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1 INTRODUCTION 

Optimizing drug-related health outcomes and cost-effective use of drugs by identifying and 
promoting optimal drug prescribing and use is a goal of the Canadian Agency for Drugs and 
Technologies in Health (CADTH). Where possible, CADTH builds on existing applicable 
Canadian and international initiatives and research. CADTH goals are achieved through three 
main approaches: 

 identifying evidence-based optimal use in prescribing and use of specific drugs 

 identifying gaps in clinical practice, then proposing evidence-based interventions to 
address these gaps 

 supporting the implementation of these interventions. 
 

Direction and advice are provided to CADTH through various channels, including the following: 

 the Drug Policy Advisory Committee (DPAC), the DPAC Optimal Use Working Group 
(OUWG), and the Formulary Working Group (FWG),which include representatives from the 
federal, provincial, and territorial health ministries and related health organizations 

 the COMPUS Expert Review Committee (CERC) (members are listed in Appendix A) 

 stakeholder feedback. 

1.1 COMPUS Expert Review Committee 

CERC consists of eight Core Members appointed to serve for all topics under consideration 
during their term of office, and three or more Specialist Experts appointed to provide their 
expertise in recommending optimal use for one or more specific topics. For this project, five 
Specialist Experts were appointed; their expertise included cardiology, hematology, and 
thrombosis. Two of the Core Members are Public Members, who bring a lay perspective to the 
committee. The remaining six Core Members hold qualifications as physicians, pharmacists, or 
health economists, or have other relevant qualifications, with expertise in one or more areas 
such as, but not limited to, family practice, internal medicine, institutional or community 
clinical pharmacy, pharmacoeconomics, clinical epidemiology, drug utilization, methodology, 
affecting behaviour change (through health professional and/or patient and/or policy 
interventions), and critical appraisal. The Core Members, including Public Members, are 
appointed by the CADTH Board of Directors.  
 
CERC’s mandate is advisory in nature and consists of providing recommendations and advice 
to CADTH on assigned topics that relate to the identification, evaluation, and promotion of 
optimal practices in the prescribing and use of drugs across Canada. The overall perspective 
of CERC members in producing recommendations is that of public health care policy-makers in 
pursuit of optimizing the health of Canadians within available health care system resources. 

2 CONTEXT AND POLICY ISSUES  

The DPAC and its working groups, the OUWG and the FWG, have identified warfarin 
management for prevention of thromboembolic events in patients with atrial fibrillation as 
being a priority topic for optimal practice initiatives based on the following criteria: 

 large deviations from optimal utilization (overuse or underuse)  

 size of patient populations  

 impact on health outcomes and cost-effectiveness  
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 benefit to multiple jurisdictions  

 measurable outcomes 

 potential to effect change in prescribing and use. 
 

Atrial fibrillation (AF) is the most common cardiac arrhythmia.1 Patients with AF have an 
elevated risk of stroke, which is a leading cause of death and disability among patients with 
the condition.2,3 

Warfarin is an oral anticoagulant in the drug class of vitamin K antagonists. It is often used for 
stroke prevention in patients with AF at high risk for stroke who have no contraindications. 
Warfarin and related anticoagulants have consistently been shown to reduce the risk of stroke 
in patients with AF by more than 60% compared with no treatment, and by 30% to 40% 
compared with low-dose aspirin.4,5 Long-term anticoagulation with vitamin K antagonists is 
typically required for prevention and treatment of thromboembolism in patients with AF and 
other high-risk groups, such as patients with mechanical heart valves, venous 
thromboembolism, pulmonary embolism, or peripheral vascular disease.6,7 However, warfarin 
use has some disadvantages, including numerous food and drug interactions, the need for 
frequent laboratory monitoring, and the risk of bleeding complications. 

The effectiveness and safety of warfarin depends on maintaining its dose at sufficient levels 
to keep patient international normalized ratio (INR) within the therapeutic range. Current 
Canadian guidelines recommend a target INR range of 2.0 to 3.0.8 The percentage of time 
spent in the therapeutic range (TTR) depends on the quality of dose management. 

TTR can be calculated by different methods. The simplest involves calculating the proportion 
of INR test results that fall within the therapeutic range, but fails to account for actual time 
spent in range. The most common method in clinical studies is the Rosendaal linear 
interpolation method.9 This method adds each patient’s time within the therapeutic range 
and divides by the total time of observation. This assumes that between-test INR varies 
linearly. Another common method is the half-time interpolation method, by which the total 
time of follow-up with INR in range is divided by the total time. Half the time between two 
tests is allocated to the first INR value, and half to the second. Different studies use different 
methods to calculate TTR, which should be taken into account when comparing TTR values. 

Specialized anticoagulation services have been developed to optimize warfarin dosing 
management. These services can generally be defined as tertiary or community hospital-
based anticoagulation clinics, primary care settings, point-of-care (POC) testing and dose 
adjustment by community pharmacies, and patient self-testing (PST) and patient self-
management (PSM) using a POC device.10 The primary care anticoagulation setting involves a 
family practice group or family health team where nurses, pharmacists, or physicians are 
responsible for managing warfarin therapy.10 Primary care settings and hospital-based 
anticoagulation clinics may use computerized decision-support applications or other means to 
guide warfarin dosing.7,10 This is in contrast to usual care (UC), which may be defined as 
warfarin dose adjustment managed by a physician working in a private practice setting that 
not only addresses anticoagulation management, but also other medical problems.11 
Physicians in this setting use their own judgment without access to specialized 
anticoagulation tools, or specialized anticoagulation staff and services.11,12 

The purpose of this report is to compare the clinical effectiveness of different models of 
warfarin management. A systematic review of the clinical evidence was conducted for this 
purpose. 
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3 RESEARCH QUESTIONS  

1. What are the clinical benefits and harms associated with the use of individual specialized 
anticoagulation services, compared with usual care for adult patients receiving long-term 
warfarin therapy? 

2. What are the clinical benefits and harms associated with the use of one type of 

specialized anticoagulation service compared with another type, for adult patients 

receiving long-term warfarin therapy? 

4 KEY FINDINGS 

 Specialized anticoagulation services improve TTR compared with UC. 

 Improvement of TTR within the included studies did not necessarily translate into a 

reduction in hemorrhage, thromboembolism, or need for additional medical care. 

 The evidence available that compares different specialized models of care or service 

components is limited in both quantity and quality. 

 The effect of PST or PSM on TTR was mixed, with studies showing either improved TTR 

with PST/PSM (patient self-testing alone or in combination with patient self-management) 

or no difference between models of care. 

 Effects on clinical outcomes were also mixed, but PST/PSM generally resulted in lower 

mortality rates and reduced incidence of thromboembolism. 

 PST/PSM did not affect the rate of bleeding events. 

 PST/PSM may improve quality of life and patient satisfaction. 

5 METHODS  

5.1 Literature Search Strategy 

The literature search was performed by an information specialist using a peer-reviewed 
search strategy.  

Published literature was identified by searching the following bibliographic databases: 
MEDLINE (1946 to present) with in-process records and daily updates via Ovid; Embase (1980 
to present) via Ovid; The Cochrane Library (2011, Issue 5) via Wiley; and PubMed. The search 
strategy comprised both controlled vocabulary, such as the National Library of Medicine’s 
MeSH (Medical Subject Headings), and keywords. The main search concepts were warfarin and 
specialized anticoagulation services. Keywords were searched in title only and controlled 
vocabulary restricted to major subject headings.  

Methodological filters were applied to limit retrieval to health technology assessments, 
systematic reviews, meta-analyses, randomized controlled trials, and non-randomized 
studies. Conference abstracts were excluded from the search results. Where possible, 
retrieval was limited to the human population. Retrieval was also limited to documents 
published between January 1, 2006, and May 31, 2011. The initial search was completed on 
May 31, 2011. Regular alerts were established to update the search until the publication of 
the final report.  
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Additionally, a search on warfarin and atrial fibrillation was conducted using the same 
databases listed above. Methodological filters were applied to limit retrieval to health 
technology assessments, systematic reviews, meta-analyses, and guidelines. Retrieval was 
also limited to documents published between January 1, 2006, and May 12, 2011. The initial 
search was completed on May 12, 2011. Regular alerts were established to update the search 
until the publication of the final report.  

Grey literature (literature that is not commercially published) was identified by searching the 
health technology assessment agencies and guidelines sections of the Grey Matters checklist 
(www.cadth.ca/resources/grey-matters). Google and other Internet search engines were used 
to search for additional web-based materials. These searches were supplemented by 
reviewing the bibliographies of key papers and through contacts with appropriate experts and 
industry.  

The authors of this report also consulted the primary authors of the upcoming 2012 American 
College of Chest Physicians (ACCP) guidelines on management of anticoagulation therapy. 

5.2 Selection Criteria and Method 

Two reviewers (CK and AK) independently screened citations and selected health technology 
assessments (HTAs), systematic reviews, meta-analyses, randomized controlled trials, and 
non-randomized studies regarding specialized anticoagulation services for management of 
warfarin dosing. The decision to order an article was based on the title and abstract, where 
available. In cases of insufficient information, the article was ordered. The same two 
reviewers selected the final articles for inclusion based on full-text publications. An article 
was included for review according to selection criteria established a priori (Table 1). Any 
disagreement between reviewers was discussed until consensus was reached. 

Table 1: Selection Criteria 

Population Adult patients receiving long-term warfarin treatment (focus on AF, but 
also mixed populations, including patients with VTE, PE, or DVT) 

Intervention Specialized anticoagulation services (including patient self-testing or self-
management) 

Comparator Other specialized anticoagulation services or UC 

Outcomes TTR, TIA, stroke, ischemic stroke, hemorrhagic stroke, systemic embolism, 
bleeding, minor bleeding, major bleeding, fatal bleeding, ICH, GI bleeding, 
QoL, mortality 

Study designs Health technology assessments, systematic reviews, meta-analyses, RCTs, 
and comparative non-randomized studies 

AF = atrial fibrillation; DVT = deep vein thrombosis; GI = gastrointestinal; ICH = intracranial hemorrhage; PE = pulmonary embolism; 
QoL = quality of life; RCTs = randomized controlled trials; TIA = transient ischemic attack; TTR = time in the therapeutic range; UC = 
usual care; VTE = venous thromboembolism. 

5.3 Exclusion Criteria 

Studies were excluded if they did not meet the selection criteria; focused only on patients 
with mechanical heart valves; were narrative reviews or editorials; were performed in a 
pediatric population; or were included in a selected HTA, systematic review, or meta-
analysis. Additionally, systematic reviews were excluded if all reviewed studies were included 
in a more recent systematic review or meta-analysis. 

http://www.cadth.ca/resources/grey-matters
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5.4 Data Extraction Strategy 

One reviewer (CK) extracted clinical effectiveness data for each article to tabulate relevant 
characteristics and outcomes from the included studies. Data extraction was verified by a 
second reviewer (AK) to confirm accuracy. 

5.5 Critical Appraisal of Individual Studies 

Two reviewers (CK and AK) independently appraised the included studies. The quality of 
systematic reviews was evaluated using the AMSTAR instrument.13 The quality of randomized 
controlled trials (RCTs) and non-randomized studies was assessed using the Downs and Black 
instrument.14 Methodological quality of clinical effectiveness evidence was evaluated based 
on randomization, adequate concealment of randomization, degree of blinding, use of 
intention to treat analysis, and description of dropouts and withdrawals, where appropriate. 
A numeric score was not calculated for each study; instead, strengths and weaknesses are 
described. Any disagreements were resolved through discussion until consensus was reached. 

5.6 Data Analysis Methods 

Because of heterogeneity present across the selected studies, a formal meta-analysis was not 
conducted. Studies were described using a narrative approach. 

6 RESULTS 

6.1 Quantity of Research Available 

The electronic literature search and updates yielded 643 citations. After titles and abstracts 
were screened, 578 citations were excluded and 65 potentially relevant articles were 
retrieved for full-text review. An additional 10 potentially relevant reports were identified 
through grey literature and handsearching. Of the 75 potentially relevant reports, 48 did not 
meet the inclusion criteria. Twenty-seven publications were included in this review. The 
study selection process is presented in a PRISMA flowchart (Appendix 2). 

One HTA and eight systematic reviews or meta-analyses were identified for inclusion in this 
report. These will be referred to as SR throughout the report. Of these, six compared 
specialized anticoagulation services with UC and six examined patient-self testing or self-
management (three included reviews addressed both). 

Eighteen primary studies, six RCTs, and 12 non-randomized studies met inclusion criteria. Five 
non-randomized studies compared anticoagulation clinic care with UC.15-19 One RCT20 and two 
non-randomized studies18,21 compared different models of specialized care. Two RCTs22,23 and 
three non-randomized studies24-26 compared self-testing or self-management with other 
specialized services, and two non-randomized studies27,28 compared PST/PSM with UC. Three 
RCTs29-31 and one non-randomized study32 compared computer-assisted anticoagulant dosing 
with manual dosing by experienced medical staff. 

6.2 Study Characteristics 

All included systematic reviews33-41 were published between 2006 and 2011 and included 
studies published from 1987 to 2010. The number of studies included in each review ranged 
from 11 to 67. Six systematic reviews33,34,38-41 were not limited to patients with any one 
indication (such as atrial fibrillation, deep vein thrombosis, or pulmonary embolism), two 
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included only studies dealing strictly with atrial fibrillation,36,37 and one was unclear about 
the included patient population.35 Eight included systematic reviews33,35-41 reported TTR and 
five33,34,39-41 reported adverse events, including death, hemorrhage, or thromboembolism. One 
included systematic review reported quality of life measures.39 

All included primary studies (RCTs and non-randomized studies) were published between 2006 
and 2011. Sample sizes ranged from 40 to 13,052. With the exception of three studies,15,19,23 
TTR was reported. Eleven studies15,17-20,24,25,28-31 reported adverse events, including death, 
hemorrhage, or thromboembolism. Two studies23,28 reported quality of life measures. Two16,19 
reported number of INR measurements in the therapeutic range instead of TTR. 

Complete characteristics of each included study are found in Appendices 2 and 3. 

6.3 Critical Appraisal of Individual Studies 

Nine SRs33-41 were included in this report. All included systematic reviews were based on a 
priori design and a comprehensive search of at least two electronic databases. All but one 
systematic review37 searched for reports regardless of their publication type. Study selection 
and data extraction were performed in duplicate by independent researchers in most reviews, 
although it was not clear in three included studies.33,37,38 One review39 provided a list of 
included and excluded studies, but all included reviews reported characteristics of included 
trials. Four reviews35-38 did not perform a critical appraisal of included studies, but the 
remaining five considered study quality when forming conclusions. All included systematic 
reviews performed at least partial meta-analysis; five of these33-35,39,40 performed a test of 
heterogeneity. Only three included systematic reviews34,39,40 assessed the likelihood of 
publication bias. 

Six RCTs20,22,23,29-31 and 12 non-randomized studies15-19,21,24-28,32 were included in this review. All 
included studies had clearly stated objectives, and all but one20 clearly described main 
outcomes in the introduction or methods. Two studies15,20 failed to describe patient 
characteristics. Main findings were clearly described in all included studies. None of the 
included studies attempted to blind patients or outcome assessors. Although this is reasonable 
given the nature of the interventions and comparators, it still introduces the risk of bias. Of 
the six included RCTs, one22 described the method of randomization. No study reported 
adequate allocation concealment. Four included RCTs22,29-31 and five non-randomized 
trials19,21,24,25,27 described numbers of patients lost to follow-up, and the reasons. None of the 
included studies performed an intention to treat analysis, or otherwise accounted for 
confounders in their analyses. Three studies19,21,22 performed power calculations to determine 
sample sizes necessary to detect clinically relevant effects. All others either failed to perform 
these calculations, or failed to meet the necessary sample size calculated. 

6.4 Data Analyses and Synthesis 

Specialized anticoagulation clinic care 

Six systematic reviews were identified that compared specialized anticoagulation services 
with UC.33-38 Results are summarized in Table 2 and Appendix 3. 

In 2011, the US Department of Veterans Affairs published a systematic review comparing 
specialized anticoagulation clinics with UC for long-term anticoagulation.33 UC was defined as 
non-specialized clinics, such as primary care clinics or physician offices. Included studies were 
limited to those involving an adult, outpatient population receiving chronic anticoagulation 
therapy. Non-English articles, or studies dealing with inpatients, pediatric populations, or 
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short-term anticoagulation (less than three months) were excluded. The review identified 11 
articles (three RCTs and eight cohort studies) that met all inclusion criteria. RCTs and cohort 
studies were analyzed separately. 

The follow-up interval in the RCTs was three months in one study and up to two years in 
another. The follow-up time for the third RCT was not reported. Pooled analysis of the three 
RCTs indicated no difference between anticoagulation clinics and UC in rates of mortality (RR 
0.81, 95% CI 0.25 to 2.58), major thromboembolic events (RR 1.05, 95% CI 0.36 to 3.12), and 
major bleeding events (RR 1.29, 95% CI 0.59 to 2.81). The pooled weighted mean TTR was 
higher for patients treated in an anticoagulation clinic (59.9% versus 56.3% for UC) for a 
weighted mean difference of 3.6% (range of mean differences, 3.3% to 5%, 95% CI not 
reported). 

Results from cohort studies were not pooled. One included study reported mortality and 
found no significant difference between clinic and usual care. Four included studies reported 
major thromboembolic events. One reported a significantly higher incidence with UC, one 
reported a statistically significant higher incidence with clinic care, and two did not report P-
values. The incidence of major bleeding was reported in five studies. One found a 
significantly higher rate of bleeding incidents with UC, and one found no statistically 
significant difference. The remaining studies did not report significance. Four studies 
reported TTR. The pooled weighted mean of TTR was higher with clinic care (63.5% versus 
53.5%) for a weighted mean difference of 10% (range of mean differences, 4.3% to 26%, 95% CI 
not reported). Three included observational studies reported hospital admissions or 
emergency department visits. One found no difference between clinic and UC groups, while 
two found significantly fewer anticoagulation-related hospitalizations with clinic care. 

A 2010 systematic review and meta-analysis by Saokaew et al.34 included 24 studies (five 
RCTs, 19 non-randomized trials) comparing UC with warfarin therapy in which a pharmacist 
participated. UC was defined as a control group comprising health care professionals other 
than pharmacists as service providers. In 19 studies, this was a physician. Details of UC were 
not reported for the other five studies. Results of pooled analysis were reported separately 
for RCTs and non-randomized studies. 

Care in which a pharmacist participated was found to reduce the risk of bleeding events in 
RCTs (RR 0.51, 95% CI 0.28 to 0.94) and non-randomized (RR 0.71, 95% CI 0.52 to 0.96) 
studies. When only major bleeding events (based on individual study definitions) were 
considered, no significant difference was observed in RCTs (RR 0.64, 95% CI 0.18 to 2.36, P = 
0.507). A reduction in major bleeding events with pharmacist care was observed in pooled 
analysis of non-randomized studies (RR 0.49, 95% CI 0.26 to 0.93, P = 0.030). Similarly, RCTs 
found no statistically significant difference in total thromboembolic events in pharmacist-
managed care compared with UC (RR 0.79, 95% CI 0.33 to 1.93, P = 0.610), while a 
statistically significant reduction was observed with pharmacist-managed care in non-
randomized studies (0.37, 95% CI 0.26 to 0.53, P < 0.001). No statistically significant 
difference in mortality was observed with pharmacist-managed care compared with UC in 
either RCTs (RR 0.93, 95% CI 0.41 to 2.13, P = 0.867) or non-randomized studies (RR 0.85, 95% 
CI 0.37 to 1.98, P = 0.711). 

In a 2009 systematic review and meta-analysis, Cios et al.35 evaluated the impact of study 
setting on INR control in US studies. For the purpose of evaluating the impact of study-level 
factors on warfarin control, RCTs were considered separately from observational studies. The 
analysis included 24 studies with 43 study groups performed in an anticoagulation clinic (the 
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study was not an RCT and was performed in a clinic, or the stated role of clinicians in patient 
care was limited to anticoagulation management) or community practice (the study could not 
be classified as anticoagulation clinic or RCT). TTR across all included studies was 57% (95% CI 
55% to 59%). Subgroup analysis showed that the overall TTR in the anticoagulation clinic 
setting was 64% (95% CI 61% to 67%), while in community practice, TTR was 51% (95% CI 48% to 
54%). After meta-regression analysis using a multiple-linear, mixed-method model controlling 
for study-level factors, the adjusted difference (–13, 95% CI –18.1 to –7.9) was statistically 
significant (P < 0.001). In post-hoc analyses, Canadian warfarin studies were included, with 
similar results. With Canadian studies included, clinic TTR was 65% (95% CI 61% to 69%) and 
community practice TTR was 53% (95% CI 50% to 56%), a statistically significant adjusted 
difference (–11.3, 95% CI –16.2 to –6.3, P < 0.001). Results from Canadian studies were not 
reported separately. 

A systematic review and meta-analysis performed by Baker et al.36 in 2009 examined the 
effect of warfarin management setting on TTR in patients with atrial fibrillation. The setting 
was defined as an anticoagulation clinic if the study took place in a clinic or the stated role of 
study clinicians was limited to anticoagulation management. All others were classified as 
community practice. To be included in the meta-analysis, studies had to contain at least one 
warfarin-treated group with a minimum of 25 patients who had INR monitoring for at least 
three weeks. No included studies were RCTs. A total of eight studies (four anticoagulation 
clinic and six community practice; two studies examined both) with 13 study groups (four 
anticoagulation clinic and nine community practice) were included. With anticoagulation 
clinic-based warfarin dosing, patients had an average TTR of 63% (95% CI 58% to 68%) 
compared with an average TTR of 51% (95% CI 47% to 55%) in community practice. Compared 
with anticoagulation clinics, patients in community practice spent 11% less time in range (95% 
CI 2% to 20%, n = six studies with nine groups), based on meta-regression analysis. 
Additionally, five included trials reported the proportion of eligible atrial fibrillation patients 
receiving warfarin. A definition of eligibility was not provided. The proportion of eligible 
patients receiving warfarin was higher in the clinic setting (53%, 95% CI 38% to 72%) compared 
with community-based dosing (47%, 95% CI 41% to 54%), but the significance of this result was 
not discussed. 

In 2008, Dolan et al.37 published a systematic review and meta-analysis examining the effect 
of various factors, including management setting, on TTR. A total of 36 studies met inclusion 
criteria, of which 22 dealt exclusively with patients with AF and had at least one treatment 
group given oral anticoagulation treatment with a target INR range of 2.0 to 3.0. The 
remaining 14 studies were conducted in patients with mixed indications and were not 
included in the primary analysis. These 14 studies were used to conduct sensitivity analysis. 
Among the AF studies, 18 study groups were judged to have received anticoagulation care in 
an organized setting (specialized care, including anticoagulation clinics) and 10 study groups 
were categorized as UC (care delivered in non-specialist settings, including family practice). 
Patients receiving organized care had a higher TTR (63.6%, 95% CI 61.3% to 65.9%) compared 
with those receiving UC (52.3%, 95% CI 42.1% to 62.4%). This difference of 11.3% was found to 
be statistically significant (95% CI 0.1% to 21.7%). 

A 2006 systematic review by van Walraven et al.38 examined the effect of study setting on 
anticoagulation control. Studies were included if they contained data measuring 
anticoagulation control in at least one patient group. A total of 67 studies including 123 study 
groups were classified as being based in an anticoagulation clinic (the authors stated the 
study was set in a clinic, or the methods stated that the role of study physicians were limited 
to INR control), a randomized controlled trial, or as community-based practice (all other 
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studies). Patients treated in randomized controlled trials had a mean TTR of 66.4% (95% CI 
59.4% to 73.3%), clinic patients had a mean TTR of 65.6% (95% CI 63.7% to 67.7%), and those 
treated in a community practice setting had a mean TTR of 56.7% (95% CI 51.5% to 62.0%). 
There was no significant difference in TTR between the RCT and clinic groups (–3.9%, 95% CI –
10.7 to 2.9). However, a decrease in TTR of 12.2% (95% CI 4.8% to 19.5%) was observed in 
patients treated by their community physicians, compared with RCTs. Community practices 
had statistically significant lower rates of INR control compared with both anticoagulation 
clinics and RCTs. 

In addition to the included systematic reviews, five studies were identified that compared 
specialized anticoagulation clinics with UC, which were not included in an included 
systematic review. The results of these four studies are summarized in Table 2 and Appendix 4. 

One cohort study15 compared patients referred to a nurse-managed anticoagulation clinic (n = 
131) with patients managed by physicians (n = 2,266) for long-term anticoagulation therapy 
(not defined). POC testing was not used. The rate of emergency room (ER) visits was lower for 
patients receiving care in the nurse-managed clinic compared with usual physician care (1.5% 
versus 10.9%). Similarly, hospitalization rate was lower with clinic care (2.3% versus 12.8%). 
Statistical analysis was not done on these figures, but cost savings due to fewer ER visits or 
hospitalizations were significantly lower in the clinic model (P = 0.0006 and P = 0.0004, 
respectively). 

One retrospective medical record review16 compared patients receiving usual physician care 
before and after transfer with a pharmacist-managed anticoagulation clinic using POC INR 
testing (n = 64). All patients had been established at the clinic for at least one year. TTR was 
not reported, but the percentage of INR tests within the therapeutic range was reported 
instead. The number of INR measurements within the therapeutic range was higher after 
transfer to the pharmacist-managed clinic (81.1% versus 71.1%, P < 0.0001). The estimated 
variance in therapeutic INR rates was significantly higher for usual physician care (365.7 
versus 185.2, P = 0.004). 

One retrospective cohort study17 compared 175 patients receiving usual physician care with 
the same number managed by a pharmacist-administered anticoagulation service for at least 
two months. TTR, calculated using the linear interpolation method, was higher in pharmacist-
managed care compared with UC (73.7% versus 61.3%, P < 0.0001). The number of ER visits 
(58 versus 134, P < 0.00001) and hospital admissions (three versus 14, P < 0.00001) were 
significantly lower with clinic care. Similarly, the anticoagulation-related adverse event rate 
was lower with clinic care (5.1% versus 15.4%, P < 0.0001) but the nature of these events 
(thrombosis, hemorrhage, etc.) was not described. 

One retrospective chart review18 compared UC by the patient’s primary care provider with 
either pharmacist- or nurse-managed anticoagulation services. TTR was lowest in patients 
treated in the primary care model compared with nurse- or pharmacist-managed care (57.4% 
versus 71.8% versus 83.6% for primary, nurse, and pharmacist care, respectively; P < 0.05 
between all models). Hospitalization rate was higher for primary care (13.9 hospitalizations 
per 100 patient-years) and nurse-managed care (12.3 per 100 patient-years) compared with 
pharmacist-managed care (5.4 per 100 patient-years, P < 0.05). Similarly, the rate of 
emergency department visits (expressed as number per 100 patient-years) was higher for 
primary care (5.6) and nurse-managed clinics (5.6) compared with pharmacist-managed care 
(1.2, P < 0.05). There was no significant difference in hospitalization or ER visit rate between 
the nurse-managed model and UC. 
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A 2008 retrospective study compared the quality of anticoagulation care before and after 
transition from a pharmacist-managed anticoagulation clinic with physician-managed primary 
care.19 In pharmacist-managed care, before transition, 76% of patient INRs were within the 
target range, compared with 48% after transition to primary care (P < 0.0001). Similarly, the 
number of INRs within the target range for each patient was lower after transition to primary 
care (75% versus 36.5%, P < 0.0001). Before transition from the anticoagulation clinic, two 
emergency department visits for symptoms related to bleeding were reported. After 
transition to primary care, 13 cases of additional medical care were reported, 12 bleeding 
related and one thrombosis related. Six resulted in emergency room visits. This was a 
statistically significant increase in the number of cases requiring medical care after transition 
from the pharmacist-managed clinic (two versus 13, P = 0.0412). The severity of these events 
was not reported. The perceived quality of care based on a patient satisfaction survey was 
higher for pharmacist-managed care. 

No systematic reviews were identified comparing different models of specialized clinic care. 
One RCT20 and two non-randomized studies18,21 compared different specialized services. The 
results of these studies are summarized in Table 3 and Appendix 4. 

In a 2006 RCT,20 patients already on warfarin were randomized to either continue 
―traditional‖ hospital-based clinic care or to receive nurse-led primary care using POC testing 
and a computer decision support system. Patients assigned to nurse-led primary practice care 
showed a statistically significant improvement in TTR over the study period (initial: 57% [95% 
CI 50% to 63%], final: 69% [95% CI 66% to 73%], P < 0.01). Improvements were also shown in 
the control population, but statistical analysis was not provided. At the end of the study 
period, patients receiving nurse-led primary care had a significantly higher TTR (69%, 95% CI 
66% to 73%) compared with those receiving hospital-based care (57%, 95% CI 50% to 63%, P < 
0.01). No significant difference was reported in overall death rate or serious adverse events, 
including transient ischemic attack, stroke, or epistaxis. In the total study population, there 
were 39.8 minor, 0.4 major, and no fatal hemorrhagic events per 100 patient-years. For 
thromboembolic events, there were 3.9 serious and 0.79 fatal events per 100 patient-years. 

One retrospective chart review18 compared UC by the patient’s primary care provider with 
either pharmacist- or nurse-managed anticoagulation services. In this comparison, TTR was 
significantly higher for pharmacist-managed care (83.6% versus 71.8%, P < 0.05). 
Hospitalization rate was higher for nurse-managed care compared with pharmacist-managed 
care (12.3 versus 5.4 per 100 patient-years, RR 2.29, 95% CI 1.23 to 4.25). Similarly, the rate 
of emergency department visits (expressed as number per 100 patient-years) was higher for 
nurse-managed care compared with pharmacist-managed care (5.6 versus 1.2, RR 4.45, 95% CI 
1.42 to 13.98). 

A comparison between a secondary care-based anticoagulation clinic and primary care-based 
practice using POC monitoring and computer-based decision support showed no statistically 
significant difference in TTR.21 During 12 months of secondary care management, patients had 
an average TTR of 76.4%. In 12 months of primary care management, the mean TTR was 
72.1%. This reduction of 5.6% from secondary care (a difference of 4.3) was not statistically 
significant (95% CI –2.7% to +13.9%).  
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Table 2: Summary of Results for Specialized Clinic Care versus Usual Care 

Study, Year TTR Thrombosis Bleeding Mortality ER QoL 

Systematic Reviews 

Bloomfield et 
al.

33
 

2011 

RCT 
+ 

Obs 
+ 

RCT 
0 

Obs 
0* 

RCT 
0 

(major) 

Obs 
0** 

(major) 

RCT 
0 

Obs 
0

†
 

RCT 
NR 

Obs 
+

‡
 +

§
 

Saokaew et 
al.

34
 

2010 NR 

RCT 
0 

Obs 
+ 

RCT 
0 

(major) 
+ 

(total) 

Obs 
+ 

(major) 
+ 

(total) 

RCT 
0 

Obs 
0 

NR NR 

Cios et al.
35

 
2009 

+ NR NR NR NR NR 

Baker et al.
36

 
2009 

+ NR NR NR NR NR 

Dolan et al.
37

 
2008 

+ NR NR NR NR NR 

van Walraven 
et al.

38
 

2006 

+ NR NR NR NR NR 

Non-randomized Studies 

Aziz et al.
15

 
2011 

NR NR NR NR +
††

 NR 

Garton et al.
16

 
2011 

+
‡‡

 NR NR NR NR NR 

Hall et al.
17

 
2011 

+ NR
¶
 NR

¶
 NR

¶
 + NR 

Rudd and 
Dier

18
 

2010 

+ NR NR NR +
§§

 NR 

Garwood et 
al.

19
 

2008 

+ 0 + 
(total) 

NR + NR 

ER = hospitalizations or emergency room visits; INR = international normalized ratios; NR = not reported; Obs = observational 
study, QoL = quality of life or patient satisfaction; RCT = randomized controlled trial; TTR = time in therapeutic range; UC = usual 
care; + = clinic superior to usual care; – = clinic inferior to usual care; 0 = no difference between clinic and usual care. 
*Meta-analysis not performed; one study favours usual care, one favours specialized clinic, and two did not test significance. 
**Meta-analysis not performed; one study favours usual care, one favours specialized clinic, and three did not test significance. 
†
One study reporting. 

‡
Meta-analysis not performed; two studies favour specialized clinics, one found no difference. 

§
Two of three RCTs report significant improvement in patient satisfaction with specialized clinic care. 

††
Nurse-managed care versus UC; P-values calculated for cost data only. 

‡‡
Pharmacist-managed care versus UC, TTR not reported, % of INR values within therapeutic range was superior for clinic care. 

¶
Pharmacist-managed care versus UC; total adverse events were significantly lower with pharmacist care, but details of these 

events were not described. 
§§

For pharmacist-managed clinics only (both for hospitalization rate and ER visit rate).  
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Table 3: Summary of Results for Comparison of Specialized Care Models 

Study, Year TTR Thrombosis Bleeding Mortality ER QoL 

RCTs 

*Fitzmaurice
20

 
2006 

+ 0 0 
(total) 

0 NR NR 

Non-randomized Studies 

**Rudd and 
Dier

18
 

2010 

– NR NR NR – NR 

*Edgeworth and 
Coles

21
 

2010 

0 NR NR NR NR NR 

ER = hospitalizations or emergency room visits; NR = not reported; QoL = quality of life or patient satisfaction; RCT = randomized 
controlled trial;  TTR = time in therapeutic range; + = favours nurse-led care; – = favours other care; 0 = no difference between 
specialized care models. 
* Study compared nurse-led care with point-of-care testing and computer support to hospital clinic care. 
** Study compared nurse-managed anticoagulation service with pharmacist-managed anticoagulation service. 

Patient Self-testing and Patient Self-management 

Six HTAs, systematic reviews, or meta-analyses were identified that compared PST or PSM 
with other care.33,35,38-41 Results are summarized in Table 4 and Appendix 3. 

In 2011, the US Department of Veterans Affairs published a systematic review comparing PST, 
alone or in combination with PSM, with care delivered in specialized or non-specialized 
clinics.33 The results of this review were also reported elsewhere.42 The review identified 27 
articles describing 22 distinct RCTs including a total of 8,413 participants. 

There was a lower rate of overall mortality (OR 0.74, 95% CI 0.63 to 0.87) and 
thromboembolic events (OR 0.58, 95% CI 0.45 to 0.75) in patients randomized to PST/PSM 
compared with other care. Patients assigned to PST/PSM also had a lower rate of major 
bleeding events (OR 0.89, 95% CI 0.75 to 1.05), but this result was not statistically significant. 
Mean TTR for patients randomized to PST/PSM was 66.1% (range of means 56% to 76.5%) 
compared with 61.9% (range 32% to 77%) for patients randomized to other care groups. This 
difference was not statistically significant. Eleven included studies reported patient 
satisfaction and quality of life. Measurement and definition varied across the studies but, in 
general, patients in the PST/PSM group expressed greater treatment satisfaction or quality of 
life. Three studies reported significantly higher self-efficacy and less distress, fewer daily 
hassles, and reduced strain on social networks with PST/PSM. One reported improved 
emotional health and vitality. Four additional studies showed a significant difference in 
treatment satisfaction in PSM/PST patients. Three included studies reported no significant 
difference in patient satisfaction or quality of life.  

A 2010 systematic review by Garcia-Alamino et al.39 included 26 papers reporting on 18 RCTs 
(4,723 participants). 

Meta-analysis indicated that patients who self-managed or self-tested were at decreased risk 
of thromboembolism (RR 0.50, 95% CI 0.36 to 0.69), overall mortality (RR 0.64, 95% CI 0.46 to 
0.89), and minor hemorrhage (RR 0.64, 95% CI 0.54 to 0.77). When PST was considered by 
itself, no significant difference in mortality (RR 0.84, 95% CI 0.50 to 1.41) or 
thromboembolism (RR 0.57, 95% CI 0.32 to 1.00) was observed compared with other care. 
Rates of major hemorrhage were not different between PST/PSM patients and other care (RR 
0.87, 95% CI 0.66 to 1.16); however, there was a statistically significant reduction in patients 
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self-testing only (RR 0.56, 95% CI 0.35 to 0.91). Results were also reported based on clinical 
condition. However, only two included studies examined atrial fibrillation exclusively and 
event rates were low; therefore, no statistically significant differences in adverse events 
were reported in this group. 

Thirteen included trials reported percentage of INR measurements within the target range. 
All but one reported improvements in PSM and PST groups, with six of these reporting 
statistically significant differences. Eleven trials reported TTR. Three of these (n = 554 
patients) observed a statistically significant improvement in TTR in the PST and PSM groups, 
while eight (n = 2,059 patients) showed no significant difference between PST/PSM and other 
care. Results for these outcomes were not pooled. Eight included studies evaluated quality of 
life outcomes using various measures and definitions. Five showed a statistically significant 
improvement in quality of life or treatment satisfaction in PST or PST/PSM patients. The 
remaining three studies showed no significant difference between the study groups. 

In a 2009 systematic review and meta-analysis, Cios et al.35 evaluated the impact of study 
setting on INR control in US studies. The analysis included 24 studies (43 study groups) 
performed in an anticoagulation clinic (the study was performed in a clinic, or the stated role 
of clinicians in patient care was limited to anticoagulation management) or community 
practice (the study could not be classified as an anticoagulation clinic or RCT). Subgroup 
analysis showed PSM is associated with a TTR of 58% (95% CI 47% to 51%), while TTR in the 
other groups was 57% (95% CI 55% to 59%). After meta-regression using a mixed-method model 
controlling for study setting, year, design, and other study-level factors, the adjusted 
difference (–8.9, 95% CI –25.7 to –7.8) was not statistically significant. In a post-hoc analysis, 
Canadian warfarin studies were included, with similar results. With Canadian studies 
included, TTR was 65% (95% CI 55% to 76%) with PSM and 59% (95% CI 56% to 61%) without PSM, 
a non-statistically significant difference (–2.0, 95% CI –15.3 to 11.2). 

A 2007 meta-analysis on the safety and effectiveness of POC monitoring devices in 
anticoagulation therapy included a subgroup analysis of PST/PSM.40 Patients using a POC 
device for self-testing and self-management had significantly lower rates of both major 
thromboembolism (OR 0.48, 95% CI 0.30 to 0.79) and overall thromboembolic events (OR 0.45, 
95% CI 0.24 to 0.84) and death (OR 0.48, 95% CI 0.24 to 0.94) compared with patients 
receiving care from an anticoagulation clinic or individual practitioner without use of a POC 
device. No significant difference was observed for major hemorrhagic events (OR 0.75, 95% CI 
0.47 to 1.20). TTR was higher for PST/PSM patients compared with other care (71% versus 
63%, no statistical analysis provided). Analysis separately comparing either clinic or 
practitioner care with PST/PSM was not performed.  

A 2007 HTA41 included a systematic review of the clinical effectiveness, comparing PST/PSM 
with other anticoagulation management strategies. The review identified 16 RCTs and eight 
non-RCTs. 

Meta-analysis of RCTs and non-randomized studies was used to calculate risk difference (RD) 
for major complications and death. PST/PSM was associated with reduced risk of 
thromboembolic events (RD –0.02, 95% CI –0.03 to –0.01) and death (RD –0.017, 95% CI –0.029 
to –0.005), but not hemorrhagic events (RD –0.004, 95% CI –0.015 to 0.007). An odds ratio 
method was also used for RCTs only, but results did not differ. 

Among 12 RCTs that reported TTR, the pooled estimate was 67.4% for PST/PSM and 63.4% for 
UC. When separated according to type of care used as a control, PST/PSM resulted in a similar 
TTR to specialized clinics (67.1% versus 66.3%) but a higher TTR compared with primary care 
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by family doctors (74.8% versus 59.8%). Two non-randomized studies reported TTR, finding 
significantly better time in range in the PSM group compared with UC. These results were not 
pooled. Non-RCTs reporting the number of INR measurements within the therapeutic range 
were pooled and showed better INR control with PSM, compared with UC (82.9% versus 
69.5%). Six included studies reported on quality of life, according to different metrics. Three 
indicated improved quality of life and patient satisfaction with PST/PSM, while three reported 
no significant difference between PST/PSM and other care. 

A 2006 systematic review by van Walraven et al.38 examined the effect of study group 
characteristics on anticoagulation control. A total of 67 studies incorporating 123 study groups 
were included. Of these, seven trial groups involved PSM and 116 had no self-management 
aspect. Patients who self-managed had a mean TTR of 71.5% (95% CI 65.2% to 77.7%), and 
those using usual clinic or community practice care without self-management had a mean TTR 
of 63.1% (95% CI 61.0% to 65.2%). The adjusted effect of 7.0% increase in TTR (95% CI 0.7% to 
13.3%) was statistically significant (P = 0.03). 

Seven additional studies were identified comparing PST/PSM with other models of 
anticoagulant care. Five of these compared PST or PSM with other specialized anticoagulation 
services22-26 and two compared with UC.27,28 Results are summarized in Table 4 and Appendix 
4. 

A 2011 RCT22 compared patient self-testing using a telemedicine system with treatment in a 
hospital-based clinic. Patients who self-tested measured INR once or twice a week using a 
POC device, reporting values to the anticoagulation clinic via an online system. Dose 
adjustments were made by the clinic and reported using the same system. Patients 
randomized to traditional clinic care made clinic visits at minimum every four weeks for INR 
measurement and dose adjustment, but at shorter intervals depending on warfarin dose 
changes. 

TTR was reported for each group. Compared with patients receiving conventional clinic care 
(72.7%, 95% CI 71.9% to 73.4%), patients had a significantly higher TTR when self-testing 
either once (79.7%, 95% CI 79.0% to 80.3%) or twice (80.2%, 95% CI 79.4% to 80.9%) per week. 
The difference in TTR between patients testing once or twice was not significant (P = 0.2516). 
No patients died during the trial. One adverse event (hospitalization) was reported, but the 
care group for this patient was not described. 

Results of a survey published in 201123 examined quality of life changes in patients 
randomized to receive routine care, either attending a hospital or practice-based 
anticoagulation clinic, or self-managing with INR testing every two weeks. Questionnaires 
were sent to participants at the baseline and after 12 months of receiving assigned 
treatment. Questionnaires used two instruments: one measured anxiety; the other reported 
on treatment-related quality of life. Overall, a greater improvement in self-efficacy was 
reported in the PSM group compared with clinic care (1.67 versus 0.43, P = 0.01). This 
association remained statistically significant after adjusting for age (P = 0.03). No statistically 
significant differences between PSM and clinic care were observed for changes in daily hassle, 
psychological distress, treatment satisfaction, or anxiety over the study period. 

In 2009, Gardiner et al.24 examined whether PST is a viable alternative to hospital 
anticoagulation clinic attendance for anticoagulation management. Patients who self-tested 
used a POC device to measure INR every two weeks. Results were reported to the 
anticoagulation clinic where dose adjustment was carried out, using computer dosing 
software. Patients who did not want to self-monitor received routine care in the 
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anticoagulation clinic. Details of this care were not described. The median TTR was higher in 
the PST group (71%, 95% CI 64.1% to 75.3%) compared with those receiving routine care (60%, 
95% CI 55.0% to 63.2%, P = 0.003). Among patients who were self-testing, the incidence of 
major bleeds was 1.7 per 100 patient-years, incidence of minor bleeds was 8.4 per 100 
patient-years, and incidence of thrombosis was 3.4 per 100 patient-years. In the routine care 
group, the incidence of major bleeds, minor bleeds, and thrombosis was 5.4, 16.2, and 1.4 
per 100 patient-years, respectively. No statistical analysis was done on adverse event rates. 

A 2008 before-after study25 compared PSM with management provided by an anticoagulation 
clinic. The PSM group monitored INR every one or two weeks (after an initial three-week 
training period) and reported measurements using an Internet-based system. A dosing 
algorithm provided dosing recommendations directly to the patient, or in more extreme INR 
deviations, to the physician for approval. The mean time in therapeutic range increased from 
63.0% during the control period (before introduction of the PSM system) to 74.4% after PSM 
was introduced, for a mean difference of 11.4% (95% CI, 5.5% to 17.3%, P < 0.004). No 
hemorrhagic or thromboembolic complications were reported during either study period. 

A 2007 retrospective study26 examined the clinical effectiveness of PSM outside of trial 
conditions. Patients were selected from a previous RCT comparing PSM with routine care. PSM 
patients self-managed their warfarin based on INR testing every two weeks. Control patients 
had their warfarin managed in hospital or practice-based anticoagulation clinics and 
continued to do so post-trial. In PSM patients, there was no statistically significant difference 
in TTR between trial and post-trial periods (75% versus 70%, P = 0.12). Similarly, no significant 
difference was observed in the control arm outside of trial conditions (64% versus 57%, P = 
0.09). No significant differences were found between the change in mean TTR in PSM during 
and post-trial compared with the control arm (P = 0.54). 

In a 2011 before-after study,27 anticoagulation control in patients receiving laboratory INR 
testing followed by  dose adjustment by the lab or general practitioner was compared with 
the same group of patients after the introduction of a PSM program. There was no significant 
difference in the overall TTR between the two groups (PSM 81.3% versus UC 72.4%, P = 0.16). 
In patients with poor control (TTR < 60%) prior to self-management, switching to PSM resulted 
in a statistically significant improvement in TTR (UC 38.8% versus PSM 71.1%, P = 0.01). There 
was no significant difference in patients who had good INR control (TTR > 60%) after switching 
to PSM (UC 83.0% versus PSM 82.5%). 

A 2008 study28 compared PST followed by dose adjustments by a general practitioner using a 
decision support tool with anticoagulation therapy monitored and controlled by the patient’s 
general practitioner (UC). Mean individual TTR was not significantly different between groups 
(PST 65.7% versus UC 66.4%, P = 0.85). No statistically significant differences between PST 
and UC for adverse events, including death (5.5% versus 5.5%, P = 1.0), major hemorrhagic 
complications (0% versus 1.8%, P = 1.0), minor hemorrhagic complications (7.4% versus 3.7%, P 
= 0.67), and thromboembolism (1.8% versus 3.7%, P = 1.0), were observed. Compared with 
results from pre-study questionnaires, PST was associated with greater decreases in 
dissatisfaction (–0.8 versus 0.2, P = 0.001) and stress (–0.3 versus 0.005, P = 0.003), fewer 
limitations to daily activities (–0.2 versus 0.3, P = 0.005), fewer social problems (–0.1 versus 
0.3, P = 0.03), and decreased anxiety (–2.5 versus 2.3, P = 0.04) over the study period 
compared with UC.  
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Table 4: Summary of Results for PST/PSM 

Study, Year TTR Thrombosis Bleeding Mortality ER QoL 

Systematic Reviews 

Bloomfield et al.
33

 
2011 

0 + 0 
(major bleed) 

+ NR 
+* 

Garcia-Alamino 
et al.

39
 

2010 

0** + PST/PSM 
0 (major) 
+ (minor) 

PST only  
+ (major) 
0 (minor) 

+ NR 
+

†
 

Cios et al.
35

 
2009 

0 NR NR NR NR NR 

Wells et al.
40

 
2007 

+ + 0 
(major) 

+ NR NR 

Connock et al.
41

 
2007 

0 vs. 
clinic 

+ vs. UC 

+ 0 
(major) 

+ NR +
‡ 

van Walraven et 
al.

38
 

2006 

+ NR NR NR NR NR 

RCTs — PST/PSM versus Clinic Care 

Christensen et 
al.

22
 

2011 

+ NR NR NR 0 NR 

McCahon et al.
23

 
2011 

NR NR NR NR NR 0 for 
anxiety 

+ for self-
efficacy 

Non-randomized Studies — PST/PSM versus Clinic Care 
§
Gardiner et al.

24
 

2009 
+ – + 

(major and minor) 
NR NR NR 

O’Shea et al.
25

 
2008 

+ 0 0 
(total) 

NR NR NR 

McCahon et al.
26

 
2007 

0
¶
 NR NR NR NR NR 

Non-randomized Studies — PST/PSM versus Usual Care 

Harper and 
Pollock

27
 

2011 

0 overall 
+ in 

patients 
with poor 
control 

NR NR NR NR NR 

Salvador et al.
28

 
2008 

0 0 0 
(major and minor) 

0 0 + 

ER = hospitalizations or emergency room visits; NR = not reported; Obs = observational study; QoL = quality of life; RCT = 
randomized controlled trial; TTR = time in therapeutic range; + PST/PSM = superior to other care; 
– PST/PSM = inferior to other care; 0 = no difference between PST/PSM and other care. 
*In 11 studies reporting QoL or patient satisfaction, four reported significant QoL improvements and four reported increased patient 
satisfaction. Three reported no significant difference between groups.  
**Three of 11 studies (n = 554 patients) reported a statistically significant improvement in TTR with PST/PSM; eight (n = 2059 
patients) showed no difference. 
†
Five of eight studies reporting quality of life outcomes showed an improvement in quality of life or patient satisfaction with PST or 

PST/PSM. 
‡
Three of six studies reporting quality of life or patient satisfaction showed significant improvement with PST/PSM. Three reported 

no significant difference between PST/PSM and other care. 
§
Statistical significance of clinical outcomes not reported for this study. 

¶
This study did not directly compare TTR between PSM and control, but rather compared changes in TTR within and outside of trial 

conditions, finding no difference in the change in mean TTR between groups. TTR was higher with PSM, but statistical significance 
was not reported. 
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Other 

Four identified studies29-32 compared computer-assisted with manual anticoagulant dosing by 
experienced staff. All four studies reported increases in TTR with computerized dosing 
algorithms, though one32 did not report the statistical significance of the result. This study 
examined TTR by indication and found an increase in TTR in AF patients from 46% in 1992 
using cardiologist-based manual dosing to 81% in 2006 using computer-assisted dosing in the 
same practice. Three studies29-31 reported adverse events and found no significant difference 
in bleeding events, hemorrhagic events, or deaths between the two groups. 

One systematic review33 identified two studies comparing PSM with PST including clinic care 
and found no statistically significant difference in TTR between the two groups. One of these 
studies reported quality of life outcomes and reported greater treatment satisfaction in the 
PST group compared with PSM. 

One meta-analysis40 compared the use of POC INR testing devices in any setting with ―usual 
care,‖ defined as laboratory INR testing with clinic or primary care management. Seventeen 
relevant articles reporting on 16 individual trials found no significant difference in major 
hemorrhage rate with POC testing compared with UC (OR 0.75, 95% CI 0.51 to 1.10). Use of 
POC devices was associated with a reduction in thromboembolism (OR 0.45, 95% CI 0.29 to 
0.70) and mortality (OR 0.54, 95% CI 0.35 to 0.83). TTR was higher with POC device use (69% 
versus 61%), but no statistical analysis was reported. 

7 DISCUSSION 

7.1 Summary of Evidence 

Results from systematic reviews indicate that specialized anticoagulation clinics result in 
higher TTR compared with UC, but do not tend to result in significant differences in bleeding 
events, thromboembolism, or mortality. Two included reviews reported results from RCTs 
separately from non-randomized studies.33,34  One of these34 found a reduction in 
thromboembolic events and major bleeds with specialized clinic care in non-RCTs, but no 
difference among randomized controlled trials. This dichotomy may reflect a difference in 
care in RCT conditions compared with non-randomized trials, which may better reflect actual 
practice. The two systematic reviews33,34 reporting clinical outcomes were based on a 
comprehensive literature search and were generally well conducted, although neither 
provided a list of included and excluded studies, and one33 did not attempt to assess the risk 
of publication bias. Results from the systematic reviews are supported by findings from five 
additional studies.15-19 Four of these16-19 found improvements in TTR with specialized 
anticoagulation care compared with UC (one18 found no difference and one15 did not report 
this outcome). Four non-randomized studies15,17-19 found an increase in ER visits or need for 
additional medical attention with UC, while one RCT20 reported no significant difference in 
adverse event rates between nurse-led POC testing and dose management and traditional 
hospital clinic care. Of the five primary studies reporting clinical outcomes15,17-20 (including ER 
or hospital visits), only one19 took into account loss of patients to follow-up and provided a 
power calculation. None of these three studies were blinded and one20 randomized patients to 
their treatment groups, but did not report the method of randomization. While the additional 
primary studies are insufficient to identify a trend, their findings reflect the difference 
between RCTs and non-randomized studies described in the systematic reviews. Clinical 
practice guidelines produced by the ACCP in 2008 recommend a systematic and coordinated 
approach to anticoagulation therapy, using specialized anticoagulation management services 
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as an example.7 This recommendation was based on a comprehensive literature review that 
showed a similar discrepancy between RCT and observational studies. 

One study18 compared different models of specialized care and found nurse-managed and 
pharmacist-managed services to result in a statistically significant increase in TTR compared 
with UC. When compared with nurse-managed care, pharmacist-managed services were 
associated with a significantly higher TTR. However, nurse-managed care was not statistically 
different from UC in the number of hospitalizations or ER visits; both resulted in a significant 
increase in hospital or ER visits compared with pharmacist-managed services. Two studies20,21 
compared nurse-led POC testing and computer-supported dose adjustment with hospital clinic 
care. One20 found an improvement in TTR with nurse-led care, but no difference in rates of 
thrombosis, hemorrhage, or mortality. One21 found no difference in TTR but did not report 
clinical outcomes. 

Systematic reviews comparing patient self-testing or self-management with other models of 
anticoagulation care showed that PST/PSM resulted in lower mortality rates and lower 
incidence of thromboembolic events, but there was no significant difference in the rates of 
bleeding events where reported. The four systematic reviews reporting on clinical 
outcomes33,39-41 were generally well conducted, based on a comprehensive literature search, 
and duplicate study selection and data extraction. Two of these reviews33,41 did not assess the 
risk of publication bias and three33,40,41 did not provide lists of included and excluded studies. 
TTR was similar between PST/PSM patients and those receiving care in anticoagulation clinics, 
but self-testing or management resulted in better TTR than UC in one HTA. One meta-
analysis40 showed that use of POC monitoring devices in any setting improved INR control. 
Similar results were shown in a review done for the ACCP guidelines,7 which showed a trend 
toward improved TTR for PST or PSM compared with UC, but no difference compared with 
specialized anticoagulation services. These guideline recommendations suggest that PST or 
PSM be implemented where suitable. In contrast to the systematic reviews, results from 
additional primary studies (two RCTs, five non-randomized studies) indicated an increase in 
TTR with PST/PSM compared with specialized anticoagulation clinic care, but no difference 
compared with UC. However, one study found, when patients were stratified based on quality 
of INR control (TTR above or below 60%), that patients with poor control had a significant 
improvement in TTR when switched to PSM. One of the primary studies24 showed a trend 
toward fewer bleeds or thromboembolisms with self-testing, but no statistical analysis was 
provided.  

Quality of life measurements were reported, but not pooled, in three systematic 
reviews.39,41,42 Overall, 15 of 25 studies included in the reviews reported quality of life 
improvements with PST/PSM. Two studies23,28 found patient-reported improvements to quality 
of life with self-testing or self-management. 

Four articles29-32 compared the use of computer dosing algorithms with manual dosing by 
medical staff. These studies found an increase in TTR with computer-assisted dosing, but 
reported no significant difference in thromboembolism, bleeding, or mortality rates. 

7.2 Limitations 

This review is limited by mixed indications used in the majority of studies; only two included 
studies exclusively recruited patients with atrial fibrillation. Additionally, some systematic 
reviews included studies that would have been excluded from this review (for example, 
studies exclusively including patients with mechanical heart valve). 
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Furthermore, because systematic reviews were reviewed, there will be some overlap in 
included studies. Primary studies will potentially have been captured in more than one 
systematic review, and will therefore be counted more than once when considering the 
available evidence on clinical effectiveness of warfarin dosing management strategies. 

Definitions of terms, such as major versus minor bleeding or usual care, vary across studies. 
Implementation of anticoagulation clinics or self-management programs also varies in aspects 
such as staffing, dose-management algorithms, INR measurement devices, or patient 
education sessions. This limitation compromises the ability to draw direct comparisons 
between included studies, and also makes it difficult to determine which specific aspects of 
organized anticoagulation treatment are beneficial. 

Three multicentre trials comparing computer dosing with manual dosing included Canadian 
centres; however, studies comparing specialized services with UC or examining PST/PSM were 
conducted primarily in the USA or UK. Care received in these studies may not adequately 
reflect the Canadian context. 

The methodological quality of included systematic reviews was generally good, although most 
failed to provide a list of excluded studies or assessment of publication bias. There is a risk of 
bias among the included primary studies. While they were generally well reported, none were 
blinded, none reported adequate allocation concealment, and only one described the method 
of randomization. Non-randomized studies are also at risk of bias due to lack of blinding. 
Additionally, the before-after nature of some of these studies introduces further risk of bias if 
treatment protocols or standards of care change over the study period. 

In studies examining patient self-testing or self-management, participants may not be 
representative of the general population. Patients in self-testing or self-management arms 
are typically self-selected, and other eligibility criteria, such as the ability to use a computer 
and internet-based dosing programs, may select for a particular demographic that is not 
indicative of the suitability of self-testing or self-management for all patients receiving 
anticoagulation therapy. 

8 CONCLUSIONS AND IMPLICATIONS FOR DECISION- OR 
POLICY-MAKING  

Based on a review of existing systematic reviews and additional primary studies, specialized 
anticoagulation services improve TTR compared with UC. However, depending on the study 
design, this improvement in TTR may not translate into a reduction in hemorrhage, 
thromboembolism, or in need for additional medical care. 

Effects of PST or PSM on TTR were mixed, with studies showing either improved time in the 
therapeutic range, or no difference between models of care. Effects on clinical outcomes 
were also mixed, but PST or PSM generally resulted in lower mortality rates and reduced 
incidence of thromboembolism. Self-testing or self-management did not affect rates of 
bleeding events. PST/PSM may also improve quality of life and patient satisfaction. 

Use of computerized dosing algorithms is associated with improved TTR, but not with 
reductions in adverse event rates, compared with manual dosing by experienced medical 
staff.
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APPENDIX 2: SELECTION OF INCLUDED STUDIES 
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APPENDIX 3: CHARACTERISTICS OF INCLUDED SYSTEMATIC REVIEWS 

Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

Specialized Anticoagulation Clinics 
Bloomfield 
et al.

33
 

2011 

3 RCTs (722 subjects), 
8 cohort studies 
(12,768 subjects) 

Mean age: 69 
Mixed indications 

ACC, various models 
(6 pharmacist-
managed) 

Non-specialized 
primary care clinic, 
physician office 

RCTs 
TTR (method not described, 3 RCTs) 

Favours ACC 59.9% versus 56.3% 
Mortality (2 RCTs) 
RR 0.81, 95% CI 0.25 to 2.58 
Major bleeding (not defined, 3 trials) 
RR 1.05, 95% CI 0.36 to 3.12 
Major thromboembolism (3 RCTs) 
RR 1.29, 95% CI 0.59 to 2.81 
Significant improvement in patient 
satisfaction with ACC care (2 RCTs) 
 
Cohort 
TTR (method not described, 4 studies) 
Favours ACC 63.5% to 53.5% 
Mortality (1 study) 
No significant difference 
Major bleeding (5 studies) 
1 study favours UC, 1 favours ACC, 3 
significance not tested 
Major thromboembolism (4 studies) 
1 favours UC, 1 favours ACC, 2 
significance not described 
Hospitalizations, ER visits 
2 studies favour ACC, 1 found no 
difference 
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Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

Saokaew 
et al.

34
 

2010 

5 RCTs (862 subjects), 
19 non-randomized 
(727,515 subjects) 

Mean age: 62.5 
Mixed indications 
Warfarin only 

Warfarin 
management in 
which a pharmacist 
participated  

Usual physician 
provided care 

RCTs 
Major bleeding (definition varies by 
study, 4 RCTs) 
RR 0.64, 95% CI 0.18 to 2.36 
Total bleeding (4 RCTs) 
RR 0.51, 95% CI 0.28 to 0.94 
Thromboembolism, any (4 RCTs) 
RR 0.79, 95% CI 0.33 to 1.93 
Mortality (3 RCTs) 
RR 0.93, 95% CI 0.41 to 2.13 
 
Non-randomized studies 
Major bleeding (definition varies by 
study, 11 trials) 
RR 0.49, 95% CI 0.26 to 0.93 
Total bleeding (19 trials) 
RR 0.71 95% CI 0.52 to 0.96 
Thromboembolism, any (15 trials) 
RR 0.37, 95% CI 0.26 to 0.53 
Mortality (4 trials) 
RR 0.85, 95% CI 0.37 to 1.98 

Cios et 
al.

35
 

2009 

24 non-randomized 
studies (43 study 
groups, 26,979 
patients) 

Mean age: NR 
Indications: NR 
Warfarin only 
 

ACC (details not 
described) 

Community care TTR (mixed interpolation methods, US 
patients only) 
ACC: 64%, 95% CI 62% to 67% 
UC: 51%, 95% CI 48% to 54% 
Adjusted mean difference: –13%,  
95% CI –18.1% to –7.9% 
 
TTR (post-hoc inclusion of Canadian 
studies) 
ACC: 65%, 95% CI 61% to 69% 
UC: 53%, 95% CI 50% to 56% 
Adjusted mean difference: –11.3%,  
–16.2% to –6.3% 



Optimal Warfarin Management for the Prevention of Thromboembolic Events in Patients 
 with Atrial Fibrillation: A Systematic Review of the Clinical Evidence 

30 

Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

Baker et 
al.

36
 

2009 

8 non-randomized 
studies (22,237 
patients) 

Mean age: NR 
AF only 
Warfarin only 
US only 

ACC — study took 
place in a clinic, or 
role of clinicians 
limited to 
anticoagulation 
management 

Community 
practice — study 
was not an RCT or 
classified as ACC 

TTR (mixed interpolation methods) 
ACC: 63%,  95% CI 58% to 68% 
UC: 51%, 95% CI 47% to 55% 
Meta-regression indicates patients in 
UC spend 11% (95% CI 2% to 20%, 6 
studies, 9 groups) less time in range 

Dolan et 
al.

37
 

2008 

22 studies (28 study 
groups; 35,199 patient-
years) 

Mean age: NR 
AF only 
 

ACC (details not 
described, 18 study 
groups) 

Non-specialist 
setting (including 
family practice, 10 
study groups) 

TTR (methods not described) 
ACC: 63.6%, 95% CI 61.3% to 65.9% 
UC: 52.3%, 95% CI 42.1% to 62.4% 
Difference: 11.3%, 95% CI 0.1% to 
21.7% 

van 
Walraven 
et al.

38
 

2006 

67 studies (123 study 
groups; 50,208 
patients) 

Mean age: NR 
Mixed indications 
 

ACC — study took 
place in clinic or role 
of clinicians limited to 
anticoagulation 
management (84 
study groups) 

Community 
practice — study 
was not an RCT or 
classified as ACC 
(30 study groups) 
 
RCT (9 study 
groups) 

TTR (mixed methods) 
RCT: 66.4%, 95% CI 59.4% to 73.3% 
ACC: 65.6%, 95% CI 63.7% to 67.7% 
UC: 56.7%, 95% CI 51.5% to 62% 
 
Difference (ACC vs. RCT) 
–3.9%, 95% CI –10.7% to 2.9% 
 
Difference (UC vs. RCT) 
–12.2%, 95% CI –19.5% to –4.8%  

Patient Self-testing or Self-management 
Bloomfield 
et al.

33
 

2011 

27 studies reporting on 
22 RCTs (8,413 
subjects) 

Mean age: 65 
Mixed indications 
 

PST or PST/PSM ACC, primary care, 
or physician office 

TTR (methods not described) 
PST/PSM 66.1% vs. other care 61.9% 
Weighted mean difference: 1.5%, 95% 
CI –0.63% to 3.63% 
Mortality 
Favours PST/PSM: OR 0.74, 95% CI 
0.63 to 0.87 
Thromboembolism 
Favours PST/PSM: OR 0.58, 95% CI 
0.45 to 0.75 
Major bleeding 
No statistically significant difference: 
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Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

OR 0.89, 95% CI 0.75 to 1.05 
8 studies reported improvements in 
quality of life (4 studies) or patient 
satisfaction (4 studies) out of 11 
studies reporting these outcomes 

Garcia-
Alamino et 
al.

39
 

2010 

26 studies reporting on 
18 RCTs (4,723 
patients) 

Mean age: NR 
Mixed indications 
 

PST or PST/PSM ACC or personal 
physician care 

TTR (methods not described) 
3 of 11 studies reporting TTR  report 
significant improvement with PST/PSM 
Mortality 
Favours PST/PSM: RR 0.64, 95% CI 
0.46 to 0.89 
Thromboembolism 
Favours PST/PSM: RR 0.50, 95% CI 
0.36 to 0.69 
Major bleeding 
No difference: RR 0.87, 95% CI 0.66 to 
1.16 
Minor bleeding 

Favours PST/PSM: RR 0.64, 95% CI 
0.54 to 0.77 
 
PST alone 
Mortality 
No difference: RR 0.84, 95% CI 0.50 to 
1.41 
Thromboembolism 
No difference: RR 0.57, 95% CI 0.32 to 
1.00 
Major bleeding 

Favours PST: RR 0.56, 95% CI 0.35 to 
0.91 
Minor bleeding 
No difference: RR 0.93, 95% CI 0.72 to 
1.20 
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Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

 
5 of 8 studies evaluating quality of life 
outcomes reported a significant 
difference in treatment satisfaction or 
quality of life with PST/PSM 

Cios et 
al.

35
 

2009 

24 non-randomized 
studies (43 patient 
groups, 26,979 
subjects) 

Mean age: NR 
Indications: NR 
Warfarin only 
 

PSM (2 patient 
groups) 

ACC or community 
care (41 patient 
groups) 

TTR (mixed interpolation methods, US 
patients only) 
PSM: 58%, 95% CI 47% to 51% 
No PSM: 57%, 95% CI 55% to 59% 
Adjusted mean difference: –8.9%, 95% 
CI –25.7% to 7.8% 
 
TTR (post-hoc inclusion of Canadian 
studies) 
PSM: 65%, 95% CI 55% to 76 % 
No PSM: 59%, 95% CI 56% to 61% 
Adjusted mean difference: –2.0, 95% 
CI –15.3% to 11.2% 

Wells et 
al.

40
 

2007 

17 studies describing 
16 RCTs (4,460.7 
patient-years) 

Mean age: NR 
Mixed indications 

PST or PST/PSM 
 

ACC or primary 
care 

TTR (Rosendaal method) 
Favours PST/PSM: 71% (95% CI 68 to 
78) vs. 63% (95% CI 60 to 65) 
 
Mortality (favours PST/PSM, 6 trials) 
OR 0.48, 95% CI 0.24 to 0.94 
Major thromboembolism (favours 
PST/PSM, 11 trials) 
OR 0.49, 95% CI 0.30 to 0.79 
All thromboembolism (favours 
PST/PSM, 8 trials) 
OR 0.45, 95% C 0.24 to 0.84 
Major bleeding (no difference, 10 trials) 
OR 0.75, 95% CI 0.47 to 1.20 
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Study 
Year 

No. of Included 
Studies 

Patient 
Population 

Intervention Comparator Outcomes 

Connock 
et al.

41
 

2007 

16 RCTs (4,444 
patients), 8 non-
randomized (1,284 
patients) 

Mean age: NR 
Mixed indications 

PST or PST/PSM ACC or primary 
care/family-doctor 
managed 
anticoagulation 

TTR (method not described) 
RCTs (12 studies) 
67.4% PST/PSM vs. 63.4% other care 
when separated by controls used: 
67.1% PST/PSM vs. 66.3% ACC 
74.8% PST/PSM vs. 59.8% UC 
P-values not reported 
 
Mortality (favours PST/PSM) 
RD –0.017, 95% CI –0.029 to –0.005 
Thromboembolism (favours PST/PSM) 
RD –0.02, 95% CI –0.03 to –0.01 
Bleeding (no difference) 
RD –0.004, 95% CI –0.015 to 0.007 
 
6 studies reported quality of life 
outcomes. 3 favoured PST/PSM, 3 
reported no significant difference 
between PST/PSM and other care. 

van 
Walraven 
et al.

38
 

2006 

67 studies (123 study 
groups; 50,208 
patients) 

Mean age: NR 
Mixed indications 
 

PSM (7 patient 
groups) 

ACC or community 
care (116 patient 
groups) 

TTR (mixed methods) 
No PSM: 63.1%, 95% CI 61% to 65.2% 
PSM: 71.5%, 95% CI 65.2% to 77.7% 
Difference: 7%, 95% CI 0.7% to 13.3% 

ACC = specialized anticoagulation clinic; NR = not reported; OR = odds ratio; PST = patient self-testing; PSM = patient self-management; RD = risk difference; RR = relative risk; TTR 
= time in therapeutic range; UC = usual care. 
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APPENDIX 4: CHARACTERISTICS OF INCLUDED PRIMARY STUDIES 
Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

Specialized Anticoagulation Clinics vs. Usual Care 

Aziz et al.
15

 
2011 
USA 

Cohort study 
(2,397 patients) 

Mean age: NR 
Indication: NR 
Warfarin only 

Nurse-managed 
anticoagulation 
service with 
physician 
oversight. No 
POC testing (n = 
131) 

Usual physician 
care (n = 2,266) 

ER visit: 
Nurse AMS: 2 patients (1.5%) 
UC: 247 patients (10.9%) 

Hospitalization: 
Nurse AMS: 3 patients (2.3%) 
UC: 289 patients (12.8%) 

P-values reported for cost data only 

Garton and 
Crosby

16
 

2011 
USA 

Retrospective 
medical record 
review  
(64 patients) 

Mean age: 74 
Indication: 81% AF 
Warfarin only 

Pharmacist-
managed 
anticoagulation 
clinic with POC 
testing (n = 64) 

Usual physician 
care before clinic 
referral (n = 64) 

Percentage of INR values in range: 
Pharmacist AMS: 81.1% 
UC: 71.1% 
P < 0.0001 

Estimated variance in therapeutic INR rates 
Pharmacist AMS: 185.2 
UC: 365.7 
P = 0.004 

Hall et al.
17

 
2011 
USA 

Retrospective 
cohort 
(350 patients) 

Mean age:  
AMS 63.7 
UC 65.1 
Indication:  
AMS 68.6% AF 
UC 60.0% AF 
Warfarin only 

Pharmacist-
managed 
anticoagulation 
clinic with 
laboratory INR 
measurement  
(n = 175) 

Usual physician 
care (n = 175) 

TTR (Rosendaal method): 
Pharmacist AMS: 73.7% 
UC: 61.3% 
P < 0.0001 

Adverse events (anticoagulation-related, 
details not provided): 
Pharmacist AMS: 14 events in 9 patients 
(5.1%) 
UC: 41 events in 27 patients (15.4%) 
P < 0.0001 
ER visits: 
Pharmacist AMS: 58 
UC: 134 
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Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

P < 0.00001 

Hospitalizations: 
Pharmacist AMS: 3 
UC: 14 
P < 0.00001 

Rudd and 
Dier

18
 

2010 
USA 

Retrospective 
medical record 
review  
(996 patients) 

Mean age: 72 to 75 
(across study groups) 
Indication: 50% to 
56% AF (across study 
groups) 
Warfarin only 
 

Pharmacist-
managed AMS  
with POC or 
laboratory testing 
(n = 489), or 
nurse-managed 
AMS (lab testing 
only) (n = 307) 

Primary care 
provider with 
laboratory INR 
testing (n = 200) 

TTR (Rosendaal method) 
Pharmacist AMS: 83.6% 
Nurse AMS: 71.8% 
Primary care: 57.4%, P < 0.05 between all 
models 

Hospitalization rate (per 100 patient-years) 
Pharmacist AMS: 5.4 
Nurse AMS: 12.3 
Primary care: 13.9, P < 0.05 between 
pharmacist AMS and other models 

ER visit rate (per 100 patient-years) 
Pharmacist AMS: 1.2 
Nurse AMS: 5.6 
Primary care: 5.6, P < 0.05 between 
pharmacist AMS and other models 

Garwood et 
al.

19
 

2008 
USA 

Retrospective 
before-after study 
(40 patients) 

Mean age: 61.7 
Indication: 35% AF 
Warfarin only 
 

Pharmacist-
managed 
anticoagulation 
clinic 

Transition to 
physician-
managed care 
after INR 
stabilization 

% of INRs in range: 
Pharmacist: 76% 
Physician: 48%, P < 0.0001 

INRs in range for each patient (median %) 
Pharmacist: 75% 
Physician: 36.5%, P < 0.0001 

Cases requiring additional medical care 
(e.g., hospitalization, emergency room visit) 
Pharmacist: 2 (2 bleeding related) 
Physician: 13 (12 bleeding related), P = 
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Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

0.0412 

Perceived quality of care (based on patient 
satisfaction survey) was higher for 
pharmacist-managed care 

Comparison of Clinic Models 

Fitzmaurice
20

 
2006 
UK 

RCT 
(224 patients) 

Mean age: NR 
Indication: NR 
Warfarin only 
 

Nurse-led POC 
testing and 
computer-based 
decision support 
in primary 
practice (n = 122) 

―Traditional‖ 
hospital-based 
anticoagulation 
management (n = 
102) 

TTR (Rosendaal method) 
Nurse-led: 69%, 95% CI 66% to 73% 
Hospital: 57%, 95% CI 50% to 63% 

No significant difference in serious adverse 
events (3 versus 3, P = NR), including death 
(1 versus 0, P = NR) between the two 
groups  

Rudd and 
Dier

18
 

2010 
USA 

See above 

Edgeworth 
and Coles

21
 

2010 
UK 

Retrospective 
before-after study 
(46 patients) 

Mean age: 69.7 (at 
recruitment) 
Indication: 65.2% AF 
Warfarin only 

Nurse-led POC-
testing and 
computer-based 
decision support 
in primary 
practice 

Phlebotomy and 
secondary care 
(hospital) 
anticoagulation 
service 

TTR (method not described) 
Nurse-led primary care: 72.1% 
Secondary (hospital) care: 76.4% 
Mean difference: 4.3 (5.6% reduction), 95% 
CI –2.7% to +13.9%  

Patient Self-testing or Self-management vs. Clinic Care 
Christensen 
et al.

22
 

2011 
Denmark 

RCT 
(123 patients) 

Mean age: 62 to 66 
(across study groups) 
Indication: 51 to 67% 
AF (across study 
groups) 

PST once or twice 
weekly, with 
hospital clinic 
adjusted dosing 
(INR and dose 
adjustments 
reported using 
online system) 
(n = 83) 

Hospital-clinic 
management with 
laboratory INR 
measurements 
every 4 weeks 
(n = 40) 

TTR (Rosendaal method) 
PST (1x): 79.7%, 95% CI 79.0% to 80.3% 
PST (2x): 80.2%, 95% CI 79.4% to 80.9% 
Clinic: 72.7%, 95% CI 71.9% to 73.4% 

One hospitalization reported across all 
groups 
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Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

McCahon et 
al.

23
 

2011 
UK 

Survey of RCT 
participants 
(SMART trial) 
(363 responders) 

Mean age: NR 
Indication: NR 
Warfarin only 

PSM with self INR 
testing every 2 
weeks (n = 202) 

Hospital or 
practice-based 
anticoagulation 
clinic care (n = 
161) 

Quality of life: self-efficacy improvement 
favours PSM: 1.67 versus 0.43, P = 0.01 
 
Social network strain increased with routine 
care after adjusting for age: 1.36 (clinic) 
versus 0.34 (PSM), P = 0.02 
 
No significant difference in daily hassle, 
psychological distress, treatment 
satisfaction, or anxiety 

Gardiner et 
al.

24
 

2009 
UK 

Prospective 
cohort study 
(318 patients 
enrolled) 

Median age (PST): 58 
Median age (UC): 68 
Indication (PST): 38% 
AF 
Indication (UC): 56% 
AF 

PST every 2 
weeks with 
computer dosing 
performed by 
specialist nurse 
(n = 67 in final 
analysis) 

Routine care at a 
hospital-based 
anticoagulation 
clinic (n = 88 in 
final analysis) 

TTR (Rosendaal method): 
PST: 71%, 95% CI 64.1% to 75.3% 
Clinic: 60%, 95% CI 55.0% to 63.2% 
 
Major bleed (defined as requiring 
hospitalization or transfusion): 
PST: 1.7 per 100 patient-years 
Clinic: 5.4 per 100 patient-years 
 
Minor bleed: 
PST: 8.4 per 100 patient-years 
Clinic: 16.2 per 100 patient-years 
 
Thrombosis: 
PST: 3.4 per 100 patient-years 
Clinic: 1.4 per 100 patient-years 

O’Shea et 
al.

25
 

2008 
USA 

Prospective 
before-after study 
(58 patients) 

Median age: 54.1 
(range 27 to 82) 
Indication: 31% AF 
Warfarin only 

Internet-
supervised PSM 
with self INR 
testing every 1 or 
2 weeks 

Routine care at 
the Duke 
Anticoagulation 
Clinic 

TTR (Rosendaal method) 
PST: 74.4% 
Clinic: 63.0% 
Mean difference 11.4% 95% CI, 5.5% to 
17.3% 
 
No bleeding or thrombosis reported during 
the study period 



Optimal Warfarin Management for the Prevention of Thromboembolic Events in Patients 
 with Atrial Fibrillation: A Systematic Review of the Clinical Evidence 

38 

Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

McCahon et 
al.

26
 

2007 
UK 

Retrospective 
multicentre 
matched control 
study (78 
patients from 
SMART trial) 

Mean age (PSM): 64 
Mean age (control): 
66 
Indication: 54% AF 
Warfarin only 

PSM with self INR 
testing every two 
weeks (n = 38) 

Hospital or 
practice-based 
anticoagulation 
clinic care (n = 
40) 

TTR (Rosendaal method) 
TTR calculated within and post-SMART trial 
PSM: trial 75%, post-trial 70%, P = 0.12 
Control: trial 64%, post-trial 57%, P = 0.54 
No significant difference in change in mean 
TTR between PSM and control, P = 0.54   

Patient Self-testing or Self-management  vs. Usual Care 

Harper and 
Pollock

27
 

2011 
New 
Zealand 

Prospective 
before-after study 
(41 patients) 

Mean age: NR 
Indication: NR 
Warfarin only 

PSM using 
Internet-based 
decision support 

Laboratory INR 
tests with dose 
management by 
general 
practitioner or lab 
staff 

TTR (Rosendaal method) 
Overall 
PSM 81.3% vs. UC 72.4%, P = 0.16 
 
In patients with poor control (TTR < 60%) 
prior to PSM 
PSM 71.1% vs. UC 38.8%, P = 0.01 
 
In patients with good control (TTR > 60%) 
prior to PSM 
PSM 82.5% vs. UC 83.0%, P = NS 

Salvador et 
al.

28
 

2008 
Spain 

Prospective 
cohort study (108 
patients) 

Mean age (PST): 72.5 
Mean age (control): 
72.9 
Indication (PST): 76% 
AF 
Indication (control): 
76% AF 
 

PST every 3 
weeks with dose 
adjustment by 
general 
practitioner using 
a decision-
support tool (INR 
and dose 
adjustments 
reported using 
telemedicine 
system) 

Laboratory INR 
tests with dose 
management by 
general 
practitioner using 
a decision support 
tool 

TTR (Rosendaal method) 
PST 65.7% vs. UC 66.4%, P = 0.85 

Mortality: 
PST 5.5% vs. UC 5.5%, P = 1.0 
Major bleeding (not defined): 
PST 0% vs. UC 1.8%, P = 1.0 
Minor bleeding: 
PST 7.4% vs. UC 3.7%, P = 0.67 
Thrombosis: 
PST 1.8% vs. UC 3.7%, P = 1.0 
Hospital admissions: 
PST 3 vs. UC 4 

Significant improvements in quality of life 
outcomes were reported with PST 
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Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

Computer vs. Manual Dosing 

Poller et al.
29

 
2009 
Multicentre 

RCT 
2,631 patients 

Mean age: 65.9 
Indication: 48% AF 
 

Dawn AC dosing 
program (n = 
1,315) 

Manual dosing by 
clinic medical staff 
(n = 1,316) 

TTR (Rosendaal method) 
Manual dosing: 63.4% 
Computer dosing: 66.8% 
Difference: 3.5%, 95% CI 2.3% to 4.9%, P < 
0.001 
 
Total adverse events per 100 patient-years 
(bleeds, thrombosis, death) 
Manual dosing: 5.8, 95% CI 4.6 to 7.0 
Computer dosing: 5.6, 95% CI 4.6 to 6.9 
 
Total adverse events (AF only) 
Manual dosing: 5.9 per 100 patient-years 
Computer dosing: 6.1, P = NS 

Poller et al.
30

 
2008 
Multicentre 

RCT 
10,421 patients 

Mean age: 67.1 
Indication: 45% AF 

Parma-5 dosing 
program (n = 
5,290) 

Manual dosing by 
clinic medical staff 
(n = 5,131) 

TTR (Rosendaal method) 
Manual dosing: 65.0% 
Computer dosing: 65.7% 
Difference: 0.7%, 95% CI 0.1% to 1.3%, P = 
0.021 
 
Total adverse events  per 100 patient-years 
(bleeds, thrombosis, death) 
Manual dosing: 6.0, 95% CI 5.5 to 6.6 
Computer dosing: 5.5, 95% CI 4.9 to 6.0 
Incidence rate ratio: 0.89, 95% CI 0.78 to 
1.01 
 
Total adverse events  (AF only) 
Manual dosing: 5.1 
Computer dosing: 4.6, P = NS 
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Study 
Year 
Country 

Study Design 
Sample Size 

Patient Population Intervention Comparator Outcomes 

Poller et al.
31

 
2008 
Multicentre 

RCT 
13,052 patients 

Mean age: 66.9 
Indication: 46% AF 

Dawn AC or 
Parma-5 dosing 
program (n = 
6,605) 

Manual dosing by 
clinic medical staff 
(n = 6447) 

TTR (Rosendaal method) 
Manual dosing: 64.7% 
Computer dosing: 65.9% 
Mean difference: 1.2%, 95% CI 0.7% to 
1.8% 
 
TTR (AF patients only, Rosendaal method) 
Manual dosing: 66.2% 
Computer dosing: 67.6%, P = NR 
 
Total adverse events (bleeds, thrombosis, 
death) 
Incidence rate ratio (favours computer 
dosing): 0.90, 95% CI 0.8 to 1.02, P = NS 
 
Total adverse events (AF only) 
Incidence rate ratio (favours computer 
dosing): 0.93, 95% CI 0.78 to 1.12, P = NS 

Onundarson 
et al.

32
 

2008 
Iceland 

Retrospective 
cohort study 
1,182 patients 

Before (1992): 
Mean age: 64 
Indication: 31% AF 
 
After (2006): 
Mean age: 73 
Indication 71% AF 

Dawn AC dosing 
program (n = 941) 

Manual dosing by 
clinic cardiologist 
(n = 241) 

TTR (AF patients, Rosendaal method) 
Manual dosing: 46% 
Computer dosing: 81%, P = NR 

AF = atrial fibrillation; AMS = anticoagulation management service; NR = not reported; NS = not significant; POC = point of care; PSM = patient self-management; PST = patient self-
testing; RCT = randomized controlled trial; UC = usual care; vs. = versus. 


