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In this issue of AIM, we 
have a very special focus on 
women and their valuable 
contributions in the world 
of artificial intelligence in 
medicine that sometimes appears to 
be dominated by men. Some of the key 
women leaders in this nascent domain 
from around the world in industry, 
academia, technology, and clinical 
venue are featured. In addition, we 
have an overview of AI in medicine 
initiatives in the Middle East (with 
countries such as Israel, Oman, UAE, 
Egypt, Iraq, Kuwait, and Turkey in 
this issue). We have also continued our 
inclusion of hot topics with 
this issue delineating edge 
computing as our choice. A 
very heartwarming patient 
story about wearable 
technology and its nuances 
as well as the personal 
perspective resonates 
with all of us. Finally, we 
have a series of short interviews with 
radiologists with their view of the 
future of radiology and AI. All of  
these features in one exciting issue!

As we finish our busy year of AIMed 
global summits and clinician series 
around the globe, there are ongoing 
spirited discussions about artificial 
intelligence and its adoption; these 
discourses often come down to  
some key words: 

First, there is ongoing suggestion 
to use the word augmented to describe 
deployment of artificial intelligence in 
medicine and healthcare. This is mostly 
in hopes of assuaging the perceived 
concern amongst clinicians that may 
not want nor are ready to adopt AI. 
While this strategy may be effective, 
it is less than accurate and creates a 
potential conundrum: if all AI is to be 
labeled “augmented”, how would one 

FROM THE TOP
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then describe AI in medicine that is  
“assisted” or “autonomous”? 

For those who may not be familiar 
with the three “A”s of AI, assisted and 
autonomous AI are usually without 
human intervention but opposite 
ends of the assisted-augmented-
autonomous AI spectrum. All three 
forms of AI in medicine have already 
been deployed (assisted AI in the 
form of robots in laboratory setting, 

augmented AI exemplified by IBM 
Watson for Oncology, and autonomous 
AI in IDx-DR, the deep learning tool 
for diagnosing diabetic retinopathy). 

Second, there is also ongoing 
discussion about AI as a ‘black box’ 
and how explainability needs to be at a 
higher level for AI to be adopted. Is it in 
fact explainability or “interpretability”? 
Perhaps clinicians really yearn for trust 
and interpretability, not explainability. 
As a cardiologist, I have patients with 
pacemakers that I follow along with 
an electrophysiologist: while I do not 
fully comprehend the engineering 
aspects of a pacemaker, I can program 
the pacemaker and have trust in its 
pacing functionality. Perhaps our 
equivalent in the technology of AI 
is for clinicians to have trust (to be 
earned) with AI and be guided by 
clinicians with a special training in 

AI. As my friend Dr. Joao Lima 
elucidated at our Cardiology 
Clinician Series meeting 
in June, perhaps we should 
be fair and say our brains 

(a “pink box” or “pink bag”) is 
equally enigmatic in its process.

Finally, there is also the  
designation of AI in the form of 
software as a device (SaaD). I think 
that this term may in fact create a 
misconstrued notion that AI can go 
through periodic evaluations as with 
traditional medical devices (such 
as the ventricular assist device that 
I had the privilege of working on 

with the venerable Dr. 
DeBakey). There are 
significant differences 
between these two 
medical advances: while 
traditional medical 
devices are “visible” 
and can accommodate 
timelines that are 

months to years in development 
and deployment, algorithms are 
“invisible” and often have timelines 
of minutes (seconds even) and 
hours as it is sometimes a matter of 
changing line(s) of code. By labeling 
software as a “device”, this may delay 
the necessary change in our present 
mindset as the regulatory paradigm 
needs to accommodate the new wave 
of technologies that demand (and 
deserve) a much more accelerated 
timeline for approval (with safety of 
course). The same issue arises with 
other technologies with relatively  
fast velocities of change such as  
drug development in the future. 

I look forward to many more 
intellectual discussions and 
constructive debates such as these 
with all of you this coming year 
at our many AIMed events! 
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Key figures from the UK’s NHS have 
met with representatives from big 
technology and pharmaceutical 
companies to discuss the potential of 
commercializing patients’ medical records. 

The confidential ‘NHS England Health 
and Care Data Day’, held late last year, 
saw discussions around collecting patient 
data to improve healthcare services, how 
to fund the data-management project 
and potentially share profits from it. 

Alongside NHS England Chairman, Lord 
David Prior, Chief Executive Simon Stevens 
and NHSX Chief Executive, Matthew Gould 
were key industry figures including Amazon 
UK boss and British Heart Foundation 
Chairman Doug Gurr, Microsoft UK CEO 
Cindy Rose, joint Chief Executive of System 
C Healthcare, Markus Bolton, and Dr. Jim 
Weatherall, Vice President for Data Science 
and AI for pharma giant AstraZeneca.

Papers from the meeting organised by the 
Office of Life Sciences, first reported by 
Digital Health, estimate the NHS patient data 
could be valued at up to £10 billion a year.

Documents also revealed plans for a 
“single, standardised, event-based, 
longitudinal patient record” containing the 
data of 65 million patients, collated from 
GPs, hospitals, mental health professionals, 

demographics registers, prescription 
records as well as information from  
the private health sector.

The information would not only be used 
to serve the NHS, it could be used to 
provide companies and researchers 
real-time access to medical data.

Commercial models discussed ranged 
from the NHS receiving no fees but instead 
“receiving a curated dataset” through to 
a royalty fee and shared ownership or 
products based on NHS data. Under the 
proposed free commercial model set out 
in the papers, the NHS would essentially 
give away access to all patient data to 
other parties for no financial return, with 
the documents stating, “the NHS does 
not receive a direct return but benefits 
indirectly through increased/better 
innovation in the wider healthcare system.”

In another of the proposed commercial 
models, the NHS would be paid a fee for 
handing over patient data and then be 
“be eligible for a discount on any product 
developed from the collaboration”.

All the points raised during the meeting 
were highlighted as discussion only, not 
official government policy. However,  
the papers speak of further planning 
meetings to follow.

FOR THE LATEST NEWS, SIGN-UP FOR AIMED'S 
WEEKLY NEWSLETTER AT WWW.AI-MED.IO

Harvard 
researchers  
call for tighter 
regulation 
Researchers from The Petrie-Flom Center for 
Health Law Policy, Biotechnology, and Bioethics 
at Harvard Law School and INSEAD, Singapore 
and Fontainebleau, urged for significant updates 
on existing safety and ethics measures to prevent 
a regulatory lockdown in healthcare as AI driven 
adaptive algorithms become ever more influential. 

According to an article published in Science, the 
researchers argued that once a machine learning 
driven medical solution has been proven to be 
low-risk and effective, should regulatory bodies 
like the US Food and Drug Administration (FDA) 
authorize only the submitted version to be released 
into the market or permit the one which can 
learn and adapt to novel data and conditions?

They asserted their goal is to highlight the possible 
challenges that could arise from “unanticipated 
changes in how medical AI/ML systems react or 
adapt to their environments” as this is something 
unique which does not present in the reviewing 
processes of drugs or medical devices. 

They believe regulators should focus on 
“continuous monitoring and risk assessment 
and less on planning for future algorithm 
changes” to avoid related mishaps. 

Virtual surgery 
reconstructs patient’s jaw
Surgeons from Northwick Park Hospital near London, 
have used 3D technology to reconstruct a patient’s jaw 
using part of his leg bone. A 3D computer model was 
created so that surgeons could virtually plan incisions 
and cuts up to a precision of one millimeter. The blueprint 
was then used as a guide during the operation. 

The patient — Albert Goodman, an 88-year-old former 
ambulance technician, had unknowingly suffered a 
fractured jaw after his bones were weakened as a result  
of cancer treatment. Initially, Goodman’s age had 
denied him a chance of an operation, until he insisted 
due to constant pain and inability to intake solid food. 

Dr. Abdul Ahmed, the maxillofacial surgeon who headed 
the surgery, pre-planned the 12-hour procedure using 
a virtual model and performed virtual surgery from the 
scans. The virtual execution allows the surgical team 
to exercise a higher level of accuracy during the actual 
surgery and also saves time, making it less demanding  
for a patient of Goodman’s age. 

NHS in talks with tech giants 
over patient database

AI Index  
Report  
findings
The 2019 AI Index Report, the annual 
overview of artificial intelligence-
related data points, has confirmed 
the world of AI is booming.

Highlights of the report, collated by 
institutions such as Stanford, Harvard 
and OpenAI, include such facts as:

— AI research is rocketing. Between 
1998 and 2018, there was a 300% 
increase in the publication of peer-
reviewed papers on AI. Attendance 
at conferences has also surged; the 
biggest, NeurIPS, is expecting  
13,500 attendees this year, up  
800% from 2012.

— The US remains the global leader in 
AI. Although China publishes more 
AI papers than any other nation, work 
produced in the US has a greater 
impact, with US authors cited 40% 
more than the global average. The US 
also puts the most money into private 

AI investment (a shade under $12 
billion, compared to China in second 
place globally with $6.8 billion) and 
files many more AI patents than any 
other country (three times more than 
the number two nation, Japan).

— It is also becoming cheaper and 
faster for AI to learn, as the time 
required to train a machine vision 
algorithm drops from three hours in 
2017 to merely 88 seconds in July 2019. 

— Singapore, Brazil, Australia, Canada 
and India experienced the fastest 
growth in AI hiring from 2015 to 2019.
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FOR THE LATEST NEWS, SIGN-UP FOR AIMED'S 
WEEKLY NEWSLETTER AT WWW.AI-MED.IO

During the 2011 Great East Japan Earthquake, 
numerous medical facilities were destroyed 
and data servers containing years of patient 
records were washed away by the tsunami. 
Since then, Japanese medical professionals 
have recognized the importance of having 
remotely located, secret and secure data 
backup systems as contingency plans. 

So much so, a group of researchers from 
The National Institute of Information and 
Communications Technology (NICT) and 
Kochi Health Science Center (KHSC) of Japan 
have now successfully created a data backup 
system which connects servers within an 
800-kilometer network with a satellite link that 
transmits or retrieves data in nine seconds. 

Known as H-LINCOS‘ the system is not 
only implemented with authentication 
functions but also quantum-safe public-key 
cryptography, to ensure its safety under next 
generation quantum computing attacks. 

Researchers demonstrated H-LINCOS’ 
capability to recover important medical 
information such as prescription records and 
allergy information and have them displayed 
on screens for an average of 15 seconds.  
They are now planning to experiment the 
reliability and performance of H-LINCOS  
with increased storage size and numbers  
of connected terminals. 

IQ tests for AI systems 
Washington State University researchers are creating 
the first-ever ‘IQ test’ for artificial intelligence 
systems that scores systems on how well they learn 
and adapt to new, unknown environments.

Diane Cook, Regents Professor and Huie-Rogers' Chair 
Professor and Larry Holder, Professor in the School of 
Electrical Engineering and Computer Science, received a 
grant of just over $1 million from the Defense Advanced 
Research Projects Agency (DARPA) to create the system. 

Cook and Holder are designing a test that will grade the 
performance of AI systems based on several criteria, 
including the difficulty of problems they can solve; 
accuracy; time taken to solve the problems, and amount  
of data they require to perform well. 

As most AI algorithms can only perform specialized tasks 
like making predictions or detecting faces, they hope 
that a credible scoring method will provide insights into 
developing machines that can learn and act intelligently 
under new circumstances. More specifically, the research 
team are focusing on how well the AI machines they test 
can transfer what they have learnt from one task and 
apply it to new and previously unperformed tasks. 

Secure medical data 
backup system created

Researchers at the University of Illinois at Urbana-
Champaign hope to gain a better understanding of  
brain abnormalities by successfully using stem cells  
to engineer living biohybrid nerve tissue to create a  
3D model of neural networks. 

“Being able to form 3-dimensional tissue consisting of 
neurons gives us the ability to develop tissue models 
for drug screening or processing units for biological 
computers”, said researcher Gelson Pagan-Diaz.

The project was funded through an NSF Science and 
Technology Center EBICS (Emergent Behaviors of 
Integrated Cellular Systems) and was inspired by  
previous research in developing functioning muscles, 
where researchers developed bio bots that can walk  
when stimulated with electricity or light.

In this study, the team developed neural tissue mimics  
that can form different shapes, using hydrogels and 
fibrin to make millimeter to centimeter scale structures 
that can be molded into a number of desired shapes.

“Being able to fabricate these tissue mimics outside the 
body allows us to characterize and study their electrical 
activity in great detail,” said Pagan-Diaz. “The broad set  
of design rules due to the 3D structure and shapes 
provide a lot more experimental freedom and opens up  
new avenues of research in neuroscience, medicine,  
and engineering applications.”

3D neural network model created 

2011 Great East Japan Earthquake

About 80% of healthcare 
professionals believe artificial 
intelligence is helping to reduce 
burnout, according to a new survey  
of more than 900 individuals 
in the US and UK. 

The MIT Technology Review poll, ‘The 
AI Effect: How Artificial Intelligence 
is Making Healthcare More Human’, 
finds widespread optimism among  
medical ranks.

Roughly 45% of respondents said 
they believe AI has helped to 
increase their time to consult and 
treat patients. Another 60% indicated 
that they believe AI has empowered 
medical staffers to spend more 
time performing procedures rather 
than administrative work, and 
68% said it’s allowing for greater 
collaboration among staff.

In addition, 78% said they believe  
AI has already helped them to 
improve workflows, thereby  
boosting productivity.

“Using AI for ‘smarter’ scheduling 
opens up more slots, which in turn 
empowers referring physicians to 
schedule more patients or more 
effectively match patients with 
specialists,” says Dushyant Sahani, 
professor and chair of radiology at 
the University of Washington  
Medical Center, in the report.

Altogether, about 70% of 
healthcare institutions said they’ve 
adopted or are considering 
adopting AI technology, and 
80% expect to increase spending 
on such applications.

AI  
reducing 
burnout

08  AIM Volume 3 Issue 1 February 2020 — May 2020  09



CONFIRM  
YOUR PLACE  

NOW

 ai-med.io/aimeduk
 #AIMedUK

“ From the moment I shook Dr Chang’s hand when I first entered 
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Milan Bates MD, FRCS
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A wearable monitoring device 
is set to make treatment of 
swallowing disorders easier  
and more affordable.

Researchers from Purdue 
University’s College of Health 
and Human Sciences have 
created a skin-mountable sensor 
sticker that attaches firmly to  
the neck and is connected  
with small cables to a wireless  
transmitter unit.

The sensor sticker measures 
and records the muscle activity 
and movement associated 
with swallowing and stores the 
information in the transmitter 
unit. The information can then 
be analysed by a doctor to 
understand the precise cause of 
a patient’s swallowing difficulties 
and prescribe more targeted 
and effective treatment.

The stickers, made of relatively 
inexpensive components, are 
designed to be disposable, 
and can be used about ten 
times before being disposed.

Researchers hope this 
inexpensive device will 
assist patients in practicing 
swallowing at home without 
the need for regular visits to 
healthcare facilities. Patients 
attach the wearable on their 
own as it measures and records 
swallowing-related muscle 
activities and movements 
and sends the information to 
a separate component that is 
clipped onto patients’ shirts  
for analysis. 

Each year, as many as nine 
million adults and 500,000 
children in the US are affected 
by severe swallowing disorders.

New device helps patients to swallow

FOR THE LATEST NEWS, SIGN-UP FOR AIMED'S 
WEEKLY NEWSLETTER AT WWW.AI-MED.IO

A new study has found that key 
suppliers of electronic medical 
records need to do more to make 
their systems interoperable to 
“improve access to information”  
for millions of patients.

The Institute of Global Health 
Innovation at Imperial College 
London examined inconsistencies 
with electronic medical record (EMR) 
systems across 152 acute hospital 
trusts in NHS England over a one- 
year period.

Overall, researchers found at least 
21 different EMR systems were in 
use, leading to “critical deficiencies”. 
Many of these systems are unable 
to effectively share information, 
putting patients who visit more 
than one hospital at risk.

About four million patients were 
treated at two or more hospitals 
which had different EMR systems 
between April 2017 and April 2018. 
Clinicians were unable to access a 
patient’s full medical record from 
another hospital some 11 million 
times in the same time period.

Although electronic medical 
records were designed to make 
combinations across the NHS more 
interoperable, the study found 
77% of hospitals who use an EMR 
still face “major difficulties”.

NHS England’s Local Health 
and Care Records Exemplar 
(LHCRE) programme aims to 
alleviate problems surrounding 
interoperability through providing 
reference sites for sharing patient 
data to better support care, and 
developing Integrated  
Care Systems.

Call for electronic medical records  
need to be more interoperable
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17–18
AI AND MACHINE  
LEARNING CONVENTION

NEC, Birmingham, UK

www.aimlconvention.com

The UK's leading event for artificial 
intelligence and machine learning 
and a part of Mediweek, the largest 
healthcare event in the country. The 
conference will have approximately 
500 total attendees, top speakers 
as well as the 2,000 attendees each 
from the Oncology and Medical 
Imaging Conventions, both taking 
place in conjunction with the AI 
and Machine Learning Convention. 
The conference will showcase the 
latest AI technology with seminars, 
exhibitors and masterclasses. 

17–18
AI & BIG DATA EXPO

Olympia, London

www.ai-expo.net

The AI & Big Data Expo Global, the 
leading artificial intelligence and 
big data conference and exhibition 
event showcases next generation 
technologies and strategies from 
the world of artificial intelligence 
and big data. Over 500 speakers 
and 9,000 attendees combine to 
make an unmissable opportunity to 
explore and discover the practical 
and successful implementation of 
AI and big data in driving forward 
your business in 2020 and beyond.

31– 1 APRIL
PHAR-EAST 2020 

Resorts World Convention  
Centre, Singapore

www.terrapinn.com/
exhibition/phar-east

Asia’s Pharma and Biotech Festival 
is one of the largest specialized 
biotech events in this part of the 
globe, with an expected 1,000+ 
attendees, 120+ speakers, and 
six content streams, including 
Immunotherapy, Big Data, Biotech 
Invest, Clinical Trials, Market Access, 
Pharma 4.0, and Regulatory Affairs. 

31– 2 APRIL
EYEFORPHARMA 2020

Barcelona International Convention 
Center, Barcelona, Spain

www.eyeforpharma.com/barcelona

The largest commercial pharma 
event in the world, and the only 
one to bring leadership together 
from across Commercial, Sales, 
Marketing, Digital, Medical, Access, 
RWE/Data and Patient Engagement 
to drive holistic discussion and new 
collaborations. Over 2,000 attendees 
and 200 plus speakers. This year’s 
themes: Authentic Leadership, From 
Drugs to Treatments, Hit Commercial 
Goals and Digitise Evidence.

8–10 
JOIN US  
ABU DHABI
AIMed
PART OF THE ONLY GLOBAL MOVEMENT  
FOCUSED ON AI IN MEDICINE

Emirates Place, Abu Dhabi, UAE

ai-med.io/all-events/global-
summits/abu-dhabi-2020

Abu Dhabi is the first country 
to create an entire university 
dedicated to artificial intelligence, 
making it the perfect venue for 
the number one event of its type 
in the UAE. Two days dedicated 
to the transformative impact 
that AI-inspired technology is 
having on healthcare. A platform 
designed by clinicians to showcase 
latest thinking and facilitate 
new ideas and partnerships.

Meet with over 600 delegates and 
collaborate with 80 expert speakers 
for innovative content, case studies 
and workshops dedicated to the 
future of artificial intelligence 
revolutionizing medicine and 
healthcare across UAE.

9–13
HIMSS20 GLOBAL HEALTH 
CONFERENCE & EXHIBITION

Orange County Convention 
Center, Orlando, Florida, USA

www.himssconference.org

This unmissable health 
information and technology event 
brings together nearly 45,000 
professionals from the global 
health ecosystem, including 
clinicians, executives and market 
suppliers from around the world. 

Attendees can look forward to a 
world class educational programme 
including 350+ sessions from 
industry leaders, world-class 
speakers, cutting-edge products 
and a multitude of daytime and 
evening events that make for 
powerful networking opportunities.
In a time of unprecedented 
healthcare disruption, HIMSS20 
calls health information and 
technology professionals around 
the world to one essential, simple, 
bold action: Be the change.

MARCH  
2020

MARCH–APRIL  
2020

APRIL
2020
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AR 5–6
DIGITALHEALTH WORLD 
CONGRESS 2020

Kensington Conference and 
Events Centre, London W8 7NX

digitalhealthcareworldcongress.com

Digital Health World Congress 2020 
is the leading technology digital 
healthcare conference in London 
as a forum for medtech mobile 
IoT IT industry events. Covering 
all aspects of medical and mobile 
technology including ehealth, 
mhealth, telehealth, telemedicine, 
digital health, genomics and 
healthcare IT, biotech, life sciences, 
healthtech, genetics and pharma, 
it features keynote speakers from 
IBM, Oracle, Babylon, NHS, Qardio, 
AstraZeneca, and many more.

11–13
WORLD MEDICAL  
INNOVATION FORUM 2020

The Westin Copley Place 
Boston, Massachusetts, USA

worldmedicalinnovation.org

A global gathering of more than 
1,700 senior healthcare leaders 
in the heart of Boston. It was 
established to respond to the 
intensifying transformation of 
health care and its impact on 
innovation. The Forum is rooted 
in the belief that no matter the 
magnitude of that change, the 
center of health care needs to be a 
shared, fundamental commitment 
to collaborative innovation.

13–17
ARTIFICIAL INTELLIGENCE FOR 
EARLY DRUG DISCOVERY

Hilton San Diego 
Bayfront, California 

www.drugdiscoverychemistry.
com/Artificial-Intelligence

The second edition of Artificial 
Intelligence for Early Drug 
Discovery by Cambridge 
Healthtech Institute is part 
of a larger convention, ‘Drug 
Discovery Chemistry’. The 
event will cover a broad 
range of topics, including 
bioinformatics, chemistry, target 
discovery, drug metabolism and 
pharmacokinetics (DMPK), and 
toxicology, and will discuss the 
increasing use of computational 
tools, artificial intelligence 
models, machine learning 
algorithms, and data mining in 
preclinical drug development.
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ESSENTIAL 
GLOSSARY
PART TWO 

Need 
to know

Artificial 
intelligence has its 
own language that 
can seem utterly 
impenetrable to 
outsiders. Here’s 
part two of your 
essential guide  
to its key terms. 

WORD VECTORIZATION 
AN INTERESTING IDEA 
WHEREBY A COMPUTER 
LEARNS TO REPRESENT 
WORDS AS MULTI-
DIMENSIONAL VECTORS, 
WHICH CAN BE USED TO 
PERFORM MEANINGFUL 
FUNCTIONS. M

MACHINE LEARNING

The study of algorithms that can infer 
patterns and rules within data without 
needing explicit instructions. Note 
that this definition technically includes 
deep learning, but that the two terms 
tend to be used with mutual exclusivity. 
Machine learning generally refers to 
older algorithms including support 
vector machines, random forest 
regression, K nearest neighbour, etc. 

Deep learning is very much in fashion 
at the moment and there is a tendency 
to apply it (perhaps somewhat 
injudiciously) to all analytical 
problems. However, while deep 
learning algorithms are remarkably 
potent computational tools, they are 
heavily reliant on large volumes of 
data. Traditional machine learning 
still has a significant place in data 
science, particularly with regard to 
data-poor areas (including many 
less common medical conditions).

MATRIX

A rectangular array of scalars  
(in lay terms: a grid of numbers)  
that behave as a unit.

MODEL

Used interchangeably with the term 
algorithm in the context of machine 
learning algorithms, or with the  
term network in the context of  
neural networks.

N
NATURAL LANGUAGE  
PROCESSING (NLP)

The study of developing computer 
systems that can perform useful 
functions based on natural spoken 
or written language (think Amazon 
Alexa, Google Assistant, etc.). Medical 
NLP applications are mostly early 
stage, but the last 18 months have 
seen some major advances in the field 
and it's definitely a space to watch.

NEURAL NETWORK

A machine learning algorithm inspired 
by the neuronal architecture of the 
biological brain. Neural networks form 
the cornerstone of deep learning.

O
OVERFITTING

When a machine learning model 
learns features that are too specific to 
its training set and will not generalise 
well to real-world examples. For 
example, a weather prediction 
algorithm trained on three years 
of data may predict rain on the 27th 
March next year with 100% certainty, 
based on the fact it rained on 27th 
March each of the last three years. 
Overfitting is a major issue in machine 
learning and is often the consequence 
of small datasets, or datasets that do 
not contain an adequate spread of data.

P
PYTHON

Currently the most popular 
programming language for  
machine learning applications.

R
R

A statistical programming language, 
probably a close second to Python 
in popularity for machine learning 
applications. Note that NHS Digital 
has chosen R over Python as their 
official programming language.

RECTIFIED LINEAR 
ACTIVATION UNIT (ReLU)

A non-linear activation function 
whose output equals its input for 
positive numbers, but which outputs 
0 for all negative input numbers. So 
ReLU(2) = 2, whereas ReLU(-1) = 0. 
Intuitively, this may seem too 
simple to allow for powerful data 
manipulation. However, it has 
proven very effective and has 
replaced the sigmoid function as 
the activation function of choice 
for fully-connected hidden layers 
of most neural networks.

R
RECURRENT NEURAL  
NETWORK (RNN)

A type of neural network that 
‘remembers’ information from the 
previous item within a sequence 
of data in order to inform the 
interpretation of the current item. 
RNNs are most commonly used in 
natural language processing, 
where previous words in a phrase 
inform the interpretation of 
the current word. For example, 
knowledge of the previous item is 
essential in interpreting the word 
complaint in the phrases presenting 
complaint vs written complaint.

REINFORCEMENT LEARNING (RL) 

A relatively nascent field of AI focussed 
on the concept of training machines to 
develop behaviour strategies based 
on distant rewards. RL was pivotal to 
the celebrated success of AlphaGo and 
has some very interesting (though 
currently theoretical) applications in 
clinical medicine, where sequential 
decision making based on learned 
behaviour models is central to 
the activity of many clinicians.

S
SCALAR 

A single, real number  
(e.g. 725 or 3.142).

SUPERVISED LEARNING 

The process of training a machine 
learning model by tasking it with 
mapping from input data to pre-
assigned labels. For example: feeding 
a CNN a large collection of chest X-rays 
and training it to detect pneumonia, 
where each X-ray in the training 
set has been labelled with a 0 or 1 
(denoting the absence or presence of 
pneumonia) by an expert radiologist. 
Most deep learning applications in 
production today are based on the 
supervised learning framework.

T
TENSOR 

For the purposes of machine 
learning, a tensor refers to a scalar, 
vector or matrix whose values 
will be transformed as part of an 
algorithm – hence, Google’s deep 
learning library is called TensorFlow. 

TEST SET 

The dataset used for the final 
evaluation of a completed 
machine learning model.

TOKENISATION 

The process of converting words into 
numerical "tokens" so that they may 
be used by mathematical algorithms 
(e.g. deep learning models). In the 
simplest example, a word’s token is 
simply its position within the dictionary 
(list) of words used for a given NLP task.

TRAIN SET 

The dataset used during the primary 
training of a machine learning 
model (often 80% of the data, where 
10% is reserved for the validation 
set and 10% for the test set).

TRANSFER LEARNING 

The process by which a deep learning 
model can re-use knowledge acquired 
in one domain to improve performance 
in another domain. For example, a CNN 
trained to identify real-world objects 
from photographs (of which there is an 
abundance online) could be fine-tuned 
to identify cerebral haemorrhages 
from CT brains (examples of which 
may be harder to acquire). The feature 
abstraction functions learned in 
the early convolutional layers of the 
network (e.g. the ability to detect 
edges and rudimentary geometric 
shapes) will be common to both 
tasks, so by re-training only the later 
layers of the network, one can both 
expedite training and achieve high 
performance with less training data.

WEIGHTS 

The essential differentiable 
component of a neural network. 
Weights are scalar values that 
are adjusted during a network's 
training phase to alter its internal 
mathematical structure, which in 
turn adjusts the function performed 
by the network. A “weight matrix” 
contains all the weights of a 
given layer within a network. 

The black magic of deep learning 
lies in the fact that a neural 
network’s weight matrices starts out 
as a collection of randomly initialised  
scalar values (assuming it is not 
making use of transfer learning) 
but, by incrementally tweaking these 
values, the network can transform  
itself into a cutting edge 
data processing tool.

W

UNSUPERVISED LEARNING

The process of training a machine 
learning model where the labels 
for the data are not provided. Often, 
unsupervised learning tasks centre 
around the concept of "clustering", such 
as grouping patients from a certain 
disease population into a prespecified 
number of phenotypical groups.

V
VALIDATION SET

Usually, the dataset that is used 
to tune a machine learning 
model's hyperparameters (e.g. the 
dichotomisation threshold when 
results are produced by the model 
on a continuous scale but required 
by the clinician in binary form, 
such as 1 for "malignant" or 0 for 
"benign") after the initial training 
phase based on the training set.

VANILLA NEURAL NETWORK

A neural network that consists of 
an input layer, a small number of 
fully connected hidden layers and 
an output layer. The term ‘vanilla’ 
refers to the fact that this is the 
simplest form of neural network 
architecture, which does not contain 
convolutional features, recurrent 
features, LSTM units, etc.

VECTOR 

A list of scalar numbers that behave 
as a unit. The length of the list is 
referred to as the "dimension" of the 
vector, such that a 3-dimensional 
vector is a list of 3 numbers. For 
example, if [1,2,3] is a 3-dimensional 
vector V, then 3 × V=[3,6,9].

U

14  AIM Volume 3 Issue 1 February 2020 — May 2020  15



 t’s spring, 
2008. I’m perched on a cheap plastic 
chair at a wobbly fold-out desk in the 
university sports hall, coat zipped to 
the chin. All 300 students from my class 
are here, spaced at carefully measured 
one metre intervals. The only sounds, 
however, are the scratch of pencils 
on paper, the ponderous footsteps of 
invigilators and the occasional sob.

We’re sitting our “intermediates”: 
a gruelling nine days of written exams 
whose subject matter is the entire 
curriculum of our three preclinical 
years. I’m doing ok so far – I’ve matched 
HLA alleles with associated disease 
phenotypes, detailed the differences 
between subtypes of renal tubular 
acidosis, described the principle means 
by which Pseudomonas species evade 
the host immune system. Then I turn 
the first page of the ophthalmology 
section and let out a groan as I read: 
“What is the wavelength of green light?”

When my medical school was 
founded, the ability to transform 
oneself into a walking encyclopaedia 
through the rote learning of entire 
textbooks would have been a huge 
asset. Scientific texts were terrifically 
expensive and access to the contents 
of the university library during 
undergraduate studies was, for most, 
a once-in-a-lifetime opportunity. The 
more facts a student could assimilate 

before graduation, the better equipped 
they would be to serve their community 
after catching the pony trap home.

Fast forward a couple of centuries, 
however, and I’m thinking this mindset 
may have run its course. Like every 
other student in that exam, I have a 
3G-enabled smartphone in my rucksack 
at the back of the hall that puts an 
unfathomable body of knowledge at my 
fingertips. Should the battery run dead 
when I’m out on the wards, I can hop 
on the nearest computer. Should the 
hospital’s internet connection somehow 
fail, I can reach for my perfectly pocket-
sized Oxford Handbook of Clinical 
Medicine. My medical education seems 
to be based on the premise that access 
to knowledge is the principle barrier 
to good clinical practice, whereas the 
reality of 21st century healthcare is 
almost the reverse. To borrow the 
somewhat harsh language of Gorovitz 
and MacIntyre, the challenge of 
ineptitude has superseded that of 
ignorance, but my medical school 
doesn’t seem have to have noticed.

Things are beginning to change. 
More store is being set by the ability 
to critically appraise and less by 
the capacity to memorise. The 
importance of good communication 
skills has been widely acknowledged. 
Simulation-based training – the 
most effective pedagogical route to 
adaptive expertise – is employed 
routinely at many institutions. 

But there’s still a long way to 
go to catch up with the present, let 
alone to make the leap from reactive 
to pro-active education. I routinely 
find that house officers (interns) 
can manually calculate the cardiac 
axis from a 12 lead ECG (something 

an app on their phones could do for 
them in an instant) but that they can’t 
operate the external pacing function 
on a defibrillator. I sometimes wonder 
if the entire medical school syllabus 
should be divided into “things you 
will have time to look up” and “things 
you really do need to know by heart”.

As a clinician and data scientist, 
I’m convinced that the healthcare 
landscape will change at least as 
much over the next 30 years as it 
has over the last 30, and probably 
rather more. The complexity of 21st 
century medicine has outstripped 
our ability to manage it manually and 
system-wide adoption of intelligent 
computing is no longer a luxury but 
a necessity. As policymakers come to 
this conclusion, so must educators.

If medical students are to 
understand the AI systems that will 
inform their day-to-day decision 
making, existing parts of the 
curriculum will need to be cut in favour 
of data science modules. Some prescient 
institutions are already doing this, and 
you can be sure that their graduates 
will dictate the future of healthcare 
over the next couple of decades. 

The type of person we recruit into 
the profession should also receive 
careful thought. The hippocampus-
heavy students who could recite Merck 
by heart are ill-suited to a world where 
most questions can be answered 
in just a few clicks. The clinician of 
the future will be an interlocutor 
between patients and intelligent 
machines, which will require the 
same scientific reasoning and human 
empathy that we purport to value 
in our students at the moment, but 
perhaps in very different proportions.

Finally, the way we conduct 
assessments may need a major overhaul. 
Confiscating phones and sending 
students into an exam hall to answer 
questions from memory makes little 
sense in a profession that relies heavily 
upon the ability to marshal a wide range 
of resources (online and otherwise) to 
solve complex problems. And as for the 
wavelength of green light? Google it.  

THE  
COLUMNISTS 
OPINION

The world of medical education 
is working hard to catch up with 
the realities of modern clinical 
practice. But are med schools 
doing enough to anticipate the 
future of 21st century healthcare?
—Dr. Rob Brisk, Specialty Doctor in Cardiology and Clinical Research Fellow

If medical students are to understand the AI 
systems that will inform their day-to-day decision 
making, existing parts of the curriculum will need 
to be cut in favour of data science modules.”

More forthright opinion overleaf

Dr. Rob Brisk is a Clinical 
Research Fellow at 

Craigavon Area Hospital, 
Belfast

16  AIM Volume 3 Issue 1 February 2020 — May 2020  17



Dr. Naila Siddiqui Kamal 
is a senior gynaecologist 

and Senior Lecturer, 
Imperial School of 
Medicine London

 e have 
seen dramatic changes in gender 
roles in recent decades. As we find 
ourselves on the verge of the fifth 
industrial revolution, disruption has 
taken over all aspects of life. This has 
automatically triggered an emerging 
need in required skills, cognitive 
abilities and their acquisition pathways. 
So it’s become increasingly important 
to consider how gender choices have 
evolved over recent decades with 
particular regard to current female 
involvement in AI related careers.

Factors studied by social scientists 
to understand differences in choices 
based upon gender include: the 
influence of gender socialization, 
gender roles, and gender stereotypes; 
social policies that make it difficult 
for women to easily combine work 
and family roles; differences in 
the educational backgrounds and 
human capital of men and women; 
sex differences in interests, values, 
motivation, and abilities; and sex-linked 

genetic and hormonal influences. 
Correlation of these factors is a very 
complicated social science research 
area. One of the most provocative 
associations would be if women were 
presumed to be making their choices 
based on their intellectual abilities.

Meyer et al finds women’s 
underrepresentation in science, 
technology, engineering, and 
mathematics (STEM) fields. The field-
specific ability beliefs (FAB) hypothesis 
in this study aims to provide such an 
account, proposing that women are 
likely to be underrepresented in fields 
thought to require raw intellectual 
talent—a talent that women are 
stereotyped to possess less of than 
men. Their findings suggest the 
academic fields believed by laypeople 
to require brilliance are also the fields 
with lower female representation. 
The most controversial question 
in gender differences in abilities is 
whether there is a gender disposition 
when it comes to intellect. The largest 
study to look at sex differences in 
brain anatomy (‘Sex differences in 
the adult human brain’ 2018) found 
that women tend to have thicker 
cortices, whereas men had higher 
brain volume. Sadly, the authors didn’t 
go any further in their findings than 
the obvious anatomical differences. 

After my initial literature search 
on the subject of female career choices 
over the last few decades, it was evident 
that published literature was very 
skewed and limited by geographical 
and conceptual boundaries. A 
publication of the US department of 
Labor (1947) presents a vivid account 
of career choices by women in USA. 

 It seems obvious that during that 
period, women were not at the leading 
end of careers that lay people would 
consider a high intellect-requiring 
domain. But what’s particularly sad 
is that recent publications highlight 
a similar pattern. This does not infer 
that women have a lesser intellectual 
bias at all. It merely suggests that the 
tendency of socio-economic factors 
poses a barrier to a greater number of 
women coming through in such roles.

ICT and related disruptive 
technologies, such as AI, are considered 

as the new high intellect careers 
for STEM (Science, Technology, 
Engineering and Mathematics) 
students in current times. Price Water 
House Coopers (pwc) published a 
‘Women in tech’ report in 2017. 

It states that despite decades 
of progress towards workplace 
equality, women remain woefully 
underrepresented in the UK’s 
technology workforce. They quote 
the figures from WISE (Women in 
Science & Engineering) that just 
23% of the people working in STEM 
roles across the UK are female – and 
only 5% of leadership positions in the 
technology industry are held by women.

The impact of societal influences 
is deeper in some regions of the 
world towards what is considered as 
‘western education’, let alone emerging 
technologies. The Organisation 
for Economic Co-operation and 
Development (OECD) found that 
girls still lack the confidence to 
pursue high-paid careers in science 
and technology, despite their school 
results being as good as – or better 
than – those achieved by boys. 

Many factors are considered to 
be influencing this paucity of female 
representation in technology-based 
careers particularly in healthcare, 
but they are not very different to 
the 1947 US Department of Labor 
report. One aspect that is a major 
player is perception of chances 
of success and reaching the top 
of a career ladder in that field. It 
takes a very strong will, rock-solid 
determination and a level of financial 
and social freedom to take on the 
challenge of ‘going against the odds’. 

Should that be a deterrent? Not in 
my opinion. It has been achieved with 
many examples (though fewer than 
male representation at same levels) of 
women in technology-based careers. 
IBM Watson published a prestigious 
list of women in AI 2019. Forbes wrote 
a piece on incredible women advancing 
AI research, highlighting the amazing 
stories around these individuals and 
their work. One particular story 
captures the common barriers that 
women have to face even in this day 
and age. A world-renowned pioneer in 

social robotics, Cynthia Breazeal splits 
her time as an Associate Professor at 
MIT, where she received her PhD and 
founded the Personal Robots Group, 
and Founder and Chief Scientist of 
Jibo, a personal robotics company 
with over $85 million in funding.

While Breazeal’s work has won 
numerous academic awards, industry 
accolades, and media attention, she 
had to fight early scepticism in the 
1990s from other experts in robotics 
and AI. At the time, robots were seen 
as physical and industrial tools, not 
social or emotional companions. Her 
first social robot, Kismet, was unfairly 
called out in popular press as “useless”. 
Breazeal bucked the trend with a very 
different vision: “I wanted to create 
robots with social and emotional 
intelligence that could work in 
collaborative partnership with people. 
In 2-5 years, I see social robots helping 
families with things that really matter, 
like education, health, eldercare, 
entertainment, and companionship.”

Taking inspiration from the work 
done by female leaders in AI, I have 
established a start-up (medret.co.uk) 
which is looking at educating and 
enabling women in developing regions 
in better understanding of AI and its 
applications in their surroundings  
so that they can lead innovation  
and economic and social growth  
in their settings.  

THE  
COLUMNISTS 
OPINION

The Organisation for 
Economic Co-operation 
and Development 
(OECD) found that girls 
still lack the confidence 
to pursue high-paid 
careers in science and 
technology, despite their 
school results being as 
good as – or better than – 
those achieved by boys.” 

Why, despite 
decades of progress 
towards workplace 
equality, are women 
still woefully 
underrepresented 
in the technology 
workforce?
—Dr. Naila Siddiqui Kamal, MBBS, FR COG
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Numerous analysts have already 
identified edge computing as one of 
the next big things. Thomas Bittman 
from market research company, 
Gartner, wrote; the “Edge will eat the 
cloud.” Phillip Cases, founder of Topio 
Networks says, “Edge computing is 
one of the top 10 trends for 2019. This 
coming tsunami will require us to 
think about infrastructure differently.”

So what exactly is it? Why would 
you care? And more importantly, can 
edge computing change medicine?

Over the past thirty years or more, 
the cost of computing has come down 
every year. Gordon Moore, founder of 
Intel, is famous for stating the overall 
processing power for computers will 
double every two years, and he said 
that in 1965. As evidence of how low 
the cost of computing is 
becoming, today a 2.3GHz 
processor with 2GB of 
memory can be purchased  
on the public cloud for less 
than 3 cents for an hour  
of computing.

So with the cost of 
computing being driven 
down, coupled with higher 
performance, there’s obviously been a 
move to put more computing in more 
places. Most visible was the rise of 
personal computers in the 1980s and 
more recently, the introduction of Dell 
laptops, iPads and Samsung smart 
phones. All contain powerful low cost 
computers. But this transition hasn’t 
been limited to just what you think 
of as a computer. Many modern-day 
items also have computers embedded 
in them. The current Porsche 
Panamera ships with 100,000,000 lines 
of code, an AGCO combine harvester 
has more than 5,000,000 and modern 
Siemens MRI scanners have over 
10,000,000 lines of code. Lines of code 
are a rudimentary measure of the 
amount of software on the computer.

In simple terms, edge computing 
is putting computing ever closer to 
the demand for, and the source of the 
data. Today the public cloud (AWS, 
Azure, Google Cloud) is deployed 
out of a handful of data centers 
around the world. So if you live in 
Palo Alto, and want to watch the 
Crown, rather than go all the way to 
the Amazon data center in Virginia 
to retrieve your Netflix movie, you 

pull it from a server in San Francisco 
and feed your Chromecast dongle in 
your home. That Chromecast dongle 
is an edge computer. That content 
server in San Francisco is an edge 
computer. Now, if communication 
costs were free and infinitely fast 
then there would be no need for edge 
computing. But we’re a long way 
from that, although the work on 5G 
networks is bringing us ever closer.

Doing computing closer to the 
edge of the network lets organizations 
analyze important data in near 
real-time – a need of organizations 
across many industries.

In the world of healthcare,  
the Apple Watch monitoring your 
heart rate is an edge computer; 
the embedded PC in the Siemens 

Magnetom Skyra 3.0T scanner is an 
edge computer. So while all medical 
equipment will get smarter, how can 
edge computing change healthcare?

Consider the possibility of 
connecting all the healthcare machines 
in every children’s hospital in the 
world. With around 500 children’s 
hospitals and an average of 1,000 
machines in each hospital that would 
amount to 500,000 machines. Since 
each of these healthcare machines 
are from different suppliers (Abbott, 
GE, Siemens, Phillips, Beckman, Leica 
Microsystems, etc.) you’d have to come 
up with a standard edge computer 
which could interface, to all these 
machines. The data would include 
both machine data (the laser power 
level of the gene sequencer) as well 
as nomic data (the actual MRI scan 
or gene sequence). Security features 
would have to be designed into the 
edge computers and not left as an 
afterthought. Furthermore, you’d need 
to engineer for privacy, as the GPDR 
and HIPPA are only the beginning 
of the regulatory frameworks. 

With powerful enough edge 
computers, you could also make the 

machines smarter. For example, the 
machines would be able to speak 
with you and tell you when they 
needed maintenance, or even answer 
questions without you ever having to 
type or move a mouse. But making 
each machine smarter would be just 
the beginning. An edge computer 
connected to high performance 
5G networks would create the 
ability to securely aggregate data in 
public or private cloud services. 

As we’ve seen in the consumer 
world, there have been major advances 
in AI in image recognition. The famous 
ImageNet competition, which pitted 
people against machine in the task 
of recognizing millions of images, 
was started in 2005. By the time of 
the 2015 competition, the computers 

were better than the humans. 
Companies like Facebook are 
also pushing the state of the 
art in facial image recognition. 
While, in the quest to build 
autonomous cars, Tesla, 
Porsche, Mercedes and other 
automobile companies are also 
advancing scene recognition. 

Why are all of these getting 
better? There is a famous PPT slide 
authored by Jeff Dean at Google Brain, 
which shows that with neural network 
technology increasing the amount of 
computing and the amount of data 
achieves nearly linear improvements 
in accuracy. Public cloud computing 
is bringing large amounts of compute 
for very little money – a thousand 
servers for an hour costs $100. So 
what if we could bring terabytes of 
imaging (MRI, CT, Xray, Ultrasound, 
etc.) data together? Could we build 
increasingly accurate pneumonia 
diagnostics? How many of the ACR 
DSI use cases (www.acrdsi.org/DSI-
Services/Define-AI) could be solved?

The implications for global 
healthcare are huge. With only 3,000 
pediatric radiologists on the planet 
and two billion children, health care 
is spread unevenly. Pneumonia is 
the number one cause of death of 
children in Africa. It doesn’t have to 
be this way. Using data from 500,000 
connected health care machines; 
we can build AI doctors to diagnose 
thousands of conditions. With edge 
computing, medicine may indeed 
be at the edge of change.  

“IN SIMPLE TERMS, EDGE COMPUTING IS  
PUTTING COMPUTING EVER CLOSER TO  

THE DEMAND FOR, AND THE SOURCE OF THE DATA.”

TRENDING
EDGE COMPUTING

You’ll have heard the term, ‘edge computing’. But what does it mean? 
More pertinently, what does it mean for the healthcare industry? 

Stanford University’s Dr. Timothy Chou, who started the first class  
on cloud computing in 2005, provides some clarity.
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Artificial intelligence aims to transform health care around the 
world. Yet, we continue to have academic and philosophical 
arguments around the impact AI will have. The roles of hospital 
systems, insurers and even clinicians will surely change in the 
coming years as AI-based systems drive efficiencies at scale. 

As a physician, the most exciting prospect is the poten-
tial positive effect on patient outcomes. Over the last five 
years, improvements in computer processing have allowed 
for a surge of AI methods – from tackling image recognition 
in specialties such as radiology and cardiology to improving 
workflows through robotic process automation and deep-
learning models predicting health outcomes in the inpatient 
and outpatient settings. 

Still, the question remains: How will providers and patients 
benefit from AI? Thus far, the average health system has been 
slow to adopt these methods. But those who have are begin-
ning to see the impact with their patients. 

About five years ago, I was walking into a patient's hospital 
room when my cell phone rang. It was my mother. Her mother, 
my 92-year-old grandmother, had decided to go for a walk 
without her walker. She did what we all expected: She fell and, 
in the process, managed to fracture her lumbar spine. Over 
the next several months, she 
had to make multiple trips 
back to the emergency room, 
sometimes resulting in a 
hospital admission and other 
times admission to a nursing 
facility for rehab. 

What dawned on me at the 
time was that I could almost 
always predict when she was 
going to be heading back to the hospital (both necessarily and 
unnecessarily). Which begs the question: You're a physician, 
why couldn't you treat her and keep her from bouncing in and 
out of facilities? The answer was complicated. It came down 
to the need to fill in all the clinical data gaps and consider all 
the participants in her care to create the right treatment plan. 
To make matters worse, she was in a fee-for-service medical 
world where there is little value in coordinated health care. 

There was, however, one crucial value to my grandmoth-
er’s condition. She sparked my interest in using multiple data 
sources, medical and non-medical, to create new understand-
ings of patient profiles through machine learning. I credit that 
moment, a chance meeting with a physician data scientist, and 
a forward-thinking executive team at Alignment Healthcare 
to the philosophy and practice my team is focused on today.

As the chief medical information officer at Alignment 
Healthcare, a tech-enabled Medicare Advantage company 
based in California, I have a unique opportunity to sit side-
by-side with our data science team and engineers. Together, 
we are building machine-learning and AI algorithms with 
outputs that a clinician can understand. Over the last several 
years, we have built more than 100 machine-learning models 
and a handful of AI-based systems tackling areas such as clin-

ical quality metrics through optical character recognition 
(OCR) and natural language processing (NLP) capabilities, 
and models predicting severity of chronic disease burden 
and admission risk. In parallel, we built our clinical model at 
Alignment around our algorithm sets to drive clinical inter-
ventions through daily triaging of our entire population and 
providing 24/7 access to care to all our members. We did this 
because technology cannot solve all of health care's prob-
lems by itself. Our philosophy remains that technology helps 
us identify “the who” but, we as clinicians, still have to be 
involved to determine:

1  How we will care for our patients 

2  In what order of urgency we will care for those patients, and 

3  The most appropriate course of treatment

At Alignment, we use data science to identify and create 
data points for our clinical teams to help them manage our 
patient population. What we have seen in a short time has 
been astounding. Using our model for chronic illness burden 
and our model for admission prediction, we have been able 

to drive down hospitaliza-
tion rates while maintaining 
high-quality outcomes. We 
have achieved this largely 
because the health plan 
clinical teams are adding a 
layer of access and care to 
the sickest member, keeping 
them healthier, happier and 
out of the hospital. 

In 2015, we had no model of care for the chronically ill and 
no employed data scientists. Our inpatient admissions per 
thousand (ADK) closed the year at an average of 204 ADK. 
Using machine learning to identify and triage our entire 
population daily, we were able to deploy care teams to the 
right high-risk members and drive the yearly ADK down to 
188 ADK in 2016 and have been maintaining ADK at around 
163 since 2017. To bring context to those numbers, industry 
benchmarks from Milliman for this population is 207 ADK, or 
21% higher than Alignment.

As clinical leaders and data scientists continue working 
side-by-side to push the boundaries of medicine with data 
science, the impact will be measured not only with broad 
outcomes but with individual ones as well. The impact we 
speak of is arguably the most precious of all—a human  
life. Only then can we take this provision of medical care I 
refer to as ‘sick care’ and genuinely start discussing how we 
provide ‘health care.’

Dr. Arta Bakshandeh, DO, MA is Chief Medical Information Officer 
at Alignment Healthcare, a technology-enabled Medicare Advantage 
company focused on providing population health management services 
to health systems and provider groups across the USA.  

REAL IMPACT

AI IN  
THE REAL 

WORLD
“Using our model for chronic illness burden  

and our model for admission prediction,  
we have been able to drive down  

hospitalization rates while maintaining  
high-quality outcomes.” 

Chief medical information officer Dr. Arta Bakshandeh highlights  
the impact of AI where it really matters — on patients.
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As artificial intelligence increasingly 
influences numerous domains of our 
society, the ongoing debates around 
regulations, effective adoption, 
and data usage continue. Shantanu 
Nigam, Chief Executive Officer of 
Jvion – the current market leaders in 
purpose-built AI, reveals his thoughts 
on two additional challenges facing 
AI in medicine and healthcare. 

AIM: What are your thoughts 
about who should be paying 
for AI solutions and whether it 
may result in inequalities if only 
some can afford to utilise AI?

SHANTANU NIGAM: 
With regards 
to who should 
pay, I think the 
more important 
question to ask is 
‘Who benefits?’ 
The entity that 
benefits from 
the AI should be 

accountable to pay for the capability. 
That straight-line relationship would 
drive the most meaningful adoption 
of AI, avoiding the introduction 
of unnatural financial levers. AI 
solutions, if applied correctly, 
should increase efficiencies and 
drive better patient care. Increased 
efficiency results in financial benefits 
and better health outcomes for 
patients – and the systemic benefits 
from better patient health outcomes 
is undeniable. Historically, payers 
would have realized most financial 
benefits from improved patient 
outcomes; however, with the shift to 
value-based care there are enough 
drivers for providers and payers 
both to realize financial benefits as 

well and provide the business case 
for investment in AI technologies.

Inequality occurs in two ways. Firstly, 
efficiency; people who get to use AI 
enjoy enhanced patient care. As is 
often the case with most innovative 
solutions, such inequality is expected 
as early adopters gain an advantage. 
That is not a bad thing as it forces 
others to follow to stay competitive. 
Such inequality is short term because 
so long as AI is bringing value and 
the solution pays for itself, it works 
to bridge the gap between who 
can afford and who cannot. And in 
situations where AI solutions are 
not delivering on their promised 
return, they will quickly fall to the 
wayside. The second occurrence of 
inequality is driven by the application 
of AI solutions to game the system by 
maximizing reimbursement or over-
optimizing contract negotiations. This 
type of inequality puts entities with 
lesser resources at a disadvantage. 
When we think about regulatory 
responses to the rise of AI, these 
types of solutions and the nefarious 
application of AI should be targeted.

AIM: As a leading company in 
prescriptive analytics, does Jvion 
foresee the possibility of such a future? 

SN: Yes, but not so much on who 
pays for it. We always encourage our 
clients to be mindful and find the right 
solution that pays for itself. That way, 
such inequality driven by resources is 
minimized. If a solution does not bring 
enough value or pay for itself, it is 
simply not the right solution. There are 
many applications of AI and not each 
of them can perform as anticipated. 
Yet, they are still in the market because 
there is lot of increased interest in this 

segment lately. Awareness on how to 
find the right actionable and proven 
solutions is key. For Jvion, we only 
focus on applying AI to better care for 
patients while eliminating avoidable 
patient harm and associated waste in 
the healthcare system. It takes a lot of 
courage to stay focused because you 
have to say no to business that does 
not align with your purpose. I think if 
everyone aligns to that purpose, there 
won’t be a problem of inequality. 

AIM: What strategies does Jvion 
use to ensure its AI-driven 
solution is made accessible to 
as many people as possible? 

SN: One of our strategies is we 
ask ourselves at the start of each 
project, whether AI is going to help 
patients, reduce harm, and drive 
better care. If any of this comes 
back as a no, we simply will not 
proceed. Even if it means taking 
more additional investments on our 
side. With this focused philosophy, 
it’s easier for us to propagate our 
solutions to the larger patient 
population and community. 

AIM: How do you think AI or 
prescriptive analytics will 
progress in this new decade? 

SN: According to some estimates, 
about a third of our healthcare 
spend goes on wasted resources 
or inefficiencies. Most of these 
inefficiencies result in avoidable 
patient harm. So clearly there 
is a pressing need to eliminate 
inefficiency and waste in our 
healthcare system. We have the 
technology and means and it can 
be achieved by applying the right 
AI. However, medical professionals 
need to undergo a mind or cultural 
shift. Once they have witnessed 
what AI can do for their patients, 
they are more likely to embrace it 
and find ways to adopt it into their 
workflow. Overall, it’s important 
to educate individuals on what is 
right and what is not because at the 
end of the day, technology should 
be applied with a purpose. And 
that purpose should align to the 
mission of the organization and 
the clinicians tasked with caring 
for patients and the community.

jvion.com

WILL AI RESULT
IN INEQUALITY
AND WHO PAY$?



My Journey

Dr. Indra Joshi is the Director of AI for NHSX, overseeing the creation of the  
NHS AI Lab as well as supporting digital health initiatives within the NHS  

with a focus on digital health standards, evidence and policy for AI. She has  
a unique portfolio with experience stretching across policy, governance,  
national project strategy and implementation; whilst remaining true to  

her professional training as an emergency medicine doctor. 

Indra is also a Founding Ambassador of One HealthTech – a UK network  
which campaigns for the need and importance of better inclusion of  
all backgrounds, skill sets and disciplines in health technology. The  

network champions and supports underrepresented groups in health  
innovation, particularly women, to be the future leaders in healthcare.  

She is also the Vice Chair for the British Computer Society (Health)  
and an international speaker and consultant on digital health. 
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WOMEN IN AI
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From emergency medic to AI director for 
NHSX. How did you make that happen?

Through interest and applying for the right jobs at 
the right times. Also doing a lot of reading in my 

spare time and speaking to a lot of people about what 
are the actual problems we need to solve and crafting 

areas in the workplace to try and solve those. 
For example, with the digital health technologies 

standards work, there was a clear gap in the market 
for this and I brought together different bodies 
and groups of people to try and resolve this gap. 

What first drew you to technology and  
what do you love most about it?

The sheer dynamism of it and the way it focuses 
on thinking about the problem and solving 

a user need. If done correctly, that is!

How would you recommend clinicians or people 
at the start of their career get into AI healthcare?
It's no different from any other career – read and 

do your homework, take a post graduate course or 
a masters if you need to, and apply for jobs when 
they appear. The key question to ask yourself, is 

do you want to influence policy or build a product? 
Clinicians often want to build a product to solve 

a problem they see in their daily practice. My 
experience is this can often work for the area where 

they practice but may not always solve the underlying 
systemic problem. Policy roles are often the way to 
do this, but that doesn’t have the immediate short 

time frame impact that clinicians are often used to in 
the workplace, and so may not be everyone’s bucket.

Who was a great influence on your career path?
No one person in particular but a whole host of people. 

Having people who believe in a slightly tangential 
idea I may have had but helped to push it forward.

In terms of influencing my interest in medicine, my 
father worked in the NHS as a doctor and we lived in 
and around a lot of hospitals, so growing up I became 

acquainted with a lot of medical professionals. 
My dad’s friends were all medical people and 
they were always talking about cool medical 

stories and I wanted to be a part of that world.

Who inspires you?
I love listening to interviews by Indra Nooyi, 

former CEO of PepsiCo, and as I became more 
aware of being a female in a male dominated 

industry – her words often struck a chord. 

My mum’s also a massive inspiration. As a first 
generation Indian, she built an Indian/Asian 

community with cultural events and meetups in the 
south of England. Back in the 80s that was difficult, 

but she managed to develop a name for herself so 
people understood the culture and came to learn 

about diversity. A pretty fab thing to do back then!

What’s the most rewarding thing about your role?
The people I get to meet. I’m in a privileged 

position in that I get to meet a huge range of people 
– from clinicians and people who are designing 

great products to people working in government 
departments. The world of AI is so broad and 

wide-reaching and often you find the challenges 
are the same in other areas. I went to a conference 

earlier in the year where a chief of police was 
speaking and he was saying, ‘Oh my goodness, 

you’re facing the same challenges as we are.’ And 
of course that’s true – ethics and the frameworks 

around this are tough areas to try and solve.

How can we get more women into digital  
healthcare and IT leadership?

We've really got to push this one because this is 
something I passionately believe in. There are quite 

a number of women in the tech and digital space 
but we need to create environments where they 
can lead effectively and feel empowered to apply 
for leadership positions. And we need to focus on 
those coming in to professions. There is still a lot 
of bias taught at schools on what roles/jobs girls 
should have versus boys, and by role modelling 
great careers that have no gender stereotype, 

we’ll start to encourage a more balanced intake.

I help run a network One HealthTech, it’s a volunteer 
run network that believes in inspiring and enabling 

diversity and inclusivity in healthtech. It’s gone from 
a handful of us to over 13,000 members across 15 or 
more hubs in multiple countries – pretty brilliant! 

We created One HealthTech to address everything 
from inclusive design and biased algorithms, to 

supporting more under-represented groups to develop 
the skills they need to drive the next generation of 
health. We believe that innovating in health, care 
and life sciences should be accessible to everyone

And regardless of tech or not, to allow women 
to progress in their careers we need to offer the 
same support to men as well. A push for equal 
paternity or carers leave, or an understanding 

in the work place if the man has to do the school 
run or take time off during the holidays. I find it 
odd that we push for equality on one side but not 
the other. Those industries that have promoted 

these concepts and have supported the men quite 
often see women in senior leadership positions. 

Obviously the relationship is not as linear as that, 
but my gist is that it can't be just a one-sided push.

Is the world of AI particularly  
challenging for an ethnic woman?

I’m a brown woman in a world of white men and 
I try hard to make my voice heard, to try and do 
what’s right and to be a part of the conversation. 

But yes, it is a challenge. This is something 
we all need to acknowledge and help; in order 
for everyone who doesn’t have a voice in this 
space to be given an opportunity to be heard. 
Especially in health technology where having 
diversity and proportionality is so important. 

Is it a challenge you encounter on a daily basis?
I wouldn’t say on a day-to-day basis. However, I 

regularly go to conferences where 5-10% of attendees 
are women. AIMed is different because it’s quite a 
clinically-focused conference and clinicians tend 

to be a more balanced mix. But, for example, I 
was at a tech round table recently and there were 
three tables of ten people but just four women. 

So I do see it a lot but unless you call it out and 
unless you are the voice for change and you act on 

that voice, it’s hard. Sometimes I call it out when I’m 
on stage. I might say ‘Look at this’ (referring to the 
panel) or ask how many women in the audience are 

in board positions. I’m not trying to be antagonistic, 
and try to point it out as an observation.

What advice would you give someone  
starting their career in medicine? 

Medicine is still a traditionally taught career. 
So it’s important to have the courage and the 

faith to pop your head out and go and explore new 
things. Find a friend who can help you explore 
it. Often people think they’ve got the best idea 

to solve a problem but actually collaboration and 
partnerships are the way forward. Don’t keep 
something to yourself because you think it’ll 

be the golden ticket. Very few things are. Often 
clinicians stick with clinicians so go out, meet 

new people and widen your friendship circle.  

WOMEN IN AI 
MY JOURNEY

DR. INDRA 
JOSHI

“This is no different from any other career — read and do your 
homework, take a post-graduate course or a masters if you 

need to, and apply for jobs when they appear.”

“By role modelling great careers that have  
no gender stereotype, we’ll start to  
encourage a more balanced intake.”

DR. INDRA 
JOSHI

SPEAKING AT  
AIMed UK DR. INDRA JOSHI
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Fran Ayalasomayajula, head of Population Health 
Worldwide at HP, Inc examines the key trends in digital 
healthcare for women and considers the key factors when 
starting a connected health technology program.

ON THE FRONT LINES OF 
WOMEN’S HEALTHCARE
In rural India, an expectant mother’s 
life is saved, along with that of her baby, 
by vital-sign monitoring that alerts 
doctors to the need for intervention.

A woman who lives alone in the 
United Kingdom battles cancer, 
supported by an app delivering virtual 
coaching and appointment reminders.

In Australia, an elderly woman 
takes a home medical consultation via 
a 3D image of her doctor transmitted 
in real time through holoportation 
(Holographic Mixed Reality). 

These are three examples of how 
digital technologies are saving lives 
and transforming women’s healthcare 
worldwide. Home monitoring, 
telehealth, artificial intelligence – the 
groundswell of emerging technologies 
and use cases for them can be dizzying. 
Many are promising, some proven – but 
all can be problematic if not planned 
for and implemented mindfully. 

Women’s health: a global emergency
Around the world, women face 
health challenges including cancer, 
reproductive health problems, maternal 
health complications, HIV, violence, 
disease, and depression. Every day, 
830 women die from preventable 
causes related to pregnancy and 
childbirth—more than 300,000 
deaths a year, according to the World 
Health Organization (WHO). The 
stillbirth rate in sub-Saharan Africa 
is approximately 10 times that of 
developed countries—29 vs. three 
per 1,000 births, and the majority 
of stillbirths are preventable. 

Untreated syphilis accounts 
for more than 200,000 stillbirths 

and early fetal deaths annually and 
approximately five million women 
younger than age 70 die every year 
from noncommunicable diseases. 
Global population growth—expected 
to exceed 10 billion people by the end of 
the century – further magnifies stress 
on the evolving healthcare system.

Even as healthcare demand rises, 
supply is challenged by cost pressures 
and a growing workforce scarcity. Only 
half of all countries have the healthcare 
workers required to deliver quality care, 
according to the 2017 Global Burden of 
Disease Study by the Institute for Health 
Metrics and Evaluation. To healthcare 
providers and consumers, such data 
underlie an urgent call to action.

Digital innovation drives new models
To help balance the demand/supply 
equation and solve longstanding 
problems in global healthcare for 
women, the healthcare industry is 
driving innovation through disruptive 
technologies – new tools and 
techniques that so far surpass previous 
ones, they fundamentally change how 
healthcare is delivered and consumed. 

At the front lines of these changes 
is Dr. Naila Siddiqui Kamal, a Fellow 
of the United Kingdom Royal College 
of Obstetricians, and a clinically active 
physician in the National Health 
Service (NHS) for 28 years.  
Dr. Kamal sees providers, patients,  
and promoters stakeholders including 
government health policy makers and 
technical solution developers – as 
coming together to create digital health 
ecosystems that leverage connected 
platforms to integrate across providers 

for improved patient outcomes.
“We are almost into our fifth 

industrial revolution,” Dr. Kamal 
says. “The digital health ecosystem 
involves data sharing on smart 
platforms – electronic medical record 
systems with embedded clinical 
decision support, e-prescribing, 
e-radiology. Everything involved in 
patient care is on the platform.”

The fifth industrial revolution 
leverages artificial intelligence, 
robotics, and the convergence 
of humans and technology. Its 
enabling technologies include: 

Blockchain: a shared record of 
transactions that enables secure  
data sharing. 

Digital Reality: immersive technologies 
such as virtual reality (VR) and 
augmented reality (AR), along with 
the Internet of Things (IoT).

Cognitive Technologies: machine 
learning (ML), artificial neural 
networks (NNs), bots, neuro-
linguistic programming (NLP), and 
robotic process automation (RPA).

In healthcare, these technologies 
enable a wide range of patient-facing 
digital solutions. The following 
cites a representative handful: 

wearable technologies such 
as activity trackers, health watches, 
and Bluetooth®-enabled devices 
gather data that can be transmitted 
to healthcare providers for diagnostic 
purposes or patient monitoring. 

“I saw a Bluetooth-enabled breast 
cup developed in Latin America that 
has sensors picking up the chances of   

WOMEN IN AI
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“Every day, 830 women die 
from preventable causes related 
to pregnancy and childbirth—

more than 300,000 deaths a 
year, according to the World Health

Organization (WHO).”
Dr. Naila Siddiqui Kamal
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The WONDER project: 
saving women’s lives
As Dr. Kamal explores the many 
elements of disruptive change, her 
colleague, Dr. Narmadha Kuppuswami, 
has focused on a particular challenge: 
reducing maternal mortality worldwide. 

Dr. Kuppuswami, an obstetrician 
and gynecologist with nearly 40 years 
of clinical experience, is affiliated with 
Advocate Good Samaritan Hospital 
in Downers Grove, Ill. She also is 
founder and project coordinator of the 
Women’s Obstetrical Neonatal Death 
Evaluation & Reduction (WONDER) 
project, an initiative that began in 
India and aims to expand globally.

WHO research shows that the 
vast majority of maternal fatalities 
are avoidable, Dr. Kuppuswami says. 
Poor women and rural women are at 
highest risk, due to lack of facilities, 
delays in providing emergency 
care, and knowledge gaps. 

The technology serves as a 
form of electronic triage. “With 40 
patients in labor, the doctor knows 
these are the two who require closer 
attention, so they can directly treat 
those patients who need it most.

WONDER leveraged HP 
technologies including desktop and 
tablet PCs, displays, and printers to 
launch the program, described in 
greater detail in an HP Case Study. 

Next, Dr. Kuppuswami envisions 
spanning the globe with electronic 
birthing centers modeled after 
electronic intensive care units. 
Hospital labor wards connected 
to primary health centers via two-
way communication would receive 
WONDER EHR data for highly trained 
obstetricians to guide skilled care in 
remote areas. In addition, expectant 
mothers at high risk for complications 
could be monitored remotely during 
their third trimesters and postpartum. 

“I want to take this globally,” 
Dr. Kuppuswami says. “The health 
center could be in a remote village 
in Africa. Because this is cloud-
based, the data will be visible to the 
general hospital within eight seconds. 
Experienced clinicians can direct care 
and even arrange to airlift patients 
if necessary. Our goal and dream is 
to ensure that mothers in remote 
corners of the globe receive skilled 
obstetric care. That is my vision.”

From potential to program:  
how to start
It takes a visionary like Dr. 
Kuppuswami to imagine solving 
difficult problems like maternal 
mortality rates. To turn those 
visions into effective programs takes 
thoughtful planning and collaboration. 
Fortunately, 80% of clinicians are ready 
to try, and 70% of consumers reportedly 
prefer digital healthcare solutions. 

If you’re a healthcare organization 
embarking on adoption of new 
technology, consider the following key 
success factors at the planning stage. 

decide how much development 
responsibility your organization 
is willing to take on. Some 
organizations simply wish to onboard 
technologies that already are tried 
and true. Others wish to be at the 
forefront, involved in development 
or even core design. The healthcare 
industry is served by many types of 
software providers and developers, 
all in various stages of maturity. For 
provider organizations that wish to 
participate early in the development 

WOMEN IN AI
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breast cancer,” Dr. Kamal says.  
“These solutions are coming 
from all over the world.” 

Another example: In fertility 
diagnostics, an ovulation sensor 
bracelet and connected mobile app 
provide women with a detailed look 
into nine health parameters that can 
be measured to optimize or avoid 
conception. Using a finger prick that 
can be done at home, the test reveals 
fertility hormone levels, how many 
eggs a woman has, and other factors. 

healthcare apps deliver timely 
communications as well as gather  
data. A mobile app for expectant 
mothers includes an online scheduling 
platform; a task list for healthy 
nutrition, exercise, and other lifestyle 
choices; and other tips for new 
mothers. Furthermore, users receive 
a ‘Mommy Kit’ in the mail, with a 
connected device to measure weight 
and blood pressure. The information 
is sent to the user’s profile as real-
time data for actionable insights. 

Considering a uterine-cancer 
patient who needs constant support, 
Dr. Kamal envisions an app that could 
synchronize text alerts of the patient’s 
many appointments, aligned with a 
cancer-unit dashboard showing her 
position on the treatment pathway. 

remote interactions such as 
telehealth bring virtual services to 
patients where they are, including 
nursing, midwifery, or coaching support. 

“I investigated one solution that 
uses watches and coaches, which 
is great because it can be a 24-hour 
patient companion,” Dr. Kamal says. 
“In the olden days, your grandmother 
or your elderly aunt would give you 
advice about your pregnancy. Now, 
you have something like that in the 
virtual service. It’s not an avatar, 
it’s a real live person there.”

Dr. Kamal is particularly excited 
by the emergence of holoportation, 
which brings holographic practitioner 
consultations to patients in real time. 

“Holoportation is my dream, and 
it’s already happening in care of the 
elderly in some units in America and 
in Australia,” Dr. Kamal says. “It’s 
almost like ‘Star Trek’ when Captain 
Kirk would say, ‘Beam me up, Scotty.’ 
It’s a lifelike way to have face-to-face 
interaction with remote patients.”

In addition to transforming 
how patients interact with care 
providers, digital technologies are 
being used to improve diagnostic 
capabilities and clinical workflows. 

clinical decision support 
systems and virtual cognitive 
assistants filter huge volumes of 
clinical data to find the critical 
information that helps practitioners 
make the best decisions. In addition 
to driving efficiency, such tools help 
maintain high standards of care. 

“Healthcare workers don’t suddenly 
jump to their expert level; they have 
to go through that learning curve 
from novice to expert,” Dr. Kamal 
says. “How do we ensure the high 
level of care delivery at all levels?”

artificial intelligence and 
machine learning enable predictive 
medicine, leveraging Big Data 
analytics. One area of study is 
using machine learning to predict 

postpartum complications. 
“Sensors can capture patient data 

and move on to produce algorithms 
when using big data and machine 
learning for robots or precision 
medicine,” Dr. Kamal says. “We 
talk about precision medicine and 
predictive medicine in this day 
and age, and not just medicine.”

Digital innovation can impact 
any aspect of the healthcare 
industry: research, outreach, 
prevention, education, diagnosis, 
and treatment, Dr. Kamal notes. 

“How we speak to patients, how 
we hear patients, how we deliver 
care – it’s totally different,” she says. 
“On top of that, the governance 
model must address how we maintain 
quality, cost effectiveness, safety, 
security, efficiency, and outcomes. 
The digital solution must address all 
of this, but the payoff is a much more 
efficient, streamlined solution.”

80% 
OF CLINICIANS ARE READY TO TRY, 

AND 70% OF CONSUMERS  
REPORTEDLY PREFER, DIGITAL 

HEALTHCARE SOLUTIONS. 
IPSOS MORI DIGITAL HEALTH REPORT 2018

The key to preventing these deaths 
is to intervene quickly as soon as a 
woman’s vital signs – pulse rate, blood 
pressure, temperature – show signs of 
distress. To this end, the WONDER 
project created an electronic health 
record (EHR) system featuring a 
color-coded vital signs chart that 
displays white for normal, yellow 
for warnings, and red for danger. 
The system sounds an alarm for red 
values, and gives a possible diagnosis 
with treatment guidelines.

Next, the WONDER team devised 
a means to leverage Internet of Things 
(IoT) technologies to feed patient vital 
signs into the EHR. In remote areas, 
healthcare workers meet patients in 
the field, collect data, and store it until 
a network connection is available. 
In care facilities, Bluetooth-enabled 
wearable biometric devices send data 
into the WONDER EHR, so busy 
caregivers can react on the spot.

“The health center could be in a 
remote village in Africa. 

Because this is cloud-based, the data
will be visible to the general hospital 

within eight seconds.” 
Dr. Kuppuswami
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training, when project timelines 
extend – builds the care team’s 
readiness and confidence. So does 
celebrating successes. Sharing 
lessons learned creates a learning 
environment for your teams.

The IT organization:  
partnering for success
Your internal IT team will be an 
important part of any technology 
initiative, so it’s important to 
consider their role and concerns. 
First, understand the difference 
between a proof-of-concept (POC) 
and a pilot project. In the POC phase, 
organizations typically don’t integrate 
directly into the EHR. They want data 
separation and the ability to digest 
lessons learned. Virtual Reality is a 
great example. Often, organizations 
start with standalone machines and 
expand later, after executive, clinical, 
and IT teams align to move forward. 

When a program progresses beyond 
a POC into a pilot, that signals an 
intention to scale across the institution. 
However, it’s one thing to adopt a 
program for a cohort of 200 patients 
– and quite another to roll it out for a 
million. The infrastructure and staffing 
capacity must be in place and adequate. 

Another consideration is that 
connected care – delivering care outside 
of the four walls of the clinical setting, 
perhaps placing technology in the 
hands of patients in their homes – is not 
the IT organization’s traditional role. 
Their core focus is to keep enterprise 
facilities running, technology refreshed, 
and employees equipped with workflow 
tools. Asking them to scale a connected-
health pilot can place a large burden 
on an already stretched department. 

That’s where industry partnerships 
can help. Seek out global partners 
that bring the ability and expertise 
to facilitate solution configuration, 
deployment, and lifecycle management.

The patient’s point of view
It’s imperative to think about all of  
this from the patient’s perspective.  
We might think a program is 
wonderful, so why wouldn’t a 
patient want to participate? Many 
factors impact patient engagement 
with new technologies. 

Culture is key. For example, many of 
the places where Dr. Kuppuswami took 

the WONDER program were accessible 
only on foot; not even off-road vehicles 
could get there. Going into remote 
rural communities – whether in 
India or Appalachia – it is critical to 
establish trust, to gain the support not 
just of the patient and, if possible, her 
family, but also of local leadership. 

Also important are the patient’s 
social determinants of health. A 
bio-physical social management 
plan incorporates not just clinical 
interventions but other factors as well, 
such as smoking cessation or mental 
health counselling. If your patient 
works long hours, how might that 
impact her participation in a program 
that requires travel? If she lacks a 
supportive network, what organizations 
outside of your own might help? 

Communication is vital. If you’re 
going to place a piece of technology 
into patients’ hands at home, how do 
you introduce it and educate them? 
What might be easy for one group 
to adopt might be challenging for 
another. If your program is app-based, 
does your patient have a mobile 
device and reliable connectivity? Will 
your program use a Bring Your Own 
Device (BYOD) model? That might be 
cost-effective for you but problematic 
for participants on the wrong side 
of the digital divide. Or, will you 
supply fully configured solutions? 

All of these questions have 
discoverable answers, and success 
stories abound. Consider the case of 
Johns Hopkins, whose Corrie Health 
program reduces cardiovascular disease 
in the Baltimore community right 
outside the hospital’s walls. Tune into 
the innovations Dr. Kamal introduces 
in the UK’s NHS. Watch as Dr. 
Kuppuswami takes WONDER global. 

In summary: Tackle first the project 
that will make the most difference with 
the least upheaval. Include patients, 
clinicians, your technology staff and 
business partners in your program 
design. And remember, the health of 
women is an indicator of the social and 
economic wealth of nations.    
Frances A. Ayalasomayajula, MPH, 
MSMIS, PMP, is the head of Population 
Health, Worldwide at HP, Inc. An executive 
healthcare strategist and technologist, 
Fran is dedicated to improving healthcare 
quality and access for populations around 
the world, and to increasing patients’ 
healthcare literacy and engagement. 

cycle, groups such as the American 
Medical Association’s Physician 
Innovation Network provide channels 
to work closely with software 
developers on app/solution creation. 
How interested is your institution in 
that? Are they able to follow through?

clarify setup requirements for 
the new technologies. This has to 
do not only with the devices themselves 
and the software, but also the readiness 
of your organization, internal teams, and 
patients. Clarify your clinical pathways. 
If new types of data will be collected, 
who will manage that? At the back end, 
how will you receive and use the data? 

identify your use case(s).  
The potential use cases for connected 
technologies are countless, as 
Dr. Kamal explains. Look at 
your institution’s priority areas, 
especially where stakeholders 
bring passion for innovation. 

focus your scope. Too large 
a scope can become unachievable, 
or frustrating—with a timeline so 
long the project could get derailed 
by competing priorities. 

manage risk. Look into the 
low-hanging fruit of low risk, high 
gain programs. What solutions can 
integrate seamlessly into existing 
clinical workflows? Do you fully 
understand what that workflow is 
or do you need to pause and study it 
first? Do your development partners 
need to be educated about where 
their solutions might best fit? How 
will you ensure data security?

An innovation initiative will 
impact all of your organization’s 
stakeholders, including clinicians, IT 
staff, and patients. Let’s briefly consider 
some top considerations for each.
clinicians: support, not complexity
Clinician burnout is real. They work 
long hours and might be exhausted, 
with little time to explore and 
assimilate new technologies and 
workflows. Yet, their buy-in and 
engagement are essential. Any 
technology initiative must provide 
them with a means to serve their 
patients better, more efficiently, and 
with better outcomes. Solutions that 
align with established workflows 
and individual care plans can 
minimize the level of invasiveness 
and remove adoption barriers. 

Staff training – and refresher 

WOMEN IN AI
THE CHALLENGES
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AI scientist Regina Barzilay turned her breast 
cancer diagnosis into a life-saving tool.

Using AI to predict
breast cancer 
and personalize care

community for screening strategies 
that are risk-based rather than age-
based.“This is because before we did 
not have accurate risk assessment 
tools that worked for individual 
women,” says Lehman, a professor 
of radiology at Harvard Medical 
School and division chief of breast 
imaging at MGH. “Our work is the 
first to show that it’s possible.” 

Barzilay and Lehman co-wrote 
the paper with lead author Adam 
Yala, a CSAIL PhD student. Other 
MIT co-authors include PhD 
student Tal Schuster and former 
master’s student Tally Portnoi.

How it works
Since the first breast-cancer risk 
model from 1989, development 
has largely been driven by human 
knowledge and intuition of what major 
risk factors might be, such as age, 
family history of breast and ovarian 
cancer, hormonal and reproductive 
factors, and breast density.

 However, most of these markers 
are only weakly correlated with breast 
cancer. As a result, such models still 
aren’t very accurate at the individual 
level, and many organizations continue 
to feel risk-based screening programs 
are not possible, given those limitations.

Rather than manually identifying 
the patterns in a mammogram that 

drive future cancer, the MIT/MGH 
team trained a deep-learning model 
to deduce the patterns directly from 
the data. Using information from 
more than 90,000 mammograms, 
the model detected patterns too 
subtle for the human eye to detect.

“Since the 1960s radiologists have 
noticed that women have unique and 
widely variable patterns of breast tissue 
visible on the mammogram,” says 
Lehman. “These patterns can represent 
the influence of genetics, hormones, 
pregnancy, lactation, diet, weight 
loss, and weight gain. We can now 
leverage this detailed information to 
be more precise in our risk assessment 
at the individual level.” Making 
cancer detection more equitable.

The project also aims to make risk 
assessment more accurate for racial 
minorities, in particular. Many early 
models were developed on white 
populations, and were much less 
accurate for other races. The MIT/
MGH model, meanwhile, is equally 
accurate for white and black women. 
This is especially important given 
that black women have been shown 
to be 42% more likely to die from 
breast cancer due to a wide range of 
factors that may include differences in 
detection and access to health care.

“It’s particularly striking that the 
model performs equally as well for 

white and black people, which has 
not been the case with prior tools,” 
says Allison Kurian, an associate 
professor of medicine and health 
research/policy at Stanford University 
School of Medicine. “If validated 
and made available for widespread 
use, this could really improve on our 
current strategies to estimate risk.”

The model has already been 
implemented in Massachusetts 
General Hospital, and the team are in 
talks with other hospitals across the 
country and internationally. Barzilay 
says their system could also one day 
enable doctors to use mammograms 
to see if patients are at a greater 
risk for other health problems, like 
cardiovascular disease or other cancers. 
The researchers are eager to apply the 
models to other diseases and ailments, 
and especially those with less effective 
risk models, like pancreatic cancer.

“Our goal is to make these 
advancements a part of the standard 
of care,” says Yala. “By predicting who 
will develop cancer in the future, we 
can hopefully save lives and catch 
cancer before symptoms ever arise.”  

Regina Barzilay is the Delta Electronics 
Professor at CSAIL and the Department of 
Electrical Engineering and Computer Science 
at MIT and a member of the Koch Institute 
for Integrative Cancer Research at MIT. 

Regina Barzilay didn’t set out to 
study breast cancer. As a professor 
at the Massachusetts Institute of 
Technology (MIT) in Cambridge, 
Barzilay was renowned for her 
work in artificial intelligence, 
developing machine learning models 
to process and understand human 
language and unstructured text.

But that was before her breast 
cancer diagnosis in 2014. Aged 43 
at the time and with no history of 
breast cancer in the family, she had 
never considered herself at risk. But 
equally shocking to Barzilay was 
witnessing first hand the lack of data 
that doctors were working with in 
determining their clinical decisions.

“When you receive a diagnosis 
like that, you start asking all sorts 
of questions,” she says. “Am I going 
to survive? What’s going to happen 
to my son? But I also started asking 
other questions and was really 
surprised when my physicians 
couldn’t give me answers.”

Barzilay reasoned that algorithmic 
models like the ones she’d be 
working on at MIT could extract 
more from the clinical records. If 
so, perhaps machine learning could 
detect tumours like hers at an 
earlier stage and offer personalized 
treatment recommendations.

So Barzilay and her team from 
MIT’s Computer Science and Artificial 
Intelligence Laboratory (CSAIL) 
and Massachusetts General Hospital 
(MGH) set to work, adjusting her 
protocols to parse patient medical 
reports and creating a new deep-
learning model that can predict 
from a mammogram if a patient is 
likely to develop breast cancer as 
much as five years in the future. 
Trained on mammograms and known 
outcomes from over 60,000 MGH 
patients, the model learned the subtle 
patterns in breast tissue that are 
precursors to malignant tumors.

Barzilay subsequently applied the 
technology to her own mammograms. 
“I discovered that my cancer was 
in the breast two years before I was 
diagnosed,” she says. Barzilay’s hope 
is for systems like hers to enable 
doctors to customize screening 
and prevention programs at the 
individual level, making late diagnosis 
a relic of the past. Of course, 
later diagnosis means aggressive 

WOMEN IN AI
REGINA BARZILAY

By Adam Conner-Simons and Rachel Gordon

treatments, uncertain outcomes, and 
more medical expenses. As a result, 
identifying patients has been a central 
pillar of breast cancer research and 
effective early detection. “By reducing 
uncertainty and truly personalizing 
patient care, machine learning can 
transform this area,” says Barzilay.

Although mammography has 
been shown to reduce breast cancer 
mortality, there is continued debate 
on how often to screen and when to 
start. While the American Cancer 
Society recommends annual screening 
starting at age 45, the US Preventative 
Task Force recommends screening 
every two years starting at age 50.

“Rather than taking a one-size-
fits-all approach, we can personalize 
screening around a woman’s risk of 
developing cancer,” says Barzilay, “For 
example, a doctor might recommend 
that one group of women get a 
mammogram every other year, while 
another higher-risk group might get 
supplemental MRI screening.”

The team’s model was significantly 
better at predicting risk than existing 
approaches: It accurately placed 
31% of all cancer patients in its 
highest-risk category, compared to 
only 18% for traditional models.

Harvard Professor Constance 
Lehman says that there’s previously 
been minimal support in the medical 

“Rather than taking
a one-size-fits-all
approach, we can 
personalize screening
around a woman’s risk
of developing cancer.”

The team’s model was shown to be 
able to identify a woman at high risk  
of breast cancer four years (left) before 
it developed (right) Credit: MIT

Left-hand page: Regina, lead author 
Adam Yala and lab assistant Arya
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At Acorn AI, Ana Oromendia leads a team combining 
machine learning algorithms with omics data to 
discover more effective patient treatments.

THE NEXT 
GENERATION OF 
PRECISION MEDICINE
Ana Oromendia, Geneticist and 
Director of Product for Value 
Discovery at Acorn AI knew she 
wanted to be a scientist when she was 
14. “I have always been interested 
in how the human body works and I 
find genetics particularly amazing, 
coming together to form an incredibly 
complex thing. A human being.”

So, she went on to study a degree 
in biochemistry and microbiology, 
followed by a PhD in molecular 
genetics at Massachusetts Institute 
of Technology (MIT). During which, 
she began to realize the power of 
genetics and genomics in offsetting and 
treating diseases and hasn’t stopped 
working in precision medicine since. 

Acorn AI is a company launched 
in 2019 by Medidata (a Dassault 
Systèmes company) that leverages 
artificial intelligence and industry 
leading expertise to solve the most 
complex scientific and commercial 
challenges. Acorn AI is backed by 
the Medidata platform, which is 
comprised of more than 19,000 clinical 
trials and over 5.2 million patients’ 
clinical data. Oromendia heads a team 
involved in creating analytical tools 
using large scale biological data (omic 
data) to improve the efficiency and 
rigor of therapeutic development. 

Specifically, they rely on Medidata 
Rave Omics, an extension of the 
company’s platform which handles 
translational and omics data via 
machine learning (ML) algorithms. 
Oromendia’s goal is to help the 
industry find patient sub-groups 
that best respond to a drug, to help 
researchers better tailor the medicine 
to those that will benefit from it. 

“I think there is a tremendous 
amount of cost – financial, 
psychological, and emotional – in 
giving people the wrong medicine; 
therapies that they will not respond 
to or have devastating side effects. 
This, however, is the nature of 
the ‘medicine of averages’. We 
often know that only a fraction of 
patients will respond to therapy, but 
cannot identify which patients. 

“Throughout medical history as 
we’ve discovered more about human 
biology, we have been creating more 
precise definitions of disease. From  
‘you have a fever’, or ‘you have an 
infection’, to ‘have you been infected 
by this particular bacterium which 
is sensitive to XYZ antibiotic?’ 
The more precise the definition of 
the disease, the more precise and 
effective the therapy can be. 

“The same applies to advanced 
medical conditions like cancer, 
whereby patients are given very 
toxic therapies but not all tumors 
will respond. So, what we are doing 
with precision medicine is to move 
towards better definition of disease. 
The more we define the disease, the 
better we can target drugs to them.” 

Recently, Oromendia’s team 
partnered with The Castleman 
Disease Collaborative Network 
(CDCN) to build and analyze the 
largest proteomics dataset ever 
built for this condition. Idiopathic 
Multicentric Castleman Disease 
(iMCD) is a rare, life-threatening, 
and difficult to diagnose disorder 
affecting around 7,000 people in 
the US every year. iMCD patients 
are typically found to have enlarged 

the life science industry, Oromendia 
and her team are building tools to 
create a rich representation of patients 
through multi-omics analytics and 
identify the ones who best respond to a 
particular drug therapy, and those who 
could be more likely to suffer severe 
side effects during a clinical trial. 

Oromendia is confident about 
precision medicine going mainstream. 
However, working at a micro level 
of the pharmaceutical industry, she 
often witnesses silos. “I think creating 
more synergies between technology 
providers, drug companies, and 
healthcare systems will help everybody 
move forward faster. Meanwhile, a 
lot of education needs to take place. 
Most physicians do not grow up in an 
era of precision medicine. It’s barely 
discussed in medical schools.”

Obviously, this education has to go 

beyond the realm of precision medicine. 
“You care too much about fashion to 
be smart,” was a comment Oromendia 
once had when she was in graduate 
school. Whilst it is relatively female 
heavy in the field of biological research, 
it is less so when it comes to technology 
and probably even less in precision 
medicine. Often, Oromendia would 
find herself to be the youngest and 
the only person of Hispanic heritage 
in a meeting room full of men. She 
has had to remind herself not to be 
intimidated and has made it a priority 
to join and build teams that place a 
high value on diverse perspectives. 

“There is certainly a monoculture 
in technology but fortunately it’s 
slowly changing,” says Oromendia. 
“I think such change only takes place 
when we focus and pay attention to it. 
Sometimes, people don’t realize the 

“There is certainly
a monoculture in
technology but
fortunately it’s 
slowly changing”

WOMEN IN AI
ANA OROMENDIA

Rave Omics uses machine 
learning and AI to identify patients 
subgroups (in colors) based on 
their omic information and then 
identifies statistical associations 
with important clinical variables,  
like response to treatment or 
incidence of serious side effects. 

importance of diverse perspectives to 
getting the right answer. Because most 
of us don’t know what we don’t know, 
gathering diverse perspectives is the 
only way which allows us to assess the 
same problem from different angles. It’s 
really a bit like the scientific process: 
identify as many unknowns as possible 
to get to the most accurate answer. 

“Ultimately, I think the presence 
of role models is also important as the 
culture in technology starts to change. 
As they share their, often non-linear, 
career stories, we’ll all learn that 
technologists or scientists don’t have 
to look like the stereotype, or have 
the traditional degrees or paths into 
the field. By being out there in the 
community, supporting, educating, 
and bringing others along, role models 
will push the next generation to see 
something new in themselves.”  

lymph nodes in various regions of 
their bodies and have symptoms 
that mimic a tumour malignancy, 
autoimmune and infectious 
disease, but the actual underlying 
disease mechanism is unknown. 

With the help of Rave Omics, 
Oromendia’s team quickly discovered 
that patients with this condition can be 
subdivided into six distinct types. Of 
which, one particular subgroup showed 
the highest likelihood of responding to 
the drug that is currently administered 
to all iMCD patients. More importantly, 
this work was validated on separate 
datasets. For those patients who do not 
respond to the drug, the team is now 
exploring molecular characteristics 
that will inform the identification of 
new therapies to treat iMCD patients. 

In the long run for partnerships with 

At Acorn AI, Ana Oromendia
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and gender disaggregated data that 
can be referenced to ensure more 
equitable and representative approach 
to those issues. In addition, women 
comprise only 12% of machine learning 
researchers. As artificial intelligence 
gains momentum in health, filling 
the gender data gap and including 
women in a more transparent approach 
to the development of algorithms 
becomes of utmost importance. 

There are increasing examples of 
how the lack of gender-disaggregated 
data is harming the health of women 
and other under-represented 
populations. This has led to lower 
detection of risk for heart attacks and 
more heart attacks in women. No 
one would argue that physiologically 
women’s bodies are different from 
men’s, but the approach to health 
research indicates little consideration 
for these differences. The way this 
manifests itself is in historical 
pooling of data on men and women 
in health research and more men 
in research studies – leading to 
underrepresentation of women and 
other gender classifications in health 
research findings. Earlier this year, 
headlines were made over the lack of 
testing of an HIV prevention drug in 
cisgender women and transgender men. 

Women experience health 
conditions differently and respond 
to treatment differently. A review of 
data gap related to sex and gender in 
diabetes research reporting highlighted 
that while diabetes studies focused 
on complications and treatment have 
included women, the analyses plans 
did not include sex/gender and less 
than 10% of studies reported all study 
outcomes by sex/gender. Studies have 

shown sex differences in diabetes 
complications, including cardiovascular 
disease and depression as well as 
in responsiveness to treatment, 
including less responsiveness to 
insulin treatment to lower HbA1c 
levels in type 2 diabetes. This is just 
one example. A whole range of others 
exist in other disease conditions 
as well as in occupational health 
where safety standards related to 
weight limits and chemical exposure 
are largely standardized to men’s 
bodies, increasing the risk of women 
to injury. In addition, women have 
the additional disproportionate 
burden of gender-based violence. 

The good news is that when women 
are taken into account, even small 
adjustments have profound effects 
on both women’s health and the 
health of society overall. They have 
even led to significant reductions in 
health expenditures. Moving forward, 
we need to continue to assess the 
impact of the sex/gender on health 
outcomes, increase research on 
women, re-analyze existing data 
sets that include data on women, 
and insist that all health research 
findings are disaggregated by gender. 

As machines mine imbalanced and 
biased data in all aspects of life, the 
risk of sexism and bias is increasing. 
To date, the lack of diversity in AI 
and opaque approach, with little to 
no accountability to how algorithms 
are developed, has the potential to 
exponentially project the default 
male into all aspects of society with 
the greatest risk to individual and 
societal health. To counter this, 
we need more women in AI and 
better representation of women’s 
perspectives in the development 
of algorithms and transparency 
in algorithm development. 

But to truly harness the benefits of 
AI in health, we need more sex/gender 
disaggregated data and women in AI.  

WOMEN IN AI
OPINION

There are increasing examples of how the lack of 
gender-disaggregated data is harming the health of 
women and other under-represented populations.”

Beware the dangers 
of the gender data 
gap in health
— Patricia N. Mechael, PhD MHS

 hroughout 
history and in current society, there is an 
overarching tendency to standardize and 
default to an average male – whereby 
male is viewed as universal and female is 
atypical. This is true for everything from 
seat belts in cars to public transportation 
system design to occupational 
health and medical research. 

What this has led to is a world 
designed by men for men in which 
over half the world’s population of 
women and other gender classifications 
are being left out. That is the central 
thesis of a recent book; Invisible 
Women: Data Bias in a World Designed 
for Men by Caroline Criado Perez. 

In many circumstances this 
generally means there is no 
consideration for the differences 
in women’s needs, living patterns 
and behaviors leading to significant 
inconvenience and disadvantages for 
women – whether in pay equality or 
consideration for how travel patterns 
impact caring for children and/or sick 
relatives. Even if we flipped a switch 
today and decided to consider gender in 
all societal issues, the main challenge 
is that there is very little research 

Patricia N. Mechael, 
PhD MHS is co-founder 

and Policy Lead at 
HealthEnabled
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WOMEN IN AI
PATHWAY
Until her final year of med school, Neetu Roy 
was determined to build a career as a practicing 
doctor in the UK. Only to suddenly make a career 
change and take the leap into technology. 
Here she explains why…

FROM 
MED TO 
TECH

Prior to this point, the idea was always to work as a 
doctor but the lure of one particular trend in healthcare 
was starting to prove irresistible – technology. I started 
to read how artificial intelligence could be used to assist 
diagnosis of brain tumours and detect diabetic retinopathy. 

Driven by curiosity, I browsed through countless 
articles and videos to learn more. I began thinking about 
my experience working in health and all the ways in 
which machine learning could make processes more 
efficient. I also started to consider the barriers that exist 
when trying to implement new technology solutions and 
wanted to understand how these could be overcome.

But I knew transitioning from medicine to technology 
as a newly qualified doctor wasn’t the most traditional 
path, so there wasn’t a specific precedent to follow. I 
had no background in technology but what I did have 
was strong clinical knowledge and the transferable 
skills I had developed from working in the fast-paced, 
dynamic environment of the NHS. I thought that one of 
the best ways to get to grips with ML would be to gain 
hands-on experience. However, at this stage, I had no 
connections to anybody who worked in this field.

Of all the videos I watched to learn about AI, one stood 
out. A TEDx talk delivered by Rebecca Pope, Director of Data 
Science and Engineering at KPMG UK, called ‘How can AI 
help our NHS and should we be concerned?’ It gave a brilliant 
overview about AI, its potential to benefit patients and the 
ethical and legal implications which need to be addressed. 

I was really inspired by Rebecca’s people-centric 
approach and reached out to her via LinkedIn. She kindly 
replied and after further discussions, arranged for me to 
complete a two-week internship with the data science team 
at KPMG via their ground-breaking initiative called ‘IT’s Her 
Future’. It’s an award-winning programme, empowering 
and encouraging more women into technology careers, 
helping and supporting their ongoing development and 
progression in the industry. It’s a brilliant initiative that is 
actively trying to tackle gender diversity in the tech sector. 

Obviously, I’m aware of the fact that women are still 
under-represented in the tech sector, particularly in the 
more senior positions. Having a better gender balance in 
technology is essential. Because if we’re going to create 
digital tools for a diverse population then it’s important to 
have a diverse team to address the variety of user needs, 
making sure that we don’t propagate any inherent bias. 

For me, the scheme also provided an amazing 
opportunity to understand more about machine learning, 
how it could be used in the NHS and also a great 
opportunity to build my network. From there, I applied 
for KPMG’s technology graduate scheme, where I’m 
currently working as a technology solutions consultant.

Having now spent time in both medicine and technology, 
it’s clear that both fields are equally people-centric. 
Medicine ensures a healthcare plan that is personalized 
for specific patient needs while technology creates 
applications taking users’ demands into consideration. 

But the biggest contrast I’ve noticed between the two 
fields is the rate at which innovation is implemented on a 
large-scale. In medicine, prior to recommending a treatment 
modality, there has to be significant testing and trial stages to 
ensure validity and accuracy, which I think is crucial to ensure 
patient safety. In technology, basic apps can be developed 

within days for users to trial. Every few months, apps can be 
updated and previous versions become obsolete, so the rate 
of change is considerably high. But it’s great that the NHS 
are working with developers to deploy a revised selection 
of apps which may be beneficial for patients to use, whilst 
ensuring that these apps adhere to important standards.

I’ve noticed that there are increasingly more medical 
professionals becoming interested in technology. That’s 
evident from the boom in the number of healthcare tech start-
ups just in the past year or so. There are also an increasing 
number of medical societies focusing on the digital innovation 
in healthcare so I really believe that medical education should 
reflect the changing healthcare environment. It would be 
incredible if coding could be an optional part of the medical 
curriculum. To be honest, it would be even better if coding 
were a part of our primary/high-school curriculum.

Obviously, making the transition from medicine to tech 
is a very personal decision, depending on the individual’s 
goals. For me, I was looking for a complete career change, at 
least for the next couple of years, which is why I decided to 
immerse myself in the tech industry. However, I do believe 
that there are brilliant options to learn about tech whilst 
still practicing as a doctor. There are an increasing number 

of programmes available through the NHS which allow you 
to pursue this interest. What’s even better is that the best 
ideas for innovation will come from the frontline given that 
you’re the professional working directly with the patients 
and so are better placed to really understand their needs.

For anyone looking to break into the tech industry, 
I’d recommend two things. First and foremost, don’t be 
afraid to reach out and ask for an opportunity. Rejection is 
definitely part and parcel of the process but it’s important 
to learn from each experience to know how to better 
present a case for yourself the next time around.

Secondly, continue to learn and update your skills. 
There are so many platforms out there, making it easier to 
get to grips with a programming language. Or you could 
even attend hackathons or Meetup groups so you can 
develop your experience and expand your network.

I’ve made the transition to tech but I’d never discount going 
back to practicing medicine again in the future. Healthcare 
is an area I’ve always been passionate about and a huge 
part of me does miss working with patients and the sense 
of achievement you feel knowing that the work you do can 
genuinely impact a person’s health and quality of life. I think 
it’s a privilege to be able to work as a doctor, so never say never.

But at the moment, my priority is to advance my 
technical ability. I think there’s going to be a further 
intersection in the fields of healthcare and technology. So 
my plan is to develop my technical, consulting and change 
management skills in the next few years to be able to 
practice as a well-rounded digital health consultant.”  

“I knew transitioning from 
medicine to technology as 
a newly qualified doctor 
wasn’t the most traditional 
path, so there wasn’t a 
specific precedent to follow.”

“It had taken me five years to complete my medical 
degree. During that time, I had the privilege of working 
with patients and gaining a glimpse of the whole life cycle 
– from assisting with birth deliveries to the humbling 
experience of talking to patients in their terminal stages.

I had the chance to work with doctors, nurses and 
occupational therapists who were dedicated to their 
profession. The NHS is an institution I am incredibly proud 
of. Nonetheless, with the ever-growing demand for services, 
working as a healthcare professional in the NHS is not easy. 

During my training, I shadowed doctors who had 
worked endless hours without a sufficient break. They 
gave up their nights, weekends and sacrificed countless 
family events to provide care. The burnout was evident. 
After five years of medical school, I asked myself whether 
this is what I wanted to do for the next five years. The 
truth hit me with gut-wrenching clarity. No, I did not. 
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WOMEN IN AI 
GENDER INEQUALITY 

THE STATS THAT 
REALLY MATTER

10
812%

34%

22%
70% 22

%441/3The number of US hospital
executives who are women

The percentage of the 
estimated global AI 
workforce that is 
represented by women 202

12%The percentage 
of machine learning 
researchers who 
are womenThe proportion of 

female researchers 
in Health AI today 
(down from 14% 
in the mid 90s)

15
%

The proportion of women 
that tech giants Google, 
IBM and Microsoft employ 
in their AI projects

The percentage of women 
on Fortune 500 health 
care executive teams 
and boards 

The proportion of managerial 
positions held by women in 
149 countries assessed by a 
World Economic Forum

The number of years 
it will take, at the current 
rate of change, for the 
gender gap to close

The number of 
countries where 
over 20% of women 
are still illiterate

The amount of the total health 
and social care workforce that 
women account for. While occupying 
only 25% of senior leadership roles

The number 
of years the 
world is away 
from economic 
gender parity
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What did you want to be 
when you were a child?
I have congenital heart disease – 
pulmonary stenosis – which was 
diagnosed when I was six months old 
and repaired at the age of 10 years. 
So I’ve spent a lot of time on the cold 
end of the stethoscope, and always 
wanted to be a surgeon. I remember 
patiently letting students listen to my 
heart when I was in the hospital for my 
surgery because I knew I would go 
to medical school one day. I’m very 
grateful to Richard Cleveland (now 
deceased) who fixed my heart. I’ve 
run two marathons so it works well. 

Could your career have 
taken another direction?
Definitely. For example, I’m now a 
healthcare technology executive. My 
career path wasn’t ever traditional. I 
majored in electronical engineering, 
before there was a computer science 
undergraduate degree at Stanford 
University. I paid for school doing 
programming, database consulting, 
and teaching computer science. I 
earned a PhD in informatics well 
before it was cool. While I was a 
surgery resident, I held a faculty 
position in informatics, and during 
my ‘laboratory years,’ I advised my 
own students and consulted for a 
knowledge management start up 
(Unbound Medicine – it’s still around). 
I was really enjoying myself working 
on bleeding edge technologies 
as the information architect for 
Unbound Medicine in the middle of 
my residency. I remember flying to 
London and chatting with a really 
trendy engineer from Singapore 
who asked me, ‘Why on earth 
would you go back to residency 
and work all those hours and get 
paid nothing?’ She had just finished 
this question, when a fellow 50 year 
old passenger on one cholesterol 
medication had v-fib arrest on the 
plane, and I shocked him back 
with a non-automatic defibrillator. 

Gretchen Purcell Jackson
Gretchen Jackson, MD, PhD, FACS, FACMI, FAMIA is the Vice President and Chief 
Science Officer at IBM Watson Health, directing the Watson Health Center for AI, 
Research and Evaluation. Dr. Jackson is an internationally recognized informatician 
and accomplished clinical surgeon with over 25 years of contributions to informatics 
research, innovations in health information technologies and surgical science. 

WOMEN IN AI
I eventually went back to my seat 
and said, “That’s why.” Sometimes 
God sends very clear messages. 

Who’s been the biggest  
influence on your career?
The biggest influencers on my career 
were probably my parents who raised 
me to believe I could do anything. 
They never really put boundaries 
on my career possibilities, nor did 
they really put any pressure on me. 
I’ve had a number of mentors and 
sponsors who have made my career 
possible, mostly people who were 
willing to challenges existing norms 
and beliefs. I’m really grateful for 
many individuals who believed 
in me when I did not fit the mold 
– Ted Shortliffe, my PhD advisor, 

for believing that I could be an 
informatician and a surgeon (or at 
least tolerating that plan); Robert 
Anderson, my general surgery 
program director, for allowing me to 
serve as informatics faculty and work 
for a start up during my residency 
at the very traditional Duke General 
Surgery Training Program; Henri Ford, 
for giving me the opportunity to train 
in pediatric surgery at Pittsburgh 
Children’s Hospital; Skip Neblett and 
Dan Masys/Kevin Johnson, for giving 
me an amazing surgeon scientist 
job at Vanderbilt; Dai Chung, the 
department chair in Pediatric Surgery 
at Vanderbilt for supporting my 
decision to leave Vanderbilt for IBM 
Watson Health then letting me keep 
practicing part time (he said he’d 

fire me if I didn’t take the job); and 
Kyu Rhee, MD, MPP, the Chief Health 
Officer at IBM, for hiring me as Chief 
Science Officer at IBM Watson Health. 

Best piece of advice you  
ever received?
Sue Bakken, now editor of Journal 
of the American Medical Informatics 
Association, told me I did not 
need to be a Mom like any other 
Mom; I just needed to be reliable 
and consistent. I’ve applied that 
principle to most roles in my life. 

What advice would you give  
to someone starting out in a  
career in medicine?
The job you are signing up for today 
will be completely different when 
you finish training. If you are not 
prepared for change, you might 
end up really unhappy. Pursue 
the things you love even if there 
isn’t a clear pathway or someone 
tells you they aren’t possible. 

Professionally, what do you consider 
your greatest achievement?

Getting promoted with tenure as 
a surgeon scientist. In 2014, I was 
the first woman to be promoted 
on the tenure track in surgery at 
Vanderbilt University Medical Center. 

What’s been your biggest 
disappointment?
When I was recruited to IBM, I was 
the Director of Graduate Studies for 
Biomedical Informatics at Vanderbilt 
University Medical Center and 
Co-Principal Investigator for the 
Biomedical Informatics Training 
Grant. I loved that job – recruiting, 
training the next generation, building 
a program, watching scientists learn 
and grow. Telling the students and 
the program administrator that I 
was leaving was the most difficult 
thing I had to do in that transition. 
Fortunately, I get to do a lot of the 
same things in my current role at IBM. 

 “For most of my career,  
I stood out so much 

because I was an 
informatician. Being 

a woman wasn’t as 
much of a factor.”



Clinical AI that 
Prevents Patient Harm
NEW Social Determinants of Health solution

• Learn how to effectively address social gaps and barriers to drive better care
• Proactively manage patient risk and drive better health outcomes with Jvion 
• Learn why over 40+ of the leading health systems have chosen Jvion
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WOMEN IN AI

What’s your greatest fear?
Being late for school pick ups! 
Nashville traffic is horrible. 

Greatest challenge overcome?
I’m proud of many things – defending 
my PhD thesis, finishing a demanding 
general surgery residency and 
pediatric surgery fellowship (that’s 
nine years of training), running 
a marathon, getting an R01 
funded, and getting tenure. 

What would you tell  
your younger self?
Focus on the things you can control; 
don’t worry about the rest. 

What keeps you awake at night?
These days, it is usually a scientific 
submission deadline or jet lag. 

What’s your guiltiest pleasure?
Big Little Lies – it is the only TV show 
I have binge watched. And watching 
football; my daughters and I are huge 
football fans. My husband played 
college football for Mississippi State, 
and I cheer for Stanford, where I went 
to school, and Vanderbilt. We also go 
to the Titans games in Nashville, and 
I grew up in New England, so I’m a 
huge Patriots fan. For the record, I was 
a Patriots fan long before Tom Brady. 

What’s the most important  
lesson life has taught you?
To value honesty, humility, 
and gratitude. 

Which person do you most  
admire — and why?
I have always admired some of the 
surgeons who did the first heart and 
heart-lung transplants – Christiaan 
Barnard Norman Shumway, and 
Bruce Reitz. Their commitment to 
advancing the science had to be so 
much greater than their fear of failure. 

What’s your most  
treasured possession?
I’m not sure there is just one. I would 
probably choose my engagement 
ring, wedding band, and the 
pearl ring my husband gave me 
the night before we got married. 
I also have several things that my 
grandmother made for me as a 
child – stuffed animals, dress up 
pioneer clothes, and blankets. 

On the professional front, I have Frank 
Davidoff’s (former editor of Annals 
of Internal Medicine) annotated copy 
of Forgive and Remember (with 
his notes) that he gave me before I 
started residency, and a Sabiston 
Textbook of Surgery handbook 
that David Sabiston signed for me 
when I interviewed for surgery 
residency at Duke, along with the 
letter he wrote me after I matched. 

If you could edit your past what 
would you change or do differently?
My biggest challenges and mistakes 
have made me who I am today, so 
I don’t have a lot of regrets, but if 
I could go back, I’d try to be more 
honest, humble, and grateful. 

How do you relax?
I like to play or hang out with my nine 
year old daughter and 16 year old 
stepdaughter, who both still want to 
spend time with me. Sometimes. They 
are so intelligent and funny. I also like 
hiking, jogging, gardening and skiing. 

What’s left to conquer?
The rest of my family is taking mixed 
martial arts lessons, so I’ve got to 
sign up or I’ll have to keep tapping 
out. I’m thinking of learning a new 
programming language for fun. 

Where is AI heading?
Into every aspect of our lives! 
It seems that every week I am 
correcting someone who says 
something about AI being new. AI 
in healthcare isn’t even new, but 
widespread availability and adoption 
of AI technologies in healthcare is 

relatively new. AI being ubiquitous 
in our lives is where we are going. 

Does the gender inequality in  
AI in medicine frustrate you?
Not so much these days, as I work 
for a company that has been treating 
women fairly for a long time. IBM 
started hiring women for high tech 
jobs in 1934 and established equal 
pay for equal work policies in 1935. 
Almost a century later, academic 
medicine, Hollywood, Wall Street, 
and other technology companies 
are just starting to talk about 
addressing these problems. I’m 
disappointed by the lack of action.

What can be done to redress that?
Less talk, more productive and 
pragmatic action. It is that simple. I 
have spent a lot of time educating 
the next generation of informaticians 
and surgeons and supporting other 
women in advancing their careers. 
There have been a lot of women’s 
marches over the last several years, 
and I think I’ve spent each of those 
days doing direct one-on-one career 
mentoring or editing first-author 
papers for one of my students or 
trainees. I try to make concrete efforts 
to move other women forward. I share 
my experiences and lessons with 
other women whenever possible, to 
dispel myths and encourage others. 

During your career, as a woman, 
have there been times when you’ve 
felt you’ve had to work harder or 
do more to gain recognition?
Not really. I’m proud of working 
hard on things I love, so “working 
harder” is kind of a way of life. For 
most of my career, I stood out so 
much because I was an informatician. 
Being a woman wasn’t as much of 
a factor. It was more of a factor as 
I advanced in academics, where 
there is much more of an effort 
for diversity (box checking), but 
not inclusion. I have been blessed 
to have opportunities to work on 
cutting edge technologies, so my 
efforts have gotten attention. 

Like everyone, I have some great 
stories. When I was a surgery intern, 
one of the community surgeons 
cornered me at an end of year party 
and said, “You are going to quit 
and have babies.” I replied, “No. I’m 
going to finish and be your boss.” 
He laughed and acknowledged 
that was probably true. 

 “I try to make concrete 
efforts to move other 

women forward. I share 
my experiences and 

lessons with other women 
whenever possible, 
to dispel myths and 
encourage others.”



A NEW 
BEGINNING 
FOR END  
OF LIFE

Entrepreneur Candice Smith is the founder & CEO of Caregiven, an app 
that empowers family caregivers to support their loved ones through all 
the practical and poignant tasks that comprise the end of life journey. 
But, as Hazel Tang discovers, it’s been a tough journey.

“Let’s utilize the
same exceptional
technology used to
make our living full
and rewarding, to
enable us to make
our dying better”

Caregiven was born out of a simple, 
hard-learned truth: there is nothing 
in life that prepares us for the life-
threatening diagnosis of a loved one.

For founder Candice Smith, this 
came crashing home to her when 
her father was diagnosed with stage 
four oesophageal cancer. “When I 
first received the news, I was living 
overseas and my dad was here in the 
States,” says Smith softly. “Since 
I was faraway, I immediately felt 
powerless. I started Googling what 
to do; what questions to ask, and 
looking for digital solutions that could 
help guide me. But there were no 
mobile applications, no websites, just 
books and support groups. I couldn’t 
believe that in this era, there were no 
digital solutions. So, I moved back 
and embarked on caring for my dad, 
without knowing exactly what to do. 

“It was frustrating; I felt isolated 
and overwhelmed all the time. I have 
a full time job, two young children, 
and my dad is dying. So I just thought, 
‘Now that I have the experience 
of going through a life-changing 
moment with my dad, I’m going to 
take this personal pain into creating 
something new.’ And so Caregiven, 
a digital platform that focuses on 
demystifying the end-of-life process 
by delivering knowledge, structure 
and tools to caregivers, was born.

Knowing that people rarely have 
time to read books and are often 
reluctant to talk to another human 
being about such an emotionally-
charged topic, Smith instantly 
knew her solution needed to be a 
digital health platform. “We have 
our phones and devices with us 
24/7, which makes my application 
a source of constant support.” 

Smith was also keen to re-define 
the term ‘caregiver’. “Most of the time, 
when we think of caregivers, we think 
about medical professionals or someone 
who is trained,” she explains. “I didn’t 
identify myself as a caregiver until the 
hospice nurse said, ‘No, if you care 
and are giving that care to your loved 
one, you are a caregiver’. So, I thought 
our target users are not patients but 
those surrounding them; those who 
see themselves as caring for someone”. 
As such, Caregiven not only gathers 
relevant resources for caregivers, it 
is also a spoon-feed solution; walking 
people through one step at a time on 
what to prepare, do, and expect. 

It means users are provided with 
detailed instructions on how to complete 
the paperwork for an advance care 

required, they know they have been 
forgiven and that they will be seen and 
remembered as a person,” says Smith. 

“We try to infuse all those aspects. 
But what comes as a surprise to most 
people is, the average caregiver journey 
is four years. Often, people are so afraid 
they may miss out on the opportunity 
to be with their dying loved ones or 
that it’s going to be too late for them to 
do something. They need to know that 
even if you are left with just six months 
or six weeks, one can still create a 
good chunk of meaningful time. It’s 
important to remember that we don’t 
stop living when we learn that we are 
dying. Let’s ensure that we utilize the 
same exceptional technology used to 
make our living full and rewarding, to 
enable us to make our dying better.”

To that end, Smith’s future plans 
include incorporating a chatbot to 
interact with caregivers in real time, 
helping to support them mentally and 
emotionally at any given moment. 
“Our society doesn’t talk about death 
or dying until it’s forced upon us by 
circumstance,” says Smith. “So when 
you are facing the role of giving care  

plan – who should be involved and 
consulted during the process, and 
what kind of conversation should 
take place. Once it is completed, the 
platform will push the care plan out to 
everyone given permission to access 
it. The app takes a similar approach for 
other end-of-life legal documents, so 
caregivers will not have to go through 
a variety of channels for guidance 
and advice to complete a form. 

Apart from the practical tasks, 
Caregiven also comes with a legacy 
building function; for users to capture 
the last moments of their loved ones 
via a digital diary. “A good end-of-life 
journey means people who are dying 
know their lives have meaning; or if 
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can’t be innovation or change”. 
Indeed, nothing appears to hinder 

Smith’s effort to seek help from 
like-minded professionals. She’s 
been working closely with other 
digital health experts and a user-
experience design team, to ensure 
Caregiven achieve’s optimium 
efficiency and effectiveness. 

“I think there is still a ‘hunter and 
gatherer’ mindset in technology,” 
says Smith. “When there is a problem, 
men tend to hunt it down and create 
codes to solve them independently. 
Whereas for women, we tend to 
gather our resources and talk through 
the solutions collaboratively before 
getting something out. Some may 
think this is just a methodology for 
approaching problem-solving, not 
realizing women may take some of 
men’s innovations to the next level. 

“I feel strongly that there are many 
very practical tech solutions out 
there and perhaps if we add a little 
feminine attributes, be it working 
together or listening out for one 
another, they can be turned into 
something that’s entirely different, 
maybe something more human or more 
digestible for the general population. 

“So, I feel now is the right moment 
for my product and myself. We are 
hungry for digital solutions that 
understand our needs and can curate 
unique experiences for us. And it’s 
women who seem to be best equipped 
to be able to deliver that. I’m here 
to tell you, being a female innovator 
has never been so fascinating.”  

THE  
MIDDLE EAST
LANDSCAPE

Six pages detailing a country-by-country lowdown on 
the Middle East’s key healthcare AI initiatives, projects 

and learning, including...

MIDDLE EAST
OVERVIEW

“I have been told I am not 
fundable by a venture capitalist 
firm because I am too old as a 
woman to be culturable”

to a loved one who has just received 
a life-threatening diagnosis, it’s a 
heavy responsibility to take on. It’s 
common to find oneself adrift in 
a sea of emotions, trying to make 
sense of endless medical terms, 
and questioning ‘what now?’ It can 
quickly become overwhelming. 
It’s a journey that comes with very 
few resources to aid you in skillful 
navigation of this valuable period of 
time. And that’s where we come in.”

A graduate of the University of 
Oregon, Smith’s previous career saw 
her spend twenty years providing 
leadership and fundraising expertise 
to non-profit organizations, 
predominantly in education. So 
without a background in healthcare 
or technology, her entrepreneurial 
journey hasn’t exactly been smooth. 
“I have been told I am not fundable by 
a venture capitalist firm because I am 
too old as a woman to be culturable,” 
says Smith with a heavy sigh. “I am 
46 years old and as a woman, never 
thought I would receive a comment 
like that! The truth is it shouldn’t 
matter what my background is, my 
connections, or my product. But the 
minute I walk into certain rooms, it 
seems I have already been categorized. 

“Even among female entrepreneurs, 
most people assume I am doing 
something related to beauty, childcare or 
fitness, when in fact, I am into death-tech. 
Nevertheless, it was empowering to know 
because I truly understand the game 
now. Just because things turned out well 
for me in the end, it doesn’t mean there 

Candice Smith believes that grief, 
fear and cultural taboos around dying 
are the cause. Her vision is to change 
the conversation around death and 
end-of-life care so that our loved ones 
feel comfortable in sharing their 
wishes and we know exactly how 
to honor them. In doing so we...

Support our loved-ones to overcome 
denial and other complex emotions 
following a life-threatening 
diagnosis, including regret and  
the anguish of family members.

Facilitate meaningful 
conversations on topics that 
those who are dying wish to hear 
and caregivers wish to convey.

Aid caregivers to anticipate and 
educate themselves on upcoming 
conversations and decisions so as  
to diminish feelings of 
learning as you go.

Improve communication and 
transparency, simplifying sharing 
and prompting participation so  
that all involved are present in  
the journey.

Embrace technological tools to 
overcome distance and put people 
in the same room together, even 
when separated by distance.

EVERY YEAR, 117 MILLION 
AMERICANS NEED CARE SUPPORT. 

EVERY YEAR, 3 MILLION 
AMERICANS DIE, 90%  
FROM A DIAGNOSED CAUSE. 

BUT NEARLY 60% OF PEOPLE  
WHO PASS AWAY HAVE NOT  
MADE ESTATE PLANS OR 
DOCUMENTED THEIR  
END-OF-LIFE WISHES. 

“ I have been told I
am not fundable by
a venture capitalist
firm because I am
too old as a woman
to be culturable”

UNITED ARAB 
EMIRATES

The UAE is the first country in  
the world to appoint a designated 

Minister for AI
  54 

ISRAEL
Israel has over 530 digital health 

start-ups, attracting new investors 
and driving financing in the sector to 

record levels
  55 

SAUDI ARABIA
AI is expected to contribute over 

US$135.2 billion in 2030 to Saudi 
Arabia’s economy, equivalent to 

12.4% of GDP
 57 
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CHANGING  
THE END-OF-LIFE 
CONVERSATION
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1

ZEBRA MEDICAL VISION

www.zebra-med.com

Their mission is to provide 
radiologists with the tools they need 
to make the next leap in patient care.

Zebra’s Imaging Analytics Engine 
receives imaging scans from various 
modalities and automatically analyses 
them for a number of different clinical 
findings, in a timely manner and full 
synergy with radiology workflow.

2

TALIAZ

www.taliazhealth.com

Taliaz is an AI health analytics 
start-up that has developed Predictix, 
a game-changing algorithm to 
personalize medicine.

Predictix enables deep-data 
analysis of the highly complex role 
of each patients’ unique biological 
background and environment in 
driving behaviours. 

Develops leading personal 
medicine solutions for additional 
neuropsychiatric conditions, 
including schizophrenia, Attention 
Deficit Hyperactivity Disorder 
(ADHD), anxiety disorders and 
bipolar affective disorder.

3

ART MEDICAL

www.artmedical.co.uk

ART Medical has developed smart 
feeding tubes laden with sensors 
that automatically collect patient 
data including reflux rates, food 
requirements, saliva and urine 
output to adjust the nutritional doses 
delivered through the tube. 

The eight-year-old company has 
raised $29 million to develop its 
Anti-Reflux Tube (hence ‘ART’).

The company’s AI-based algorithms 
also automate the placement of 
feeding tubes in the stomach –  
a process currently done by  
X-ray imaging. 

ART Medical has also collaborated 
with hospitals in Israel and the 
United States.

4

CLEW MEDICAL

clewmed.com

The company develops software that 
uses artificial intelligence to predict 
which patients in a hospital’s ICU 
are at the highest risk of imminent 
deterioration, and alerts staff so  
they can intervene early.

Clew can predict how long a patient 
will need to be connected to a 
ventilator or a dialysis machine,  
and when a patient will be ready  
for discharge.

The company is testing its software at 
Sheba and Ichilov hospitals in Israel, 
and the Mayo and Cleveland clinics in 
the United States. Clew has raised $30 
million since it was founded in 2014.

5

MILAGROAI 

www.milagroai.com

Combining deep-learning algorithms 
and text analysis, Milagro can parse 
the 70% of medical information 
that’s locked in unstructured data 
sources such as hospital documents 
and summaries of surgical and 
radiological procedures.

Medical staffers receive relevant 
alerts and the company’s software 
identifies patients at the highest risk 
for hospital-acquired infections.

Milagro’s software is in use at several 
Israeli medical centres including 
Sheba, Assuta, Rambam and  
Tel Aviv Sourasky.

6

MEDAWARE

www.medaware.com

The company uses machine-learning 
algorithms and AI to prevent 
clinicians from issuing the wrong 
prescription. MedAware scours its 
database of millions of prescriptions 
and compares it to a patient’s 
medical record to flag “statistical 
outliers to normal behavior patterns.”

During testing with 400,000 patients, 
MedAware turned up 6,000 incorrect 
prescriptions, some of which it’s 
claimed, were life threatening.

In October 2017, the UAE appointed His Excellency 
Omar Bin Sultan Al Olama as the first Minister of 
State for Artificial Intelligence, making the UAE 
the first country in the world to have a designated 
Minister for AI. In the healthcare sector, new 
technologies are being slowly introduced to test 
its effectiveness. For example, the Government of 
the UAE is currently testing and introducing the 
following new innovations into healthcare:

— The Body of health analysis pods to be rolled out 
in government buildings to assist staff in mon-
itoring health and detecting early any signs of 
illnesses.

— An application by Babylon, which uses AI to pro-
vide 24/7 video consultancy to patients from all 
around the world will be soon available in UAE.

— Health Care and Innovative New Technology 
(HINT) neuro band helps detect strokes.

— The flow cell sensors by Admetsys to alert doc-
tors to sudden drops in the vitals of ICU patients.

The state has introduced much legislation around 
the use of AI in healthcare to safeguard patients, 
doctors, and technology providers. The healthcare 
industry in Dubai is set to grow exponentially, with 
demand for world-class medical service currently 
outpacing supply. 

To meet the growing demand on the local and 
regional level, the Dubai Health Authority (DHA) 
outlined a strategy that uses AI and robotics to 
largely automate the process, in addition to iden-
tifying key public-private partnerships and con-
tributing with weighty healthcare investments. 
According to Alpen Capital, the UAE health-
care market is expected to grow 12.7%, to nearly 
US$20BN (AED 71.56BN) by 2020. 

But in order to meet the increasing demand for 
better healthcare, there are gaps in the market that 
the DHA has identified in order to move forward, 
namely: investment in R&D and training, govern-
ment regulation, and service delivery.

United Arab Emirates Israel

1 1
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Key initiatives Key initiatives

1

DUBAI HEALTH AUTHORITY 

dha.gov.ae/en/pages/dhahome.aspx

wasselsotak@dha.gov.ae 

The Dubai Health Authority is a 
government organization overseeing 
the health system of Dubai.

It outlined a strategy that uses AI 
and robotics to largely automate the 
process, in addition to identifying 
key public-private partnerships  
and contributing with weighty  
healthcare investments.

2

DUBAI FUTURE FOUNDATION

www.dubaifuture.gov.ae

info@dubaifuture.gov.ae

Embraces technology and innovation 
to make Dubai ‘the most modern 
city with the happiest citizens.’

3

ARAB HEALTH

arabhealthonline.com/en/Home.html

Arab Health is an industry-defining 
platform where the healthcare 
industry meets to do business  
with new customers and  
develop relationships with  
their existing clients.

4

ATLAS MEDICAL

www.atlasmedical-uae.com

atlas@atlasmedical.ae 

Atlas medical thrives on innovation 
and technologies to meet the  
ever-growing needs of the 
UAE healthcare sector.

Deals with an extensive range of 
high-value products and services that 
cater to customers in the UAE market.

5

SEHA 

seha.ae/English/Pages/default.aspx

SEHA is the corporate marketing 
name of Abu Dhabi Health Services 
Company, an independent public 
joint stock company that owns 
and operates all public hospitals 
and clinics across the emirate.

Seeks to upgrade and improve 
healthcare delivery to the public 
at a level comparable to the finest 
healthcare systems in the world. 
The program began by separating 
management and regulation – SEHA 
assumed responsibility for public 
healthcare centres and hospitals, 
while Health Authority-Abu Dhabi 
(HA-AD) was established to regulate 
the public and private sectors. 

The SEHA HealthSystem consists 
of 12 hospitals with 2,644 beds, 
46 Primary Healthcare Clinic, 10 
Disease Prevention and Screening 
Centre, 3 Mobile Clinics, 1 School 
Clinic, 2 Blood banks,4 Dental 
Centres, 2 Employee Healthcare 
Centre, and 1 Vaccination Centre. 
It is the largest healthcare network 
in the UAE, providing a continuum 
of care to residents and utilizing 
leading-edge technologies.

Israel is becoming a testing ground for the power 
of artificial intelligence to improve health care. 
Digital medical records for the vast majority 
of Israelis are currently stored in databases 
maintained by the handful of semi-public health-
maintenance organisations (HMOs) that provide 
most health care in Israel. These health records are 
beneficial to the growing number of digital health 
start-ups training algorithms to do things like early 
detection of diseases and produce more accurate 
medical diagnoses. 

The country has over 530 digital health start-ups 
and this is attracting new investors and has driven 
financing in the sector to a record $511M in 2018, 
up 32% year on year. By the first quarter of 2019 the 
amount raised was already at $214M. 

AI medical use cases include, but are not limited 
to, decision support tools for physicians, medical 
imaging analysis using computer vision, and big 
data analytics for population health management. 
Foreign hospitals and universities are increasingly 
coming to Israel to look for digital health technol-
ogies and to invest in local companies. For exam-
ple, in 2018, three major US hospitals engaged with 
Israeli digital health: Intermountain Healthcare’s 
investment in Zebra Medical, Mt. Sinai Ventures’ 
contract with digital speech therapy company 
Novotalk, and Thomas Jefferson University’s pilot 
validation program in conjunction with the Israeli 
Innovation Authority for clinical care and hospital 
operations solutions.
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Saudi Arabia Saudi Arabia is seeking to be a global 
leader in the application of technology 
related to artificial intelligence. This 
spans foreign investments by the Public 
Investment Fund (PIF) and domestic 
initiatives by the government and pri-
vate sector. 

AI is expected to contribute over 
US$135.2 billion in 2030 to the econ-
omy, equivalent to 12.4% of GDP. Saudi 
Arabia has embarked on a journey in 
an effort to achieve its Vision 2030. 
The National Transformation Program 
2020 outlines objectives to improve 
the efficiency and effectiveness of the 
healthcare sector through digital trans-
formation and the use of emerging tech-
nologies such as AI. It has the goal of 
using IT to improve the efficiency and 
effectiveness of healthcare.

In the private sector, MedLab Media 
Group (MMG), a Spanish technology 
start-up focused on supporting and 
enhancing daily clinical practice and 

decision making, announced it has 
signed a MoU with Advanced AI LLC, a 
Saudi company specialized in artificial 
intelligence technology and products. 

MMG and Advanced AI LLC’s mis-
sion is to boost AI development in line 
with the Kingdom’s Vision 2030 and col-
laborate with the expert Saudi team for 
consultancy, training, development and 
the creation and establishment of a joint 
laboratory for AI to support researchers 
and universities to create products based 
on Neuro-Linguistic Programming 
(NLP) and Natural Language Process-
ing (NLU). Both parties are planning to 
collaborate on several projects including 
Blockchain technology and Big Data.

British health technology start-up 
Babylon has raised $550 million in an 
investment round backed by Saudi Ara-
bia’s sovereign wealth fund. There are 
very few Saudi Arabian companies deal-
ing with AI in healthcare as it is heavily 
state-driven. 

Kuwait Key initiatives

Artificial intelligence is proving a revolution in 
healthcare in Kuwait. The implementation of the 
technology in healthcare assists in early disease 
detection, early diagnosis, and effective diseases 
management and treatment. Cloud-based artificial 
intelligence is helping doctors in Kuwait quickly 
gain a clearer and more accurate understanding of 
a cardiac patient’s heart condition with the first sys-
tem of its kind to be deployed in the Middle East.

In a pioneering step made in line with Kuwait’s 
development plan and Vision 2035 ‘New Kuwait’, 
Health Assurance Hospitals Company (DHAMAN) 
signed a Strategic Partnership Agreement with mul-
tinational technology company IBM, for the devel-
opment of the Digital Health System and the launch 
of the Kuwait Digital Health Roadmap Initiative.

1

IMAGES DIAGNOSTIC CENTRE 

www.imagesradiology.com

Installed AI solution that provides 
real-time quantifiable data of 
the whole chest in less than 10 
minutes, a fraction of the time of a 
conventional scan. It also delivers a 
resolution previously unattainable.

This is not the first pioneering 
advance for the Images Diagnostic 
Centre, which was the first facility 
in Kuwait to offer state-of-the-art 
diagnostic services using the 
GE Optima 450, a 32-channel, 
wide-bore MRI platform enabled 
with noise reduction technology.

1

2

2

DHAMAN 

www.dhaman.co

Health Assurance Hospitals 
Company (DHAMAN) was 
established by a Ministerial Decree, 
as part of the development plan 
set forth for the State of Kuwait.

It is structured as a public-private-
partnership (PPP) entity, with a 
pledged capital of KD 230 Million 
held by Kuwait Investment Authority 
and Public Institution for Social 
Security at 24%, Arabi Holding 
Group at 26% and 50% of shares to 
be allocated to Kuwait’s nationals.

DHAMAN’s main objective is to be 
the first private healthcare company 
in Kuwait and the GCC to adopt 
world class healthcare standards.

MIDDLE EAST
OVERVIEW

Egypt

Iraq

Egypt may have only just had its first health tech 
hackathon but there are several start-ups that have 
been doing good work to help the country better its 
problematic healthcare system. While these have 
engaged in digitalising medicine, little has been 
done to transform the healthcare system through 
the use of artificial intelligence. The rural poor are 
most affected by issues which range from poor ser-
vice at government-run hospitals and lack of effec-
tive health insurance to the highest rates of Hepati-
tis C in the entire world.

BMJ worked in an active partnership with the Iraq 
Ministry of Health over a five-year period to help 
achieve better healthcare in Iraq. BMJ Learning 
Iraq was customised to equip Iraqi doctors with 
high quality medical education resources that are 
proven to improve clinical care and outcomes. Over 
43,000 online learning modules in 70 specialist 
subjects were completed by Iraqi doctors. Of those 
3,817 users, 88% believed it has improved their 
practice and 96% believe it will improve the care 
they deliver in the future.

Key initiatives

1

D-KIMIA 

d-kimia.com/index.html

info@d-kimia.com

D-Kimia develops novel diagnostic 
solutions to detect a broad range 
of diseases by targeting the nucleic 
acid signature of the disease. 

Their diagnostic solutions are 
rapid, affordable, simple to use, 
and provide the same level of 
specificity as the most advanced 
Polymerase Chain Reaction 
(PCR), and other amplification- 
based diagnostic techniques.

D-Kimia’s patent pending platform 
has initially been optimized for the 
identification of the Hepatitis C virus.

The company raised $500K from 
Egyptian and Arab investors and 
its hepatitis diagnosis tool is much 
cheaper than current alternatives and 
also gives results within an hour.

1

SIEMENS HEALTHINEERS IRAQ 

www.siemens-healthineers.
com/en-iq/insights/news/
ai-continuum-in-healthcare.html 

Involved in the evolution from 
task-specific Artificial Narrow 
Intelligence (ANI) towards Artificial 
Super Intelligence (ASI). 

On the lower end of the continuum, 
AI tools embedded into medical 
technology are available today 
and ready to increase quality 
of care and patient safety. 

With R&D ongoing, they will be 
supplemented by increasingly 
sophisticated predictive tools 
that help the country come 
closer to a future of healthcare 
in which precision medicine will 
be the new standard of care.

1

1
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Turkey's healthcare sector has seen major improvements 
with an artificial intelligence based, healthy nutrition 
advice application to be added to the e-Pulse Personal 
Health System, according to the Health Ministry. 

In addition to reminders and notifications concern-
ing oral and dental health, an AI-based nutrition app 
will be added to e-Pulse's newest attachments. Turkey 
provides free health care and has a general health insur-
ance system that covers all citizens. 85% of people sur-
veyed in Turkey would be willing to use an ‘intelligent 
health care assistant’ to diagnose patient conditions, 
suggesting the market outlook is positive from a con-
sumer demand perspective. 

Turkey has made significant progress in digitalis-
ing its hospitals, as more than 160 organizations are 
recognized at Stage 6 of the Electronic Medical Record 
Adoption Model (EMRAM). This success is due to three 
factors: (1) outstanding leadership at all levels (par-
ticularly from the Ministry of Health, (2) high levels of 
clinical engagement and (3) wisdom to spend money 
on the right thing. Turkey is the only country using the 
EMRAM model to assess public hospitals. 

Turkey Key initiatives

1

VIRASOFT 

www.virasoft.com.tr/en/anasayfa/

Istanbul start-up Virasoft has raised 
$415,000 to develop computer 
vision technology for cancer 
diagnostics. Algorithms look at 
digital tissue slides and provide a 
preliminary diagnosis and analysis 
that is much quicker than manual 
work by human doctors while 
minimizing subjective errors.

Virasoft provides many analytical 
modules that can detect tumour 
areas, cell break apart and fusion 
signals, and look at cell nuclei and 
membranes of specific tissues.

Virasoft’s partners include the 
Koch Institute for Integrative 
Cancer Research at MIT and the 
Istanbul Technical University.

2

DOCTUS AI 

www.doctus.ai 

Doctus AI delivers AI-powered 
decision support systems and AI 
transformation programs for the 
future-proof alteration of medical 
institutions and production lines.

It utilizes the power of multi-modal 
deep learning and big data to provide 
state-of-the-art medical assistance 
systems for medical personnel.

3

ISTANBUL MEDIPOL UNIVERSITY 

en.medipol.edu.tr/english.aspx

The IMU has adapted an innovative 
learning and teaching model and 
has created a real ‘knowledge 
society’ of successful academicians.

Home of the Technology Transfer 
Office (TTO) – brought 150 hospitals 
to Stage 6 of EMRAM. A standardised 
system that can objectively  
compare the performance of  
different hospitals. 

The university was key to this success. 

1-2

3

Oman

Oman is likely to witness significant healthcare indus-
try growth. According to Anil Nair, CEO of IRIS 
Health Services, simple, web-based technological safe-
guards can be easily implemented by regulators, insur-
ance companies, individuals and medical providers to 
combat fraud, waste and abuse (FWA) in the health-
care system.

Most of the advances regarding AI in medicine in 
Oman have been from the research perspective. In 
particular, the CIRC unit of the Sultan Qaboos Uni-
versity has conducted research on the use of AI in 
medicine and telemedicine. AI has also been used for 
breast cancer screening. The Ministry of Health and 
the Information Technology Authority announced the 
launch of a new system of early diagnosis of breast can-
cer in 5 hospitals around the Sultanate. The pilot will 
run in the Royal, Khoula, Al Buraimi, Ibra, and Sultan 
Qaboos Hospital in Salalah in order to study the chal-
lenges that might accompany the system and how to 
overcome them.

Key initiatives

1

IRIS HEALTH SERVICES 

www.iris.healthcare/about-overview

An award-winning health insurance 
third-party administrator (TPA) 
providing medical benefit and 
claims administration services.

IRIS also manages specialized 
insurance needs for reinsurers, 
regulators and self-insured 
companies: for example, they 
build and maintain provider 
networks, provide membership 
and customer care services in 
addition to claims processing.

For their risk carriers, they work 
hard to extend best practices in 
adjudication by integrating the latest 
technologies like AI and blockchain 
with experience and expertise.

2

INTERNATIONAL SYMPOSIUM 
FOR TELEMEDICINE AND 
AI IN MEDICINE 2020 

conferences.squ.edu.om

ISTAIM 2020 dates:  
16-18 February 2020

A conference on telemedicine and 
AI in medicine and the transfer of 
these new technologies to Oman.

Aims to promote discussions 
for medical staff, engineers, 
students, professionals and 
the community in Oman. 

3

COMMUNICATION AND 
INFORMATION RESEARCH  
CENTRE (CIRC) 

www.squ.edu.om/circ/Home/
ArticleID/1785/FOSSC-2019-Oman

The Centre supports the 
development of scientific 
research and contributes to the 
sultanate by promoting the 
process of transferring sustainable 
technology to the country.

In addition, implements research 
strategies which meet the 
information and communication 
technology requirements of 
Oman in both the short and long 
terms, focusing on modern digital 
technologies associated with the 
fourth industrial revolution.

Recent research projects include AI in 
medicine and Telemedicine in Oman.

Ibra Hospital, Royal Hospital, Khoula 
Hospital, Al Buraimi Hospital.

These were also part of the trial of 
using AI to diagnose breast cancer. 

1–2

3

JOIN US AT  
ABU DHABI 
AIMed

PART OF THE ONLY  
GLOBAL MOVEMENT  
FOCUSED ON  
AI IN MEDICINE

ABU DHABI — EMIRATES PALACE

8—10 APRIL 2020 Organised in partnership with

ai-med.io/adaimed20

700+ ATTENDEES
50+ SPEAKERS
6+ WORKSHOPS
3 SOCIAL EVENTS
1 ABU DHABI AIMed
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RANDALL WETZEL REFLECTS ON A 
TRULY ENLIGHTENING AND EDUCATIVE  
THREE DAY CONFERENCE

ill patient. He went on to introduce 
Christine Schweer and her son who, 
with the aid of a voluminous beach bag, 
vividly described their excruciating 
experience with an unknown, chronic 
and life threatening disease where 
the family has to be the bearer of all 
information in search of a diagnosis 
and therapy. These personal reflections 
gave a compelling start to the meeting, 
keeping the focus not only on emerging 
AI technologies but, importantly, on 
the needs of patents. Throughout the 
meeting, many speakers reminded us to 
never forget that the data comes from 
and belongs to the patients. They have 
paid a price for our data. This charges 
us with an ethical responsibility to 
respect their data and to learn from 
their data to help others. This patient 
focus was expanded to encompass 
diversity and an international outlook 
in the application of AI in healthcare.

The opening keynote speaker, 
Ted Shortliffe, a true pioneer in the 
application of AI to healthcare, reminded 
us that we are now fifty years into AI 

in medicine. From expert systems 
and early computational aids to the 
widespread adoption of big data, data 
science, machine and deep learning, 
AI in medicine has been through the 
valley of disappointment. Currently, 
in an explosive phase of interest 
and growth, we still have problems 
with integration, interoperability, 
terminology standardization, data 
ownership and others. Ted’s long 
perspective reminded us we stand on the 
shoulders of giants and must persevere.

Kathy Jenkins then led a panel on 
adoption. Throughout the meeting this 
topic was addressed by many, including 
Arta Bakshandeh, who, with others, 
reminded us of the necessity to keep it 
real, do not over-offer, be honest, focus 
on solvable problems, test multiple data 
science solutions for any given problem, 
learn from our mistakes and remember 
the ROI, in health, in reduced disease 
burden, in patient satisfaction as well as 
decreased costs. To drive AI adoption 
in healthcare, deep collaboration is 
necessary among healthcare systems, 

Clockwise from top:
Ted Shortliffe makes 
his keynote address.
Receiving his lifetime 
achievement award.
OCTANe director, 
Nicole Washington, 
captivates conference.

It’s late December 2019 at the Ritz 
Carlton in Laguna Niguel, California, 
and the revolution that AI-inspired 
technology is having on healthcare, 
continues apace. From Anthony 
Chang’s virtuoso performance in 
presenting an AI in Healthcare Primer, 
to the closing comments – attendees 
were treated to a wide ranging 
cornucopia of topics, presentations, 
speakers, and entertainment. 

AIMed19 continued to dazzle as 
over 500 clinicians, entrepreneurs, 
industry representatives, data scientists, 
innovators and academics from around 
the world gauged the progress of AI 
in healthcare. Specialties covered 
included: of course radiology and 
pathology, but also cardiology, cancer 
care, pediatrics, medical education 
and oral health with the latter winning 
the exciting Shark Tank competition 
(see page 64 for full story).

The first day kicked off with a 
reflection by AIMed founder Anthony 
Chang, recovering from his own 
recent experience of being a critically 

AIMed19
THE
REVOLUTION 
CONTINUES

1000 ATTENDEES 
80 SPEAKERS 
10 WORKSHOPS 
2 SOCIAL EVENTS 
1 AIMed19
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physicians and industry 
to understand what is 
needed and what will work. 
Finally, broader approaches, 
including cognitive sciences 
will be required. Vimla 
Patel described the fusion of 
deep learning AI, symbolic 
AI and explicability as the 
next important phase in the 
future of AI decision making.

Transformation of many areas of 
medicine is well underway, as Yigal 
Samset and Kevin Maher discussed 
in cardiology. They highlighted the 
importance of building a system of 
algorithms, applications, care protocols, 
focusing on episodes of care and 
weaving these into a culture-changing 
system that captures data while 
iteratively creating a virtuous cycle 
of continuous improvement. A focus 
on anticipatory treatment melding 
omics, image interpretation, radiology 
pathology and clinical data into early, 
even pre-disease identification is 
necessary to drive the personalized 
health care that AI promises. Several 
speakers throughout the meeting 
called for cultural transformation 
of health care that AI will require to 
be fully integrated in our patients’ 
care. Throughout the meeting, it was 
stressed that the need for extensive, 
coordinated involvement throughout 
medicine will be necessary for 
this cultural transformation.

Several speakers addressed the 
explosion of AI in healthcare and its 
consequences. These include great 
growth, but confusion, risk but great 
hope and numerous challenges from 
FDA regulation, legal and regulatory 
aspects to insurance questions. Eric 
Fish, Lynda Chin and Jesse Erhenfeld, 
Chairman of the AMA, explored 
regulatory aspects of AI. The doctors’ 
dilemmas around AI were discussed: 
Does it work? Will I get paid? Worse, 
will I get sued? Will it work in my 
practice? Can AI fundamentally 
change healthcare? Attendees were 
reassured that medicine has always 
adopted new technologies and will 
grow along with AI. Success will 
require focusing on the quadruple 
aim: better outcomes, improved 
patient satisfaction, lower cost, and 
improved caregiver’s experience.

This review would be woefully 
incomplete without mentioning 
the comprehensive kaleidoscope of 
workshops and abstract presentations. 

Numerous early morning and luncheon 
workshops with such topics as: From 
Data to AI; Cognitive Computing 
and How Clinicians Think; Getting 
Clinician Adoption; NLP in Healthcare; 
Deploying MI in Health Care; and 
Blockchain and Cybersecurity were all 
fascinating, informative and generative. 
These gathered likeminded people 
from industry, academia and data 
science worlds to discuss and explore 
topics from diverse perspectives 
often revealing insights, such as the 
need for cultural change, focusing on 
the economics of developing AI, and 
involving physicians at all stages from 
concept to applications at the bedside. 
The afternoon abstract presentations 
were informative and inspiring with 
tremendous contributions from 
young students and investigators.
The exciting three days left all attendees 
with eager anticipation for AIMed20.  

Randall Wetzel is Founder of 
The Virtual Pediatric ICU

KEY TAKEAWAYS
The AI goal is to perform 
better than humans. 

Applying AI to healthcare is very 
complex, we have a long way to 
go but we are well on the way. 

AI adoption will require cultural 
change in healthcare.

This is all about the patients we are 
privileged to serve and we need a 
diverse and international outlook.

The application of AI in 
healthcare is urgent – people 
are suffering and dying today 
for lack of AI in healthcare.

The revolution continues. 

Clockwise from top:
Networking in the  
California sunshine.
Pitching in the Shark Tank.
Attendees immersed in VR.

Ad

THESE ARE EXCITING TIMES FOR THE CHAMPIONS OF AI.
AIMed has been at the forefront of this revolution with its dedicated focus  

on all things related to the impact of this new frontier in medicine.
Five years since inception, we now have an international audience of 1000s  

of clinicians and executives attending and enjoying the many gatherings and  
events we host across the entire globe. Events that include industry-wide  

conferences to intimate, specialist clinician-led briefings.
Our growth has been driven by the demand for real and robust thought leadership. 
And we’ve responded to that challenge. Our new identity is all part of being future 

fit for you. We’ve completed a ground up re-development of our magazine as well as 
launch our most ambitious calendar of events ever. We’re committed to sharing the 

best on offer to you and the community of pioneers that you’re part of.

Let’s enjoy the ride. Together.

AI IN MEDICINE  
HAS COME OF AGE 
(AND SO HAVE WE)
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VITRIX HEALTH 
TRIUMPHS AT 
AIMed19
SHARK TANK
Vitrix Health was the newcomer 
that hit the headlines at the recent 
AIMed19 event. The company won 
the Shark Tank Innovator award 
for developing a handheld device 
that uses biosensors and machine 
learning to catch oral diseases early, 
empowering low and middle-income 
patients to seek diagnosis and 
treatment before disease progression. 

The company was formed after Chief 
Executive Officer, Ayush Kumar and 
his fellow co-founders Aashay Patel and 
Mark O’ Connor envisioned a tool which 
medical professionals could use during 
preliminary assessments to give them 
crucial information i.e. vital metrics 
of patients before referring them to 
respective specialists. They set their 
sights on oral health, an area that reveals 
much about an individual’s overall 
health and comes with low fatality if 
diseases are caught early. They also 
directed their focus on rural America, 
specifically the low- and middle-income 
populations where oral diseases are 
more common due to behavioral habits 
such as chewing tobacco and the general 
lack of access to appropriate, early stage 
medical interference due to affordability. 

“By speaking with doctors and 
patients, we discovered the problem 
was that patients usually arrive 
at the clinic when their diseases 
have progressed so far that simple 

New screening tool that catches oral diseases  
early wins prestigious Shark Tank competition.

“ BY SPEAKING 
WITH DOCTORS 
AND PATIENTS, WE 
DISCOVERED THE 
PROBLEM WAS THAT 
PATIENTS USUALLY 
ARRIVE AT THE CLINIC 
WHEN THEIR DISEASES 
HAVE PROGRESSED 
SO FAR THAT SIMPLE 
INTERVENTIONS ARE 
NOT POSSIBLE.”

“ WE ARE ONE OF THE FEW 
COMPANIES TRYING TO 
MERGE MEDICAL AND 
DENTAL HEALTH.”

correlate with poor oral health. For 
high-risk patients, further screening 
is undertaken and a computer vision-
based algorithm shows dentists, in real 
time, areas of the mouth that could be 
impacted, passing on the information 
to a specialist for follow-up. 

Like many startups, Kumar and his 
co-founders took ORA1 to different 
competitions and accelerators, 
including their successful pitch at 
the recent AIMed19 Shark Tank 
Competition. However, for them, the 
biggest challenge is not publicity but 
getting people to look at oral care 
earnestly. “I do think the culture 
within the medical realm is not 
geared towards looking at the mouth,” 

interventions are not possible,” 
says Kumar. So the trio designed 
the company’s first product, ORA1, 
a screening tool which employs 
ultra-violet (UV) and green 
lighting to capture contrasting oral 
images that facilitate the detection 
of dental cavities, periodontal 
disease and signs of cancer. 

This hardware component is 
connected to a web and mobile-based 
application. It not only helps physicians 
to manage their patients’ data, but the 
underlying machine learning algorithm 
generates a risk score gleaned from 
patients’ medical records, taking into 
account how often they drink alcohol, 
smoke or perform other activities that 

says Kumar. “We are one of the few 
companies trying to merge medical 
and dental health. So, our obstacle has 
always been convincing someone who 
hasn’t been trained in mouth health 
care, to start focusing in that area.”

In the coming year, Kumar and his 
team intend to focus on getting US 
Food and Drug Administration (FDA) 
approval for the hardware component 
of ORA1 and establishing a fully 
commercialzed product. “Ultimately, 
we need to look for ways to incentivize 
those who are concerned about oral 
care and accurately build an ecosystem 
around it, so more clinicians will be 
involved in their patient’s oral health,” 
says Kumar. “As a company, we’ve 
already attracted thought leaders 
like the Dean of Harvard School of 
Dental Medicine and conducted many 
successful tests domestically and 
internationally, so we’re currently 
busy leveraging on that.”  

Left and previous page:
Vitrix Health CEO,  
Ayush Kumar, celebrates 
his successful pitch.
Left:  
The Shark Tank judges.
Below:  
Vitrix Health ORA1.
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The 105th Radiological Society of North America (RSNA) Scientific 
Assembly and Annual Meeting took place in Chicago last December. 
Three prominent radiologists who attended the event share their 
thoughts on how radiology might look in the year 2050.

Dr. Samir S. Shah. Daytime 
Pod Practice President, MATRIX 
Teleradiology (Division of 
Radiology Partners).

Dr. Matthew Lungren.  
Co-Director of the Stanford AIMI 
Center; Assistant Professor of 
Radiology (Pediatric Radiology), 
Stanford University Medical Center.

Dr. Nina Kottler.  
Vice-President of Clinical 
Operations, Radiology Partners.

What was your key takeaway 
from RSNA 2019?

Dr. Shah: I realized AI is still a big topic 
because there was an entire exhibit 
hall dedicated to AI companies! This 
year, I also witnessed the emergence 
of many new Asian companies, 
showcasing many large and advanced 
setups, which shows how crowded the 
marketplace is right now. I spent a lot 
of time talking to vendors and it seems 
most of them are much closer than 
they were last year in understanding 
the needs of radiologists with respect 
to workflow and integrating products 
into existing RIS/PACS systems. I 
believe understanding the priorities 
of radiologists is going to determine 
whether some of these companies 
will still exist in the near future.

There is an ongoing debate about 
who is going to pay for these new 
technologies. At the moment, 
radiologists are unsure who is going 
to pay for AI – is it private practice 
radiology groups, hospitals, academic 
medical centers or insurance 
companies — no one knows and 
this is creating some concerns.

Dr. Lungren: I think the biggest news 
in AI at the RSNA was the 2019 ASNR 
(American Society of Neuroradiology) 
RSNA Brain CT (Computed 
Tomography) Hemorrhage AI 
Challenge. The AI theatre space 
was filled to capacity in anticipation 
of this event. Five of the top ten 
winners were in attendance and each 

THE FUTURE  
OF RADIOLOGY How has AI changed radiology

and what are some of the biggest
challenges facing radiologists 
right now?

Dr. Kottler: I wish AI was changing 
radiology more quickly than it 
currently is. There are hundreds of AI 
vendors in radiology alone, doubling 
every year, but unfortunately the 
amount of AI that’s being used 
clinically is pretty limited. One of 
the biggest barriers to adoption is 
that there isn’t an accepted business 
model for AI – who is going to pay 
for it? So I don’t think AI has changed 
radiology as much as it has the 
ability to. I am a huge proponent of 
AI and I look forward to the human-
cybernetic collaboration I believe 
will transform everything we do in 
the future, but radiologists need to 
understand how each model works, 
and the limitations of those models.
One such limitation is the bias implicit 
in AI models caused by the bias 
implicit in the underlying datasets. 
An important example is something 
called Data Set Drift. It is easy to 
assume the published accuracy 
of an algorithm is generalizable, 
when in fact it is not. If we teach an 
algorithm using one set of data and 
get good results, we have found that 
those results are not reproducible 
when the data set is different i.e 
if your data is different from the 
training data. Differences in data 
come in many forms from patient 
demographics, ethnicity, disease 
prevalence, imaging equipment, 
protocols, imaging quality etc.

Overfitting is another interesting 
topic. When we overfit an algorithm 
to our own population and are only 
applying it to that population, it can 

In addition to the open source 
models, the 25,000 CT training 
dataset, donated from four hospitals 
in three countries labelled by expert 
neuro-radiologists from ASNR, now 
stands as one of the largest and most 
valuable in the world for research 
and educational use. The continued 
trend toward open source medical 
imaging datasets (and challenges) 
like this one will continue to drive 
innovation and engagement of the 
world’s best computer scientists 
on medical imaging solutions.

Dr. Kottler: I saw a few new AI trends 
at RSNA this year. First, all of the 
AI vendors have aligned with the 
human-cybernetic collaboration 
model and are no longer talking about 
replacing radiologists. Vendors were 
also selling improved efficiency as 
this may prove to be a more viable 
business case given the global 
radiologist deficit. Several new and 
returning AI vendors were starting to 
promote the zero footprint viewers 
and cloud based worklists they 
created to optimize their AI workflow. 
I do think AI will be the next wave of 
improved radiologist efficiency. The 
question is, will these new vendors 
disrupt the legacy systems? 

Finally, there was a new trend in 
radiology hardware, specifically 
portable, CT and MRI systems that 
can be deployed quickly at a fraction 
of the cost of a full-scale system. 
While there were more AI vendors 
at RSNA than any year in the past, I 
suspect we will soon see a significant 
market consolidation. We have 
already started descending from 
‘the peak of inflated expectations’ 
(Gartner Hype Cycle), and that 
trend will continue as compensated 
clinical adoption of AI is limited. 

Outside of AI, there was a great 
session hosted by the American 
Association of Women in Radiology 
(AAWR) about family medical leave 
in academic and private practice 
radiology. A recording of that 
discussion and the associated 
resources should be available  
through the RSNA virtual meeting. 

gave a brief overview of how they 
addressed the problem of identifying 
and categorizing the intracranial 
hemorrhages. All of the winners 
showed tremendous creativity  
and innovation in their approach  
to the problem.

While all winners were experienced 
data scientists, they came from varied 
backgrounds and, for most, this was 
their first time applying their talents 
toward a medical application. One of 
the winners came from a background 
analyzing baseball statistics! 

Altogether, the competition received 
22,213 submissions from 1,345 
teams made up of 1,787 individual 
competitors from 75 countries. The 
top solutions had performances 
better than the currently available 
commercial solutions and all 
competitors have made their models/
code available as open source.

“We are taught 
sciences, how 
MRI works, 

but we are not 
taught how 

an AI system 
works, what is 
data science 

and bias.”
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“In the future,  
I see AI helping us 
get back to a kind 
of collaborative 

patient care with 
radiologists again 
taking the role of 

the physician’s 
physician.”

burden to the application of AI, and 
requires a paradigm shift away from 
assisting radiologists and, instead, 
assisting non-radiologist clinicians 
to perform that task instead.

This might include using these 
technologies to enable an internal 
medicine doctor or a nurse 
practitioner to interpret an imaging 
examination without radiologist 
consultation in places where there are 
no immediately available radiologists.

As AI becomes more prominent,
how do you see radiology in the 
year 2050?

Dr. Lungren: I recently read that 30 
years ago there were less than 800 
thousand mobile devices in the world 
while today there are more than five 
billion! Thinking back to radiology 
technology 30 years ago when 
we practiced with plain films and 
employed an entire profession  
around transcription, we could 
never have imagined the kinds of 
technologies we use daily now. 
Judging by the pace of technologic 
innovation that only continues to 
accelerate, it seems pretty clear that 
if there are radiologists practicing 
in 30 years from now they would be 
practically unrecognizable  
to us today. 

As a technology optimist, I believe 
one of the biggest drivers of the 
future changing landscape will be 
the expanding global access to 
powerful computing and connectivity 
which will further democratize 
medical knowledge and expertise. 
This will lead to a future where all 

spent much of our day consulting 
with our referring clinicians. With the 
advent of PACS and the increase in 
reading volume, much of this robust 
patient centric communication 
has disappeared. By 2050, I see 
AI helping us get back to that kind 
of collaborative patient care with 
radiologists again taking the role 
of the physician’s physician.

Dr. Shah: I think radiology is going 
to change in a couple of ways in 30 
years from now. AI will be something 
ubiquitous by then. It will be 
incorporated in all facets of imaging 
technology. These technologies will 
assist in identifying the pathology 
behind the most difficult and unusual 
cases while humans will continue to 
exercise intelligence and creativity to 
make better diagnoses for patients.

Do you think the present
generation of radiologists
are prepared for that future?

Dr. Kottler: Probably not. I think there 
are several ways we are not preparing 
present young professionals for the 
future. Radiology touches almost 
every patient in the hospital so I 
think radiology should be a required 
early rotation in medical school. We 
also need to make sure the present 
generation understands the basics 
and can speak the language of AI 
and data. Radiologists don’t need 
to be trained on the specifics of 
machine learning algorithms or the 
statists behind each algorithm, but 
need to understand generally how 
they work so they can determine 
how they should be optimally used 
and understand the potential biases 
they introduce. The radiologists of 
the future will need to provide advice 
based on the knowledge generated 
from these systems. We also need 
radiologists to translate clinical use 
cases to AI vendors to help ensure 
new models are built that drive 
value for our patients and healthcare 
system. All of these require basic  
AI training.

Dr. Shah: I think they may not be 
prepared but it will come. I believe 
there is still time for us to catch up 
as the market is not matured yet; 
we still have not had products that 
are well integrated into the current 
radiology environment. So, once 
that occurs, we will be able to 
start seeing radiologists thinking 
about the more distant future.

What can be done better to prepare
us for that future in radiology?

Dr. Shah: I think one of the things we 
really need to improve is the quality of 
diagnostic accuracy. We radiologists 
are human, so we are bound to make 
mistakes. The only radiologists who 
don’t make mistakes are the ones who 
are not reading cases. So, I believe AI 
is a great way to check and double-
check radiologists’ work. It can be an 
incredible tool without the stigma of 
current archaic peer review systems 
which do not focus on learning.

Dr. Lungren: I think it’s important  
for the future radiologists to be 
familiar with a lot of the concepts that 
regrettably aren’t being taught now. 
We are taught sciences, how MRI 
works, but we are not taught how an 
AI system works, what is  
data science and bias and so on.  
All these, in my opinion, will become 
incredibly important, probably in 
the next two years or even less.

While radiologists can’t build 
MRI machines, we do know how 
the fundamental concept works. 
The same applies for AI. We are 
not going to know how to make 
our own model, but we have to 
understand what the principles were 
that went into that model and how 
it was developed so that we can 
troubleshoot it and make sure it’s 
safe to be used for our patients.  

clinicians (not just radiologists 
and cardiologists) will incorporate 
expert-level knowledge of medical 
imaging into their daily practice in a 
dissemination of imaging diagnostic 
expertise by technology – eliminating 
the need for interpretation and 
delivery within the domain of an 
entirely separate specialty as it is 
practiced now. We shouldn’t be 
intimidated by this but empowered. 
There is already a great opportunity 
for radiologists to steer this future 
state and ensure that the knowledge 
we have as a specialty can be 
delivered by the coming advances in 
technology and connectivity to drive 
more breakthroughs, creating new 
skills, and deliver on the potential for 
better healthcare for the whole world.

Dr. Kottler: I just gave a lecture to 
medical students and told them 
radiology is a fantastic career now 
and I think in the year 2050, it’s going 
to be even better. I recently showed 
students a picture of Tom Cruise 
from Minority Report, where he is 
standing in front of a giant computer 
screen, moving data around with his 
hand, and used it as an analogy for 
what I think radiologists are going 
to be doing in 2050. While we may 
not be using that specific technology 
I see radiologists of the future 
functioning as information experts, 
contextualizing all of the information 
from different AI systems and using 
that to consult and communicate with 
our referring clinicians and patients. 

I see AI helping us ‘go back to the 
future of radiology’. In the past we 

actually be a good thing, as it makes 
a more precise prediction based 
on optimization to that single data 
set. However, overfitted models 
are even less tolerant to differences 
in data and less generalizable.

Dr. Shah: I think in general, 
radiologists are excited about AI 
although some of the early thoughts 
were, “Oh my gosh, this is something 
that could replace me!” but that 
seems to have passed. Presently, 
most radiologists are really looking 
for an AI tool which can help them 
to be more efficient. Given that, I 
feel the state of radiology has not 
greatly changed for the past 20 
years, since the advance of PAC 
and voice recognition technology. 
The only thing that has changed is 
that radiologists are getting busier 
in the US and they are required to 
review more images faster. This 
pressured working environment is 
causing burnout and I hope AI can 
actually alleviate a large number of 
problems we face in our workflow.

Dr. Lungren: Some of the biggest 
changes to radiology still seem 
to remain in the realm of what is 
possible. Vendors and many research 
presentations on the whole, lacked 
data to describe overcoming the 
challenges around sensible AI 
workflow integration considerations, 
including monitoring for bias, quality 
control, measuring and reporting 
clinical outcomes, and what impact 
AI ‘assist’ or ‘augment’ truly has 
on diagnostic performance.

These questions are essential and 
the answers so far are not readily 
available. The lack of transparent, well 
designed prospective integration 
trials or data is disappointing 
because it’s the way that the 
medical community evaluates new 
technologies and drugs before 
applying them to care of patients.

For me, the biggest challenge 
was outlined in the several panels 
convened this year around global 
health and radiology AI. As 
these technologies move toward 
democratizing radiology diagnosis, 
and the conversation has moved 
to assisting radiologists, it was 
very clear that there are simply no 
radiologists to assist at all in most of 
the world. This adds an additional 

“I recently showed 
students a picture 

of Tom Cruise 
from Minority 

Report, where he’s 
standing in front of 

a giant computer 
screen, moving 

data around 
with his hand, 

and used it as an 
analogy for what I 
think radiologists 

are going to be 
doing in 2050.”
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MATTHEW LUNGREN

CALIFORNIA — INNOVATION INSTITUTE 
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Who will benefit most from the 
use of AI in medicine?
Dr. De Cecco Both doctors and patients. For 
doctors, it will take away repetitive tasks. 
In radiology, that means for example lung 
nodules detection and vascular measurements, 
giving physicians more time to spend with their 
patients. For patients, it will make for more 
quality time spent with their physician, allowing 
them to track their healthcare processes and 
speeding up diagnosis/treatment. In the long 
run, AI applications will also reduce the total 
cost of healthcare, improving the accuracy of 
the diagnosis and the efficacy of the treatment, 
moving toward personalized medicine.  
Dr. Schoepf I agree that the greatest and 
most immediately tangible benefit will lie in 
automating mundane quantitative imaging 
tasks. From an educational perspective, trainees 
could also benefit from integrative AI to support 
the learning and training process by ensuring 
an improved interpretation of radiological 
imaging studies. AI also has enormous 
potential to detect early signs of disease in the 
context of routine radiological examinations. 
You’ve been using the AI Rad-Companion 
Chest CT from Siemens Healthineers, 
an AI-based application for Thoracic 
Imaging. How has this software 
helped you and your patients?
Dr. De Cecco It’s very user-friendly, providing 
in a fast manner all the most common chest 
measurements we usually perform, such 
as aortic sizing, lung nodule detections 
and measurement, vertebral fracture 
assessment, emphysema quantification 
and coronary calcification detection. It 
saves time in providing more reproducible 

What do you see as the main 
benefits of AI in radiology?
Dr. Grenier Firstly, in helping the radiologist 
to interpret plain chest and skeletal films, 
particularly in emergency situations. That’s why 
we are so interested to get solutions providing 
automatic triage between normal and abnormal 
films as well as lesions detection and diagnosis.
The second benefit is the aid to interpret CT 
and MR examinations. As radiologists, we 
are increasingly overloaded by the number 
of examinations to interpret every day, to 
the point there is a real risk of burn out. 
Automatic lesion detection, segmentation 
with quantitative measurements simplify 
the interpretation by the radiologist.
The third benefit is the potential ability of AI to 
predict outcomes. Prediction of malignancy of 
any detected lesion reinforces the radiologist's 
role at the multidisciplinary meeting. In the same 
way, predicting treatment response should see 
a great improvement in medical decisions.
Dr. Comaniciu In our opinion at Siemens 
Healthineers, the advancement of AI has 
been facilitated by three topics: Number 
one is the creation of very large data bases 
– curated and annotated. Number two is 
the extraordinary computational power that 
is available today; and number three is the 
availability of high technology in terms of 
neural networks. Put those three together 
and you have very strong solutions. 
So, I know that you recently started to evaluate 
the AI-Rad Companion Chest CT our latest 
product in the AI space. What is your opinion? 
Dr. Grenier It is very impressive. For example, 
when a radiologist is performing a chest CT 
scan of a 50 year old male patient, in one click, 
the technician sends the reconstructed images 
to the cloud, and just 17 minutes later, the data 
returns automatically to the workstation and/
or the PACS station with a number of lesion 
detections and quantitative measurements. 
Dr. Comaniciu We have been working with 

measurements and potentially increasing 
the radiological accuracy, especially 
in a busy radiological practice.
Dr. Schoepf It was surprising how impactful the 
prototype actually was in its ability to provide 
significant added value to the diagnostic 
quality. Many pathological changes had been 
correctly detected by the prototype, which 
most likely would not have been detected 
by routine radiological study review alone. 
Overall this is a versatile platform that already 
addresses a variety of important disease 
detection and quantification tasks in the cloud. 
How can artificial intelligence support you 
and bring even more benefits in the future?
Dr. De Cecco AI should become 
more integrated in our radiological workflow 
in a seamless and effortless 
way. Quantitative measurements should 
be automatically provided and exported 
into the report. Radiologists should 
supervise the process and confirm 
these measurements providing a final 
impression – bringing reliable quantitative 
imaging into our daily routine.
Dr. Schoepf AI has the potential to detect 
early signs of disease in the context of 
routine radiological diagnostics, which are 
otherwise missed or not reported. So, there’s 
an opportunity for what’s been dubbed 
‘Opportunistic Screening’, where AI adds value 
to an imaging study by systematically screening 
for some of the most common diseases. 
Nevertheless, AI is only as good as the data 
being inputted. This requires the continuous 
development, optimization and integration 
of algorithms through the collaboration of 
physicians, software developers and engineers.

luminaries like yourself to try to define what 
is needed by the radiologist today, in terms 
of not only the detection of lung nodules, but 
also about everything that is incidental in the 
chest CT exam. What is very interesting is that 
we train this system with more than 20.000 CTs. 
CT datasets that we painstakingly annotate. 
Where are the lung nodules, where are the 
lobes, delineation of the lobes, the calcium 
in the coronaries and aorta and so on.
This massive training is executed on one of our 
super computers called ‘Sherlock’. So, this is a 
super-computer that has 24 petaflops. Now, one 
peta flop is one million of billions of operations 
per second. So that’s the computational 
power you need to digest 20.000 plus CT 
datasets in order to derive a robust solution. 
How do you see the evolution 
of such software?
Dr. Grenier In chest diseases we are facing 
two challenges. One is implementing lung 
cancer screening programs using low dose 
CT. The other is the management of patients 
with chronic respiratory diseases such as 
chronic obstructive lung disease (COPD).
For lung cancer screening we need a software 
able to detect and measure not only solid 
nodules but also non-solid and part-solid 
nodules that have a higher probability of 
malignancy. For COPD, we need specific 
software for accurate phenotyping of patients. 
Dr. Comaniciu On the prediction of malignities, 
we have some interesting technological 
developments. We have a network which 
we call ‘Deep Profiler’. This takes radiologic 
datasets including the information from 
chest CT and tries to provide the response 
of the patient to radiation therapy. It’s 
related to the question, does this nodule 
have a tendency for malignancy or not? 
But for us, whatever the development, 
it is crucially important that we always 
ask the question, how can we help 
the radiologist’s workflow?

Three eminent radiologists discuss AI in 
radiology and the role Siemens’ AI-based 
software assistant, AI-Rad Companion 
Chest CT, is set to play.

Dr. Philippe Grenier.  
Former Professor of Radiology and 
Chairman at Sorbonne University in Paris. 
He is currently leading implementation 
and development of AI at Foch Hospital 
in Suresnes. Former President of the 
European Society of Thoracic Imaging, 
Fleischner Society and European 
Congress of Radiology, Dr. Grenier was 
awarded the Gold Medal of the European 
Congress of Radiology and the European 
Association of Radiology in recognition 
of his achievements in Radiology, 
particularly in Thoracic Imaging.

Dr. Dorin Comaniciu.  
Senior Vice President for Artificial 
Intelligence and Digital Innovation 
at Siemens Healthineers .

Dr. Carlo N. De Cecco.  
Associate Professor of Radiology and 
Biomedical Informatics at Emory 
University. His main scientific interest 
is cardiothoracic imaging and machine 
learning/artificial intelligence, 
especially in the clinical application of 
advanced cardiac CT, MRI and hybrid 
imaging techniques. He serves as 
Chair of the Cardiac Radiology Use 
Case Panel at the Data Science Institute 
– American College of Radiology.

Dr. Joseph Schoepf.  
Professor with appointments in 
radiology, cardiovascular medicine, and 
pediatrics at the Medical University of 
South Carolina (MUSC) in Charleston, 
South Carolina. At MUSC, Dr. Schoepf 
serves as the Director of the Division 
of Cardiovascular Imaging, Vice Chair 
of Research in the Department of 
Radiology and Radiological Science, 
and Assistant Dean for Clinical 
Research in the College of Medicine.
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PATIENT 
PERSPECTIVE

Former teacher Lesley Riley, 52, was diagnosed 
with a rare debilitating disease, but thanks to 
artificial intelligence, is now able to live a full life.

“This may sound odd, but when I was 
diagnosed with Fabry disease, a rare 
genetic lysosomal storage disorder,  
my initial feeling was one of relief. 

Since the age of 20, I’ve suffered 
terrible migraines, chronic fatigue, 
pain, tingling and numbness in my 
hands, yet had been misdiagnosed 
with a variety of conditions including 
ulcerative colitis. I’d suffered those 
debilitating symptoms my whole 
adult life so to be finally correctly 
diagnosed eight years ago and receive 
an explanation for them gave me clarity 
and a degree of relief. That sense of 
relief was compounded by the fact the 
clinicians initially thought I might have 
cancer, so I guess I ended up with the 
better of the two diagnoses.

The pivotal moment came when 
I went for a routine eye exam and 
the optician looked in my eye and 
discovered a very specific rare condition, 
vortex keratopathy. I’ll always 
remember him looking in my 
eye and saying, ‘I think we might 
have a problem here’. Other than 
specific medications, they knew 
that only a few things can cause 
that. One is cancer, the other 
is Fabry disease, a very rare 
genetic disease that affects 1 in  
every 50,000 people.

So, after my blood test came back 
positive for Fabry, I at least knew for the 
first time what I was actually dealing 
with. We were in the process of moving 
to Orange County in California, so I had 
to find someone here who knew about 
this rare disorder. That’s when I was 
lucky enough to discover a local doctor, 
Dr. Raymond Wang, one of the few 
doctors in the US specializing in this.

Unfortunately, my condition is 
progressively degenerative. This isn’t 
going to be fixed. I came to terms with 
that a long time ago – so it’s really about 
managing the condition. That involves 
eating a healthy, low-fat diet, plenty 
of exercise and lots of monitoring of 
my heart and kidney function. I take 
several medicines that help my heart 
and kidneys and every couple of months 
I also have to do blood work at CHOC 
children’s hospital. I have also suffered 
two small strokes, another symptom of 
Fabry disease.

I must admit, I knew nothing about 
AI before I started my treatment, but 
boy I’m so glad it exists because it’s 
been such a brilliant and integral part 

of my treatment and I’m so appreciative 
of it. When I was told AI would play a 
part in my treatment, I wasn’t nervous 
or skeptical about its use. I like to think 
I’m young enough not to be scared or 
intimidated by AI. My attitude was 
more, ‘Bring on the technology!’ I 
figured there are so many innovative 
people around the world working on 
AI that I was confident it wouldn’t be 
anything but a help, and a vital tool and 
resource to work hand-in-hand with 
the professionals. It’s also actually been 
a really educational process for me, 
learning about AI.

I sometimes wear a Zio patch 
cardiac monitor that constantly reads 
my heart, but the AI device that was 
recommended to me by my cardiologist, 
Dr. Anthony Chang, is a Kardia. It’s a 
tiny, amazing device, about the size 
of a credit card, that works with my 
Smartphone and enables me to do an 

electrocardiogram anywhere, anytime. 
So when I have irregular heartbeats 

or chest pains, I can capture what’s 
going on with my heart right in that 
moment simply by holding the Kardia 
against the back of my phone for 
thirty seconds, allowing it to record 
an EKG. The AI technology performs 
an automatic analysis and tells me if 
an abnormality has been detected or 
if everything appears normal. It then 
gives me a reading which can be emailed 
directly to Dr. Chang. It’s essentially 
a mobile EKG machine which is really 
fast and easy to use. I don’t even have to 
charge it, and it’s so slim and small,  
I keep it in my glasses case.

It means, whenever I get a chest 
pain or irregular heartbeat, rather than 
panic and have to race straight to the 
hospital, I can capture the real time 
information and send it direct to a 
specialist. I once had to use it at night 
and it was telling me an abnormal heart 
rate had been detected, so it was sent 
direct to Dr. Chang. He called me back 
immediately and said ‘I’m looking at it 
right now and your heart’s fine, there’s 
nothing to worry about and no need to 
go anywhere.’ 

It gives you instant peace of mind 
and I can’t tell you what a comfort that 
is. It means I can live a relatively normal 
life without that horrible thought, ‘Do I 
need to drop everything and get to the 
hospital and get this checked out?’ It’s 
an amazing tool. Having AI to filter that 
decision for me is also so beneficial to 
the doctors and the hospital and saves 
so much of their time too.

As a patient, I’ve been thrilled by 
the use of AI in my treatment. Having 
it onboard means I can get on with my 
life and not think about the condition 
too much. I’m trying to be a really good 
role model for my 16 year-old daughter. 
Unfortunately, she inherited the 
condition from me and was diagnosed 
with Fabry when she was 8 years old. 
She will have to be managed her entire 
lifetime, but at least she won’t ever have 
to be misdiagnosed and can make very 
healthy decisions throughout her life.

I feel very motivated 
to be a strong, healthy 
person, not just for my 
welfare, but also for my 
daughter’s. I want her 
to see that you can have 
this disease yet still live 
a full, productive life 

and it’s nothing to be scared of. She 
suffers from a lot of nerve pain in her 
hands and feet and lots of headaches 
and GI issues – but her heart and her 
kidney aren’t affected as yet and we’re 
monitoring them. There have been a 
couple of episodes where she suffered 
irregular heartbeats, so I gave her my 
Kardia and let her do an EKG, and then 
we could both see that it was nothing to 
get too worried about.

I’m the first one in my family to have 
this genetic mutation. My parents were 
genetically tested and were clear and 
my 15 year-old son does not have it. The 
disease is passed on the X chromosome, 
so it’s genetic luck of the draw.

One beautiful thing to come out of 
all this is that my daughter now really 
wants to go into medicine and genetics. 
Medical intelligence and innovation have 
become incredibly important to her. 
She wants to be part of the team that 
finally figures this out and solves it. She 
was able to attend the MI3 Institute at 
CHOC hospital last summer and found 
that so inspiring. She’s always had the 
drive and determination, but now she 
has the inspiration to want to help AI 
take medicine across new frontiers.”  

“One beautiful thing to come out of all  
this is that my daughter now really wants  

to go into medicine and genetics.”
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the nation an ideal place to both 
develop and validate genetically based 
algorithms, in contrast to nations 
with more homogenous populations.

Australia is also home to one of 
the world’s highest performing health 
systems, delivering outstanding clinical 
outcomes for the population in a very 
effective manner. The widespread 
digitisation of hospital records, and 
nearly complete digitisation of primary 
care records for over two decades, means 
that the nation has a great supply of the 
‘new oil’ – data. Interestingly, because of 
the great differences in the role of private 
insurance health system compared 
to countries like the US, clinical 
documentation burdens are significantly 
lower. It is thus likely that clinical data 
will be of a higher quality here than in 
other nations. With a reputation for 
being an early adopter of technology, 
all these benefits make Australia an 
ideal global testbed for clinical AI.

Conference delegates also spent 
much time exploring the challenges 
of transforming Australia’s health 
system into a smart and AI-enabled 
one. These challenges are shared 
by most other nations and include 
developing a workforce that is 
sufficiently skilled, not just in building 
and evaluating AI, but also in using it 
safely and effectively in routine care. 

These challenges – workforce and 
safety, quality and ethics– are two of 
the four core streams of the AAAiH, 
which ran a lively and interactive panel 
on nationwide challenges. AAAiH is an 
internationally unique collaboration 
with over 90 member organisations, 
and over 20 individuals associated 
with the AI Alliance presented in one 
way or another at the conference. The 
AAAiH brings together members from 
industry, academia, health services, 
consumers and government and aims to 
catalyse the creation of national policy 
and infrastructure needed to adopt 
AI routinely in the health system. 

The conference closed with reflections 
from Dr. Chang on the next steps forward 
in the development of healthcare AI, 
both globally, and in Australia. With 
so much still to do, planning is already 
underway for AIMed Australia 2020.

In November 2019, Sydney played 
host to the first Australian AIMed 
conference. Dr. Anthony Chang, 
AIMed’s founder, hosted the 
vibrant event, which attracted 140 
delegates to the two-day meeting of 
workshops, panels, a Shark Tank, and 
presentations. Held in partnership 
with the Australian Alliance for AI in 
Healthcare (AAAiH), the agenda was 
packed with learning opportunities 
through its workshops, panels and 
sessions. It featured user case studies 
and heard from clinicians who are 
using AI today to benefit patient safety 
and improve clinician efficiency. 

A common theme for discussion 
was the critical need to focus less 
on technological innovation, which 
is happening apace in areas such 
as industry, and to focus more on 
clinical implementation or ‘last mile’ 
challenges for AI. Health service 
delivery problems require different 
approaches to the problems of design 
AI, such as demonstrating technical 
performance e.g. diagnostic accuracy. 
Solving implementation challenges in 
health services is strongly dependent 
on understanding and exploiting 
human to human interactions, and 
human to machine partnerships.

KEY TAKEAWAYS
AI should focus on solving 
problems first and not be 
focussed on the technology 
(design AI).

Solving implementation 
challenges in health services is 
dependent on understanding 
and exploiting human to human 
interactions and human to 
machine partnerships.

Australia is a globally unique  
nation exceptionally well suited  
for early stage development of  
AI for healthcare. 

With one of the most genetically 
diverse populations on earth, a 
high performing health system, 
and widespread digitisation of 
clinical records, the nation is well 
placed to support development, 
evaluation and implementation  
of clinical AI.

The Australian Alliance for 
AI in Healthcare (AAAiH) is a 
globally unique whole of nation 
collaboration aiming to fast track 
developments needed to see 
effective use of AI, including 
workforce training and expansion, 
and national frameworks for 
governance of safety,  
quality and ethics.#AIMedAUS

400 ATTENDEES
30 SPEAKERS
15 HOURS NETWORKING
15 EXHIBITORS
5 WORKSHOPS
1 VITAL SOCIAL EVENT

Australia is a nation with many 
unique attributes, which makes it an 
ideal place for the development of 
clinical and consumer AI systems, 
and conference delegates also spent 
much time exploring these natural 
advantages. The nation is home to 
one of the most genetically diverse 
populations on earth. Two centuries 
of immigration have seen the original 
indigenous population joined by 
people from the Pacific, South East 
Asia, China, the Indian subcontinent 
and Europe. This diversity makes 

AIMed IN 
AUSTRALIA
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SYDNEY’S  
SHARK TANK 
WINNER
An AI driven app, designed to support 
therapists and clinicians, won the 
coveted 2019 Shark Tank Innovator 
award at AIMed Australia in Sydney.

Theratrak is a mobile app and web 
platform that supports allied health 
clinicians to use a multi-disciplinary 
approach to develop custom therapy 
home programs for their clients and 
oversee their progress from a distance. 

Theratrak founder and CEO, 
Laura Simmons said, “To receive this 
coveted award less than a year after 
Theratrak’s launch marks a great 
milestone in our journey. We are 
addressing a double-sided problem; 
clinicians are burning out and are 
overloaded with administration tasks 
while patients have low adherence to 
treatment plans due to current low-
tech solutions. Theratrak solves these 
problems by creating a technology 
solution that works with a clinician’s 
workflow to reduce the burden of 
administration while creating an 
engaging platform to increase patient 
adherence to treatment and reduce 
the economic burden of healthcare.”

The idea for Theratrak came to 
Simmons, a Sydney-based pediatric 
occupational therapist, after she 
encountered frustrations at work. But 
it only really took off after she received 
specialist help in developing her idea. 
“In Australia, we have this amazing 

Occupational therapist Laura Simmons 
scoops prestigious award for innovation. “ OUR GOAL IS TO 

IMPROVE THE 
OUTCOMES OF 
PATIENTS AND 
HELP THERAPISTS 
OFFLOAD THEIR 
ADMINISTRATIVE 
BURDEN, A 
MAJOR CAUSE OF 
BURNOUT AND JOB 
DISSATISFACTION.”

THERATRAK, AN 
AI DRIVEN APP 
SUPPORTING ALLIED 
HEALTH CLINICIANS, 
WINS 2019 AIMED 
SHARK TANK 
INNOVATOR AWARD

so when the clients are at home, they (or 
their caregivers) can review the videos 
and be reminded of exactly what needs 
to be done, or practice accurately. These 
tools can be used to better manage 
the individual needs of each client. 

According to Simmons, occupational 
therapy often involves many functional 
movements: learning how to throw and 
catch, being able to join in play with 
friends, or practicing handwriting to 
be better able to manage school tasks. 
However, research suggests the minute 
a client leaves the practitioner, they 
tend to forget 40-80% of what they’ve 
been told. This reduces their ability to 
make the most out of each treatment 
session and follow through with 
therapy recommendations at home. 

Right: 
Theratrak founder and CEO, 
Laura Simmons, makes her 
winning pitch. 
Below: 
Laura receives the coveted 
Shark Tank award from 
Anthony Chang.

early stage accelerator program for 
female founders called ‘SheStarts’,” 
says Simmons. “It’s aimed at those 
who have deep industry knowledge and 
want to solve a global problem; but no 
technology background. I applied and 
received tremendous support from a 
stellar team of technology frontiers, 
developers, UX and UI designers.”

Theratrak is a digital platform that 
allows allied health professionals to 
curate customized therapy programs 
through videos and photos and track 
their client’s progress from a distance. 
They use ‘recipe cards’ detailing tasks 
that need to be completed by their 
clients (usually minors) and customise 
this with videos of tasks that clients have 
learned or performed during the session, 

Although Theratrak is actively 
growing, Laura Simmons has 
already drafted a plan to incorporate 
artificial intelligence and other new 
technologies, to better assist both allied 
health professionals and their patients. 
Simmons believes as the number of 
users increase, Theratrak will be able to 
create a dataset of activities that work 
for different types of clients and their 
unique needs. With that data, she wants 
to take the app to the next level, and 
develop predictive treatment strategies. 

Simmons also plans to use cognitive 
computing; voice recognition, and 
natural language processing (NLP) 
to turn image and speech into text, 
creating medical notes from images 
taken in session by therapists for more 
efficient and accurate reporting. “We 
have two big goals,” explains Simmons. 
“One is to improve the outcomes 
of our patients, the other is to help 
therapists offload their administrative 
burden, a major cause of burnout and 
job dissatisfaction. Our technology 
can support their workflow, allowing 
them to work more productively.” 

Already Simmons has had 
interest from therapists outside 
Australia and is confident of securing 
investment which would enable her 
to launch into the US and European 
markets. However, as materials 
made available on the platform 
involve minors and individuals with 
disabilities, Theratrak faces challenges 
ranging from privacy protection to 
establishing trust among new users. 

“We do a lot of training around 
privacy,” assures Simmons. “The 
benefit of me being a therapist and 
not a technologist is that I know how 
sensitive client data is. So, we engaged 
a strong legal team and we also use 
encrypted cloud software which is 
secure and adheres to all major global 
regulations. The way it works is that 
therapists only retain the medical 
records and notes, while all the photos 
and videos are sent to the clients. At 
the end of the day, it’s the client’s data 
so the clients themselves should be 
the ones that control that data.”  
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Attorney Sarah Swank highlights 
five common fraud and abuse 
pitfalls to avoid when structuring 
AI solutions in healthcare.

AI IN 
HEALTHCARE
—— HOW TO
AVOID FRAUD
AND ABUSE

depending on the transaction.
Let’s explore examples of how the 

technology arrangements implicate the 
fraud and abuse laws. If the AI solution 
is an imaging technology integrated 
into the clinical practice of the hospital, 
then the fraud and abuse analysis 
regarding AI will likely be no different 
than the decision to buy a new MRI. 
The physicians using the AI technology 
are doing so at the hospital as part of 
the clinical services of the imaging 
department. If the same technology, 
however, is provided by the hospital to 
the physician for use in the physician’s 
office, this analysis would change. In 
this later case, if the hospital provides a 
benefit to a referring physician for use 
outside the hospital, then a possible 
fraud and abuse concern exists for both 
the hospital providing the technology 
for free and the physician receiving the 
technology. Healthcare organizations 
should review the laws before giving 
away technology to physicians or other 
healthcare entities, including AI. 

the patients
The ultimate goal of some AI is better 
patient outcomes and clinical decision 
making. Some believe more widespread 
patient-centered AI is not far off in 
the future. This would mean putting 
AI into the hands of patients through 
wearable devices, smartphones, tablets, 
or otherwise. Providing free goods 
or services to Medicare beneficiaries 
can create a fraud and abuse issue 
called beneficiary inducement under 
the Civil Monetary Penalties law. 
This law is concerned that providing 
free goods and services to Medicare 
beneficiaries will steer or influence 
them to seek healthcare services from 
that same provider. An example of a 
transaction that would need review 
includes a hospital providing free 
tablets to Medicare beneficiaries 
with embedded AI software. 

the reimbursement
AI itself is not separately reimbursed 
but may be integrated into clinical or 
operational services. Taking a page out 
of telehealth legislation, technology 
adaptation in healthcare appears to 
be tied in part to the ability to be 
reimbursed for the services related to 
that technology. Reimbursement in 
healthcare is transiting from fee-for-
services to value-based payments. 

As part of this transition, healthcare 
organizations, including accountable 
care organizations, are entering into 
shared-savings and risk-contracting 
arrangements seeking to provide 
high-quality and cost-efficient care. AI 
focuses on moving the needle in these 
areas, especially with its intersection 
with population analytics. Some relief 
from these laws happens within CMS 
and CMS Innovation Center payment 
reform programs, which each have a 
set of waivers of the fraud and abuse 
laws. Do not assume because there is a 
waiver available that any arrangement 
may be acceptable under that waiver.

On the flip side of AI and 
reimbursement is AI related to 
reimbursement itself. Such as with 
electronic health records (EHRs). AI 
in this area can create potential fraud 
and abuse risk under the False Claims 
Act. If a claim is submitted to the 
government that is not accurate—such 
as the services were not preformed, 
not documented, or the services are 
upcoded (or given a higher acuity 
resulting in higher reimbursement)—
there is a potential for a false claim. AI 
developers can learn two lessons from 
earlier EHR roll out and adoptions. 
First, once the software is built to bill 
a claim incorrectly, it bills the claim 
incorrectly every time consistently for 
every patient, potentially causing a 
widespread separate billing problem. 
This leads us to the second lesson, 
which is to sample, audit, and test 
claims impacted by AI to ensure their 
accuracy and that correct assumptions 
have gone into the review of data 
and eventual billing of claims.

the marketing
Co-branding and marketing 
strategies are common in technology 
arrangements, including telehealth 
and, likely in the future, AI. When 
marketing a new AI venture, 
the technology and healthcare 
organizations must determine if both 
or either logos and organizational 
names will be used. In the case of 
a joint venture and creation of a 
new company, the use of the new 
company’s name and logo should 
be considered. In addition, the 
payment for marketing costs should 
be considered. In certain cases, the 
use of the healthcare organization’s 
name is a key consideration in 

the marketing of the deal. 
The concept of marketing cost was 

discussed in OIG Advisory Opinion 
No. 11-12 as it related to telehealth. 
Although the advisory opinion is not 
law or a regulation, it is informative 
to the division of marketing cost for a 
technology solution with clinical value 
and no separate reimbursement. Under 
the facts of that advisory opinion, 
each of the hospitals paid their own 
cost for marketing. The Department 
of Health and Human Services Office 
for the Inspector General (OIG) 
found this division of cost favorable 
to its review of the arrangement.

new regulations on the horizon
The Centers for Medicare & Medicaid 
Services and the OIG released proposed 
regulations in Fall 2019. These 
regulations are considered by many a 
major overhaul of the fraud and abuse 
regulations. Others wonder if the broad 
exceptions of categories of activities 
instead will create narrow lanes for 
innovation since they may be difficult to 
apply. Although not AI specific, perhaps 
more innovative transactions in AI may 
be permitted through governmental 
program waivers to the fraud and abuse 
laws or through new regulations. 

conclusion — pushing the go button
We are at the precipice, looking at the 
vast potential applications of AI in 
health care along with its challenges. 
It is an amazing view. Many of the 
legal frameworks of privacy, security, 
device regulations, standard of care, 
and health care fraud and abuse have 
not caught up with the exponential 
changes in medicine and technology. 
That being said, legal considerations 
cannot be ignored, including the fraud 
and abuse laws. When entering into AI 
transactions in healthcare, remember 
healthcare is a highly regulated 
industry and build compliance into 
your business models. Once a culture 
of compliance is established, it is 
easier to push the go button. 

Sarah Swank is an attorney in Nixon Peabody’s 
Healthcare group, providing strategic, 
regulatory and operational advice to health 
systems, hospitals and academic medical 
centers, as well as large national and regional 
physician organizations and telehealth and 
other startups. Her areas of experience include 
artificial intelligence, telehealth, fraud and 
abuse, compliance, payment reform and ACOs.  

the physicians 
Clinical AI services 
often involve 
physicians. But what 
if the physician or 
a physician’s family 

member owns part of the AI company 
that is contracting with a hospital? 
In this scenario, there are possible 
Stark Law and Anti-Kickback Statute 
implications. This is especially true 
with arrangements where a physician 
has ownership in a company that is 
contracting with a hospital to which 
that physician refers and provides 
designated health services as defined 
by those laws. These relationships must 
be reviewed closely, often requiring an 
exception or safe harbor depending on 
the arrangement. 

Other financial arrangements 
between a physician and the hospital 
for AI services include arrangements 
such as medical director services, 
administrative services, clinical 
services, and other financial 
relationships. Generally, these 
arrangements should be in writing and 
signed by the parties prior to services 
starting. Even those arrangements 
that do not include a physician, 
and instead include healthcare 
organizations or technology companies 
contracting together, must consider 
the requirements of the Anti-Kickback 
Statute, an anti-bribery statute that 
includes possible civil and criminal 
penalties for non-compliance. 

the technology
For data scientists, coders, 
informatics-focused physicians, and 
market disruptors, the technology 
of AI is an exciting game changer in 
healthcare. In healthcare transactions, 
companies should review their 
financial relationship regarding the 
technology. It is important to first 
determine the intended use of AI. 
The use of the technology will drive 
the fraud and abuse analysis. AI is a 
term that encompasses several types 
of technologies and cuts across both 
clinical and administrative functions 
in healthcare. This technology could 
include real-time data for clinical 
decisions. Concepts such as arm’s-
length transactions may be new 
to those who contract outside the 
healthcare industry, but they are key 
concepts in fraud and abuse analysis 

LEGAL
EAGLE
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A clear vision  
since 1926

Founded 94 years ago, French company Guerbet is now 
bringing medical imaging technology into the 21st century.

GUERBET

In 1901, 
a French 
pharmacist and 
toxicologist 
called Marcel 

Guerbet, discovered Lipiodol, the 
first iodinated X-ray contrast agent 
that became widely used to outline 
human body structures in radiological 
investigations. Twenty five years 
later, in 1926, his son, André Guerbet 
founded the pharmaceutical company 
specializing in the R&D, manufacturing 
and selling of contrast agents.

Now 94 years later, Guerbet has 
become a global leader in medical 
imaging, with over 2800 employees 
located worldwide. Last summer, the 
company signed an exclusive joint 
development agreement with IBM 
Watson Health to develop an artificial 
intelligence software solution supporting 
liver cancer diagnosis and care. Last 
September, the conglomerate announced 
a second co-development project which 
continues to leverage on AI to detect, 
segment, characterize, and monitor 
lesions over time for a faster and more 
substantial diagnosis of prostate cancer. 

According to François Nicolas, Chief 
Digital Officer of Guerbet, the strategic 
collaboration is a necessary step to 
build a portfolio of new products for the 
company to grow into a new space. “One 
of the reasons we chose IBM Watson 
Health as our partner is because they 

are very open in helping Guerbet to 
grow its digital and AI competencies,” 
says Nicolas. “Guerbet has a long 
history in radiology, related agents and 
medical devices. Thus, we are serious 
about our growth in the long term.” 

As such, rather than thinking 
whether they are part of Guerbet or IBM 
Watson Health, expertise was recruited 
into the partnership on a project basis, to 
facilitate quick and efficient learning and 
transparency. “In the process, Guerbet 
not only learnt about developing an 
algorithmic prototype but also processes 
which makes it robust and scalable 
on a global basis and be approved 
by various regulatory agencies.”

Transformation requires a lot of 
experiences and it won’t take place 
overnight but Nicolas feels Guerbet has 
positioned itself well in this digital era. 
“We recognized there is a big wave of 
innovation getting into radiology but 
we have also introduced meaningful 
changes to help our clients improve 
their practices over the year. On a global 
basis, we have a good understanding 
of what radiology is about; what 
radiologists are afraid of, their clinical 
needs and so on. We feel we can build 
upon these while learning a new form 
of technology or a new set of skills”.

Nevertheless, taking Guerbet into 
the 21st century is still a daunting 
challenge. “You have your current 
business to sustain, to grow, to monitor 

and to focus on,” Nicolas explains. 
“But while you are doing that, there are 
some new, rigorous processes taking 
shape. It’s obliging two cultures.

“I feel fortunate as a Chief Digital 
Officer here at Guerbet. The freedom 
I enjoyed at work makes me feel 
like I am leading a small startup, 
albeit with a global reach. My work 
is fluid; I don’t need to go through 
too many committees to get things 
approved and that quickens the 
decision-making process. However, 
since this is not a startup, it can’t 
stand the same level of high risk, so 
we are very rigorous about where 
we invest. I also have to align with 
managers from our local offices who 
may have many conflicting priorities, 
yet who bring huge value by being 
implanted in their local businesses”. 

Despite that, the ongoing hype has 
made AI a relatively competitive space, 
and Nicolas is keen to keep Guerbet a 
cut above the rest. “We are not trying 
to do everything but we are trying to do 
everything well. From understanding 
clients’ needs, bringing medical 
values, to strong validation and fitting 
seamlessly into the workflow, what we 
want is to build upon the company’s 
credibility within radiology. We want 
to be a credible company regardless 
of how technology has evolved. 
I think that’s the key to bringing 
Guerbet into the 21st century”.  Re
vi
ew

s

 
DEEPER READING
Insightful scholarly papers  
and articles. Summarized  
and reviewed
82 

 
ESSENTIAL 
LISTENING
The pick of the latest podcasts. 
On the go or at your leisure – 
ten to listen to.
86 

 
BOOK END
Melanie Mitchell’s eloquent, 
masterful treatise on  
artificial intelligence.
88 

SEVEN PAGES OF THE 
BEST PODCASTS AND 
REQUIRED READING FOR 
THE QUARTER AHEAD.

February 2020 — May 2020  8180  AIM Volume 3 Issue 1



Essential scholarly papers – 
summarized and reviewed

Michael D Abramoff

Philip Lavin

Michele Birch

Nilay Shah

James C Folk

Author’s Summary

artificial intelligence has long promised to increase 
healthcare affordability, quality and accessibility but FDA, 
until recently, had never authorized an autonomous AI 
diagnostic system. 

This pivotal trial of an AI system to detect diabetic 
retinopathy (DR) in people with diabetes enrolled 900 
subjects, with no history of DR at primary care clinics, by 
comparing to Wisconsin Fundus Photograph Reading Center 
(FPRC) widefield stereoscopic photography and macular 
Optical Coherence Tomography (OCT), by FPRC certified 
photographers, and FPRC grading of Early Treatment 
Diabetic Retinopathy Study Severity Scale (ETDRS) and 
Diabetic Macular Edema (DME). 

More than mild DR (mtmDR) was defined as ETDRS 
level 35 or higher, and/or DME, in at least one eye. AI system 
operators underwent a standardized training protocol before 
study start. Median age was 59 years (range, 22–84 years); 
among participants, 47.5% of participants were male; 16.1% 
were Hispanic, 83.3% not Hispanic; 28.6% African American 
and 63.4% were not; 198 (23.8%) had mtmDR. 

The AI system exceeded all pre-specified superiority 
endpoints at sensitivity of 87.2% (95% CI, 81.8–91.2%) 
(>85%), specificity of 90.7% (95% CI, 88.3–92.7%) (>82.5%), 
and imageability rate of 96.1% (95% CI, 94.6–97.3%), 
demonstrating AI’s ability to bring specialty-level  
diagnostics to primary care settings. 

Based on these results, FDA authorized the system for use 
by health care providers to detect more than mild DR and 
diabetic macular edema, making it, the first FDA authorized 
autonomous AI diagnostic system in any field of medicine, 
with the potential to help prevent vision loss in thousands of 
people with diabetes annually.

Xiaoxuan Liu

Livia Faes

Alastair K Denniston et al

Author’s Summary

artificial intelligence for medical diagnosis is a rapidly 
expanding area of research, with many studies in recent 
literature suggesting that AI algorithms may exceed human 
performance in diagnostic accuracy. To put this claim under 
scrutiny, we conducted a systematic review and meta-analysis 
of all studies comparing the diagnostic accuracy of deep 
learning (DL) models versus human healthcare professionals 
for detecting diseases from medical imaging. To limit our 
comparison to studies with the most robust methodology, 
we pre-specified that the meta-analysis would only include 
studies which performed an out-of-sample external validation 
(i.e. where the test data is separated from the training data 
by geography and/or temporality) and where the comparison 
was done in a like-for-like testing (i.e. where the DL model and 
humans are tested using the same test set).

Our initial search for publications since 2012 resulted in 
over 20,000 eligible studies. However, only 82 were making 
comparisons between DL models and humans. Within the 
82, only 25 reported performance from an out-of-sample 
external validation and only 14 made the comparison 
between humans and DL models using the same test dataset. 
From these 14 studies, the pooled sensitivity was 87·0% 
(95% CI 83·0–90·2) for DL models and 86·4% (79·9–91·0) 
for humans, and specificity was 92·5% (85·1–96·4) for DL 
models and 90·5% (80·6–95·7) for humans. In other words, 
after careful selection of the small number of studies with 
appropriate study methodology, DL models and humans 
seem to achieve, at best, equivalent diagnostic accuracy. 

Deeper reading

 KEY OUTTAKES
—  This is the first systematic review to 

evaluate the diagnostic accuracy of 
deep learning algorithms compared 
to healthcare professionals across 
all diseases.

—  Applying strict criteria, we identified 
a number of deficiencies in study 
reporting and methodology which 
were systematic across most 
published studies. Less than 1% 
of the identified studies made 
direct comparison between DL 
algorithms and humans, and an 
even smaller portion were making 
the comparison in matched test sets 
in an external validation.

—  We included only the most 
methodologically robust studies 
in the meta-analysis. Among the 
14 studies eligible for inclusion, 
deep learning models achieve, at 
best, similar levels of diagnostic 
accuracy compared to healthcare 
professionals.

—  Machine learning has tremendous 
potential to improve patient care 
and there is understandably 
strong enthusiasm surrounding 
the technology, however robust 
validation and transparent reporting 
is essential for safe implementation 
in a healthcare system, and to 
ensure such tools ultimately bring 
benefit to patients.

A view from

Anthony Chang, MD, MBA, MPH, MS
“This manuscript on the first autonomous AI-based 
diagnostic system is an important milestone in the current AI 
in medicine paradigm. The system is designed for detection of 
diabetic retinopathy and is capable of introducing specialty-
level diagnostics to primary care settings. 

The AI system has two core algorithms, an image quality 
and a diagnostic algorithm. The decision that the FDA made 
to approve this device to be the first authorized autonomous 
AI diagnostic system in medicine was based partly on this 
study with its diversity of patient population and impressive 
results compared to conventional screening methodologies.” 

A view from

Anthony Chang, MD, MBA, MPH, MS
 “This very valuable work is the first large meta-
analysis that focused on deep learning vs human 
comparison studies, but perhaps we (humans) 
could have a future focus on not only better study 
execution but also combined machine and human 
strategies in medical imaging.” 

READ THE FULL TEXT OF OUR CHOSEN 
PAPERS AT AI-MED.IO/RESOURCESREVIEWS

PAPERS

A major finding of the review was the poor 
methodological and reporting practice which seem to be 
consistent across almost all studies in the field. For example, 
most studies used retrospectively collected datasets of 
images collected for other reasons, with widely varying and 
sometimes poorly defined sources of ground truth labels. 
Inclusion and exclusion criteria and the handling of missing 
data was generally under-reported, and images were often 
presented to DL algorithms and humans in isolation, rather 
than alongside previous clinical details or other information, 
as would be the case in real-world practice.

Such findings from our review highlight the chasm 
between the immense energy invested in developing novel 
AI tools today and the lack of robust clinical validation which 
is required prior to safe implementation in a health system. 
There remains a lack of consideration for exactly where 
and how an algorithm will fit into the clinical care pathway, 
as well as how it is expected to interact with healthcare 
professionals. Additionally, we emphasise that diagnostic 
accuracy alone cannot promise better patient outcomes, and 
such interventions should be assessed in prospective studies 
designed to evaluate improvements on patient outcomes, as 
well as its intended and unintended harms. 

Disease diagnosis using ML algorithms may hold great 
potential in improving the efficiency of clinical practice and 
accessibility to healthcare, and in this rapidly developing 
field, technical innovations are likely to continue to 
improve exponentially. However, enthusiasm and hype over 
the technology should not overrule the need for critical 
appraisal, and appropriate clinical validation is essential for 
ensuring benefit to patients and health systems in practice.

A comparison of deep learning performance 
against health-care professionals in detecting 
diseases from medical imaging: a systematic 
review and meta-analysis 

Pivotal trial of an automous AI-based diagnostic system for 
detection of diabetic retinopathy in primary care offices 
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Artificial Swarm Intelligence 
Employed to Amplify  
Diagnostic Accuracy in  
Radiology
Louis Rosenberg

Matthew Lungren et al

Summary

swarm intelligence occurs when groups of 
animals cohesively amplify their intelligence without 
domination by a leader; this biological phenomenon 
is often observed in many animal species, but not 
always in humans. Yet, this is a robust strategy to 
increase intelligence in medicine and health care. 

Artificial swarm intelligence (ASI) is an AI-enabled 
form of real-time swarm intelligence and is described 
in this article for networked radiologists. In this study, 
individual radiologists are compared to a group (swarm) 
of 8 radiologists (connected by a swarm algorithm) 
in performance of diagnostic accuracy (for detection 
of pneumonia on chest X-rays in a 50 case test set). 

The results show, unsurprisingly, that the swarms 
of radiologists were significantly more accurate than 
individual radiologists with a reduction of 33% in 
diagnostic errors (with F1 scores of 0.75 vs 0.64, 
respectively). Interestingly, this ASI strategy is also  
22% more accurate compared to a prior established  
and published deep learning system (CheXNet). 

Comparing Deep Learning and 
Concept Extraction Based Methods 
for Patient Phenotyping from 
Clinical Narratives
Sebastian Gehrmann

Franck Dernoncourt et al

Summary

natural language processing (NLP), an artificial 
intelligence tool that is still under-leveraged in the healthcare 
domain, is a technique used to extract and evaluate clinical 
narratives for tasks such as phenotyping patients. NLP is also 
combined with machine learning to extract clinician-defined 
medical concepts. 

A more advanced technique, however, is adding 
convolutional neural network (CNN) to the existing 
methodology that can then potentially yield a higher 
representation of language. This research from MIT 
compared concept extraction based methods with 
CNNs and other models in NLP and showed that CNN 
outperformed the concept extraction based methods 
in almost all of ten phenotyping tasks (using discharge 
summaries from the MIMIC-III database). 

While the potential drawback of this CNN methodology is 
lack of interpretability, there is promise in using CNN as an 
alternative approach to (or combined with) concept extraction 
based methods for text-based patient phenotyping.

Machine Learning for  
Real-Time Prediction of 
Complications in Critical Care:  
a retrospective study
Alexander Meyer

Dina Zverinski et al

Summary

recurrent neural network (RNN), a deep learning 
methodology less popular but equally as important as 
convolutional neural network (CNN) that is mainly 
deployed for medical images, is used in this study to 
predict several severe complications in a postoperative 
cardiosurgical care unit in real-time. The complications 
include: mortality, renal failure severe enough to require 
renal replacement therapy, and postoperative bleeding 
serious enough to warrant operative revision. 

A prior database spanning 16 years was used for the 
main derivation dataset. A deep learning model was 
derived and compared to conventional standard-of-care 
clinical reference tools in close to 10,000 ICU patients 
(with external validation with close to 6,000 cases from 
the MIMIC-III dataset). 

The results showed that the RNN model predictions 
were much higher than the standard clinical reference 
tools (improving the absolute complication prediction 
AUC by 0.24, 0.24, and 0.29 for the three aforementioned 
complications, respectively). 

Building the AI-Powered  
Organization  
Harvard Business Review, 2019

Tim Fountaine

Brian McCarthy and Tamim Saleh

Summary

while artificial intelligence is reshaping businesses 
and organizations, often this AI adoption is slow and 
tedious in organizations. Surveys show that only 8% of firms 
demonstrate core practices that deploy advance analytics 
while most firms have only ad hoc pilots in AI. 

Some organizations fail in this AI journey because leaders 
look at AI as a plug-and-play technology rather than a set of 
three cultural shifts: 1) from siloed work to interdisciplinary 
collaboration; 2) from experience-based, leader-driven 
decision making to data-driven decision making at the front 
line; and 3) from rigid and risk-averse to agile, experimental, 
and adaptable. 

Leaders should also take time and expend resources to 
allow humans to integrate and adopt the technology (and 
not only the technology itself). In addition, a different 
hub-and-spoke structure may be more appropriate for the 
AI transformation: a governing coalition of business, IT, 
and analytics leaders that will guide not only the hubs and 
spokes but also dynamic gray areas between these two 
groups. Finally, AI education of various types is essential for 
leadership, analytics, translators, and end users. 

A view from

Anthony Chang,
MD, MBA, MPH, MS

“While this early work has several 
limitations, the concept of artificial 
swarm intelligence for groups of 
clinicians (not only in radiology but in 
any subspecialty) is promising for the 
future, especially in the framework of 
deep learning.”

A view from

Anthony Chang,
MD, MBA, MPH, MS

“This innovative methodology of 
deploying deep learning, in the form of 
CNN in patient phenotyping and cohort 
identification, can help clinicians in not 
only research-oriented tasks but also 
administrative tasks such as billing and 
documentation.”

A view from

Anthony Chang,
MD, MBA, MPH, MS

“While the deep learning RNN model is 
impressive in its real-time capability to 
improve prediction in three significant 
complications, it remains to be studied 
whether this real-time AI tool of 
uncurated data will actually change 
ultimate outcome.” 

A view from

Anthony Chang,
MD, MBA, MPH, MS

“This is simply one of the best of 
a myriad of publications on the AI 
transformation of an organization that 
is both succinct and substantive. While 
there are some similarities between AI 
and innovation as a transformative shift, 
AI does have some unique elements.” 
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EDITOR'S CHOICE

 

Advances in
neurodegenerative 
and psychiatric imaging

Dr. Amy Kotsenas

Dr. John Port 

Prof Meike Vernooij

This special feature explores the 
advances in neurodegenerative 
and psychiatric imaging. 
The guest editors describe 
the challenges and new 
opportunities as we move into 
an era of precision medicine. 
The episode also reviews 
cutting-edge preclinical 
research on neuroimaging in 
these fields and presents new 
clinical imaging information.

Duration: 16 minutes

Source: The British 
Institute of Radiology

Essential 
listening

REVIEWS
PODCASTS

We’ve sifted 
through hundreds 
of brilliant podcasts 
to bring you the 
most essential.

 

AI in Uganda

Robert J Marks

Dr. Peter Kulaba

How can business intelligence 
and data analytics help 
medical centers in developing 
countries like Uganda operate 
more efficiently? Governance 
in developing countries is 
hindered by inefficiencies born 
of corruption and an uncaring 
bureaucracy. Dr. Peter Kulaba 
from Uganda brings his insight 
from first hand experience.

Duration: 16.52 minutes

Source: Mindmatters

 

Is AI good for our health?

Peter Millican

Alison Noble

Paul Leeson

Jessica Morley

Host philosopher Peter 
Millican explores the topic 
‘Is AI good for our health?’ 
How are these tools being 
developed and used? What 
does this mean for medical 
professionals and patients? 
And how do we decide whether 
these algorithms are making 
things better or worse? 

Duration: 48 minutes

Source: Futuremakers:  
University of Oxford

 

How to make AI a success 
in Medicine

Greg Freiherr

Tushar Mehrotra 

In this podcast, Mehrotra 
details five steps for the 
successful application of 
AI. The first is to develop 
a strategy for the use of 
AI. This entails working 
with the business and 
technology leadership of 
your institution to identify, 
and exactly characterize the 
issues, you want to resolve.

Duration: 10 minutes

Source: Imaging  
Technology News 

 

Design Or Be Designed

Chris Chan

Dr. Kyra Bobinet

Healthcare entrepreneur 
and innovator Chris Chan’s 
guest is Dr. Kyra Bobinet – a 
physician, entrepreneur, design 
thinker and behavior expert. 
Combining design principles 
with serious neuroscience, Dr. 
Bobinet helps people change 
and adapt. Her work focuses 
on the individual but it has 
implications for all aspects 
of the healthcare system.

Duration: 42 minutes

Source: The Future  
of Healthcare 

 

Medicine and the Machine

Eric Topol, MD

Abraham Verghese, MD

Join Medscape editor-in-chief 
Eric Topol, MD, and master 
storyteller and clinician 
Abraham Verghese, MD, on 
Medicine and the Machine 
as they discuss the power 
and pitfalls of artificial 
intelligence, and how it will 
change modern medicine.

Duration: 39 minutes

Source: Medscape

 

AI Mentors

Kenneth Schwartz

JP Valentine

Kenneth Schwartz is VP of 
Innovation and Analytics 
at Healthfirst, a provider-
sponsored health insurance 
company in New York. 
Kenneth is responsible for 
Healthfirst's Analytics Delivery, 
Data Science and Advanced 
Analytics teams by delivering 
insights that improve the  
health of New Yorkers.
In the podcast, Kenneth 
reveals how he transitioned 
into a career in tech and data 
science and discusses the 
challenges of working with 
legacy data, the benefits they 
are making to people’s lives 
and how to make the most  
out of AI and Data Science  
in your business. 

Duration: 21 minutes

Source: Alldus

 

Medical Intelligence

Sam Harris

Dr. Eric Topol 

Sam Harris speaks with Dr. 
Eric Topol about the way 
artificial intelligence can 
improve medicine. They talk 
about soaring medical costs 
and declining health outcomes 
in the US, the problems of too 
little and too much medicine, 
the culture of medicine, the 
travesty of electronic health 
records, the current status of 
AI in medicine, the promise 
of further breakthroughs, 
possible downsides of relying 
on AI in medicine, and more.

Duration: 1 hour 20 minutes

Source: Making Sense

 

Health’s AI revolution

Peter Lee

Ankur Teredesai

The podcast goes in-depth 
with health tech innovators 
and users of AI tech to explore 
the transformative effect AI 
is having on the healthcare 
industry. The overarching 
theme of this episode is: ‘How 
AI is making humans the 
‘fundamental thing of the 
Internet of Things’ with Peter 
Lee, a corporate vice president 
at Microsoft who leads the 
company’s NExT program and 
Ankur Teredesai, a University 
of Washington data scientist 
and co-founder and CTO of 
health AI startup KenSci.

Duration: 23 minutes

Source: Geekwire Health Tech

AI and the 
future of 
radiology

 

Professor Paul Chang
Dr. Luciano Prevedello
Abdul Hamid Halabi
Professor Paul Chang, Professor and 
Vice-Chairman of Radiology Informatics 
at the University of Chicago, Dr. Luciano 
Prevedello, Assistant Professor of Radiology 
and Division Chief of Medical Imaging 
Informatics at The Ohio State University 
Wexner Medical Center, and Abdul Hamid 
Halabi, Global Business Development Lead 
in Healthcare & Life Sciences at Nvidia 
Corporation discuss the challenges of 
implementing AI into the clinical routine. 
Plus the familiar fear that AI will make 
the role of the radiologist defunct.
Duration: 32 minutes
Source: The British Institute of Radiology
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“If this actually happens,  
we will be superseded.  
We will be relics. We will  
be left in the dust.” 
Melanie Mitchell, author of Artificial Intelligence: 
A Guide for Thinking Humans, quoting her 
mentor Douglas Hofstadter.

REVIEWS
BOOK END

ABOUT THE AUTHOR

Melanie Mitchell is a professor of 
Computer Science at Portland State 
University and External Professor 
and Co-Chair of the Science Board 
at the Santa Fe Institute. She has 
also worked at the Los Alamos 
National Laboratory. Her major work 
has been in the areas of analogical 
reasoning, complex systems, 
genetic algorithms and cellular 
automata, and her publications in 
those fields are frequently cited.

She attended Brown University, 
where she majored in mathematics 
and did research in astronomy, 
and the University of Michigan, 
where she received a PhD in 
computer science. Her dissertation, 
in collaboration with her advisor 
Douglas Hofstadter, was the 
development of Copycat,  
a computer program that  
makes analogies.

Mitchell has held faculty or 
professional positions at the 
University of Michigan, the Santa 
Fe Institute, Los Alamos National 
Laboratory, the OGI School of 
Science and Engineering, and 
Portland State University. She is 
the author and editor of six books 
and numerous scholarly papers in 
the fields of artificial intelligence, 
cognitive science, and complex 
systems, including Complexity:  
A Guided Tour (Oxford, 2009),  
which won the 2010 Phi Beta  
Kappa Science Book Award.

Mitchell originated the Santa Fe 
Institute's Complexity Explorer 
project, which offers online  
courses and other educational 
resources related to the field  
of complex systems.

She has also critiqued Stephen 
Wolfram’s A New Kind of Science 
and showed that genetic algorithms 
could find better solutions to 
the majority problem for one-
dimensional cellular automata. 

Artificial Intelligence:  
A Guide for Thinking Humans
— By Melanie Mitchell

In this masterful treatise on artificial 
intelligence that contains some of the 
most relevant questions (with some 
well answered), Melanie Mitchell 
demystifies and clarifies many aspects 
of artificial intelligence that have lead 
to confusion and misconceptions. 

Mitchell, a computer science PhD 
with an interest in cognitive science 
that started with her early collaboration 
with Douglas Hofstadter (the famed 
AI expert and author of Gödel, Escher, 
Bach: An Eternal Golden Braid), 
deserves much credit for making 
artificial intelligence (just as she did 
for a prior book Complexity: A Guided 
Tour) an understandable science for 
anyone interested in this domain. 

While the author declares that this 
work is neither a general survey nor a 
history of artificial intelligence, it is an 
impressive compendium of artificial 
intelligence topics and explanations 
in the intimate storytelling style that 
renders it so enjoyable to read. 

The many topics that this work 
covers are not only a lengthy list of 
both older and current AI tools (such 

as expert systems, convolutional 
and recurrent neural networks, 
deep Q-learning, natural language 
processing, and reinforcement 
learning) but also a gathering of 
popular mini topics of AI (such as bias, 
IBM Watson, AlphaGo, understanding, 
self-driving cars, and benevolence) that 
are immediately relevant to the reader. 

The last chapter comprises the 
most frequently asked questions about 
AI and the author does a good job 
of taking on those questions with a 
special insight and relatable humility. 

 This is perhaps the most 
comprehensive and complete 
primer on artificial intelligence for 
especially the beginner student of 
AI that I have encountered the past 
few years. Even the astute reader of 
AI can enjoy some of the erudite yet 
entertaining reflections in this book. 

A work such as this is testimony to 
how humans, not machines, still have the 
upper hand at “humanizing” scientific 
concepts with wit and eloquence. 

Dr. Anthony Chang, MD, MBA, MPH, MS
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