actual experiences rather than predetermined categories. 
Axial coding was then applied to form broader topics and themes from 
the individual codes. Themes were discussed within the research team to 
ensure consensus and diverse perspectives. Participants did not provide 
feedback on the findings. Descriptive analyses were conducted to sum-
marize the sociodemographic characteristics of the participants. Data 
analysis was performed continuously during the interview period, 
allowing the research team to monitor emerging themes and assess data 
saturation iteratively. Data saturation was discussed and determined by 
the research team and was achieved after 16 interviews. ATLAS.ti 
version 24.2.0 (ATLAS.ti Scientific Software Development GmbH) was 
used to code and analyze the interview transcripts. Descriptive analyses 
were performed using IBM SPSS Statistics for Windows, version 29.0 
(IBM Corp., Armonk, N.Y., USA). The participant quotes presented in 
this manuscript were translated from Dutch to English with the support 
of ChatGPT version 5.1 (November 2025 version, OpenAI). All trans-
lations were reviewed by the first author (JJD), a native Dutch speaker 
with fluency in English, who compared each translation to the original 
Dutch text and edited for accuracy and nuance. Translations were 
additionally reviewed within the research team, all of whom are native 
Dutch speakers with fluency in English. The topic list (Supplementary 
file 2) was translated using the same process.

3. Results

Seventeen participants from the TOPFORM study were approached 
for interviews, of whom 16 agreed to participate. One participant 
declined due to lack of interest. Participants had a median age of 77 
years (ranging from 70 to 82). Five participants (31%) were female. 
Cancer types included pancreatic (n = 9; 56%), breast (n = 4; 25%), 
colorectal (n = 2; 13%), and bladder (n = 1; 6%). Three participants 
(19%) had previous experience with a wearable device (Table 1). Par-
ticipants had the device for a median of 104 days (range 66–132), 
wearing it for a median of 23 h per day (interquartile range [IQR] 
23–24). Four participants ended device use at initiation of adjuvant 
chemotherapy; the remaining twelve completed the full three-month 
follow-up. The interviews had a median duration of 24 min (IQR 
18–29) and took place at the hospital (n = 8), participants' home (n = 4), 

or by phone (n = 4). During four interviews (25%), a partner or family 
member was present.

Three main themes were identified. The first theme describes par-
ticipants' experience of daily use of the wearable device. The second 
theme describes the participants' views regarding trust in the technol-
ogy. The third theme describes participants' views on potential value of 
the wearable device and their wishes for future implementation.

3.1. Theme 1: Living with the Device

Participants' daily experiences encompassed both positive aspects 
and practical challenges. Their perspectives on design reflected a focus 
on functionality and practicality rather than aesthetics, with preferences 
shaped by real-world usage over the extended monitoring period.

3.1.1. Overall ease of use and habituation
The majority of participants found the wearable device easy to 

integrate into their daily routines. Ease of wearing and charging were 
frequently mentioned as positive attributes:

‘Yes, I found it a very easy thing to wear. I mean, you put on your watch 
and you put on such a thing, doesn't make much difference. It also doesn't give 
any problems, it wears easily, so I had something like, well yes okay, we put 
the thing on and that's it.’ (P6).

‘Charging it is also very simple and easy, that didn't cause any problems at 
all.’ (P2).

Furthermore, participants reported that they habituated to wearing 
the device and would even forget about it.

‘You actually forget that you have it on. Exactly like your watch, you also 
don't know anymore that you have that on.’ (P4).

3.1.2. Challenges
Despite overall positive experiences, participants encountered 

several practical challenges during extended device use. The most 
frequently reported issue was smartphone battery drain caused by the 
continuous Bluetooth connection, posing significant limitations partic-
ularly for participants with older smartphones:

‘I have an iPhone and that one is a bit at its end, but I could not go out for 
a day without a power thing. […] And at night too, I really had to make sure 
that it was fully charged when I went to sleep. Otherwise, then I had problems 
the next morning. […] I found that a real disadvantage.’ (P15).

Some participants also reported physical discomfort during warmer 
weather:

‘I think that I did it quite conscientiously. But in the heat, I did find it 
rather uncomfortable and annoying.’ (P15).

Table 1 
Participant characteristics.

Participant Age Sex Living situation Education* Previous wearable experience Days with wearable Cancer type
P1 75 Female Alone Middle No 114 Breast
P2 76 Male With partner Higher No 132 Pancreatic
P3 82 Female Alone Lower Yes 113 Breast
P4 82 Male With partner Higher No 98 Pancreatic
P5 70 Female Alone Middle No 108 Breast
P6 73 Male With partner Higher Yes 96 Colorectal
P7 74 Male With partner Lower No 123 Pancreatic
P8 78 Male With partner Higher No 66 Pancreatic
P9 71 Male With partner Higher No 98 Pancreatic
P10 75 Male With partner Higher No 95 Colorectal
P11 79 Male With partner Higher Yes 132 Bladder
P12 78 Male With partner Middle No 97 Pancreatic
P13 77 Male With partner Middle No 120 Pancreatic
P14 74 Female Alone Higher No 79 Pancreatic
P15 80 Female Alone Higher No 113 Breast
P16 80 Male With partner Higher No 100 Pancreatic

*Highest completed level of education according to the Dutch Verhage scale: lower = primary (vocational) education, middle = secondary (vocational) education and 
higher = higher vocational education or university [21].
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3.1.3. Design
When asked about design improvements, participants' suggestions 

centered on functionality rather than aesthetics. Several participants 
mentioned that the wearable device's battery life could be improved:

‘No, the only thing I can think of is a rechargeable battery that would last 
much longer. I'm thinking of that because I'll soon be getting a pacemaker, and 
the batteries in those last much longer.’ (P2).

Notably, participants expressed no concerns about appearance. The 
neutral, unobtrusive design was viewed positively:

‘No, that [appearance] doesn't matter to me at all. […] Whether there are 
now little flowers on it or stinging nettles. In a manner of speaking. I find that 
with that black, that is nicely neutral.’ (P12).

One participant who had experience with a chest-worn wearable 
device expressed a clear preference for the wrist-worn format:

‘Watch is nicer. Yes certainly. Because those stickers during washing, it 
sits stuck on your body, that watch you can take off. […] It's a more normal 
device to walk around with, and that sticker that is of course no average 
device. And the watch is.’ (P8).

3.2. Theme 2: Trust and concerns in the technology

Participants' trust encompassed multiple dimensions, including 
confidence in measurement accuracy, comfort with data collection, and 
concerns about privacy boundaries in different contexts.

3.2.1. Overall trust in measurement capabilities
Most participants expressed confidence that the wearable device 

would collect meaningful data, often based on the assumption that re-
searchers had selected appropriate technology:

‘I think to myself, you hand out the equipment and you will have looked at 
that, that that is something that that provides information that is useful to 
you. Otherwise then, it's also not useful to you. So yes, I have trust in that.’ 
(P2).

However, some participants voiced doubts about the device's ability 
to capture all clinically relevant symptoms:

‘It's not going completely well yet. I also don't know if that is measurable. 
You get a kind of cramps now, just as if your chest is constricted. […] Look, 
but that doesn't seem measurable to me.’ (P13).

3.2.2. General comfort with data collection and handling
Most participants demonstrated high trust in how their data would 

be handled, with minimal privacy concerns:
‘Complete trust, otherwise I wouldn't have started it either.’ (P4)
Several participants framed their lack of privacy concerns in terms of 

having “nothing to hide”:
‘Oh that [privacy], I have nothing with that at all. I think it's fine. I have 

nothing at all with privacy. That just doesn't interest me at all, you do it with a 
good intention, that's what I assume’ (P8).

This comfort extended to the continuous monitoring aspect, with 
participants expressing willingness to share comprehensive health data:

‘They can know everything about me.’ (P1).

3.2.3. Specific privacy concerns and boundaries
Despite overall high trust, some participants articulated specific 

boundaries around when they chose to wear the device. These bound-
aries were typically related to intimate moments:

‘It registers a lot of course, so I also took it off at night sometimes for a few 
hours, you understand? […] Look, I am old but I'm not yet too old to just have 
something nice and cozy with my wife from time to time. And then I think, the 
heart rate goes up of course and then they sit there reading it and then they 
think oh well he's at it again. […] So I took it off at a given moment. They 
don't need to know how often I do it.’ (P10).

An important distinction emerged between monitoring in a research 
context versus clinical care. One participant emphasized that voluntary 
participation and patient autonomy should be central to any clinical 
implementation:

‘A hospital admission is already very much surrendering yourself to 
everything that happens to you, you lose your entire privacy actually when 
you're in the hospital. That can't be helped I'm afraid, so you will have to 
surrender to that. But this, yes here you have choices, and I think you should 
leave that to people themselves whether they want such a thing or not.’ (P6).

3.3. Theme 3: Perceived Value for Recovery and Care

Participants expressed considerable enthusiasm about potential 
future implementations. While the study system did not include these 
features, participants shared their preferences for three key areas: access 
to their own data, receiving personalized feedback from healthcare 
providers, and safety monitoring during the post-discharge period.

3.3.1. Insight in own data
All participants expressed enthusiasm about the possibility of 

accessing their own data.
‘I would find that [insight into own data] nice. Then I perhaps still don't 

know if I'm doing well or if I can do better, but yes, I would have found some 
background information nice. Yes, I actually didn't think about it, […] 
because of course I was raised like this is what you get, and you have to make 
do with that.’ (P15).

One participant anticipated that data access could enhance patients' 
awareness of recovery progress and increase their involvement:

‘You also make people more aware with it, I think. When they see that. 
[…] Then you also become more involved with it.’ (P1).

Beyond awareness, some participants anticipated that seeing their 
own data would serve as motivation to increase physical activity during 
recovery:

‘If the option [to see own data] was there, then I would look into it. Yes, I 
would do that, because I am by nature, like how well did I do? […] Because 
then you can maybe improve it the next day.’ (P14).

3.3.2. Feedback from hospital
Participants expressed interest in receiving activity-related feedback 

and goals from healthcare providers. Such feedback was seen as a po-
tential motivational tool for other patients struggling with self-directed 
recovery:

‘It would be an incentive for people who are not so engaged with it [their 
recovery], like: hello time to do something today.’ (P1).

Another participant, who lived alone, described how they personally 
would have valued such feedback:

‘It is a bit of an incentive. […] I mean, now you're just sitting by yourself a 
bit, because I am alone. […] Well yes, if then someone or something tells you 
like, I could do better. Well okay. I would have found that very nice.’ (P15).

Participants provided suggestions for implementing wearable-based 
feedback in clinical practice. A recurring theme was the importance of 
flexibility in feedback frequency and intensity, as different patients have 
different preferences:

‘In the app like: What do you think of today, aim for that or this for 
example? […] I think there are people who like that. You can turn it off in the 
app for someone who doesn't like that, but someone who likes that, just turn it 
on’ (P14).

Some participants cautioned against overly frequent feedback, 
noting that excessive monitoring notifications could feel intrusive to 
some patients:

‘Yes, I think I think maybe once a week. Yes, because otherwise people 
might feel being watched a bit too much. You are being completely watched, 
but then it becomes more and more clear that watching is happening.’ (P12).

Most participants preferred receiving notifications directly through 
the application, valuing the convenience and immediacy of in-app 
communication:

‘That app is very easy. It's really, really accessible, you know. If you have 
to go back to your email and everything… no, just keep it in the app. […] 
That's the easiest thing there is - ping! - and something pops up.’ (P12).
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3.3.3. Safety monitoring
Participants viewed safety monitoring favorably, especially for the 

period following discharge:
‘Maybe it would be good for some people if it's also said with the expla-

nation when you go home again, then we're going to do a bit of an extra check. 
[…]. And then if there is a change, then we'll alert you. […] Yes, that is then a 
moral support.’ (P12).

One participant described personal experience of postoperative 
complications that shaped their views on early warning systems:

‘I have already been admitted once with high fever after the operation and 
after chemo also once more. Now you're just waiting. Yes, I don't feel 
completely well, and then suddenly the fever rises. While if you get a signal in 
advance. Well, then onwards. Now you have to measure fever yourself and 
yes, then you have to act on that. Such a signal from a bracelet, that would be 
handy.’ (P16).

Participants appreciated that safety monitoring could integrate 
multiple parameters rather than relying on a single measure. The ability 
to detect patterns across various metrics was seen as potentially more 
sensitive for identifying developing complications:

‘Not only the temperature, but for example also the heart rate or other 
things that they measure, […] that together give an indication that something 
is about to happen and that from that the hospital can take action. Yes, that 
would be a useful function I think.’ (P16).

Similar to wearable-based feedback, participants again highlighted 
that safety monitoring would be particularly valuable for those living 
alone. One participant who lived alone described how wearable moni-
toring could provide a sense of security and connection to care that 
might otherwise be absent:

‘Very important for people who are alone. […] Yes look, you still want to 
be monitored like: yes, it's going well or it's not going well. […] You can sit at 
home alone, but at the same time I think yes but suppose now that, something 
is not going well inside me.’ (P14).

However, participants also recognized potential psychological risks 
of safety monitoring, emphasizing the need for careful implementation 
that considers the individual:

‘Yes, a doctor in the background so to speak. Yes, that might be good. But 
like I said: there are people who are open to that and there are also people who 
could completely panic because of that.’ (P12).

4. Discussion

In this qualitative study among older patients who wore a wearable 
device for monitoring recovery after cancer surgery, we identified three 
main themes: successful integration of the device into daily life despite 
practical challenges; high trust in the technology with nuances 
regarding privacy and voluntary adoption; and enthusiasm for future 
implementations centered on data insight, personalized feedback, and 
safety monitoring. The high wear time observed aligns with participants' 
descriptions of ease of integration into their daily life. Participants 
emphasized the importance of customization and patient autonomy.

Our findings align with previous studies showing that older adults 
can successfully adopt wearable technologies when usability is priori-
tized [10–12]. In particular, these results show consistency with a study 
exploring hypothetical wearable use in older patients with chronic 
obstructive pulmonary disease [13]: Participants valued ease of use and 
the potential for early detection of complications. The high trust par-
ticipants demonstrated mirrors findings in studies on remote monitoring 
in older adults [14–16], though our participants placed particular 
emphasis on the distinction between voluntary research participation 
and mandated clinical monitoring. The enthusiasm for wearable-based 
feedback and safety monitoring aligns with theories of self-regulated 
behavior change and goal-setting, which have been shown effective 
for increasing physical activity in older adults [17,18].

The identification of smartphone battery drain as a significant bar-
rier highlights that implementation must attend to the broader techno-
logical ecosystem, not just the wearable device itself. Healthcare systems 

should consider providing technical support or compatible devices to 
patients with outdated smartphones. Importantly, wearable in-
terventions should be implemented as part of a blended care approach 
combining technology with human support [19]. Participants' 
thoughtful engagement with implementation considerations un-
derscores the importance of actively involving older patients in co- 
design processes.

While the high trust participants demonstrated is positive for 
implementation potential, it also carries significant ethical re-
sponsibility for healthcare providers. Our participants, who volunteered 
for research, emphasized the importance of patient choice in adopting 
wearable monitoring. However, our findings may not fully generalize to 
clinical settings where monitoring is recommended by a treating clini-
cian. The balance between clinician guidance and patient autonomy, 
and its effect on uptake and adherence, warrants further study in 
implementation research. On the one hand, clinician recommendation 
and clearer communication of personal clinical benefit may enhance 
patients' willingness to adopt wearable monitoring. On the other hand, 
care must be taken to ensure that patients do not feel obligated to 
participate; the option to decline should always be explicitly offered and 
respected. Earlier research found that older patients with cancer and 
their caregivers expressed concerns about unspecified continuous 
monitoring [20]. Our findings suggest that time-limited monitoring with 
a clear clinical goal, such as the perioperative period, may be more 
acceptable than long-term monitoring without a defined endpoint. Clear 
communication about data collection, usage, access, and monitoring 
period is essential for maintaining this trust. Participants' enthusiasm for 
data access, feedback, and safety monitoring suggests concrete features 
that should be prioritized in clinical implementation. However, their 
emphasis on customization indicates that one-size-fits-all approaches 
are unlikely to succeed, and implementation strategies might consider 
letting patients choose which features they use and how frequently they 
receive feedback. The particular value placed on safety monitoring by 
participants living alone suggests that wearable interventions may be 
especially appreciated by patients lacking informal caregiver support.

This study's main strength is its focus on real-world, long-term use of 
a wearable device during recovery from intensive cancer treatment. The 
qualitative design allowed in-depth exploration of participants' experi-
ences, expectations, and concerns that would not be captured through 
quantitative methods alone. However, several limitations must be 
acknowledged. Participants agreed to a wearable study and may have 
been more comfortable with technology than the broader population of 
older patients with cancer. Most participants were male and most had 
one of two tumor types (pancreatic or breast cancer). Most participants 
had completed at least three years of secondary education (middle or 
higher levels on the Dutch Verhage scale) [21], and all were fluent in 
Dutch. These factors may limit generalizability to other populations. 
Participants were not able to view their own wearable data during the 
study period and their perspectives on feedback and safety monitoring 
were based on hypothetical scenarios rather than actual experience, 
which may have influenced their enthusiasm for these features.

In conclusion, older patients recovering from cancer surgery were 
able to integrate wearable devices into daily life and generally trusted 
the technology. However, practical barriers and nuanced concerns 
regarding privacy and autonomy must be addressed in clinical imple-
mentation. Participants expressed strong interest in data access, 
personalized feedback, and safety monitoring, but emphasized the 
importance of customization and patient choice. Patients living alone 
may particularly appreciate wearable monitoring during recovery. 
These findings provide a foundation for developing patient-centered 
wearable-based recovery monitoring programs.
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