A Computerized Intervention to Improve Timing of

Outpatient Follow-up:

A Multicenter Randomized Trial in Patients Treated with Warfarin

STEPHAN D. FIHN, MD, MPH, MARY B. McDONELL, MS,

DOMOKOS VERMES, PhD, JORJA G. HENIKOFF, MS, DONALD C. MARTIN, PhD,
CATHERINE M. CALLAHAN, MSHyg, DANIEL L. KENT, MD,

RICHARD H. WHITE, MD, for the NATIONAL CONSORTIUM OF

ANTICOAGULATION CLINICS*

Objective: To evaluate a computerized scheduling model that employs
nonlinear optimization to recommend optimal follow-up intervals for
patients taking warfarin.

Design: Randomized trial.

Setting: 5 anticoagulation clinics.

Patients/participants: 620 patients expected to receive warfarin for
= 6 weeks.

Interventions: Computer-generated recommendations for scheduling
the next visit were presented to or withheld from practitioners.
Measurements and main results: The main outcome measures were
the follow-up interval scheduled by the provider, the interval at which
the patient actually returned to clinic, and the quality of anticoagu-
lation control (computed as the absolute difference between the mea-
sured and target prothrombin times [PTRs] or international normalized
ratios {INRs]). Follow-up intervals scheduled for the patients whose
practitioners received computer-generated recommendations were
significantly longer than those for control patients (mean, 4.4 vs 3.5
weeks, p < 0.001), despite the fact that the practitioners modified
the suggested return interval by > 1 week on 40% of the visits. The
interval at which the intervention group actually returned to clinic
was also longer (mean, 4.4 vs 4.1 weeks, p < 0.05), even though the
control patients tended to return at longer intervals than were sched-
uled by their practitioners. Control of anticoagulation was nearly the
same among experimental and control patients. Life-threatening com-
plications occurred in the care of three experimental patients and one
control patient, while other serious complications occurred in the
care of 16 experimental patients and 17 control patients.
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Conclusions: Recommendations based on nonlinear optimization
prompted clinicians to schedule less frequent follow-up for patients
taking warfarin, with no deterioration in anticoagulation control. This
approach to scheduling can potentially reduce utilization while main-
taining quality of care for patients who require long-term monitoring.
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A COMMON PROBLEM facing every outpatient practitioner
is how soon to schedule routine follow-up for a chronic
but stable medical problem. Although many factors enter
into this decision, including the patient’s preferences
and social situation, the patient’s income and insurance
coverage, and future availability of appointments, the
key determinant is the nature and severity of the pa-
tient’s medical problem. The conscientious provider
strives to select a return interval that balances the cost
and inconvenience of an office visit against the risk of
allowing development of a complication that might have
been averted had the patient been seen back sooner.
Because this is a highly subjective judgment, return in-
tervals that physicians recommend for similar patients
vary widely.'~? Little research, however, has been de-
voted to developing methods to match follow-up inter-
vals to clinical circumstances. We hypothesized that
concepts from control theory, often employed in in-
dustrial and engineering applications, could be applied
to improve decisions about follow-up for medical prob-
lems.

We chose to explore whether these methods might
aid in the management of patients taking warfarin. More
than 2 million patients in the United States receive war-
farin.* Studies showing the efficacy of warfarin in pre-
venting stroke in atrial fibrillation and death following
acute myocardial infarction have led to wide use of the
drug.3~'° Patients taking warfarin must be monitored
using the prothrombin time ratio (PTR) or the inter-
national normalized ratio (INR).'" A substantial propor-
tion of PTR/INR determinations, ranging from 20% to
50% in various clinical reports, are outside the thera-
peutic range.'?~'¢ This is of concern because a PTR/INR
prolonged beyond the therapeutic range predisposes a
patient to serious bleeding, while subtherapeutic values
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entail an increased risk of recurrent thromboembo-
lism.''-17=1® The incidence of major bleeding ranges from
0.8 to 4.1 episodes per 100 patient-years and the inci-
dence of fatal hemorrhage ranges from 0.2 to 2.3 deaths
per 100 patient-years.2% 2!

In addition to lower therapeutic ranges for warfarin,
strategies to reduce complications have involved for-
mation of special anticoagulation clinics,?>~2° programs
to improve patients’ compliance with medications and
medical advice, and computerized pharmacokinetic
models to predict proper dosages.”’—>' Other investi-
gators have evaluated expert consultation to physicians
starting patients on anticoagulation therapy?? or the use
of home monitoring devices.?>* Of these interventions,
only frequent home monitoring produced improved
control of anticoagulation among outpatients and none
reduced complications.

How often the PTR/INR must be measured to ensure
stable control is uncertain. While many authorities state
that patients with stable PTR/INR values can be followed
at intervals of up to eight weeks, most providers follow
patients at regular but rather arbitrary intervals of two
to five weeks.'8 21 2431 Geveral studies suggest that fre-
quent monitoring is not always necessary. Errichetti and
colleagues reported that 89% of their patients required
no change in warfarin dosage on more than 50% of
visits.?* Davis and associates found the same was true
for 25% of their patients.?> In a study by White and
colleagues of patients recently started on warfarin ther-
apy, only 46% of all PTR/INR determinations were as-
sociated with a change in warfarin dosage.3?

We have developed a dynamically controlled sto-
chastic model based on nonlinear optimization theory.**
This model operates to achieve an optimal compromise
for an individual patient between the costs of outpatient
follow-up and the expected cost of possible complica-
tions resulting from inadequate control of anticoagula-
tion. We have incorporated this model into an anticoag-
ulation management system programmed onto notebook
computers. We report here the results of a multicenter
randomized trial to determine whether the model influ-
enced how often patients were scheduled for follow-up
or how well their anticoagulation was controlled.

METHODS
Setting/Patients

Five well-established anticoagulation clinics rep-
resenting a mix of practice settings, geographic loca-
tions, and patient populations participated in the trial
(Table 1). Patients who were actively enrolled in a clinic
or who were newly referred to the clinic were eligible
for the study if the planned duration of anticoagulation
was six weeks or longer. At two clinics in university
medical centers, the trial was exempted from require-
ments for verbal or written informed consent by the

local institutional review board, and all eligible patients
were enrolled. At three Veterans Affairs (VA) clinics
where informed consent was required by local review
boards, we invited all eligible patients to participate in
person or by mail.

Intervention

At each clinic we randomly assigned patients to an
intervention group, in which a computer-generated rec-
ommendation for scheduling the next visit was pre-
sented to the practitioner, or to a control group, in
which a recommendation was generated but was not
presented to the practitioner. Because we lacked con-
clusive prior evidence that the intervals recommended
by the model were safe, we did not mandate that the
provider adhere to them. The providers were permitted
to modify the scheduling recommendations for inter-
vention group patients in accordance with their clinical
judgment. They were aware of the purpose of the sched-
uling model but were not informed about the results of
the trial until data collection was complete.

Prior to the start of the trial, we abstracted the
medical records of all active, eligible patients in each
clinic. Data collected included the indication(s) for an-
ticoagulation, all PTR/INR values, comorbid conditions,
notations about alcohol consumption, and all medica-
tions prescribed, including the dates they were started
and stopped. We identified all hemorrhagic and throm-
boembolic complications and reviewed all available hos-
pital records.

At each visit to the anticoagulation clinic during the
trial, all data, including PTR/INR results, warfarin dos-
ages, complications, and follow-up plans, were entered
directly on a laptop computer. The providers were re-
quired to specify a therapeutic target PTR/INR for each
patient. Usually the target was the midpoint of the for-
merly recommended (INR = 2.0—3.0) or high (INR =
3.0—4.5) ranges established by the American College of
Chest Physicians.*® We maintained 2 record of the in-
ternational sensitivity index (ISI) values for the labo-
ratories used by each of the participating clinics, even
those that reported only the PTRs, permitting conver-
sion to INRs.

Scheduling Model

The stochastic model used to compute optimal re-
turn intervals has been described in detail elsewhere but
is briefly summarized here.*®> At each clinic visit, the
scheduling model computed an optimal return interval
based on the PTR on the day of the patient’s visit, the
target PTR established by the practitioner, the number
of prior visits to the clinic, the variability in the patient’s
PTRs over time, the cost of complications as a function
of the PTR, and the cost of an anticoagulation visit. De-
viation of the PTR from its ideal target value is modeled
as a zero mean Brownian diffusion process with a patient-
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specific diffusion coefficient based on the assumption
that the PTR changes continuously over time as a result
of many independent, relatively small perturbations, all
of comparable magnitudes.*” These input data are used
by a nonlinear optimization algorithm to select the re-
turn interval that minimizes the total expected costs of
management for each individual patient.

If the current PTR is comfortably within the range
in which expected complication costs are low and the
patient has exhibited low PTR variability, the recom-
mended return interval is usually prolonged. If the PTR
is approaching values at which there is a heightened risk
of complications and/or the patient is unstable, early
follow-up is suggested. No return interval is recom-
mended until the patient has had at least three PTR
measurements spaced a week or more apart in order to
generate a2 minimal estimate of the PTR variability. The
first few intervals thereafter tend to be short as the pa-
tient’s stability remains uncertain. For patients who ex-
hibit sustained stability of their PTRs, the model rec-
ommends progressively longer return intervals up to a
maximum of approximately 12 weeks. The optimization
model is highly dynamic and yields a unique recom-
mendation for each patient at every visit at which a
recommendation is possible.

At the start of the trial we made several modifica-
tions to our system to make it more clinically responsive.
The major enhancement was that the practitioner was
permitted to “reweight” or discount a patient’s past his-
tory of PTR values if it was suspected the patient might
become either more unpredictable or more stable. For
example, if the provider was concerned because a pre-
viously abstinent alcoholic patient resumed drinking,
recent PTR values could be weighted more heavily. In
an extreme case, for example, immediately following a
complicated hospital admission, the practitioner could
“reset” the model, causing it to ignore all prior PTR
values. The model was not reweighted or reset after
changes in the dose of warfarin because we assumed the
practitioner made informed dosage adjustments to keep
the PTR at the target value.

Outcome Measures

The main outcome measures of this trial were the
follow-up interval scheduled (i.e., intended by the prac-
titioner), the interval at which the patient actually re-
turned to the clinic, and the quality of anticoagulation
control. We considered that a practitioner had accepted
a model recommendation without modification if the
patient was scheduled to return within three days of the
recommended date. We computed quality of antico-
agulation control as the absolute deviation of each INR
determination from the practitioner’s stated target INR.
The mean of these deviations for the duration of the
trial described a patient’s overall contral. We used this
approach rather than the more common method of as-

TABLE 1
Characteristics of the Patients in the intervention and Control Groups
Intervention Control Total
(n=301) (n=319) (n= 620)
Gender— % men/% women 71/29 72/28 71/29
Age—mean (years) 61 60 61
Indication (96)
Deep vein thrombosis 46 (15) 57 (18) 103 (17)
Putmonary embolism 27 (9) 27 (8) 54 (9)
Atrial fibrillation 52 (17) 52 (16) 104 (17)
Systemic embolism 17 (6) 18 (6) 35 (6)
Stroke/TIA* 40 (13) 24 (8) 64 (10)
Valvular disease 69 (23) 82 (26) 151 (24)
Other 50 (17) 59 (18) 109 (18)

*TIA = transient ischemic attack.

certaining the proportion of patients in-or out-of-control
based on the therapeutic range, because practitioners
were required to establish a target INR rather than a
range for each patient. Providers at different clinics often
set narrower or wider “therapeutic” ranges for different
patients with identical target INRs. Thus, the same INR
value for two patients with exactly the same target INRs
but different therapeutic ranges could lead to the clas-
sification of one as “in-control” and the other as “out-
of-control.”

Because their infrequent occurrence limits statis-
tical power, hemorrhagic and thromboembolic compli-
cations were not designated primary outcome events.
We did, however, carefully track these complications,
which we classified as minor, serious, life-threatening,
or fatal. Minor complications necessitated no additional
testing, referral, or outpatient visit, but were remarkable
enough to report to the provider. Examples of minor
bleeding included mild nosebleeds, bruising, mild
hemorrhoidal bleeding, and microscopic hematuria. Se-
rious bleeding necessitated testing or treatment. Ex-
amples of serious bleeding included overt gastrointes-
tinal bleeding, occult gastrointestinal bleeding for which
endoscopic or radiographic studies were performed, gross
hematuria that prompted cystoscopy or intravenous
urography or lasted more than two days, and hemoptysis.
If blood was transfused, two units or less was given. We
defined life-threatening bleeding as that leading to car-
diopulmonary arrest, to surgical or angiographic inter-
vention, or to irreversible sequelae such as myocardial
infarction, neurologic deficit consequent to intracere-
bral hemorrhage, or massive hemothorax. Bleeding was
also considered to be life-threatening when it led to two
of the three following consequences: 1) loss of = 3 units
of blood; 2) systolic hypotension (< 90 mmHg); or 3)
critical anemia (hematocrit = 20). Fatal bleeding led
directly to the patient’s death.

Thromboembolic complications were also classi-
fied as minor, serious, life-threatening, or fatal. Mild su-
perficial thrombophlebitis was, for example, minor. Se-
rious thromboembolic events included transient ischemic
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attacks, suspected stroke, deep venous thrombosis, and
pulmonary embolism without respiratory or hemody-
namic compromise. Life-threatening events included
massive pulmonary embolism, stroke with residual neu-
rologic deficit, and systemic embolism.

All serious, life-threatening, and fatal complications
were independently reviewed by a physician investi-
gator at the local site and three investigators at the co-
ordinating center. Using standardized criteria, we de-
termined whether deaths were related to bleeding caused
by warfarin or to a thromboembolic complication. Dis-
agreements were reconciled by discussion.

Statistical Analysis

We analyzed all patient visits for which the sched-
uling model had generated a follow-up recommendation
and after which a return visit had occurred. Visits at
which no recommendation had been generated (most
often because the patient had not made the three or
more visits necessary for the model to calculate a return
interval) were not analyzed. In accordance with our
method of randomization and usual assumptions about
independence, we treated the individual patient as the
unit of analysis for all hypothesis tests. The error struc-
ture of our data prevented us from adopting a random
effects model analysis of variance approach, because the
number of observations varied within subjects (ranging
from two to 28 with a mean of ten) and the observations
for a single subject represented a time series with un-
equal point spacing and unknown covariance structure.
There were also site effects to be considered in the
analysis.

We based test statistics for within-site comparisons
on the subject means for the return interval in weeks
and the absolute deviation of the PTR and INR from the
target level. These means were independent, but equal-
ity of the variances could not be expected because both
the number and spacing of within-subject observations
varied across subjects. Even though a conventional two-
group t-test was likely adequate for within-site tests of
treatment effects for our relatively large sample size, we
performed the computationally intensive permutation t-
test (proposed by Fisher and Pitman in 1938), which
does not assume equal variances.*® A sample of 5,000
random permutations was used for each test. We re-
peated the weighted permutation t-tests varying the
weights according to the number of observations for
each subject and an assumed interclass correlation. In
all cases, including the ordinary t-test, these variations
had no effect on the interpretation of our results. Based
on these results, we elected to apply the unweighted
permutation t-test to our data.

We also used a permutation pooled t-test to test the
effects of the intervention across all sites. This test is
nonparametric and does not require a homogeneity of
variance assumption.*® > The test statistic was the sum

of the differences between the intervention and the con-
trol groups within each of the five sites, eliminating any
fixed-site effects. The null distribution was found by
randomly permuting the intervention and control groups
within each site 5,000 times and computing the statistic.
The p values reported are based on the number of ran-
dom permutations that were as great as or greater than
the observed value of the statistic. This test is 2 non-
parametric analog of a five-site-by-two-treatment design
where the summary test is a contrast that estimates the
treatment effect within each site and pools these esti-
mates across sites. Alternately, the test is similar to pool-
ing the five within-site t-tests into a single t-test. We
assessed the effects of different weighting schemes, in-
cluding weights based on both the sample sizes at each
site and the number of observations for each patient,
and combinations thereof. Once again, the results were
essentially the same for all four methods and the un-
weighted test results are reported.

We performed all analyses with and without the 14
eligible patients who had withdrawn from the study and
consistently found nearly identical results. We per-
formed one-sided tests of significance to compare dif-
ferences in scheduled and actual return intervals and
two-sided tests to compare qualities of anticoagulation
and to determine differences in the durations of com-
puter-generated scheduling intervals. A p value of 0.05
was considered significant.

RESULTS
Characteristics of Patients

There were 849 patients randomized to the study,
but 19 (2.2% ) later withdrew. Withdrawals occurred at
four of the five clinics and ranged from 2% to 4% of the
eligible patients. All withdrawals were among the pa-
tients assigned to receive computer-generated follow-
up recommendations, because control patients would
notice no change in their medical care. Of the 830 re-
maining patients, 620 made at least one visit at which a
model recommendation was generated and a subsequent
follow-up visit was completed. The remaining 210 pa-
tients did not have at least one scheduling recommen-
dation made and were excluded from all analyses. Of
the 19 refusals, only 14 had made enough visits to permit
a scheduling recommendation. Forty-three percent of
the excluded patients were assigned to the intervention
group and 57% to the control group. Far and away the
most common reason for not having at least one sched-
uling recommendation was that a patient had an insuf-
ficient number of PTR/INR determinations to obtain a
stable estimate of variability. Most of these patients were
located at three sites that started a large number of new
patients on warfarin therapy while the trial was in prog-
ress. Of the 210 patients excluded from the analysis,
80% enrolled six months or more after the study was
started and 50% entered during the last four months.
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No computerized scheduling recommendation was gen-
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TABLE 3
Frequency of and Reasons for Modification by Practitioners of Scheduling Recommendations for Patients in the Intervention Group
Clinic 1 Clinic 2 Clinic 3 Clinic 4 Clinic 5 Total

Number of visits with recommendation 339 468 527 398 740 2472
Number of modifications (%)

Total 151 {45) 67 (14) 183 (35) 238 (60) 353 (48} 892 (40)

Longer than recommended 53 (35) 11 (16) 19 (10) 8 (3) 8 (2) 99 (10)

Shorter than recommended 98 (65) 56 (84) 164 (90) 230 (97) 345 (98) 893 (90)
Mean length of modification (weeks)

Longer than recommended 25 2.2 2.1 15 1.3 2.2

Shorter than recommended 33 36 3.6 3.7 33 35
Reason for modification (9%)

Scheduling convenience 25 (17) 19 (28) 68 (37) 5 (2) 14 (&) 131 (13)

Interval not acceptable 123 (81 46 (69) 106 (58) 207 (87) 325 (92) 807 (81)

Other 3(2) 2 (3) 9 (5) 26 (11) 14 (4) 54 (5)

ommendation were concern over the length of the in-
terval (81% ) and change to a more convenient time
(13%). The computer-generated recommendations for
follow-up that were presented to the practitioners when
seeing the patients in the intervention group averaged
5.5 weeks (range 3 days to 10.5 weeks), and the rec-
ommendations for the control subjects that were com-
puted but not presented averaged 5.2 weeks (range 2
days to 10 weeks, Table 2).

The interval at which patients actually returned to
the clinic was often different from that intended by the
practitioner, particularly among the control patients, who
frequently returned later than planned. Nonetheless, the
actual intervals at which the patients made follow-up
visits were still significantly longer for the intervention
group than for the control group (4.4 vs 4.1 weeks,
Table 2).

Effects of the Scheduling Program on
Anticoagulation Control and Complications

Values for control of the PTR/INR (absolute differ-
ence between actual PTR/INR and target PTR/INR) were
not significantly different between the intervention and
control patients (Table 2, p = 0.50). The mean absolute
deviations of the PTR and the INR from the target values
were 0.19 PTR units and 0.71 INR units, respectively,
for patients in the intervention group and 0.18 PTR units
and 0.66 INR units for those in the control group. There
was no important difference in the frequency of dosage
changes between the intervention and control groups
(11.2 vs 11.8 dose changes per year, respectively ).

Apparent from Table 2 is that frequency of follow-
up bore little relationship to the quality of anticoagu-
lation control. For example, the patients in the inter-
vention group at clinic 1 were seen an average of every
5.6 weeks compared with every 3.5 weeks at clinic 5, a
difference of 40% —yet the two clinics were not sig-
nificantly different in anticoagulation control. Control
of anticoagulation was significantly worse, however, for

patients whose actual return interval exceeded the model
recommendation (mean absolute PTR deviation = 0.23
units) compared with those returning on or before the
recommended date (mean absolute PTR deviation =
0.18, p = 0.02, adjusting for site).

There was no fatality. Clinically important bleeding
complications occurred in the care of 13 intervention
patients (11 serious and two life-threatening) and 15
control patients (14 serious and one life-threatening), a
nonsignificant difference (p = 0.74). Nearly half of hem-
orrhagic complications in the care of control patients
occurred while the PTR ratio exceeded 2.0 as compared
with only 15% of those occurring in the intervention
group. There were six thromboembolic complications
(five serious, one life-threatening) in the intervention
group and three (all serious) in the control group (p =
0.28).

The incidence rates of life-threatening and serious
bleeding complications were 1.0 and 5.4 per 100 pa-
tient-years, respectively, in the intervention group and
0.5 and 6.7 events per 100 patient-years in the control
group. The incidence rates of life-threatening and seri-
ous thromboembolic complications were 0.5 and 2.4
events per 100 patient-years in the intervention group
and O and 1.4 events per 100 patient-years in the control
group. After adjusting for intensity of anticoagulation,
the risks of bleeding and thromboembolic complications
in the intervention group were not significantly different
from those in the control group (relative risk = 1.1
[95% CI = 0.5, 2.3] and 2.1 [95% CI = 0.5, 8.4], re-
spectively). Three intervention patients and three con-
trol patients experienced a second complication during
the study.

DISCUSSION

We used a sophisticated computerized model to
assist practitioners in anticoagulation clinics with sched-
uling follow-up for patients taking warfarin. The model
prompted the practitioners to extend the average in-
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terval at which they scheduled the patients to return to
clinic by 25%, as compared with control patients. Be-
cause the control patients typically did not return as
often as scheduled, the effect of the model on the actual
return interval for the study sample was less impressive
but still statistically significant. The patients in the in-
tervention group made 7% fewer visits than did the
control patients without affecting the accuracy of their
anticoagulation control. As an average of nearly 2,500
return intervals, this difference in visit frequencies was
statistically significant, but of arguable significance when
viewed from a clinical or managerial perspective. We
believe that patients with atrial fibrillation, recurrent
thromboembolism, or mechanical cardiac valves who
require lifelong anticoagulation and those paying for this
care would find a 7% reduction in monitoring costs to
be consequential.

There are several important strengths of this study.
The patient sample was large and diverse, reflecting a
broad spectrum of age, gender, and clinical character-
istics. The intervention was assigned randomly, a design
feature often missing from other studies of new ap-
proaches to health care delivery. Furthermore, complete
follow-up was obtained for all participants. The overall
incidence of 0.73 life-threatening bleeding events per
100 years of patient follow-up is lower than the rates of
1.7 to 3.7 reported from recent studies of anticoagula-
tion in patients with atrial fibrillation.>~* This fact, along
with the absence of any fatal bleeding complications,
attests to the high quality of care delivered in our par-
ticipating anticoagulation clinics. Finally, our results
consistently remained significant using a variety of an-
alytic techniques.

The methodologic liabilities of this study also de-
serve comment. First, there was differential withdrawal
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after randomization: 14 eligible patients in the interven-
tion group but no control patients. This represented less
than 5% of the intervention group, and any effect on
our results was negligible. Because the patients who
withdrew from the scheduling trial were still followed
clinically using our computerized database, we had ac-
cess to data regarding their subsequent follow-up inter-
vals, PTR/INR values, and complications. We found no
difference in our results whether or not these patients
were included in the analyses. We suspect that patients
who withdrew may have misunderstood the interven-
tion or may have objected to alteration in their standing
follow-up arrangements. The majority of patients did not
appear to share this attitude, and most patients we ap-
proached about the study were attracted to the possi-
bility that they would need to attend the clinic less often.
Control patients, on the other hand, had no cause to
withdraw because their care was not altered in any way.

A second limitation was that simply making a rec-
ommendation to a busy provider was a rather weak in-
tervention, not only because the provider could choose
to ignore the recommendation, but also because the
medical delivery system or the patient could act to de-
feat the intervention. This problem was illustrated by
the lack of concordance between the providers’ sched-
uled follow-up times and when the patients actually re-
turned. This study also demonstrates that simply influ-
encing the intentions and actions of providers does not
necessarily improve patient outcomes.

It is also worth remarking about some of the diffi-
culties we encountered in implementing this system in
participating clinics. First, many of the practitioners ini-
tially found it difficult to accede to recommendations
for follow-up intervals as long as eight to ten weeks. The
practitioners were also hesitant at first to state a specific
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FIGURE 1. Correlation between the follow-up intervals recommended by the computerized scheduling model and the intervals scheduled by the
practitioners. Recommendations were presented only to the practitioners of patients in the intervention group (bottom panels). The intervals of control
patients are shown above.



138 Fihn et al., COMPUTERIZED SCHEDULING FOR PATIENTS ON WARFARIN

target PTR/INR for each patient. As they gained confi-
dence in the system, the practitioners became more
comfortable in accepting longer recommendations, and
when they did modify a recommended return interval,
the reduction often was small. Second, we did not an-
ticipate the large influx of new patients that occurred
at all participating clinics during the study, approaching
100% at several sites. Because the model requires three
visits before a scheduling recommendation is presented,
a substantial number of visits made by newly referred
patients could not be analyzed. This did not affect the
overall results of the study, because when we included
the 2,269 visits at which no recommendation was made,
the differences in scheduled and actual return intervals
were still significantly different though smaller. More-
over, the model does not recommend intervals longer
than three to four weeks until data from several visits
(six to 12) have provided the basis for an accurate es-
timate of a patient’s PTR variability. The shorter return
intervals recommended by the model during the first
few months of therapy are consistent with the high risk
of complications during this period.*

Our study addresses one aspect of a larger question:
how frequently should stable medical outpatients re-
ceive routine follow-up? This issue has been largely ig-
nored by clinical researchers despite important impli-
cations for cost and quality of care. Dittus and Tierney
found that return intervals selected by physicians in the
same institution varied up to threefold after adjusting
for comorbidity and disease severity.! Lichtenstein et al.
found that the average follow-up interval for hyperten-
sive patients varied between practices by up to 200% .
A more recent study showed similar variation among
physicians for a wide variety of common medical con-
ditions.* These differences are similar in magnitude to
the geographic variations in surgical procedures noted
by several investigators.** 4! As the primary locus of
medical care shifts from the hospital to the outpatient
clinic, variations in the intensity of outpatient follow-up
will become an increasingly important issue. Timing of
follow-up is important since expenditures for proce-
dures and services are rarely made unless a visit occurs.

Stable patients are often routinely scheduled for
ambulatory visits simply to monitor a given condition.
Up to 45% of all visits to internists are for routine mon-
itoring of chronic conditions.? This usually entails track-
ing a key clinical parameter (e.g., PTR, blood pressure,
blood glucose, or serum cholesterol) to see that it re-
mains within a desirable range. Strategies to tailor follow-
up to the individual patient can potentially introduce
significant efficiencies. In one example, Kent and asso-
ciates applied nonlinear optimization and queuing the-
ories to scheduling follow-up cystoscopies for recurrent
bladder cancer. Compared with standard recommen-
dations, their method shifted visits from low-risk to high-
risk patients, reducing the predicted delay in detection
of new tumors by 50%.4%+*

Our work extends these earlier efforts by elaborat-
ing the theoretical basis and by developing an actual
clinical application that we then tested. Ours is the first
prospective study demonstrating that computerized
scheduling models can potentially improve the effi-
ciency of care while having no deleterious effect on the
quality of care. This study demonstrates the feasibility
of incorporating computerized support for scheduling
follow-up visits and suggests that this new technology
has the potential to reduce the costs and inconvenience
of frequent follow-up while maintaining the quality of
care. As experience with this and similar approaches
accumulates, extension to other chronic conditions that
involve monitoring 2 key clinical parameter should be
pursued.
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REFLECTIONS

The whole imposing edifice of modern medicine is like the celebrated tower of
Pisa—slightly off balance.— CHARLES, PRINCE OF WALEs (1948—

), eldest son of




