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Abstract
Background: mHealth, the practice of medicine aided by mobile devices is a growing market. Although the offer on
Anesthesia applications (Apps) is quite proli�c, representative formal assessments on the views of anesthesia
practitioners on its use and potential place in daily practice is lacking. This survey aimed thus to cross-assess the
Belgian anesthesia population on the use of smartphone Apps and peripherals.

Methods: The survey was exclusively distributed as an online anonymous questionnaire. Sharing took place via
hyperlink forwarding by the Belgian Society for Anesthesia and Reanimation (BSAR) and by the Belgian Association for
Regional Anesthesia (BARA) to all registered members. The �rst answer took place on 5 September 2018, the last on 22
January 2019.

Results: 349 answers were obtained (26.9% corresponding to trainees, 73.1% to specialists). Anesthesiologists were
positively con�dent that Apps and peripherals could help improve anesthesia care (57.0% and 47.9%, respectively, scored
4 or 5, in a scale from 0 - 5). Trainees were signi�cantly more con�dent than specialists on both mobile Apps (71.2% and
51.8%, respectively; p = 0.001) and peripherals (77.7% and 45.1%, respectively; p = 0.09).

The usefulness of Apps and Peripherals was rated 1 or below (on a 0 to 5 scale), respectively, by 9.5% and 14.6% of the
total surveyed population, being specialists proportionally less con�dent in Smartphone peripherals than trainees (p =
0.008). Mobile apps are actively used by a signi�cantly higher proportional number of trainees (67.0% vs. 37.3%,
respectively; p = 0.000001).

The preferred category of mobile Apps was dose-calculating applications (39.15%), followed by digital books (21.1%)
and Apps for active perioperative monitoring (20.0%).

Conclusions: Belgian Anesthesia practitioners show a global positive attitude towards smartphone Apps and Peripherals,
with trainees trending to be more con�dent than specialists.

Background
Smartphones are a ubiquitous phenomenon. The massive production of these multisensory devices has reduced their
overall cost and increased their societal penetrance. Their high processing capacity entails a rather useful leverage for
healthcare in general, a sector where data is abundant and its processing relevant for clinical decision-making [1,2].
These advantageous features have been quickly assimilated by anesthesiologists, and dedicated anesthesia
applications for various perioperative purposes have been continuously sprouting [3]. Medical device manufacturers
have been similarly leveraging on this versatility in order to commercialize smartphone plug-in devices (also known as
smartphone peripherals) that can be used for diagnostic purposes. These include, among others, echography probes
(Butter�yTM, ClariusTM, Philips LumifyTM), video laryngoscopes (AirtraqTM Phone adapter) and stetoscopes (StethIOTM).

Commonly referred to as “mHealth” (abbreviation for Mobile Health), the practice of medicine aided by mobile devices is
a growing market. In the United States of America (USA), this sector has been estimated to be worth more than 28 billion
dollars in 2018, and predicted to surpass the 100 billion dollar barrier by 2023 [4]. Despite its exponential growth,
regulation has been lagging behind and Food and Drug Administration (FDA) data shows that from a pool of more than
150,000 mobile applications (Apps) within the Health/Wellness category, only around 200 (0.1%) had been submitted to
standardized governmental validation procedures [5].

Despite the high mobile applications output, formal surveying of the views of anesthesia providers on these applications
is scarce [3,5]. Green et al have conducted one of the most complete, although non-representative, studies on the pattern
of utilization of smartphone applications by anesthesiologists in the USA [3].
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The aim of the present survey was to speci�cally cross-assess the Belgian anesthesia population on this same subject,
as well as to discuss the results with respect of the current legal European framework around mHealth.

Methods
The present study was approved by Ethical Committee of the Universitair Ziekenhuis Brussel, Belgium (Reference
2018/435, B.U.N. 143201837927), and registered at the ClinicalTrials.gov database (Identi�er: NCT03750084). The
targeted survey population referred to active (practising) Belgian anesthesiologists (both trainees and specialists), and
the a priori established aim was the assessment of  the con�dence level of this population on both smartphone
applications and dedicated smartphone peripherals within daily anesthesia practice. Future development
expectations/desires were also to be assessed. Assessment of user experience was not within the scope of the present
study.

The survey was not piloted and was exclusively distributed as an online anonymous questionnaire (GoogleTM Forms
platform) for traceability purposes. Sharing took place via hyperlink distribution by the Belgian Society for Anaesthesia
and Reanimation (BSAR) and by the Belgian Association for Regional Anaesthesia (BARA) to all registered members.
The �rst answer took place on 5 September 2018, the last on 22 January 2019.

The original survey can be consulted at: https://goo.gl/forms/7job24qgFOPXpUD12

It was divided in two main sections: one pertaining to Smartphone Applications themselves, another to Smartphone
Peripherals. Each section was identically subdivided and sequentially evaluated the following topics:

Con�dence that Smartphone applications / peripherals can help improve Anesthesia care and why.

Phase of perioperative care in which Smartphone applications / peripherals are most useful.

Which sort of Smartphone applications appeal the user the most.

Which Smartphone applications / peripherals the user employs in his/her daily practice.

What are the user’s wishes on the development of future Smartphone applications / peripherals.

The survey has been structured based on the Technology Acceptance Model (TAM), an information systems theory that
describes how users come to accept and use new technologies [6,7]. The model suggests that when users are presented
with a new technology, two primary factors in�uence their decision about how and when they will use it: (1) Perceived
ease of use, which is determined by the degree to which a person believes that using a particular technique would be free
of effort; and (2) Perceived usefulness, referring to the degree in which a person believes that a technique will be
effective in achieving the intended modelling objective. The aforementioned model and associated measures were
concordantly translated into the current survey to assess how respondents perceived the acceptance of mobile
applications and peripherals within anesthesia. More speci�cally, participants had to answer several questions – using
multiple-item scales with a Likert structure – which measured both the perceived usefulness and perceived ease of use.
The reliability and validity of these type assessments has been assessed in several similar research efforts [8-11].

Questions were in their majority presented to the surveyees with a categorical structure. Dichotomous, nominal and
contingency questions were used to categorize individuals as well as the contextual use of Apps and Peripherals.
Con�dence levels were assessed by a Likert-type scale with balanced keying in order to allow for discrete quantitative
comparisons. A score of 3 was considered the positivism transition point (considered to “Improve Anesthesia Care”), and
a score of 4 or 5 was considered as positively trending con�dence. Optional open text questions were used for detailing
the reasons for the selected subjective con�dence level.

https://goo.gl/forms/7job24qgFOPXpUD12
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Data reporting for the total population and for each subgroup (consultants/trainees) was descriptive in nature and
precision reported with 95% Con�dence Intervals [95%CI]. The inter-group con�dence level comparisons based on the
multi-point (ordinal) rating scales levels were carried out by means of binary reconversion of the Likert scale into two
mutually exclusive intervals (one encompassing the ratings 0 to 3, and the second 4 to 5), and by sequential non-
parametric analysis by means of Chi-square testing with a signi�cance cut-off of 0.05. Identical methodology was used
for the analysis of inter-group differences in terms of active use of Apps or Peripherals to aid Anesthesia care.

Results
A total of 349 answers were obtained. Ninety-four (26.9%) responses were of Belgian Anesthesia trainees, 255 (73.1%)
from Belgian Anesthesia consultants. A majority of the answering specialists (21.7%) had no dedicated subspecialty
activities or were all-round specialists (Fig. 1). Anesthesiologists with an orthopedic anesthesia subspecialty accounted
for 17.6% of the total, followed by cardio-thoracic anesthesiologists (14.3%), Pediatric Anesthesiologists (13.4%), Pain
Clinic specialists (12.8%), Neuro-anesthesiologists (6.5%) and Intensive care specialists (6.0%). The remainder
subspecialties were underrepresented (less than 1.8%).

When asked on how con�dent they were that Smartphone Applications (Apps) or Smartphone Peripherals (Peripherals)
could improve anesthesia care, a majority of the Belgian anesthesiologists were positively con�dent (score of 4 or 5, on a
0 to 5 categorical scale) that these could indeed help improve anesthesia care (57.0% [95%CI: 51.8 - 62.2%] and 47.9%
[95%CI: 42.7 – 53.1%], respectively, scored 4 or 5) (Fig. 2). When subanalyzing the data per experience group, anesthesia
trainees demonstrated a signi�cantly higher degree of optimism (score of 4 or 5, out of 5) on Mobile Apps compared to
consultants (71.3% [95%CI: 62.1 – 80.4%] and 51.8% [95%CI: 45.6 57.9%], respectively) (X2 [1, N = 349] = 10.6696, p =
0.001) (Fig. 3). This positivity trend was maintained for Smartphone peripherals (77.7% [95%CI: 69.3 – 86.1%] and 45.1%
[95%CI: 39.0 – 51.2%], respectively), although no statistical signi�cance was retained (X2 [1, N = 349] = 2.8754, p =
0.090) (Fig. 4).

Nine and a half percent [95%CI: 6.4 – 12.6%] of the surveyees (consultants and trainees combined) rated Apps’
usefulness in Anesthesia as 1 or below (on a 0 to 5 scale), and 14.6% [95%CI: 10.9 – 18.3%] gave the same rating when
asked about Peripherals. Inter-group analysis for this rating showed no statistical signi�cance between trainees and
consultants for Apps (X2 [1, N = 349] = 2.5711, p = 0.108833). On the other hand, smartphone peripherals were
signi�cantly more negatively rated by consultants than by trainees (X2 [1, N = 349] = 6.9839, p = 0.008225).

From all the responders, 45.3% [95%CI: 40.0 - 50.5%] actively used Apps to aid their anesthesia practice, compared to
only 3.2% [95%CI: 1.3 – 5.0%] that use Peripherals in their daily anesthesia practice. Again, subanalysis of the answers
per training group showed that trainees actively use mobile apps in a signi�cantly higher proportion when compared to
consultants (67.0% [95%CI: 57.5 – 76.5%] and 37.3% [95%CI: 31.3 – 43.2%], respectively) (X2 [1, N = 349] = 24.5615, p =
0.000001) (Table 1). No statistically signi�cant inter-group difference was found in terms of active peripherals use) (X2

[1, N = 349] = 0.4421, p = 0.506108) (Table 1).

When questioned on which App category was more appealing, 39.15% [95%CI: 34.0 – 44.3] of total responders gave
preference to dose-calculating applications (dynamic [TCI modelling] and static [�xed dose calculation] apps). The next
bigger App preference were Digital Books (21.12% [95%CI: 16.8 – 25.4%]), followed by Applications used for
perioperative monitoring (20.0% [95%CI: 15.8 – 24.2%]) and interactive anatomy models (12.39% [95%CI: 8.9 – 15.8%])
(Fig. 5).

Concerning the perioperative care phase in which Applications or Peripherals could be more useful, 71.1% [95%CI: 66.3 –
75.9%] and 57.0% [95%CI: 51.8 – 62.2%], respectively, considered them to have a potential use in all phases of the
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perioperative care (Fig. 6 and 7).

The categories in which anesthesiologists would like to see development of smartphone peripheral devices are illustrated
in Fig. 8.

Discussion
In general, these survey results agree with the �ndings of Green et al on the American anesthesiologists population,
where apps enjoy a signi�cant degree of con�dence and are believed to have a potential use on all phases of
perioperative care [3]. Peripherals also enjoy a high con�dence on potential use, rating 47.9% [95%CI: 42.7 – 53.1%] of
the responders their con�dence as 80% or higher that these can be useful in Anesthesia care. Nine and a half percent
[95%CI: 6.4 – 12.6%] of the surveyees rated Apps’ usefulness in anesthesia as 1 or bellow (on a 0 to 5 scale), and 14.6%
[95%CI: 10.9 – 18.3%] gave the same rating when asked about Peripherals. Thus, Apps enjoy both a greater degree of
optimisms as well as a lower degree of disbelief in comparison to Peripherals. The reasons for this discrepancy were not
evaluated by this questionnaire, but one can speculate that the underdeveloped regulated market of smartphone
peripherals for diagnostic aid is still not �rmly established within today´s anesthesia practice. Although the major players
have already created a dedicated peripherals market branch (f.e., the Philips Lumify  portable echography series),
convincing of practitioners on their usefulness is still needed. Curiously, when asked on which peripherals they wanted to
see developed, 61.7% of the anesthesiologists answered “Echography”. This is nonetheless one of the more exploited
areas in terms of Anesthesia smartphone peripherals, and has been explored both by the major players in the medical
device industry (PhilipsTM, AirtraqTM), as well as by less known and upcoming competitors (ClariusTM, Butter�yTM). From
the total of 66 individuals providing a written rationale for their con�dence levels on mobile peripheral devices, 6 (9.1%)
suggested that although they did know of the existence of such products, they still found them economically
inaccessible. Other, however, suggested they had no knowledge of such devices. Another possible reason that might
contribute to the greater disbelief possibly relates to the medical use of an originally partially non-medical device.
Although it seems logical that controlled CE-labelling (Conformité Européenne) of smartphone peripherals for medical
use might help overcome this phenomenon, a subjective factor cannot be underestimated. Just like heavy, well designed
and good �tting over-head headphones feel subconsciously better than in-ear equivalents, traditional anesthesia
monitors might still convey more con�dence [12]. 

Another curious pattern observed on the surveyees’ answers was the fact that although 57.0% [95%CI: 51.8 - 62.2%]
considered Apps useful (classi�cation of 4 or 5 out of 5), only 45.3% [95%CI: 40.0 - 50.5%] reported actually using them
in their daily practice. The gap was proportionally bigger when analysing smartphone peripherals (47.9% [95%CI: 42.7 –
53.1%], and 3.2% [95%CI: 1.3 - 5.0%], respectively), although the latter easier to justify in light of the underdeveloped
smartphone peripherals market. This Smartphone “Con�dence - Active use” gap might be explained by a yet unripe and
uniformized anesthesia app market. A perceptive phenomenon of unrealistic and consequently unful�lled expectations
by users must also be considered as possible, although formal prospective user experience assessments are needed for
this purpose.

In line with the study of Green et al, dosage apps were chosen by the majority as the most useful [3]. Digital books and
perioperative apps followed. Such choice pattern is not counter-intuitive considering the still limited interactivity between
handheld devices and anesthesia monitoring devices, although such justi�cation is purely speculative as formal
assessments to this point are lacking. The increasing focus on portability and cross-connectivity might lead to a pattern
change, and future studies would be useful to analyse a trend shift.

The observed positive disposition towards mHealth usage as well as its focus on mobile apps is apparent on indexed
literature analysis. In fact, notwithstanding a possible positive publication bias, the publication of mHealth applications
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within all domains of healthcare has been steadily increasing [13]. Curiously, and notwithstanding the fact that
representative reports on global mHealth usage patterns are lacking, analysis of an individual application´s trends have
shown a higher penetration of these low cost aids in low income countries [14].

Within the anesthesia domain, developed applications range from crisis management support apps, to post-operative
pain assessment, but also to non-medical topics such as logistic optimisation of Operation room supplies [15-17]. Most
of these reports are descriptive and lack usability testing to allow a direct comparison to the present study´s results.

As opposed to the study of Green et al, our group found signi�cant differences between anesthesia trainees and
specialists. Although there was a global positivity trend towards mobile apps in both groups, training anesthesiologists
displayed a signi�cantly higher con�dence on mobile apps than consultants (71.3% vs 51.8%, respectively, p = 0.001).
This positivity trend was similarly true for smartphone peripherals (45.1% vs 77.7%, respectively), although this
difference didn’t retain statistical signi�cant on further difference testing (p = 0.09). Besides the evident cultural and
contextual medical practice differences between the sampled subjects (American vs. European), the collected data on
both studies is insu�cient to put forward a phenomenological explanation.

According to data from the Belgian National Institute for Health and Disability Insurance (RIZIV / INAMI), in the beginning
of 2016, Belgium had 2441 active anesthesia specialists (certi�ed specialists and trainees) [18]. This sets this survey´s
cross-sectional percentage at 14.2% of the total active Belgian anesthesiologists, 13.2% of the certi�ed Belgian
anesthesiologists, and 17.5% of the Belgian anesthesiology trainees. Concerning the accredited specialists (diploma-
holding), it is however not known if all of them are dedicated in exclusivity to anesthesia-related �elds such as Intensive
care, Emergency or Chronic Pain. It is thus possible that the representability percentage of this survey is different than
calculated, although practically very di�cult to con�rm.

These de�nitely promising technologies are increasingly being introduced in our daily practice and play an important
facilitating role. However, one must not forget that these freely available tools are not always subject to formal approval
procedures that scienti�cally validate their clinical use. Most of these are part of the off-label/”use at own risk” category
(commonly referred to as “Grey Area Apps”) - applications freely available without formal evaluation of their function for
their stated (medical) use [8]. Taking this into mind, the European Union (EU) has created between 2016 and 2017 a
workgroup for the development of mHealth assessment guidelines [19]. However, the group was not able to endorse
concrete guidelines by failure to reach a minimal intra-group consensus [20]. As of this moment, Grey Area Apps remain
unregulated. There is, however, a non-binding “privacy code of conduct on mobile health apps” that outlines the core
values that should guide mobile health application development [21]. It provides a theoretical competitive advantage
against non-conform Applications and speeds up an eventual CE-label request. As for applications aiming for a formal
regulated national market entry, compliance with the EU regulation 2017/745 (from 5 April 2017) is mandatory. Together
with the EU norm 2017/746, they regulate the European market of medical devices since May 2017. European Union
state members fall, thus, under these norms.

It is self-evident that mobile Applications and Peripherals are quickly permeating all phases of Healthcare, with the right
steps are being taken for their scienti�c, national and intracontinental integration [22-33]. Peripherals still lag behind
mobile applications although they constitute an economically and clinically important area. Care must still be taken
considering the majority of available Apps fall within the unregulated category of “Grey Area Apps”. Last, but not least,
care must also be taken to avoid over-reliability/dependency on Apps, with the consequent side-tracking of basic clinical
skills. Notwithstanding this warning note, the education potential of apps as supplement to classical learning techniques
is increasingly being explored with some educational centers incorporating such solutions within anesthesia training
programmes [34]. The development of application should ideally use a user-centered design for and optimal and
successful adoption [15].
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The present study is limited in the fact that it doesn’t directly address user experience. Initially designed primarily to
address the acceptance of Apps and Peripherals, user experience and expectations were left out in the need for a
compromise between brevity and completeness. A mixed-method experience analysis would be a relevant top-up survey
that would allow this quanti�cation as well as to potentially guide App and Peripheral development based on end user
experience and expectations. Secondly, the survey is further limited in the fact that the transversal population
assessment was estimated at 14.3% (349 out of 2441 active anesthesia specialists), raising the obvious concern of non-
responder bias. Finally, the fact that digital books have been considered Apps might constitute a classi�cation bias
depending on surveyee interpretation. In fact, digital books might also come in non-app form (for example as *.pdf or
*.chm format), which could potentially affect the perception of the respondents.

Conclusions
Belgian Anesthesia practitioners show a positive attitude towards smartphone-based solutions within Anesthesia care,
mirroring international reported trends within other medical sectors. There is evidence of an international recognition of
the potential of these technologies within the healthcare domain, with consequently rising regulatory efforts from
medical societies and national legislative bodies.

Declarations
1. Ethics approval and consent to participate

The present study was approved by Ethical Committee of the Universitair Ziekenhuis Brussel, Belgium (Reference
2018/435, B.U.N. 143201837927). Written informed consent was obtained from all survey participants.

2. Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.

3. Competing Interests

The authors declare that they have no competing interests.

4. Funding

No external funding was obtained for the present study. Internal (within-hospital) support has been received from the
Willy Gepts scienti�c fund.

5. Author’s contributions

HNC and MV contributed to the design and the methods, HNC and MV acquired the data, HNC and MV analysed the data
and are responsible for the integrity of the data and the analyses, all the authors contributed to the interpretation, HNC
and MV redacted the �rst draft, reviewed and modi�ed by PF and JP. All the authors approved the �nal version.

�. Acknowledgements

We would like to thank the study nurses (Veerle Van Mossevelde, Dirk De Clippeleir, and Annelies de Cock) for their
unconditional support throughout the study.

Abbreviations



Page 8/14

Apps – Mobile Applications

BARA - Belgian Association for Regional Anesthesia

BSAR - Belgian Society for Anesthesia and Reanimation

CE - Conformité Européenne

RIZIV/INAMI - Belgian National Institute for Health and Disability Insurance

EU – European Union

FDA – Food and Drug Administration

mHealth – Mobile Health

TAM - Technology Acceptance Model

USA – United States of America

VUB - Vrije Universiteit Brussel

References
1 - Boulos M, Wheeler S, Tavares C, Jones R. How smartphones are changing the face of mobile and participatory
healthcare: an overview, with example from eCAALYX. Biomed Eng Online 2011;10(1):24. DOI: 10.1186/1475-925X-10-24.

2 - American Medical Association. Physician smartphone popularity shifts health IT focus to mobile use. In: American
Medical News. 2010. http://www.amednews.com/article/20100823/business/308239976/1/ . Assessed 18 Dec 2019

3 - Green MS, Mathew JJ, Gundigi A, Green P, Tariq R. Utilization of Smartphone Applications by Anesthesia Providers.
Anesthesiol Res Pract 2018; 2018:8694357. DOI:10.1155/2018/8694357.

4 - Laura Wood. Mobile health (mHealth) app market industry trends, opportunities and forecasts to 2023—Research and
markets. In: Business Wire. 2017. https://www.businesswire.com/news/home/20171215005299/en/Mobile-Health-
mHealth-App-Market-Industry-Trends . Assessed 30 Nov 2018

5- U.S. Food and Drug Administration. Mobile medical applications. Guidance for industry and food and drug
administration staff. 2015.
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM263366.pdf
. Assessed 22 Feb 2019

6- Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS quarterly
1989;13(3)319-340. DOI: 10.2307/249008.

7- Venkatesh V, Davis FD, Morris. "Dead or alive? The development, trajectory and future of technology adoption
research." J AIS 2007;8(4):1. DOI:10.17705/1jais.0012

8- Davies I, Green P, Rosemann M., Indulska M, Gallo S. How do practitioners use conceptual modeling in practice? Data
& Knowledge Engineering 2006;58(3):358–380. DOI: 10.1016/j.datak2005.07.007



Page 9/14

9- Ponce LB, Mendez JAJ, Garcia-Penalvo FJ. Analysis of certi�cated mobile application for medical education purposes.
Proceedings of the Second International Conference on Technological Ecosystems for Enhancing Multiculturality. ACM
2014:13-17. DOI: 10.1145/2669711.2669871

10- Martínez-Pérez B, de la Torre-Díez I, Candelas-Plasencia S, López-Coronado M. Development and evaluation of tools
for measuring the quality of experience (QoE) in mHealth applications. J Med Syst 2013;37(5):9976. DOI:
10.1007/s10916-013-9976-x

11- Robinson T, Cronin T, Ibrahim H, Jinks M, Molitor T, Newman J, Shapiro J. Smartphone use and acceptability among
clinical medical students: a questionnaire-based study. J Med Syst. 2013;37(3):9936. DOI: 10.1007/s10916-013-9936-5

12- Jensen R, Lauridsen N, Poulsen A, Tofte C, Christensen F. Analysis of subjective evaluation of user experience with
headphones. Audio Engineering Society Conference: 2016 AES International Conference on Headphone Technology.
Audio Engineering Society, 2016. Permalink: http://www.aes.org/e-lib/browse.cfm?elib=18345

13- Meidert U, Heidrun KB, Mandy S. M-Health apps and self-quanti�cation technologies on the rise: opportunities and
risks for use in practice. World Congress of Occupational Therapy, Capetown, South Africa, 23 May 2018.

14- O'Reilly‐Shah VN, Kitzman J, Jabaley CS, Lynde GC. Evidence for increased use of the Society of Pediatric Anesthesia
Critical Events Checklist in resource‐limited environments: A retrospective observational study of app data. Pediatric
Anesthesia 2018;28(2):167-73. DOI: https://doi.org/10.1111/pan.13305

15- Schild S, Sedlmayr B, Schumacher AK, Sedlmayr M, Prokosch HU, Pierre MS, German Cognitive Aid Working Group. A
Digital Cognitive Aid for Anesthesia to Support Intraoperative Crisis Management: Results of the User-Centered Design
Process. JMIR mHealth and uHealth. 2019;7(4):e13226. DOI: 10.2196/13226

16- Highland KB, Tran J, Edwards H, Bedocs P, Suen J, Buckenmaier CC. Feasibility of App-Based Postsurgical
Assessment of Pain, Pain Impact, and Regional Anesthesia Effects: A Pilot Randomized Controlled Trial. Pain Medicine.
2019; 20(8):1592–1599. DOI: https://doi.org/10.1093/pm/pny288

17- Matava CT, Magbitang J, Choi S, Bhatia S, Tan M. A Novel Open-Source Novel App Improves Anesthesia Operating
Room Equipment Supply. Journal of Medical Systems. 2018;42(9):167. DOI: 10.1007/s10916-018-1026-2

18- Rijksinstituut voor Ziekte- en Invaliditeitsverzekering. Beroepsbeoefenaars met recht om prestaties te verrichten.
https://www.inami.fgov.be/SiteCollectionDocuments/statistiek_2016_gv_proff_tabel2.pdf . 2016. Assessed 26 January
2019

19- European Commission. Report of the Working Group on mHealth Assessment Guidelines.
http://ec.europa.eu/newsroom/document.cfm?doc_id=45251, 2017. Assessed 26 Jan 2019

20- European Commission. Report of the Working Group on mHealth assessment guidelines. https://ec.europa.eu/digital-
single-market/en/news/report-working-group-mhealth-assessment-guidelines, 2017. Assessed 26 Jan 2019

21- European Commission. Privacy Code of Conduct on mobile health apps. https://ec.europa.eu/digital-single-
market/en/privacy-code-conduct-mobile-health-apps, 2018. Assessed 26 Jan 2019

22- Agoria and beMedTech. mHealth Belgium platform. http://www.mhealthbelgium.be/, 2019. Assessed 26 January
2019



Page 10/14

23- Beleidscel van de minister van Sociale Zaken en Volksgezondheid. Medische apps krijgen plaats in Belgische
gezondheidszorg. https://www.deblock.belgium.be/nl/medische-apps-krijgen-plaats-belgische-gezondheidszorg, 2018.
Assessed 26 Jan 2019

24- Barton AJ. Regulation of mobile health applications. BMC Med 2012;10(1):46. DOI: 10.1186/1741-7015-10-46.

25- Hamilton AD, Brady RRW. Medical professional involvement in smartphone “apps” in dermatology. Br J Dermatol
2012;167(1):220-221. DOI: 10.1111/j.1365-2133.2012.10844.x

26- Rosser BA, Eccleston C. Smartphone applications for pain management. J Telemed Telecare 2011;17(6):308–312.
DOI: 10.1258/jtt.2011.101102

27- Buijink AWG, Visser BJ, Marshall L. Medical apps for smartphones: lack of evidence undermines quality and safety.
Evid Based Med 2013;18(3)90–92. DOI: 10.1136/eb-2012-100885

28- McCartney M. How do we know whether medical apps work?. Br Med J 2013;346:f1811. DOI: 10.1136/bmj.f1811.

29- Haute Autorité de santé. Good practice guidelines on health apps and smart devices (mobile health or mhealth).
https://www.has-sante.fr//portail/jcms/c_2681915/en/good-practice-guidelines-on-health-apps-and-smart-devices-
mobile-health-or-mhealth?cid=fc_1249702&portal=r_1455081, 2016. Assessed 26 January 2019

30- IGES Institut. Health apps & co: safe digital care products.
https://www.iges.com/clients/health/forschungsergebnisse/2016/health-apps-ii/index_eng.html, . 2016. Assessed 22
Nov 2018

31- UK GOV. Guidance: Medical devices: software applications (apps).
https://www.gov.uk/government/publications/medical-devices-software-applications-apps, 2018. Assessed 26 January
2019

32- Agencia de Calidad Sanitaria de Andalucía. Complete list of recommendations on design, use and assessment of
health Apps. http://www.calidadappsalud.com/en/listado-completo-recomendaciones-app-salud/, 2013. Assessed 26
January 2019

33- Fundació TicSalut. mHealth.cat O�ce. http://www.ticsalut.cat/observatori/mhealth/en_index/, 2014. Assessed 26
January 2019

34- Monroe KS, Evans MA, Mukkamala SG, Williamson JL, Jabaley CS, Mariano ER, O’Reilly-Shah VN. Moving
anesthesiology educational resources to the point of care: experience with a pediatric anesthesia mobile app. Korean
journal of anesthesiology. 2018;71(3):192. DOI: 10.4097/kja.d.18.00014

Table

  Apps Peripherals

Specialists 95 (37.3 %) 9 (3,5%)

Trainees 63 (67.0 %) 2 (2,1%)

Total 158 (45.3 %) 11 (3.2 %)

 

Table 1 – Active Usage of Mobile Apps and Peripherals per subgroup

https://www.gov.uk/government/publications/medical-devices-software-applications-apps
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Cell values represent the absolute number of individuals. Within parenthesis the percentages are relative

to total of individuals within the same cell line-group (i.e., relative to either specialists, trainees or total

surveyees)

Figures

Figure 1

Subspecialty stacked distribution of responding Anesthesia Specialists (one specialist can be accounted for more than
once if he holds multiple subspecialty competences) Percentages represent the total number of surveyees per speci�c
category relative to total number of surveyees.

Figure 2
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Apps (left - blue) vs Peripherals (right - orange) - Con�dence level (scale: 0 to 5) x axis – Con�dence level category, y axis
– absolute number of survey answers(“How con�dent are you that Smartphone Apps can help improve anesthesia
care?” / “How con�dent are you that combining your smartphone with a dedicated monitoring peripheral can help
improve anesthesia care?”)

Figure 3

Apps Con�dence level (scale: 0 to 5): Specialists (left) vs Trainees (right) x axis – Con�dence level category, y axis –
absolute number of survey answers

Figure 4

Peripherals Con�dence level (scale: 0 to 5): Specialists (left) vs. trainees (right) x axis – Con�dence level category, y axis
– absolute number of survey answers
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Figure 5

Categorization of the most appealing Apps (“Which kind of Apps appeal you the most?”) x axis – App category, y axis –
absolute number of survey answers

Figure 6

Phase in which Smartphone Apps can be more useful (“In which phase of perioperative care can Smartphone Apps be
more useful?”) x axis – absolute number of survey answers, y axis – Perioperative phase category
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Figure 7

Phase in which Smartphone Peripherals can be more useful (“In which phase of perioperative care can Smartphone
Peripherals be more useful?”) x axis – absolute number of survey answers, y axis – Perioperative phase category

Figure 8

Wishes for smartphone peripheral device development per monitoring category (“Which peripherals would you like to see
developed in the coming future?”) Percentages represent the total number of votes per speci�c category relative to total
number of votes.


