At Ladl Cileol it g Akt | Soleal yuld og..’:\sJ\.a.»'

doall glad § o3yl Jgoeill/duoniall diad )

&M! MM! o o o o o
g sles . g9ad! satlaue (o Oledw ceec

Week 05



(Suall flladll elal pghas 3 2y909 Slaglanll L g iS5 AcSg>

(s sl B39 89 e Luadas )

S UBETY a

bSO dSgod B8 dapdy Budad D929 ] Awhll oy
48laddl Hgmme Of LI bl LS B douall 5139 £58 (3 Dloglaall
Ol glaall Lz gl 355 dSg> sl el (o g2

ol ol

G =Y pghas 3 Ologlandl LrglgiSS daSy> )95 e duwhll 3833

oJ.>u 3.7:.4,45\ 5)\)'3 &).9 Lg \33&233 ‘L§35MJ‘ L“;:.,a.“ 6&&.’\

J‘J.QS"}?-}A

8 ©loglaall LirglgiSS deSg> (gaadas bly Lo Byatll J) Ayl g
sl (i (3 )90 Wil Adyang Bu> Aadlay doviall Bylig 50

Sy

L9.>u.” Tgoo]!

Buzm dowall 8)l)9 58 (3 Wiy Gylo] laboge 168 (o Anrun dlgiue




. ool Olaball ($o06 0] dimusall wlaudadl plasisl o
1D el e 059 Al IR

dolydg Bl cliudadl AST wdssg (2Ll dvde (§ dovall Olaudaill (6050l plastiul Gde euds ] duwhll Uy
Asuall e oildudad 0da ST padiiy ccoliodatl] plasuiuwly pasdly (uded! (s 483l

(lipdatl] pluseinly yaally uizd! g OBMNe Wazg LS . digall 31,81 ¢ dovsall Wliudat] plasuil § L lasl dulyull cygl]
gl LS Gl aseiwl wolaudaill iSE "o 9 "l (ily" (udad dausd o AS 56 2zl yall £9 9l (zuall 38yl oS5 @) U9
e Je dovall Gligdatl) lw] 8l 19 yad dgall 3,81 (0 Jadd %40 Of gl
Al ]t ol igds (§ Ayl laliadl (3G (e Blisl 2000 22g5 @39 . el (a0 9)l gegiall Ayl Casdsind
Alriil 517 e Jgsamll @39 ¢ oabyll (§ AdgV! dsall &Lyl 5Slhe duuasg

Ol g5 @Sy couall (e yily b)Ladl e w3 JI Bagiy ool dnde (§ dumsall Olaglasl] plaseiwl e dwhdll 3853
sl 4l 8ab3)




UNUV@QSUTV

U

Revolutionizing Healthcare: The role of Artificial Intelligence in
Clinical Practice
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Improving Access to Care: Telemedicine
Across Medical Domains
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Thank You

For your attention to this presentation.
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Information Technology Governance and its Role
in Developing Performance in the Health Sector:

An Applied Study on the Branch of the Ministry of Health in Jeddah

Mohamed Hamad Mohamed Mansaki
Ministry of Health
Jeddah-KSA

abuazaam90@gmail.com
ABSTRACT

The study aimed to identify the reality of the application of information technology governance in the
branch of the ministry of health in Jeddah and to know itsimpact and role in improving health performance,
the study used the descriptive analytical approach, and used the questionnaire as a tool, the study used the
simple random sampling method. a simple random sample was selected, which includes administrative and
technical staff working, was selected from a simple random sample of the study population, which num-
bered (168) administrative and technical employees, including (140) males, (28) females, and among the
most prominent findings it reached the study.

The results revealed that there is a large application of IT governance in the Jeddah branch of the min-
istry of health, and there are many indicators that support the application of techno governance Informa-
tion technology in the Jeddah branch of the ministry of health, and the transparency axis is one of the most
important dimensions that explain the reality of information technology governance in the branch of the
ministry of health in Jeddah between the dimensions of information governance, the study recommended
the need to provide human support from the expertise and competencies necessary for the department of
Information technology governance policies and procedures for its great role in improving the performance
of employees, and to pay attention to training courses on the information technology governance program,
specialized workshops and an increase in the doses of external and internal training courses in information
technology governance, and the need for a clear model for information technology governance and its im-
plementation in the ministry and all its branches in the kingdom to achieve the kingdom’s vision (2030).

Keywords: Governance, Information Technology, Performance.
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Title:
Evaluation of patients’ usage of mobile health apps -primary health care centers and
outpatient clinics in Riyadh

ABSTRACT

Mobile technology connects patients with health facilities and health care teams. Hence, smart
devices help individuals to monitor their health conditions and manage wellness. During the
Covid-19 pandemic, the community in Saudi Arabia found great support from the government in
adopting the use of mobile apps including newly launched health apps to manage individuals’
health status. The purpose of this study is to assess the extent of the society’s interest in health
apps and which ones are most used. The study sample consisted of 517 health practitioners and
outpatients from King Abdullah Medical City and five primary health care centers in Riyadh. The
descriptive survey method was used in this study. The results showed a low usage level of health
apps and found positive and inverse correlations between gender, age and apps use. However, the
facility and its visitors did not have a significant impact. The results also identified the most used
health apps besides the usage of social applications. It was revealed that: 97% of the respondents
were citizens while only 3% were expats; 70% were females and approximately 30% were males;
and 64% used health apps. On the other hand, 40% of them had their health conditions impacted
positively by using health apps, which shows the positive impact of this type of apps in raising
awareness of the public towards health promotion. The community would not pay for health apps
as all who responded to the related question stated that they download the free apps and are not
interested in the paid-for ones. Whoever answered the question of searching for health information
via internet sources and not via health apps, the two categories were almost equal between those
who do on websites and those who do not, but there was no statistically clear difference between
them.The study provided several recommendations that would raise the level of awareness of the
health status of individual to improve the quality of life. The researcher also explained that a study
like this opens prospects for other studies that would add great value to the use of health apps and
enrich the Arabic library with information that would promote the Arab researchers in using health
applications.

Keywords: Evaluation, measures, Mobile Health, health applications (Health Apps.), primary
healthcare centers, outpatient clinics, Saudi Arabia
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Abstract

Introduction Healthcare systems are complex and challenging for all stakeholders, but artificial intelligence (Al) has
transformed various fields, including healthcare, with the potential to improve patient care and quality of life. Rapid
Al advancements can revolutionize healthcare by integrating it into clinical practice. Reporting Al's role in clinical
practice is crucial for successful implementation by equipping healthcare providers with essential knowledge and
tools.

Research Significance This review article provides a comprehensive and up-to-date overview of the current state
of Al'in clinical practice, including its potential applications in disease diagnosis, treatment recommendations, and
patient engagement. It also discusses the associated challenges, covering ethical and legal considerations and the
need for human expertise. By doing so, it enhances understanding of Al's significance in healthcare and supports
healthcare organizations in effectively adopting Al technologies.

Materials and Methods The current investigation analyzed the use of Al in the healthcare system with a
comprehensive review of relevant indexed literature, such as PubMed/Medline, Scopus, and EMBASE, with no time
constraints but limited to articles published in English. The focused question explores the impact of applying Al'in
healthcare settings and the potential outcomes of this application.

Results Integrating Al into healthcare holds excellent potential for improving disease diagnosis, treatment
selection, and clinical laboratory testing. Al tools can leverage large datasets and identify patterns to surpass
human performance in several healthcare aspects. Al offers increased accuracy, reduced costs, and time savings
while minimizing human errors. It can revolutionize personalized medicine, optimize medication dosages, enhance
population health management, establish guidelines, provide virtual health assistants, support mental health care,
improve patient education, and influence patient-physician trust.

Conclusion Al can be used to diagnose diseases, develop personalized treatment plans, and assist clinicians with
decision-making. Rather than simply automating tasks, Al is about developing technologies that can enhance patient
care across healthcare settings. However, challenges related to data privacy, bias, and the need for human expertise
must be addressed for the responsible and effective implementation of Al in healthcare.
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Introduction
Artificial Intelligence (Al) is a rapidly evolving field of
computer science that aims to create machines that can
perform tasks that typically require human intelligence.
Al includes various techniques such as machine learning
(ML), deep learning (DL), and natural language process-
ing (NLP). Large Language Models (LLMs) are a type
of Al algorithm that uses deep learning techniques and
massively large data sets to understand, summarize, gen-
erate, and predict new text-based content [1-3]. LLMs
have been architected to generate text-based content
and possess broad applicability for various NLP tasks,
including text generation, translation, content summary,
rewriting, classification, categorization, and sentiment
analysis. NLP is a subfield of Al that focuses on the inter-
action between computers and humans through natural
language, including understanding, interpreting, and
generating human language. NLP involves various tech-
niques such as text mining, sentiment analysis, speech
recognition, and machine translation. Over the years,
AT has undergone significant transformations, from the
early days of rule-based systems to the current era of ML
and deep learning algorithms [1-3].

Al has evolved since the first Al program was devel-
oped in 1951 by Christopher Strachey. At that time, Al
was in its infancy and was primarily an academic research

topic. In 1956, John McCarthy organized the Dartmouth
Conference, where he coined the term “Artificial Intelli-
gence.” This event marked the beginning of the modern
Al era. In the 1960 and 1970 s, Al research focused on
rule-based and expert systems. However, this approach
was limited by the need for more computing power and
data [4].

In the 1980 and 1990 s, Al research shifted to ML and
neural networks, which allowed machines to learn from
data and improve their performance over time. This
period saw the development of systems such as IBM’s
Deep Blue, which defeated world chess champion Garry
Kasparov in 1997. In the 2000s, Al research continued to
evolve, focusing on NLP and computer vision, which led
to the development of virtual assistants, such as Apple’s
Siri and Amazon’s Alexa, which could understand natural
language and respond to user requests (Fig. 1) [3, 4].

Today, Al is transforming healthcare, finance, and
transportation, among other fields, and its impact is only
set to grow. In academia, Al has been used to develop
intelligent tutoring systems, which are computer pro-
grams that can adapt to the needs of individual students.
These systems have improved student learning out-
comes in various subjects, including math and science.
In research, Al has been used to analyze large datasets
and identify patterns that would be difficult for humans

Exploring the Historical Journey of Artificial Intelligence
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Understanding the Relationship Between Al, ML, DL, and NLP

o Alis abroad field that includes anything related to making
machines smart.
e NLP is the branch of Al focused on teaching machines to
understand, interpret, and generate human language.
ML is a subset of Al that involves systems that can learn by
| themselves.
e DL is a subset of ML that uses models built on deep neural
networks to detect patterns with minimal human
involvement.

Fig. 1 Tracing the Evolution of Al with a Better Understanding of the Relationship Between Al, ML, DL, and NLP
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to detect; this has led to breakthroughs in fields such as
genomics and drug discovery. Al has been used in health-
care settings to develop diagnostic tools and personalized
treatment plans. As Al continues to evolve, it is crucial to
ensure that it is developed responsibly and for the benefit
of all [5-8].

The rapid progression of Al technology presents an
opportunity for its application in clinical practice, poten-
tially revolutionizing healthcare services. It is impera-
tive to document and disseminate information regarding
AT’s role in clinical practice, to equip healthcare provid-
ers with the knowledge and tools necessary for effective
implementation in patient care. This review article aims
to explore the current state of Al in healthcare, its poten-
tial benefits, limitations, and challenges, and to provide
insights into its future development. By doing so, this
review aims to contribute to a better understanding of
AT’s role in healthcare and facilitate its integration into
clinical practice.

Materials and methods

Search strategy and inclusion

Indexed databases, including PubMed/Medline (National
Library of Medicine), Scopus, and EMBASE, were inde-
pendently searched with notime restrictions, but the
searches were limited to the English language.

Databases search protocol and keywords

In the review article, the authors extensively examined
the use of Al in healthcare settings. The authors ana-
lyzed various combinations of keywords such as NLP in
healthcare, ML in healthcare, DL in healthcare, LLM in
healthcare, Al in personalized medicine, Al in patient
monitoring, Al ethics in healthcare, predictive analytics
in healthcare, Al in medical diagnosis, and AI applica-
tions in healthcare. By imposing language restrictions,
the authors ensured a comprehensive analysis of the
topic.

Data extraction

Publications were screened through a meticulous review
of titles and abstracts. Only those that met the specific
criteria were included. Any disagreements or concerns
about the literature or methodology were discussed in
detail among the authors.

Al assistance in diagnostics

Diagnosis accuracy

With all the advances in medicine, effective disease diag-
nosis is still considered a challenge on a global scale.
The development of early diagnostic tools is an ongo-
ing challenge due to the complexity of the various dis-
ease mechanisms and the underlying symptoms. Al can
revolutionize different aspects of health care, including
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diagnosis. ML is an area of Al that uses data as an input
resource in which the accuracy is highly dependent on
the quantity as well as the quality of the input data that
can combat some of the challenges and complexity of
diagnosis [9]. ML, in short, can assist in decision-making,
manage workflow, and automate tasks in a timely and
cost-effective manner. Also, deep learning added lay-
ers utilizing Convolutional Neural Networks (CNN) and
data mining techniques that help identify data patterns.
These are highly applicable in identifying key disease
detection patterns among big datasets. These tools are
highly applicable in healthcare systems for diagnosing,
predicting, or classifying diseases [10].

Al is still in its early stages of being fully utilized for
medical diagnosis. However, more data are emerging for
the application of Al in diagnosing different diseases,
such as cancer. A study was published in the UK where
authors input a large dataset of mammograms into an Al
system for breast cancer diagnosis. This study showed
that utilizing an Al system to interpret mammograms
had an absolute reduction in false positives and false neg-
atives by 5.7% and 9.4%, respectively [11]. Another study
was conducted in South Korea, where authors compared
Al diagnoses of breast cancer versus radiologists. The Al-
utilized diagnosis was more sensitive to diagnose breast
cancer with mass compared to radiologists, 90% vs. 78%,
respectively. Also, Al was better at detecting early breast
cancer (91%) than radiologists 74% [12].

Furthermore, a study utilized deep learning to detect
skin cancer which showed that an Al using CNN accu-
rately diagnosed melanoma cases compared to derma-
tologists and recommended treatment options [13, 14].
Researchers utilized AI technology in many other dis-
ease states, such as detecting diabetic retinopathy [15]
and EKG abnormality and predicting risk factors for car-
diovascular diseases [16, 17]. Furthermore, deep learn-
ing algorithms are used to detect pneumonia from chest
radiography with sensitivity and specificity of 96% and
64% compared to radiologists 50% and 73%, respectively
[18]. Also, a study was done on a dataset of 625 cases
to diagnose acute appendicitis early to predict the need
for appendix surgery using various ML techniques; the
results showed that the random forest algorithm achieved
the highest performance, accurately predicting appendi-
citis in 83.75% of cases, with a precision of 84.11%, sensi-
tivity of 81.08%, and specificity of 81.01%. The improved
method aids healthcare specialists in making informed
decisions for appendicitis diagnoses and treatment. Fur-
thermore, the authors suggest that similar techniques can
be utilized to analyze images of patients with appendici-
tis or even to detect infections such as COVID-19 using
blood specimens or images [19].

Al tools can improve accuracy, reduce costs, and
save time compared to traditional diagnostic methods.
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Additionally, AI can reduce the risk of human errors and
provide more accurate results in less time. In the future,
AT technology could be used to support medical deci-
sions by providing clinicians with real-time assistance
and insights. Researchers continue exploring ways to use
Al in medical diagnosis and treatment, such as analyzing
medical images, X-rays, CT scans, and MRIs. By leverag-
ing ML techniques, Al can also help identify abnormali-
ties, detect fractures, tumors, or other conditions, and
provide quantitative measurements for faster and more
accurate medical diagnosis.

Clinical laboratory testing provides critical informa-
tion for diagnosing, treating, and monitoring diseases.
It is an essential part of modern healthcare which con-
tinuously incorporates new technology to support clini-
cal decision-making and patient safety [20]. Al has the
potential to transform clinical laboratory testing by
improving the accuracy, speed, and efficiency of labora-
tory processes. The role of Al in clinical microbiology is
currently progressing and expanding. Several ML sys-
tems were developed to detect, identify, and quantify
microorganisms, diagnose and classify diseases, and pre-
dict clinical outcomes. These ML systems used data from
various sources to build the AI diagnosis such as genomic
data of microorganisms, gene sequencing, metagenomic
sequencing results of the original specimen, and micro-
scopic imaging [21]. Moreover, gram stain classification
to gram positives/negatives and cocci/rods is another
essential application of using deep convolutional neural
networks that reveal high sensitivity and specificity [22].
A published systematic review showed that numerous
MLs were evaluated for microorganism identification
and antibiotic susceptibility testing; however, several lim-
itations are associated with the current models that must
be addressed before incorporating them into clinical
practice [23]. For malaria, Taesik et al. found that using
ML algorithms combined with digital in-line holographic
microscopy (DIHM) effectively detected malaria-infected
red blood cells without staining. This AI technology is
rapid, sensitive, and cost-effective in diagnosing malaria
[24].

The projected benefits of using Al in clinical laborato-
ries include but are not limited to, increased efficacy and
precision. Automated techniques in blood cultures, sus-
ceptibility testing, and molecular platforms have become
standard in numerous laboratories globally, contributing
significantly to laboratory efficiency [21, 25]. Automa-
tion and AI have substantially improved laboratory effi-
ciency in areas like blood cultures, susceptibility testing,
and molecular platforms. This allows for a result within
the first 24 to 48 h, facilitating the selection of suitable
antibiotic treatment for patients with positive blood
cultures [21, 26]. Consequently, incorporating Al in
clinical microbiology laboratories can assist in choosing
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appropriate antibiotic treatment regimens, a critical fac-
tor in achieving high cure rates for various infectious dis-
eases [21, 26].

ML research in medicine has rapidly expanded, which
could greatly help the healthcare providers in the emer-
gency department (ED) as they face challenging difficul-
ties from the rising burden of diseases, greater demand
for time and health services, higher societal expectations,
and increasing health expenditures [27]. Emergency
department providers understand that integrating Al into
their work processes is necessary for solving these prob-
lems by enhancing efficiency, and accuracy, and improv-
ing patient outcomes [28, 29]. Additionally, there may be
a chance for algorithm support and automated decision-
making to optimize ED flow measurements and resource
allocation [30]. Al algorithms can analyze patient data to
assist with triaging patients based on urgencys; this helps
prioritize high-risk cases, reducing waiting times and
improving patient flow [31]. Introducing a reliable symp-
tom assessment tool can rule out other causes of illness
to reduce the number of unnecessary visits to the ED. A
series of Al-enabled machines can directly question the
patient, and a sufficient explanation is provided at the
end to ensure appropriate assessment and plan.

Moreover, Al-powered decision support systems can
provide real-time suggestions to healthcare providers,
aiding diagnosis, and treatment decisions. Patients are
evaluated in the ED with little information, and physi-
cians frequently must weigh probabilities when risk
stratifying and making decisions. Faster clinical data
interpretation is crucial in ED to classify the serious-
ness of the situation and the need for immediate inter-
vention. The risk of misdiagnosing patients is one of
the most critical problems affecting medical practitio-
ners and healthcare systems. Diagnostic mistakes in the
healthcare sector can be expensive and fatal. A study
found that diagnostic errors, particularly in patients who
visit the ED, directly contribute to a greater mortality
rate and a more extended hospital stay [32]. Fortunately,
Al can assist in the early detection of patients with life-
threatening diseases and promptly alert clinicians so the
patients can receive immediate attention. Lastly, Al can
help optimize health care sources in the ED by predicting
patient demand, optimizing therapy selection (medica-
tion, dose, route of administration, and urgency of inter-
vention), and suggesting emergency department length
of stay. By analyzing patient-specific data, Al systems can
offer insights into optimal therapy selection, improving
efficiency and reducing overcrowding.

Al in genomic medicine

The fusion of Al and genotype analysis holds immense
promise in the realms of disease surveillance, prediction,
and personalized medicine [33]. When applied to large
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populations, AI can effectively monitor for emerging dis-
ease threats (such as COVID-19), while genomic data can
provide valuable insights into genetic markers associated
with increased susceptibility to specific diseases [34] By
training ML algorithms to identify these markers in real-
time data, we can facilitate the early detection of poten-
tial outbreaks. Moreover, the use of genotype data can
aid in refining disease risk predictions, as ML algorithms
can recognize complex patterns of genetic variations
linked with disease susceptibility that might elude tra-
ditional statistical methods as summarized in Fig. 2 [35,
36]. The prediction of phenotypes, or observable charac-
teristics shaped by genes and environmental factors, also
becomes possible with this combination.

ML algorithms make it feasible to predict a spectrum
of phenotypes ranging from simple traits like eye color
to more intricate ones like the response to certain medi-
cations or disease susceptibility. A specific area where
AI and ML have demonstrated significant efficacy is the
identification of genetic variants associated with distinc-
tive traits or pathologies. Examining extensive genomic
datasets allows these techniques to detect intricate pat-
terns often elusive to manual analysis. For instance, a
groundbreaking study employed a deep neural network
to identify genetic variants associated with autism spec-
trum disorder (ASD), successfully predicting ASD sta-
tus by relying solely on genomic data [37]. In the field
of oncology, categorizing cancers into clinically relevant
molecular subtypes can be accomplished using tran-
scriptomic profiling. Such molecular classifications, first
developed for breast cancer and later extended to other
cancers like colorectal, ovarian, and sarcomas, hold
substantial implications for diagnosis, prognosis, and
treatment selection [38, 39]. Traditional computational
methods for subtyping cancers, such as support vector
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machines (SVMs) or k-nearest neighbors, are susceptible
to errors due to batch effects and may only focus on a
small set of signature genes, thus neglecting vital biologi-
cal information [40].

The advent of high-throughput genomic sequencing
technologies, combined with advancements in Al and
ML, has laid a strong foundation for accelerating per-
sonalized medicine and drug discovery [41]. Despite
being a treasure trove of valuable insights, the complex
nature of extensive genomic data presents substantial
obstacles to its interpretation. The field of drug discov-
ery has dramatically benefited from the application of Al
and ML. The simultaneous analysis of extensive genomic
data and other clinical parameters, such as drug efficacy
or adverse effects, facilitates the identification of novel
therapeutic targets or the repurposing of existing drugs
for new applications [42—46]. One of the prevalent chal-
lenges in drug development is non-clinical toxicity, which
leads to a significant percentage of drug failures during
clinical trials. However, the rise of computational model-
ing is opening up the feasibility of predicting drug tox-
icity, which can be instrumental in improving the drug
development process [46]. This capability is particularly
vital for addressing common types of drug toxicity, such
as cardiotoxicity and hepatotoxicity, which often lead to
post-market withdrawal of drugs.

Al assistance in treatment

Precision medicine and clinical decision support
Personalized treatment, also known as precision medi-
cine or personalized medicine, is an approach that tailors
medical care to individual patients based on their unique
characteristics, such as genetics, environment, lifestyle,
and biomarkers [47]. This individualized approach aims
to improve patient outcomes by providing targeted
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interventions that are more effective, efficient, and safe.
AT has emerged as a valuable tool in advancing person-
alized treatment, offering the potential to analyze com-
plex datasets, predict outcomes, and optimize treatment
strategies [47, 48]. Personalized treatment represents a
pioneering field that demonstrates the potential of pre-
cision medicine on a large scale [49]. Nevertheless, the
ability to provide real-time recommendations relies on
the advancement of ML algorithms capable of predicting
patients who may require specific medications based on
genomic information. The key to tailoring medications
and dosages to patients lies in the pre-emptive genotyp-
ing of patients prior to the actual need for such informa-
tion [49, 50].

The potential applications of Al in assisting clinicians
with treatment decisions, particularly in predicting ther-
apy response, have gained recognition [49]. A study con-
ducted by Huang et al. where authors utilized patients’
gene expression data for training a support ML, suc-
cessfully predicted the response to chemotherapy [51].
In this study, the authors included 175 cancer patients
incorporating their gene-expression profiles to predict
the patients’ responses to various standard-of-care che-
motherapies. Notably, the research showed encouraging
outcomes, achieving a prediction accuracy of over 80%
across multiple drugs. These findings demonstrate the
promising role of Al in treatment response prediction.
In another study performed by Sheu et al, the authors
aimed to predict the response to different classes of anti-
depressants using electronic health records (EHR) of
17,556 patients and AI [52]. The AI models considered
features predictive of treatment selection to minimize
confounding factors and showed good prediction per-
formance. The study demonstrated that antidepressant
response could be accurately predicted using real-world
EHR data with Al modeling, suggesting the potential for
developing clinical decision support systems for more
effective treatment selection. While considerable prog-
ress has been made in leveraging Al techniques and
genomics to forecast treatment outcomes, it is essential
to conduct further prospective and retrospective clinical
research and studies [47, 50]. These endeavors are nec-
essary for generating the comprehensive data required to
train the algorithms effectively, ensure their reliability in
real-world settings, and further develop Al-based clinical
decision tools.

Dose optimization and therapeutic drug monitoring

AlI plays a crucial role in dose optimization and adverse
drug event prediction, offering significant benefits in
enhancing patient safety and improving treatment out-
comes [53]. By leveraging Al algorithms, healthcare
providers can optimize medication dosages tailored to
individual patients and predict potential adverse drug
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events, thereby reducing risks and improving patient
care. In a study that aimed to develop an Al-based pre-
diction model for prothrombin time international nor-
malized ratio (PT/INR) and a decision support system
for warfarin maintenance dose optimization [54] The
authors analyzed data from 19,719 inpatients across three
institutions, and the algorithm outperformed expert phy-
sicians with significant differences in predicting future
PT/INRs and the generated individualized warfarin dose
was reliable.

On the contrary, a novel dose optimization system—
CURATE.AlI—is an Al-derived platform for dynamically
optimizing chemotherapy doses based on individual
patient data [55]. A study was conducted to validate this
system as an open-label, prospective trial in patients with
advanced solid tumors treated with three different che-
motherapy regimens. CURATE.AI generated personal-
ized doses for subsequent cycles based on the correlation
between chemotherapy dose variation and tumor marker
readouts. The integration of CURATE.AI into the clinical
workflow showed successful incorporation and potential
benefits in terms of reducing chemotherapy dose and
improving patient response rates and durations com-
pared to the standard of care. These findings support the
need for prospective validation through randomized clin-
ical trials and indicate the potential of Al in optimizing
chemotherapy dosing and lowering the risk of adverse
drug events.

Therapeutic drug monitoring (TDM) is a process used
to optimize drug dosing in individual patients. It is pre-
dominantly utilized for drugs with a narrow therapeutic
index to avoid both underdosing insufficiently medicating
as well as toxic levels. TDM aims to ensure that patients
receive the right drug, at the right dose, at the right time,
to achieve the desired therapeutic outcome while mini-
mizing adverse effects [56]. The use of Al in TDM has
the potential to revolutionize how drugs are monitored
and prescribed. Al algorithms can be trained to predict
an individual’s response to a given drug based on their
genetic makeup, medical history, and other factors. This
personalized approach to drug therapy can lead to more
effective treatments and better patient outcomes [57, 58].

One example of Al in TDM is using ML algorithms to
predict drug-drug interactions. By analyzing large datas-
ets of patient data, these algorithms can identify poten-
tial drug interactions. This can help to reduce the risk
of adverse drug reactions, and cost and improve patient
outcomes [59]. Another application of Al in TDM using
predictive analytics to identify patients at high risk of
developing adverse drug reactions. By analyzing patient
data and identifying potential risk factors, healthcare
providers can take proactive steps to prevent adverse
events before they occur [60]. Overall, the use of Al in
TDM has the potential to improve patient outcomes,
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reduce healthcare costs, and enhance the accuracy and
efficiency of drug dosing. As this technology continues to
evolve, Al will likely play an increasingly important role
in the field of TDM.

Al assistance in population health management
Predictive analytics and risk assessment

Population health management increasingly uses predic-
tive analytics to identify and guide health initiatives. In
data analytics, predictive analytics is a discipline that sig-
nificantly utilizes modeling, data mining, Al, and ML. In
order to anticipate the future, it analyzes historical and
current data [61, 62]. ML algorithms and other technolo-
gies are used to analyze data and develop predictive mod-
els to improve patient outcomes and reduce costs. One
area where predictive analytics can be instrumental is in
identifying patients at risk of developing chronic diseases
such as endocrine or cardiac diseases. By analyzing data
such as medical history, demographics, and lifestyle fac-
tors, predictive models can identify patients at higher
risk of developing these conditions and target interven-
tions to prevent or treat them [61]. Predicting hospital
readmissions is another area where predictive analytics
can be applied. By analyzing patient demographics, med-
ical history, and social health factors, predictive models
can identify patients at higher risk of hospital readmis-
sions and target interventions to prevent readmissions
(Fig. 3) [62—64]; this can help reduce healthcare costs and
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improve patient outcomes which is the reason behind
launching new companies such as “Reveal *” [65].

Al can be used to optimize healthcare by improv-
ing the accuracy and efficiency of predictive models. Al
algorithms can analyze large amounts of data and iden-
tify patterns and relationships that may not be obvious
to human analysts; this can help improve the accuracy
of predictive models and ensure that patients receive the
most appropriate interventions. Al can also automate
specific public health management tasks, such as patient
outreach and care coordination [61, 62]. Which can help
reduce healthcare costs and improve patient outcomes
by ensuring patients receive timely and appropriate care.
However, it is pivotal to note that the success of predic-
tive analytics in public health management depends
on the quality of data and the technological infrastruc-
ture used to develop and implement predictive models.
In addition, human supervision is vital to ensure the
appropriateness and effectiveness of interventions for at-
risk patients. In summary, predictive analytics plays an
increasingly important role in population health. Using
ML algorithms and other technologies, healthcare orga-
nizations can develop predictive models that identify
patients at risk for chronic disease or readmission to the
hospital [61-64].

Furthermore, Al is needed to address these challenges
regarding vaccine production and supply chain bottle-
necks. Testing algorithms on real-time vaccine supply

: Revolutionizing Clinical

Practice

Insulin Activity Chart

/\

Insulin Effect

e
1 It requires: : N

} 1- Quality data ‘/ \
| 2- Technological infrastructure \
: 3- Human supervision |

Analyzes both historical and current data

/\,\,\,T,,‘%\ AJ\/\\MM\JM

Low risk

Survival

20 High risk

Time

Beneficial outcomes

Improve patient
outcomes

Identifying patients at
risk and target
interventions to

prevent or treat them

Predicting
hospital
readmissions

Reduce healthcare
costs

Fig. 3 Unlocking the Power of Patient Data with Al-Driven Predictive Analytics



Alowais et al. BMC Medical Education (2023) 23:689

chains can be challenging. To overcome this, investing
in research and development is essential to create robust
algorithms that can accurately predict and optimize vac-
cine supply chains. Edge analytics can also detect anoma-
lies and predict Disease X events and associated risks to
the healthcare system [66].

From a Saudi perspective, Sehaa, a big data analytics
tool in Saudi Arabia, uses Twitter data to detect diseases,
and it found that dermal diseases, heart diseases, hyper-
tension, cancer, and diabetes are the top five diseases in
the country [67]. Riyadh has the highest awareness-to-
afflicted ratio for six of the fourteen diseases detected,
while Taif is the healthiest city with the lowest number of
disease cases and a high number of awareness activities.
These findings highlight the potential of predictive ana-
lytics in population health management and the need for
targeted interventions to prevent and treat chronic dis-
eases in Saudi Arabia [67]. Al can optimize health care by
improving the accuracy and efficiency of predictive mod-
els and automating certain tasks in population health
management [62]. However, successfully implementing
predictive analytics requires high-quality data, advanced
technology, and human oversight to ensure appropriate
and effective interventions for patients.

Establishment of working groups, guidelines, and
frameworks
Al is transforming how guidelines are established in vari-
ous fields. In healthcare, guidelines usually take much
time, from establishing the knowledge gap that needs to
be fulfilled to publishing and disseminating these guide-
lines. Al can help identify newly published data based on
data from clinical trials and real-world patient outcomes
within the same area of interest which can then facili-
tate the first stage of mining information. Then, under
the supervision of scientists and experts in the field, Al
algorithms can analyze vast amounts of data to identify
patterns and trends that can inform the development of
evidence-based guidelines in real-time, which allows for
a fast exchange of information with essential supervision
clinicians for its clinical and ethical implications [68—73].
Several professional organizations have developed
frameworks for addressing concerns unique to develop-
ing, reporting, and validating Al in medicine [69-73].
Instead of focusing on the clinical application of Al,
these frameworks are more concerned with educating
the technological creators of Al by providing instruc-
tions on encouraging transparency in the design and
reporting of Al algorithms [69]. Additionally, regulatory
regulation of Al is still in its infancy. The US Food and
Drug Administration (FDA) is now developing guide-
lines on critically assessing real-world applications of Al
in medicine while publishing a framework to guide the
role of Al and ML in software as medical devices [74].
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The European Commission has spearheaded a multidis-
ciplinary effort to improve the credibility of AI [75], and
the European Medicines Agency (EMA) has deemed
the regulation of Al a strategic priority [76]. These leg-
islative efforts are meant to shape the healthcare future
to be better equipped to be a technology-driven sector.
Overall, the role of Al in establishing guidelines is to pro-
vide data-driven insights and recommendations based
on vast amounts of information, which can lead to more
efficient and effective decision-making, better outcomes,
and reduced costs. However, it is crucial to ensure that
Al-based guidelines are transparent, fair, unbiased, and
informed by human expertise and ethical considerations
[68].

Alin drug information and consultation

Al would propose a new support system to assist prac-
tical decision-making tools for healthcare providers.
In recent years, healthcare institutions have provided
a greater leveraging capacity of utilizing automation-
enabled technologies to boost workflow effectiveness and
reduce costs while promoting patient safety, accuracy,
and efficiency [77]. By introducing advanced technolo-
gies like NLP, ML, and data analytics, Al can significantly
provide real-time, accurate, and up-to-date informa-
tion for practitioners at the hospital. According to the
McKinsey Global Institute, ML and Al in the pharma-
ceutical sector have the potential to contribute approxi-
mately $100 billion annually to the US healthcare system
[78]. Researchers claim that these technologies enhance
decision-making, maximize creativity, increase the effec-
tiveness of research and clinical trials, and produce new
tools that benefit healthcare providers, patients, insurers,
and regulators [78]. Al enables quick and comprehen-
sive retrieval of drug-related information from differ-
ent resources through its ability to analyze the current
medical literature, drug databases, and clinical guidelines
to provide accurate and evidence-based decisions for
healthcare providers. Using automated response systems,
Al-powered virtual assistants can handle common ques-
tions and provide detailed medical information to health-
care providers [79]. Al-powered chatbots help reduce the
workload on healthcare providers, allowing them to focus
on more complicated cases that require their expertise.
Also, AI algorithms can generate specific recommen-
dations for individual patients, considering factors like
health conditions, past medical and medication history,
and social/lifestyle preferences, allowing healthcare pro-
fessionals to optimize medication choices and dosages
[80, 81].
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Al-powered patient care

Al virtual healthcare assistance

With continuously increasing demands of health care
services and limited resources worldwide, finding solu-
tions to overcome these challenges is essential [82].
Virtual health assistants are a new and innovative tech-
nology transforming the healthcare industry to sup-
port healthcare professionals. It is designed to simulate
human conversation to offer personalized patient care
based on input from the patient [83]. These digital assis-
tants use Al-powered applications, chatbots, sounds, and
interfaces. Virtual assistants can help patients with tasks
such as identifying the underlying problem based on the
patient’s symptoms, providing medical advice, remind-
ing patients to take their medications, scheduling doctor
appointments, and monitoring vital signs. In addition,
digital assistants can collect information daily regarding
patients’ health and forward the reports to the assigned
physician. By taking off some of these responsibilities
from human healthcare providers, virtual assistants
can help to reduce their workload and improve patient
outcomes.

Furthermore, these tools can always be available,
making it easier for patients to access healthcare when
needed [84]. Another medical service that an Al-driven
phone application can provide is triaging patients and
finding out how urgent their problem is, based on the
entered symptoms into the app. The National Health
Service (NHS) has tested this app in north London, and
now about 1.2 million people are using this Al chatbot to
answer their questions instead of calling the NHS non-
emergency number [85]. In addition, introducing intel-
ligent speakers into the market has a significant benefit
in the lives of elderly and chronically ill patients who are
unable to use smartphone apps efficiently [86]. Overall,
virtual health assistants have the potential to significantly
improve the quality, efficiency, and cost of healthcare
delivery while also increasing patient engagement and
providing a better experience for them.

Al mental health support

AT has the potential to revolutionize mental health sup-
port by providing personalized and accessible care to
individuals [87, 88]. Several studies showed the effec-
tiveness and accessibility of using Web-based or Inter-
net-based cognitive-behavioral therapy (CBT) as a
psychotherapeutic intervention [89, 90]. Even though
psychiatric practitioners rely on direct interaction and
behavioral observation of the patient in clinical prac-
tice compared to other practitioners, Al-powered tools
can supplement their work in several ways. AI-powered
mental health applications can assist in the early detec-
tion and diagnosis of mental health conditions, as well
as provide tailored treatment and support [88-91]
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These applications can also offer round-the-clock sup-
port, reducing the need for in-person appointments and
wait times. Furthermore, these digital tools can be used
to monitor patient progress and medication adherence,
providing valuable insights into treatments’ effectiveness
[88].

The current published studies addressing the appli-
cability of Al in mental health concluded that depres-
sion is the most commonly investigated mental disorder
[88]. Moreover, Al-powered apps prove their benefits
in patients with substance use disorder. A recent study
evaluated the utility of a mental health digital app called
Woebot in patients with substance use disorders. This
study found that using Woebot was significantly associ-
ated with improved substance use, cravings, depression,
and anxiety [92]. While Al-powered mental health diag-
nosis holds promise, some significant limitations must be
addressed. One of the main limitations is the risk of bias
in the data and algorithms used in Al-powered diagnosis.
If the data used to train Al algorithms does not represent
diverse populations, it can lead to biased and inaccurate
results. Additionally, AI-powered diagnosis may not take
into account the complexity of mental health conditions,
which can present differently in different people. Finally,
there is a risk that Al-powered diagnosis may lead to a
lack of personalization and empathy in mental health
care, which is an important aspect of successful treat-
ment [93]. Therefore, while Al-powered diagnosis can be
a valuable tool in mental health care, it should be used
as a supplement to, rather than a replacement for, profes-
sional diagnosis and treatment.

Al in enhancing patient education and mitigating
healthcare provider burnout

One of the emerging applications of Al is patient educa-
tion [94]. Al-powered chatbots are being implemented
in various healthcare contexts, such as diet recom-
mendations [95, 96], smoking cessation, and cognitive-
behavioral therapy [97]. Patient education is integral to
healthcare, as it enables individuals to understand their
medical diagnosis, treatment options, and preventa-
tive measures [98]. Informed patients are more likely to
adhere to their treatment regimens and achieve better
health outcomes [99]. AI has the potential to play a sig-
nificant role in patient education by providing personal-
ized and interactive information and guidance to patients
and their caregivers [100]. For example, in patients with
prostate cancer, introducing a prostate cancer com-
munication assistant (PROSCA) chatbot offered a clear
to moderate increase in participants’ knowledge about
prostate cancer [101]. Researchers found that ChatGPT,
an Al Chatbot founded by OpenAl, can help patients
with diabetes understand their diagnosis and treatment
options, monitor their symptoms and adherence, provide
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feedback and encouragement, and answer their ques-
tions [102]. AI technology can also be applied to rewrite
patient education materials into different reading lev-
els. This suggests that Al can empower patients to take
greater control of their health by ensuring that patients
can understand their diagnosis, treatment options, and
self-care instructions [103]. However, there are also some
challenges and limitations that need to be addressed,
such as ensuring the accuracy, reliability, and transpar-
ency of the information provided by Al, respecting the
privacy and confidentiality of the patients’ data, and
maintaining a human touch and empathy in the commu-
nication [104]. The use of Al in patient education is still
in its early stages, but it has the potential to revolutionize
the way that patients learn about their health. As Al tech-
nology continues to develop, we can expect to see even
more innovative and effective ways to use Al to educate
patients.

Are individuals more inclined towards Al than human
healthcare providers
Public perception of the benefits and risks of Al in
healthcare systems is a crucial factor in determining
its adoption and integration. People’s feelings about Al
replacing or augmenting human healthcare practitio-
ners, its role in educating and empowering patients, and
its impact on the quality and efficiency of care, as well as
on the well-being of healthcare workers, are all important
considerations. In medicine, patients often trust medical
staff unconditionally and believe that their illness will be
cured due to a medical phenomenon known as the pla-
cebo effect. In other words, patient-physician trust is vital
in improving patient care and the effectiveness of their
treatment [105]. For the relationship between patients
and an Al-based healthcare delivery system to succeed,
building a relationship based on trust is imperative [106].
Research on whether people prefer Al over healthcare
practitioners has shown mixed results depending on the
context, type of Al system, and participants’ characteris-
tics [107, 108]. Some surveys have indicated that people
are generally willing to use or interact with AI for health-
related purposes such as diagnosis, treatment, moni-
toring, or decision support [108—110]. However, other
studies have suggested that people still prefer human
healthcare practitioners over Al, especially for complex
or sensitive issues such as mental health, chronic dis-
eases, or end-of-life care [108, 111]. In a US-based study,
60% of participants expressed discomfort with providers
relying on Al for their medical care. However, the same
study found that 80% of Americans would be willing to
use Al-powered tools to help manage their health [109].
In another survey, responders’ comfort with Al varied
based on clinical application, and most patients felt that
AI would improve their healthcare, which suggests that
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people are generally willing to use AI for healthcare-
related purposes and that patient education, concerns,
and comfort levels should be accounted for when plan-
ning for integration of Al [110]. Moreover, people’s trust
and acceptance of Al may vary depending on their age,
gender, education level, cultural background, and previ-
ous experience with technology [111, 112].

Future directions and considerations for clinical
implementation
Obstacles and solutions
AT has the potential to revolutionize clinical practice, but
several challenges must be addressed to realize its full
potential. Among these challenges is the lack of quality
medical data, which can lead to inaccurate outcomes.
Data privacy, availability, and security are also potential
limitations to applying Al in clinical practice. Addition-
ally, determining relevant clinical metrics and selecting
an appropriate methodology is crucial to achieving the
desired outcomes. Human contribution to the design
and application of Al tools is subject to bias and could
be amplified by Al if not closely monitored [113]. The
Al-generated data and/or analysis could be realistic
and convincing; however, hallucination could also be a
major issue which is the tendency to fabricate and cre-
ate false information that cannot be supported by exist-
ing evidence [114]. This can be particularly problematic
regarding sensitive areas such as patient care. Thus, the
development of Al tools has implications for current
health professions education, highlighting the necessity
of recognizing human fallibility in areas including clini-
cal reasoning and evidence-based medicine [115]. Finally,
human expertise and involvement are essential to ensure
the appropriate and practical application of Al to meet
clinical needs and the lack of this expertise could be a
drawback for the practical application of Al

Addressing these challenges and providing construc-
tive solutions will require a multidisciplinary approach,
innovative data annotation methods, and the develop-
ment of more rigorous Al techniques and models. Cre-
ating practical, usable, and successfully implemented
technology would be possible by ensuring appropriate
cooperation between computer scientists and healthcare
providers. By merging current best practices for ethical
inclusivity, software development, implementation sci-
ence, and human-computer interaction, the AI commu-
nity will have the opportunity to create an integrated best
practice framework for implementation and maintenance
[116]. Additionally, a collaboration between multiple
health care settings is required to share data and ensure
its quality, as well as verify analyzed outcomes which
will be critical to the success of Al in clinical practice.
Another suggestion is to provide appropriate training
and education that starts from the undergraduate level of
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all the health care practitioners and proceeds to the con-
tinuous development and improvement for the practitio-
ners working in the current practice to ensure the proper
adaptation which provides the best patient care and avoid
any legal or ethical issues or misinterpretation of the
outcomes without verifying the results [117]. Medical
schools are encouraged to incorporate Al-related topics
into their medical curricula. A study conducted among
radiology residents showed that 86% of students agreed
that AI would change and improve their practice, and up
to 71% felt that Al should be taught at medical schools
for better understanding and application [118]. This
integration ensures that future healthcare professionals
receive foundational knowledge about Al and its applica-
tions from the early stages of their education.

Legal, ethical, and risk associated with Al in healthcare
system

Converting AI and big data into secure and efficient prac-
tical applications, services, and procedures in healthcare
involves significant costs and risks. Consequently, safe-
guarding the commercial interests of Al and data-driven
healthcare technologies has emerged as an increasingly
crucial subject [119]. In the past, only medical profes-
sionals could measure vital signs such as blood pressure,
glucose levels, and heart rate [48]. However, contem-
porary mobile applications now enable the continuous
collection of such information. Nevertheless, address-
ing the ethical risks associated with AI implementation
is imperative, particularly concerning data privacy and
confidentiality violations, informed consent, and patient
autonomy [48, 119]. Given the prominence of big data
and Al in healthcare and precision medicine, robust data
protection legislation becomes paramount to safeguard-
ing individual privacy. Countries around the world have
introduced laws to protect the privacy of their citizens,
such as the Health Insurance Portability and Account-
ability Act (HIPAA) in the United States and the General
Data Protection Regulation (GDPR) in Europe [120, 121].
While HIPAA protects only relevant health informa-
tion produced by covered entities, the GDPR has imple-
mented extensive data protection law within the EU,
creating a significant global shift in data protection [120,
121].

One of the major causes that can compromise patient
data, disrupt critical healthcare operations, and jeopar-
dize patient safety with the use of Al in the healthcare
system is increased cyberattacks [66, 122]. Predictive
algorithms can be employed to detect and prevent these
cyber threats. To safeguard data privacy and maintain
system integrity, it’s essential to deeply investigate cyber-
security and the cyber risk landscape of healthcare sys-
tems [66, 123]. By implementing a variety of robust Al
algorithms, the risk associated with relying on a singular
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solution can be mitigated [66, 123]. While data privacy
and security breaches are challenges associated with
Al in healthcare [122], it offers significant advantages
such as task streamlining, enhanced efficiency, time and
resource savings, research support, and reduced physi-
cian stress [122]. In the context of ethical considerations,
an epistemological framework for ethical assessment has
been proposed to prioritize ethical awareness, transpar-
ency, and accountability when evaluating digital tech-
nology’s impact on healthcare supply chain participants
[123, 124].

Conclusion

The integration of Al in healthcare has immense poten-
tial to revolutionize patient care and outcomes. Al-driven
predictive analytics can enhance the accuracy, efficiency,
and cost-effectiveness of disease diagnosis and clinical
laboratory testing. Additionally, Al can aid in population
health management and guideline establishment, pro-
viding real-time, accurate information and optimizing
medication choices. Integrating Al in virtual health and
mental health support has shown promise in improving
patient care. However, it is important to address limita-
tions such as bias and lack of personalization to ensure
equitable and effective use of Al

Several measures must be taken to ensure responsible
and effective implementation of Al in healthcare.

Firstly, comprehensive cybersecurity strategies and
robust security measures should be developed and imple-
mented to protect patient data and critical healthcare
operations. Collaboration between healthcare organiza-
tions, Al researchers, and regulatory bodies is crucial to
establishing guidelines and standards for AI algorithms
and their use in clinical decision-making. Investment in
research and development is also necessary to advance
Al technologies tailored to address healthcare challenges.

Al algorithms can continuously examine factors such
as population demographics, disease prevalence, and
geographical distribution. This can identify patients at
a higher risk of certain conditions, aiding in prevention
or treatment. Edge analytics can also detect irregulari-
ties and predict potential healthcare events, ensuring that
resources like vaccines are available where most needed.

Public perception of AI in healthcare varies, with
individuals expressing willingness to use AI for health
purposes while still preferring human practitioners in
complex issues. Trust-building and patient education are
crucial for the successful integration of Al in healthcare
practice. Overcoming challenges like data quality, pri-
vacy, bias, and the need for human expertise is essential
for responsible and effective Al integration.

Collaboration among stakeholders is vital for robust
Al systems, ethical guidelines, and patient and pro-
vider trust. Continued research, innovation, and
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interdisciplinary collaboration are important to unlock
the full potential of AI in healthcare. With successful
integration, Al is anticipated to revolutionize healthcare,
leading to improved patient outcomes, enhanced effi-
ciency, and better access to personalized treatment and
quality care.
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Abstract

Opver the past 20 years, the use of telemedicine has increased exponentially.
Its fundamental aim is to improve access to care. In this review, we assess
the extent to which telemedicine has fulfilled this promise across medical
domains. Additionally, we assess whether telemedicine has improved related
health outcomes. Finally, we determine who has benefited from this novel
form of health care delivery. A review of the literature indicates that (2)
telemedicine has improved access to care for a wide range of clinical con-
ditions ranging from stroke to pregnancy; (b) telemedicine in select circum-
stances has demonstrated improved health outcomes; and (c) telemedicine
has addressed geographical, but less so social, barriers to care. For
telemedicine to fulfill its promise, additional evidence needs to be gathered
on health outcomes and cost savings, the digital divide needs to be bridged,
and policy changes that support telemedicine reimbursement need to be
enacted.
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TELEMEDICINE: DEFINITION AND TRENDS

Telemedicine, the provision of medical care via the use of telecommunication technology, has
evolved dramatically over the past two decades. Although the field has undergone remarkable
change in recent years, its fundamental aim has remained constant: to improve access to care (28).
Although our current health care system is faced with several areas of needed reform, the urgency
of improving access to medical care remains of central importance. Overcoming barriers of access
will require resourcefulness and thoughtful innovation, and in this review we examine the evidence
that telemedicine has provided thus far in addressing these fundamental concerns. Numerous sys-
tematic and meta-analysis reviews have investigated the extent to which telemedicine has improved
access and related health outcomes, but these reviews are often limited in scope to a specific med-
ical condition. Literature examining the utility of telemedicine across medical domains is lacking,
and for the purposes of this review, we look to investigate the utility of telemedicine through the
lens of four diverse, prototypical medical conditions. The selected conditions discussed further in
this review are stroke, heart failure, diabetes, and pregnancy (statistics for the prevalence of these
four conditions are provided as well). These prototypical conditions were chosen, as they each
have been thoroughly studied with regard to telemedicine and span acute versus chronic as well as
primary versus specialty care. These common and costly medical conditions will allow for exami-
nation of broad applications of telemedicine use, highlight common themes related to access, and
help identify further areas of needed improvement. For the purposes of this review, we focus our
discussion on recent notable publications from the past decade with emphasis on the application
of telemedicine within the United States.

Initially utilized for the timely management of urgent conditions such as trauma and stroke
(56, 61), telemedicine has rapidly expanded into a means of providing comprehensive care across
multiple medical domains. Ranging from acute to chronic, as well as primary to specialty care,
telemedicine has successfully been implemented in a wide variety of medical conditions such
as heart failure (57), diabetes (106), and even pregnancy (62). With innovations in portable de-
vice technology and increasing broadband availability, telemedicine has made great strides in the
modalities used to achieve this aim. Through the use of smartphones, videoconferencing, and mo-
bile wireless sensors patients can currently receive medical care, often in the comfort of their own
homes, saving time and unnecessary cost. Extending beyond the confines of clinic interactions,
these tools are being utilized to gain better insight into disease progression and recovery and to
assist in achieving optimal medical treatment (82, 92). As the full potential of these applications
is still being realized, telemedicine continues to provide new and innovative means of health care
delivery.

Concurrent with the expanding applications and modalities of telemedicine use, interest has
also grown significantly. As evidenced by the growing number of annual telemedicine-related
literature publications (105), interest in telemedicine across multiple medical specialties has in-
creased exponentially (7, 10, 27, 33) (Figure 1). Alongside increasing interest, patient utilization
of telemedicine services has also been on the rise. Recent analysis of the largest database of private
commercial insurance claims in the United States revealed that national telemedicine utilization
grew 53% from 2016 to 2017 and was the fastest growing means of health care delivery, account-
ing for 0.11% of all national medical claims that year (34). Similarly, another large pool analysis of
commercially insured individuals from 2005 to 2017 revealed an average annual compound growth
rate between 45 % and 61 %, with the fastest rate of growth seen in primary care telemedicine visits
(6). Federal telemedicine utilization demonstrates similar rates of increased uptake. Examination
of rural Medicare beneficiary claims from 2004 to 2014 revealed a comparable average growth rate
of 45.1% annually for telemedicine mental health-related visits (67). While it is clear that interest
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Cumulative PubMed publications since 2000 with Medical Subject Headings (MeSH) terms including
“telemedicine” or “telehealth.”

in, and utilization of, telemedicine is growing, the essential questions remain: Does telemedicine
improve access to care and, importantly, which patients will gain benefit?

COMPONENTS OF HEALTH CARE ACCESS

Access to health care relies on the use of available resources in attempts to achieve optimal health
outcomes (46). It is composed of three main components: entry into the health care system, an
adequate supply of services available, and timely provision of care (Table 1) (77). Unfortunately,
issues related to health care access continue to remain of vital concern. According to the US
Centers for Disease Control and Prevention (CDC), approximately 10% of adults aged 18-64

Table 1 Components of health care access amenable to telemedicine intervention

Components of health

care access (77)

Limitations addressed by telemedicine

Entry into health care
system

Transportation barriers
(e.g., lack of transportation, long geographic distance to health care facility, cost of transportation,
limited access to vehicle, unreliability of public transportation, inability to drive due to disease)

Adequate supply of services
available

Provider availability
(e.g., physician shortages in medically underserved areas)

Timely provision of care

Long wait times
(e.g., excessive wait times for next available provider as deterrent to seek care when needed)
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delayed or did not receive access to needed medical services, and this estimate more than triples
for those living below the national poverty line (73). Individuals face many significant barriers to
health care access, and when care is accessible it is often unsafe (37) or inefficient (85). Fortunately,
the emergence of telemedicine has shown promise in improving health care access by addressing
the current inadequacies of each of its components.

Entry into Health Care System

The first step in gaining access to health care services is entry into the health care system. Unfor-
tunately, many barriers prevent even insured individuals from entering the health care system, and
one of the most significant barriers is transportation. For patients living with chronic diseases who
require frequent office visits and medication adjustments, reliable transportation is often neces-
sary for receiving appropriate medical care. Additionally, many patients cannot drive themselves
owing to physical and sensory limitations that accompany their disease. Three of the most com-
monly cited transportation barriers include lack of availability, geographic distance, and cost (52).
Greater travel distance to medical centers has been shown to result in less frequent health care
utilization and worse health outcomes. Patients in rural communities are especially vulnerable.
For example, a study of patients with type 2 diabetes reveals that the further patients resided from
their primary care provider, the less likely they were to use their insulin and the more likely they
were to have poor control of their diabetes (58). It is clear and well documented that lack of re-
liable transportation and geographic distance remain significant barriers for receiving adequate
access to health care services.

Adequate Supply of Services Available

The supply of services available once patients enter the health care system proves to be another
significant barrier to health care access. Issues related to provider availability remain of vital im-
portance, as projections indicate that there will be a growing shortage of practicing physicians,
estimated between 46,900 and 121,900, by the year 2032 (1). This growing discrepancy between
supply and demand presents a crucial barrier to health care access and warrants intervention.
Provider availability largely influences health care utilization and access to treatment, and again
this is especially true among resource-limited rural communities. Less than 12% of physicians in
the United States practice in rural communities (87). In addition, among these physicians practic-
ing in rural communities, there is a high turnover rate, which further weakens therapeutic rapport
and has been associated with patient vulnerability (9). Therefore, lack of physician availability,
especially in rural communities, remains another notable barrier to health care access.

Timely Provision of Care

Receiving care within a reasonable timeframe is also a crucial component for accessing appropri-
ate health care. Unfortunately, timely access to health care still presents a major barrier for many
people. For example, most patients seeking acute care in the emergency department face excep-
tionally long wait times before being able to see a provider. Prolonged wait times have been shown
to be associated with increased morbidity and mortality as well as decreased patient satisfaction
(42,47, 97). Wait times for appointments to see an outpatient provider may also limit health care
access, and in general, the more specialized the care, the longer the wait. Research has shown that
wait times for specialty care can range from months and in certain cases to more than a year (48,
54). Long wait times to receive both acute care in emergent settings as well as chronic care in
outpatient settings are a concerning deterrent, preventing patients from seeking health care in the
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The migration of telemedicine from the hospital to mobile device by year of first randomized controlled
clinical trial at each location.

first place. Furthermore, if patients decide to wait, the care they receive may not be within the
appropriate timeframe of when treatment would be most effective.

HEALTH CARE ACCESS AND OUTCOMES

As telemedicine evolves, it will continue to transition care away from medical institutions, and
patient-centered home delivery models of care are to become more routine (Figure 2). In doing
so, issues related to transportation and geographic distance will serve as less of a barrier to entry
into the health care system and ideally lead to improved access. Telemedicine also has the potential
for providers to increase their reach of practice through facilitating communication between spe-
cialists and community providers to assist in delivery of timely care. Systematic reviews have shown
that telemedicine has been effectively implemented to provide a wide range of medical services,
both routine and specialized, and has led to greater access to care. In addition, telemedicine has
demonstrated similar, and in select circumstances better, health outcomes when compared with
traditional care models (32), while proving capable of decreasing unnecessary hospitalizations and
costs (19, 89).

Frequently cited clinical limitations of telemedicine include the inability to perform compre-
hensive physical examinations, sacrifice of patient—provider relationships, fragmentation of care,
and the potential for overprescribing/excess health care utilization. These concerns are often un-
substantiated, and while it is important to anticipate the potential shortcomings of telemedicine,
innovative solutions are continuously being adopted to overcome potential barriers to implemen-
tation. Examples of such solutions include the use of user-friendly devices to gather vitals and data
to facilitate remote clinical assessment, as well as utilization of interchangeable electronic health
records to enable sharing of information among various providers (28).

Opverall, the promise of telemedicine seems encouraging, and we look to further examine no-
table examples of its efficacy through the lens of four diverse, prototypical medical conditions with
the goal of recognizing common themes and identifying areas of needed improvement. These
medical conditions include stroke, heart failure, diabetes, and pregnancy.

STROKE

The management of acute and urgent medical conditions, including stroke, illustrates one of the
most impressive applications of telemedicine. Stroke affects 795,000 patients in the United States
annually, is the fifth leading cause of death, and amounts to an estimated annual total cost of
$40.1 billion (8). First proposed by Levine & Gorman in 1999 (56), telestroke is now com-
monplace in helping combat the shortage and inequitable distribution of acute stroke specialists.
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Hub-and-spoke telestroke networks promote real-time communication and data sharing between
single tertiary care centers and multiple community emergency departments via videoconferenc-
ing and mobile devices (36). Patient video assessments coupled with the transmission of computed
tomography (CT) brain imaging data allow for comprehensive stroke centers to assist in the treat-
ment management of patients in remote locations. This approach is particularly useful as timely
intervention is essential when deciding whether a stroke is the result of either an intracranial
bleed, which may require surgical intervention, or a clot, which may be amenable to intravenous
(IV) thrombolysis treatment that could be administered immediately.

This frequently utilized hub-and-spoke model of telemedicine care has proven especially use-
ful for underserved patient populations, including rural and ethnically diverse communities (41,
61). For example, a recent notable study in the state of Texas demonstrated that telemedicine has
expanded access to acute stroke care for 1.5 million Texans, with no evidence of racial or ethnic
disparities (61). Telemedicine not only increases access to specialty stroke care, but also results
in positive clinical outcomes with noted improvements in health service efficiency. Studies have
shown that telemedicine stroke networks improve accuracy of diagnosis (68), increase rates of
timely IV thrombolysis treatment (18), and reduce interhospital patient transfers (Table 2) (59).
These claims have been further supported by systematic reviews that validate remote telemedicine
stroke care as a suitable alternative to traditional in-person models of care. For example, a re-
cent meta-analysis review including 1,863 patients concluded that within a 3-h treatment window
telemedicine-guided IV thrombolysis treatment is as safe and effective as care provided at stroke

Table 2 Recent select studies investigating the role of telemedicine in stroke

Author Year Participants Intervention Outcome
Kepplinger etal. | 2016 1,863 patients across 7 Systematic review and Telemedicine guided treatment
(49) prospective clinical control meta-analysis of timely is as safe and effective as care
trials thrombolysis within 3-hour provided at traditional stroke
treatment window centers
Lyerly et al. (61) 2016 1.5 million Texas residents Access to acute stroke care via | Telemedicine expanded access
from US Census Bureau telemedicine to acute stroke care without
data evidence of racial/ethnic
disparity
Chalouhi et al. 2013 1,643 telemedicine stroke Rates of appropriate Telemedicine implementation
(18) consultations provided over thrombolysis treatment for in underserved communities
28 rural/community eligible patients following resulted in higher rates of
hospitals within telemedicine stroke thrombolysis
Northeastern United States implementation treatment compared with
national averages and
resulted in fewer patient
transfers to primary stroke
centers
Nelson etal. (74) | 2011 Analytic cost-effective model Statistical analysis including Despite initial upfront fees,
of telestroke using prior total cost of equipment telestroke is shown cost-
published literature and maintenance and medical effective especially when
estimates from care as compared with accounting for the
Southwestern US hospital quality-adjusted life years cumulative lifetime expenses
networks of medical care follow-up
that are influenced by timely
intervention
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centers (49). Finally, despite a considerable initial price tag on its implementation, telemedicine
in stroke has also proven cost-effective for both patients and hospitals (74, 95).

In addition to the frequently utilized hub-and-spoke prototype, modalities of telemedicine for
the treatment of stroke are continually expanding. More recent applications of its use include mo-
bile stroke emergency units that utilize point-of-care laboratory testing and telemedicine confer-
encing to bring care directly to patients in urgent need (86). These mobile stroke unit ambulances
are equipped with onboard CT brain imaging devices coupled with real-time videoconferencing
to allow for hyperacute assessment and treatment of stroke patients prior to them being seen in the
hospital. Concurrent with improvements in timely treatment intervention, continued advances in
multimodal imaging techniques have also assisted with clinical decision making and have shown
promise in improving the efficacy of telemedicine application in stroke (26). Last, beyond the acute
phase of stroke management, telemedicine has shown capable of facilitating poststroke rehabili-
tative services at home with greater improvement in functional scores when compared with usual
care (21). Future applications of telemedicine in stroke will likely continue to optimize timely in-
tervention of acute treatment management while also expanding on available health care services
available at home during the chronic phase of recovery.

HEART FAILURE

Heart failure is one of the most common chronic diseases in the United States and is increasing in
prevalence. Parallel to our rapidly aging population, rates of heart failure continue to rise as this
disease currently affects greater than 5.7 million individuals in the United States and is predicted
to increase by 46% by the year 2030 (72). Patients with congestive heart failure are prone to acute
exacerbations, which require urgent medical evaluation and treatment to restore cardiopulmonary
function. Furthermore, the rate of hospital readmissions in patients with heart failure contin-
ues to remain high, with certain studies demonstrating more than 20% being readmitted within
30 days and more than 50% within 6 months of discharge (76). Telemedicine has proven success-
ful in reducing rates of hospital readmissions and mortality in patients with heart failure through
early detection and appropriate treatment management (23).

One of the most common telemedicine applications for the treatment of heart failure involves
the use of telecommunication messaging and videoconferencing for remote patient management.
These tools assist in patient education to improve compliance, allow for timely medication adjust-
ments, and help manage the complex medical comorbidities that are often present in this patient
population. One of the most impressive and notable recent randomized controlled studies ex-
amining the efficacy of telemedicine in heart failure is the TIM-HF2 (Telemedical Interventional
Management in Heart Failure II) trial. This longitudinal study of 1,571 participants demonstrated
that utilization of telecommunication tools resulted in a significant reduction in days lost due to
unplanned cardiovascular-related events (50). Furthermore, although additional studies are war-
ranted, automated telecommunication software has also shown promise in reducing the risk of
rehospitalization among underserved rural patients (51).

Another recent and impressive application of telemedicine for heart failure management in-
volves implantable hemodynamic sensors (2). These sensors are implanted into the patient’s pul-
monary artery to send information about the patient’s pulmonary arterial pressure into a cen-
tral service center monitored by the providing physician. When the pulmonary arterial pressure
exceeds a certain threshold, indicating potential heart failure exacerbation, the physician can be
alerted. A notable study examining the efficacy of these devices demonstrated a 37% greater reduc-
tion in rehospitalization rates during the 15-month follow-up period compared with controls (2).
Therefore, the use of both remote patient management telecommunication as well as implanted
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Table 3 Recent select studies investigating the role of telemedicine in heart failure

Author Year Participants Intervention Outcome
Koehler etal. | 2018 1,571 heart failure patients, Remote patient management Remote management resulted
(50) from 200 medical practice system combining patient in a lower percentage of days
locations across Germany telecommunication with lost due to unplanned
daily transmission of health cardiovascular hospital
status data admissions during the first
year of follow-up
Lin etal. (57) | 2017 11,758 heart failure patients Systematic review and meta- Telecommunication and home
across 39 randomized analysis of heart failure— sensor monitoring both
controlled trials associated mortality and significantly reduced heart
hospital admissions for failure-related
telemedicine versus standard hospitalizations and mortality
care
Krum et al. 2012 405 patients from rural, remote | Interactive telecommunication Telecommunication resulted in
51 general practitioner offices software paired with cardiac a significant reduction in
across Australia trained nurses to assist in hospitalizations among rural
treatment management patients when compared with
usual care
Abraham 2011 550 heart failure patients across | Efficacy of cardiac Remote telemedicine sensor
etal. (2) 64 medical centers in the hemodynamic sensor monitoring resulted in

United States monitors in guiding significantly fewer hospital

medication adjustments and readmission rates compared
treatment management with standard treatment at

six-month follow-up
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sensor monitoring has demonstrated better outcomes through improved continuity of access to
care.

These positive outcomes are further supported in systematic literature reviews. Recent sys-
temic and meta-analysis reviews of home telemonitoring and telecommunication systems demon-
strate that all-cause mortality and heart failure-related hospital admissions were reduced for both
interventions (45, 57). As demonstrated by numerous studies, telemedicine has shown promise in
the early detection of acute heart failure through hemodynamic sensor monitoring and improved
outcomes related to patient management through home-based telecommunication interventions
(Table 3). Future applications that incorporate both modalities and are adapted to specific patient
needs may provide further continuity of health care access and even greater benefit for related
health outcomes.

DIABETES

Diabetes remains one of the most common and costly medical conditions in the United States.
According to the CDC, an estimated 30.3 million people have diabetes, affecting 9.4% of the total
US population and costing more than $245 billion annually (15). Given the considerable extent
of disease burden, primary care providers are frequently the ones left to manage treatment, often
with limited available resources and suboptimal results. To help address the growing concern of
diabetes, multiple modalities of telemedicine have been employed with promising success. Over
the past decade, various applications of telemedicine, including videoconferencing, mobile health
technology, and cloud-based management programs, have shown similar, and in certain circum-
stances better, health outcomes when compared with traditional care models.
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In the management of diabetes, routine laboratory testing is commonly employed to mea-
sure blood glucose levels, and hemoglobin Alc (HgbAlc) is utilized as a specific biomarker for
disease progression. In general, higher levels above the expected normal range provide evidence
of poor disease management and correlate with worse clinical outcomes. A recent notable study
investigated the efficacy of remote health monitoring via virtual visits in reducing HgbAlc six
months following a telemedicine intervention. In this randomized clinical trial, participants in
the telemedicine intervention group demonstrated significantly improved HgbAlc levels com-
pared with traditional care (0.41% greater HgbAlc reduction) (38). Another impressive recent
trial utilized cloud-based technologies incorporating patient self-tracking tools, shared decision-
making interfaces, secure text messages, and virtual visits that demonstrated similar benefit. The
telemedicine intervention group again achieved greater reduction in HgbAlc when compared
with traditional controls over a three-month period (1.2% greater HgbAlc reduction) (43).

These telemedicine interventions have also shown to be particularly useful for underserved and
vulnerable diabetic patient populations. This result is perhaps best exemplified by the IDEATel
study. This 5-year longitudinal study recruited 1,665 patients residing in ethnically diverse and
medically underserved areas in New York who were referred from their primary care providers.
Patients enrolled in the intervention group had a home telemedicine unit capable of videocon-
ferencing and glucose tracking, as well as providing patient access to clinical data and educational
resources. Over five years, this study found an additional HgbAlc reduction effect of 0.29% in the
telemedicine intervention group when compared with usual care (90, 100). Another recent study
of vulnerable populations investigated the use of telemedicine to improve access for pediatric pa-
tients with type 1 diabetes in rural Wyoming. This study concluded that remote telemedicine
consultation proved noninferior to in-person annual visits with comparable health outcomes and
resulted in significantly less time missed from work/school (103).

Numerous systematic reviews and meta-analyses have examined the efficacy of telemedicine
in improving access and health outcomes for patients with diabetes (Table 4). These studies
have consistently demonstrated that telemedicine provides similar or improved health outcomes
compared with usual care, particularly for patients with type 2 diabetes, although data on cost-
effectiveness remains uncertain for type 1 diabetes (35, 91, 94, 106). While reductions in HgbAlc
provide an approximate overall measure of diabetic control, diabetes is a disease with numerous
complications and associated comorbidities. As telemedicine technologies continue to evolve, its
adaptation for the management of diabetic complications will also progress as evidenced already
by its successful utilization in retinopathy screening (63) and diabetes related to pregnancy (69).

PREGNANCY

An area of specialty care especially conducive to the incorporation of telemedicine is obstetrics.
The use of telemedicine modalities including smartphone apps, virtual prenatal provider visits, and
remote home monitoring devices during pregnancy has expanded tremendously in recent years
(98). With nearly 4 million births occurring in the United States annually (66), telemedicine may
stand to dramatically improve health outcomes for both mother and child as it expands access to
this commonplace component of health care delivery.

Evidence for telemedicine as a means of improving prenatal health care access and outcomes
is strong. Recent studies in obstetrics (Table 5) have shown that telemedicine results in lower
prenatal stress, higher patient satisfaction, and a reduced number of clinic appointments needed,
all while maintaining the current standards of practice (12, 65). In particular, multiple studies
have evaluated the role of telemedicine in prenatal care involving the management of gesta-
tional diabetes as well as smoking cessation through virtual appointments via videoconferencing
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Table 4 Recent select studies investigating the role of telemedicine in diabetes

Author Year Participants Intervention Outcome
Suetal. (94) 2016 9,258 diabetic patients across Meta-analysis systemic review Telemedicine intervention
55 randomized controlled of telemedicine for overall was more effective
trials hemoglobin Alc reduction than conventional treatment,
in type 1 and type 2 diabetes especially for patients with
type 2 diabetes
Wood et al. 2016 54 pediatric type 1 diabetic Remote management via video | Telemedicine was equivalent to
(103) patients in rural Wyoming conference virtual visits in-person evaluation after
one year follow-up;
intervention families spent
significantly less time away
from work and school
Greenwood 2015 90 type 2 diabetic patients Remote treatment Statistically greater reductions
etal. (38) within large California management incorporating in hemoglobin Alc were
health network virtual visits with feedback achieved in telemedicine
analysis of glucose tracking intervention group when
results compared with usual care at
6 month follow-up
Shea et al. 2009 1,655 diabetic Medicare Telemedicine via home unit Telemedicine intervention
(90) beneficiaries residing in with blood glucometer demonstrated greater
federally designated capable of videoconferencing reduction in hemoglobin Alc
medically underserved areas nurse case managers and for medically underserved
in New York accessing health records patients over the five-year

follow-up period
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telecommunication systems. In these studies, participants have demonstrated optimal glycemic
control quicker than those with in-person appointments only, and in certain studies the frequency
of visits has been shown to decrease without detrimental consequence (84, 98). Smoking cessation
in pregnant women has also been widely targeted through telemedicine with marked improve-
ment in abstinence rates, especially when supplemented by telecommunication text message
programs (39, 60, 98).

Another consideration for telemedicine in pregnancy is its ability to reach individuals in rural
and low-income areas with limited access to specialty care. Multiple studies have evaluated the
use of video calls in rural areas to aid in fetal cardiac evaluations and also to connect regional
specialists with local providers to give guidance on necessary procedures. Both applications have
demonstrated decreased travel time and costs, with some studies citing up to a ninefold decrease
in expenditures for pregnant individuals in rural settings, with no evidence of harm or decrease
in quality of care (24, 44). More recent evolving applications of telemedicine within obstetrics
involve the use of remote monitoring devices. For example, sensors capable of remote fetal heart
monitoring and uterine contraction tracking have also been tested in rural areas, with associated
reduction in travel and hospitalization secondary to improved access to care (96, 104). Current sys-
tematic reviews of the role of telemedicine in obstetrics have demonstrated comparable efficacy to
standard care with no evidence of harm, but further studies are needed to demonstrate unequiv-
ocal superior benefit and reduction in costs (62, 69). While results from the current literature are
encouraging, future studies are likely to further explore and refine the use of remote monitor-
ing applications, and larger cohort studies are needed to critically evaluate potential reductions in
associated costs.
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Table 5 Recent select studies investigating the role of telemedicine in obstetrics

Author Year Participants Intervention Outcome
Butler Tobah | 2019 300 pregnant women from the | Prenatal virtual visits Telemedicine intervention
etal. (12) Midwest, United States supplemented by fetal home resulted in higher patient
monitoring devices satisfaction, lower prenatal
stress, and reduced number
of clinician appointments all
while maintaining standards
of practice
Cuneo et al. 2019 368 pregnant women from Remote, off-site telemedicine Remote telemedicine consult
(24 medically underserved areas fetal cardiac monitoring provided comparable
in Colorado consult evaluation diagnostic quality with
ninefold reduction in
travel-related costs
Marko et al. 2019 88 women with low-risk Mobile prenatal care app to Telemedicine via mobile app
(65) pregnancies from facilitate reduced in-person resulted in fewer in-person
Washington, DC, area visits visits with no associated
reduction in patient or
provider satisfaction
van den 2018 Systematic review of 71 studies | Studies spanned areas of Telemedicine interventions are
Heuvel investigating role of smoking cessation, suitable and safe alternatives
etal. (98) telemedicine in obstetrics gestational diabetes, mental to usual care; further studies
health, remote monitoring, are needed to investigate
and teleconsulting superiority of outcomes and
cost
COMMON THEMES

Through a critical review of the literature on telemedicine across medical domains, notable com-
mon themes emerge. After examination of the four diverse, prototypical medical conditions high-
lighted in this review, it is evident that the literature consistently indicates that telemedicine is
a safe and suitable alternative to traditional in-person models of care. Furthermore, for certain
medical conditions, telemedicine has resulted in improved health outcomes with associated re-
ductions in cost (i.e., stroke, heart failure). In areas where unequivocal benefit in outcomes and
cost reduction remains in question (i.e., pregnancy, type 1 diabetes), findings continue to indicate
that telemedicine intervention is comparable with current standards of practice and does not im-
pose any unnecessary risk or harm to patients. Additionally, telemedicine has proven capable of
addressing current barriers to access, which is best exemplified by its ability to assist medically
underserved patient populations, especially those residing in rural areas. Overall, a review of the
current literature reveals that telemedicine is in fact fulfilling its fundamental aim to improve ac-
cess to care and is doing so by innovative and continuously evolving means. The four medical
conditions discussed in depth in this review were intentionally chosen as they span a diverse range
of health care settings. These common themes are therefore likely applicable to a broader set of
conditions, but it remains important that the implementation of telemedicine adapt to the specific
health care needs and communities that are being served.

BARRIERS TO IMPLEMENTATION

Despite improvements in access to care and health outcomes resulting from telemedicine inter-
vention, numerous barriers may impede telemedicine’s widespread adoption if left unaddressed.
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These limitations arise from both the patient’s and the physician’s perspectives and span social,
financial, and legal domains.

One of the predominant hurdles faced by telemedicine to improve access to care is the digital
divide—disparities in communication technology literacy and access along lines of age, race, so-
cioeconomic status, or geography (https://www.pewresearch.org/topics/digital-divide/). Ow-
ing to this divide, telemedicine favors individuals typically unburdened by the traditional care
model, namely the young, white, and educated (29, 71). Age and level of education are the most-
cited barriers to the use of telemedicine, with specific mentions of deficits in digital literacy named
less often (88). Furthermore, patients may also be unable to access telemedicine programs owing
to an inability to access Internet-enabled devices or to have broadband Internet in their home.
This differential quality of bandwidth inhibits many rural patients from receiving care through
telemedicine (30). However, cloud-based high-quality videoconferencing programs such as Zoom
Cloud Meetings and GoToMeeting have much lower bandwidth requirements than Federal Com-
munications Commission standards and may bridge this gap (5, 93). The digital divide affects not
only the patients intending to receive care through telemedicine but also the remote health care
staff. The most common barrier to the implementation of telemedicine reported by staff was dif-
ficulty adapting to and utilizing the technology (14, 88).

Beyond differential access and necessary skill in using technology, the adoption of telemedicine
is inhibited by cost (3, 79, 81, 88). Before care is offered through telemedicine, health care orga-
nizations must invest in the necessary resources to conduct patient visits. These resources include
but are not limited to expenditures on equipment, licensing fees, and also time spent training pa-
tients and staff to use the technology appropriately. Telemedicine offers the promises of time and
cost savings and serves as a diversion from more expensive areas of care (11, 13,31, 53,70, 71, 75,
83), but these initial barriers may hinder the uptake of telemedicine before it can deliver on these
promises.

Once telemedicine programs are established, the question arises about who will pay for the
subsequent services provided. At present, 37 states have parity laws that require private insurers to
reimburse care delivered via telemedicine (up from 29 states in 2016) (16, 28), but the services cov-
ered and required reimbursement vary from state to state and insurer to insurer. While Medicare
does reimburse for select telemedicine services, the restrictions on what treatments are received,
who can receive them, and where they are received are stringent. Only individuals in rural areas
(with exceptions for end-stage renal disease, acute stroke treatment, and substance use disorders)
are eligible to receive treatments in a short list of approved facilities (17). This list notably lacks
the patient’s home among the eligible sites, a disappointing fact given the age and mobility of
many individuals enrolled in Medicare. In emergency response to the coronavirus disease 2019
(COVID-19) pandemic, the Centers for Medicare & Medicaid temporarily lifted restrictions and
broadened coverage to include home visits and nonrural areas (22), but whether long-standing
policy changes are to follow remains in question.

As interest in telemedicine grows, so has the number of claims submitted to third-party payers
for care provided through this modality (102). Still, the complications of reimbursement impede
the ability to demonstrate telemedicine’s financial benefit (14, 55). Furthermore, billing code dis-
crepancies for telemedicine services fail to accurately report the frequency at which services are
received and reimbursed (4, 102). Many practitioners simply do not bill for telemedicine ser-
vices due to a lack of reimbursement (4). Insurers are hesitant to reimburse telemedicine owing
to limited evidence that it is cost-effective, and as a result a cycle ensues, with fewer practition-
ers willing to offer or bill for these services. In some cases of private insurers, reimbursements
for telemedicine have decreased while charges have increased, further hindering progress toward
convincing organizations to adopt telemedicine (102).
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Last, there are legal concerns regarding the use of telemedicine that may make use of the
technology daunting. According to one review, legal liability, privacy confidentiality, and security
of data composed 11% of reported barriers to adoption of telemedicine (88). With the rise in
popularity and interest in telemedicine, guidelines for improving the privacy, security, and HIPAA-
compliance for these practices are similarly increasing (99). Still, there is no accreditation system
to ensure that telemedicine programs are compliant; the responsibility to maintain compliance
falls on providers (70). These concerns over possible breaches in privacy or the storage of data
collected through telemedicine visits may further deter patients from opting to use this service.

Because telemedicine offers the ability to treat patients anywhere in the world, concerns over
proper licensure also deter many organizations from adopting telemedicine. Practitioners must
currently be licensed in the originating site that is the state where the patient is located at the time
of care. Issues concerning proper licensure can incur additional costs when providing care across
state lines (20, 78, 79). For patients who reside in multiple states or those who have a medical
condition that limits mobility, this may inhibit their ability to receive consistent care from their
primary provider or specialist. Inconsistencies between states regarding the delivery and reim-
bursement of telemedicine obligate practitioners to invest both time and resources to ensure that,
regardless of their patients’ locations, they are compliant with burdensome medical malpractice
and liability laws (55, 80).

FUTURE DIRECTIONS

Telemedicine is poised to transform health care with increased access and reduced burden on
patients and providers, but progress in several areas would need to be made in order to expand its
availability and use. Widespread broadband access is necessary to allow telemedicine to be used in
rural areas that need it most, and more effort could be directed toward inclusivity in telemedicine
(40). Public education on the availability of telemedicine as an alternative to in-clinic care, as
well as guidance on when its use is appropriate or not, is crucial to expand our knowledge on
its efficacy and cost-effectiveness (83). Incorporating incentives for the adoption of telemedicine,
or disincentives for incomplete reimbursement of telemedicine services, may help overcome the
ongoing cycle of underusing and under-reimbursing of telemedicine (88). In addition, large cohort
studies or controlled trials are needed to help clarify telemedicine’s efficacy and inform the policies
surrounding reimbursements for telemedicine visits (25, 70). Future telemedicine studies should
seek to expand on the common themes learned from the past and take into account the potential
for unique adaptations that may better address specific concerns across medical conditions.

With many patients and practitioners reporting security and privacy concerns as reasons for
disuse of telemedicine, establishing standards for infrastructure to ensure the confidentiality and
security of patients’ medical information would be helpful (107). Furthermore, the development
of widely accepted protocols for care delivery via telemedicine would increase the ease with
which telemedicine can be adopted throughout health care and pave the way for expanded use
of telemedicine in both research and care.

Progress has been made with regard to licensure that allows physicians to practice across state
lines. More than half of all US states are now part of the Interstate Medical Licensure Compact,
an initiative to facilitate the expedition of multistate medical licensure (101). The initiative focuses
on expanding physicians’ ability to offer care in rural and underserved areas across multiple states
through the use of telemedicine (64). Despite the increase in physicians licensed to practice in
other states, it is still important for insurers, particularly Medicare and Medicaid, to offer fair
and equal reimbursement for telemedicine services as in-person services. Moving forward, it will
be necessary to include the patient’s home on the list of approved originating sites for Medicare
reimbursement. Without this expansion, telemedicine will be unable to fully serve those in need.
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Telemedicine stands to revolutionize health care, deliver critical treatments to historically un-

derserved patients, and ultimately save time and money for patients and providers alike. However,

without taking action as outlined above, telemedicine will not realize its full potential as a means

of providing care to those who need it most.

. Interest in and application of telemedicine use across medical domains are rapidly

expanding.

. Systematic reviews consistently indicate that telemedicine is a safe and suitable alterna-

tive to traditional in-person models of care.

. Telemedicine has proven capable of improving access for underserved patient popula-

tions, especially those residing in rural areas.

. For certain medical conditions, telemedicine has demonstrated improved health out-

comes with associated reductions in cost.

. Policy changes for fair reimbursement of telemedicine services would be necessary to

promote widespread implementation and further improve access to care.
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