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ABSTRACT
Introduction The postoperative period represents a
time where patients are at a high-risk of morbidity, which
warrants effective surveillance. While digital health
interventions (DHIs) for postoperative monitoring are
promising, a coordinated, standardized and evidence-
based approach regarding their implementation and
evaluation is currently lacking. This study aimed to identify
DHIs implemented and evaluated in postoperative care
to highlight research gaps and assess the readiness for
routine implementation.
Methods A systematic review will be conducted in
accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines to identify studies
describing the implementation and evaluation of DHIs
for postoperative monitoring published since 2000
(PROSPERO ID: CRD42021264289). This will encompass
the Embase, Cumulative Index to Nursing and Allied
Health Literature, Cochrane Library, Web of Science
and ClinicalTrials.gov databases, and manual search of
bibliographies for relevant studies and gray literature.
Methodological reporting quality will be evaluated using
the Idea, Development, Exploration, Assessment and Long-
term Follow-up (IDEAL) reporting guideline relevant to the
IDEAL stage of the study, and risk of bias will be assessed
using the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) framework. Data
will be extracted according to the WHO framework for
monitoring and evaluating DHIs, and a narrative synthesis
will be performed.
Discussion This review will assess the readiness
for implementation of DHIs for routine postoperative
monitoring and will include studies describing best
practice from service changes already being piloted out
of necessity during the COVID-19 pandemic. This will
identify interventions with sufficient evidence to progress
to the next IDEAL stage, and promote standardized and
comprehensive evaluation of future implementational
studies.

INTRODUCTION
As the capability and accessibility of mobile
and wireless technologies continue to advance
globally, digital health interventions (DHIs)
to support delivery of healthcare have been

widely regarded as essential for addressing
current and future healthcare needs in both
high-income countries and low-income and
middle-income countries.1
The monitoring of patients after surgery
represents a promising target for these interventions, representing a limited period of
high morbidity which warrants increased
attention.2 While Enhanced Recovery After
Surgery programs have been effective at
improving postoperative recovery (including
reducing inpatient stay and complication
rates), concerns remain on how to effectively
identify and respond to potential complications in the community setting.3 The significant growth in internet access and digital
literacy worldwide has enhanced the viability
of DHIs for postoperative monitoring.1 4
However, there is a lack of coordinated, standardized and evidence-
based approaches
regarding development and evaluation of
DHIs.5 These are common issues observed
across many healthcare disciplines when
developing complex health interventions.6
The Idea, Development, Exploration, Assessment and Long-
term Follow-
up (IDEAL)
framework was established to address poor
study design, inadequate reporting and
research waste in clinical studies of surgical
interventions at all stages of the innovation
life cycle.7
Prior to the pandemic, there was widespread acknowledgement that the potential
of DHIs had yet to be realized in healthcare.1
However, since the onset of the COVID-19
pandemic, the routine use of telemedicine
has become a necessary and accepted practice across many healthcare settings.8 9 This
has accelerated what may have otherwise
taken decades of integrating telehealth into
routine surgical practice and will likely form
an important ongoing aspect of care even
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METHODS
The study protocol has been preregistered at the PROSPERO registry (CRD42021264289), and has been written
according to the Preferred Reporting Items for Systematic Review and Meta-
Analysis Protocols guidelines.11
Any deviations from this proposed methodology will be
outlined and justified in the methodology of the resultant
publication.
Information sources and search strategy
A systematic literature search will be performed of
key medical databases (Embase, Cumulative Index to
Nursing and Allied Health Literature, Cochrane Library,
Web of Science and Google Scholar) in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The search strategy was developed to identify all studies describing the implementation and evaluation of DHIs for postoperative monitoring
(online supplemental file 1). This will be further supplemented through manual search of the bibliographies of
relevant studies, gray literature and an international clinical trials register (ClinicalTrials.gov). The searches will
be limited to publications in the English language due
to practical restraints, and restricted to the year 2000
onwards to ensure relevance to current surgical practice
and as previous systematic reviews in this sphere have not
identified any relevant studies prior to 2000.12–17
Eligibility criteria
The results of these searches, which will be uploaded onto
the Covidence online systematic review tool,18 will facilitate efficient collaboration and will be screened for relevance against the eligibility criteria. Studies will be eligible
for inclusion if they describe a primary study involving
patients undergoing surgery (any procedure requiring a
skin incision) and the use of a DHI for monitoring postoperative outcomes. DHIs are defined as interventions
involving ‘the use of mobile and wireless technologies
for health to improve health system efficiency and health
outcomes’,19 and could be either the primary intervention or a component of an intervention. For example,
these studies may range from those which use wearable
technology to monitor postoperative physical activity or
physiological signs, use smartphone cameras to allow
remote review of surgical wounds or an online form to
track patient quality of life postoperatively.
Studies excluded from the review will be (1) patients
not undergoing surgery; (2) all reviews, commentaries/
2

editorials, letters and conference abstracts; (3) all studies
describing only the design requirements or protocol of a
DHI; (4) interventions solely targeted at the anesthetic
recovery period or DHIs which are already in routine use
in healthcare (eg, continuous physiological monitoring
in critical care); (5) all studies not meeting digital health
criteria: (i) telehealth with stationary devices (eg, desktop
videophone, desktop computer, videoconferencing
equipment) unless the use of mobile devices or sensors
are reported; (ii) telehealth which is web-based only; (iii)
devices which are implanted; (iv) devices or interventions
which are therapeutic; (v) devices for clinical diagnosis
(eg, ECG) that did not report on a health outcome.
Selection and data extraction
Following the removal of duplicate publications, initial
screening of studies will be performed based on titles
and abstracts by two independent investigators. In the
event of disagreement between the two initial reviewers,
studies will be evaluated by a third reviewer to establish
a consensus. The same process will be adopted for full-
paper screening.
Once the studies for inclusion have been determined,
data will be extracted from each across four domains using
a standardized data extraction instrument: (1) metadata
and context of the study (article title, authors, publication
year, journal, country and healthcare setting); (2) characteristics of the DHI (type of intervention; technology,
infrastructure and platform used; duration of intervention; clinical outcome(s) assessed); (3) methodology of
evaluation (study design, sampling methods, eligibility
criteria and patient population (eg, age, sex, operation
type and surgical specialty)); and (4) results of the evaluation in regard to the WHO evaluation framework for
monitoring and evaluating DHIs20 (eg, functionality and
feasibility; usability (the quality of the interaction between
the user and the technology); process improvement
(how the technology improves service delivery at patient,
provider and health-system levels); clinical efficacy; and
other measures of evaluation reported). Data extraction
will be performed independently by each reviewer (with
checked by a third reviewer)
random selection cross-
and will be stored on a secure Research Electronic Data
Capture server.21
Furthermore, studies that do not already report their
stage under the IDEAL framework for surgical innovation7 will be retrospectively assigned a stage based on the
methodology reported (table 1).
Quality assessment
The quality of reporting for included studies will be
performed using the IDEAL collaboration guideline relevant for the IDEAL classification assigned to the study.22
Each component will be categorized as either being fully
addressed, partially addressed, not addressed or not
applicable. The Grading of Recommendations, Assessment, Development and Evaluations (GRADE) approach
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after restrictions lift.8 These complex interventions
require not just evidence of effectiveness, efficacy and
safety but also a clear understanding of how they might
be best integrated into routine clinical practice.6 10 Therefore, this systematic review aimed to determine DHIs that
have been developed and evaluated in postoperative care
to date and so identify research gaps and/or readiness for
routine implementation.

Open access

IDEAL stage

Identifying study characteristics

1 (Idea)
2 a (Development)

Case report.
Single-center/single intervention; case
series/ prospective cohort.

2b (Exploration)

Prospective multicenter exploration
cohort study or pilot/feasibility
multicenter RCTs.

3 (Assessment)

Full-scale RCT which involves a
comparison to routine clinical practice.
Long-term evaluation of the
implementation within routine clinical
practice using registries or databases.

4 (Long-term)

IDEAL, Idea, Development, Exploration, Assessment and Long-
term fFollow-up; RCT, randomized controlled trial .

will be used to assess for bias across all studies, if a sufficient number are included.
Data synthesis
Narrative (descriptive) synthesis of results will be
performed, with the data extracted to be summarized
using the appropriate descriptive statistics: frequencies
and percentages for dichotomous variables, and mean
(SD) or median (IQR) for continuous variables. Furthermore, the DHIs will be classified into subgroups based on
the outcome under investigation: (1) general postoperative recovery and/or rehabilitation, (2) surgical wound
care and (3) other specified postoperative complications.
The results of the evaluation of each intervention will be
explored within these subgroups. Further subgroup analysis by country income level (high income vs low income
and middle income) are also planned, if a sufficient
number are included in each group.
DISCUSSION
Digital postoperative monitoring poses an immense
opportunity to understand and improve postoperative
community care and reduce the burden of disease for both
patients and healthcare services. However, these benefits
have yet to be realized and still face major challenges in
how these can be effectively and safely implemented in
routine clinical practice. In addition to demonstrating the
clinical efficacy and safety of these interventions, there
must be consideration of how to ensure appropriate stewardship of data collected,23 how to ensure accessibility
and acceptability across all stakeholders,24 and how health
systems may be required to be restructured to deliver and
benefit from these interventions.25
To our knowledge, this is the first systematic review to
examine the implementation and evaluation of all DHIs
for postoperative monitoring, and to apply the IDEAL
reporting guidelines to assess the literature.22 This
contrasts to similar previous reviews which have typically

focused on a specific type of intervention (whether
smartphone12–15 or telemetry17) or only the clinical efficacy rather than the implementation of these interventions.12–16 Furthermore, this review represents a novel
application of the IDEAL framework to examine DHIs for
postoperative monitoring. This is a rapidly evolving field,
with progress of implementation within routine practice accelerated by the COVID-19 pandemic.8 9 Therefore, this review will provide a timely assessment of the
current evidence base and readiness for implementation
for DHIs, including studies describing best practice from
service changes already being piloted out of necessity
during the ongoing COVID-19 pandemic.26 This review
will support ongoing efforts to minimize research wastage
by identifying interventions with sufficient evidence to
progress to the next IDEAL stage, and to promote standardized and comprehensive evaluation of future implementational studies.
There are also several key challenges anticipated. First,
while there may be common outcomes for postoperative
monitoring of DHIs, there is expected to be significant
heterogeneity in the literature in terms of the interventions developed, and the quality of studies and their
reporting in publications. Therefore, this may limit definitive conclusions if results present a high risk of bias or
are not applicable outside their local context, limiting
the wider clinical relevance. Second, there is currently no
‘gold-standard’ framework to evaluate the implementation of DHIs,27 likely leading to heterogenous measures
reported. In order to facilitate meaningful comparison
between studies, the WHO evaluation framework for
monitoring and evaluating DHIs20 has been used as the
basis for this review due to its applicability across different
income settings and healthcare contexts. This provides
several recommended domains and indicators for which
to evaluate DHIs against: functionality and feasibility
of the technology itself within the healthcare context;
usability by patients and healthcare staff; and evidence
of improvement to service delivery for either patients,
healthcare staff or systems (whether with regard to the
healthcare outcomes, or the quality, efficiency, use or
overall cost of healthcare). This will allow identification
of areas currently overlooked in the literature with regard
to the evaluation of digital postoperative monitoring.
Finally, it must be acknowledged that published evidence
may not represent the breadth of implementation of
DHIs performed, leading to publication bias favoring
successful interventions or those performed at academic
and/or highly resourced centers.
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Table 1 Criteria used to assess study design according to
the IDEAL framework7

Open access

Competing interests Ewen Harrison is an Associate Editor for BMJ SIT.
Patient consent for publication Not applicable.
Ethics approval This study does not involve human participants.
Provenance and peer review Not commissioned; externally peer reviewed.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.
ORCID iD
Kenneth A McLean http://orcid.org/0000-0001-6482-9086

REFERENCES

1 World Health Organization (WHO). Telemedicine: opportunities and
developments in member states: report on the second global survey
on eHealth. Geneva: World Health Organization, 2010.
2 Tevis SE, Kennedy GD. Postoperative complications and implications
on patient-centered outcomes. J Surg Res 2013;181:106–13.
3 Kehlet H. Enhanced postoperative recovery: good from afar, but far
from good? Anaesthesia 2020;75 Suppl 1:e54–61.
4 Michard F, Sessler DI. Ward monitoring 3.0. Br J Anaesth
2018;121:999–1001.
5 Labrique A, Agarwal S, Tamrat T, et al. Who digital health guidelines:
a milestone for global health. NPJ Digit Med 2020;3:120.
6 O'Cathain A, Croot L, Duncan E, et al. Guidance on how to develop
complex interventions to improve health and healthcare. BMJ Open
2019;9:e029954.
7 Hirst A, Philippou Y, Blazeby J, et al. No surgical innovation without
evaluation: evolution and further development of the ideal framework
and recommendations. Ann Surg 2019;269:211–20.
8 Sorensen MJ, Bessen S, Danford J, et al. Telemedicine for Surgical
Consultations - Pandemic Response or Here to Stay?: A Report of
Public Perceptions. Ann Surg 2020;272:e174–80.
9 Webster P. Virtual health care in the era of COVID-19. The Lancet
2020;395:1180–1.
10 Murray E, Hekler EB, Andersson G, et al. Evaluating digital health
interventions: key questions and approaches. Am J Prev Med
2016;51:843–51.
11 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

4

12 Baniasadi T, Ghazisaeedi M, Hassaniazad M, et al. Surgical patients
follow-up by smartphone-based applications: a systematic literature
review. Stud Health Technol Inform 2020;271:85–92.
13 Nguyen N, Leveille E, Guadagno E, et al. Use of mobile health
technologies for postoperative care in paediatric surgery: a
systematic review. J Telemed Telecare 2020;1:x20934682.
14 De La Cruz Monroy MFI, Mosahebi A. The use of smartphone
applications (Apps) for enhancing communication with surgical
patients: a systematic review of the literature. Surg Innov
2019;26:244–59.
15 Sandberg CEJ, Knight SR, Qureshi AU, et al. Using telemedicine
to diagnose surgical site infections in low- and middle-
income countries: systematic review. JMIR Mhealth Uhealth
2019;7:e13309.
16 van der Meij E, Anema JR, Otten RHJ, et al. The effect of
perioperative e-health interventions on the postoperative course: a
systematic review of randomised and non-randomised controlled
trials. PLoS One 2016;11:e0158612.
17 Iqbal FM, Lam K, Joshi M, et al. Clinical outcomes of digital sensor
alerting systems in remote monitoring: a systematic review and
meta-analysis. NPJ Digit Med 2021;4:7.
18 Cochrane Community. Covidence, 2021. Available: https://
community.cochrane.org/help/tools-and-software/covidence
19 Agarwal S, LeFevre AE, Lee J, et al. Guidelines for reporting of
health interventions using mobile phones: mobile health (mHealth)
evidence reporting and assessment (mERA) checklist. BMJ
2016;352:i1174.
20 World Health Organization (WHO). Monitoring and evaluating digital
health interventions: a practical guide to conducting research and
assessment. Geneva, Switzerland: WHO, 2016.
21 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377–81.
22 Bilbro NA, Hirst A, Paez A, et al. The ideal reporting guidelines:
a Delphi consensus statement stage specific recommendations
for reporting the evaluation of surgical innovation. Ann Surg
2021;273:82–5.
23 Tiffin N, George A, LeFevre AE. How to use relevant data for maximal
benefit with minimal risk: digital health data governance to protect
vulnerable populations in low-income and middle-income countries.
BMJ Glob Health 2019;4:e001395.
24 Perski O, Short CE. Acceptability of digital health interventions:
embracing the complexity. Transl Behav Med 2021;11:1473–80.
25 Alami H, Gagnon M-P, Fortin J-P. Digital health and the challenge of
health systems transformation. Mhealth 2017;3:31.
26 Latifi R, Doarn CR. Perspective on COVID-19: finally, telemedicine at
center stage. Telemed J E Health 2020;26:1106–9.
27 Soobiah C, Cooper M, Kishimoto V, et al. Identifying optimal
frameworks to implement or evaluate digital health interventions: a
scoping review protocol. BMJ Open 2020;10:e037643.

McLean KA, et al. BMJ Surg Interv Health Technologies 2022;4:e000104. doi:10.1136/bmjsit-2021-000104

BMJ Surg Interv Health Technologies: first published as 10.1136/bmjsit-2021-000104 on 4 March 2022. Downloaded from http://sit.bmj.com/ on June 27, 2022 by guest. Protected by
copyright.

Disclaimer The funders had no role in study design, data collection, analysis and
interpretation, or writing of this report.

