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Abstract

Background: Preoperativetelemonitoring of vital signs, physical activity, and well-being might be able to optimize prehabilitation
of the patient’s physical and mental condition prior to surgery, support setting alarms during in-hospital monitoring, and allow
personalization of the postoperative recovery process.

Objective: The primary aim of this study was to evaluate when and how long patients awaiting major abdominal surgery should
be monitored to get reliable preoperative individual baseline values of heart rate (HR), daily step count, and patient-reported
outcome measures (PROMS). The secondary aim was to describe the perioperative course of these measurements at home.

Methods: In this observational single-center cohort study, patients used a wearable sensor during waking hours and reported
PROMs (pain, anxiety, fatigue, nausea) on atablet twice a day. Intraclass correlation coefficients (ICCs) were used to evaluate
thereliability of mean values on 2 specific preoperative days (the first day of telemonitoring and the day before hospital admission)
and randomly sel ected preoperative periods compared to individual reference values. Mean values of HR, step count, and PROMs
per day were visualized in a boxplot from 14 days before hospital admission until 30 days after surgery.

Results: A total of 16 patients were included in the data analyses. The ICCs of mean values on the first day of telemonitoring
were 0.91 for HR, 0.71 for steps, and at least 0.86 for PROMs. The day before hospital admission showed reliability coefficients
of 0.76 for HR, 0.71 for steps, and 0.92-0.99 for PROMs. ICC values of randomly selected measurement periods increased over
the continuous period of time from 0.68 to 0.99 for HR and daily step counts. A lower bound of the 95% CI of at least 0.75 was
determined after 3 days of measurements. The ICCs of randomly selected PROM measurements were 0.89-0.94. Visualization
of mean values per day mainly showed variable preoperative daily step counts (median 2409, IQR 1735-4661 steps/day) and
lower postoperative daily step counts (median 884, | QR 474-1605 steps/day). In addition, pain was visually reduced until 30 days
after surgery at home.

Conclusions: In this prospective pilot study, for patients awaiting major abdominal surgery, baseline values for HR and daily
step count could be measured reliably by awearable sensor worn for at least 3 consecutive days and PROM s during any preoperative
day. No clear conclusions were drawn from the description of the perioperative course by showing mean values of HR, daily step
count, and PROM values over time in the home situation.

https://periop.jmir.org/2022/1/e40815 JMIR Perioper Med 2022 | vol. 5 |iss. 1| e40815 | p. 1
(page number not for citation purposes)


mailto:m.e.haveman@umcg.nl
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PERIOPERATIVE MEDICINE

(JMIR Perioper Med 2022;5(1):e40815) doi: 10.2196/40815

Haveman et al

KEYWORDS

telemonitoring; major abdominal surgery; preoperative; wearable sensor; vital signs; patient-reported outcome measure; PROM;
surgery; major surgery; abdominal surgery; observational study; pain; anxiety; fatigue; nausea; heart rate; step count

Introduction

The use of telemonitoring has been associated with improved
clinical outcomesand cost-effectivenessof carein several fields
of medicine[1,2]. Telemonitoring may be of great value in the
preoperative phase, where telemonitoring at home may give a
good indication of patients’ individual baseline values, such as
vital signs, physical activity, and the level of experienced pain
and anxiety [3,4]. This information is expected to assist in
clinical decision-making (ie, by risk assessment), optimize
prehabilitation of the patient’s physical and mental condition
prior to surgery [3], support setting alarms during in-hospital
monitoring, and allow personalization of the postoperative
recovery process.

Despite these potential advantages, vital signs, physical activity,
and patient-reported outcome measures (PROMS) of patients
undergoing major abdominal surgery are not routinely monitored
at home. Preoperative vital signs are often only measured
in-hospital as part of the preoperative anesthetic screening and
at hospital admission prior to surgery. Disadvantages of current
practice are preoperative assessments being labor intensive and
performed up to 12 weeks before surgery [5], and measurements
during admission potentially being less representative because
of increased psychological stress. Only afew studies describe
baseline values before major abdominal surgery by
telemonitoring at home. These studies mainly investigated the
association between preoperative physical activity level and
postoperative complications, readmissions, or functional
recovery as a percentage of baseline values at 2 to 30 days
before surgery [3,6-8]. It is currently unknown what period is
sufficient to measure reliable baseline values for vital signs,
steps, or PROMSs in the time period that patients are on the
waiting list for major abdominal surgery.

The primary aim of this study isto evaluate when and how long
patients should be monitored at hometo get reliable preoperative
individual baseline values of heart rate (HR), step count, and
PROMs (pain, anxiety, fatigue, nausea) before major open
abdominal surgery. The secondary aim was to describe the
course of HR, step count, and PROMs measured by
telemonitoring a home before and after major abdominal
surgery. This study was part of a prospective pilot study to
evaluate the feasibility and patient experiences with
perioperative telemonitoring (published separately [9]) toinform
future study design.

Methods

Ethics Approval

The ethical committee of the University Medical Center
Groningen approved the protocol (Telemonitoring in the
Peri-operative Phase of Patients Undergoing Open Abdominal
Surgery in a University Medica Center: A Pilot Study

https://periop.jmir.org/2022/1/e40815

[PROMI SE-study], research register number #201900432), and
the study was conducted in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines[10] and the Declaration of Helsinki.

Study Design and Participants

Between January 2020 and January 2021, a prospective
observational cohort pilot study was performed at the University
Medical Center Groningen, a large tertiary referral hospital in
The Netherlands.

Patients were recruited if they were planned for elective major
open abdominal surgery (vascular, hepato-pancreato-biliary, or
lower gastrointestinal) at the outpatient clinic based on
procedure codes in the electronic health record during the
aforementioned study period. Eligible patients were expected
to be on the waiting list for at least 2 weeks and have accessto
Wi-Fi at home. Exclusion criteriawere being mentally incapable
of participation, not able to walk without an aid, or unable to
wear a sensor on the upper arm. The sample size for this pilot
study was set at 20 patients. Study participation of apatient was
paused if surgery was significantly delayed or ended if surgery
was cancelled, or if a patient had severe postoperative
complications.

Telemonitoring

After giving informed consent, patients received the
telemonitoring devices and instructions at home from one of
the executing researchers (MEH and RvM). Thetelemonitoring
devices consisted of awearable sensor (Everion, Biovotion AG,
Zirich, Switzerland) and atablet (Samsung Galaxy Tab A 10.1
2019). Patients were instructed to wear the sensor on the upper
arm of their choice during waking hours and charge it during
thenight (sensor battery lifewas up to 40 hours, which required
charging every 24 hoursin practice). The EverionisaCE class
Ila-certified wearable sensor that monitors vital signs based on
photoplethysmography and physical activity (ie, step count)
using an accelerometer with a sampling frequency of 1 Hz for
vital signs and activity (raw data mode 51.2 Hz). The storage
frequency for vital signswas once per minute and once per hour
for step count. Data were transferred to the HealthyChronos
application (HealthyChronos, Alphen aan den Rijn, Netherlands)
on the tablet through Bluetooth and to the in-hospital database
using Wi-Fi.

Based on previous validation studies with the Everion sensor
[11,12], only HR was considered in this study. It has been shown
that Everion underestimated HR by up to 5.3 beats per minute
(bpm) and had a median absolute percentage error of 2.3%
during daily activities compared to Holter measurements in
volunteers [11]. Besides, HR had a moderate relationship
(r=0.52) with nurse measurements in the surgical ward [12].
Respiration rate, blood oxygen saturation, and skin temperature
measured by Everion had lower reliability and accuracy during
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daily activitiesin volunteers [11], and a poor relationship with
nurse measurements in surgical patients [12]. To our best
knowledge, the accuracy of Everion for daily step count is still
unknown.

Patients received a notification to report PROMSs twice a day:
once in the morning (at random between 9 AM and 1 PM) and
once at 8 PM in the mobile app on the tablet running on the
Roessingh Research and Development eHealth platform
(Activity Coach, Roessingh Research and Development,
Enschede, The Netherlands [13]). PROMSs included pain,
anxiety, nausea, and fatigue on a visual analog scale (VAS)

Haveman et al

from O (no pain, anxiety, etc) to 10 (worst pain, anxiety, etc)
imaginable.

Since this was an observational study without intervention,
patients, and heath care personnel were blinded to the
telemonitoring data, and they did not receive feedback from the
used technol ogy.

Data Selection

Outcome measures were continuous data of HR and step count
measured with the wearabl e sensor, and PROMsreported in the
mobile app on thetabl et, both preoperatively and postoperatively
a home. Figure 1A shows a schematic overview of the
preoperative and postoperative periods.

Figure 1. Schematic overview of (A) included (green) and excluded (red) preoperative and postoperative days at home, and (B) exclusion criteria at
the level of measurements, days, and patients per parameter: heart rate, daily step count, and patient-reported outcome measures. See text for further

explanation of measurement error removal.
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Data from telemonitoring were retrieved from the databases
and processed and analyzed in Matlab R2021b (Mathworks,
Inc). Tominimize biasin statistical analyses, the research team
defined exclusion criteria at the level of measurements, days,
and patients per parameter, as shown in Figure 1B. Firgt,
measurements were excluded if they met one of the following
criteria [12]: (1) if HR was measured outside the technical
ranges as stated by the manufacturer (30 to 240 bpm), or (2) if
temperature decreased by 0.5 °C or more and HR was above
its median plus 3 times its median absolute deviation [14,15]
during 5 minutes at the end of ameasurement period. Thelatter
indicates that the sensor was removed and not directly put on
the charger. Evaluation of the quality of measurement data was
not part of this study, although earlier work on Everion
measurements at the surgical ward showed that 1.2% of HR
measurements were excluded for these reasons [12]. Second, a
day of HR measurementswas excluded from the analysiswhen
less than 1 hour was available on that day. For the daily step
count, the minimum available hours were set at 8 hours. Third,

https://periop.jmir.org/2022/1/e40815

patients with less than 7 days of preoperative telemonitoring
were excluded from data analyses.

Statistical Analysis

For each patient, the mean values of HR, step count, and PROMs
measured on all included preoperative days were used as
individual reference values. Two specific preoperative days
were of interest: the first day of telemonitoring and the last day
before hospital admission. We hypothesized that the behavior
of patients might be different these days, resulting in lower
reliability. Theintraclass correlation coefficient (1CC) was used
to assessthe reproducibility between the 2 specific preoperative
moments on the one hand and the reference val ues on the other
hand. In addition, mean values of randomly selected
measurement periods during the preoperative phase (excluding
the first day of telemonitoring and the day before hospital
admission) were used to determine the degree to which these
measurements provide results similar to the reference values.
Randomly selected contiguous periods ranged from 1 to 7 days
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for both HR and daily step counts, for dayswith at least 8 hours
of HR measurements. For HR, randomly selected periods of 1
hour and 4 hours were used as well. For PROMs, ICCs were
computed for one single randomly selected measurement.

ThelCC, withits 95% CI based on absol ute agreement, two-way
random, and average measures, was used to evaluate the
reliability. An1CC of <0.5 indicated poor, between 0.5 and 0.75
moderate, between 0.75 and 0.9 good, and >0.9 excellent
reliability [16]. In addition, Bland-Altman plots with the
difference against the average of paired values of HR and daily
step count from the 2 specific preoperative moments were used
to quantify the agreement between these measurements and the
reference values. The mean difference (consistent bias) and the
95% limits of agreement (LoA) were estimated as well.

To describe the perioperative course of HR, daily step count,
and PROM values over time in the home situation, the mean

Table 1. Preoperative patient characteristics (n=16).

Haveman et al

value per outcome per day was calculated for each patient. A
boxplot was used to visualize these values for all patients from
14 days before hospital admission until 30 days after surgery.

Results

Study Participants

A total of 20 patients planned for major open abdominal surgery
participated in this study and started telemonitoring at home
with a median of 25 (IQR 18-45) days before surgery. The
median time between being put on the waiting list and study
inclusion was 11 (IQR 5.8-24.4) days. In total, 16 patients had
at least 7 days of preoperative measurements and wereincluded
in the data analyses. Patient characteristics are shown in Table
1.

Descriptive

Values

Age (years), median (IQR)
Gender, n (%)
Man
Woman
American Society of Anesthesiologists classification, n (%)
I
I
Comorbidities, n (%)
Cardiovascular disease
Hypertension
Chronic pulmonary disease
Renal insufficiency
Nonsurgery related malignancy
Surgical procedure, n (%)
Open abdominal aortic aneurysm repair
Hepatobiliary surgery
Gastrointestinal surgery

69 (62.8-73.0)

13 (81)
3(19)

8 (50)
8 (50)

8 (50)
5 (31)
2(13)
2(13)
1(6)

7(44)
4(25)
5(31)

Individual Reference Values

For the 16 patients, the median number of reference days was
21 (IQR 14.5-38.5) for HR, 18 (IQR 13.5-35.5) for steps, and
18 (IQR 14-40) for PROMs. The number of hours of sensor
data per day and reference values per parameter is summarized

https://periop.jmir.org/2022/1/e40815

in Table 2, which also shows thisinformation for the 2 specific
preoperative days: the first day of telemonitoring and the day
before hospital admission. Individual reference valuesand mean
values on the 2 specific days are shown in Multimedia Appendix
1
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Table 2. Information about measurements on thefirst day of telemonitoring, reference days, and the day before hospital admission, including measured

values.
Parameter First day of telemonitoring Reference days Day before hospital admission
Petients with sensor data, n 15 16 11
Number of hours with sensor data per day, median (IQR) 15 (14-15.8) 12.6 (11.6-14.1) 14 (10.8-14.8)
Mean HR?in bpm®, median (IQR) 76.2 (65.5-79.6) 733(66.6-80.4)  73.7(70.6-83.9)

Standard deviation HR in bpm, median (IQR) 7.9(7-10.4)

Daily step count by total number, median (IQR)

Mean pain on VASC 0-10, median (IQR) 0.3(0-24)
Mean anxiety on VAS 0-10, median (IQR) 0.4 (0.1-2.6)
Mean fatigue on VAS 0-10, median (IQR) 0.82(0.1-2.3)
Mean nauseaon VAS 0-10, median (IQR) 0.2(0-2.1)

1645 (662-3696)

9.7 (84-11.7) 10.4 (8.9-10.7)
2763 (1576-6320) 2819 (1148-5218)
0.3 (0.1-4.5) 2.1(0.1-5)

0.7 (0-2.3) 1.3(0.2-4.7)

0.5 (0.1-3.9) 0.8 (0.1-5)

0.2 (0-1.3) 0.7 (0.1-2.3)

3HR: heart rate.
bbpm: beats per minute.
SVAS: visual analog scale.

Reliability

Table 3 shows the ICCs (and 95% ClI) between the reference
values and the mean values of the 2 specific preoperative days
for HR, daily step count, and PROMs. The ICCs of thefirst day
of telemonitoring were 0.91 for HR, 0.71 for steps, and at least
0.86 for PROM s (pain, anxiety, fatigue, and nausea), indicating
good to excellent reliability. Good to excellent reliability
coefficients (ie, ICC>0.75) were also found between these
measurements on the day before hospital admission and the
reference values, except for daily step count (ICC 0.71, 95%
Cl 0.21-0.92).

With regard to the mean values of randomly selected
measurement periods during the preoperative phase, | CC values
ranged from 0.68 to 0.99 for HR and daily step counts (Table
4). As expected, the ICCs increased over a continuous period
of timefor both. Good reliability point estimates were achieved
after measuring at least 1 day. However, alower bound of the
95% Cls of at least 0.75 (indicating good reliability) was
determined using periods of at least 3 days (Table 4).

Randomly selected PROM measurements compared to the
reference values resulted in an 1CC of 0.93 (95% CI 0.82-0.97)
for pain, 0.94 (95% CI 0.84-0.98) for anxiety, 0.91 (95% CI
0.77-0.97) for fatigue, and 0.89 (95% CI 0.73-0.96) for nausea,
indicating good to excellent reliability.

Table 3. Intraclass correlation coefficients (ICC and 95% Cl) between individual reference values and mean values on the first day of telemonitoring

and the day before hospital admission.

Parameter First day of telemonitoring Day before hospital admission
Patients, n ICC (95% Cl) Patients, n ICC (95% Cl)

Heart rate 15 0.91 (0.76-0.97) 11 0.76 (0.35-0.93)
Daily step count 13 0.71 (0.30-0.90) 10 0.71(0.21-0.92)
Pain 14 0.86 (0.64-0.95) 10 0.99 (0.95-1.00)
Anxiety 14 0.90 (0.72-0.97) 10 0.92 (0.74-0.98)
Fatigue 14 0.94 (0.83-0.98) 10 0.97 (0.89-0.99)
Nausea 14 0.87 (0.64-0.95) 10 0.89 (0.64-0.97)

https://periop.jmir.org/2022/1/e40815
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Table 4. Intraclass correlation coefficients (ICC and 95% CI) between individual reference values and mean values of randomly selected periods for

heart rate (HR) and daily step count.

Period HR Daily step count
Patients, n 1CC (95% ClI) Patients, n ICC (95% CI)

1 hour 16 0.68 (0.30-0.87) N/AR N/A

4 hours 16 0.74 (0.41-0.90) N/A N/A

1day 16 0.86 (0.65-0.95) 16 0.78 (0.49-0.92)
2 days 16 0.87 (0.68-0.95) 16 0.85 (0.63-0.94)
3 days 16 0.90 (0.75-0.96) 16 0.92 (0.80-0.97)
4 days 16 0.92 (0.80-0.97) 15 0.97 (0.92-0.99)
5 days 15 0.99 (0.96-0.99) 15 0.97 (0.91-0.99)
6 days 15 0.97 (0.91-0.99) 14 0.97 (0.90-0.99)
7 days 13 0.99 (0.95-1.00) 13 0.99 (0.96-1.00)

3N/A: not applicable.

Agreement

Bland-Altman plots for HR and daily step count using the
reference values and the mean values of the first day of
monitoring as well as the day before hospital admission are
shown in Figure 2. While there was no bias in the mean HR
values on the first day of monitoring (mean difference —0.1,
95% LOA —7.8 to 7.6 bpm), the mean difference (bias) of HR

https://periop.jmir.org/2022/1/e40815

values measured on the day before hospital admission was 4
(95% LOoA —5.4 to 13.5) bpm.

The mean difference in daily step counts measured on the first
day of telemonitoring was—546 stepswith a 95% L oA ranging
from—3897 to 2805 steps. Thismean difference changed to 270
steps with a broader 95% LoA of —5383 to 5923 steps on the
day before hospital admission.
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Figure2. Bland-Altman plotsfor the mean values per patient for heart rate (upper row) and daily step count (bottom row) on thefirst day of telemonitoring
(left column) and the day before hospital admission (right column). The middle dotted line represents the mean difference and the outer dotted lines the

95% limits of agreement. Numbers represent individual patients.
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Figure 3 shows the mean values per day measured by
telemonitoring at home in the 14 days before and 30 days after
surgery for HR, the number of daily steps, and PROMs.
Postoperative telemonitoring data at home was available in 13
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patients for a median of 17 (IQR 9-21) days. Noticeable isthe
variability of daily measurements of preoperative steps with a

median

of 2409 (IQR 1735-4661) steps/day and the lower

postoperative step count with amedian of 884 (1QR 474-1605)
steps/day. In addition, it can be observed that pain reduces over
time after surgery at home (not statistically tested).
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Figure 3. Boxplot of mean values of patients per day for each parameter in the 14 days before hospital admission and 30 days after surgery at home.
Boxplots show the median values (bold lines), IQRs (limits of boxes), ranges (whiskers), and outliers (circles). VAS: visual analog scale.
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Principal Findings

The primary aim of this study was to evaluate during which
period patients should be monitored minimally to obtain reliable
preoperative baseline values before magjor open abdominal
surgery. Based on the results from this pilot study, a period of
3 daysseemsto be sufficient for reliable baseline valuesfor HR
and daily step count. PROMs had good to excellent reliability
on any day, including the first day of telemonitoring and the
last day before hospital admission.

The secondary aim was to describe the perioperative course of
HR, daily step count, and PROMs measured at home.
Visualization of mean values per day mainly showed variable
preoperative daily step counts and lower postoperative daily
step counts. In addition, pain was visually reduced until 30 days
after surgery at home.

Comparison to Prior Work

Preoperative continuous monitoring of HR in the home
environment is currently hardly used or investigated. In arecent
study, the resting HR of patients undergoing elective major
colorectal surgery was measured during 30 preoperative days
with a wearable sensor (Fitbit Charge 2, Fithit Inc) [8]. The
authors found no differences between the mean preoperative
HR in patients with or without readmission within 30 days after
surgery. Grafitsch et a [4] asked 16 patients to measure HR
twice a day for 7 days before abdominal wall hernia surgery
(minor surgery) to generate a baseline. They only reported that
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the median HR remained stable over the perioperative period.
Based on our results, a minimum of 3 dayswould be sufficient
to measurereliable baseline valuesfor HR. However, theclinical
implications of these baseline values should be further
investigated in future studies.

Thedaily step count has been mainly objectively measured after
surgery and associated with postoperative outcomes [17,18].
Studies that monitored steps before major abdominal surgery
show median numbers of 4151 to 4526 [8], 6209 [6], and 6562
[3] daily steps during 30 days, 2 days, and 3 to 7 days
preoperatively, respectively. The higher median number of steps
compared to our findings (median 2409 steps/day) might be
due to the fact that patientsin our study were older: median 69
(IQR 62.8-73.0) yearsversusmedian 55.5 (IQR 25.5-61.5) years
and 58.0 (IQR 42.0-65.0) years[8], mean 55.2 (SD, 11.9) years
[6], and median 55.5 (range 22-74) [ 3] years. Interestingly, we
found a mean difference of minus 545 steps between the first
day of telemonitoring and the reference values. Although
patients were aware of the observational nature of the study, it
was expected that the effect of being monitored (due to reactivity
[19] and the novelty effect) would have led to a higher step
count during the first period of telemonitoring. Optimizing
physical activity preoperatively is part of enhanced recovery
after surgery and prehabilitation programs, in which wearable
sensorsarevery promising to assist in informing and supporting
the patient and clinician [8,20].

PROMSs are mostly applied in telemonitoring studies to detect
changes during postoperative recovery [21-24]. One study
reported a mean VAS of 2.2 (SD 3.1) for pain, 3.1 (SD 2.4) for
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fatigue, and 0.5 (SD 1.2) for nausea before major abdominal
surgery without further use of these values [3]. Preoperative
VASfor pain and fatigue reported in our study were lower with
median reference values of 0.3 (IQR 0.1-4.5) for pain and 0.5
(IQR 0.1-3.9) for fatigue, while VA Sfor nauseawas comparable
with a median of 0.2 (IQR 0-1.3). Even though PROMs are
subjective, especially relevant within context (eg, diagnosisand
comorbidities), and are moment dependent, our results show
that PROM s can be reliably measured on any preoperative day.
This creates possibilities for their future use as baseline val ues,
for example, to assess patients' resilience before surgery and
for prehabilitation.

Technologica developments enable preoperative evaluation in
a patient’s own environment and over a longer period to get
more representative individual values. Despitethis, practicality
and organizational flexibility are also important for application
inclinical practice. Although the literatureisinconclusive about
the minimum period for physical activity measurement,
accelerometers are usually worn for up to 7 days, and it is
common to include4 out of 7 dayswith 10 hours/day wear time,
including one weekend day [25]. Moreover, both the first and
last measurement days are often omitted [25]. The minimum
measurement period of 3 consecutive days of 8 hoursto measure
HR and daily step count found in our study indicatesthat effects
from daily life activities on sensor measurements are sufficiently
averaged during this period.

Strengths and Limitations

Thisstudy providesthefirst step toward the clinical application
of preoperative telemonitoring. One of the strengths of this
study isthe random sel ection of measurementsto find areliable
period for baseline values. Another strength of this study isthe
heterogeneity of the patients, which reflectsthe diversity of the
surgical population for which perioperative telemonitoring may
be of added value. First, an important limitation of this study
is the small number of included patients. Four patients were
excluded from data analyses due to the short period of
preoperative measurements. The main reasonsfor thiswerethat
patients were scheduled for surgery earlier due to program
dropout or connectivity problems. However, the choice of the
minimum length of the reference period aswell asthe exclusion
criteria for the minimum number of available data points per
day was arbitrary as this is one of the first times preoperative
baseline values derived by telemonitoring have been
investigated. In the future, this could be improved by using a
larger study population and refining the criteriato exclude data
periods. Second, another limitation isthat of all the vital signs
measured by the wearable sensor, only HR wasincluded in this

Haveman et al

study because the validity and reliability of the sensor for
respiratory rate, blood oxygen saturation, and temperature were
low [11,12]. Third, the validity and reliability of the sensor for
daily step count are dtill unknown, which limits the
tranglatability of the current results to other wearable sensors
that measure daily step count.

Future Directions

Resting HR and HR during physical activity were not
investigated in this study because activity parameters were
stored once per hour and the sensor was not worn during the
night dueto charging. This could provide additional information
and may be taken into account in future research.

Preoperative measurements of vital signs, physical activity, and
PROMs may be used in future studies regarding prehabilitation
or personalized monitoring of the entire perioperative period.
In general, knowledge about the association between these
parameters at homeis scarce. For example, it isknown that HR
is highly affected by physical activity, and pain has been
associated with decreases in daily steps [26]. A larger
observational study monitoring vital signs, physica activity,
and PROMsin surgical patients might be useful in understanding
these associations since they are relevant for the interpretation
of the telemonitoring datain clinical practice.

The generalizability of these resultsis limited due to the small
sample size and limitations of the used sensor. However, this
was a pilot study to assess the feasibility of perioperative
telemonitoring [9] and to get an idea of the required period to
measure preoperative valuesto inform future study design. The
used method in this study could be applied to find a
measurement period for reliable estimation of baseline values
of other continuously monitored vital signs, patient populations,
and wearable sensors as well.

Conclusions

In patients awaiting major abdominal surgery, baseline values
for HR and daily step count could be measured reliably by a
wearable sensor worn for at least 3 consecutive days in this
study. PROMs could be measured with good to excellent
reliability on any given day, including the first day of
telemonitoring and the day before hospital admission.
Visualization of mean values of HR, step count, and PROMs
on the days before and after major abdominal surgery at home
provided insight into the perioperative course of [these
parameters in] our study population, athough no clear
conclusions could be drawn from this. Future work should focus
on the clinical implications of these baseline values.
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