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METHOD OF GROUPING AND ANALYZING
CLINICAL RISKS, AND SYSTEM
THEREFOR

STATEMENT OF GOVERNMENT RIGHTS

This invention was made with United States Government
support under Cooperative Agreement Award no.
70NANBS5H1013 awarded by the National Institute of Stan-
dards and Technology. The United States Government has
certain rights in the invention.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to risk/cost analysis tools for
estimating future health care costs, and in particular to tools
for retrospective review and profiling to create risk groups.

2. Description of the Related Art

Estimates of the anticipated health care requirements and
costs for a group of patients may be used for a variety of
purposes, most notably anticipating costs for insurance and
other purposes related to the financing of health care.
Estimates typically are made by analyzing the historical
records of the members of the population for which the
estimate is being made and extrapolating future health care
requirements from clinical and other defined characteristics
of the population. Systems for doing this are generally
referred to as risk adjusters, since they categorize individuals
based on their future risk for needing health care services.
However, the risk adjusters to date have operated only at a
high level, with the result that their efficacy and utility is
limited.

In early risk adjusters, weights were calculated for each of
a set of diagnostic categories and/or cost groups using a
linear regression model. Only a single category, the most
expensive, is chosen to estimate an individual’s future costs
and all other diagnoses are ignored. While a single factor
clearly is inadequate for individuals with multiple problems,
an additive approach is occasionally used. Currently avail-
able products, such as Hierarchical Coexisting conditions
(HCC), determine the weight given each disease group using
a linear regression model which assigns a weight for each of
a set of diagnostic categories. Then, where and when appli-
cable, the weights for each diagnostic category in an indi-
vidual’s history are added to get a total weight. The total
weight is converted into a predicted cost for the next year.
Additive approaches, however, may also not accurately
represent the relationship between ostensibly independent
problems. For example, consider the case of individuals with
diabetes and hypertension, which generally are considered
independent but interactive disease processes. While diabe-
tes does not cause hypertension, or vice versa, it is not
unusual for an individual to have both. However, the addi-
tional or marginal cost for treating a diabetic with hyper-
tension may actually be considerably less than simply add-
ing the cost for treating a non-hypertensive diabetic to the
cost for treating a non-diabetic hypertensive. This makes
intuitive sense when one considers that the diabetic already
is making regular office visits for the diabetes, blood pres-
sure is routinely checked during any medical office visit, so
the costs are likely not equal to the costs of treating diabetes
and hypertension independently.

Some past risk adjustment systems (e.g., the Medicare
Diagnosis Related Groups, or DRGs) include some histori-
cal indication of overall severity at a particular time in a
particular setting, but they do not explicitly identify severity
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2

by category of disease or project its likely impact upon
medical needs into the future. The severity level of a disease
can directly affect how that disease interacts with other
diseases, and the consequent need for future care. To con-
tinue with the example just described, the example probably
is true for low severity diabetes and low severity hyperten-
sion, but the opposite may be true for high severity diabetes
and high severity hypertension. When both diseases are high
severity, they can interact, making both diseases harder to
treat. A system not explicitly incorporating severity into its
logic will not identify this interaction risk.

Estimating costs using weights reflecting individuals from
different points in the disease process also can be mislead-
ing. Individual health care needs vary not only by disease,
but also by severity of disease. For example, at least in its
early stages, hypertension is a relatively minor condition for
many people, controllable by diet and exercise. However,
for people in more advanced stages, it may be a fairly serious
problem. It may require aggressive treatment, including
occasional hospitalization, as well as posing a high risk of
other significant cardiovascular problems. A single weight
will not accurately reflect the severity of a disease experi-
enced by individuals at different stages of the disease. No
current risk adjustment system explicitly identifies levels of
severity of disease.

Current systems also ignore the temporal aspects of care,
such as treatment which may eliminate prior problems. For
example, a patient with angina who undergoes a coronary
arterial bypass graft (CABG) would not be expected to
experience a recurrence of angina in the period following the
bypass. But current systems do not take this into account—if
angina has been recorded at any time, they continue to
assume angina is present until such time as it no longer
appears in the data.

The current systems, such as that in U.S. Pat. No. 5,557,
514, were designed to predict future costs to allow calcula-
tion of insurance rates and identification of providers with
high utilization profiles, but are of limited value to in helping
providers to actually control costs. The capitated payment
arrangements typical of health maintenance organizations
and preferred provider organizations place the majority of
financial risk on the providers of care. The underlying
assumption is that since providers are responsible for the
delivery of care, they can respond to the incentives to control
costs inherent in a capitated payment system.

The success of any payment system that is predicated on
providing incentives for cost control is almost totally depen-
dent on the effectiveness with which the incentives are
communicated to providers. Payers need to express the
payment arrangements in a form that communicates the
incentives in the system in a manner and at a level of detail
that promotes effective management responses.

But detailed clinical descriptions are not considered in
current systems, and, more importantly, explicit severity
levels and interactions among clinical conditions are not a
part of a group assignment. Therefore, data from such
systems is of limited value to clinicians, who need to
understand the clinical basis of their costs in order to
respond effectively to incentives inherent in capitated pay-
ment systems. While it sometimes is possible to use the
information from such risks adjuster to identify where
pro-active efforts could substantially reduce problems (and
costs), it is very difficult.
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SUMMARY OF THE INVENTION

The present invention creates a comprehensive set of risk
groups which in particular explicitly identifies groups of
individuals with multiple interacting co-morbid conditions,
and which explicitly identifies the severity of illness level.
This allows accurate prediction of future health care
resource needs of an entire population, while simultaneously
helping the health care provider isolate problems to identify
changes in care to reduce costs and improve quality.

The present invention starts this process by developing a
classification system that rates both the nature and severity
of health care requirements, then applies that system to
historical information for both individual patients and popu-
lations to group them according clinical risks. Each indi-
vidual will fall into a single, mutually exclusive risk group
in the classification system. Each risk group relates the
historical clinical and demographic characteristics of the
individual to the amount and type of health care resources
that individual likely will consume in the future. Since the
clinical risk groups are clinically based, they create a system
that links the clinical and financial aspects of care. Thus, the
clinical risk groups are designed to serve as the foundation
of management systems which support care pathways, prod-
uct line management and case management.

The present invention assumes there is at least one set of
medical care codes available which is used to describe
patient treatment. According to the present invention, the
classification system is created by categorizing the medical
care codes into major disease categories, and subdividing
each major disease category into a plurality of episode
disease categories based on the severity and/or longevity of
the disease. The episode disease categories within each
major disease category are ranked in seriousness, with, e.g.,
chronic diseases (e.g., emphysema) rated more severely than
acute diseases which by their nature usually will last only a
short while (e.g., pneumonia). In addition, severity of illness
levels preferably are defined for episode disease categories.

In the typical situation, there in fact will be multiple sets
of medical care codes, e.g., one used by hospitals and one
used by physicians. Each of them can be categorized into its
own sets of categories, though the level of detail applied
may vary by set. For example, hospitals tend to have a far
larger number of codes than physicians, so a more detailed
categorization would be appropriate.

The classification system is applied to a set of historical
data for an individual patient by first identifying all episode
disease categories experienced by that individual. The epi-
sode disease categories within each major disease category
are then adjusted to take into account to take into account the
nature and timing of treatment events. For example, an
individual with a history of angina, who then has angio-
plasty, can be expected to not have angina in the future. The
episode disease category for angina therefore should be
deleted, unless the angina has recurred some significant
period of time (e.g., 90 days) after the angioplasty. Note that
the information from multiple sets of codes may interact in
this adjustment (e.g., angina often will be identified from
physician records, while angioplasty will normally be iden-
tified from hospital records). The severity of illness is
adjusted in a similar manner.

Once the episode disease categories have been defined
and severity of illness adjusted, the primary chronic disease
is identified for each major disease category. The severity of
illness for each major disease category typically will be the
same as that for the primary chronic disease, but may need
to be adjusted if there are episode disease categories in other
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major disease categories which interact with it, e.g., ampu-
tation of extremities implies that a patient with diabetes is in
an extremely advanced state of diabetes, which may be even
worse if the patient also has congestive heart failure.

The major disease categories and their respective severity
of illnesses then are aggregated in a similar fashion to
identify a single clinical risk group for the individual, and an
overall severity of illness for the individual.

The classification system then also defines a method for
aggregating information about groups of patients, to allow
the summation of information about large numbers of
patients. Preferably, this involves grouping the clinical risk
groups into aggregated clinical risk groups at a variety of
levels.

A significant advantage to the present invention is that it
allows health care providers to identify and pro-actively
treat health problems Unlike present capitation rate calcu-
lation systems, the clinical risk groups developed and used
according to the present invention directly communicate
information in a form and at a level of details that can lead
to specific positive actions. To illustrate the difference,
suppose that for individuals with diabetes the capitated
payments are 25% lower than the provider’s expenditures.
While this is obviously useful information for identifying a
problem, it does not give the provider any real information
on the precise source of the problem, or the actions that can
be taken to correct the problem. In contrast, suppose the
payment system also provided the following information:

“The higher costs for diabetic individuals are due to

unusually high expenditures for inpatient care com-
bined with uncommonly low expenditures for phar-
macy and outpatient laboratory services for severity of
illness level 1 and 2 diabetic individuals. Further a
higher than expected percentage of severity of illness
level 1 and 2 diabetic individuals over time become
severity level 3 or 4.”

Clearly, the above information raises specific questions
concerning the monitoring and preventive care being pro-
vided to individuals with low severity diabetes, which gives
providers a basis for management action, and an effective
response to the incentives in the payment system.

Another significant advantage of the present invention is
that it allows much more accurate estimations of future
health care needs and costs. Given a large sample size, it is
quite straightforward to determine the typical future costs
for each individual in a particular clinical risk group. Those
costs then can be used to weight the total cost of a group,
based on the number of individuals in each clinical risk
group. Similarly, the clinical risk group information can also
be used to develop much more accurate predictions of future
capital equipment needs, personnel needs and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the invention will be
described in connection with the drawings, in which:

FIG. 1 is a schematic of a computer system by which the
method of the present invention might be implemented.

FIGS. 2-4 are flow charts schematically illustrating the
steps of the preferred embodiments of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Almost all payers for health care (the government, insur-
ance companies, self-insured companies, etc.) require pro-
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viders to report on the services for which they are seeking
reimbursement using coding schemes, thereby allowing the
payers to process the requests for payment efficiently. Most
hospitals use the International Classification of Diseases, 9th
Revision, Clinical Modifications (ICD-9-CM), to code diag-
noses, signs, symptoms, findings and other factors influenc-
ing health status. Most professional services and procedures
performed in an ambulatory setting are reported using
Current Procedural Terminology (CPT) codes and the
Health Care Financing Administration (HCFA) Common
Procedure Coding Systems (HCPCS), which includes the
CPT codes. The present invention therefore will be
described with reference to the ICD-9-CM, CPT and
HCPCS codes. However, it will be understood that the
present invention could be used with any other suitably
detailed coding scheme, and that these coding systems are
being used simply because they will be familiar to one of
skill in the art.

The present invention analyzes coded medical histories
into Clinical Risk Groups (CRGs). Almost of necessity
given the size of the databases involved, the process will be
implemented in a computer-based system such as that shown
in FIG. 1. In FIG. 1, the computer system 100 includes a
central processing unit (CPU) 110, random access memory
(RAM) 120, mass storage device 130 (such as a hard drive,
CD drive, diskette drive or the like), a display 140 (such as
a cathode ray tube, LED, LCD or plasma display) and a
printer 150 (such as a dot matrix printer, a laser printer, or
an ink jet printer), associated such that the CPU can read and
write to the RAM 120 and the mass storage device 130, can
control the images on the display 140 and the output of the
printer 150.

The computer system 100 implements the CRG clinical
logic based on a five step or phase process:

Phase I A disease profile and history of past medical inter-
ventions is created.

Phase II In each organ system, the most significant chronic
disease under active treatment is identified

Phase III In each organ system, the severity of illness level
of the most significant chronic disease under active treat-
ment is determined

Phase IV The most significant chronic disease under active
treatment and its associated severity of illness level are
combined to determine the overall Base CRG and severity
of illness level for the individual

Phase V The overall Base CRG and severity of illness level
are consolidated into three successive tiers of aggregation

As will be seen, the five phase process for determining the
CRG assignment identifies individuals with multiple inter-
acting co-morbid diseases and their associated severity of
illness level.

Classifications:

The present invention requires creation of a series of
classifications, which are generated iteratively—set up a
classification, run test data, analyze the results, modify the
classification and repeat. There is no one correct set of
classifications—the particular classifications will change
with advancing medical knowledge and other changes
affecting the practice of medicine. Therefore what will be
described is the process of creating such a classification
system.

In the ICD-9-CM, the term disease is used to encompass
diagnoses, signs, symptoms, findings and other factors influ-
encing health status. There are approximately 12,000 codes
in the current version of ICD-9-CM. For brevity the ICD-
9-CM codes will be referred to simply as disease codes.
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6

Starting with step 200 in FIG. 2, each of the disease codes
in the ICD-9-CM are categorized in step 205 into a series of
mutually exclusive and exhaustive categories referred to as
Major Disease Categories (MDCs). The diseases in each
MDC correspond to a single organ system (e.g., respiratory
system, digestive system, etc.) or etiology (e.g., malignan-
cies, systemic infectious diseases, etc.). With the exception
of malignancies and multiple trauma, which are each
assigned to their own MDC, diseases that include both a
particular organ system and a particular etiology (e.g.,
pneumonia) are assigned to the MDC corresponding to the
organ system involved. Systemic infections such as septi-
cemia, are assigned to the systemic infections disease MDC.
Some diagnoses are considered catastrophic (e.g., persistent
vegetative state) and are assigned to a catastrophic MDC. An
example of a set of 31 MDCs meeting these criteria is shown
in Table 1.

TABLE 1

List of MDCs

Class Description

Nervous System Diseases

Eye Diseases

Ear, Nose, Mouth And Throat Diseases

Cranial Facial Anomalies

Respiratory Diseases

Heart And Cardiac Vascular Diseases
Peripheral And Non-Cardiac Vascular Diseases
Digestive Diseases

9 Hepatobiliary & Pancreas Diseases
Musculoskeletal Diseases

Connective Tissue Diseases

Skin, Subcutaneous Tissue & Breast Diseases
Diabetes

Endocrine, Metabolic And Thyroid Diseases Except Diabetes
Kidney And Urinary Tract Diseases

Male Reproductive Diseases

Female Reproductive Diseases

Pregnancy, Childbirth And The Puerperium
Newborns And Other Neonates

Chromosomal Anomalies, Mental Retardation & Other
Developmental Cognitive Diseases

Blood And Blood Forming Organ Diseases
Malignancies

Systemic Infectious And Parasitic Diseases
Mental Diseases

Substance Abuse

Injuries, Poisoning And Toxic Effects Of Drugs
Burns

Factors Influencing Health Status And Other Contacts With Health
Services

HIV Infection

Multiple Significant Trauma

Catastrophic Conditions

- BEN G VRN NSV SR

The diagnoses in each MDC are further subdivided into
Episode Disease Categories (EDCs) in step 210. Each EDC
is assigned to one of a number of EDC types, which rate the
severity and persistence of the disease.

In a preferred embodiment, there are six EDC types. Four
of the EDC types relate to chronic diseases and two of the
EDC types relate to acute diseases. A disease is classified as
chronic if the duration of the disease is life long (e.g., cystic
fibrosis). Diseases which have a prolonged duration, but for
which a cure (i.e., no evidence of the disease) is possible, are
considered chronic (e.g., malignancies). Life long or pro-
longed diseases controlled by medication or other means
(e.g., hypertension) are also considered chronic. A disease is
classified as acute if the duration of the disease is short and
the disease would naturally resolve (e.g., pneumonia) or
there is a treatment which cures the disease (e.g., fractured

































