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Abstract Objective: To assess the impact of the electronic health record (EHR) on cost (i.e., payments to

providers) and process measures of quality of care.

Study Design: Retrospective before-after-study-control. From the database of a large managed care organization
(MCO), we obtained the claims of patients from four community physician practices that implemented the EHR
and from about 50 comparison practices without the EHR in the same counties. The diverse patient and practice
populations were chosen to be a sample more representative of typical private practices than has previously been

studied.

Measurements: For four chronic conditions, we used commercially-available software to analyze cost per episode
over a year and the rate of adherence to clinical guidelines as a measure of quality.

Results: The implementation of the EHR had a modest positive impact on the quality measure of guideline
adherence for hypertension and hyperlipidemia, but no significant impact for diabetes and coronary artery
disease. No measurable impact on the short-term cost per episode was found. Discussions with the study practices
revealed that the timing and comprehensiveness of EHR implementation varied across practices, creating an

intervention variable that was heterogeneous.

Conclusions: Guideline adherence increased across practices without EHRs and slightly faster in practices with
EHRs. Measuring the impact of EHRs on cost per episode was challenging, because of the difficulty of completely
capturing the long-term episodic costs of a chronic condition. Few practices associated with the study MCO had
implemented EHRs in any form, much less utilizing standardized protocols.

B J Am Med Inform Assoc. 2007;14:320-328. DOI 10.1197 /jamia.M2125.

Introduction

Health information technology (HIT) is widely seen as a way
to increase the quality and lower the cost of care. Advocates
for HIT suggest technology (particularly clinical decision
support) increases guideline adherence in practice, which
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improves health status, which lowers utilization and cost,
especially over the long term.

Electronic health (or medical) records (EHRs) may be the
most frequently discussed form of HIT. The term “EHR” is
used to include a wide range of functionalities in some
discussions and a much narrower range in others. The
Institute of Medicine (IOM) described eight “core” function-
alities.! Prominent among these are

® health information and data storage,

® management of results from laboratory and imaging
tests,

® electronic ordering (e.g., prescription drugs and refer-
rals),

® clinical decision support (e.g., guideline reminders),

® interoperability, and

® administrative processes such as billing.

HIT adoption and diffusion have garnered proponents
across the political spectrum, most notably Republican Newt
Gingrich and Democrat Hillary Clinton, and the Bush Ad-
ministration appointed a National HIT Coordinator to pro-
mote HIT.

Nonetheless, few studies have systematically analyzed the
costs and benefits of HIT, and even fewer empirical studies
of HIT adoption have been published in the peer-reviewed
literature. The cost and quality impact of HIT adoption is
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Table 1 » Description of Study Practices (Ordered by Start of Implementation)

321

Number

Period
of
Site Location Physicians Implementation Transition Before After
A Cincinnati, OH 33 May 2000 — Feb. 2003 6 months  May 1999 — April 2000 September 2003 — August 2004
B Cincinnati, OH 25 Sept. 2001 — March 2002 1 year Sept. 2000 — August 2001 April 2003 — March 2004
C Tampa, FL 72 Oct. 2003 6 months  Oct. 2002 — Sept. 2003 April 2004 — March 2005
D Greenville, NC 131 Jan. 2004 5 months  Jan. 2003 — Dec. 2003 June 2004 — May 2005

The transition, before, and after periods, were defined by the project.

unclear. Hillestad et al? estimated that EHRs could save the
country approximately $40 billion a year during the adop-
tion period, through reduced hospitalization rates and
length of stay, as well as more appropriate pharmaceutical
utilization and care for chronic illness. Conversely, given the
significant underuse of effective care,> EHRs could also
increase costs (particularly in the short term) by identifying
and ensuring delivery of effective preventive and chronic
care services, or by addressing long-standing workflow
issues. One recent notable study reported an increase in
mortality associated with Computerized Physician Order
Entry (CPOE) in pediatric hospitals.*

Moreover, the published literature on the impact of apply-
ing information technology in ambulatory care settings is
particularly scant, with most of the studies pertaining to
computer-based clinical reminder systems.>” But EHRs
help to identify adverse drug effects.® Primary studies’ >
limited analysis to a single practice and none assessed
impact on cost. Three of the four practice sites were univer-
sity affiliated and the fourth was affiliated with a research
foundation, raising issues of representativeness of the prac-
tice sites.

The current study analyzes the impact of implementing
EHRs in four community-based private practice settings,
which are more representative of practices nationally than
those previously studied. Further, this study employed a
novel methodology to assess the impact on both clinical
quality and costs by utilizing the database of a large man-
aged care organization. In this study, we report on the
impact of EHR adoption for patients with at least one of four
conditions (diabetes, hyperlipidemia, selected heart condi-
tions, and hypertension), analyzing both guideline adher-
ence (quality) and cost to payers (payment to providers,
adjusted for casemix and payment rate), before and after
these practices adopted EHRs.

Claims Data

In order to study a series of “natural experiments” among
private medical practices, we utilized the database of a large
national managed care organization (MCO). The data in this
MCO’s data warehouse were prepared for analysis and
de-identified for analytic purposes. Each enrollee was as-
signed a single ID number for research purposes, which
both linked across multiple operational IDs and protected
the enrollee’s identity in the data warehouse. The study
received an exemption from the Western Institutional Re-
view Board, because the study analyzed only existing data
and did so in such a way that individual patients could not
be identified.

The database included all claims—facility, professional, and
pharmacy—for this MCO’s commercial enrollees, and in-
cluded variables that are typical across payer systems. Using
this analytic foundation, we then initiated recruitment of
study and control practices.

Recruitment of Practices

Study Practices
Eligible study practices had the following characteristics:
significant volume of the MCO commercial membership (at
least 10% of patient volume), representation in the MCO'’s
database at least one year prior to EHR implementation, care
for patients with the chronic conditions of interest, and
willingness to participate.

We asked the MCO’s market medical directors in various
parts of the country to suggest study and control practices.
The medical directors, who are knowledgeable about the
practices in their area, provided us with contacts at 23
potential study practices, all of which were contacted via
phone to conduct an initial assessment of appropriateness.
Based on this screen (or because of a failure to respond to
several contacts), nine groups were eliminated.

Discussions were held with the remaining fourteen groups
to obtain greater detail on their HIT implementation time-
line and level of HIT. These discussions were often with a
staff member with in-depth knowledge of the practice’s IT.
Given a practice’s HIT timeline, we checked data availability
in the data warehouse. These two steps eliminated another
seven practices. Because these practices are long-standing
business partners of the MCO, only practices that signed a
participation agreement were included in the study. Due to
internal competing priorities, three practices did not agree to
participate. The four participating practices are described in
Table 1. All practices had multiple office sites. The second
(B) was a primary care practice; the others were multispe-
cialty practices.

The first three practices implemented EHRs that maintained
diagnostic data, laboratory rest results, and (except for
practice B) imaging test results. They also had e-prescribing
capabilities and decision support functionalities for certain
conditions. Practice D did not have a complete EHR; rather
it enhanced its practice management software by adding
features such as limited e-prescribing capabilities and by
accessing data from a local hospital network (inpatient, ER,
laboratory, and imaging results plus consultant notes).

Control Practices
Using input from the local medical directors and the data
warehouse, we identified practices located in one (or more)
of the counties served by a study practice. For each candi-
date practice, we obtained counts of its claims for the
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Table 2 m Cost Per Episode by Episode Treatment Group (ETG)

N
Major Category ETG # Description Before After Mean Cost*
Total Diabetes 42,003 50,957 NA
0027 Insulin dependent diabetes, w comor 862 884 $2,372
0028 Insulin dependent diabetes, wo comor 488 472 $2,092
0029 Non-insulin dependent diabetes, w comor 3,534 4,633 $1,139
0030 Non-insulin dependent diabetes, wo comor 1,906 2,033 $ 955
Hyperlipidemia
0047 Hyperlipidemia 10,316 13,206 $ 374
Heart Conditions
0265 Ischemic heart disease, exc CHF, wo AMI 3,517 4,447 $1,184
0266 Pulmonary heart disease, wo AMI 88 130 $3,787
0267 CHF, w comorb 258 335 $2,635
0268 CHEF, wo comorb 583 649 $1,599
Hypertension
0280 Benign hypertension, w comorb 2,539 3,427 $ 648
0281 Benign hypertension, wo comorb 17,912 20,741 $ 476

Episodes below the low outlier threshold have been dropped. Episodes above the high outlier threshold have been capped at that threshold.
NA = not applicable; CHF = congestive heart failure; wo AMI = without acute myocardial infarction; w comor = with comorbidity; wo comor

= without comorbidity; exc = excluding.
*Mean cost pertains to the before period.

relevant specialties in the study practice’s before and after
periods, retaining only those practices with a substantial
number of claims.

Project staff members contacted each of the potential control
practices via phone. Only those confirming no EHR imple-
mentation were used as control practices. Because of the
large number of potential control practices, we were able to
exclude practices that had any EHR use (e.g., clinical deci-
sion support or management of results from laboratory and
imaging tests) or were questionable in that regard. Given
that our information needs were substantially less than for
study practices, we did not request an agreement to partic-
ipate.

A number of techniques were used to control for practice
characteristics. The same time period was defined for both a
study and its control practices. While not controlling directly
for specialty of the practice, we did so indirectly: only
physicians in the specialties relevant to the condition being
examined were included (see below). Implicit in our study-
control-before-after design (see below), each practice served
as its own control. Thus, such practice-level characteristics
as size and socioeconomic patient mix are controlled for.

Both quantitative and qualitative data collection and analy-
sis were utilized in this study. This approach involved not
only claims analysis to understand changes over time in
quality and cost but also to collect information about the
intangibles of EHR implementation.

In the qualitative study, we initially met via telephone and
later visited each of the study practices to understand all of
the intangibles that could not be gleaned from the data
analysis. We discussed technical functionality including:
diagnosis, pharmacy, lab, radiology, population manage-
ment, decision support, reminders, and patient education
capabilities. We also discussed more broadly the practice
culture and adoption of the EHR, including whether or not
physician champions were identified, physician and staff

scheduling during implementation, and barriers they faced
during implementation. The practices approached the im-
plementation of their EHR in different manners. (For prac-
tice-specific details on implementation, see the appendix.)

The remainder of this study focuses on our quantitative
analysis.

The methodology outlined below looks at change in quality
and cost of care for selected medical conditions thought to
be impactable by adoption of EHRs. Changes in outcome
variables were assessed by measuring differences in case-
mix-adjusted “episodes of care” measured in two time
periods, “before” and “after” EHR adoption, in both study
and control practices, matched for time-frame and local
geography. The unit of analysis is the episode of care,
defined using Episode Treatment Groups (ETGs)™. Be-
cause these pertain to chronic conditions, as a practical
matter the unit of analysis was a 12-month period.

The medical conditions selected for analysis had the follow-
ing characteristics: related to the National Committee for
Quality Assurance (NCQA) physician recognition programs
and involved care that is complex enough to benefit from
EHR tools. In addition, they were chronic, largely treated in
the office, not defined in terms of a procedure, and preva-
lent. Given these criteria, the following conditions were
selected: diabetes, hyperlipidemia, selected heart conditions,
and hypertension, for which there are 11 ETGs. See Table 2
(below).

Once practices and targeted medical conditions were iden-
tified, we analyzed the episodes of care attributed to each
practice. We analyzed each practice’s quality and cost, as
measured by guideline adherence and cost adjusted for
casemix. The two software packages (see the next two
subsections) for these metrics differ in several ways: The
selected conditions are slightly different, the number of
episodes for a condition differs, and the method for identi-
fying the responsible physician differs (see below). For both
metrics, the unit of analysis is the episode of care.
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From the MCQO’s claims database, two files were extracted:
(1) claims with such fields as enrollee ID, date of service, the
practice’s tax ID, and physician ID; and (2) a physician file
with ID and specialty. For each tax ID and for the before and
after periods, we initially extracted all physician claims for
the specialties relevant to our study, namely, family practice,
general internal medicine, cardiology, and endocrinology.
All the claims—facility, professional, and pharmacy—for
each enrollee ID in this extraction were extracted, regardless
of provider.

Cost Measure (Episode Treatment Groups™)
Episode Treatment Groups™ (ETGs) software was used to
measure case-mix adjusted cost (i.e., payment to providers)
at the episode level. The software uses data-mining logic on
enrollee’s claims over time to construct episodes of care. An
episode may have a beginning and end date, although
episodes of chronic care are often open-ended. Each episode
is classified into one of 558 episode groups that are homo-
geneous in terms of co-morbidities and other characteristics
of a patient’s condition. An enrollee may have overlapping
episodes of different ETGs, and may have multiple, non-
overlapping episodes of the same ETG. For each episode, the
ETG software yields both an expected cost (the mean for the
ETG) and the actual cost.

The first step in constructing an episode involves identifying
an “anchor record” that represents a clinician directly eval-
uating or treating a patient. Other claims (e.g., for tests or
prescription drugs) can then be linked to the anchor records.
The linkage rules depend on the ETG.

This approach has its advantages and disadvantages. An
advantage is that the impact on cost of comorbidities is
mitigated. If the dependent variable were the entire cost of
care over a 12-month period (regardless of the condition
being treated), one would need to control for comorbidities.
Two disadvantages relate to the fact that untreated hyper-
tension, for instance, leads to major conditions such as
stroke, usually in subsequent years. The episodes are de-
fined narrowly, so the hypertension ETG, for instance, does
not include the major conditions resulting from untreated
hypertension. In addition, by capturing cost over one-year
periods, our study design misses these long-term effects. So
our measurement of cost is necessarily short term.

Because payment rates changed at different rates for
different practices, we “re-priced” claims. This involves
calculating the mean allowed amount for each CPT code
and attaching the appropriate mean to each claim, taking
into account the quantity of services and distinguishing
between professional and technical components for radi-
ology services. This process was not applied to facility
claims using revenue center codes, because those consti-
tute only a fraction of one percent of the cost. It was also
not applied to pharmacy claims, because pharmacy al-
lowed charges were the same for enrollees in study and
control practices.

Because average cost varies substantially by ETG group, our
metric is the ratio of actual cost to expected cost.

The responsible physician is the one with the largest costs

for management or surgery. The episode is linked to that
physician’s practice.

Quality Measures (EBM Connect™)

EBM Connect™ is software that computes compliance with
evidence-based guidelines. Produced by Ingenix, it was
released in May 2004. The software translates guidelines
from English text into algorithms that assess guideline
compliance from administrative data, for at least 20 condi-
tions. This assesses adherence for guidelines for four chronic
conditions: adult diabetes, coronary artery disease, hyper-
tension, and hyperlipidemia.

Conceptually, EBM Connect identifies patients who are
under treatment for a certain condition (e.g., hyperlipid-
emia) and then determines whether they received certain
services, tests, or prescription drugs [e.g., annually receive a
low density lipoprotein (LDL) cholesterol test]. We used the
default parameter of including only patients enrolled for the
entire 12-month period. Some guidelines pertain only to a
subset of patients with a given condition (e.g., those taking
a certain drug). Only guidelines that a physician could
reasonably be held responsible for were used in this analy-
sis.

The unit of analysis was a guideline for a patient in a given
12-month period. The formulas of aggregation to higher
level of analysis were straightforward. Each guideline was
given equal weight within a condition. Each condition was
given equal weight within a site and within a study-control-
before-after cell. Each site was given equal weight within a
cell.

For guidelines within a condition, adherence may be corre-
lated; for instance, patients may receive low- and high-
density lipoprotein (LDL and HDL) cholesterol tests to-
gether. To avoid overestimating t-values for adherence rates
across several guidelines for a condition, standard errors are
calculated using the number of patients with a condition, for
a given site and cell.

EBM Connect imputes a primary care physician (PCP). For
instance, if a physician with a primary care specialty has
given the most recent physical examination, he or she would
be considered the PCP. If not, another algorithm is used.
Then the episode is linked to this PCP’s practice.

Definition of Time Periods

Unfortunately for analytic purposes, adoption of EHR is not
a precise event, either in time or scope. In an idealized
design, practices would implement all aspects of EHR
functionality over a short time period, followed by a defined
learning phase, rapidly leading to a stable post-implemen-
tation phase. Reality, of course, is less analytically conve-
nient: Practices implementing EHR tend to do so in steps:
perhaps implementing a registry for all patients in one year,
then setting up a decision support system two years later.
An EHR system was considered to be “implemented” when
a majority of the components had been implemented at each
of a practice’s sites. However, it may take several years for
the physicians, staff, and patients to learn to take full
advantage of it.

We specify different periods for different study practices in
order to maximize our study population. For each one,
periods are defined in light of information on the timing of
their implementation. To ensure comparability, control prac-
tices are assigned the same periods as their study practice.
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Table 3 m Cost Per Episode by Site, Study-Control Status, and Before-After Period

Cost per Episode*

Study vs. N of N of episodes Mean %

Site Control Practices Before After Before After Change Change
Total both 56 42,003 50,957 100.0 102.9 29 2.9%
study 4 7,531 9,404 95.6 98.9 33 3.5%

control 52 34,472 41,553 100.8 103.7 29 2.9%

study-control 04 0.6%

A study 1 471 1,017 83.7 104.2 20.5 24.5%
control 7 5,355 6,119 101.7 121.6 19.8 19.5%

study-control 0.7 5.0%

B study 1 521 829 103.6 105.0 14 1.3%
control 4,562 6,212 104.6 99.5 =51 —4.9%

study-control 6.5 6.2%

C study 1 3,201 4,142 94.8 92.7 -21 —2.2%
control 21 13,128 16,610 100.3 101.5 1.2 1.2%

study-control -33 —3.4%

D study 1 3,338 3,416 96.7 103.1 6.5 6.7%
control 11 11,427 12,612 99.5 100.1 0.6 0.6%

study-control 5.9 6.1%

Episodes below the low outlier threshold have been dropped. Episodes above the high outlier threshold have been capped at that threshold.

Normalized to 100 using the mean in the before period.

*Cost adjusted for casemix and physician fee levels; unweighted by casemix.

Analytic Methods

We measured the impact of EHR implementation using a
study-control-before-after design. The impact of EHR imple-
mentation was measured as the difference between (a) the
change in casemix-adjusted cost or quality for study prac-
tices and (b) the change for control practices. As long as
practice characteristics such as size and ownership type do
not change over time, each practice’s performance in the
before period implicitly controls for the impact of its char-
acteristics in the after period.

To test the significance of this difference of differences, one
usually assumes that there is no covariance between the
standard errors of the four means (e.g., for study practices in
the before period). The standard error of the difference of
changes is calculated by squaring the standard error of each
of the four means, summing the squares, and taking the
square root of the sum.

In sum, we used several methods to control for potential
confounding effects.

® Casemix and price levels were controlled for by adjusting
the dependent variable.

® [ocation and time periods were controlled for through
the selection of control practices and their time periods.

® Practice characteristics such as size were controlled for
through the study-control-before-after design.

Results

As Table 2 shows, the database has more than 40,000
episodes in each of the two periods. Almost half of the
episodes pertain to hypertension, a quarter to hyperlipid-
emia, 16 percent to diabetes, and 11 percent to heart condi-
tions. The mean cost in the before period ranged from $476
for benign hypertension without comorbidity (the most
prevalent condition) to $3,787 for coronary heart disease
without acute myocardial infarction (the least prevalent
condition).

Table 3 reports that there were 56 practices, including four
study practices and 52 control practices. The study prac-
tices had a sixth of the episodes (summed across the two
periods). Site B had 13 percent of the episodes and Site C
had 40 percent, with the other two sites in between.
Overall, cost per episode increased 2.9 percent, but it
increased about 20 percent in site A, reflecting that
implementation there started earlier and went longer than
elsewhere. However, absolute changes are of little ana-
lytic interest, because they include changes in the prices of
drugs but not physician services. Of greater analytic
interest are the relative changes.

In aggregate, episode costs increased in the study prac-
tices by 0.4 percentage points faster than in control
practices (t = 0.21). In exploratory regression analysis that
controls for physician-specific effects via a random effect
model,'® the results continue to be insignificant (t = 0.46),
with a minimum detectable difference of 3.5 percent of the
mean. The effect of the EHR implementation on cost is
essentially zero.

In three of the four sites, cost per episode increased faster in
the practices that implemented EHR. In sites B and D, cost
per episode for the study practice increased roughly 6
percent faster; in site A, it increased less than 1 percent
faster; and in site C it increased about 3 percent slower.

Tables 4 and 5 present results on the impact of EHR
implementation on quality, as measured by guideline adher-
ence. Measured across all conditions, guidelines, and sites,
adherence increased 8 percentage points for study practices
and 6 percentage points for controls. The differential change,
which represents the impact of EHR implementation, is 2
percentage points. This differential change varies consider-
ably across sites. Note also, although the adherence rate in
the after period varies little across sites (for study and
control practices separately), the adherence rate in the before
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Table 4 m Guideline Adherence by Site (N = 90,329 episodes)

Study Practices

Control Practices

Site Before After Change Before After Change HIT Impact
All 58% 67% 8% 55% 62% 6% 2%
A 39% 69% 29% 37% 60% 24% 5%
B 62% 67% 5% 63% 61% -1% 7%
C 63% 64% 1% 61% 62% 1% 0%
D 70% 67% —2% 62% 63% 1% —3%

The two software programs used in this paper yield slightly different counts of episodes. Each site has equal weight in the all-site mean. Each
condition has equal weight in the all-condition mean. Calculations may appear inaccurate due to rounding.

period is substantially lower in site A, which has the earliest
implementation.

Table 5 disaggregates the EHR impact by condition and
guideline. Although the EHR impact is insignificant
across conditions as a whole, it is significant for hyper-

tension and hyperlipidemia. The minimal detectable dif-
ference is less than 2.5 percentage points for these two
conditions because of their high prevalence, but it is 5
percentage points for diabetes and 12 points for coronary
artery disease.

Table 5 m Guideline Adherence by Condition and Guideline

Study Practice Control Practices HIT Impact
Condition and Guideline Before After Chg Before After Chg % pts t-value
All 58% 67% 8% 55% 62% 6% 2% 1.26
Diabetes 45% 48% 3% 42% 46% 4% —1% -0.41
Semiannual hemoglobin AIC tests 7% 12% 5% 14% 13% —1% 6%
Annual screening test for diabetic nephropathy 40% 35% —5% 30% 39% 8% —13%
Annual eye exam to check for diabetic 45% 36% —9% 38% 36% —2% —7%
retinopathy
ACE-inhibitor or angiotensin II receptor 66% 64% —2% 61% 51% —10% 8%
antagonist treatment for diabetic kidney
disease
Annual serum potassium test if taking a selected 68% 84% 16% 63% 79% 16% 0%
drug (e.g., ACE-inhibitor)
Annual serum creatinine test if taking a selected 66% 85% 19% 62% 79% 16% 3%
drug (e.g., biguanide)
Annual serum ALT or AST test if taking a 66% 82% 16% 62% 78% 17% —1%
selected drug (e.g., biguanide)
Semiannual office visit for diabetes care 42% 42% 0% 43% 36% —7% 7%
Self-monitoring blood glucose testing if taking 57% 59% 2% 63% 60% —4% 5%
insulin
Hypertension 71% 83% 12% 69% 78% 9% 2% 2.32
Annual serum potassium test if taking a selected 59% 76% 17% 53% 68% 15% 2%
drug (e.g., ACE-inhibitor)
Annual physician visit 96% 97% 1% 97% 97% 0% 1%
Annual serum creatinine test 54% 74% 20% 50% 65% 16% 4%
CAD 49% 54% 5% 45% 47% 2% 3% 0.42
Take an ACE-inhibitor 33% 36% 2% 32% 36% 4% —1%
Take a statin 60% 64% 4% 55% 54% —2% 5%
Take a beta-blocker if had a myocardial 57% 75% 17% 58% 62% 5% 13%
infarction
Take both a nitrate and phosphodiesterase type 1% 0% —1% 0% 1% 0% —1%
5 inhibitor
Annual serum potassium test if taking ACE- 69% 79% 11% 57% 73% 15% —5%
inhibitor
Annual serum creatinine test if taking ACE- 69% 79% 11% 55% 73% 18% —7%
inhibitor
Annual serum ALT or AST test if taking statin 79% 83% 4% 65% 70% 5% —1%
Hyperlipidemia 82% 90% 8% 83% 85% 3% 5% 4.20
Annual serum ALT or AST test if taking a 69% 89% 19% 70% 82% 13% 7%
selected drug (e.g., statin-containing)
Annual LDL cholesterol test 86% 91% 5% 86% 86% 0% 5%
Annual HDL cholesterol test 86% 91% 5% 86% 86% 0% 5%
Annual triglyceride test 85% 90% 5% 86% 85% 0% 6%

The two software programs used in this paper yield slightly different counts of episodes. Each site has equal weight in the all-site mean. Each
condition has equal weight in the all-condition mean. Calculations may appear inaccurate due to rounding.
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This suggests that large numbers of episodes may be neces-
sary to show relatively small differences in quality of care,
especially for a relatively rare event such as myocardial
infarction.

Discussion

We identified four practices that met criteria for study
inclusion. The challenge around identification of practices
using EHRs illustrates the continued slow rate of adoption
and the low level of EHR use in most geographic areas.
Further, there is no single data repository which holds
information about physician practice EHR use, so grass-
roots recruitment is required to identify EHR users and
degree of implementation.

Of the practices studied, the implementation of the EHR did
not consistently follow a prescribed method and its use was
highly variable (see the appendix). Practices purchased
different software tools and approached training, tool use,
and cultural adoption in varying manners. Practices also
varied in the degree upon which clinical decision support
capabilities of the EHR were “turned on.” As a result, the
full effects of EHR such as evidenced based guidelines,
patient reminders, and disease management and patient
activation capabilities may not be realized, which is consis-
tent with findings in O’Conner et al.'?

Applying software tools to evaluate cost per episode and
adherence to treatment guidelines, we did not find a statis-
tical difference in costs per episode between the study and
control groups. Similarly, the impact of EHRs on adherence
to evidence-based guidelines (quality) was not statistically
significant except for a minimal impact on hypertension and
hyperlipidemia. This may reflect the fact that practices can
have some of the functionalities of EHR (e.g., clinical re-
minders) without having an EHR.'*

In contrast to our expectation, cost to the payer increased
faster in three out of the four practices than in their controls.
In one of those three practices, an explicit motivation for
EHR was to more completely capture the services provided
in each visit. Overall, however, cost to the payer was
unaffected by the EHR.

Whereas one issue pertains to payer costs, another pertains
to the provider’s cost of delivering the service. EHR-using
practices report savings associated with reduced medical
record staff and infrastructure, but they also report concom-
itant loss of productivity and scheduling disruption associ-
ated with implementation. The practice that could be con-
sidered “best practice” in terms of physician and staff
training, tool use, and cultural change reduced scheduling
during the initial implementation period and had heavy
involvement by physician champions. Overall, study prac-
tices do not report cost savings due to EHR use and cite the
economic issues associated with implementation. The finan-
cial implications of EHR implementation and the question of
“who pays” are real and outstanding issues facing practices,
particularly smaller ones, which comprise the majority of
organized physician groups in the United States."”

This study has a number of strengths. First, it evaluates the
impact of EHR implementation in multiple sites (in three
states). Relative to the literature, which has usually analyzed

university-affiliated practices, our results are more represen-
tative of practices nationally.

Second, this analysis examined community practice patterns
in study and control practices, a feasible approach due to the
investigators” access to a large MCO's claims database. As
this database yielded almost 100,000 episodes, it allowed
detection of relatively small differences in episode costs
and/or guideline adherence—generally in the 2.5 to 5.0%
range. Third, this study involved use of widely available,
industry-recognized software tools, EBM Connect and Epi-
sode Treatment Groups, to evaluate episodes of care utiliz-
ing casemix-adjusted methodologies; these analytic tools can
be used for subsequent research studies.

Finally, this study combines qualitative data collection with
quantitative analysis. Onsite practice discussions on EHR
implementation and application provided insights into gaps
in use of clinical decision support tools. The presence or
absence of the application of the full capabilities of EHR
cannot be easily ascertained through claims-based analyses
only.

This study has several limitations. One is that it evaluates
EHR implementation in only four study practices recruited
in a non-random manner, practices which may have unique
organizational, cultural, clinical, or provider characteristics
that led to EHR adoption. They certainly are above average
in terms of size. Within these practices, EHR implementation
varied in terms of time duration, process, and scope. The
before-after study design restricted the number of practices
meeting study inclusion eligibility criteria, and claims vol-
ume criteria within these time periods eliminated several
EHR practices from consideration and may have impacted
the overall findings. Moreover, claims volume criteria con-
strained the analysis to conditions, that while common, may
not be the clinical conditions that are most amenable to
impact by EHR adoption. Finally, this study analyzed epi-
sode costs and guideline adherence in the short term. One
year of data (following a transition period) is sufficient to
measure the impact of clinical reminder systems on guide-
line adherence. However, the long term impact of better
guideline adherence on cost and clinical outcomes could not
be assessed with the study timeframe.

Conclusion

While HIT adoption has been shown to be a component of
addressing the well documented challenges of overuse,
underuse, and misuse of healthcare services,'® more re-
search is needed to understand the nuances of EHR imple-
mentation and the cultural and technology barriers to adop-
tion, particularly in the “typical” US healthcare practice. The
impact of introducing new technology into complex work-
flow is not well understood, and cannot be automatically
equated to improved clinical quality for patients or lower
cost for payers. Additional research is also necessary to
study the impact on quality and cost over a longer time
horizon.

To facilitate further research in this area, we offer an
approach—the application of commercially-available soft-
ware to a large database—to assess both risk adjusted
episode cost and guideline adherence across large numbers
of practices. Further studies utilizing databases of large
national MCOs could shed even further light on the complex
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process of HIT adoption and the resultant impact on costs,
quality, and medical care.
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Appendix on EHR Capabilities and Implementation
by Study Practices

Site A implemented a fully integrated EHR, including e-pre-
scribing with its in-house pharmacy as well as laboratory
and radiology results that were transmitted electronically.
The system had point-of-care clinical decision support in the
form of health maintenance reminders. Patient outreach

reminders were available in the system but not used at the
time. The practice also utilized the population management
capabilities of the EHR to manage patients with diabetes and
hypertension as well as for mammograms and childhood
immunizations. At the time of our study, Site A was
planning for integration with its hospital system.

Site A took a methodical approach to implementing HIT.
They implemented the technology across their six clinics
over the course of two years. Physician schedules were
reduced to 50% for the first two weeks and then to 75% for
the subsequent two weeks while the physicians and staff
became comfortable with the new technology. The site also
had two physician champions that worked alongside their
colleagues as the system was being brought up in each
practice to assist the physicians with troubleshooting.

Site B implemented an integrated EHR, including laboratory
results and system-generated faxes sent to local pharmacies.
Radiology was not integrated at the time due to cost. The
EHR had enabled point-of-care reminder capability and a
mailing capability for patient outreach was in use. Reporting
from the system was largely manual, and at the time,
population management reporting had only been developed
for diabetes. The site also utilized patient trend data to
manage individual patients” chronic disease.

Site B implemented their EHR at their eight clinics every two
weeks. They did not reduce physician work schedules;
rather asked their physicians and staff to migrate their
patients over time by starting new patients on the EHR,
patients with specific diseases, or targeting a number of
patients to enter each day. The CEO of the practice set up a
central training lab where all physicians and staff were
trained. Physicians went through the most extensive train-
ing and held bi-weekly round tables to share their learning
about their use of the technology and best practices.

Site C implemented an integrated EHR, but had not
enabled all of its capabilities. System-generated faxes
were used for prescriptions (an interim step toward
e-prescribing), and laboratory and radiology results were
also fully integrated. The site was not using the point-of-
care clinical decision support capabilities for the condi-
tions of interest in this study. The patient outreach
capability was only enabled for mammography, not for
the chronic diseases of interest in this study. At the time,
the site was not using the population management capa-
bilities of the system or many of the reminder capabilities
for chronic disease management. The site had also utilized
the letter generation capability and the patient education
library available through the technology.

Site C implemented HIT without a reduction in work
schedules. Their physicians were still adjusting to the tech-
nology two years after implementation. Most of the physi-
cians were still dictating rather than using the templating
features of their technology, even though the transcrip-
tion costs are charged directly to the physicians. Accord-
ing to the site, each specialty uses the HIT to different
degrees.

Site D enhanced its practice management system to in-
clude a disease registry, which allows for individual and
population reporting for patients with chronic diseases.
Quarterly practice and physician quality scorecards were
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produced for diabetes, cardiac conditions, adult preven-
tive care, and childhood immunizations. The site relied
heavily on the data and analytic capabilities of their
central office to drive clinical improvements. The site used
paper generated checklists as its point-of-care decision
support, which was not supported through its EHR. The
site also used a reminder system for patient outreach. The

site had integrated a majority of its laboratory and radi-
ology results from its affiliated medical center.

The implementation at site D occurred across the multiple
practices over time. The site indicated that data entry on
the front end was time consuming, estimating that it took
six months to get the majority of data entered.

Usage was throughout a practice unless otherwise noted.
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