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Abstract
Background: Patients treated with hemodialysis and prescribed warfarin typically have lower time in therapeutic range 
(TTR) compared to the general population. This may result in less benefit or increased risk of over anticoagulation in these 
patients.
Objective: To assess effectiveness of use of an electronic nomogram for the management of warfarin therapy in patients 
treated with hemodialysis.
Design: Retrospective chart review.
Setting: Adult patients treated with hemodialysis.
Patients: Patients on hemodialysis receiving warfarin for the management of atrial fibrillation (AF) with therapy managed 
by nursing led electronic nomogram.
Measurements: Time in therapeutic range (as fraction and Rosendaal).
Methods: Retrospective chart review over 1 year of international normalized ratio (INR) results was completed, and TTR 
was calculated. Comparison of patients with TTR greater than 60% to those less than 60% was completed using chi-square 
analysis.
Results: Of 43 patients with warfarin therapy managed by the nomogram, the mean TTR was 55.2% (calculated by fraction 
method) or 61.2% (calculated by Rosendaal method). More than half of the patients (63.5%) had moderate to good control, 
defined as TTR greater than 60%. Female sex, liver disease, or history of substance use and more medication holds were 
associated with lower TTR.
Limitations: Small sample size and retrospective nature of review.
Conclusions: The results of this review supports the use of an electronic, nursing-led nomogram for the maintenance 
management of warfarin therapy in stable patients treated with hemodialysis, as use results in TTR greater than 60% for 
more than half of patients.

Abrégé 
Contexte: La marge thérapeutique (TTR—time in therapeutic range) des patients sous hémodialyse qui reçoivent de 
la warfarine est habituellement inférieure à celle de la population générale; ce qui pourrait se traduire par de moindres 
bénéfices sur la santé de ces patients ou par un risque accru de surtraitement anticoagulant.
Objectifs: Évaluer l’efficacité d’un nomogramme électronique pour la prise en charge du traitement à la warfarine chez les 
patients sous hémodialyse.
Type d’étude: Examen rétrospectif des dossiers médicaux.
Cadre: Des patients adultes traités par hémodialyse.
Sujets: Des patients sous hémodialyse recevant de la warfarine pour la prise en charge de la fibrillation auriculaire (FA) et 
dont le traitement était administré à l’aide d’un nomogramme électronique géré par le personnel infirmier.
Mesures: Temps dans la marge thérapeutique (par fraction et par Rosendaal).
Méthodologie: L’analyze rétrospective des dossiers médicaux a été réalisée sur une année de résultats ratio international 
normalisé (RIN) et le temps dans la marge thérapeutique a été calculé. Une analyze du chi carré a servi à comparer les 
patients présentant une TTR de plus de 60 % à ceux qui présentaient une TTR inférieure à 60 %.
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Introduction

Oral anticoagulation has been shown to be effective in reduc-
ing the thromboembolic risk of atrial fibrillation (AF) in the 
general population. However, for patients treated with hemo-
dialysis, the decision to provide anticoagulant medication for 
AF remains controversial due to a lack of robust and often 
conflicting evidence in this unique patient population.1

For those that decide to pursue anticoagulation, international 
normalized ratio (INR)-adjusted warfarin is typically the agent 
of choice.2 The time in therapeutic range (TTR) is a method of 
assessing the proportion of time the patient’s INR is maintained 
in the prescribed therapeutic window and is an accepted mea-
sure to assess the effectiveness and safety of warfarin.3 In the 
general population, as well as in those with kidney dysfunction, 
TTRs above a threshold of at least 65% have been associated 
with reduced thromboembolic risk or reduction in risk of com-
plications, such as intracranial bleeding.3,4

Locally, the INR of most patients on hemodialysis receiv-
ing warfarin are managed by nursing staff on the hemodialy-
sis unit following an electronic warfarin nomogram. The 
nomogram uses the INR result and current warfarin dose to 
provide nursing with an order for warfarin dose adjustment 
(if appropriate) and time to next INR (Supplement 1). The 
nomogram also advises nursing with direction to hold warfa-
rin (INR values greater than 4.1) or to contact a prescriber 
(INR values greater than 5.1 or signs of bleeding). Previous 
evaluation of the nomogram showed similar INR control 
compared to physician ordering.5 However, it has been 
shown that the TTR of patients on hemodialysis are often 
much lower than the commonly accepted INR threshold of 
greater than 65%, even with physician management of 

warfarin dose adjustments,6 which may contribute to the lack 
of benefit and potentially higher harm seen in many observa-
tional studies looking at anticoagulation use in patients 
treated with hemodialysis with AF. Specific evaluation of 
our nomogram effectiveness in terms of TTR had not been 
completed, and therefore, a quality assurance review was 
undertaken. The primary aim of this project was to determine 
the TTR of patients managed with warfarin for AF using our 
center-specific protocol.

Methods

Two independent individuals performed a retrospective 
chart review of patients receiving hemodialysis taking war-
farin for AF with INR values drawn from January 2018 to 
January 2019 in Calgary, Alberta. Patient demographics 
and INR values were gathered from the Southern Alberta 
Renal Program patient information system (PARIS) data-
base.7 Patients with warfarin included in their medication 
profiles or identified as being followed on the warfarin 
nomogram in PARIS were identified and screened accord-
ing to the inclusion criteria. All persons receiving hemodi-
alysis in an outpatient setting for >3 months were screened 
for eligibility. Those above the age of 18 and receiving war-
farin anticoagulation via our warfarin nomogram for the 
indication of AF were eligible for inclusion.

TTR was calculated for each patient using Rosendaal 
method8 and a fraction of INRs in range. Rosendaal method 
assumes linear progression of change in INR between results 
to provide an estimation of the number of days between labo-
ratory values that were within target range. The calculations 

Résultats: Pour les 43 patients recevant de la warfarine administrée par nomogramme, le temps moyen passé dans la marge 
thérapeutique était de 55,2 % (méthode de fraction) ou 61,2 % (méthode Rosendaal). Plus de la moitié des patients (63,5 %) 
montraient une maîtrise de la FA modérée à bonne, définie comme une TTR supérieure à 60 %. Être une femme, présenter 
une maladie hépatique ou avoir des antécédents de toxicomanie ou de consommation d’un grand nombre de médicaments 
figurait parmi les facteurs associés à une faible TTR.
Limites: La faible taille de l’échantillon et la nature rétrospective de l’étude.
Conclusion: Ces résultats appuient l’utilization d’un nomogramme électronique géré par le personnel infirmier pour 
administrer le traitement d’entretien par warfarine chez les patients stables traités par hémodialyse, car elle a permis 
d’atteindre une marge thérapeutique supérieure à 60 % chez plus de la moitié des patients.
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were performed using Microsoft Excel 2016. Patients were 
separated into 3 groups based on TTR: good control (>75%), 
moderate control (60%-75%), and poor control (<60%) 
based on the previous groups identified by Quinn et  al.6 
Evaluating the effectiveness of the nomogram was done by 
comparing the TTR from our patient data set to the TTR goal 
of moderate to good control (TTR > 60%).

Medication lists were examined to determine drug inter-
actions that may affect TTR. Interacting medications were 
defined as those that are deemed as highly probable or prob-
able in causing a clinically significant drug interaction with 
warfarin9 and then further defined as those that are known to 
affect INR (and therefore TTR).

Periods of times that warfarin was held were identified 
through the PARIS database and INR results for a period of 
14 days postrestart of warfarin were excluded to allow time 
to achieve therapeutic steady state following the re-initiation 
of therapy. Indication for hold was determined based on con-
current INR and by review of patient’s hemodialysis chart. 
Indication for holds were classified as supratherapeutic, pro-
cedure, adverse effect, or other/unknown.

Comparison of patients with more than 60% TTR to those 
with less than 60% TTR was done using chi-square analysis 
as well as logistic regression (if sample size allowed) using 
STATA (www.STATA.com).

Results

A total of 193 patients were identified for screening, with 43 
patients meeting inclusion criteria. Most of the patients 
excluded were excluded due to indications other than AF for 
anticoagulation (n = 75) or warfarin not being managed 
according to the nomogram (not on nomogram, n = 56) 
(Figure 1). Of the 56 patients that were classified as not on 
nomogram, 18 patients were managed by physician (5 due to 
physician preference but unable to confirm reason for 13 
patients), 1 patient was managed by physician due to an INR 
target range outside of nomogram parameters and 2 patients 
self-adjusted warfarin doses. Ten patients appeared to have 
mixed management (management according to the nomo-
gram and by physician with unclear distinction of times of 
nomogram management), and it was unclear if nomogram or 
physician-directed therapy was used for 5 patients. The 
remaining 20 patients were classified as not on nomogram 
but also met additional exclusion criteria (less than 90 days 
on dialysis, n = 5, indications other than AF, n = 7, unclear 
indication, n = 6, not ambulatory patients n = 2).

Demographics of the included patients are shown in Table 1. 
Most patients were male with a mean age of 74.1 years. 
Patients may have had more than one cause of kidney disease 
recorded in the electronic health record and may have been 
included in more than one classification of kidney disease. 
Most patients had some component of diabetic and ischemic 
nephropathy contributing to their disease, with more than 
60% of patients having at least one of these causes listed.

Most patients had a history of cardiovascular disease, 
defined as documented history of coronary artery disease, 
myocardial infarction, angina, coronary artery bypass 

Figure 1.  Patients meeting inclusion criteria.

Table 1.  Baseline Characteristics of Patients Treated With 
Hemodialysis Taking Warfarin as Per Nursing Led Warfarin 
Nomogram.

Age (years), mean (IQR) 74.1 (64-79.3)
Male, n (%) 30 (69.8%)
Cause of kidney disease, n (%)
  Diabetes 27 (62.8)
  Hypertension 29 (67.4)
  Glomerulernephritis 5 (11.6)
  IgA nephropathy 2 (4.7)
  Polycystic kidney disease 3 (7)
  Other 20 (46.5)
Comorbidities, n (%)
  Cerebral vascular disease 12 (27.9)
  Cardiovascular disease 34 (79.1)
  Peripheral vascular disease 9 (20.9)
  Liver disease 5 (11.6)
  Dyslipidemia 33 (76.7)
  Hypertension 39 (90.7)
  Type-II diabetes 29 (67.4)
  Interaction medications, n (%) 20 (46.5)

IQR = interquartile range.

www.STATA.com
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surgery, or congestive heart failure. About a quarter of patients 
had history of cerebral vascular or peripheral vascular disease 
defined as history of cerebral vascular event, transient isch-
emic attack (TIA), or carotid surgery or previous vascular 
surgery, claudication or ischemic ulcers, respectively.

Interacting medications were identified in 20 patients, 
with a total of 35 courses of therapy seen. Identified medica-
tions included metronidazole (n = 6), fluoroquinolones (n = 
18), macrolides (n = 6), fluconazole (n = 1), and amioda-
rone (n = 4).

The mean TTR of patients was 61.2% (SD = 17.3) using 
Rosendaal method and 55.2% (SD = 16.8) when calculated 
using the fraction method. Out-of-range INR readings were 
subtherapeutic 23.1% or 21.9% of the time and suprathera-
peutic 18.8% or 11.2% of the time, calculated by fraction and 
Rosendaal, respectively (Table 2).

As per the predefined classifications of TTR, about 46.5% 
of patients had poor control of their warfarin therapy (TTR 
< 60%), whereas 23.3% had good control (TTR > 75%) and 
30.2% had moderate control (TTR = 60%-75%) (Figure 2).

TTR was calculated for the subset of patients that were 
excluded due to being managed by physician for INR mon-
itoring and warfarin dose adjustment but that met other 
inclusion criteria (n = 19). Mean TTR was 48.6 or 46.9 
(Rosendaal and fraction). The number of patients with 
TTR > 60% was 4 (21%) or 5 (26.3%) (Rosendaal and 
fraction, respectively).

There was a total of 150 times that warfarin was held in the 
43 patients. Supratherapeutic INR (n = 106) was the most 
common indication for therapy interruption, with the remain-
ing 35 holds due to procedures and 9 times due to adverse 
effects, such as bleeds (n = 2) or undocumented reasons.

Comparison of patients showed that those with a TTR of 
less than 60% were more likely to be female gender (P = 
.033), have liver disease (P = .031), substance use (P = 
.007), or have a higher number of therapy interruptions (P = 
.040). Regression analysis was not carried out due to small 
sample size and large number of potential variables.

Discussion

The nomogram used within Alberta Kidney Care-South was 
previously shown to result in similar INR control to physician-
controlled management, with 77.4% of INR results between 2 
and 3 for patients managed with the nomogram over a 5-month 
period (versus 82.2%).5 However, many studies have shown 
that INR control in patients treated with hemodialysis is sub-
optimal, regardless of physician assessment and prescribing of 
therapy.6 This quality assurance study showed that patients 
receiving hemodialysis with AF that were managed by a 
nurse-driven electronic nomogram for monitoring and dosing 
of warfarin therapy had mean TTR of 61.2 ± 17.3 and 55.2% 
± 16.8% as calculated by Rosendaal and fraction methods, 
respectively. Although this study showed that the TTR is not 

Table 2.  TTR of Patients Treated With Hemodialysis on Warfarin Managed by Warfarin Nomogram.

Rosendaal (n = 43) Fraction (n = 43)

TTR (%), mean (SD) 61.2 (17.3) 55.2 (16.8)
Subtherapeutic INR (%), mean (SD) 21.9 (13.2) 23.1 (12.9)
Supratherapeutic (%), mean (SD) 16.2 (11.2) 18.8 (12.4)

Note. TTR = time in therapeutic range; INR = international normalized ratio.

Figure 2.  Percentage of patients with poor, moderate, and good control of INR.
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meeting the generally accepted goal of greater than 65%, simi-
lar to other studies in patients treated with hemodialysis,6,10 it 
appears that the use of the nomogram may result in warfarin 
control close to this target and to the estimated average in the 
general population (~63%-67%).11,12

At our center, 53.5% of patients managed using a nomo-
gram had good to moderate control of INR, which was 
defined as TTR greater than 60%. When compared to simi-
lar studies in hemodialysis populations, Quinn et al showed 
only ~15% of patients with moderate to good control when 
using physician management for INR. While this finding 
favors the use of nomograms in the hemodialysis popula-
tion, it is confounded by the possibility of selection bias. 
That is, at our center, patients that have difficult to manage 
INR, or those on warfarin doses not covered by the nomo-
gram (>10 mg daily) are converted to physician manage-
ment. Therefore, only those patients with less labile INR 
values remain managed by nomogram. In contrast, of the 
small subset of patients in this cohort that had warfarin 
therapy managed by physician, 26% and 21% of patients 
had TTR greater than 60% when TTR was calculated as 
fraction and Rosendaal, respectively, which is similar to the 
results from Quinn et al.6 Both the mean TTR and number 
of patients with good to moderate control using a nomo-
gram, compared within our own cohort as well as to other 
hemodialysis populations, is important because it shows 
the utility of a nomogram in this patient population and fur-
ther confirms the efficacy of the electronic nomogram. 
However, the comparison is limited by exclusion of the 
subset of patients where it was unclear if the nomogram 
was followed for a period of time and then discontinued, as 
well as those who had mixed management (both physician 
and nomogram). The exclusion of these patients from the 
nomogram may have been due to the medical complexity of 
the patient or lability of INR results, reducing the nomo-
gram’s generalizability. Unfortunately, the retrospective 
nature of this study limits the ability to ascertain reasons 
why nomogram was not used in these patients. A random-
ized controlled evaluation would be useful in determining 
the nomogram’s generalizability and efficacy regardless of 
patient complexity or baseline characteristics. Interestingly, 
Quinn et al noted that subtherapeutic INR was more likely 
than supratherapuetic INR, perhaps showing a more con-
servative approach of prescribers in this patient popula-
tion.6 The use of the nomogram showed approximately 
equal possibility of supra or subtherapeutic INR and, 
although not a main outcome of this review, only 2 bleeding 
events were documented during the 1-year period (1 possi-
ble gastrointestinal [GI] bleed and 1 eye bleed). This may 
imply that although these patients have an increased bleed 
risk, a more conservative approach in warfarin therapy is 
not required and that use of an electronic nomogram does 
not result in an increased incidence of bleeds. However, 
these conclusions are limited by the small study population 
(N = 43) and retrospective study design.

Current local policy related to anticoagulation and the 
use of the warfarin nomogram directs nursing to contact a 
prescriber for assessment and ordering of anticoagulation 
following therapy interruption, as the nomogram has only 
been established for use in maintenance warfarin therapy. 
As such, a 14-day period was arbitrarily used in this review 
to establish maintenance dosing following a hold of ther-
apy. It is unclear from the retrospective nature of this review 
if maintenance dosing was established prior to the 14-day 
period (and if use of the nomogram was initiated prior to 
day 14, resulting in more time that the nomogram could 
have been assessed) or if the nomogram was used (inap-
propriately) following medication holds. It is also an impor-
tant factor when considering the use of the nomogram in a 
patient with frequent therapy interruptions because the 
results of this review only confirms the use of the nomo-
gram for maintenance dosing.

Most of the medication holds (106/150) were due to high 
INR and, interestingly, holds were associated with TTR less 
than 60% despite censoring of INR results from analysis for 
a 14-day period after therapy interruption and re-initiation. 
It is possible that the use of the nomogram following ther-
apy interruption may have contributed to the number of 
supratherapeutic INR results seen, as well as the associa-
tion of holds to lower TTR. Further work is ongoing to 
evaluate how warfarin is managed peri-medication hold in 
patients managed by the nomogram. This has included fur-
ther development of the nomogram to include direction fol-
lowing therapy interruption and assessment of nursing 
education and policy development.

Female sex, substance use, and liver dysfunction were also 
associated with lower TTR. Due to the association of coagu-
lopathy with liver disease and a potential affect of metabolism 
with liver dysfunction, it is not surprising that history of liver 
disease was associated with worse control of anticoagulant 
therapy. Substances such as alcohol and smoking can interact 
with warfarin metabolism, potentially contributing to lability 
of INR result with use and possibly explaining the association 
between substance use and lower TTR.

The association of female sex with lower TTR in patients 
treated with hemodialysis is interesting, as the same associa-
tion has been shown in patients without renal dysfunction, 
possibly contributing to the higher stroke risk shown in 
females with AF in the general population.13,14 The similar 
association in this cohort may imply the same trend is seen in 
the hemodialysis patient population.

The incidence of stroke, thromboembolic events, or 
bleeds were not looked at specifically in this review. Low 
TTR is just one of the potential factors that has been postu-
lated to contribute to the lack of benefit and increased risk 
seen with anticoagulation use for the indication of AF in 
patients with end-stage kidney disease on hemodialysis.1,15 
The question of benefit of anticoagulation for AF in the 
hemodialysis patient population still requires robust random-
ized controlled trials.
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Conclusions

This quality assurance study further supports the use of an 
electronic warfarin anticoagulation nomogram adminis-
tered by nursing for maintenance management of INR 
results in stable patients who receive hemodialysis. TTR 
was 55.2% and 61.2% calculated by fraction and Rosendaal, 
respectively, and more than half of the patients (53.5%) had 
a TTR greater than 60%. Previous evaluation of the nomo-
gram showed a significant reduction in the frequency of 
INR testing without an increase in bleeding or thrombotic 
events. The results of this review were used to validate and 
improve the protocol policy and nursing education regard-
ing the utilization of the nomogram, especially around ther-
apy interruptions. The use of a nomogram for complex 
patients with multiple interruptions in therapy or with labile 
INRs has not been validated. Further assessment of use of 
the nomogram in patients with difficult to manage INR, 
factors associated with low TTR and, ultimately the benefit 
of anticoagulation for AF in patients on hemodialysis are 
required.
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