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Modern anesthesia continues to be impacted in new and unforeseen ways by digital technology. Combining
portability and versatility, mobile applications or “apps” provide a multitude of ways to enhance anesthetic and peri-

operative care.

anesthesia peri-operative medicine mobile applications

| 1. Introduction

Medicine has embraced the Internet and mobile technologies at a rapid pace. Whilst the Internet initially relied on
computers the size of cabinets, just 50 years later, pocket-sized smartphones have almost two million times their
memory capacity and almost limitless potential LI, These devices are ubiquitous, with 2022 ownership rates greater
than 90% in many developed countries (LI, Thus, the cross-over of mobile technology into health was always

inevitable.

Using Internet-connected mobile devices such as smartphones, anesthetists have access to information in an
expedient manner, up to date, and available almost anywhere, anytime, including at the bedside. There are many
areas within anesthesia that could be aided by mobile technology: peri-operative risk assessment, drug formularies
and calculators, clinical decision-making support, crisis cognitive aids, billing, as well as on-the-go education &I
BIEI7E Given the prevalence of mobile devices, it should come as no surprise that smartphone software
applications (or apps) have experienced considerable uptake into anesthesia. In both Australian and American
studies, 88-97% of anesthetists reported using smartphone apps in their clinical practice B9, There remain,

however, many questions about the legal, ethical, and practical usage of mobile technology within anesthesia 111
12

| 2. The Definition of an App and its Use in Anesthesia

Mobile applications (or apps as they will be referred to) are software programs downloadable from the Internet “app
stores” (e.g., Apple App Store/Google Play) that provide functionality for mobile devices 131, Apps may be designed
by the device manufacturer, or they may be created by independent third-party software developers. A 2022 report
estimated that up to 99.99% of available Apple apps were these so-called “third-party apps” 4. Whilst devices
usually come pre-loaded with essential apps, users can download more apps from an app store either free, for a

one-off purchase fee, or with a rolling subscription.
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According to current estimates, there are well over 350,000 health-related applications available, and this number
is expected to double every few years (131161 Whilst this number includes consumer-facing apps, apps have also
found their way into mainstream medical practice, including anesthesia. Anesthesia-specific health apps can fulfill
multiple roles to ensure optimal patient care 2817, These include clinical decision support, dosage calculators, and
drug interaction guides, providing peri-operative risk and other relevant calculators, providing access to journals
and textbooks, and facilitating advanced patient monitoring 817181 A 2020 survey showed 97% of Australian
anesthetists reported using smartphone applications in their work 222 Similar to prior studies, the most common
types of apps used were drug and medical references 197 Figure 1 outlines one classification system of

anesthesia apps using app functionality, informed by previous reviews and the WHO classification of digital health
interventions [161(201[21](22]

A\
‘ 1. Healthcare Provider Decision Support

‘ 2. Drug References, Medication Management

\
.3. Medical Calculators
\

‘ 4. Reference Texts/ Journals, Training and Education

i

. 5. Patient-Centered Apps

i
‘ 6. Healthcare Provider Communication/ Referral Coordination

7. Electronic Medical/ Health Record Access/ System Improvement

Figure 1. Functionality-based classification of anesthetic-related commercially available medical apps.

One can also classify anesthetic-specific apps by their anesthetic area of use (Figure 2). This alternative method
of classification has two functions: firstly, it helps illustrate the many anesthetic-specific functions of apps and

secondly, it has utility in focusing search terms when looking for apps 18,
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Figure 2. Specialty-based classification system of anesthetic applications.

Not all app categories seen in Figure 1 are at the same implementation stage in clinical practice. Patient-centered
apps and clinical communication apps are in their relative infancy and require slightly different considerations than
clinical apps used by clinicians currently. Health record access apps are usually designed by the medical records
system operator, and thus there is often little choice in which app one can use. Therefore, this article will focus on
apps currently commonly used in clinical anesthetic practice, namely: clinical decision tools, drug references,

medical calculators, and reference texts 23],

3. Point of Care Healthcare Provider Clinical Decision
Support Apps

Point-of-care apps are apps designed to be utilized at the patient's bedside to guide clinical decision making, for
example, UpToDate 24, The key feature of these apps is that they convey information quickly enough to make a
clinical decision, which differentiates them from simply an electronic textbook. In general, point-of-care apps
provide succinct summaries of conditions or clinical scenarios and outline specific and actionable management
options. To support this aim, point-of-care apps must have easy-to-navigate design and make heavy use of
algorithms and images. Clinical decision apps are of particular use in emergent situations, where the burden of
cognitive load is well documented. One example is Medical Assistance eXpert (MAX), which guides users through
common anesthesia emergencies . This app was shown to improve the technical skills of anesthetic residents in
crisis scenarios by over 10% 2. In addition to being a guide to the general management of a condition, point-of-
care apps can also utilize patient-level data to guide decision making. This can vary in complexity from simple apps

displaying an algorithm to follow, all the way through to continually transmitting patient-worn devices that provide
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Al-generated clinical advice [22l. Another anesthetic example is a visual reaction time app that assesses the depth
of propofol sedation to alert to impending oversedation 8. Other evolving point-of-care apps can automatically
generate cardiac indices from a single snapshot of an arterial waveform or measure exact pupillary light reflex in
unconscious patients 2827 The Point-of-care clinical support apps have been shown to improve skills in
managing local anesthetic toxicity, malignant hyperthermia, and peri-operative blood prescribing [28129130131]  Thjs
diversity makes point-of-care apps particularly useful to anesthetists who must be able to manage a broad array of

problems across the physiological spectrum.

| 4. Drug References and Medication Management Apps

Drug reference apps provide information about dosages, frequency, indications and contraindications, and adverse
reactions to medications. Advanced features include pill identification (based on pill shape, color, or imprint), drug
interaction generators, and automatic dose calculation. With an ever-increasing number of medications, it is almost
impossible to stay abreast of every drug or formulation, especially as indications and safety advice change over
time as a drug is in use. On average, 28 new medications are approved in the U.S. every year, each with its own
interactions and anesthetic considerations B2, Complicating this is the fact that 40% of patients over 75 years
already present with polypharmacy, and this will only continue to grow as the population ages [22l. These patients
are at high risk of medication-related harm; however, several apps are now available to help guide medication
management in the peri-operative period, guiding which agents need to be discontinued, which anesthetic drugs
should be avoided, which doses are required in specific patient groups (e.g., obesity, renal failure), and to help

clinicians avoid medication-related harm 34,

There are several limitations to drug reference app use. These apps provide a very specific function within the
larger clinical picture and cannot take over the role of the prescriber. Secondly, given the rapid pace of drug
development, apps may not always be up to date, although they hold a large advantage over paper references in
this respect. Finally, these apps suffer from regionality given geographical differences in drug availability. Thus,

before using or purchasing a drug reference app, one must be sure it is applicable in one’s locality.

| 5. Medical Calculator Apps

There are many mathematical formulae used daily in anesthesia, the most common being weight-based
medication dosing. Whilst there may be something said for the sad state of arithmetic in modern medicine, there is
undeniably a patient safety advantage in automating these procedures. Such apps have a wide array of uses. For
example, one available app allows an anesthetist to calculate the carbon dioxide emissions and thus the
environmental impact of inhalational anesthesia [8l. Another use of medical calculators is risk score calculation.
Risk stratification scores have multiplied in recent years to support evidence-based decision-making, for example,
the CHA,DS,-VASCc of stroke in atrial fibrillation, the Child-Pugh score for cirrhosis grading, and the Apfel score for
post-operative nausea and vomiting [32I28137I881[39]  Haying these scoring systems available on an app has several

advantages. Firstly, it takes a relatively small amount of space for an app to store up to several thousand scoring
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systems, far more than any person’s memory could contain. Having such a large array of risk prediction tools on an
app also means anesthetists can be exposed to scoring tools they may not otherwise have known about. Secondly,
with improved access to these tools on an anesthetist's phone, there is easier integration of evidence-based
scoring systems into practice. Thirdly, most calculator apps provide clinical suggestions about how to proceed with
management based on the risk scores produced. This saves time compared to a clinician calculating a score
(which will take extra time without an app), and then using several resources to determine what to do with said
score. Finally, increased availability of “big data” means more complex, but potentially more powerful, risk
prediction tools can be produced that might only be able to be calculated using app technology. For example, the
American College of Emergency Physicians COVID-19 management tool was rapidly developed using national
datasets in response to the ongoing pandemic; however, it is complex and would be extremely difficult to do
without an app. Dissemination and calculation via apps such as MDCalc allowed for rapid national and international
uptake, improving management for patients B9, The allure of medical calculator apps is the effective, rapid,
conversion of patient parameters into actionable scores or numbers, allowing anesthetists to better provide

evidence-based care 39,

| 6. Reference Texts/Journal and Education Apps

Reference apps centralize access to databases, journals, or books. As medicine evolves the ability to access the
most up-to-date information and research on the go is invaluable as it affords the opportunity to essentially change
practice to be in line with the best evidence in real-time. Apps may belong to either a single journal or provide a
single login point to multiple journals or resources. With a reference app, a large array of multi-modal educational
opportunities can be presented wherever an anesthetist is, without the need to carry voluminous texts around.
Furthermore, as these apps are internet-connected, they can provide anesthetists with research updates on
relevant topics, ensuring that one remains as current as possible. Apps with a pure education focus also exist,

allowing mobile training in a wide array of areas, including simulated cases, general medical knowledge, and more.
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