
 

 

 University of Groningen

Towards clinical application of perioperative telemonitoring
Haveman, Marjolein

DOI:
10.33612/diss.244295830

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Haveman, M. (2022). Towards clinical application of perioperative telemonitoring. [Thesis fully internal
(DIV), University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.244295830

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.244295830
https://research.rug.nl/en/publications/2da4c692-0522-41c2-9d05-8135e7f08541
https://doi.org/10.33612/diss.244295830


2 General introduction



44 45

2

GENERAL INTRODUCTION

GENERAL INTRODUCTION
The healthcare system is under pressure due to the aging population with an increasing 

percentage having chronic diseases and being fragile.1 Moreover, there is a growing shortage 

of hospital staff, and healthcare costs are rising.1,2 Telemonitoring is expected to add to the 

personnel and financial sustainability of healthcare by decreasing workload and improving 

healthcare effectiveness, for example by facilitating early diagnostics and migration of care 

towards home.1,3 Telemonitoring can be defined as the wireless monitoring of patients either 

in-hospital or at home in addition to or as replacement of regular care and used to act 

upon by patient and/or healthcare professional.4 Nowadays, research into and application 

of telemonitoring primarily focuses on patients with chronic health impairments, such as 

chronic heart diseases. In this population, telemonitoring has been associated with reduction 

in hospital admissions and readmissions, and decreased mortality.5 However, telemonitoring 

is not widely used in clinical practice yet and the aforementioned expectations have not been 

supported by strong evidence in other patient groups.2

Patients undergoing major abdominal surgery are at high-risk of complications6-8 and are 

likely to benefit from telemonitoring, including continuous monitoring of vital signs for early 

detection of postoperative deterioration.9,10 It is hypothesized that telemonitoring may also 

play a role in reducing (unnecessary) hospital visits, increasing patient satisfaction and self-

management, and decreasing healthcare costs. To first gain insight into the evidence for 

effectiveness of perioperative telemonitoring on postoperative clinical outcomes, patient-

reported outcome measures (PROMs) and cost-effectiveness in patients undergoing major 

abdominal surgery, we performed an extensive literature search as described in Chapter 

1. After screening of 2958 titles and abstracts, only 10 papers were included that evaluated 

the use of wearable sensors, mobile applications and web- or e-mail-based programs in 

controlled trials. Although some of these studies showed that receiving telemonitoring was 

associated with shorter recovery time,11-13 lower pain intensity11-14 and improved quality of life11 

after surgery, the overall evidence was limited. Based on our findings, we suggested15 that 

the following three points are essential before evaluation of effectiveness of perioperative 

telemonitoring is meaningful: (1) high quality monitoring technology, (2) feasibility and usability 

assessment to ensure adoption of users, and (3) clear monitoring strategies of the technology 

in daily practice.

Regarding the first point, technology readiness is the most assessed factor of telemonitoring 

readiness for healthcare organizations of which the availability of needed hardware and 

software is an important aspect.16 At this moment, several types of wearable sensors are 

available with the potential to be used for patient monitoring.17,18 This market is subject to 

continuous change due to new technological developments like improved battery status, 

connectivity and algorithms to monitor a wide selection of relevant vital signs and physical 

activity parameters. However, the technology quality (i.e. validity and reliability) of such 
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wearable sensors is often not assessed outside a controlled environment, including during 

daily activities at home or in the concerned patient population.19,20 Clearly, information about 

the quality of monitoring technology is crucial for the use in clinical decision-making, since 

this could affect the interpretation of data.

Besides the quality of technology, evaluation of feasibility and usability is important to assure 

clinical purpose and adoption by patients and staff.21,22 Telemonitoring studies are prone to 

selection bias, in which participants are often higher educated11,12 and younger23 compared 

to nonparticipants. One study in older surgical patients (aged 65 years or older) reported 

that nonparticipants were also more often female, unmarried, living alone, and had a higher 

American Society of Anesthesiologists classification and more polypharmacy.23 In line with 

that, only 1 out of 10 included studies in Chapter 1 described a patient population with a mean 

age over 65 years in both groups. Older patients are known to have lower eHealth literacy 

and are less likely to have an email address or smartphone.25 Generalizability of perioperative 

telemonitoring services to all surgical patients can therefore be a challenge. Literature review 

and feasibility studies in this patient population are needed to expose facilitators and barriers 

to inform further trial design and to optimize the actual use of telemonitoring in a full range 

of surgical patients.

Furthermore, strategies are necessary for the application of telemonitoring services in 

clinical processes, such as determining optimal monitoring settings. As reported in Chapter 

1, telemonitoring studies in patients undergoing major abdominal surgery mainly address 

monitoring of vital signs and symptoms in the postoperative period. Meanwhile, preoperative 

individual baseline values by telemonitoring at home may assist in prehabilitation (preparing 

the patient for surgery) or postoperative monitoring of recovery. However, preoperative 

telemonitoring at home is not used in current clinical practice and is hardly described in 

literature. For the clinical application of preoperative telemonitoring, it is important to know 

when and how long patients should be monitored preoperatively to get reliable baseline 

values. Defining optimal monitoring strategies is also relevant for postoperative telemonitoring, 

for example to evaluate whether patients return to their own baseline or for detection of 

deterioration, although this was outside the scope of this thesis.

To address these steps needed towards (cost-)effectiveness of perioperative telemonitoring 

and its clinical application, the aim of this thesis was to evaluate the quality of monitoring 

technology, feasibility and monitoring strategies of perioperative telemonitoring.

THESIS OUTLINE 
This thesis is divided into three parts. Part I addresses the evaluation of the quality of monitoring 

technology by validation of available wearable sensors in both volunteers and patients. In 

Chapter 3, the data availability, accuracy and concurrent validity of vital signs measured 

by wearable sensors was evaluated in volunteers during daily life activities in a simulated 

living environment. Three types of recently available wearable sensors were used: arm-worn 

(Everion, Biovotion, now Biofourmis), chest-worn (VitalPatch, MediBioSense) and wrist-

worn (Fitbit Charge 3, Fitbit). Additionally, continuously measured vital signs of the Everion 

biosensor were compared to nurse measurements in patients at the surgical ward for validity 

and reliability in Chapter 4.

Part II addresses feasibility of perioperative telemonitoring in surgical patients. Chapter 5 

summarizes current literature on feasibility of telemonitoring services in older surgical patients. 

Subsequently, in an observational pilot study, patients were asked to wear a wearable sensor 

and answer questions about their wellbeing using a mobile app daily in the waiting period 

before major abdominal surgery until 30 postoperative days. Feasibility of and patient’s 

experiences with telemonitoring were evaluated both in-hospital and at home in Chapter 

6. Facilitators and barriers were addressed and recommendations were provided for future 

study designs on perioperative telemonitoring.

Part III focuses on the optimal monitoring strategies for clinical application of preoperative 

telemonitoring. Chapter 7 describes when and how long patients awaiting major open 

abdominal surgery should be monitored at home to get reliable individual baseline values 

for heart rate, step count and PROMs (e.g. pain, anxiety, fatigue, nausea). Chapter 8 provides 

a general discussion on the main findings of the studies presented in this thesis and future 

perspectives for clinical application of perioperative telemonitoring.
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