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Abstract
Background: Monitoring oral anticoagulants is logistically
challenging for both patients and medical staff. We evaluated the effect of adding an interactive voice response system to computerized decision support for oral anticoagulant management.
Methods: We developed an interactive voice response system to communicate to patients the results of international normalized ratio testing and their dosage schedules for
anticoagulation therapy. The system also reminded patients of upcoming and missed appointments for blood
tests. We recruited patients whose anticoagulation control
was stable after at least 3 months of warfarin therapy. We
prospectively examined clinical data and outcomes for
these patients for an intervention period of at least
3 months. We also collected retrospective data for each
patient for the 3 months before study enrolment.
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Results: We recruited 226 patients between Nov. 23, 2006,
and Aug. 1, 2007. The mean duration of the intervention
period (prospective data collection) was 4.2 months. Anticoagulation control was similar for the periods during and
preceding the intervention (mean time within the therapeutic range 80.3%, 95% confidence interval [CI] 77.5%
to 83.1% v. 79.9%, 95% CI 77.3% to 82.6%). The interactive voice response system delivered 1211 (77.8%) of 1557
scheduled dosage messages, with no further input required from clinic staff. The most common reason for clinic
staff having to deliver the remaining messages (accounting for 143 [9.2%] of all messages) was an international
normalized ratio that was excessively high or low, (i.e., 0.5
or more outside the therapeutic range). When given the
option, 76.6% of patients (164/214) chose to continue with
the interactive voice response system for management of
their anticoagulation after the study was completed. The
system reduced staff workload for monitoring anticoagulation therapy by 48 min/wk, a 33% reduction from the
baseline of 2.4 hours.
Interpretation: Interactive voice response systems have a potential role in improving the monitoring of patients taking
oral anticoagulants. Further work is required to determine
the generalizability and cost-effectiveness of these results.

Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/180/9/927/DC1
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ealth care institutions are increasingly using interactive voice response systems. Applications of this
technology include screening for disease (e.g., depression),1 monitoring disease symptoms,2 monitoring behaviour (e.g., substance abuse),3 conducting behavioural
counselling,4 assessing adherence to medication regimens5
and increasing attendance at appointments. In a recent systematic review, our group comprehensively described the
populations, interventions and outcomes of clinical trials involving interactive voice response systems.6 Most of these
trials examined low-risk interventions and low-risk patient
populations. None of the studies examined an intervention
in which patients received instructions about their medication therapy without human intervention.
Previous authors have reported a combined thromboembolic
and hemorrhagic event rate of 15% per year and a fatal hemorrhagic event rate of 1% per year among patients taking oral anticoagulants.7–9 Clinical event rates are typically minimal when
patients’ international normalized ratio are within the therapeutic range,10 but more than half of adverse events related to oral
anticoagulation are directly attributable to international normalized ratio values outside the therapeutic range.11
More than half of the adverse drug events that affect ambulatory patients occur because of inadequate monitoring,12,13
making this aspect of care an attractive target for safety strategies. Several interventions, including the use of automated
telephone messages14 and academic detailing,15 appear to improve physician and patient compliance with laboratory monitoring. Strategies to enhance monitoring could be improved
by targeting patients who take high-risk medications, such as
oral anticoagulants.13,16
Many anticoagulation clinics already use computerized decision support systems, because these systems are effective in
improving anticoagulation control.17–20 However, even with the
help of a computerized decision support system, monitoring
patients is labour-intensive, because of the staff time required
to call patients to communicate medication instructions. Additional staff time is needed to follow up with patients who forget to go for scheduled blood tests. Therefore, we developed
an information technology-based solution to facilitate the
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monitoring of patients receiving oral anticoagulants. We were
uncertain whether our system could relay complex instructions
to patients in a manner that would be acceptable to the patients. In addition, the potential risk associated with using the
system was high, since patients would be receiving dosage instructions without human intervention for a medication with a
narrow therapeutic window. Therefore, we used a “proof-ofconcept” approach to evaluate the feasibility of adding an interactive voice response system to a computerized decision
support system under optimal conditions.

Methods
Study design and setting
We conducted an observational study using a 1-group,
pretest–posttest design.21 Data collection was retrospective for
the pre-intervention period and prospective for the intervention period. The pre-intervention period (retrospective) was
the 3-month period before a patient’s enrolment in the study.
The intervention period (prospective) was the 3-month period
after study enrolment. We extended the prospective observation period for any patient who chose to continue with the intervention beyond 3 months.
We conducted this study within the Oral Anticoagulation
Management Service of The Ottawa Hospital Thrombosis
Program in Ottawa, Canada. At the time of the study, this
service was monitoring about 1200 patients from eastern Ontario who were receiving oral anticoagulation therapy. Program staff used a computerized decision support system
(DawnAC, 4S Information Systems Ltd., Milnthorpe, England) to assist in monitoring patients.
The study was approved by the Ottawa Hospital Research
Ethics Board.
Eligibility criteria
Patients were potentially eligible for the study if they had
completed 3 months of oral anticoagulation therapy with warfarin and their anticoagulation control was stable. We defined
“stable control” as 2 consecutive international normalized ratio
values within the therapeutic range during the month before
recruitment. We used stability of control as an eligibility criterion because we wanted to evaluate the effectiveness of the
interactive voice response system under optimal conditions.
We did not exclude patients who had experienced previous
hemorrhagic or thromboembolic events. We did exclude patients whose anticoagulation control was unstable and those
who did not speak English, were receiving an oral anticoagulant other than warfarin, had hearing problems, received calls
at a telephone number with an extension, self-managed their
warfarin dosage or had plans to stop being monitored by the
clinic. We recruited consecutive patients from the clinic who
met the inclusion criteria during the recruitment period.
Intervention
We linked an interactive voice response system (CallAssureCDM, Vocantas Inc., Ottawa, Canada) to a computerized decision support system and a telephone network to facilitate monitoring of oral anticoagulation therapy. Interactive
928

voice response systems allow a computer database to communicate with people via the telephone,22 for example, by automatically calling to deliver and retrieve information. In our
case, health care professionals used the computerized decision support system to determine the new oral anticoagulant
dosage and timing of the next international normalized ratio
test. The interactive voice response system then communicated this information to patients automatically.
The interactive voice response system communicated with
patients using 3 types of messages: dosage, reminder and
missed. The “dosage” message reported the patient’s latest international normalized ratio, the weekly dosage schedule and
the date of the next appointment for testing of international
normalized ratio. This message also asked the patient if he or
she wanted to speak with someone from the clinic and if he or
she had started any new medications. If the patient responded
“yes” to either question, the interactive voice response system
notified a health care professional via email to follow-up with
the patient. The “reminder” message notified patients of upcoming appointments for international normalized ratio testing. We programmed the interactive voice response system to
deliver this message 2 days before the patient’s appointment.
The “missed” message notified patients who had missed an
appointment for testing of international normalized ratio and
asked them to go for testing the next day.
The interactive voice response system documented the details (e.g., date and time) of all calls made in a report that
could be accessed via a web-based interface. A health care
professional reviewed this report daily and contacted any patients for whom delivery of a dosage message had been unsuccessful. We did not attempt to contact patients for whom
delivery of a reminder or missed message was unsuccessful.
Protocol for individual patients
We recruited eligible patients by telephone using a standardized script.
The intervention period for a particular patient started with
his or her first international normalized ratio test after provision
of consent. We followed each patient for a minimum of 3
months, during which time the patient had regular appointments for testing of international normalized ratio (Appendix 1,
available at www.cmaj.ca/cgi/content/full/180/9/927/DC2).
The laboratories forwarded international normalized ratio
results to the clinic, as usual. The pharmacist manually entered
each test result into the patient’s profile in the computerized
decision support system. The support system then recommended a new oral dosage of anticoagulant and the date of the
next international normalized ratio test. The pharmacist reviewed and approved or changed these recommendations. The
interactive voice response system then called the patient to deliver a dosage message. If the system reached the patient, a
caregiver or an answering machine, the message was delivered. Otherwise, the system disconnected and attempted to
contact the patient later. We programmed the interactive voice
response system to make up to 3 attempts to contact each patient. At the end of the study, we contacted patients and used a
semistructured interview to elicit feedback about the interactive voice response system. We gave patients the option of
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continuing with the interactive voice response system or returning to the clinic’s standard monitoring system. We extended the study observation period for those patients who
chose to continue with the interactive voice response system.
Study outcomes
The primary outcome of the study was anticoagulation control.23 We collected patients’ international normalized ratio
data from the clinic’s computerized decision support system
for both the pre-intervention and intervention periods.
We also evaluated the interactive voice response system using a health technology assessment framework that incorporated
outcome, process and structure indicators.24 Within this framework, we measured 2 outcome indicators: the rate of hemorrhagic and thromboembolic events during the 2 study periods,
and patients’ satisfaction with the interactive voice response system, defined as the proportion of eligible patients who continued
with the interactive voice response system after the study.
We used the clinic’s computerized decision support system to identify hemorrhagic and thromboembolic events that
occurred during the pre-intervention and intervention periods.
We used semistructured interviews to assess patient satisfaction. Also within the health technology assessment framework, we measured 2 process indicators: the utility of the interactive voice response system, defined as the proportion of
scheduled dosage messages that were successfully delivered
by the interactive voice response system and that did not require further input from clinic staff, and the change in workload of the clinic staff. We calculated the utility of the interactive voice response system using data stored in the
Web-accessible report generated by the system. For the second process indicator, we manually recorded and compared
the time required to monitor the interactive voice response
system and the time required to communicate with patients
using the standard method. To generate the structure indicator, we described the setting and resources required to implement the interactive voice response system.
Data analyses and sample size calculation
We used 3 steps to determine the extent of anticoagulation
control. First, we used linear interpolation23 to calculate international normalized ratio values for the days between actual
measurements. Second, for each patient, we calculated the
proportion of days, for his or her total observation period, on
which the international normalized ratio was within the therapeutic range. Third, we calculated the overall mean (i.e., the
mean of individual patient proportions) and 95% confidence
intervals (CIs). We applied this 3-step process to data for both
the pre-intervention and intervention periods. We then performed a noninferiority test25,26 to compare anticoagulation
control for the 2 study periods. We selected a margin of noninferiority of 5%, expressed as an absolute difference, based
on the smallest minimal important difference25 reported by
published randomized controlled trials18,27–30 in which anticoagulation control was the primary outcome. We also conducted subgroup analyses to investigate if anticoagulation
control during the intervention period differed according to
patients’ indication for oral anticoagulant use, sex, age, dur-

ation of oral anticoagulant use and satisfaction with the interactive voice response system.
We included 2 regression models in our analyses. We used
logistic regression31 to investigate if patient factors were associated with whether a patient continued with the interactive
voice response system. In addition, we used Poisson regression32 to investigate whether the usefulness of the interactive
voice response system was related to age.
To estimate the time required to monitor patients using the
interactive voice response system, we measured the time required to perform each monitoring task over a 1-week period.
Patients approached
n = 355
Excluded n = 41
• Had discontinued warfarin n = 24
• Resided outside Ontario n = 8
• Had hearing problems n = 3
• Had unstable anticoagulation control n = 2
• Received instructions at a telephone number
with an extension n = 2
• Did not speak English n = 1
• Started self-management n = 1
Declined to participate n = 88
• Satisfied with existing system n = 36
• Preferred not to participate in research
n = 15
• Other or no reason given n = 37

Enrolled
n = 226

Lost to follow-up
n=0

Included in analysis
n = 226
Excluded during the study n = 12

• Discontinued warfarin n = 8
• Stopped being monitored by the clinic n = 4
Dropped out of the study n = 21
• Instructions were confusing n = 13
• Instructions were too fast n = 6
• Missed personal contact n = 2

Completed 3-month
follow-up
n =193

Chose not to continue with IVRS after the
study n = 29

Continued with IVRS
after the study
n =164

Figure 1: Flow diagram of patient recruitment, follow-up and
analysis. Note: IVRS = interactive voice response system.
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The monitoring tasks included identifying patients whose
dosage messages were unsuccessful, contacting and receiving
calls from patients, and relaying information about patients to
the pharmacist. To estimate the time it would take staff to deliver the scheduled dosage messages, we determined the average time required to deliver 1 message, as follows. For 4 different periods in 1 week, the clerk at the clinic recorded the exact
time required to successfully deliver information to 20 patients.
Because we had a single study group, we calculated the
sample size using the desired final CI, rather than a predetermined effect size.33 We selected a desired 95% CI around the
intervention estimate of anticoagulation control of 8%. We
also used data from a population-based study34 to select an expected standard deviation estimate of anticoagulation control
in a population (30.1%). We determined that 226 patients
would be required for our study.

tile range 48–68, range 21–88) years. By far, the most common indication for warfarin was venous thromboembolism
(179 patients [79.2%]). In total, 181 patients (80.0%) had
been taking warfarin for longer than 1 year.
The overall intervention period began on May 7, 2007, and
ended on Dec. 14, 2007. We followed patients prospectively
for a total of 942.2 months (78.5 years), with a mean followup period of 4.2 months (standard deviation 1.8 months,
range 1 day to 7.2 months) (Table 1). We collected 3 months’
worth of retrospective data for each patient, for a total of 56.5
years. A total of 193 patients (85.4%) completed the 3-month
intervention period (Figure 1). Twenty-one patients (9.3%)
withdrew from the study because they found the automated
instructions confusing or too fast (n = 19) or they missed the
personal contact with clinic staff (n = 2). We excluded an additional 12 patients (5.3%) because they discontinued warfarin (n = 8) or stopped being monitored by the clinic (n = 4).

Results
Patient characteristics and follow-up
We recruited patients between Nov. 23, 2006, and Aug. 1,
2007. We approached a total of 355 patients (Figure 1). We
excluded 41 patients because they did not meet the eligibility
criteria at the start of the study. Of the 314 eligible patients,
88 patients declined to participate, 15 (17%) of these because
they preferred not to participate in research. Therefore, we enrolled a total of 226 eligible patients in the study during the 9month recruitment period. About half of the study participants
were female (Table 1), and the median age was 58 (interquarTable 1: Characteristics of the study population

Characteristic

No. (%) of patients*
n = 226

Sex, female

107 (47.3)

Age, yr, median (IQR)

58 (48–68)

Indication for use of oral anticoagulant
Venous thromboembolism

179 (79.2)

Atrial fibrillation

7 (3.1)

Mechanical heart valve

5 (2.2)

Other

35 (15.5)

Target international normalized ratio
range
1.5–2.5

6 (2.7)

2.0–3.0

209 (92.5)

2.5–3.5

9 (4.0)

3.0–4.0

2 (0.9)

Duration of oral anticoagulant use, yr
<1

45 (19.9)

1–5

110 (48.7)

>5

71 (31.4)

Prospective follow-up, mo, mean (SD)

4.2 (1.8)

Total observation time, mo

942.2

Note: IQR = interquartile range, SD = standard deviation.
*Unless indicated otherwise.
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Outcome indicators
The primary outcome indicator was anticoagulation control,
expressed as proportion of time within the therapeutic range.
Anticoagulation control during the intervention period was
similar to that during the pre-intervention period. With the interactive voice response system, international normalized ratio values were within the therapeutic range a mean of 80.3%
of the time (95% CI 77.5% to 83.1%). In the pre-intervention
period, values were within the therapeutic range a mean of
79.9% of the time (95% CI 77.3% to 82.6%). The mean difference in anticoagulation control between the 2 periods was
0.36% (95% CI –2.95% to 3.67%). This difference was noninferior because the 95% CI of the mean difference included
zero and excluded the 5% margin of noninferiority.
According to our subgroup analyses, anticoagulation control during the intervention period did not differ significantly
by indication for oral anticoagulant use, sex, age, duration of
oral anticoagulant use or patients’ satisfaction with the interactive voice response system.
No hemorrhagic or thromboembolic events occurred during the study period.
Most of the patients were satisfied with the interactive
voice response system. A total of 164 patients continued with
the interactive voice response system after the study (Table 2),
representing 76.6% of the 214 patients who were eligible to do
so. The most common reason for continuing with the interactive voice response system, cited by 86 patients, was its clear
and timely delivery of information. Twenty-nine patients
(13.6%) did not continue with the system after the study. The
most common reasons for not continuing were missing the
personal contact with staff (n = 12) and finding the automated
instructions confusing or too fast (n = 12). Age was significantly associated with the decision to continue using the system. The likelihood of continuing use decreased with greater
age (odds ratio 0.96, 95% CI 0.93 to 0.99).
Process indicators
The interactive voice response system was useful for
communicating information to patients, as indicated by the
outcomes for dosage messages (Table 3). During the inter-
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vention period, we needed to deliver a total of 1557 dosage
messages. The interactive voice response system successfully
delivered 1211 (77.8%) of these without further input from
clinic staff. The remaining 346 messages (22.2%) required input from clinic staff, most often because the patient’s international normalized ratio was 0.5 or more outside the therapeutic range (n = 143). The pharmacist contacted these patients to
identify possible explanations for the out-of-range values.
Overall, the system was unable to deliver 155 (10.0%) of the
dosage messages (Table 3). Our Poisson regression model revealed a trend toward decreasing effectiveness of the interactive voice response system with increasing age of the patients.
Clinic staff spent a total of 1.6 hours per week monitoring the
interactive voice response system. We found that it took 2 minutes and 50 seconds to deliver a single message in the absence of
the interactive voice response system and estimated that it would
have taken staff about 2.4 hours per week to deliver the scheduled messages. Therefore, we estimated that the system reduced
overall staff workload by about 48 minutes per week (33%).
Structure indicators
We implemented the interactive voice response system in an
anticoagulation clinic. Physicians, nurses and pharmacists
work in the clinic and had experience using the computerized
decision support system before our study began.
The bulk of the work after implementation involved monitoring the system’s functioning. This required clerical training
and basic computing skills. We periodically required technical support from the manufacturer to trouble-shoot problems.
However, none of the problems necessitated turning off the
interactive voice response system.

Table 2: Patients’ satisfaction with the interactive voice
response system

Decision regarding continuation and reason

No. (%) of
patients
n = 214*

Completed 3 mo follow-up

193 (85.4)†

Continued with the system after the study

164 (76.6)

Received clear, timely information

86 (40.2)

Believed the system was easier for clinic staff

53 (24.8)

Received clear information and had the
option of speaking with clinic staff

22 (10.3)

Appreciated receiving reminder message
Did not continue with the system
after the study
Missed personal contact

3

(1.4)

29 (13.6)
12

(5.6)

Instructions were confusing

7

(3.3)

Instructions were too fast

5

(2.3)

System had problems recognizing the
patient’s answering machine and left
incomplete messages

5

(2.3)

*Except where indicated otherwise. The denominator of 214 represents the
number of patients who were eligible to continue with the interactive voice
response system.
†Percentage based on a denominator of 226 patients.

Interpretation
In this proof-of-concept study, we evaluated the addition of
an interactive voice response system to a computerized decision support system to facilitate the management of oral anticoagulation therapy in patients whose anticoagulation control
was already stable. Anticoagulation control was similar with
and without the interactive voice response system. Most of
the patients were satisfied with the system. The system was
effective in communicating complex information, as indicated by the high rate of successful delivery of messages
(77.8%) without input from staff. Importantly, the interactive
voice response system reduced the workload of clinic staff by
33%. However, these results may have limited generalizability to unselected patients.
Anticoagulation control in our patient population was exceptionally good at baseline. In a systematic review35 of studies evaluating anticoagulation control, we found that the average time within the therapeutic range was 56.7% in
community settings and 65.6% in anticoagulation clinics. In
contrast, the patients in this study spent 79.9% of the time
within the therapeutic range before the intervention, which
made it very unlikely that the intervention would result in a
significant improvement. Nonetheless, it was reassuring that
anticoagulation control did not decrease during the intervention. In addition, the interactive voice response system required less work from staff members.
The absence of any hemorrhagic or thromboembolic
events in our cohort might be considered notable. However,
we feel that this result was unsurprising, for 3 reasons. First,
we followed a relatively small number of patients for a short
period of time (a total of 135.0 patient-years of observation).
Given the overall risk of adverse events of 15% per year, it is
possible that very few, if any, events would have occurred in
Table 3: Overall utility of the interactive voice response
system*

Outcome
Message delivered, with no additional
input required from clinic staff
Additional input required from clinic
staff

No. (%) of scheduled
dosage messages
n = 1557
1211 (77.8)
346 (22.2)

Patient’s international normalized
ratio excessively low or high†

143

(9.2)

Message not successfully delivered

128

(8.2)

Patient asked to be contacted by
someone from the clinic

48

(3.1)

System recorded successful delivery of
the message, but patient called clinic
because he or she did not receive the
message

27

(1.7)

*Based on dosage messages with attempted delivery between May 7, 2007,
and Dec. 14, 2007.
†If the result was excessively high or low, a clinic staff member called the
patient to identify factors that might be causing the nontherapeutic
international normalized ratio.
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our cohort simply by chance. Second, patients were within
the therapeutic range close to 80% of the time during the
study. Because the risk of adverse events is minimized when
the international normalized ratio is within therapeutic range,
the expected risk of events was low. Third, the patients in our
cohort were younger and healthier than patients evaluated in
previous studies. As age and comorbidity are strong predictors of the risk of bleeding, our study might have been biased
toward a low rate of adverse events.
A previous evaluation of an interactive voice response system used in managing oral anticoagulation therapy36 was limited because it did not measure anticoagulation control or
structural indicators. Also, the system in the earlier study was
not integrated with a computerized decision support system
and was therefore more cumbersome to use. The interactive
voice response system in our study was easy to use and could
be implemented by large health management organizations.
This decision support tool would be even more efficient if the
computerized decision support system were integrated with a
laboratory information system, so as to make manual data
entry unnecessary.
Strengths and limitations
Our study had important strengths. First, we had perfect follow-up of our study population. All patients completed the
post-study interview. In addition, once the study was complete, most chose to continue using the interactive voice response system rather than reverting to the standard monitoring system. Furthermore, the follow-up period for each
patient was adequate to accurately assess anticoagulation control. Although the total observation time for the intervention
period was 22 years longer than that for the pre-intervention
period, we believe that the 2 periods were sufficiently long to
justify our comparisons. Second, we selected our study population using clinically relevant, transparent eligibility criteria.
These criteria yielded a clear inception cohort. In addition, a
high proportion of the patients whom we approached agreed
to participate, which indicates that the study population was
highly representative of the clinic’s population. Third, our
range of relevant, objective indicators provided a comprehensive assessment of the interactive voice response system.
Our study also had limitations. First, the study population
consisted of a highly selected group of users of oral anticoagulants. Most of the patients monitored by the anticoagulation
clinic had stable anticoagulation control and were therefore not
representative of most community-based patients.35 Second, we
were unable to determine the true utility of the interactive voice
response system because our study lacked a concurrent control.
The results of this pretest–posttest study suggested that care
with the interactive voice response system may be noninferior.
However, the limited statistical power of the study and the lack
of a randomized design prevented us from conclusively
demonstrating noninferiority. A randomized controlled trial
would be required to obtain more robust evidence.
Conclusions
We have demonstrated that interactive voice response systems have a potential role in improving the monitoring of pa932

tients who are taking oral anticoagulants. Future randomized
studies will be required to conclusively demonstrate the effectiveness of this technology. Such studies should also be based
on a more representative sample of users of oral anticoagulants. Given our experiences, we also recommend that this
type of decision support tool be considered for management
of other high-risk medication therapies for which laboratory
monitoring is required.
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