
Objective: Evaluation of the safety and potential cost savings of a computerized, laboratory-based pro-
gram to manage inpatient warfarin thromboprophylaxis after major joint arthroplasty. Design: A con-
secutive-case study of adults. Setting: A tertiary care orthopedic institution. Patients: Patients requiring
joint arthroplasty who had no recent episodes of thromboembolic disease, no mechanical heart valve,
atrial fibrillation, severe liver disease or baseline international normalized ratio [INR] greater than 1.3
admitted over a 54-month period (July 1994–December 1998). All patients received a standard 
regimen of warfarin beginning on the evening after the operation. Four hundred and thirty randomly
selected patients managed by the program were followed up by telephone survey 3 months after 
discharge. Patients exhibiting erratic responses to warfarin were withdrawn from the program and man-
aged individually thereafter. Intervention: Major joint arthroplasty with warfarin therapy administered
through the computerized program. Main outcome measures: Test results maintained within the 
desired therapeutic range (INR 2.0–3.0), clinically severe bleeding episodes, readmission rates, clinically
symptomatic and venographically proven episodes of venous thrombosis or pulmonary embolism. 
Results: Over the study period 5629 patients underwent joint arthroplasty; 5372 patients were consid-
ered for the program; 332 patients were ineligible and were managed individually; 311 entered patients
did not complete the program. This left 4729 patients who completed the program. In 2932 (62%) 
patients test results were maintained in the desired therapeutic range. The major bleeding rate was less
than 0.5%, the readmission rate was 3.8%, the deep venous thrombosis rate was 3.7% and the pulmonary
embolism rate was 0.2% with no thromboembolic related deaths in the small sample cohort. 
Conclusions: The majority of patients requiring warfarin thromboprophylaxis can be safely and effec-
tively managed by this laboratory-based computerized program while in hospital. Significant potential
cost savings in nursing time could be achieved.

Objectif : Évaluer la sûreté et les réductions de coûts rendues possibles par un programme informatisé
de laboratoire pour prendre en charge la thromboprophylaxie à la warfarine chez des patients hospital-
isés après une arthroplastie d’une articulation majeure. Concept : Étude de cas consécutifs chez des
adultes. Contexte : Établissement orthopédique de soins tertiaires. Patients : Patients ayant besoin
d’une arthroplastie d’une articulation et n’ayant pas d’épisode récent de thrombo-embolie, pas de
valvule cardiaque mécanique, de fibrillation auriculaire, de maladie grave du foie, ou ne présentant pas
un ratio international normalisé [RIN] de base de plus de 1,3, hospitalisés au cours d’une période de 54
mois (juillet 1994 à décembre 1998). Tous les patients ont reçu un régime normalisé de warfarine à
compter du soir qui a suivi l’intervention. On a effectué un suivi téléphonique, trois mois après le
congé, auprès de 430 patients choisis au hasard et pris en charge par le programme. Les patients qui
réagissaient de façon erratique à la warfarine ont été retirés du programme et pris en charge individuelle-
ment par la suite. Intervention : Arthroplastie d’une articulation majeure et thérapie à la warfarine ad-
ministrée au moyen du programme informatisé. Principales mesures de résultats : Résultats d’analyse
maintenus à l’intérieur de la plage thérapeutique visée (RIN, 2,0–3,0), épisodes de saignement grave sur
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There is general agreement in
North America that hip and

knee joint arthroplasties place the pa-
tient at high risk for the development
of venous thromboembolism and
that some form of chemical or me-
chanical prophylaxis is required.1,2

Despite the growing use of low-
molecular-weight heparin, warfarin
sodium, a coumarin derivative, re-
mains widely utilized in major ortho-
pedic surgery.3,4 The use of warfarin
is associated with a number of out-
standing clinical and laboratory issues
including the need for regular labo-
ratory monitoring.5,6

The Orthopaedic & Arthritic In-
stitute of Sunnybrook and Women’s
College Health Sciences Centre in
Toronto performs approximately
1200 hip and knee arthroplasties an-
nually and uses a standardized war-
farin thromboprophylaxis protocol
during the patient’s in-hospital stay,
beginning in the evening after the
operation. Therapy is monitored by
means of serial prothrombin times,
expressed as the international nor-
malized ratio (INR) (defined as the
observed prothrombin time ratio
raised to the power of the Interna-
tional Sensitivity Index of the instru-
ment-specific thromboplastin used in
the laboratory).7 A laboratory-based
computerized program using an in-
ternally developed algorithm and
software was introduced in July
1994. The program provides a daily
dose recommendation and a cumula-
tive graphic representation of the 
patient’s results and warfarin dose
record for the ward staff. The thera-
peutic range (2.0–3.0) follows pub-
lished guidelines.4

The objective of this study was to
evaluate the safety and effectiveness
of this program as well as selected
cost-related issues. We considered
the proportion of test results in the
therapeutic range, the number of
clinically severe bleeding episodes,
hospital readmission rates, clinically
symptomatic and venographically
proven episodes of venous thrombo-
sis and pulmonary embolism. Finan-
cial measures considered were phar-
macy and comparative nursing care
costs associated with the program.
Patients who underwent similar pro-
cedures in the 18-month period be-
fore the program was introduced
served as historical controls. These
patients received the identical load-
ing doses of warfarin and were indi-
vidually managed by staff surgeons
or internists. No other changes in 
patient mix or surgical practice were
made, although the length of stay in
the study period declined relative to
the historical control period from 10
days to 8.7 days.

Methods

The program is based on an oral
anticoagulant management algo-
rithm developed by one of the au-
thors (W.C.) and used in a tradi-
tional manual format by medical and
nursing staff at the hospital. The pro-
gram incorporates minimal patient
data apart from the age of the patient
and estimated weekly alcohol intake.
The program is written in BASIC
language and uses a laboratory based
personal computer networked to a
HUMMINGBIRD laboratory infor-
mation system version 9.14 (Labora-

tory Consulting Inc., Madison,
Wisc.). The program has built-in
safety features including a maximum
recommended dose and is capable of
storing 50 000 test results online.
Coagulation testing is performed on
an ACL 1 000 instrument (Instru-
mentation Laboratory, Lexington,
Mass.), with use of a sensitive Instru-
mentation Laboratory reagent (PT
Fibrinogen HS Plus, sensitivity index
of 1.12) for the prothrombin time.
Reporting of all prothrombin time
results is the INR with a normal ref-
erence range of 0.9 to 1.1. Control
of anticoagulant therapy was assessed
by the proportion of test results in
the recommended therapeutic range
(2.0–3.0) over the total number of
patient-days in hospital.

All consecutive patients scheduled
for major joint arthroplasty surgery
(primary and revision hip and knee
procedures) over the period from
July 1994 to December 1998 were
considered for the study. Patients
who met the standardized entry cri-
teria — no recent episodes of throm-
boembolic disease and no mechani-
cal heart valve, atrial fibrillation,
severe liver disease or baseline INR
greater than 1.3 — were entered on
the computer program. 

The historical control group com-
prised 279 patients from whom
2889 test results were obtained for
comparison with the 4729 patients
who completed the program.

Program protocol

Patients receive a standard dose of
5 or 10 mg warfarin on the evening
after the procedure, based on their
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le plan clinique, taux de réadmission, épisodes de thrombose veineuse ou d’embolie pulmonaire démon-
trés par les symptômes cliniques et la veinographie. Résultats : Pendant la période d’étude, 5629 pa-
tients ont subi une arthroplastie d’une articulation, on en a envisagé 5372 pour le programme, 332
étaient inadmissibles et ont été pris en charge individuellement, et 311 patients inscrits n’ont pas ter-
miné le programme. Il y a donc 4729 patients qui ont terminé le programme. Chez 2932 (62 %) des
patients, les résultats d’épreuves se sont maintenus à l’intérieur de la plage thérapeutique visée. Le taux
de saignement majeur n’a pas atteint 0,5 %, le taux de réadmission s’est établi à 3,8 %, celui des throm-
boses veineuses profondes, à 3,7 %, celui des embolies pulmonaires a atteint 0,2 %, et l’on n’a constaté
aucune mort reliée à une thrombo-embolie dans la petite cohorte d’échantillonnage. Conclusions : La
majorité des patients ayant besoin d’une thromboprophylaxie à la warfarine peuvent être pris en charge
sans danger et efficacement par ce programme informatique de laboratoire pendant leur séjour à l’hôpi-
tal. On pourrait réaliser d’importantes réductions des coûts en temps des infirmières.



age and history of weekly alcohol in-
take. Patients older than 75 years or
those with a significant weekly alco-
hol intake receive 5 mg as a loading
dose. The laboratory-based program
then assumes responsibility for the
daily dose determination of warfarin
for the patient. Using the daily INR
result from the laboratory informa-
tion system, the program calculates
the recommended dose based on the
parameters of the system and issues a
daily report for the ward staff (Fig.
1). The patient’s degree of control
while on the system is incorporated
into the program once 3 sets of re-
sults have been entered.

The nursing staff administers the
recommended dose and has the op-
tion to notify the attending physician
of any concern related to the patient.
The responsible physician can modify
the dose or withdraw the patient
from the program and provide indi-
vidualized management thereafter,
based on clinical judgement. Patients
who do not meet the entry criteria
are placed in a separate clinical path-
way and managed individually by the
attending medical staff.

If a test result exceeds the recom-
mended maximum (INR >3.0) at
any stage, a dose recommendation of
0 mg of warfarin is printed on the re-
sult sheet. The patient is placed in an
“on hold” status until the daily test
result returns to the therapeutic
range whereupon the recommended
dose is printed again. The program
incorporates this information into
subsequent dose calculations and
recommendations. The length of
hospital stay determines the duration
of warfarin therapy, with the majority
of patients being discharged either to
a rehabilitation hospital or home ap-
proximately 9 days after surgery.

Measures for complications

Bleeding, which was indicated by
wound swelling, obvious blood loss
or a subsequent fall in the first day
postoperative hemoglobin value of
greater than 20 g/L, was monitored

by the medical and nursing staff. Sur-
veillance venography and ventilation-
perfusion studies were not performed
prospectively but only on clinical sus-
picion of a possible deep venous
thrombosis or pulmonary embolism.
Hospital and radiology records for 2
18-month periods, one before and
one immediately after introduction of
the program were reviewed as to the
number of readmissions, the reason
for the readmission and any positive

venograms performed during these
periods. This sample included 1655
patients managed on the program.

Follow-up

Five hundred patients from the
initial study period were randomly
selected in mid-1996 and their hos-
pital records reviewed. Hospital staff
then attempted to contact by tele-
phone the 430 patients identified as
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FIG. 1. Example of a daily report showing the international normalized ratios (INR re-
sults) and dose recommendations,



having been managed on the pro-
gram. Those patients successfully
contacted were requested to partici-
pate in a telephone interview and
were placed into 3 groups based on
their duration of warfarin therapy
(Table 1). 

Analysis of the findings

An external information systems
expert was contracted to fully vali-
date the program including the
safety features. Statistical analysis of
readmission rates was by χ2 analysis.

Costs for warfarin and one low-
molecular-weight heparin prepara-
tion were calculated from pharmacy
data and a literature source.8 The to-
tal comparable costs were calculated
on a once daily dose of each agent
for all the patients over the study pe-
riod. Nursing costs were assessed by
a limited, internal time-work study of
the process involved in dose determi-
nation before and after initiation of
the program and were calculated at a
salary cost with benefits of $30.00/h
(all figures in Canadian dollars).

Results

During the 54-month study pe-
riod 5372 patients underwent pri-
mary and revision hip and knee joint

arthroplasty and received warfarin
prophylaxis (Fig. 2). Of these, 5040
patients (94%) met the entry criteria
and were admitted to the program;
the other 332 patients (6%) were ex-
cluded for clinical or laboratory rea-
sons. Of the 5040 patients in the
program, 4729 (94%) completed the
program. At some time during their
therapy, 3024 (60%) were placed
“on hold” with a recommended dose
of 0 mg warfarin; 28% for 1 day only
and 72% for more than 1 day, either
sequentially or more frequently non-
sequentially; the remainder, not
placed “on hold” continued to re-
ceive their daily dose based on the
program’s recommendations. Three
hundred and eleven (6%) of the
5040 patients entered were removed
from the program permanently.
These patients exhibited erratic re-
sponses to warfarin and were with-
drawn by their attending physician or
surgeon. Patients were discharged 
after a mean hospital stay of 8.7 days
after unilateral primary hip arthro-
plasty and 9.0 days after primary
knee arthroplasty.

The 4729 patients produced
51 810 test results, which were com-
pared to the historical control group
of 279 patients individually managed
who produced 2889 test results ob-
tained using the same test system

and available in the computer sys-
tem: 62% of the test results were
maintained in the therapeutic range
(95% confidence interval [CI]
60.6%–63.4%); 13% were above (95%
CI 12%–14%) and 24% were below
(95% CI 22.8–25.2%). These com-
pared with rates of 52%, 32% and
16%, respectively, obtained from the
historical controls. (Comparison of
the patient groups after introduction
of the program was not considered
valid as the individually managed
group was biased toward more diffi-
cult to manage patients.)

Less than 0.5% of patients suffered
major and minor bleeding episodes,
a rate similar to that in the historical
control group. Readmission rates for
suspected thrombotic disease were
unchanged for the 18 months before
and after introduction of the pro-
gram in the sample cohort whose
charts were reviewed (1655 patients)
(2.96% v. 3.75%, p = 0.089).

Of the 500 randomly selected 
patients reviewed, 430 were success-
fully questioned. Nineteen (4%) pa-
tients had a suspected deep venous
thrombosis, 3 were treated on clini-
cal suspicion and excluded from the
analysis, and 16 (3.7%, 95% CI
1.9%–5.5%) had a venographically
proven deep venous thrombosis.
One patient had a pulmonary embo-
lus on postoperative day 42 for a 
total morbidity of 4.7% (95% CI
2.7%–6.7%). There were no deaths
from thromboembolic disease in this
sample. When stratified by duration
of warfarin therapy, the single case of
pulmonary embolism occurred in the
early discharge group of 127 patients
(group I, Table 1), 4 of the 16 posi-
tive cases of deep venous thrombosis
occurred in group II patients (6.6%,
95% CI 4.2%–9.0%) and 12 of the 16
positive cases of deep venous throm-
bosis occurred in group III patients
(5.0%, 95% CI 2.8%–7.2%).

The once-daily cost of warfarin
administration (34¢) with the speci-
men collection and laboratory testing
costs of $10.50/patient daily was
calculated to be $10.84. The cost of
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Table 1

Duration of Warfarin Therapy in 430 Patients Randomly Selected for Follow-up

Group Patient disposition Warfarin therapy, d No. of patients,

I Discharged home 8–9 127

II Internal rehabilitation 14   61

III External rehabilitation 14–21 242

5372
Patients

332 Patients
excluded

5040
Patients
entered

3024
Patients

2016
Patients

311
Patients
excluded

Individual
management

Discharge

FIG. 2. Flow diagram of the study results.



a low-molecular-weight heparin
preparation ($13.80/d) with nursing
administration costs of $5.00/d was
calculated to be $18.80, which
would be a daily variance of $8.46
for each patient. Potential nursing
administration cost savings in deter-
mining the daily warfarin dose were
based on a time differential of 15
minutes ($7.50/patient daily) before
introduction of the program, based
on obtaining the test result, referenc-
ing the algorithm and determining
the required oral dose. This was re-
duced to 4 minutes ($2.00/patient
daily) after program introduction,
based on reading the recommended
dose from the result form and sup-
plying the tablet to the patient dur-
ing established medication rounds.
The time saving is based on a salary
of $30.00/h for one full-time nurse
a year ($58 612, 1950 h/yr). The
potential savings per patient would
thus be 11 minutes of nursing time
or $5.50/patient daily for a total an-
nual figure, based on 10 152 patient-
days/yr of $55 836 (all figures in
Canadian dollars).

Discussion

Successful oral anticoagulation
and the degree of therapeutic control
achieved is a function of the patient
population, place of care and care-
giver, as well as the manner of labo-
ratory monitoring, and, in general,
requires significant administrative
and nursing time. The use of special-
ized consultants, clinics or computer-
ized programs in the management of
patients on oral anticoagulation has
evolved mainly in Europe and the
United Kingdom.9–15 Control of oral
anticoagulant therapy can be assessed
in a number of ways; the number of
INR results within the target thera-
peutic range expressed as a percent-
age of the total number obtained,
the proportion of time within the
therapeutic INR range (according to
the Rosendaal method or the pro-
portion of all patients in the INR tar-
get ratio at a certain point in time.16

This study used the proportion of
INR results within the therapeutic
range since all patients underwent
daily testing, thereby negating any
possible patient selection bias and
varying testing intervals inherent to
outpatient testing systems. This
method also allowed direct compari-
son with the internal control group
and the results reported utilizing a
similar format.14 Direct literature
comparisons with patients on rela-
tively stable doses of warfarin are dif-
ficult because of the expected degree
of instability during induction of an-
ticoagulation.

Surveys of outpatient anticoagula-
tion in the UK have found that pa-
tients on long-term therapy are only
adequately anticoagulated 50% to 85%
of the time.14 A review of 4 computer-
ized programs in the UK showed that
therapeutic test values were main-
tained in between 51.5% and 59.4%
of visits.14 In a multicentre, compara-
tive study of traditional control versus
computerized control in an outpatient
setting, only 45% of patients in the
traditional arm were in therapeutic
control during the first 3 weeks of the
stabilization period.15 Literature on
the use of computerized programs in
the inpatient setting during the induc-
tion or pre-stabilization period is also
limited, and physicians may be reluc-
tant to trust a computerized program
to care for their patients during this
phase of treatment.15

The computer program tended to
be more conservative in dosing rec-
ommendations and the proportion of
patients with high INR test results
decreased from 32% in the historical
control group to 13% using the pro-
gram. This was associated with an in-
crease in the undercoagulated group
from 16% to 24%. The proportion of
INR results in our study that were
below the therapeutic range (24%)
was similar to those reported in the
UK review of 5 sites in both the com-
puter dose and traditional groups
(29% and 36% respectively).15 The
percentage of high INRs at 13% also
compared favourably to those re-

ported in both computer dose and
traditional arms at 14% and 16% re-
spectively. These results were similar
to those reported from an Italian
study in which the percentages of low
and high INRs were 26% and 6% re-
spectively.17 These reviews have con-
cluded that computerized programs
were at least as effective as traditional
methods and that for patients requir-
ing a higher INR therapeutic range,
the computer programs showed a 
significant benefit.14,15

We also elected to begin monitor-
ing the tests on day 2 of therapy, 
although the warfarin effect may take
several days to manifest depending
on the size of the loading dose. Re-
ported studies indicate that despite
careful monitoring, 25% to 30% of
values will fall outside the therapeutic
range whether the patient is man-
aged individually or by a computer-
ized protocol.14,15 It has been postu-
lated that considerable changes in
serial test results may be caused by
random fluctuation alone.18

The percentage of patients requir-
ing automatic dose adjustments by
being placed “on hold” was consid-
ered too high, and some minor mod-
ifications of the software were at-
tempted in 1996 to reduce the
sensitivity of the program to minimal
changes in the daily INR result.
Poller and colleagues15 showed that
65% of patients required dose
changes in the traditional arm during
the first 3 weeks of therapy, indicat-
ing the relative instability of the pa-
tient’s individual response to the ef-
fect of the drug. The duration of the
“on hold” order was 1 dosing period
or 1 day in 28% of those patients
placed “on hold,” whereas 72% were
“held” for more than 1 day by the
program. Comparative data are diffi-
cult to obtain for patients managed
by manual methods. However, this
statistic remained unacceptably high,
and the software was rewritten in an
attempt to smooth out the initiation
phase, and this update was intro-
duced in January 1999. Studies are
underway to examine the effect of
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this change as well as possibly reduc-
ing the 10-mg loading dose of war-
farin to 5 mg for all patients entered
into the program. The majority of
the patients are elderly, and the initi-
ation of therapy may be particularly
difficult in these patients, often inter-
acting with dietary and medication
changes as well as postoperative he-
modynamic changes as a result of
blood loss.

The deep venous thrombosis rate
of 3.8% in the followed-up patient
sample was not based on prospective
venography surveillance and reflects
only clinically suspected and veno-
graphically proven cases. Venous
thromboembolism is most often clin-
ically silent and thus underreported
in this study.5 The rate of throm-
boembolic events compares to previ-
ously reported rates of 0.8% to 3.4%
in patients receiving warfarin prophy-
laxis.3,19,20 The sample size is small
and must be considered when re-
viewing the significance of these re-
sults. Additional recruitment was at-
tempted but proved impossible for
logistical reasons. The cost estimates
and potential cost savings are specu-
lative and are meant to be illustrative
and not conclusive in nature. Accu-
rate workflow analysis and costing
would be integral to the assessment
of the overall cost-effectiveness of the
program and the amelioration of the
frequently expressed “hassle factor”
and administrative time associated
with the traditional model of oral an-
ticoagulation.

Summary and conclusions

We have reported the largest ex-
perience in the literature with a com-
puterized decision-support system
for the management of inpatient oral
anticoagulation. The program
proved to be as safe and effective as
manual control for the most patients
receiving warfarin as thrombopro-
phylaxis for major orthopedic
surgery. It provides significant time
for those patients requiring individu-
alized attention. The memory capac-

ity of the program makes data collec-
tion simple and will facilitate the
comparison of clinical trials. The
software is also portable so that pa-
tients discharged from hospital to
other institutions can be maintained
on the program during their rehabili-
tation provided the laboratory test-
ing systems and testing periods are
comparable. This may become more
relevant as the period of postopera-
tive anticoagulation increases. The
software is being rewritten to allow
for variable testing periods suitable
for an outpatient setting, and studies
are ongoing in attempts to reduce
the number of patients requiring
dose changes during the initiation
period by decreasing the sensitivity
of the program to minimal changes
in the INR result.
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