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who have agreed to contribute de-identified detailed
The Medical Quality Improvement Consortium (MQIC) clinical data into a national data warehouse to support
is a nationwide collaboration of 74 healthcare deliverymulti-institutional clinical research and practice
systems, consisting of 3755 clinicians, who contributéoenchmarking. Figure 1 illustrates the general
de-identified clinical data from the same commercialarchitecture for the national ambulatory data
electronic medical record (EMR) for quality reporting, warehouse. Processes that execute nightly within the
outcomes research and clinical research in public healflocal practice are responsible for extracting clinicahda
and practice benchmarking. Despite the existence of #iom the local EMR database, for de-identifying clihica
common, centrally-managed, shared terminology fodata, and for transferring the local data extract to the
core concepts (medications, problem lists, obsenvationational data center. Processes that execute within the
names), a substantial “back-end” informationnational data center are responsible for data cleaning,
management process is required to ensure terminologyggregation, query processing, and results presentation.
and data harmonization for creating multi-facility

cllnlcally-a_cceptablt_e queries and qomparable results. MIQIC Member T we |
We describe the information architecture created to Clinic Sites Reporting
support terminology harmonization across this data-

sharing consortium and discuss the implications for %
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large scale data sharing envisioned by proponents for Data Center
the national adoption of ambulatory EMR systems. — [ oos Bxtoet Stagin
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Proponents for the national adoption of electronic .
medical records (EMRs) cite numerous benefits of -oa:asxm
widespread EMR adoption both to direct patient care % =
and to the healthcare delivery systéth Implicit in

these projected benefits is the ability for users inFigure 1: MQIC data warehouse infrastructure.
different practice settings using different EMR system

Data cleaning, aggregation, clinical terminology

s . .
to share data so that clinically meaningful clinicalegtat Although the processes that extract, de-ldent_lfy and
gansfer data from the local ambulatory practice are

and outcomes can be combined into comparabl  the MOIC inf .
numerators and denominators. Without the ability tgmportant components of  the QIC  information

combine EMR data from different providers, a I(eymanagement architecture, we focus here on the

national benefit for the substantial financial invesime terminology harmonlza_tlon and_ data scrubbing
in EMRs will not be realized. processes that execute in the national data warehouse.

These latter components provide the most insight into
the effort required to create a broad-based national

The Medical Quality Improvement Consortium (MQIC));\mbuIatory practice research network

consists of 79 users of a commercial ambulator
medical record system (Centricity Physician Offic& G
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Clinical Terminology Management central terminology service based on user requests for
To aggregate data from across enterprises, a system waew EMR observations that are displayed on multiple
put in place to control clinical terminology in thetala flow sheets or are items that clinicians or managers
warehouse and to link user-entered custom terms twant to use in practice-performance or clinical-quality
reference external terminologies (Figure 2: Clinicalreports. The current observations terminology igsi
terminology subsystem.). of over 10,000 observation codes.

MQIC Vocabulary Sources
Member Site

Data Center

Custom Terminology
Management Tools

accesses

The final aspect of the EMR relevant to the national
data warehouse is the data values that are entered for
observations. Although user sites can control what

creates
..............

updates
S R o values are used to instantiate observation terms through
@ e 39 Pany | NS data entry forms, the EMR application is permissive in
.................... Sources ) -sNOMED how users can enter values for observations to ensure

that users have the flexibility to say what is required i
a manner that is familiar and comfortable for each
practitioner.

harvests
updates

Thus, the EMR system’s use of controlled terminology
varies from requiring only controlled terms
(observations), to a mixed model of controlled terms
and free-text (user-interface), to an unconstrained
terminology (observation values).

EMR users document chief complaints, problems,
medications, and orders by selecting a previousl
defined controlled term, by modifying a previously
defined controlled term or by entering an uncontrolle
free-text string. We call the controlled terminology
developed for these clinical conceptsisr-interface
terminology. The same user-interface terminology isTable 1: User terms — Matches & Non-matches
used by all local instances of the EMR and is managed
from a single master terminology database maintained User-Term Concept Reason
by the commercial vendor. The user-interface
terminology has been developed heuristically by

Figure 2: Clinical terminology subsystem.

linical Terminology Harmonization

able 1 provides examples of user-entered strings that
hould and should not be mapped to a previously
defined controlled term in the user-interface master
terminology.

Appropriate to Match

analyzing the free-text strings entered by clinicians to Patient short of | Dyspnea Synonym
document problems, medications, orders, and chigfbreath

complaints in the EMR. Oosteeoarthiritis| Osteoarthritis] ~ Misspelling
The user-interface terminology currently contains ovef Degen joint Osteoarthritis | Synonyms

650,000 strings mapped to over 86,000 concepts.disease

Concepts are also mapped to administrative :

classifications such as ICD-9-CM and CPT-4. In copD o%rs];?l?é?ive Acronym
addition, the user-interface terminology has been pulmonary

partially mapped to a reference terminology disease

(SNOMED-CT), which allows aggregation of concepts

for reporting purpose’s Inappropriate to Match

A second vocabulary that also is controlled centrally Arthritis Osteoarthritis inl?;qel#égs

manages the attributes of clinical encounters thabean
recorded as discrete elements, such as laboratory tesDsteoarthritis, Osteoarthritis Needs more
names and vital signs (generically called| knee granular
“observations”). This second set of controlled terms concept
called theobservations terminology, is used as the

containers for observation values. Unlike the user
interface terminology, the observations terminology
cannot be extended dynamically by the end-user using
free-text strings. Observation terms are created by the

| Periph Peripheral “history of”
neuropathy, H/O| neuropathy terms

semantically

different
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Raw terms from all participating EMR locations area wide variety of values. For example, the data field
imported on a nightly cycle into a work queue, whichtitled Diabetic Eye Exam may be used to record the date
becomes the working set of unprocessed terms. A useof the exam in one institution, the impression from a
entered term from the work queue that is already in theonsult at another institution, and one of a predefined
vocabulary database will be automatically mapped tset of values at a third institution. The master
the correct concept. Straightforward problem listterminology contains a set of acceptable valuesdoh e
strings, correctly spelled and free of superfluous textdata element, and then maps what the EMR users have
always fall into this category. Terms with common entered to one of this controlled set.

misspellings are found by manually querying the WorkT
gueue using text fragments or other substrings deeme
effective by a vocabulary specialist. The most unusud’

ble 2: Data scrubbing results for systolic blood
ressure values.

strings have the greatest likelihood of being unmapped.

Whegrll a user-entered term does not match any existing Entered vValue Cleaned Value
concepts and clinical knowledge (including research) 120 120
determines the need for a discrete concept to preserv 110 RT 110

the intended meaning of the string, a new concept i 130 L LGE CUFF 130

created. In order to preserve as much clinical detail ag Refused -1

was present in the original user-entered string, terms ar| 3 -2

not grouped into higher-level concepts (“right knee | 350 -3

pain” is not mapped to “knee pain”). If the concept

“knee pain, right” did not exist in the vocabulary

database, it would be created, using consistent namirfgesults

conventions, rules regarding expression of lateralityTable 3 presents the distribution of practices
severity, etc., and one or more alternative namegdvo participating in the MQIC data warehouse as of March
be included in the new definition. The new concept2005. As shown in Table 3, the MQIC warehouse is a
would then be assigned the appropriate ICD-9, CPT, areasonable first approximation for a national

medication code. ambulatory practice data warehouse.

. 'Fable 3: Features of the MQIC network.
For the purpose of capturing even general types o
information, a number of very broad concepts, such as .

“screening, breast cancer”, “pain”, “behavior a5 Total Patients (Cumulative) .
problems”, have been created. A small percentage of s y
strings lack sufficient information to identify as 25 ettt
concepts or are too vague to map. These user-entered 5 , e

strings are sent to an un-mappable collection and are %, all

not assigned an existing code nor is a new term created 1 Jd

Examples of un-mappable terms include “lab panel”, 05 sttt

“knee problem”, and “on medication.” oL ¢

In addition to mapping concepts, data values alsg &S EF T T & T E
require harmonization prior to entering into the data _ :
warehouse. Table 2 illustrates actual values entered forp actice Size | N Practice Size | N
systolic blood pressures and the results of the data 24 551099 MDs | 17
scrubbing process. Entered values that are clearlyl to 4 MDs
numeric can easily translate to meaningful cleaned 5 to 24 MDs 25 100+ MDs 8
values; entered values with appended text are alsp . 2112 . 1571
easily cleaned. Entered values that are unprocessableCeneralists Specialists

for example blood pressure measurements such as - :
“refused” or “not done”, receive a value of -1. Entered'9ure 3 plots key monthly statistics for mapping user-
values that fall below or above a broadly defined rang€ntéred problem list strings and Figure 4 plots user-

of plausible values receive a cleaned value of -2 and -gtered observation values. Both plots provide the
respectively. absolute number of strings processed (lower diamonds)

and the percent of strings successfully matched without
Interpreting textual data values also requiregn@nual intervention (upper squares). Figure 3 shows
harmonization. Because MQIC is a collaboration ofthat for user-entered problem list strings, the matching

many different institutions, specific data fields canenav fFédUeNcy continues to rise slowly to nearly 90%. Large
spikes in the number of new problem list strings are
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caused by an initial bulk load of historical information
when a new location joins the data consortium. Egur

percentage covers almost 86% all problem list
entries used by clinicians who submit their data to the

shows that, for user-entered observation values, theational repository. The remaining 14% represent

mapping percentage has been drifting downward slowl

yproblem list strings that appear too infrequently to

over time. Our hypothesis for this finding is that thewarrant mapping to a controlled term but are also dtore

initial observations we processed, such as bloo
pressure and weight, were fairly clean. Bringing in ne

which have more variability in the format of possible
values has led to an overall decrease in the percent

éh the repository.

types of observations, such as urine microalbumi\rlwu,rable 4: Strings to Concepts Mappings (06-Mar-05).

~kotal unigue problem strings 1,926,359
g

of values successfully resolved at the time of import.

Total unique problem strings mapped  206.189
to concepts
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Figure 3: New problem list strings by month.
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Figure 4: New observation values by month.
To keep both the mapping database and the mappi

effort from growing without bounds, only user-entered
problem list strings that are appear frequently (at leas

~20 times) are mapped to a controlled term. Table
shows that although only 10% ahique problem list

strings are mapped to controlled terms, this smal

% Strings mapped to concepts 10.7%
Total problem list entries in data 21,724,286
warehouse

Total problem list entries is data 18,563,867

warehouse mapped to concepts

% Entries mapped to concepts 85.5%

On average, the entire mapping effort consumes
approximately 64 person-hours per month. For just
user-entered problem list strings, approximately 612
new strings-to-concept mappings and 63 new problem
list concepts are created monthly. When new locations
join the data consortium, the import of historicatada
creates a large spike in unmapped terms requiring new
mappings. Both the new-location start-up spikes and the
growing baseline efforts are a continuous, never-ending
commitment required to create and maintain a multi-
institutional shared data repository with a controlled
master concept terminology. Figure 3 and Figure 4
imply that widespread adoption of electronic medical
records systems will not result in useful electronic data
repositories without substantial on-going manual efforts
to harmonize data.

Discussion

While the primary usage of EMR is to deliver clinical
information and decision support to providers engaged
in direct patient care, the ultimate benefit of eletiro
record adoption will be the ability to collect and
analyze structured clinical data across patient
populations to improve the practice of medicine for all
patients. Without electronic medical record systems and
a shared infrastructure for the aggregation of records
across many care delivery sites, the goal of using
information technology to improve quality, safety, or
efficiency as envisioned by the National Health
"NHformation Network will not be realized. Missing from
tpese discussions is insight into the substantial amount
Ef infrastructure and work required to ensure that data
used to create large aggregated data warehouses are
Flccurate and comparable.
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Creators of EMR systems must balance the strict use @onzalez MD, Tina Ho, Stuart Lopez, Sunil Luhadia,
controlled medical terminologies against end-usefTeresa Smith, and Kevin Tabb MD.

acceptance. Numerous studies have illustrated us
reluctance to limit documentation to pre-defined
controlled terms”. Thus all EMR systems in use today
and for the near-term will contain a mixture of
controlled terms and end-user variations, alteration§
and completely new free-text strings. Automated an
manual processing of these terms is required before References
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