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Background—Oral anticoagulation is safer and more effective when patients receive high-quality care. However, there
have been no prior efforts to measure quality of oral anticoagulation care or to risk adjust it to ensure credible
comparisons. Our objective was to profile site performance in the Veterans Health Administration (VA) using
risk-adjusted percent time in therapeutic range (TTR).

Methods and Results—We included 124 551 patients who received outpatient oral anticoagulation from 100 VA sites of
care for indications other than valvular heart disease from October 1, 2006, to September 30, 2008. We calculated TTR
for each patient and mean TTR for each site of care. Expected TTR was calculated for each patient and each site based
on the variables in the risk adjustment model, which included demographics, comorbid conditions, medications, and
hospitalizations. Mean TTR for the entire sample was 58%. Site-observed TTR varied from 38% to 69% or from poor
to excellent. Site-expected TTR varied from 54% to 62%. Site risk-adjusted performance ranged from 18% below
expected to 12% above expected. Risk adjustment did not alter performance rankings for many sites, but for other sites,
it made an important difference. For example, the site ranked 27th of 100 before risk adjustment was one of the best
(risk-adjusted rank, 7). Risk-adjusted site rankings were consistent from year to year (correlation between years, 0.89).

Conclusions—Risk-adjusted TTR can be used to profile the quality of outpatient oral anticoagulation in a large, integrated
health system. This measure can serve as the basis for quality measurement and quality improvement efforts. (Circ
Cardiovasc Qual Outcomes. 2011;4:22-29.)
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Oral anticoagulation is a highly effective but potentially
dangerous therapy.1,2 The level of anticoagulation control

is a critical determinant of benefit from warfarin3–7; indeed,
patients with atrial fibrillation may not benefit from anticoagu-
lation unless they achieve a certain level of control.3 However,
warfarin management is difficult, and achieving good control
requires much effort and skill on the part of both the patient and
the clinician.1 Because many patients do not achieve excellent
control,8 there is great potential to improve outcomes for patients
by improving quality of care in oral anticoagulation.9 To
improve quality of care, we first must be able to measure it.10,11

Previous efforts to measure quality of care in oral anticoagula-
tion therapy have focused disproportionately on the failure to
provide anticoagulation to as many ideal candidates as possi-
ble.12 However, receipt of anticoagulation is only a first step

toward improving outcomes; we also need to measure the quality of
oral anticoagulation management to ensure that the benefits of
anticoagulation are maximized and the harms minimized.9

An ideal quality indicator for outpatient oral anticoagulation
would have several characteristics: it would be easy to abstract,
calculate, and understand; it would vary among providers or sites
of care; improvement would be possible; and there would be
strong evidence linking it to important outcomes, such as stroke,
venous thromboembolism, and major hemorrhage. Percent time
in therapeutic range (TTR) has many of these characteristics. It
can be calculated from automated data, it can be improved,8 and
it has been linked to important outcomes.3–7 Although it might
be possible to consider using definitive outcomes themselves as
quality indicators, reliance on these rare events would preclude
quality measurement at all but the largest sites of care.9,13
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One reason why TTR has not been used previously as a
quality indicator may be the absence of a risk adjustment
model for TTR. Risk adjustment can enhance the credibility
of performance comparisons between providers or sites by
ensuring that sites are being compared regarding quality of
care rather than regarding merely differences in case mix.14

Risk adjustment can increase the acceptance of quality
measures by poorly performing sites who might otherwise
protest that their performance is poor because their patients
are sicker. Our group recently has derived and validated a risk
adjustment model for TTR that should allow for fair site-site
comparisons on this quality indicator.15 In deriving and validat-
ing our model, we confirmed the widely held belief that some
patients are indeed much harder to keep within the target range
than others, suggesting that risk adjusting TTR is necessary.

We therefore set out to address 3 related questions, using a
database of 100 anticoagulation clinics and �100 000 pa-
tients from the Veterans Health Administration (VA). First,
does mean TTR differ among sites of care? Unless meaning-
ful differences exist, profiling is unlikely to spur quality
improvement. Second, does risk adjusting TTR meaningfully
alter site rankings? Risk adjustment may enhance credibility,14

but it requires effort, so it is important to know whether it
matters. Finally, would risk-adjusted site rankings be rela-
tively constant from year to year, suggesting that risk-
adjusted TTR is measuring quality of care (a stable attribute
of a site) rather than measuring mere statistical variation? Our
overarching objective was to examine the suitability of
risk-adjusted TTR as a potential quality indicator.

WHAT IS KNOWN

● The safety and effectiveness of oral anticoagulation
can be improved by better control, (ie, more time in
therapeutic range [TTR]).

● Although oral anticoagulation is prescribed for mil-
lions of patients each year, there has been no
organized approach to measuring or improving the
quality of oral anticoagulation.

WHAT THE STUDY ADDS

● We used clinic-level risk-adjusted TTR to profile
the performance of 100 anticoagulation clinics in
an integrated system of care (the Veterans Health
Administration).

● We propose the use of risk-adjusted TTR as a quality
indicator to measure and track the quality of oral
anticoagulation in the Veterans Health Administra-
tion and other integrated health systems.

● Quality measurement in oral anticoagulation is a
necessary prerequisite to quality improvement, which
holds the promise of preventing adverse events due to
inadequate or excessive anticoagulation.

Methods
Patients
The database for this study also has been described elsewhere.15 The
VA is the largest integrated health system in the United States, and

for many years, has collected comprehensive data regarding the care
delivered to its patients, including inpatient care, outpatient care, and
pharmacy records. The Veterans Affairs Study to Improve Antico-
agulation included all patients deemed to be receiving oral antico-
agulation therapy from the VA between October 1, 2006, and
September 30, 2008, based on the criteria described later. The study
was approved by the Institutional Review Board of the Bedford VA
Medical Center.

A flowchart of study inclusion criteria is shown in Figure 1. We
included all patients who received warfarin from the VA during the
2-year study period (ie, at least 30 days’ worth dispensed by the
pharmacy) and who had at least 2 valid intervals for calculating
TTR.16 For this purpose, a valid interval consists of 2 international
normalized ratio (INR) values separated by �56 days without an
intervening hospitalization.

There were 2 levels of exclusions: individual patients and entire
sites of care. On the patient level, we excluded patients whose
primary indication to receive warfarin was valvular heart disease.
Many such patients have a target INR range of 2.5 to 3.5 rather than
the more standard 2 to 3, but it is not possible to determine with
certainty which patients have the higher target range. Without
specific knowledge of the target range, we cannot calculate TTR. We
also excluded patients whose only recorded INR values were �1.2,
reasoning that most such patients received INR tests for reasons
unrelated to warfarin management (eg, frequent emergency depart-
ment visits).

Sites of Care
There are 128 sites of care within the VA, each of which includes a
hospital, an outpatient care center, and several outlying community-
based clinics. Each site has a specialized anticoagulation clinic,
which usually is run by clinical pharmacists under the supervision of
a medical director.17 Therefore, essentially all patients whose anti-
coagulation is managed in the VA are managed by specialized
anticoagulation clinics. Self-testing devices are not covered by the
VA; therefore, few patients have or use them.

We excluded 28 sites from our study and several months of data
from an additional 14 sites because our data-checking procedures
revealed possible problems with data completeness at those sites.
The problem with data completeness relates to the laboratory data
only. Although accurate data are collected about which laboratory
tests are drawn (because something akin to a billing code is
generated), the data regarding laboratory results must be checked
carefully. Specifically, the name given to each laboratory test by the
local facility is not uniform throughout the system, and these names
may change unexpectedly; after this happens, there may be a period
of several months where the local laboratory results are not captured
by the national database until the name change is noted. We
identified which sites had this issue by dividing the data into 3-month
periods; problematic sites had few or no INR results in certain
periods, whereas the number of INR tests drawn remained constant
over time. In contrast, there were 86 sites that had complete data for
the entire 2-year study period and 14 sites that began to have
complete data during the period (usually early in the study) and
continued to have it through to the end. Thus, 28 sites were excluded
because of incomplete data, and 14 sites were partially included. The
14 partially included sites performed similarly to the 86 sites with
complete data, suggesting that they differed only in data collection
rather than in performance (results not shown). Most patients only
visited 1 site of care, and their INR data were assigned to that site.
If a patient visited �1 site (3% of patients), we partitioned his or her
data by site.

Laboratory Values and Calculation of TTR
We included INR values within the VA system when patients were
on warfarin, that is, when a patient was either (1) in possession of
warfarin or (2) having INR tests at least every 42 days. We defined
the period of warfarin possession as the duration of the most recent
VA prescription for warfarin plus 30 days. Because patients may be
instructed to take half-doses of warfarin, we recognize that going
�30 days beyond the end of a prescription does not necessarily
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indicate that warfarin therapy has stopped. Therefore, we also
allowed a consistent pattern of INR measurements (ie, every 42 days
or fewer) to indicate that a patient was still being managed. A similar
approach was used to define time on warfarin in a previous study.18

We excluded INR tests measured while the patient was hospital-
ized within the VA system. Patients who are hospitalized may
receive temporary parenteral anticoagulation (eg, with heparin) or no
anticoagulation, so out-of-range INR values while hospitalized may
be intentional and do not necessarily reflect poor quality of care.

We calculated TTR using the Rosendaal method,16 which uses
linear interpolation to assign an INR value to each day between
successive observed INR values. Gaps of �56 days between INR
values are not interpolated. After interpolation, the percentage of
time during which the interpolated INR values lie between 2.0 and
3.0 (from 0% to 100%) is calculated.16

Risk Adjustment Model
We have previously described the derivation and validation of our
risk adjustment model for TTR.15 We considered many potential
variables that we believed were likely to affect TTR, including
demographics, area-level poverty, driving distance to care, physical
health conditions, mental health conditions, number of medications,
and number of hospitalizations. Most variables were retained within
the model, with the exception of several comorbid conditions that did
not have appreciable effect sizes. The model was derived and
validated according to customary procedures, which included con-
siderations of maximizing predictive ability, clinical credibility, and
ease of use and understanding.15 The Table contains all the variables
that were retained in the final model.

Inception and Experienced Management
of Warfarin
We calculated TTR and built separate risk adjustment models for 2
time periods—the first 6 months of therapy (inception period) and all
care after 6 months (experienced period)—because these 2 periods
are qualitatively different with regard to anticoagulation manage-
ment. We defined each patient’s date of warfarin inception, looking
back as far as October 1, 2005. Inception was defined as the first INR
value �1.2 or the first outpatient warfarin fill, whichever came first.
It would be extremely unusual for a patient to record an INR value
�1.2 unless he or she had taken warfarin. We then divided the
sample into inception time (the first 6 months of warfarin therapy for
each patient) and experienced time (any time thereafter). A single
patient might contribute only to the inception data set (if he or she
had �6 months of therapy), only to the experienced data set (if he or
she began warfarin �6 months before the inception of our study), or
both. Coefficients for the 2 models differed substantially,15 confirm-
ing that the 2 periods should be risk adjusted separately.

Statistical Analyses
First, we calculated TTR for each patient during the inception and
experienced periods. We then calculated a mean observed TTR (O)
for each site and period. We applied our risk adjustment models to
calculate the expected (E) TTR first for each patient and then for
each site on the basis of the patient population at that site. We then
calculated an observed minus expected (O-E) score for each site for
the 2-year study period. Each site had 2 O-E scores: 1 for inception
management and 1 for experienced management. Site O-E scores for
the 2 time periods were highly correlated, so we combined them into

Figure 1. Flowchart of included and
excluded patients.
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a single O-E score for each site, weighting by the number of patients
in each period.

A site was considered a high or low outlier performer if its
combined O-E score deviated from 0 by �5% and if the O-E score
differed from 0 at the 0.01 level of significance (using Z scores). We
used the 0.01 level of significance as opposed to the traditional 0.05
to address issues of multiple testing. A 5% absolute difference in
TTR has been cited by other studies as constituting a meaningful
difference in performance and is probably the agreed-on standard for
a clinically important difference.19

We also investigated whether empirical Bayesian methods would
change determinations of outlier status.20 This technique has been
shown to alter results regarding outlier status, particularly when
sample sizes are small.21 Typically, empirical Bayesian estimation
shrinks estimates for the observed site mean TTR toward the overall

mean, and fewer sites are outliers when analyzed by such methods.
However, we observed almost no shrinkage presumably because of
the large sample sizes even at the smaller sites of care. Therefore, we
concluded that Bayesian methods were not necessary for this
situation and relied on Z scores to determine outliers.

We compared site rankings before and after risk adjustment to
determine its effect. We calculated the proportion of the variance in
TTR that was explained by patient characteristics, site-level variabil-
ity, and both together. We also divided the study period in half (ie,
fiscal year 2007 [FY07] versus FY08) to evaluate the stability of site
O-E scores and rankings between the 2 years. Analyses were
conducted using SAS version 9.1 and R version 2.8 statistical
software. Dr Rose had full access to all the data in the study and
takes responsibility for the integrity of the data and the accuracy of
the data analysis.

Table. Baseline Sample Characteristics for the Overall Sample, the Inception Cohort
(ie, First 6 Months of Anticoagulation Therapy), and the Experienced Cohort
(All Management Thereafter)

Variable
Overall Sample
(n�124 551)

Inception Cohort
(n�39 408)

Experienced Cohort
(n�104 451)

Female sex 2589 (2.1) 1046 (2.7) 1983 (1.9)

Age, y 72 (61–79) 66 (59–76) 72 (62–79)

Race/ethnicity

Non-Hispanic white 95 312 (76.5) 29 106 (73.9) 80 682 (77.2)

Non-Hispanic black 11 240 (9.0) 4455 (11.3) 8847 (8.5)

Hispanic 3570 (2.9) 1148 (2.9) 2976 (2.8)

Asian 368 (0.3) 134 (0.3) 302 (0.3)

Native American 360 (0.3) 148 (0.4) 279 (0.3)

Other/unknown 13 701 (11.0) 4417 (11.2) 11 365 (10.9)

Poverty in zip code of residence, % 10.7 (6.6–16.0) 10.9 (6.7–16.4) 10.7 (6.6–15.9)

Distance from nearest VA facility, miles 7.8 (3.7–16.5) 7.6 (3.6–15.9) 7.8 (3.7–16.5)

Primary indication for warfarin*

Atrial fibrillation 76 894 (61.7) 21 568 (54.7) 67 045 (64.2)

Venous thromboembolism 36 402 (29.2) 13 933 (35.4) 28 567 (27.3)

All others combined 11 255 (9.0) 3907 (9.9) 8839 (8.5)

Physical comorbid conditions

Cancer (newly diagnosed) 9236 (7.4) 3938 (10.0) 7091 (6.8)

Chronic kidney disease 17 333 (13.9) 5224 (13.3) 14 804 (14.2)

Chronic liver disease 1584 (1.3) 565 (1.4) 1253 (1.2)

Chronic lung disease 36 138 (29.0) 11 006 (27.9) 30 666 (29.4)

Diabetes 48 874 (39.2) 14 420 (36.6) 41 842 (40.1)

Epilepsy 3485 (2.8) 1090 (2.8) 2926 (2.8)

Heart failure 38 860 (31.2) 10 129 (25.7) 34 208 (32.8)

Hyperlipidemia 91 844 (73.7) 26 957 (68.4) 78 711 (75.4)

Hypertension 103 300 (82.9) 31 343 (79.5) 87 733 (84.0)

Mental comorbid conditions

Alcohol abuse 12 695 (10.2) 5338 (13.5) 9719 (9.3)

Bipolar disorder 3109 (2.5) 1278 (3.2) 2382 (2.3)

Dementia 6356 (5.1) 1723 (4.4) 5511 (5.3)

Major depression 27 432 (22.0) 9380 (23.8) 22 569 (21.6)

Substance abuse (nonalcohol) 5827 (4.7) 2673 (6.8) 4228 (4.0)

No. of medications 8 (6–12) … …

Hospitalized at least once 34 328 (27.6) … …

Data are presented as no. (%) or median (interquartile range).
*Patients whose main indication for anticoagulation was valvular heart disease or prosthetic heart valve were

excluded from this study.
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Results
Patient Population
We studied 124 551 unique patients who received anticoag-
ulation from 100 sites of care (Figure 1). Baseline character-
istics for the sample are described in the Table. The sample
was mostly men (98%) with an average age of 72 years. Most
(62%) patients were anticoagulated for atrial fibrillation, with
the remainder anticoagulated for venous thromboembolism
(29%) or other indications (9%) (eg, mural thrombus, cardio-
myopathy, pulmonary hypertension). The population had a
substantial burden of comorbidity, for example, 39% had
diabetes, 31% had heart failure, 14% had chronic kidney
disease, and 7% had received a new diagnosis of (nonskin)
cancer during the study period. The burden of mental illness
and substance abuse also was considerable: 22% had major
depression, 10% had received a diagnosis of alcohol abuse,
and 5% had dementia. As would be expected with a popula-
tion of sicker patients, they received many medications
(median of 8), and 28% were hospitalized at least once during
the 2-year study period.

Site Performance
The median number of patients per site was 1584 (range, 103
to 5103; interquartile range, 1043 to 2345). Mean site-
expected TTR during inception was based on patient popu-
lation at each site and varied from 44% to 50%. Mean
site-expected TTR during the experienced period varied from
58% to 65%. We examined case mix at the 5 sites with the
lowest predicted TTR (difficult case mix) and the 5 sites with
the highest predicted TTR (easy case mix). The difficult sites
treated more minority patients and more patients living in
high-poverty zip codes. Patients at the difficult sites had
higher rates of almost every comorbid condition that is
associated with lower TTR in our database,15 often several-
fold higher. Finally, patients at the difficult sites received
more medications and were more likely to be hospitalized. In
short, there was no single factor that explained these differ-
ences in case mix; all the variables appeared to play a role.
These between-site differences in case mix will be addressed
more fully in a separate article.

During the inception period, the mean observed TTR was
48%; site mean observed TTR varied from 30% to 59%
during inception. Site O-E scores for inception, which mea-
sured the difference between observed and expected TTR,
ranged from �17% to �13%. Of the 100 sites of care, during
the inception period, there were 12 high outliers, indicating
performance at least 5% better than expected and O-E
different from 0 at the 0.01 level of significance. There were
12 low outliers, indicating performance at least 5% worse
than expected and O-E different from 0 at the 0.01 level of
significance. During the experienced period, the mean ob-
served TTR was 61%; site mean observed TTR varied from
41% to 72%. Site O-E scores for the experienced period
ranged from �19% to �12%. Of the 100 sites of care, during
the experienced period, there were 14 high outliers and 10
low outliers.

The correlation between site O-E scores for the inception
and experienced periods was high (r�0.89; P�0.001) (Fig-

ure 2), suggesting that they measure a similar construct and
may be combined. Mean combined TTR for the entire sample
was 58%, and sites varied from 38% to 69%. Site-expected
TTR ranged from 54% to 62%, and O-E scores ranged from
�18% to �12%. Of the 100 sites of care, there were 13 high
outliers and 10 low outliers. The 100 sites of care in our study
are shown in Figure 3; a tabular form of these results appears
in the online-only data supplement. The overall performance
of our risk adjustment model was as follows: Patient-level
characteristics alone explained 13.3% of the variability in
TTR, site-level variability alone explained 2.9%, and both
together explained 15.9%.

Risk adjustment changed site rankings only slightly; there
was a high degree of correlation between site rankings before
and after risk adjustment (r�0.93; P�0.001). However, risk
adjustment made an important difference for several sites of
care. For example, site FC was ranked 27th of 100 before risk
adjustment (observed TTR, 60.6%, or 2.7% above average).
However, site FC had a challenging patient population
(expected TTR, 53.5%, or 4.4% below average). Therefore,
after risk adjustment, site FC was revealed to be one of the
best performers (O-E, �7.0%; adjusted rank, 7th) as well as
a high outlier. In contrast, site GI was ranked 95th before risk
adjustment (observed TTR, 50.2%, or 7.7% below average)
and would have been a low outlier using a definition based on
unadjusted results. However, this site also had a challenging
patient population (expected TTR, 53.9%, or 4% below
average); although the risk-adjusted performance was poor
(O-E, �3.7%; adjusted rank, 80th), it did not meet our
definition for an outlier site. Not all sites were helped by risk
adjustment, of course; for some sites, it invited a harsher view
of their performance in light of their relatively easy case mix.

Figure 2. Comparison of site performance between the incep-
tion period (first 6 months of therapy) and the experienced
period (all therapy thereafter). Performance is measured by the
O-E score, which compares the TTR achieved by each site to
the TTR that would be expected based on its patient popula-
tion. Possible O-E scores range from �1 to �1, with positive
scores indicating better-than-expected performance. Perfor-
mance in the 2 periods was highly correlated (r�0.89; P�0.001).
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For example, site JC was ranked 79th before risk adjustment
(observed TTR, 53.8%, or 4.1% below average), but because
of its relatively easy case mix (expected TTR, 58.9%), the site
was an outlier (O-E, �5.0%; adjusted rank, 92nd).

Stability of Rankings Between Years
We also divided our study period in half and compared the 2
years to each other. Most (62%) patients had INR values in
both years, but 18% were only followed in FY07 and 20%
only in FY08. We examined the stability of site performance
between the 2 years. There was a high correlation between
site performance in FY07 and FY08 both by O-E score and by
risk-adjusted site rankings (r�0.89 and 0.88, respectively;
P�0.001 for both) (Figure 4). Additionally, outliers were
relatively consistent between years. For example, of the 9
high outliers in FY07 (year 1 of the study), 8 sites were also
high outliers in FY08, whereas of the 8 sites that were low
outliers in FY07, 6 were also low outliers in FY08.

Discussion
In this study, we demonstrate that risk-adjusted TTR can be
used as a quality indicator for oral anticoagulation care.
Within the VA system, risk-adjusted TTR varies widely, with
some sites performing as much as 18% below or 12% above
expected. Risk-adjusted TTR is feasible to measure and is
relatively consistent from year to year, suggesting that it is
measuring an aspect of quality of care that is stable over time.
This measure could be used by the VA or other integrated
systems of care to profile annual performance and serve as an
aid and impetus for quality improvement.

Risk adjustment is important for enhancing the credibility
of site profiling; without risk adjustment, sites could claim
that their poor performance was solely because of their case
mix.14 However, we found that the range of case mix was
much smaller than the range of observed performance and
that sites with very difficult or very easy patient populations
were found equally among the best- and worst-performing
sites (Figure 3), suggesting that although case mix varies
among VA sites, the quality of oral anticoagulation care
delivered to those patients varies even more widely.

We observed wide variations in performance within the
VA system, from very-low TTR (38%) to very high (69%).
However, after risk adjustment, site-site differences only
accounted for 2.9% of the variability in TTR. Although this
finding may sound like a small proportion of variability to
explain, it is actually quite similar to the findings of previous
studies. For example, using a population of patients with
diabetes, Hofer et al13 found that after risk adjustment, �4%
(and as little as 1%) of the variability in hospitalization rates,
visit rates, laboratory utilization rates, and glycemic control
was attributable to differences between physicians. In dis-
cussing this result, these authors suggested that standardizing

Figure 3. Overall site performance as measured by observed
mean site TTR minus expected mean site TTR. The vertical line
indicates the overall mean TTR (�58% time in range). Each hor-
izontal bar indicates the 99% CI around a site’s expected mean
TTR, whereas each E indicates the observed mean site TTR.
For outlier sites (observed TTR differs from expected by �5%),
the E is replaced by an *.

Figure 4. Comparison of site performance between FY07 and
FY08. Performance is measured by the O-E score, which com-
pares the TTR achieved by each site to the TTR that would be
expected based on its patient population. Possible O-E scores
range from �1 to �1, with positive scores indicating better-
than-expected performance. Performance in the 2 years was
highly correlated (r�0.89; P�0.001).
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processes of care among providers may not suffice to produce
the quality improvement we seek; it may also be necessary to
improve process of care on a system level. We therefore plan
to use the present study as a basis on which to build a
comprehensive program of quality measurement and quality
improvement in anticoagulation care.9 Our goal would be to
improve the mean TTR in the VA to at least 70% (from the
current 58%). Achieving this goal will require a focus on
system-level approaches to improve processes of care. For
example, our group22 has shown that more judicious decisions
regarding when to change the dose of warfarin can improve
TTR considerably. Addressing this and other processes of
care in a systematic way could greatly improve TTR in the
VA; however, continually measuring risk-adjusted TTR will
be a precondition to any program of quality improvement.9

Future studies also could expand this work outside the VA
setting. A system of quality measurement, such as the one
described in this article, would be relatively easy to imple-
ment in any integrated health system with a well-developed
electronic medical record. However, the majority of patients
are cared for in smaller community practices, not integrated
health systems. The benefits of quality measurement could be
extended to even more patients by incorporating risk-adjusted
TTR into existing, commercially available anticoagulation
management software, allowing sites to not only track their
performance, but also potentially compare it to other sites
after adjustment for case mix.

This study has important strengths, including the fact that we
profiled performance among 100 sites of care within the nation’s
largest integrated healthcare system. In addition, the careful
construction of the risk adjustment model and the consider-
able detail contained within its predictor variables improve
our confidence that we have adjusted for case mix and that the
residual variability in site performance is attributable to the
quality of care.

As with any study, we acknowledge limitations. Our risk
adjustment model did not include some factors that contribute
to variability in TTR, especially diet and adherence to
therapy. However, it could also be argued that dietary
variation and medication nonadherence potentially are reme-
diable, so adjusting for these factors could erase an important
opportunity for sites to improve TTR. Second, our analyses
combined patients with different indications for therapy,
especially atrial fibrillation and venous thromboembolism.
Although our risk adjustment model included a variable for
indication, we were concerned that these groups might be too
different to be combined in 1 model. To address this concern,
we ran our analyses separately for patients with each indica-
tion; site performance by O-E scores did not change appre-
ciably. Third, because of uncertainty regarding the target INR
range, our study did not include patients anticoagulated for
valvular heart disease, including prosthetic heart valves.
However, we have every reason to expect that sites that
provide superior care for patients with other indications for
therapy also would provide superior care for patients with
valvular heart disease. Fourth, because of strict requirements
for completeness of data, we were unable to profile perfor-
mance at some sites of care. Fifth, it is likely that some of the
patients in our inception cohort had previously received

warfarin outside the VA. If these patients were excluded from
the inception cohort, we might have observed lower inception
TTR; however, this is unlikely to affect site-site comparisons.
Finally, although we examined TTR as a quality indicator,
other summary measures of INR control might be used. For
example, proportion of INR values in range could allow for
more-frequent feedback about performance than TTR, which
can only be calculated over a several-month period. Monthly
proportion of values in range could therefore be used to
provide real-time performance feedback, enhancing quality
improvement efforts. In the future, we plan to compare TTR
with other measures.

In summary, this article establishes that risk-adjusted TTR
can be used to profile anticoagulation care in a large inte-
grated healthcare system. Patients deserve to receive the very
best care, particularly when the stakes are as high as they are
with warfarin, but our report demonstrates that some patients
are receiving much better care than others. It is time to shine
the light of performance measurement on oral anticoagulation
care.
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