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Abstract

Background: Hospital stays after major surgery are shorter than ever before. Although enhanced recovery and early discharge
have many benefits, some complications will now first manifest themselves in home settings. Remote patient monitoring with
wearable sensors in the first days after hospital discharge may capture clinical deterioration earlier but is largely uncharted
territory.

Objective: This study aimed to assess the technical feasibility of patients, discharged after esophagectomy, being remotely
monitored at home with a wireless patch sensor and the experiences of these patients. In addition, we determined whether observing
vital signs with a wireless patch sensor influences clinical decision making.

Methods: In an observational feasibility study, vital signs of patients were monitored with a wearable patch sensor (VitalPatch,
VitalConnect Inc) during the first 7 days at home after esophagectomy and discharge from hospital. Vital signs trends were shared
with the surgical team once a day, and they were asked to check the patient’s condition by phone each morning. Patient experiences
were evaluated with a questionnaire, and technical feasibility was analyzed on a daily basis as the percentage of data loss and
gap durations. In addition, the number of patients for whom a change in clinical decision was made based on the results of remote
vital signs monitoring at home was assessed.

Results: Patients (N=20) completed 7 days each of home monitoring with the wearable patch sensor. Each of the patients had
good recovery at home, and remotely observed vital signs trends did not alter clinical decision making. Patients appreciated that
surgeons checked their vital signs daily (mean 4.4/5) and were happy to be called by the surgical team each day (mean 4.5/5).
Wearability of the patch was high (mean 4.4/5), and no reports of skin irritation were mentioned. Overall data loss of vital signs
measurements at home was 25%; both data loss and gap duration varied considerably among patients.

Conclusions: Remote monitoring of vital signs combined with telephone support from the surgical team was feasible and well
perceived by all patients. Future studies need to evaluate the impact of home monitoring on patient outcome as well as the
cost-effectiveness of this new approach.

(JMIR Perioper Med 2020;3(2):e21705) doi: 10.2196/21705
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Introduction

Monitoring in high-care settings (eg, intensive care units)
includes continuous measurement of different vital signs and
frequent visual observations of the patient’s clinical status by
the nurse. In low-care settings, such as surgical wards, the
current standard is intermittent measurement of vital signs only,
usually once every shift [1,2]. By contrast, when patients are
discharged after major surgery, vital signs are no longer
monitored at all, while it is known that more than 29% of deaths
after noncardiac surgery occur after patients are discharged from
the hospital [3]. Although the risk of patient deterioration has
decreased by the time the patient is discharged from hospital,
the risk that patient deterioration will go unnoticed increases.

At present, patients are discharged after major surgery earlier
than ever before. In part, this is facilitated by the introduction
of enhanced recovery after surgery programs that have shown
to accelerate patient recovery, resulting in shorter hospital
lengths of stay [4-6]. Although recovery within the patient’s
own home has many benefits, it increases the risk that early
warning signs will be missed; some late major complications
might first manifest themselves in the home setting.

Recognizing the early signs of deterioration in the first few
critical days at home might be improved with the availability
of remote monitoring of vital signs for patients at high risk for
complications, such as patients discharged home early after
esophagectomy. Hospital readmissions after esophagectomy
occur frequently, ranging from 5%-19%, and are associated
with poor outcomes [4,7-9]. Advances in telemonitoring
technology have now resulted in wearable and wireless sensors
for remote unobtrusive vital signs monitoring. Such technology
could provide patients the opportunity to recover at home, with
the patient knowing that the hospital team will capture any
possible deterioration early. At least in theory, this should allow
safe early discharge after surgery and may reassure patients and
their family.

Several studies have demonstrated the feasibility of wireless
vital signs monitoring in patients admitted to the hospital
[10-13], but monitoring patients at home in the first days after
hospital discharge with wearable sensors is largely uncharted
territory. It is unknown whether it is feasible to monitor patients
remotely at home or whether remotely observing vital signs
positively impacts clinical decision making.

Therefore, the objective of this study was to assess the technical
feasibility of patients, discharged after esophagectomy, being
remotely monitored with a wireless patch sensor as well as their
experiences. In addition, we aimed to determine whether
observing vital signs with a wireless patch sensor in these
patients influenced clinical decision making.

Methods

Study Design and Setting
This was an observational feasibility study in which patients
were monitored after esophagectomy with a wearable patch
sensor (VitalPatch, VitalConnect Inc) on the general ward of
the University Medical Center Utrecht, the Netherlands, and at
home during the first 7 days after hospital discharge. The
University Medical Center Utrecht ethics committee waived
the need for formal ethical approval, since patients were not
subject to procedures or required to follow extensive rules of
behavior.

Study Population
Patients receiving care after esophagectomy at the surgical
oncology ward were included. Patients were recruited from July
2019 to December 2019. All patients were informed about the
study 1 week before surgery by phone. Exclusion criteria were
known skin allergies, pacemaker or implantable cardioverter
defibrillator, or a wound near the application site of the patch.
After written informed consent was obtained from the patient
on the surgical ward, the wireless patch sensor was applied and
vital signs recording started.

Description of the Wireless Patch Sensor
The VitalPatch wearable biosensor consists of a disposable
adhesive patch that incorporates 2 electrocardiography
electrodes, a triaxial accelerometer, and a thermistor. It is
designed to facilitate remote monitoring of patients on the ward
as well as in the home setting after hospital discharge. Heart
rate and respiratory rate measurements of a previous version of
the VitalPatch sensor (HealthPatch, VitalConnect Inc) have
been validated in high-risk patients in a clinical environment
[14,15]. The patch can be applied on the patient’s chest, and it
records heart rate, heart rate variability, respiratory rate, and
skin temperature (every 4 seconds) and body posture and steps
continuously (every second) for up to 5 days. Data were sent
via Bluetooth to a mobile phone (Cubot King Kong 3, Shenzhen
Huafurui Technology Co Ltd), which uploaded the data over
cellular networks to the HealthStream (MedioBioSense Ltd)
cloud platform. This app can display vital signs data in real time
but was not designed to view long-term vital signs trends. Data
could be stored for up to 18 hours on the sensor if connection
between the patch sensor and mobile app was lost. Afterward,
it would take half of the upload time of the live data to upload
this offline data to the cloud platform. No identifiable patient
information was entered on the mobile device or in the app to
ensure compliance with European General Data Protection
Regulations.

Data Collection
Patients wore a patch sensor on the surgical ward and during
the first 7 days after hospital discharge. In-hospital
measurements were solely used to generate baseline data prior
to discharge, and the patient’s vital signs were observed
intermittently through care as usual. A new patch was applied
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upon discharge, and patients were taught how to replace a new
patch after 5 days at home. In addition, they were instructed to
keep the mobile phone charged and within a range of 10 m. It
was made explicit that wearing a patch at home does not mean
that the patient’s vital signs would be continuously observed.
Instead, their vital signs trends were checked once every 24
hours.

Each morning, for 7 days postdischarge, vital sign trends over
24 hours and vital signs trends over 7 days were shared with
the gastrointestinal oncology surgical team (3 surgeons, 2
surgical residents, 1 physician assistant) in a secure medical
messaging app (Siilo, Siilo Holding BV). Examples are shown
in Figure 1 and Figure 2. Surgeons were asked to check the
patient’s condition each morning by phone using a short

structured format with questions, such as “how do you feel?”,
and asking about pain and fever. Phone calls were used as a
safety net to prevent cases of missed patient deterioration, since
the added value of remote vital signs monitoring had not been
established. After each phone call, surgeons scored the patient’s
condition with a 0 (no cause for concern), 1 (slightly worried),
or 2 (significant concern). Conservative wait-and-see treatment
was applied if a score of 1 was given, and the general
practitioner was informed if a score of 2 was given. Thereafter,
a surgical team member checked the vital sign trends and used
that information to reassess their score. An X was scored if not
enough vital signs data were available. This approach allowed
the surgical team to adapt treatment policy, if needed, after
taking into account information from the vital signs data trends.

Figure 1. Example of vital sign trends over 24 hours, showing (A) heart rate, (B) respiratory rate, (C) skin temperature, and (D) cumulative step count.
The shaded area indicates night-time.
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Figure 2. Example of vital sign trends over 7 days, both within hospital and at home after hospital discharge, showing (A) heart rate, (B) respiratory
rate, (C) skin temperature, and (D) cumulative step count. The orange line indicates the time of hospital discharge. The shaded area indicates night-time.

Signal Analysis
Wireless sensor data were retrieved in comma-separated variable
(.csv) text files and stored in a secured local research database.
Data reports were processed using Matlab (MathWorks Inc). A
median filter over nonoverlapping epochs of 15 minutes was
applied to eliminate artifacts from transients and to increase
clarity and readability of the vital signs trend overviews. The
number of steps was reset to zero at midnight to allow easy
visual verification of each patient's daily activity level.

Outcome Measures
Patient experiences of being remotely monitored at home and
sensor wearability were assessed with a questionnaire,
completed after the study. This questionnaire consisted of 8
questions using a 5-point Likert scale, 2 open answer questions,
1 yes or no question, and 1 question with 3 possible answers.
The technical feasibility of remote home monitoring with a
wireless sensor was assessed on a daily basis as the percentage
of useful data available for vital signs interpretation. In addition,
maximum duration of data loss was defined as gap durations
less than 15 minutes, less than 1 hour, 1-4 hours, or 4 hours or
longer. We distinguished data loss observed between the time
of vital signs assessment (each morning) and observed at the
end of the entire measurement period.

Another outcome measure was the number of patients in which
a change in clinical decision was made based on the results of
remote vital signs monitoring. This was measured by registering
the number of times a score was adapted from 0 to 1, or from
1 to 2 following inspection of the vital signs trend overviews

and compared with the check of the patient’s condition by phone
each day. In addition, trend patterns of heart rate, respiratory
rate, skin temperature, and number of steps during the week
were also assessed.

Statistical Analysis
Descriptive statistics were used to evaluate patient demographics
and to assess feasibility of home monitoring. Since this was an
observational feasibility study not designed to assess whether
remote home monitoring could improve patient outcome, we
refrained from a formal sample size calculation. Given the much
lower probability of postdischarge adverse events [16], very
large sample sizes would likely be needed to demonstrate
statistically significant differences in outcome.

Results

Patient Population
Of 29 patients screened, 23 gave informed consent and 6 patients
declined to participate, either because they already had “too
much on their mind,” did not want to stay connected with the
hospital once back home or thought they would not be able to
cope with such modern technology. Two patients withdrew
before the home monitoring period started because they were
no longer willing to participate. One patient died during hospital
admission. In total, 20 patients completed a combined total of
140 days (7 days each) of home monitoring with the wearable
patch sensor. None of these patients were readmitted to the
hospital within 30 days, and only 1 event after discharge home
was observed (Table 1).
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Table 1. Patient characteristics.

Patients (N=20)Characteristic

70 (7)Age (in years), median (IQR)

Sex

16 (80)Male

4 (20)Female

25 (2)BMI, median (IQR)

Living status, n (%)

4 (20)Living alone

16 (80)Living with someone

Comorbiditiesa, n (%)

9 (45)Hypertension

5 (25)Cardiovascular disease

4 (20)Chronic obstructive pulmonary disease

3 (15)Diabetes

11 (7)Length of stay (days), median (IQR)

0 (0)Readmission within 30 days, median (IQR)

In-hospital postoperative eventsa, n (%)

13 (65)Pneumonia

6 (30)Atrial fibrillation

7 (35)Anastomotic leak

2 (10)Chyle leak

1 (5)Pneumothorax

2 (10)No events

Postdischarge postoperative events, n (%)

1 (5)Severe dyspnea

19 (95)No events

aMore than one event per patient possible; therefore, percentages do not add to 100%.

Patient Experiences
Patient experiences were collected via a questionnaire as shown
in Table 2. Overall, patients reported very high satisfaction
rates. They appreciated that physicians checked their vital signs
daily and they were happy to be called by the surgical team each
day. The wearability of the patch sensor in the outpatient setting
was high; patients were not aware of wearing a patch.
Furthermore, no reports of skin irritation were mentioned, and
the patch stayed in place most of the time, even during sweating
and showering. One patient lost the patch twice at home, due
to excessive sweating. Replacing the patch themselves at home
was considered very easy. No information was visible on the
dedicated mobile phone that acted as a gateway for the vital
signs data, but patients were asked to keep the phone in close
proximity to ensure uninterrupted data transmission.
Interestingly, 95% of patients (19/20) reported they did not miss
the absence of data on the mobile phone regarding current vital
signs values or the proper functioning of the entire system. Thus,
it did not bother them that they could not see anything on the

mobile phone. Only 1 patient mentioned it would be reassuring
to show the vital signs and additional information whether their
vital signs data is being transferred to surgeons correctly. 75%
of the patients (15/20) reported feeling safer at home knowing
that their vital signs trends were checked and being called by a
physician daily.

In addition, all patients were asked to imagine a future scenario
in which they would be offered the option to go home 1 day
earlier with a wireless patch sensor. Most patients (15/20, 75%)
indicated they would prefer to be discharged earlier with the
assistance of a remote patient monitoring solution. The main
reasons given for this preference were a belief that they would
recover more quickly at home and the fact that it is much more
convenient to recover in one’s own home than in a hospital bed.
A few patients mentioned that they felt quite uncertain being
discharged home after such a major surgical procedure. As 1
patient noted: “It is quite a transition from a hospital where they
constantly keep an eye on you, to home. It gives you reassurance
when you have the feeling that your condition is being checked
remotely.” Most of the patients reported the necessity of having
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home care properly organized, and ideally, having the possibility
of access to home care 24 hours a day. Of note, the amount of
home care received by these patients was dependent on their
need for assistance with tube feeding or wound care. Three
patients did not like the idea of being discharged sooner with
assistance of a remote patient monitoring solution, either because

they felt they were discharged quite quickly already (while they
were still recovering from adverse events that occurred
in-hospital) or they had experienced that their medications or
home care was not adequately organized at the time they were
discharged.

Table 2. Questions on patients’ experience of being remotely monitored at home with the VitalPatch sensor.

Patient response
(n=20)

Question

4.1How did you experience wearing the patch in the first week after hospital discharge?a, mean1

4.5How did your partner experience the fact that you wore this patch and that your vitals were checked by physicians re-

motely?a, mean

2

4.4To what extent did you find it pleasant or not pleasant that physicians were able to see your vital signs once daily?a,
mean

3

4.5To what extent did you find it pleasant or not pleasant that physicians called you each day to ask how you were doing?a,
mean

4

Nothing was visible on this mobile phone you had in proximity. Would you have preferred to see any data on this mobile phone, or you
haven't missed this?, n (%)

5

19 (95)Yes

1 (5)No

Your vitals were checked and you were called once daily. To what extent did this make you feel safer or not?, n (%)6

15 (75)Yes

5 (25)No

Imagine you have a choice to go home one day earlier with such a wireless patch sensor in the future. What do you think of this?, n (%)7

15 (75)Yes

5 (25)No

—bWhat would you need for this, to make yourself comfortable at home? (open answer)8

4.4To what extent were you aware of wearing this patch?c, mean9

5To what extent caused this patch irritation on your skin?d, mean10

4.8To what extent stayed this patch in place, even during sweating and showering?a, mean11

4.8To what extent was it easy to replace the patch at home?a, mean12

aOn a scale of 1 (disagree/disagreeable) to 5 (agree/agreeable).
bThis was an open answer question.
cOn a scale of 1 to 5, where a higher score indicates less awareness.
dOn a scale of 1 to 5, where a higher score indicates less skin irritation.

Feasibility of Home Monitoring
Overall data loss of all vital signs at the time of assessment each
morning and after the entire measurement period were a mean
of 25% (SD 24%) and a mean of 14% (SD 19%), respectively.
The amount of data loss varied considerably among patients as
can be seen in Figure 3. At the time of patch replacement at

home (by the patient themselves), most patients showed a
preceding period with data loss. More than 77% of the gap
durations at the time of vital signs assessment were less than 1
hour, with the majority of gaps lasting less than 15 minutes. An
overview of frequency and duration of data loss is shown in
Table 3.
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Figure 3. Percentage of available data (green) and data loss (red) of all patients per hour during each day of home measurements. Each star indicates
the first measurement of a new patch.

Table 3. Amount of known data loss at the time of daily assessment (around 8:30 AM) and total amount of data loss as recorded at the end of the entire
measurement period.

Within entire measurement periodWithin previous 24 hours (observed at the time of assessment)Type of data loss

14 (19)25 (24)Overall percentage, mean (SD)

Gaps, n (%)

245 (67)235 (55)<15 minutes

66 (18)93 (22)15-60 minutes

37 (10)66 (15)1-4 hours

19 (5)35 (8)>4 hours

Scoring of Vital Signs Trends in Patients at Home
Table 4 shows an overview of scores provided after each call
and vital signs observations. In 4/140 (3%) occasions, the
surgeon was slightly worried about the patient’s condition after
the phone call, but this did not result in an increased score after
checking the vital signs trend overviews. As a result, clinical
decision making was not changed based on observing vital signs.
During 1 phone call the patient complained about severe dyspnea
and coughing, after which a score of 2 (concern) was given and
the general practitioner was asked to check on the patient’s

condition and prescribed bronchodilator treatment. However,
the vital signs trend overviews were not scored as worrisome
(Figure 4 and Figure 5). Although no clear diagnosis could be
found at this point in time, this patient continued struggling and
was admitted to the hospital with atelectasis 4 weeks later. On
8/140 occasions (6%), a score of 1 (slightly worried) was
assigned after checking the vital signs trends, most often related
to a high heart rate at rest shortly after hospital discharge.
Overviews of vital signs trends were not available on 9/140
(6%) occasions due to data loss.
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Table 4. Overview of scores after phone calls and vital signs observations.

Value, n (%)Observation

137 (98)Phone calls

3 (2)Missed calls

Phone calls

4 (3)Slightly worried score, 1

1 (1)Concerned score, 2

Vital signs observations

8 (6)Slightly worried score, 1

0 (0)Concerned score, 2

9 (6)Unable to judge, X

Figure 4. Vital sign trends over 24 hours, showing (A) heart rate, (B) respiratory rate, (C) skin temperature, and (D) cumulative step count of a patient
who complained of severe dyspnea and coughing, when called at 8:30 AM (end of graph). Two episodes of increased heart rate can be seen during the
night, but no clear vital signs deterioration occurred over the 24-hour period. The shaded area indicates night-time.
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Figure 5. Vital sign trends over 7 days, showing (A) heart rate, (B) respiratory rate, (C) skin temperature, and (D) cumulative step count of the patient
who complained of severe dyspnea and coughing on November 25. The orange line indicates the time of hospital discharge. Until November 22, heart
rate fluctuated around 80 bpm at night and most respiratory rate values remained between 20 and 25 brpm. From November 22 until November 25,
heart rate slowly increased from 80 to 100 bpm at night, while respiratory rate slightly increased to 25-30 brpm on November 23. The surgical team
member asked the general practitioner to check the patient at home and prescribed bronchodilator treatment. The shaded area indicates night-time.

Observing Vital Sign Trends Over Time
Figure 6 provides an overview of the mean heart rate, respiratory
rate, and skin temperature during night-time hours (11 PM to
7 AM) in the 4 days before hospital discharge until the first 7
days at home. Heart rate decreased from 89 bpm in-hospital to
85 bpm at home, whereas no change in respiratory rate was
visible between the hospital and home period. Overall, high

variation in heart rate and respiratory rate among patients at
night could be seen. Skin temperature was slightly increased in
the first days at home. Figure 7 shows a boxplot of the number
of steps in the first 7 days after hospital discharge. The mean
number of steps increased from 500 to 1300, suggesting that
patients’ daily activity increases gradually as recovery
progressed at home.

Figure 6. Mean (blue line) and SD (shaded red area) during night-time hours (for a period starting 4 days before hospital discharge until 7 days after
discharge) of (A) heart rate, (B) respiratory rate, and (C) skin temperature of all patients.

JMIR Perioper Med 2020 | vol. 3 | iss. 2 | e21705 | p. 9http://periop.jmir.org/2020/2/e21705/
(page number not for citation purposes)

Breteler et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 7. Box plots showing median daily number of steps for the first 7 days after hospital discharge.

Discussion

Principal Findings
We investigated the feasibility of remote vital signs monitoring
with a wireless patch sensor in patients after esophagectomy in
the first week home after hospital discharge and assessed patient
experiences. Each of the 20 patients who were monitored at
home had a good recovery, and remotely observed vital signs
trends did not directly alter clinical decision making, although
it supported clinical judgments regarding the patients’condition
derived by the surgical team from the patient’s comments during
the daily phone calls. In general, remote home monitoring was
well perceived by patients and reported satisfaction scores and
usability rates were very high. For the sensor used in this study,
average data loss of vital signs measurements at home was 25%;
both data loss and duration of data gaps varied considerably
among patients. In this select group of patients recovering from
major surgery, we observed a decrease in heart rate and an
increase in number of steps during the first 7 days at home.

Strengths and Limitations
When interpreting the findings of this study, some limitations
should be taken into account. Based on previous studies, we
had anticipated a 10% readmission rate in patients after
esophagectomy [9,17]. However, we observed only 1 event
after discharge at home, and none of the 20 study participants
were readmitted to the hospital. Only much larger studies can
demonstrate how vital signs trend patterns vary among patients
with and without clinical deterioration after hospital discharge.
As a result, we were unable to determine whether observing
vital signs trends remotely changed clinical decision making.
However, we cannot entirely eliminate the possibility that
patients who decided to participate in this study had a better
baseline prognosis or that a Hawthorne effect—the awareness
of being observed remotely and daily phone contact with the

surgical team—had positively influenced study outcomes
[18,19].

A second limitation was our inability to discern the causes of
the positive patient experiences. Both the fact that the patient’s
vital signs were remotely checked and their daily telephone
contact with a surgical team member might have contributed.
In any case, patients highly appreciated being remotely
monitored at home and having daily contact with the team, and
as a result, they felt more reassured. Studies have shown that
structured telephone calls following discharge can reduce
readmission rates in elderly patients [20]. Although these
findings cannot be translated to the our study, it seems likely
that the ability to communicate with a patient to verify the
presence of any deteriorating symptoms, together with abnormal
vital signs, may improve recognition of patient deterioration in
the home setting.

A score of 1 (slightly worried) was assigned in 6% of the vital
signs trend reviews (8/140), most often related to a higher heart
rate, especially shortly after hospital discharge or due to high
respiratory rates. Elevated heart rates—possibly related to the
process of recovery and postoperative fatigue—have been
noticed in an earlier study after major surgery [21]. We observed
that average heart rate slightly decreased in the days following
discharge home. In contrast, average respiratory rate remained
high in these patients monitored at home. One possible
explanation could be technical in nature since the measurement
approach in this particular sensor tends to overestimate
respiratory rate. In a previous study [14,15], we validated a
precursor of the VitalPatch sensor in surgical patients and
observed considerable overestimation of respiratory rate.
Carefully performed validation studies in clinical practice are
therefore of crucial importance for a sustainable long-term
implementation of remote wireless monitoring [22].

Nobody knows how often one should measure a full set of vital
signs in patients discharged after major surgery. The VitalPatch
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sensor used in this study measures each of the vital signs in a
nearly continuous (every 4 seconds) fashion. This seems
redundant for measuring patients in a home setting who are no
longer at high risk for deterioration and may increase the rate
of false alarms. In addition, transmitting these continuous data
streams consumes valuable energy and may easily contribute
to data loss. In this study, 35/429 (8%) of the data gaps were
longer than 4 hours which may result in difficulties interpreting
vital signs trends appropriately. Reasons for data gaps may be
the fact that the VitalPatch relies on Bluetooth technology and
a smartphone acting as a gateway between the patch and remote
medical server. Patients did not always remember to keep the
phone in close proximity, for example during the night-time.
Furthermore, they may have forgotten to keep the phone charged
all the time, which may not always have been reported to us.
Other reasons might be the inability to automatically restore
connection with the cloud server after Bluetooth disconnection
occurred or to transfer piled amounts of data after repetitive
periods of connection loss. The high number of long duration
data gaps is possibly related to the data transmission protocol
of the mobile app used in this study. Data could be stored for
18 hours on the patch sensor if Bluetooth connection was
transiently lost, but it took an additional 50% of time on top of
the upload time of the live data to transfer this offline data to
the cloud platform. Although this data transmission protocol
could be improved, it is unknown to what extent the duration
of such data gaps results in the inability to capture clinical
deterioration on time in the home setting. However, it seems
likely that a reduced monitoring frequency might be a necessary
trade-off to minimize the number of alerts due to missing data.
As soon as an alert is generated, a dedicated 24/7 medical call
center could initiate video communication, for example, to
verify the presence of any signs that might give reason for rapid
medical attention and exclude trivial causes for the alert such
as exercise. These approaches are especially relevant since the
majority of patients at home will not deteriorate but may develop
unimportant vital signs abnormalities which should not trigger
intervention.

Comparison With Prior Work
Studies that evaluate the feasibility and patient experiences of
remote home monitoring are limited. A recent study of Tonino
et al [23] demonstrated high wearability and good usability of
the VitalPatch sensor worn by a small number of patients in the
outpatient setting receiving blood cell transfusions or
immunotherapy. The results of our study confirm these findings.
Another study [24] reported high wearing comfort of the
HealthPatch sensor in senior participants after long-term
monitoring of 50 days in their home setting. Although the study
[24] hints at the convenience of wireless monitoring of patients
in the home care setting, the results were obtained in healthy
volunteers and may therefore differ when used in patients
discharged home.

Despite the fact that hospital-to-home initiatives are still in its
infancy, the increasing pressure from payers force hospitals to
develop less expensive alternatives to hospital care. A recent
randomized controlled trial [25] compared direct costs of acute
care in patients admitted to an emergency department, who were
randomized to either usual hospital care or hospital-at-home
care while vital signs were continuously monitored via the
HealthPatch sensor. Although the sample, with 20 patients, was
small in size and recruited within a highly selected patient group,
the authors found that patients who received hospital-at-home
care were readmitted less frequently within 30 days (7% vs
23%), and their health care costs were 38% lower on average.
Nonetheless, large well-controlled studies in patients at risk for
deterioration are needed to evaluate the impact of remote
monitoring on patient outcomes.

Conclusions
A daily 24-hour vital signs trend evaluation combined with a
phone call from the surgical team were feasible and highly
appreciated by all patients. The minimal requirements regarding
optimal measurement frequency and data continuity for adequate
home monitoring need to be further investigated. Remote patient
monitoring at home is feasible. Future studies need to evaluate
the impact of home monitoring on patient outcome as well as
the cost-effectiveness of this approach.

Conflicts of Interest
At the time of the study, MB was a part-time employee of Luscii Healthtech BV. DAJD is founder and chief executive officer
of Luscii Healthtech BV.

References

1. Goldhill D, McNarry A. Physiological abnormalities in early warning scores are related to mortality in adult inpatients. Br
J Anaesth 2004 Jun;92(6):882-884 [FREE Full text] [doi: 10.1093/bja/aeh113] [Medline: 15064245]

2. Buist M, Bernard S, Nguyen TV, Moore G, Anderson J. Association between clinically abnormal observations and subsequent
in-hospital mortality: a prospective study. Resuscitation 2004 Aug;62(2):137-141. [doi: 10.1016/j.resuscitation.2004.03.005]
[Medline: 15294398]

3. Vascular Events in Noncardiac Surgery Patients Cohort Evaluation (VISION) Study Investigators, Spence J, LeManach
Y, Chan MT, Wang CY, Sigamani A, et al. Association between complications and death within 30 days after noncardiac
surgery. CMAJ 2019 Jul 29;191(30):E830-E837 [FREE Full text] [doi: 10.1503/cmaj.190221] [Medline: 31358597]

4. Li C, Ferri LE, Mulder DS, Ncuti A, Neville A, Lee L, et al. An enhanced recovery pathway decreases duration of stay
after esophagectomy. Surgery 2012 Oct;152(4):606-614. [doi: 10.1016/j.surg.2012.07.021] [Medline: 22943844]

5. Jones EL, Wainwright TW, Foster JD, Smith JRA, Middleton RG, Francis NK. A systematic review of patient reported
outcomes and patient experience in enhanced recovery after orthopaedic surgery. Ann R Coll Surg Engl 2014 Mar;96(2):89-94
[FREE Full text] [doi: 10.1308/003588414X13824511649571] [Medline: 24780662]

JMIR Perioper Med 2020 | vol. 3 | iss. 2 | e21705 | p. 11http://periop.jmir.org/2020/2/e21705/
(page number not for citation purposes)

Breteler et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0007-0912(17)35567-8
http://dx.doi.org/10.1093/bja/aeh113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15064245&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2004.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15294398&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=31358597
http://dx.doi.org/10.1503/cmaj.190221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31358597&dopt=Abstract
http://dx.doi.org/10.1016/j.surg.2012.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22943844&dopt=Abstract
http://europepmc.org/abstract/MED/24780662
http://dx.doi.org/10.1308/003588414X13824511649571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24780662&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Varadhan KK, Neal KR, Dejong CHC, Fearon KCH, Ljungqvist O, Lobo DN. The enhanced recovery after surgery (ERAS)
pathway for patients undergoing major elective open colorectal surgery: a meta-analysis of randomized controlled trials.
Clin Nutr 2010 Aug;29(4):434-440. [doi: 10.1016/j.clnu.2010.01.004] [Medline: 20116145]

7. Fernandez FG, Khullar O, Force SD, Jiang R, Pickens A, Howard D, et al. Hospital readmission is associated with poor
survival after esophagectomy for esophageal cancer. Ann Thorac Surg 2015 Jan;99(1):292-297 [FREE Full text] [doi:
10.1016/j.athoracsur.2014.07.052] [Medline: 25442987]

8. Chen SY, Molena D, Stem M, Mungo B, Lidor AO. Post-discharge complications after esophagectomy account for high
readmission rates. World J Gastroenterol 2016 Jun 14;22(22):5246-5253 [FREE Full text] [doi: 10.3748/wjg.v22.i22.5246]
[Medline: 27298567]

9. Goense L, Meziani J, Ruurda JP, van Hillegersberg R. Impact of postoperative complications on outcomes after
oesophagectomy for cancer. Br J Surg 2019 Jan;106(1):111-119. [doi: 10.1002/bjs.11000] [Medline: 30370938]

10. Weenk M, Koeneman M, van de Belt TH, Engelen LJ, van Goor H, Bredie SJ. Wireless and continuous monitoring of vital
signs in patients at the general ward. Resuscitation 2019 Mar;136:47-53. [doi: 10.1016/j.resuscitation.2019.01.017] [Medline:
30685546]

11. Weenk M, van Goor H, Frietman B, Engelen LJ, van Laarhoven CJ, Smit J, et al. Continuous monitoring of vital signs
using wearable devices on the general ward: pilot study. JMIR Mhealth Uhealth 2017 Jul 05;5(7):e91 [FREE Full text]
[doi: 10.2196/mhealth.7208] [Medline: 28679490]

12. Granholm A, Pedersen NE, Lippert A, Petersen LF, Rasmussen LS. Respiratory rates measured by a standardised clinical
approach, ward staff, and a wireless device. Acta Anaesthesiol Scand 2016 Nov;60(10):1444-1452. [doi: 10.1111/aas.12784]
[Medline: 27592538]

13. Hernandez-Silveira M, Ahmed K, Ang S, Zandari F, Mehta T, Weir R, et al. Assessment of the feasibility of an ultra-low
power, wireless digital patch for the continuous ambulatory monitoring of vital signs. BMJ Open 2015 May 19;5(5):e006606
[FREE Full text] [doi: 10.1136/bmjopen-2014-006606] [Medline: 25991447]

14. Breteler MJM, KleinJan EJ, Dohmen DAJ, Leenen LPH, van Hillegersberg R, Ruurda JP, et al. Vital signs monitoring with
wearable sensors in high-risk surgical patients: a clinical validation study. Anesthesiology 2020 Mar;132(3):424-439 [FREE
Full text] [doi: 10.1097/ALN.0000000000003029] [Medline: 31743149]

15. Breteler MJM, Huizinga E, van Loon K, Leenen LPH, Dohmen DAJ, Kalkman CJ, et al. Reliability of wireless monitoring
using a wearable patch sensor in high-risk surgical patients at a step-down unit in the Netherlands: a clinical validation
study. BMJ Open 2018 Feb 27;8(2):e020162 [FREE Full text] [doi: 10.1136/bmjopen-2017-020162] [Medline: 29487076]

16. de Vries EN, Ramrattan MA, Smorenburg SM, Gouma DJ, Boermeester MA. The incidence and nature of in-hospital
adverse events: a systematic review. Qual Saf Health Care 2008 Jun;17(3):216-223 [FREE Full text] [doi:
10.1136/qshc.2007.023622] [Medline: 18519629]

17. Park SY, Kim DJ, Byun GE. Incidence and risk factors of readmission after esophagectomy for esophageal cancer. J Thorac
Dis 2019 Nov;11(11):4700-4707 [FREE Full text] [doi: 10.21037/jtd.2019.10.34] [Medline: 31903259]

18. McCarney R, Warner J, Iliffe S, van Haselen R, Griffin M, Fisher P. The Hawthorne effect: a randomised, controlled trial.
BMC Med Res Methodol 2007 Jul 03;7:30 [FREE Full text] [doi: 10.1186/1471-2288-7-30] [Medline: 17608932]

19. McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne effect: new concepts are needed to study
research participation effects. J Clin Epidemiol 2014 Mar;67(3):267-277. [doi: 10.1016/j.jclinepi.2013.08.015] [Medline:
24275499]

20. Vernon D, Brown JE, Griffiths E, Nevill AM, Pinkney M. Reducing readmission rates through a discharge follow-up
service. Future Healthc J 2019 Jun;6(2):114-117 [FREE Full text] [doi: 10.7861/futurehosp.6-2-114] [Medline: 31363517]

21. Christensen T, Kehlet H. Postoperative fatigue. World J Surg 1993;17(2):220-225. [doi: 10.1007/BF01658930] [Medline:
8511917]

22. Saugel B, Hoppe P, Khanna AK. Automated continuous noninvasive ward monitoring: validation of measurement systems
is the real challenge. Anesthesiology 2020 Mar;132(3):407-410 [FREE Full text] [doi: 10.1097/ALN.0000000000003100]
[Medline: 31929331]

23. Tonino RPB, Larimer K, Eissen O, Schipperus MR. Remote patient monitoring in adults receiving transfusion or infusion
for hematological disorders using the VitalPatch and accelerateIQ monitoring system: quantitative feasibility study. JMIR
Hum Factors 2019 Dec 02;6(4):e15103 [FREE Full text] [doi: 10.2196/15103] [Medline: 31789596]

24. Selvaraj N. Long-term remote monitoring of vital signs using a wireless patch sensor. 2014 Presented at: 2014 IEEE
Healthcare Innovation Conference (HIC); October 8-10; Seattle, WA, USA p. 83-86 URL: https://ieeexplore.ieee.org/
document/7038880 [doi: 10.1109/HIC.2014.7038880]

25. Levine DM, Ouchi K, Blanchfield B, Saenz A, Burke K, Paz M, et al. Hospital-level care at home for acutely ill adults: a
randomized controlled trial. Ann Intern Med 2020 Jan 21;172(2):77-85. [doi: 10.7326/M19-0600] [Medline: 31842232]

JMIR Perioper Med 2020 | vol. 3 | iss. 2 | e21705 | p. 12http://periop.jmir.org/2020/2/e21705/
(page number not for citation purposes)

Breteler et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.clnu.2010.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20116145&dopt=Abstract
http://europepmc.org/abstract/MED/25442987
http://dx.doi.org/10.1016/j.athoracsur.2014.07.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25442987&dopt=Abstract
https://www.wjgnet.com/1007-9327/full/v22/i22/5246.htm
http://dx.doi.org/10.3748/wjg.v22.i22.5246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27298567&dopt=Abstract
http://dx.doi.org/10.1002/bjs.11000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30370938&dopt=Abstract
http://dx.doi.org/10.1016/j.resuscitation.2019.01.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30685546&dopt=Abstract
http://mhealth.jmir.org/2017/7/e91/
http://dx.doi.org/10.2196/mhealth.7208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28679490&dopt=Abstract
http://dx.doi.org/10.1111/aas.12784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27592538&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=25991447
http://dx.doi.org/10.1136/bmjopen-2014-006606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25991447&dopt=Abstract
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/ALN.0000000000003029
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/ALN.0000000000003029
http://dx.doi.org/10.1097/ALN.0000000000003029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31743149&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29487076
http://dx.doi.org/10.1136/bmjopen-2017-020162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29487076&dopt=Abstract
http://europepmc.org/abstract/MED/18519629
http://dx.doi.org/10.1136/qshc.2007.023622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18519629&dopt=Abstract
https://doi.org/10.21037/jtd.2019.10.34
http://dx.doi.org/10.21037/jtd.2019.10.34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31903259&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-7-30
http://dx.doi.org/10.1186/1471-2288-7-30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17608932&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2013.08.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24275499&dopt=Abstract
http://europepmc.org/abstract/MED/31363517
http://dx.doi.org/10.7861/futurehosp.6-2-114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31363517&dopt=Abstract
http://dx.doi.org/10.1007/BF01658930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8511917&dopt=Abstract
https://pubs.asahq.org/anesthesiology/article-lookup/doi/10.1097/ALN.0000000000003100
http://dx.doi.org/10.1097/ALN.0000000000003100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31929331&dopt=Abstract
https://humanfactors.jmir.org/2019/4/e15103/
http://dx.doi.org/10.2196/15103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31789596&dopt=Abstract
https://ieeexplore.ieee.org/document/7038880
https://ieeexplore.ieee.org/document/7038880
http://dx.doi.org/10.1109/HIC.2014.7038880
http://dx.doi.org/10.7326/M19-0600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31842232&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 22.06.20; peer-reviewed by R Tonino, T McGough; comments to author 09.07.20; revised version
received 22.07.20; accepted 28.10.20; published 04.12.20

Please cite as:
Breteler MJM, Numan L, Ruurda JP, van Hillegersberg R, van der Horst S, Dohmen DAJ, van Rossum MC, Kalkman CJ
Wireless Remote Home Monitoring of Vital Signs in Patients Discharged Early After Esophagectomy: Observational Feasibility Study
JMIR Perioper Med 2020;3(2):e21705
URL: http://periop.jmir.org/2020/2/e21705/
doi: 10.2196/21705
PMID: 33393923

©Martine J M Breteler, Lieke Numan, Jelle P Ruurda, Richard van Hillegersberg, Sylvia van der Horst, Daan A J Dohmen,
Mathilde C van Rossum, Cor J Kalkman. Originally published in JMIR Perioperative Medicine (http://periop.jmir.org), 04.12.2020.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Perioperative Medicine, is properly cited. The complete bibliographic
information, a link to the original publication on http://periop.jmir.org, as well as this copyright and license information must be
included.

JMIR Perioper Med 2020 | vol. 3 | iss. 2 | e21705 | p. 13http://periop.jmir.org/2020/2/e21705/
(page number not for citation purposes)

Breteler et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://periop.jmir.org/2020/2/e21705/
http://dx.doi.org/10.2196/21705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33393923&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

