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o nonmathematicians, the word algorithm
T (from a latinized version of the name of

the ninth-century Persian astronomer
who wrote a treatise on calculation) may
seem arcane and off-putting, its defini-
tion difficult to pin down. Yet the thing
itself, if not the term, pops up everywhere. Across the spec-
trum of human activity, algorithms run vital decision-making
processes behind the scenes. If you've taken out a home mort-

gage, an algorithm was applied to your financial records to
determine how to price your loan. If you were stranded after
the eruption of Iceland’s Eyjafjallajokull volcano, algorithms
were responsible for the rerouting of thousands of planes
and crews to get you home. If you own a Volvo S6o sedan,
algorithms are used to scan for pedestrians in your path and
hit the brakes even if you don’t. In every modern industry,
including medicine, algorithms rule.

An algorithm is any step-by-step procedure that applies
rules to data, producing an unambiguous solution to a prob-
lem, and there is now a vast universe of clinical examples.
The Medical Algorithm Project (MedAL), which stores peer-
reviewed algorithms in an online database, contains more
than 14,400. These tools can help physicians make diagnoses,
choose treatments, calculate dosages, predict outcomes and
monitor side effects. More are being developed every day.

Like their counterparts in mathematics, medical algorithms
take myriad shapes. They can look like equations, scales, truth
tables, checklists, scoring systems or decision trees. The sim-
plest are performed with pen and paper, and the answers they
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provide may seem intuitive, something experienced physicians
might come up with on their own, at least when dealing with
familiar conditions. The widely used body mass index calcula-
tion, for instance, uses a straightforward ratio—mass in kilo-
grams divided by the square of height in meters—to produce a
number that physicians can use to see where a patient falls in a
range from dangerously thin to morbidly obese.

Other clinical algorithms, however, are more complex and
can help specialists keep up with a knowledge base that’s ex-
panding exponentially. These formulas are computerized and
often sift huge amounts of data and alternative approaches
before reaching conclusions. For example, the algorithms
that drive automated external defibrillators analyze the pat-
tern of a patient’s heart rhythm to determine the number and
strength of shocks required to restore normal functioning.

But simple or complicated, and despite their proliferation
in textbooks, journals and, increasingly, electronic databases,
most formal algorithms don’t get used. To critics such as Her-
bert L. Fred of the University of Texas Health Science Center,
that’s a good thing. Fred, a professor of internal medicine, has
written that algorithms lead physicians to interact with num-
bers, not patients, and has urged medicine to “give algorithms
back to the mathematicians.” But advocates, including John
Svirbely, medical director of laboratories at the McCullough-
Hyde Memorial Hospital in Oxford, Ohio, and co-founder of
MedAL, argue that algorithms save time, money and lives—or
would, if they were integrated into everyday practice.

here’s nothing new about the notion of a clinical algo-
rithm. Hippocrates himself, some 2,500 years ago, de-
vised a systematic protocol for diagnosing and treating
head injuries. And physicians constantly use algorithm-like
mental processes that lead systematically to solutions. Ina2005
article in the British Medical Journal, researcher Christopher
Gill argues that physicians are natural Bayesian statisticians

(‘B Though algorithms are often used for one-off purposes, such
as predicting heart attack risk, physicians also rely on them as
part of an ongoing process of patient assessment and care. For a
woman with ovarian cancer, for example, a system for calculating
the proper dosage of the chemotherapy drug carboplatin—an
equation that takes into account data including the patient’s
age, weight and creatinine (a waste product produced during
metabolism)—is just one of many algorithms that might be used
throughout the course of treatment. To see this algorithm and
others, visit protomag.com/algorithms.
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who apply elaborate mathematical reasoning in making deci-
sions. As they collect findings from interviews and examina-
tions, Gill points out, physicians use each piece of information
to refine probability estimates —a process that helps them cal-
culate, for instance, the odds that a patient with a fever may
have a rare viral infection rather than a common cold.

“Ifyou decide to prescribe drug A rather than drug B, you've
done so based on some calculation,” says David Osser, an as-
sociate professor of psychiatry at Harvard University who has
developed several psychopharmacology algorithms. “But ask
doctors to expose their thinking, and it may not be based on
the most rigorous analysis of the pertinent information. May-
be drug A worked on another of your patients—or maybe you
heard about it yesterday from a drug company guy.”

Formal algorithms are designed to supply that missing logi-
callink. They are created by teams of experts based on explicit
reasoning (rather than intuition), establish a record that can
be checked (unlike mental judgments) and rely on the analysis
of years of research data (not personal experience).

Consider an ER patient with chest pain. That could indicate
the early stages of a heart attack, in which case timely diagnosis
and treatment are essential—or it could be nothing, in which
case aggressive action would be unnecessary and potentially
harmful. The physician on duty can order an electrocardiogram
and cardiac enzyme tests, but the results may not be definitive.
It’s left to the physician to make the call—and sometimes she’ll
be wrong. “It happens all the time,” says Mark Graber, chief of
medicine at the Veterans Affairs Medical Center in Northport,
N.Y. “We use our intuition, send patients home, and over the
next several days, some have heart attacks.”

As an alternative, the ER physician could use a 30-year-old
computer-driven algorithm known as the Goldman Cardiac
Risk Index. The doctor feeds in data about a patient’s history,
symptoms, medical condition and test results, then the algo-
rithm produces a point score quantifying the risk of death from
heart-related causes. According to one study; this algorithm re-
duces unnecessary hospital admissions by 16.5% —and without
missing any patient who’s actually having a heart attack.

Sriram Iyengar, an assistant professor of health information
sciences at the University of Texas Health Science Center in
Houston and Svirbely’s partner on the MedAL project, says
algorithms don’t just aggregate variables but also offer preci-
sion. “Saying energy and mass are connected is different from
saying E=mc?” Iyengar says. “The latter is an exact relation-
ship.” By the same token, knowing that age, body surface area,
weight and height all influence the time it takes for a drug to



One startlingly powerful algorithm can break down
electroencephalographic data from epileptic patients
and determine the probability of a seizure occurring

during the next few hours.

filter out of the body is not the same as using an algorithm to
predict a specific clearance time based on those factors.

One startlingly powerful algorithm can break down electro-
encephalographic data from epileptic patients and determine
the probability of a seizure occurring during the next few hours;
another can scan a kidney exchange market of 10,000 people
and assemble an intricate chain of compatible donors and re-
cipients. Some algorithms even incorporate information from
patients’ genetic profiles. For example, it’s notoriously diffi-
cult to determine the ideal dose of the common anticoagulant
warfarin for a particular individual. The proper amount may
vary by as much as a factor of 10, and nearly half of patients do

better on a dose that’s significantly higher or lower than the
standard amount. What'’s more, the stakes are high, with the
wrong choice possibly resulting in life-threatening bleeding
or blood clots. One algorithm matches new patients against
thousands of existing patients known to have received ideal
doses. The formula produces personalized recommendations
that reduce the average size of dosing errors by nearly 35%.

o create the warfarin algorithm, researchers applied a
T host of tongue-twisting statistical methods —numerical
support vector regression, regression trees, model trees
and multivariate adaptive regression splines— to model the re-
lationships among nearly 40 demographic, clinical, phenotypic
and genetic characteristics. They then used the models to build
a predictor that employs variables to calculate a patient’s ideal
dose. Such sophisticated number crunching can’t be performed
inside physicians’ heads—which are, in any case, stuffed with
more and more facts as medical science moves forward.
Remembering everything may be a particular problem for
generalists, who must try to diagnose and treat patients across
a spectrum of conditions, some of which are rare. But because
algorithms aggregate large amounts of information, they can
be very powerful in dealing with such unusual phenomena.
Consider a tool that evaluates the results of a hemoglobin elec-
trophoresis blood test, commonly done to test for sickle cell
anemia. In a tiny percentage of patients, the test will show ele-
vated levels of a key protein—yet that finding doesn’t necessar-
ily mean the patient has the disease. A primary care physician
who had never encountered that result, or who couldn’t re-
member what it meant, would likely order a consultation with a
hematologist. But with the algorithm, he could simply enter the
protein level and responses to two yes or no questions (such as
whether the protein is distributed evenly across all blood cells
and whether the patient has symptoms of anemia) and receive a
definitive answer about the patient’s status.
If an algorithm allowed a primary care physician to avoid an
expensive referral, that cost savings would never enter into the
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medical record. In terms of reducing the high U.S. rate of med-
ical errors, however, the effect of algorithms may be easier to
measure. For example, drug-related mistakes in hospitals cause
preventable injuries in 1.5 million Americans each year and cost
$3.5 billion annually in unnecessary medical costs, according
to a 2006 Institute of Medicine report. Research has shown
that computerized physician order entry (CPOE) systems that
use built-in algorithms to calculate dosages and check for drug
interactions can cut the rate of all medication errors by 83%
and serious errors by §5%. Yet according to a recent survey by
KLAS, an independent health care technology research group,
only 17.5% of U.S. hospitals with 200 or more beds use CPOEs,
which require doctors to enter treatment orders into a com-
puter system linked to electronic medical records.

ne reason more hospitals don’t adopt such technology
O is that it costs tens of millions of dollars to convert

to electronic health records and institute a CPOE sys-
tem. But another is physician resistance. In part, it’s a matter
of inconvenience, and to breach this barrier, the VA worked
with Svirbely and Iyengar to place a direct link to the MedAL
database within its internal patient record system. “Two clicks
and I'm there,” Graber explains. “But there are still doctors
who say that’s one click too many.”

If physicians got into the habit of using algorithms, they
potentially could save time, but that tends to be a hard sell.
It’s also difficult to dispel the notion that using algorithms
amounts to “cookbook medicine.” According to Carl Salz-
man, a professor of psychiatry at Harvard: “An algorithmic
approach says that if you have a symptom from column A,
you treat it with a drug from column B. The patient becomes
nothing more than the sum of her test results.”

“If you have a symptom
from column A, you treat

It with a drug from column
B. The patient becomes
nothing more than the sum
of her test results.”
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Salzman describes a patient who was given more and more
medications for bipolar disorder because his symptoms,
plugged into an algorithm, suggested those drugs. But the
treatment only made the patient suicidal. If the psychiatrist
involved had taken other factors into account, Salzman says,
such as the patient’s family background and social life, he would
have realized that the algorithm-derived diagnosis was wrong.

Part of the problem, adds Salzman, is that algorithms may
be based on flawed or insufficient evidence. Consider, for in-
stance, the Wells rule, an algorithm that calculates a risk score
for patients whose symptoms suggest they could have the po-
tentially fatal condition deep vein thrombosis. But an evalu-
ation of Wells found that as many as 12% of the patients the
algorithm slotted into the lowest risk category actually turned
out to have DVT. The rule was based on data collected from
patients in outpatient clinics only, and the sample included
few elderly patients, women or patients who had undergone
any previous surgery.

Perhaps the biggest knock on algorithms is that there are
so many available, making it difficult to separate the wheat
from the chaff. The MedAL database contains no fewer than
10 algorithms to differentiate iron deficiency from the inher-
ited blood disorder thalassemia minor, 15 to predict survival
rates for patients with severe renal failure, and §6 to estimate
blood loss and future blood transfusion needs for an individ-
ual patient. To be sure of using the best tool for a given task,
a physician would have to read through the original papers in
which each algorithm was published and seek out additional
references attesting to its validity:

ut what if a hospital, say, deemed particular tools to be
B safe and effective? At Massachusetts General Hospi-

tal, each time physicians order a radiological imaging
test like a CT or MRI scan, they’re prompted by a computer to
enter information about a series of clinical criteria. An algo-
rithm aggregates the criteria and determines whether the cir-
cumstances warrant the scan in question. Then the algorithm
literally gives the doctor a red (1-3 points), yellow (4—6 points)
or green light (7—9 points) and, in the case of a low score, offers
alternative procedures.

Physicians can override the algorithm to proceed with a
low-rated scan, but they have to enter additional information
justifying their choice. The MGH has studied the benefits of
its radiology algorithm, which was implemented in 2004, and
it seems to be working. The percentage of CT scans that show



no significant clinical findings has been reduced, and more

scans now turn up important data.

Yet there are relatively few places where fully integrated
algorithms have become the rule. Even the VA, which has
enthusiastically adopted algorithm-based electronic support
systems, leaves it up to physicians whether to use a particular
algorithm. How many VA doctors use algorithms on a daily
basis? “I have a hunch it’s the minority,” says Graber. “The
reason algorithms work so well is that they average out huge
amounts of patient data. But as physicians, we tend to think
we’re wiser than a rule.”

To overcome such barriers, algorithms will have to be fully
integrated into the everyday practice of health care, suggest
Svirbely and Iyengar. Every doctor would carry a smartphone
or some other hand-held device that was directly connected
to both an electronic medical records system and a carefully
vetted database of algorithms. Then each time the doctor
saw a patient, got back a lab result or had to deal with an ad-
verse drug reaction, the device would query the database and
choose the most relevant calculation. A doctor would only
have to look down at the flashing device, then accept or over-
ride the result.

In such a world, proponents say, algorithms would reach
their potential to save time, money and lives because they
would blend seamlessly into the background. “If you mention
the word algorithm, it pushes people’s buttons,” says Svirbely.

“If an algorithm is running automatically, no one thinks twice
about it.”

If the history of algorithms in other industries is any guide,
that assimilation may be inevitable. Not long ago, it would have
seemed shocking to cede control of an airplane cockpit to any-
thing other than a human operator, yet today it’s algorithms, as
much as pilots, that keep us safe. Ultimately, medicine’s choice
isn’t between algorithms on one hand and physician judgment
on the other, but between different ways of responding to the
inexorable forward march of algorithms —resisting all the way,
or carefully taking charge of these powerful tools. B
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