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M illions of patients receive oral anticoagulation therapy to 
treat or prevent thromboembolic disease.1 While effective 
management of warfarin sodium therapy is not easy, bet-

ter anticoagulation control can improve outcomes and reduce adverse 
events.2 indeed, a growing body of literature has shown that patients 
whose care is managed in dedicated anticoagulation clinics (ACCs) 
have better outcomes than those managed in usual care.3-6 Clinical 
guidelines1,7 recommend that all ACCs should have certain features, 
including quality improvement programs, adequate documentation of 
care, sufficient training for providers, and a ratio of patients to provid-
ers of less than 400:1. However, there is little evidence as to which, if 
any, of these features contribute to the improved outcomes seen with 
ACC care.

Although oral anticoagulation therapy has been used for more than 5 
decades, quality measurement has had little penetration into this field.2 
Our group recently undertook the first systematic effort to profile risk-
adjusted anticoagulation control in an integrated health system. Within 
the Veterans Health Administration (VA), a system in which essentially 
all anticoagulation therapy is managed in an ACC, the mean percent-
age time in therapeutic range (TTr) varied widely among sites,8 with 
some sites performing more than 10% better or worse than would be 
expected based on the risk-adjustment model. Variations of this magni-
tude are associated with important differences in rates of stroke, venous 
thromboembolism, and major hemorrhage.9-13 To help all sites in the VA 
improve their performance, it is necessary to understand the site-level 
correlates of better or worse anticoagulation control.

Therefore, this study had the following 2 objectives: first, to describe 
differences in the organization and management of ACCs within the 
VA, and second, to assess whether these differences help explain site-
level differences in anticoagulation control. We measured site character-
istics using a survey of VA ACCs that examined structural features that 
seem likely to affect anticoagulation control, including staffing ratios, 
provider training protocols, and the existence of quality improvement 
programs.1,7 We hypothesized 
that these variables would be 
associated with anticoagulation 
control. in this study, either a 
positive finding or a negative 
finding would be useful because 
it can help determine whether 
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fect size, between sites with and without a certain 
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Results: We observed considerable variation in 
the structure of ACC care. For example, 48 sites 
had fewer than 400 patients per provider, 25 sites 
had 400 to 599 patients per provider, and 17 sites 
had 600 patients or more per provider. However, 
none of the site characteristics measured were 
significantly related to anticoagulation control.

Conclusions: We found substantial variation in 
guideline-targeted organizational and manage-
ment features of ACC care within the VA. How-
ever, no single feature was associated with better 
anticoagulation control. Current guidelines for 
organizing an ACC may have limited relevance for 
improving patient outcomes.
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enforcing conformity to any specific fea-
ture is likely to improve anticoagulation 
care and control in the VA.

METHODS
Data

The data for this study have been de-
scribed elsewhere. The Veterans Affairs 
Study to improve Anticoagulation8,14 in-
cluded all patients who received oral an-
ticoagulation therapy from the VA between October 1, 2006, 
and September 30, 2008. The study was approved by the in-
stitutional review board of the Bedford VA Medical Center, 
Bedford, Massachusetts.

We included international normalized ratio (iNr) values 
when patients were “on warfarin” (ie, when a patient was in 
possession of warfarin or was having iNr tests performed at 
least every 42 days). We defined the period of warfarin pos-
session as the duration of the most recent VA prescription 
for warfarin, plus 30 days. We calculated percentage TTr us-
ing the method by rosendaal et al,15 which assigns an iNr 
value to each day by linear interpolation between successively 
observed iNr values. Gaps of 56 days or more between iNr 
values are not interpolated. The patient’s TTr equals the 
percentage of days for which the interpolated iNr values lie 
between 2.0 and 3.0 (from 0%-100%).

 
Independent Variables of Site-Level Characteristics

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 
ACC, which is usually run by clinical pharmacists under the 
supervision of a medical director.16 Therefore, essentially all 
anticoagulation care within the VA is delivered within spe-
cialized ACCs. in October 2006, VA pharmacy Benefits Man-
agement surveyed all 128 VA sites of care for the organization 
and management of their ACCs. Topics included visit modal-
ities (face to face, telephone, and mail), quality improvement 
programs, clinic staffing, provider training, documentation, 
and care coordination (the verbatim text of the questionnaire 
is given in the eappendix [available at www.ajmc.com]). We 
abstracted our independent variables from the responses to 
the questionnaire.

Dependent Variable of Risk- 
Adjusted Anticoagulation Control

Site mean TTr was adjusted for case mix using a model 
that incorporates patient demographics, comorbid conditions 
that have an adverse effect on TTr, and general measures 

of comorbidity, including the number of medications and 
the number of hospitalizations. The derivation and valida-
tion of this model, which achieved an R2 of 13.3%, has been 
described previously.8,14 The model was used to calculate the 
expected mean TTr for each site (“E”) based on patient char-
acteristics. The expected mean TTr was compared with the 
observed mean TTr for each site (“O”). Therefore, each site’s 
performance was characterized by an O minus E (“O − E”) 
score, our measure of risk-adjusted TTr (rA-TTr).

 
Statistical Analysis and Power

We began by first calculating the mean observed TTr and 
the mean expected TTr for each site of care and then com-
puting an O − E score for each site. We compared O − E scores 
between sites with and without various organizational charac-
teristics using unpaired t test and compared O − E scores for 
multilevel variables using analysis of variance. We did not ad-
just for multiple comparisons. With regard to statistical pow-
er, for a characteristic present at half of the sites, t test would 
have 80% power to detect a 3% difference in the O − E score 
(a small-to-moderate effect size). Analyses were performed us-
ing commercially available statistical software (SAS version 
9.1; SAS institute, Cary, North Carolina).

RESULTS
Study Sample

Of 128 sites in the VA, 28 were excluded because their 
data were insufficiently complete to fully assess TTr. Of the 
remaining 100 sites, 5 did not respond to the questionnaire. 
Five other sites included more than 1 ACC, and the responses 
we received indicated that practices at the multiple ACCs of 
these 5 sites were not uniform. However, the dependent vari-
able (rA-TTr) was assessed at the level of the overall site. 
Because we were unable to match our data for structure and 
outcomes, we excluded these 5 sites as well. This left 90 sites 
with complete data on structure and outcomes of care. The 
mean (SD) number of patients managed at each site was 1244 
(799). The site mean TTr ranged from 38% to 69% (median, 

Take-Away Points
Dedicated anticoagulation clinics (ACCs) improve anticoagulation control and patient out-
comes.

n	 Clinical guidelines recommend that ACCs should have certain features, but these rec-
ommendations are based on expert opinion rather than on empirical evidence of benefit.

n	 In our study, 90 ACCs in an integrated system of care differed widely in their organi-
zation and management; however, none of these differences were consistently related 
to ACC performance as measured by anticoagulation control, an important intermediate 
outcome of anticoagulation care.

n	 Current guidelines for organizing and managing an ACC may have limited relevance 
for improving outcomes.
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provider. Sites differed markedly for the perceived likelihood 
of being informed about a new drug-drug interaction.

Despite these differences in structure of care, we found no 
statistically significant predictors of site-level performance. A 
finding of marginal statistical significance was that 8 sites that 
did not allow telephone follow-up visits had almost 3% worse 
TTr (P = .10). There was also a hint, although not statisti-
cally significant, that sites with fewer than 500 patients under 
management might have worse control (performance differ-
ence, −1.6%).

Sensitivity Analyses
We performed sensitivity analyses by altering the format 

of the dependent variable. To ensure that our risk-adjustment 
model was not obscuring relationships between structure and 
outcomes, we also examined the same independent variables 

58%). Site O − E scores ranged from −17% (ie, 17% below 
the expected value) to 12%.

 
Structure of Care and Relationship With 
Performance

We observed considerable variation in structure of care 
(Table 1). About half of the sites (n = 50) conducted most of 
their visits face to face; at other sites, most care was provided 
by telephone or mail. Most sites (n = 59) had some sort of 
quality improvement program, although only 7 sites used for-
mal plan-do-check-act cycles. Most sites (n = 77) had some 
sort of support; 43 sites had clerical support. About half of 
the sites (n = 41) had a formal protocol for training new 
clinic providers. Many sites (n = 48) adhered to the recom-
mended staffing ratio of less than 400 patients per provider 
(Table 2), although 17 sites had 600 or more patients per 

n Table 1. Binary (Yes or No) Characteristics of 90 Veterans Health Administration (VA) Anticoagulation Clinics 
and Relationship With Risk-Adjusted Anticoagulation Control as Measured by the Mean Percentage Time in 
Therapeutic Range

Site Characteristic No. of Sites Performance Differencea P

Visit format

  >50% Of visits face to face 50 −0.6 .56

  Any telephone visits 82   2.9 .10

  Any mail notification of normal results 31   0.4 .73

Quality improvement programs

  Tracking of out-of-range INRs 48 −1.4 .17

  Tracking of patients lost to follow-up 35 −0.4 .67

  Formal plan-do-check-act cycles   7 −1.0 .61

  Any of the above 59 −0.9 .38

Support and academic affiliation

  Clerical support 43 −1.0 .30

  Pharmacy residents 44 −0.2 .87

  Any support vs none 77   1.0 .46

Documentation and patient tracking

  Paper 14 −0.6 .69

  VA EMR 57   1.0 .32

No. of community-based outpatient clinics under 
management

  ≥1 61 −0.4 .73

  ≥3 34 −0.3 .75

Coordination of care

  Documentation of non-VA laboratory values in EMR 17 −0.7 .59

  Allows monitoring by a non-VA provider 17 −0.1 .97

Formal training protocol for new providers 41 −0.6 .56

EMR indicates electronic medical record; INRs, international normalized ratios.
aThe performance difference is positive when a characteristic predicts better anticoagulation control; a difference of 1 denotes 1% more time spent in 
therapeutic range.
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as predictors of the mean unad-
justed TTr by site, with similar 
results (data not shown). We also 
tried categorizing site O − E scores 
into the top quintile, bottom 
quintile, and all others and repeat-
ed our analyses; the results were 
unchanged (data not shown).

We also performed sensitivity 
analyses by altering the format 
of the independent variables. For 
example, we varied the cutoffs for 
what constituted a small site of 
care or for what constituted ad-
equate staffing levels; the results 
were unchanged. Finally, we cre-
ated a combination quality score 
by assigning a point for each pu-
tative quality indicator that a 
site fulfilled, to examine whether 
these factors predicted perfor-
mance better in the aggregate 
than individually. For example, a 
site might receive 1 point for hav-
ing a dedicated program to train 
providers, 1 point for having few-
er than 400 patients per provider, 
and 1 point for using a computer-
ized system for documentation and patient tracking. We ex-
amined several different versions of this combination quality 
score, including various measures and assigning them vari-
able relative weights, but none of these combination scores 
predicted site rA-TTr.

DISCUSSION
We examined site-level organizational factors (struc-

ture of care) as potential predictors of outpatient oral an-
ticoagulation control (outcomes of care).17 Although our 
hypotheses were supported by consensus guidelines,1,7 the 
site-level characteristics that we studied were not associated 
with anticoagulation control. Many studies relating struc-
ture and processes of care have been performed within the 
VA among sample sizes similar to that of this study. One 
such study18 found that organizational culture and commit-
ment to continuous quality improvement were not associ-
ated with better processes of care for depression. However, 
most other studies have found associations between various 
aspects of organizational culture and processes of care, in-
cluding rates of cancer screening19-22 and recommended pro-

cesses of care for heart failure,23 chronic lung disease,24 and 
diabetes mellitus.25 in the diabetes study, the authors also 
found associations between organizational culture and in-
termediate outcomes of diabetes care,25 a relationship more 
directly comparable to our examination of structure and in-
termediate outcomes. However, unlike these previous stud-
ies, we directly measured structural aspects of care within 
the ACC itself, which we expected to more directly affect 
anticoagulation control. Therefore, our null findings are all 
the more surprising; furthermore, they suggest the need to 
rethink quality improvement guidelines in anticoagulation 
care. For example, while some VA sites seem to emphasize 
face-to-face visits, this may not always be an efficient use of 
resources for the patient or for the provider, as telephone-
based or mail-based care seemed to achieve similar results in 
this and other studies.26,27

Our study results do not suggest, nor do we believe, that 
efforts to improve the quality of oral anticoagulation therapy 
are futile. in fact, our group plans to implement a program to 
improve anticoagulation control in the VA, as we believe that 
this is feasible and important. rather, our study findings sug-
gest that we must look beyond the limited measures examined 

n Table 2. Categorical Characteristics of 90 Veterans Health Administration 
Anticoagulation Clinics and Relationship With Risk-Adjusted Anticoagulation 
Control as Measured by the Mean Percentage Time in Therapeutic Range

Site Characteristic No. of Sites Performance Differencea Pb

Patients under management .59

  <500 11 −1.6

  500-999 32  -0.1

  ≥1000 47   —

Patients per provider .73

  <400 48   —

  400-599 25 −0.3

  ≥600 17 −1.1

Visits face to face, % .70

  0-34 34   0.4

  35-74 21   0.7

  ≥75 35   —

Perceived likelihood of being informed 
about new drug-drug interaction, %

.94

  ≤25 44   0.2

  50 12 −0.7

  75   7 −0.4

  >75 25   —
aThe performance difference is positive when a characteristic predicts better anticoagulation control; a 
difference of 1 denotes 1% more time in therapeutic range.
bAnalysis of variance.
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herein to find the true determinants of high-quality oral an-
ticoagulation care. Which aspects of structure of care did this 
study not measure and what might be fitting targets for future 
studies? We did not directly investigate how warfarin dosages 
are managed or which dosing protocols or computerized dos-
ing aids are used. A rich literature shows that computer-aided 
dosing of warfarin28-33 or simply judicious dosing in the ab-
sence of computerized support34 can improve anticoagulation 
control. Our study was adequately powered to detect a 3% dif-
ference in rA-TTr, which is modest. By comparison, using 
a computerized dosing algorithm improves TTr by approxi-
mately 10% over usual care,30 and more judicious dosing with-
out computer assistance could improve TTr by approximately 
6%.34 it seems likely that aspects of structure or process of care 
that relate to actual warfarin dosage management would help 
explain the wide variations in ACC performance within the 
VA. Also, more detailed assessments of ACCs through site 
visits and staff interviews might identify differences between 
high-performing and low-performing clinics.35

This study has considerable strengths. We used measures 
of structure of care that are supported by prominent guide-
lines1,7 and evaluated structure within the ACC itself rather 
than in the organizational culture of the entire medical cen-
ter. in addition, our outcome measure (rA-TTr) has been 
carefully developed8,14 and represents the state of the art in 
measuring intermediate outcomes of anticoagulation care.2 
This study also has limitations. responses to the survey were 
by self-report, and it is possible that some responses (eg, the 
number of providers) were not fully accurate. Also, as already 
discussed, this survey instrument may not have collected 
enough detailed information to adequately characterize some 
aspects of structure, such as the nature rather than the mere 
existence of a quality improvement program. Finally, while 
our risk-adjustment model for TTr controlled for multiple 
measures of comorbidity and achieved a high R2, it did not 
include data on adherence. However, part of the influence of 
good management may be expressed through improved ad-
herence; adjusting for adherence could adjust away such an 
effect. Therefore, adherence arguably does not belong in the 
risk-adjustment model.

in summary, our data suggest that high-quality anticoagu-
lation care can be provided across a wide array of structures of 
care. A dedicated ACC is a necessary first step for improving 
the quality of oral anticoagulation care.3-6 However, within 
the structure of an ACC, further quality improvement efforts 
should focus on aspects of care that have been shown to af-
fect anticoagulation control, such as the judicious dosing of 
warfarin.34 A program of quality improvement based solely on 
the measures studied herein may not have the desired effect 
on outcomes.
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