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Improving Anticoagulation Therapy 

Using Point-of-Care Testing 

and a Standardized Protocol

ABSTRACT 
PURPOSE Many patients in primary care require anticoagulation with warfarin 
for the prevention of venous and systemic embolism. Achieving the goal inter-
national normalized ratio (INR) with warfarin is challenging. The purpose of this 
quality improvement initiative was to increase the proportion of patients taking 
warfarin with an INR value within the goal range. 

METHODS We included all patients identifi ed on an anticoagulation log in the 
family medicine residency practice during 3 time periods: baseline, after point-of-
care (POC) testing was initiated (intervention period 1), and after a standardized 
warfarin-dosing protocol was implemented (intervention period 2). Educational 
sessions were conducted during each intervention period. Measures included the 
frequency of INR monitoring and the percentage of offi ce visits in which patients’ 
values were within the goal INR range. Data were analyzed using descriptive sta-
tistics, the Student t test, and the χ2 test. 

RESULTS At baseline, patients had an average of 2.6 INR tests performed, and 
30.8% were within the INR goal range. Using POC testing, the frequency of 
monitoring increased to 4.3 INR tests per patient (P = .04), but the percentage of 
patients within the INR goal remained low at 32.1% (P = .88). When physicians 
implemented the standardized protocol to guide warfarin dosing, the frequency 
of testing was similar (3.8 tests per patient), but the percentage of patients within 
the INR goal increased to 45.9% (P <.04). 

CONCLUSIONS POC testing increased the frequency of INR testing, and addi-
tional use of a standardized protocol for warfarin dosing increased the percent-
age of patients within the INR goal range. This model of anticoagulation man-
agement could be easily implemented in any family medicine offi ce. 
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INTRODUCTION

M
illions of patients annually receive anticoagulation with a vita-

min K antagonist, specifi cally warfarin, for the prevention of 

venous thromboembolism and systemic embolism associated 

with atrial fi brillation and prosthetic heart valves. First episodes of symp-

tomatic venous thromboembolism occur in approximately 100 persons per 

100,000 each year in the United States, with a greater incidence among 

whites and African Americans than Hispanics and Asian-Pacifi c Islanders.1 

Atrial fi brillation, the most common cardiac arrhythmia in the general 

population, affects nearly 2.5 million people in the United States.2 

The optimal therapeutic range for warfarin for most indications, 

including atrial fi brillation, deep venous thrombosis, pulmonary embolism, 

and prosthetic heart valves, is an international normalized ratio (INR) 

of 2.0 to 3.0, with a target INR of 2.5.3 The recommendations differ for 

mechanical heart valves, with the target INR being 3.0 (range, 2.5-3.5).4 
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Although highly effective, warfarin is a challenge to 

use in clinical practice because of its narrow thera-

peutic window, variability in dose response among 

patients, numerous drug and food interactions, mis-

communication about dosing between the patient and 

physician, and patient nonadherence.3 The Ameri-

can College of Chest Physicians (ACCP) provides 

guidelines for the management of warfarin, including 

initiation, frequency of monitoring, and management 

of nontherapeutic INR values.3 Even with these guide-

lines, many patients have subtherapeutic INR values 

and clinical failures, while others experience suprather-

apeutic INR values and bleeding episodes. For instance, 

Samsa et al5 found in their study that only 34% to 47% 

of INR tests conducted by family practices fell strictly 

within the therapeutic range. 

Despite adjusting warfarin dosing to achieve a 

therapeutic INR, the risk of major bleeding in patients 

receiving warfarin long term ranges from 1% to 3% 

per year.3,6-8 In the Stroke Prevention in Atrial Fibrilla-

tion II study, the rate of major bleeding while receiving 

warfarin was 2.3% per year and was directly related to 

the intensity of anticoagulation.9 Close monitoring of 

warfarin therapy with serial INR measurements and 

clinical assessment of patients are therefore essential to 

provide safe and effective anticoagulation.

Approaches to improve anticoagulation include 

the use of point-of-care (POC) testing, warfarin-dos-

ing protocols, anticoagulation management services 

with dedicated personnel (ie, anticoagulation clinics), 

and computer software programs to aid in dose adjust-

ments.3,10-19 Warfarin-dosing protocols incorporating 

pharmacogenetic factors (CYP2C9 and VKORC1 geno-

types) have been proposed, but testing is not widely 

available in primary care.20 Unfortunately, there are no 

randomized trials comparing the methods of anticoagu-

lation management, so the best approach to this problem 

is unknown. Two before-and-after studies have docu-

mented that the coordinated approach of an anticoagula-

tion clinic reduces the frequency of major hemorrhage 

and recurrent thromboembolism when compared with 

usual care.14,15 A comparison of an anticoagulation clinic 

with usual care by family physicians found a higher 

frequency of INR values within therapeutic range for 

patients in the anticoagulation clinic.17 Many primary 

care clinicians and patients will not have access to an 

existing anticoagulation management service, however. 

Two methods that are easily adopted in most family 

practices include the use of POC testing and the use of 

warfarin-dosing protocols. The accuracy of POC INR 

testing compared with standard measurement in a hos-

pital laboratory is variable.10,21-24 Despite this variability, 

POC measurement results in the same clinical decision 

in 66% to 78% of cases when compared with decisions 

based on the results from a hospital-based laboratory.10 

POC testing has furthermore proven to be an effective 

monitoring modality with resulting benefi cial clini-

cal outcomes.25,26 This testing provides clinicians with 

immediate results, allowing for same-day medication 

adjustments and direct communication between physi-

cian and patient regarding management. Patients report 

a preference for POC testing, as they have less pain on 

visual analog scales and spend an average of 33 minutes 

less time in the clinic.27 Finally, POC testing may offer 

additional revenue sources for physicians in an era of 

declining reimbursement for physician services.28 

Warfarin-dosing protocols are recommended tools 

to provide a systematic approach to managing antico-

agulation and adjusting warfarin doses.3 Such proto-

cols (paper-based or computerized software models) 

are used in anticoagulation management services and 

patient self-monitoring models, but there are no ran-

domized trials comparing different dosage adjustment 

algorithms.3,16,19,29 

Given the frequency of use of warfarin and the 

known diffi culties with appropriate anticoagulation, the 

Trident/Medical University of South Carolina (MUSC) 

Family Medicine residency practice undertook a qual-

ity improvement initiative to increase the proportion of 

patients taking warfarin with an INR value within the 

goal range. The initiative included using POC testing 

and a standardized warfarin-dosing protocol. 

The Trident/MUSC Family Medicine Residency 

Program is a community-based, university-affi liated 

residency program located in a large community hospi-

tal approximately 20 miles from the academic medical 

center (MUSC). To enhance continuity of care in the 

residency practice, individual residents are scheduled 

during the same patient care sessions throughout the 

year. In addition, 3 attending physicians have an offi ce 

practice in the residency program. Although an antico-

agulation clinic is available for referral at MUSC, the 

residency program wanted to provide an educational 

system for management of this patient population 

within the training setting. 

METHODS
Beginning in June 2004, all patients visiting the resi-

dency practice who received INR testing were tracked 

by the offi ce laboratory using an anticoagulation 

encounter log, managed by the medical laboratory 

technician (MLT). In this quality improvement ini-

tiative, all patients identifi ed on the anticoagulation 

encounter log were included to determine (1) the 

frequency of INR monitoring and (2) the proportion 

of offi ce visits in which patients were within the goal 

INR range. There were no exclusion criteria, and 
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every visit wherein an INR was drawn was included in 

the data set. The quality improvement team included 

the MLT, an upper-level resident (C.A.F.), and the fac-

ulty mentors (L.M.D. and P.J.C.).

Baseline data on the above measures were collected 

from June through September 2004. During this time 

period, all INR tests were sent out to the hospital labo-

ratory for analyses, and all warfarin dosage adjustments 

and follow-up visits were arranged by the primary 

clinician without any formalized process. In October 

2004, the practice switched to an in-offi ce INR POC 

testing device (Protime Microcoagulation System, ITC, 

Edison, New Jersey). Residents and faculty participated 

in a didactic educational session about warfarin moni-

toring with the POC device. Data were collected from 

October 2004 through January 2005 (intervention 

period 1). POC testing throughout the quality improve-

ment initiative was performed by the same MLT. 

From February 2005 until August 2005, the quality 

improvement team reviewed the literature and identifi ed 

the standardized warfarin-dosing protocol (Figure 1). 

In September 2005, the protocol was implemented in 

the residency practice. The protocol was developed 

based on the ACCP guidelines and was presented at a 

didactic educational session to residents and faculty in 

that month. It was attached to each INR result gener-

ated from the POC testing in the practice and was 

given to the ordering physician for management. Physi-

cians were asked to mark the current warfarin dosage, 

current INR value, new warfarin dosage, and scheduled 

follow-up care on the protocol sheet. The MLT col-

lected each of these INR results and accompanying 

protocol documents for analyses. The resident author 

(C.A.F.) reviewed warfarin dosages and patient follow-

up to determine if each adhered to the protocol. Data 

were collected from October 2005 through January 

2006 (intervention period 2).

All data were entered into a Microsoft Excel 

spreadsheet (Microsoft Corp, Redmond, Washington) 

by one author (C.A.F.). Data were analyzed using 

descriptive statistics, the Student t test, and the χ2 test. 

This project was approved as exempt research by the 

Institutional Review Board at MUSC.

RESULTS
Patient demographics and indications for warfarin 

therapy did not differ between the 2 intervention peri-

ods (Table 1). None of the patients studied had docu-

mented hypercoagulable states. 

During the 4-month baseline period (June through 

September 2004), 30 patients had 78 INR tests ana-

lyzed at the send-out hospital laboratory (mean, 2.6 

tests per patient). The proportion of INR values within 

the goal range was 30.8%.

 During the fi rst 4-month intervention period (Octo-

ber 2004 through January 2005), which took place 

after POC testing had been initiated in the offi ce, 37 

patients had 159 INR tests recorded in the encounter 

log. Although the frequency of INR testing increased 

(2.6 tests per patient during the baseline period vs 

4.3 tests per patient during intervention period 1, 

P = .04), this increase did not translate into a signifi cant 

improvement from baseline in the proportion of INR 

values within the goal range (30.8% vs 32.1%, P = .88). 

During the second 4-month intervention period 

 Figure 1. Warfarin (Coumadin)-dosing protocol.

INR = international normalized ratio; MD = physician; RTC = return to check.

INR <1.5 INR 1.5-1.9 INR 2.0-3.0 INR 3.1-4.0 INR 4.1-5.0 INR >5.0

Contact MD

Hold dose(s) and/
or decrease weekly 
dose by 15%-20%

RTC within 1 week

Hold dose(s) 
and/or decrease 
weekly dose by 
15%-20%

RTC 1-2 weeks

Hold dose 
and/or decrease 
weekly dose by 
5%-15%

RTC 2-4 weeks

No change

RTC 4-6 weeks

Extra dose 
and/or increase 
weekly dose by 
5%-15%

RTC 2-4 weeks

Extra dose(s) 
and/ or increase 
weekly dose by 
10%-20% 

RTC 1-2 weeks

Low-intensity INR (Goal 2-3)

Current Coumadin dosage    mg/wk Current INR  

New Coumadin dosage    mg/wk Recheck INR in    weeks



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 6, SUPPLEMENT 1 ✦ JANUARY/FEBRUARY 2008

S31

IMPROVING ANTICOAGUL ATION THER APY

(October 2005 through January 2006), the standardized 

protocol was attached to 133 INR tests from 35 patients. 

The MLT collected 100% of the protocol documents. 

Physicians completed 97 (73%) of the protocol sheets, 

including information about current warfarin dosage, cur-

rent INR value, new warfarin dosage, and recommenda-

tion for follow-up INR testing. Using the standardized 

protocol, 113 (85%) of the warfarin dosages were adjusted 

correctly and physicians arranged appropriate INR fol-

low-up for 68 (51%) of tests. The use of the standardized 

protocol did not increase the frequency of INR measure-

ment (4.3 tests per patient during intervention period 1 vs 

3.8 tests per patient during intervention period 2, P = .51), 

but it did increase the proportion of INR values within the 

goal range to 45.9% (P <.05 vs intervention period 2). 

DISCUSSION
Our results are similar to those found in other antico-

agulation improvement efforts. Gill and Landis18 used 

POC testing and anticoagulation dosage adjustments 

with a physician-approved algorithm in cardiology 

patients and found an increase in the percentage of 

in-range INRs from 40.7% to 58.5%. Wilson and col-

leagues17 compared anticoagulation care in 221 patients 

randomized to an anticoagulation clinic or their family 

physician’s practice. They found a modest improvement 

in the proportion of patients within the therapeutic 

range who were managed by the anticoagulation clinic 

(82% vs 76%), but also found more INR measurements 

by the family physicians (13 vs 11 over 3 months). 

In this study, POC testing alone increased the 

frequency of INR testing but did not improve the 

proportion of INR values within the goal range. The 

addition of standardized warfarin dosing to POC test-

ing resulted in appropriate warfarin-dosing adjustment 

in 85% of cases and improved the proportion of INR 

values within the goal range by 15% (from 30.8% to 

45.9%). The frequency of follow-up, 

however, was arranged according to 

the protocol in only 51% of cases. 

Only 73% of the standardized 

warfarin-dosing protocol forms were 

completed in the quality improvement 

initiative. Physicians may have used the 

protocol to make appropriate adjust-

ments but simply did not complete the 

forms. On the other hand, physicians 

may have had diffi culty interpreting 

the protocol and therefore left the 

form blank. Follow-up from the MLT 

during each patient care session might 

have resulted in more complete data 

for analysis. Although the protocol suc-

cessfully guided the anticoagulation dosing in 85% of 

cases, physicians had more diffi culty with arranging 

follow-up INR monitoring. Frequency of follow-up is 

clearly noted in the protocol, but physicians may have 

simply focused on calculating the new warfarin dosage.

This study is limited by several factors. Patients 

were identifi ed when they visited the offi ce, had an 

INR value measured, and were entered on the anti-

coagulation encounter log by the MLT. It is therefore 

possible that some patients were not included in the 

quality improvement initiative because they had their 

anticoagulation managed elsewhere (ie, by their cardi-

ologist), did not come to the offi ce for anticoagulation 

monitoring because of noncompliance, or were other-

wise omitted from the anticoagulation log. In addition, 

this was not a controlled clinical trial with scheduled 

follow-up and management, and many patients had 

gaps in their care. Finally, data on warfarin adjustments 

were not collected before the use of the standardized 

protocol, so specifi c comparisons are not possible. 

There are several models for management of anti-

coagulation, including anticoagulation clinics, POC 

testing, and computer software programs to aid in dose 

adjustments. Because many family physicians manage 

anticoagulation in their practice, residents must learn 

how to effectively care for these patients. Referral of 

patients receiving warfarin to a pharmacist- or nurse-

managed anticoagulation clinic from a residency practice 

would prevent physicians in training from acquiring this 

medical knowledge. This quality improvement initiative 

therefore focused on use of POC testing and a standard-

ized protocol in an effort to simulate the structured 

approach to managing warfarin therapy provided in an 

anticoagulation clinic. Our adoption of this intervention 

resulted in a signifi cant improvement in anticoagulation 

management, particularly with the implementation of the 

standardized protocol. It was not enough to switch to 

POC monitoring. Further adoption of the protocol and 

Table 1. Patient Demographic Characteristics

Characteristic
Intervention 

Period 1 (n = 37)
Intervention 

Period 2 (n = 35) P Value

Age, mean (SD), years 58.97 (14.75) 61.81 (14.51) .44

Sex, No. (%)

Female 19 (55.9) 15 (48.4) .55

Male 15 (44.1) 16 (51.6)

Indication for warfarin 
therapy, No. (%)
DVT and/or PE 21 (61.8) 17 (54.8) .95

Atrial fi brillation 9 (26.5) 10 (32.3)

Prosthetic heart valve 3 (8.8) 3 (9.7)

Other 1 (2.9) 1 (3.2)

DVT = deep vein thrombosis; PE = pulmonary embolism.
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a more appropriate frequency of follow-up care may lead 

to an even greater improvement in the management of 

INR values. Overall, this model represents an interven-

tion in anticoagulation management that could be easily 

implemented in any family medicine offi ce.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/6/suppl_1/s28.
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protocol; primary care
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