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Background

California-based cognitive computing firm Apixio were founded in
2009 with the vision of uncovering and making accessible clini-
cal knowledge from digitized medical records, in order to improve
healthcare decision making. With their team of healthcare experts,
data scientists, engineers and product experts, the company have
now set their sights on enabling healthcare providers to learn from
practice-based evidence to individually tailor care.

What Problem Is Big Data Helping To Solve?

A staggering 80% of medical and clinical information about patients
is formed of unstructured data, such as written physician notes. As
Apixio CEO Darren Schulte explains, “If we want to learn how to bet-
ter care for individuals and understand more about the health of the
population as a whole, we need to be able to mine unstructured data
for insights” Thus, the problem in healthcare is not lack of data, but
the unstructured nature of its data: the many, many different formats
and templates that healthcare providers use, and the numerous dif-
ferent systems that house this information. To tackle this problem,

37



BIG DATA IN PRACTICE

Apixio devised a way to access and make sense of that clinical infor-
mation.

How Is Big Data Used In Practice?

Electronic health records (EHRs) have been around for a while, but
they are not designed to facilitate data analysis and contain data
stored across a number of different systems and formats. So before
Apixio can even analyse any data, they first have to extract the data
from these various sources (which may include doctors’ notes, hos-
pital records, government Medicare records, etc.). Then they need
to turn that information into something that computers can anal-
yse. Clinician notes can come in many different formats — some are
handwritten and some are in a scanned PDF file format - so Apixio
use OCR (optical character recognition) technology to create a tex-
tual representation of that information that computers can read and
understand.

Apixio work with the data using a variety of different methodolo-
gies and algorithms that are machine learning based and have natural
language-processing capabilities. The data can be analysed at an indi-
vidual level to create a patient data model, and it can also be aggre-
gated across the population in order to derive larger insights around
the disease prevalence, treatment patterns, etc. Schulte explains, “We
create a ‘patient object, essentially a profile assembled using data
derived by text processing and mining text and coded healthcare data.
By creating this individual profile and grouping together individuals
with similar profiles, we can answer questions about what works and
what doesn’t in those individuals, which becomes the basis for per-
sonalized medicine.”

Traditional evidence-based medicine is largely based upon studies

with methodological flaws, or randomized clinical trials with rela-
tively small populations that may not generalize well outside that
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particular study. By mining the world of practice-based clinical data -
who has what condition, what treatments are working, etc. — orga-
nizations can learn a lot about the way they care for individuals.
Schulte, a physician who was Apixios chief medical officer before
being appointed CEO, says: “I think this could positively disrupt what
we [in the healthcare industry] do. We can learn more from the prac-
tice of medicine and refine our approach to clinical care. This gets us
closer to a ‘learning healthcare system’’ Our thinking on what actually
works and what doesn’t is updated with evidence from the real-world
data”

The first product to come from Apixios technology platform is called
the HCC Profiler. The customers for this product fall into two groups:
insurance plans and healthcare delivery networks (including hospitals
and clinics). Medicare forms a big part of their business, especially
those individuals within Medicare who have opted into health main-
tenance organization (HMO) style plans (called Medicare Advantage
Plans), which accounted for nearly 17 million individuals in the US
in 2015. Health plans and physician organizations have an incentive
to manage the total cost of care for these individuals. To do this, these
organizations need to know much more about each individual: What
are the diseases being actively treated? What is the severity of their
illness? What are various treatments provided to these individuals?
This is much easier to understand when you can access and mine that
80% of medical data previously unavailable for analysis, in addition
to coded data found in the electronic record and in billing or admin-
istrative datasets.

What Were The Results?

For those patients in Medicare Advantage Plans, Medicare pays a
“capitated payment” to the sponsoring health plan or provider orga-
nization - a monthly payment calculated for each individual based
upon the expected healthcare costs over that year. The payment is
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calculated using a cost prediction model that takes into account
many factors, including the number, type and severity of conditions
treated for the individual. Understanding these conditions is criti-
cal not just for estimating the cost of healthcare for individuals over
a given period but also because the information is also very use-
ful to help better manage care across the population. Traditionally,
in order to understand such patient information, experts trained in
reading charts and coding the information (“coders”) would have
to read the entire patient chart searching for documentation related
to diseases and treatment. This is a laborious and expensive way of
extracting information from patient records, and one that is fraught
with human error. Apixio have demonstrated that computers can
enable coders to read two or three times as many charts per hour
than manual review alone. In addition to speeding up the process
of chart review, Apixio have found that computers are more accu-
rate as well. The accuracy improvement can be as high as 20% rela-
tive to what a coder manually reading the chart would be able to find
themselves.

An additional benefit is the computer’s ability to find gaps in patient
documentation, defined as a physician notation of a chronic disease
in the patient history without a recent assessment or plan. For exam-
ple, over a nine-month period within a population of 25,000 patients,
Apixio found over 5000 instances of diseases that were not docu-
mented clearly and appropriately. Gaps like this can lead to an inaccu-
rate picture of disease prevalence and treatment, which can negatively
affect the coordination and management of patient care. These docu-
ment gaps provide a great way to better educate physicians on proper
documentation. Schulte explains: “If you don't get that information
right, how can the system coordinate and manage care for the indi-
vidual? If you don't know what it is you're treating and who’s aftlicted
with what, you don’t know how to coordinate [care] across the pop-
ulation and manage it to reduce costs and improve the outcomes for
individuals”
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What Data Was Used?

Apixio work with both structured and unstructured data, although
the bulk of their data is unstructured, typewritten clinical charts.
This can include GP notes, consultant notes, radiology notes, pathol-
ogy results, discharge notes from a hospital, etc. They also work
with information on diseases and procedures that are reported to the
government (in this case Medicare).

What Are The Technical Details?

Apixios Big Data infrastructure is composed of well-known infras-
tructure components, which include non-relational database technol-
ogy like Cassandra and distributed computing platforms like Hadoop
and Spark. Apixio have added to this their own bespoke orchestra-
tion and management layer that automates a system that cannot be
operated manually at the scale Apixio operate at. Everything is oper-
ated on Amazon Web Services (AWS) in the cloud, which Apixio
selected for its robustness as well as its healthcare privacy and secu-
rity and regulatory compliance. Everything is processed and anal-
ysed in-house using their own algorithms and machine-learning pro-
cesses, as opposed to working with an external Big Data provider.
Apixio created their own “knowledge graph” to recognize millions
of healthcare concepts and terms and understand the relationships
between them. That type of tool is healthcare-specific: an out-of-
the-box solution from a Big Data provider working across a range
of industries just wouldn't work for them. Patient charts in PDF or
TIFF files are the primary data provided by health insurance plans,
given their process for acquiring charts from provider offices via fax-
ing, or printing and scanning the requested records in the medical
office. Therefore, Apixio developed sophisticated technology to lever-
age and scale OCR to make machine-scanned medical charts read-
able by their algorithms. Sophisticated computational workflows that
pre-process images, set parameters in the OCR engine and correct
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output had to be developed to extract the text available in a scanned
chart.

Any Challenges That Had To Be Overcome?

Getting healthcare providers and health insurance plans to share
data is a real challenge, which holds back attempts to assemble large
datasets for Big Data-driven knowledge generation. Apixio overcame
these hurdles by demonstrating that they were offering real value.
“Our value proposition is strong enough to overcome any trepida-
tion about sharing this data ... unless you solve a real critical prob-
lem today, none of these organizations will give you access to any real
amount of data,” Schulte explains.

Which brings us to the next challenge: data security. Thanks to some
high-profile health data breaches, security is a hot topic in this field.
For Apixio, the importance of data security and their legal require-
ments were a top consideration from the get-go. Schulte refers to data
security as “table stakes”, meaning it is an essential requirement for
anyone wanting to operate in the healthcare Big Data arena. “For
every new contract we have to demonstrate our security. And being
on AWS certainly does help in that regard ... it takes a good amount
of their anxiety away;” he explains. Patient data must be encrypted at
rest and in transit, and Apixio never expose personal health informa-
tion (PHI) unless access is absolutely needed by Apixio staff. “The
proof is in the pudding;” Schulte says. “Large health insurance plans
would not sign contracts and do business with us if they didn't feel it
was secure enough to do so”

What Are The Key Learning Points
And Takeaways?

Big Data in healthcare is still in its infancy, and there remains a lot
of hype around the possibilities, sometimes at the expense of tangible
results. Schulte confirms this: “CIOs at hospitals don’t often see a lot
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of problems actually being solved using Big Data. They see a lot of
slick dashboards which are not very helpful to them. What’s helpful is
actively solving problems today ... for example, ensuring appropri-
ate care and reducing costly, ineffective treatments ... It's important
to focus on actual results, something tangible that has been accom-
plished. Don't just lead with, ‘Hey, I created some little whizz-bang

data science tool to play with.” This emphasis on results and outcomes
is just as essential for business as it is for the healthcare industry.

If you strip away the hype, though, it’s still clear that we’re on the verge
of exciting changes in the way we understand, treat and prevent dis-
eases. Schulte agrees: “We're in a new world in terms of the way health-
care is going to be practised, based upon these data-driven insights,
and Big Data is a way of helping us get there”
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