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Introduction
The initial treatment of venous thromboembolism (VTE), 

consisting of patients with pulmonary embolism and proximal 
deep vein thrombosis, usually combines parenteral low-
molecular-weight heparin (LMWH) and warfarin or other 
oral vitamin K antagonists, and more recently direct oral 
anticoagulants. If LMWH is utilized it is discontinued once 
the warfarin reaches a therapeutic level and after a minimum 
of 5 days of LMWH treatment [1]. The initiation of warfarin 
therapy is complicated, and although nomograms exist, there is 
no consensus on the ideal tool. Just as relevant is the need to 
maintain patients in therapeutic range as a systematic review 
demonstrated that in patients on vitamin K antagonists, 
almost half of hemorrhages occurred when INRs were above 
the therapeutic range, and half of the thromboembolic events  

 
took place when the INRs were below it [2]. To reduce these 
risks associated with either over or under dosing, it is highly 
desirable to determine the individual maintenance dose as soon 
as possible.

We have previously shown in a randomized trial that a 
“10mg nomogram” warfarin initiation protocol was able to 
reach a therapeutic INR value more quickly than an equivalent 
“5mg nomogram protocol [3]. The “10mg nomogram” was 
also shown to be effective and safe “outside” of a clinical trial 
protocol. Eighty six percent of patients reached an INR between 
2 and 3 within the first five days in an outpatient thrombosis 
clinic [4]. Subsequently, we derived a warfarin maintenance 
dose calculator that accurately predicted the maintenance 
dose of warfarin to be given after the completion of the “10mg 
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nomogram” warfarin initiation protocol [5]. Maintenance dose 
was defined as the mean dose in the last 10 days of the first 
month of treatment but in some cases the maintenance INR is 
still being determined at the end of the first month of therapy. 
We sought to determine in a separate group of patients if the 
warfarin maintenance dose calculator accurately predicted the 
mean dose to maintain an INR between 2 and 3 in the second and 
third months of treatment.

Patients and Methods
We retrospectively analysed warfarin management of 

consecutive patients with VTE referred to the Thrombosis Unit 
at our university affiliated, tertiary care Ottawa Hospital starting 
on the “10mg warfarin initiation nomogram” (Figure 1) during 

a 22 month period from July 2010 to May 2012. The start time 
was chosen to ensure no overlap with prior studies and the end 
point was chosen since a student was hired at that time for the 
project. Approval was obtained from our Institutional Research 
Ethics Board. The study was internally funded. After day 7 of 
the nomogram patients were managed by a pharmacist with 
physician support using the dosing software program “Dawn”, 
version 5.0. All data relevant to the treatment for VTE is kept 
in the Dawn database and in our hospital electronic medical 
record. Patients were excluded from the analysis if they failed to 
complete the initiation nomogram due to an inability to perform 
INR testing on the required days or failure to obtain INR results 
on the day of testing. Patients in whom: 

Figure 1: The “10mg-nomogram” for warfarin initiation.

i. Previous treatment with warfarin had identified a 
probable maintenance dose; 

ii. The baseline INR greater than 1.3; 

iii. The target INR was not 2.0-3.0; 

iv. VTE was associated with cancer (Since it was 
recommended that these patients receive LMWH 
monotherapy) did not get started on the initiation nomogram 
and no data was collected on these patients. 

We collected warfarin doses and INR results over the course 

of treatment. The maintenance dose was defined as the dose 
that maintained the INR between 2.0 and 3.0 for three or more 
consecutive measurements at least a 6 weeks period at any 
time in months 2 to 4 after treatment initiation and provided 
a time in therapeutic range (TTR) of at least 65% as previously 
defined [6]. We compared this value to the dose predicted by 
the maintenance dose formula using the Pearson Correlation 
Coefficient. The formula is: maintenance dose in mg = 2.5 + 10% 
of the first week cumulative dose ¬ INR value at day 8 + 1.5 if INR 
was below 2.0 on day 5.
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Results and Discussion
Of the 286 patients initiated on and completing the 

nomogram, 76 did not meet the maintenance dose criteria 
leaving 210 patients for analysis. Patients had clinic visits one 
week and three months after diagnosis and annually thereafter, 
but phone contact occurred after every INR test. No patients 
were lost to follow-up. These patients had a mean age of 57 ± 15 
years and 53% were male. The mean maintenance dose by the 
formula was 6.11±2.1mg and the calculated mean maintenance 
dose was 6.26±2.6mg with a Pearson Correlation co-efficient of 
0.84 (p<0.0001). Mean and standard deviation of the difference 
between these two doses were also calculated (0.97mg and mg, 
respectively) and were not clinically significant. The charts of 
the 5 patients in whom the difference between predicted and 
actual maintenance dose was higher than 4mg were reviewed. In 
two patients, the maintenance doses were 5.4 and 4.1mg higher 

than the predicted dose. Respectively, we determined these two 
patients were abusing alcohol and antibiotics at the same time. 
A third patient was on carbamazepine which could explain the 
difference but in two patients we could find no explanation. After 
the exclusion of these five patients, the correlation coefficient 
between the predicted dose and the actual maintenance dose, 
was 0.87 (p<0.0001). The mean and standard deviation of the 
difference between predicted and actual maintenance dose was 
0.86±0.75mg.

Our simple formula predicted the maintenance dose of 
warfarin in patients who initiated and completed our published 
nomogram that uses 10mg of warfarin on the first two days of 
treatment. The maintenance dose prediction formula is based on 
the cumulative dose of warfarin given during the first week of 
treatment and on the INR values at Day-5 and at the end of the 
initiation nomogram.

Previous attempts to link the initial dosing to the maintenance 
dose are limited due to the need for daily INR measurements 
[7], by the need to use an INR measured two weeks after a 
fixed 2mg daily dose of warfarin (and this study only predicted 
70% of the variability of the maintenance dose) [8], the need 
for a pharmacogenetics-based approach [9], and that many 
prediction models only explain 35 to 55% of the inter-individual 
response to warfarin [10-14]. Our study suggests that simple 
initiation parameters can reliably predict the maintenance dose. 
The standardization of warfarin initiation in the nomogram 
likely contributes to our good results, the parameters used in 
the rule reflecting patients’ sensitivity to the initial doses given, 
including factors such as age, weight, and background genetics.

We should highlight that despite having novel oral 
anticoagulants (NOACs), the low cost, several reversal agents, 
ease in monitoring anticoagulation, and efficacy better than 
NOACs in prosthetic heart valve patients make warfarin superior 
to NOACs in many case scenarios.

It is important to note the limitations of our study. First, 
there is no one definition of the maintenance dose. However, 
the definition we have used is reasonable and clinically sensible. 
Second, our results might not apply to all patients started on 
warfarin. The reasons for not applying the warfarin nomogram 
in our patient populations were not recorded and it is unclear 
whether this could have biased our results. Anecdotally, most 
cases are related to the logistics of obtaining blood work. Third, 
we did not use a pharmacogenetic approach. We and others 
have published algorithms using the polymorphisms known to 
influence warfarin metabolism [15-19]. However, genetic testing 
is expensive, none of these studies produced R2 values better 
than we obtained, and our model is much easier to apply. Fourth, 
only 73.4% of patients reached a maintenance dose in the 2 to 
4 months after warfarin initiation so we could not determine 
if the formula works for all patients. However, a TTR over 65% 
in 73% of patients is better than usually achieved according to 
published data. Our clinic eventually achieves rates of over 82% 

Figure 2: Accuracy of warfarin maintenance dose prediction.
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(unpublished data). So it would still be reasonable to apply the 
formula in all patients who use the 10mg initiation nomogram. 
Finally, to follow the nomogram means that INRs must be done 
on the days prescribed by our initiation nomogram. This could 
have selected educated and/or more compliant patients [20,21].

In patients started on warfarin and fully managed according 
to our “10mg nomogram” warfarin initiation protocol, simple 
parameters related to patients’ treatment course over the 
7-days of the nomogram can accurately predict the warfarin 
maintenance dose in months 2 and three of treatment.
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