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Amiodarone inhibits the hepatic metabolism of warfarin, potentiating its anticoagulant effect.
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However, the clinical consequences of this are not well established. Our objective in this study
was to characterize the risk of hospitalization for a hemorrhage associated with the initiation
of amiodarone within a cohort of continuous warfarin users in Ontario. We conducted
a population-based retrospective cohort study among Ontario residents aged ‡66 years
receiving warfarin. Among patients with at least 6 months of continuous warfarin therapy,
we identified those who were newly prescribed amiodarone and an equal number who were
not, matching on age, gender, year of cohort entry, and a high-dimensional propensity score.
The primary outcome was hospitalization for hemorrhage within 30 days of amiodarone
initiation. Between July 1, 1994, and March 31, 2009, we identified 60,497 patients with at
least 6 months of continuous warfarin therapy, of whom 11,665 (19%) commenced amio-
darone. For 7,124 (61%) of these, we identified a matched control subject who did not receive
amiodarone. Overall, 56 (0.8%) amiodarone recipients and 23 (0.3%) control patients were
hospitalized for hemorrhage within 30 days of initiating amiodarone (adjusted hazard ratio
2.45; 95% confidence interval, 1.49e4.02). Seven of 56 (12.5%) patients hospitalized for
a hemorrhage after starting amiodarone died in hospital. In conclusion, initiation of amio-
darone among older patients receiving warfarin is associated with a more than twofold
increase in the risk of hospitalization for hemorrhage, with a relatively high fatality rate.
Physicians should closely monitor patients who initiate amiodarone while receiving
warfarin. � 2013 Elsevier Inc. Open access under CC BY-NC-ND license.
(Am J Cardiol 2013;112:420e423)
Amiodarone inhibits the hepaticmetabolismof (S)-warfarin
via cytochrome P450 isoenzyme 2C9, potentially accentuating
the response to warfarin.1,2 Previous studies have shown
a dose-dependent increase in the international normalized ratio
(INR) following the initiation of amiodarone therapy.1,3e13

However, few well-designed studies have examined the actual
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clinically relevant outcomes such as major hemorrhagic
events. One small study suggested no increased risk but
included a small sample size of 1,260 at-risk patients and
a short 7-day follow-up period.13 The need to better understand
this interaction and its impact on clinical outcomes is particu-
larly important as newer analogues such as dronedarone are
introduced to themarket.We sought to examine the association
between initiation of amiodarone and the short-term risk of
hemorrhage in a large sample of older patients receiving
warfarin.

Methods

We conducted a population-based retrospective cohort
study in Ontario, Canada, between July 1, 1994, and March
31, 2009, using administrative health databases. The study
was approved by the Research Ethics Board of Sunnybrook
Health Sciences Centre, Toronto, Ontario, Canada.

Prescription data were obtained from the Ontario Drug
Benefit (ODB) Database, which includes claims for medica-
tions reimbursed by the provincial government for residents
aged�65 years (an estimated 1.7 million people). We obtained
data from the Canadian Institute for Health Information
Discharge Abstract Database (DAD), which contains detailed
diagnostic and procedural information for all hospitalizations in
the province. We used the Ontario Health Insurance Plan
(OHIP) database to obtain information regarding physicians’
claims and the Registered Persons Database (RPDB) to
www.ajconline.org
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Table 1
International Statistical Classification of Diseases and Related Health Problems, 9th revision (ICD-9), and 10th enhanced Canadian revision (ICD-10-CA)
codes used to identify hemorrhage

Outcome ICD-9 Code ICD-10 Code

Intracerebral hemorrhage 430, 431, 432.0, 432.1, 432.9 I60, I61, I62.0, I62.1, I62.9
Upper gastrointestinal hemorrhage 531.0, 531.2, 531.4, 531.6, 532.0, 532.2, 532.4, 532.6,

533.0, 533.2, 533.4, 533.6, 534.0, 534.2, 534.4, 534.6,
578.0, 578.1, 578.9

I85.0, I98.20, I98.3, K22.10, K22.12, K22.14, K22.16,
K25.0, K25.2, K25.4, K25.6, K26.0, K26.4, K26.6,
K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, K28.4,
K28.6, K29.0, K31.80, K63.80

Lower gastrointestinal hemorrhage 569.3, 578.1, 578.9 K55.20, K62.5, K92.2
Other 287.8, 289, 459.0, 596.7, 599.7, 627.1, 719.1, 784.8,

786.3
N020 to N02.9, K61, N93.8, N93.9, N95.0, R04.1,

R04.2, R04.8, R04.9, R31.0, R31.1, R31.8, R58,
D68.3, H35.6, H43.1, H45.0, M25.0
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determine demographic characteristics of the cohort, including
age, gender, and socioeconomic status (inferred from the
neighborhood income quintile14). All records were linked
anonymously using an encrypted health card number.

The cohort consisted of Ontario residents aged �66 years
continuously treated with warfarin for at least 6 months
during the study period, with the goal of selecting subjects
who were stable on therapy. To ensure continuous warfarin
therapy for at least 180 days, patients were required to have
at least 1 warfarin prescription in the first 3 months and at
least 1 more in the subsequent 3 months before entering the
cohort. We did not include patients during their first year of
eligibility for prescription drug coverage (age 65) to avoid
incomplete medication records. All subjects had access to
physician services, hospital care, and prescription drug
coverage. We excluded patients who died on the cohort
entry date as well as those with an invalid health insurance
number, missing information on age or gender, or any
previous use of amiodarone in the preceding 365 days.

Patients were followed from the cohort entry date until
hospitalization for hemorrhage, death, or 30-day maximum
follow-up, whichever occurred first. For exposed individuals,
the cohort entry date was the date of the first prescription for
amiodarone during the study period. For nonexposed individ-
uals, the cohort entry date was randomly assigned to generate
a similar distributionof cohort entrydates as the exposedcohort.

Each exposed patient was matched to an unexposed patient
based on age at cohort entry (within 2 years), gender, year of
cohort entry, and a high-dimensional propensity score (HDPS)
(within 0.2 SD). The HDPS algorithm empirically identifies
potential confounders among measured baseline covariates
available in administrative databases.15 The process involves 7
steps: specifying data sources, empirically identifying preva-
lent covariates within these data sources, assessing recurrence
of covariates, prioritizing each covariate based on the amount
of confounding it could potentially adjust, selecting the highest
ranking covariates in addition to predefined covariates, esti-
mating a propensity score using a multivariable logistic
regression model, and incorporating the propensity score into
the estimation of the exposure-outcome association. In our
study, we identified all records in the DAD, OHIP, and ODB
databases in the year before cohort entry for all patients in our
cohort and included these as dimensions in the HDPS algo-
rithm, a priori. In total, there were 5 data sets or dimensions
created (ODB claims, DAD diagnosis codes, DAD procedural
codes, OHIP fee codes, and OHIP diagnosis codes). The 200
most prevalent covariates from each data set were selected and
ranked based on the amount of confounding each covariate
could reduce in the exposure-outcome association, accom-
plished by ranking the apparent relative risks of each poten-
tially confounding variable, a multiplicative function that
reflects the imbalance in prevalence of the variable between the
exposed and nonexposed patients and the independent asso-
ciation between this variable and the outcome of interest.15,16

We retained the 500 highest-ranking covariates. These empir-
ically derived covariates, in combination with investigator-
defined covariates (i.e., age, gender, Charlson Comorbidity
Index, hospitalizations for hemorrhage in the previous year,
history of congestive heart failure, number of prothrombin
time/INR tests in the 30 days before cohort entry date, and
number of distinct drugs dispensed in past year)were entered in
a propensity score model as independent variables in the
multivariable logistic regression model.

The primary outcome was hospitalization for hemorrhage
using the Canadian modification of the International Statis-
tical Classification of Diseases and RelatedHealth Problems,
9th Revision and 10th Revision, Canada (Table 1). The codes
used to identify hemorrhagic events have been previously
validated, with specificity, sensitivity, and positive predictive
values exceeding 80%.17e19 We restricted our analysis to
hospitalizations in which hemorrhage was present at the time
of admission. When subjects experienced multiple outcome
events over the study period, only the first was considered.

We used standardized differences to compare the baseline
characteristics between groups. This measure is calculated by
dividing the difference in mean values of a continuous vari-
able between the exposed and nonexposed group by the
pooled standard deviation of the variable.20 In general, values
<0.10 reflect clinically unimportant differences between
groups. We used Cox proportional hazards regression to
estimate the hazard ratio and 95% confidence interval for the
association between initiation of amiodarone and hospitali-
zation for hemorrhage, adjusting for any baseline character-
istics that remained substantially different between groups
following matching, defined as a standardized difference of
�0.10. All analyses were performed using SAS version 9.2
(SAS Institute, Cary, North Carolina).

Results

We identified 60,497 patients between July 1, 1994, and
March 31, 2009 with at least 6 months of continuous



Table 2
Baseline characteristics after high-dimensional propensity score matching

Variable Warfarin Alone
(n ¼ 7,124)

Warfarin þ Amiodarone
(n ¼ 7,124)

Standardized Difference
of the Mean

Demographics
Median age at cohort entry, yrs (IQR) 76 (71e81) 76 (71e81) 0
Men 3,674 (52%) 3,674 (52%) 0
Rural location 1,054 (15%) 1,015 (14%) 0.02
Median no. hospitalizations in past yr (IQR) 1 (0e1) 0 (0e1) 0.1
Mean number of PT tests in past 30 days � SD 1.34 � 1.35 1.32 � 1.43 0.01
Charlson Comorbidity Index

0 2,136 (30%) 2,100 (30%) 0.01
1 1,304 (18%) 1,293 (18%) 0
2 1,067 (15%) 1,021 (14%) 0.02
3 674 (9%) 644 (9%) 0.01
4 862 (12%) 837 (12%) 0.01
Missing 1,081 (15%) 1,229 (17%) 0.06

Hemorrhage in past 1 yr 199 (3%) 194 (3%) 0
Heart failure in past 1 yr 1,537 (22%) 1,535 (22%) 0
Residence in long-term care facility 241 (3%) 312 (4%) 0.05
Median no. of distinct drugs prescribed in past 1 yr (IQR) 11 (8e15) 11 (8e15) 0.02

�5 694 (10%) 675 (10%) 0.01
6e10 2,462 (35%) 2,586 (36%) 0.04
11e15 2,254 (32%) 2,233 (31%) 0.01
16e20 1,112 (16%) 1,042 (15%) 0.03
21e26 457 (6%) 452 (6%) 0
�27 145 (2%) 136 (2%) 0.01

Medication use*
NSAIDs/non COX-2 inhibitor/non-ASA 255 (4%) 310 (4%) 0.04
COX-2 inhibitor 162 (2%) 140 (2%) 0.02
Antiplatelet agents: ASA, ticlopidine, clopidogrel,

dipyridamole, dipyridamole/ASA combination)
246 (3%) 216 (3%) 0.02

Acetaminophen and combinations 1,095 (15%) 1,037 (15%) 0.02
Gastroprotective medications (H2 receptor antagonists,

misoprostol, proton pump inhibitors, sucralfate)
1,572 (22%) 1,492 (22%) 0.03

Selective serotonin receptor inhibitors 539 (8%) 437 (6%) 0.06
Corticosteroids† 324 (5%) 339 (5%) 0.01
Statins 1,919 (27%) 1,857 (26%) 0.02

Antibiotic usez

Trimethoprim/sulfamethoxazole 21 (0.3%) 23 (0.3%) 0.01
Fluoroquinolone 83 (1%) 100 (1%) 0.02
Metronidazole 6 (0.1%) 13 (0.2%) 0.03

ASA ¼ acetylsalicylic acid (aspirin); COX-2 ¼ cyclooxygenase 2 inhibitor; H2 ¼ histamine 2 receptor antagonists; IQR ¼ interquartile range; NSAID ¼
nonsteroidal anti-inflammatory drugs; PT ¼ prothrombin time.
* Evidence of �1 prescription of the listed medications in the 60 days before cohort entry date.
† Excluding topical or aerosol formulations.
z Evidence of �1 prescription of the listed medications in the 14 days before cohort entry date.
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outpatient warfarin therapy, of whom 11,665 (19%) subse-
quently initiated amiodarone while receiving warfarin. Of
these, 7,124 (61%) were successfully matched to a subject
who was not exposed to amiodarone while receiving
warfarin therapy. Following matching, exposed and unex-
posed individuals were similar on baseline characteristics
(Table 2), with the exception of the median number of
hospitalizations during the year preceding cohort entry
(standardized difference ¼ 0.11). The median age was 76
years, with approximately equal percentages of men and
women (52% male).

Among the 7,124 patients who commenced amiodarone
while receiving warfarin, 50 (0.8%) were hospitalized for
hemorrhage within the subsequent 30 days. In the matched
control group, 23 (0.3%) patients were hospitalized for
hemorrhage within 30 days (Table 3). We observed a signif-
icantly greater risk of hemorrhage among patients who
received amiodarone compared with patients receiving
warfarin alone (adjusted hazard ratio 2.45; 95% confidence
interval, 1.49 to 4.02; Table 2). In terms of absolute risk, this
difference corresponds to a number needed to treat to harm of
216. In total, 7 (12.5%) patients hospitalized for hemorrhage
following the initiation of amiodarone, died in hospital.

Discussion

In this population-based cohort study spanning 15 years,
we found that patients receiving warfarin were also frequently
prescribed amiodarone. This is not surprising given the utility
of both drugs for atrial fibrillation. However, the prevalence

http://www.ajconline.org


Table 3
Primary outcome: patients admitted hemorrhagic event (primary event)

Warfarin Alone Warfarin þ Amiodarone

No. of individuals N ¼ 7,124 N ¼ 7,124
Total follow-up (person yrs) 581 577
Follow-up (days � SD) 30 � 2 30 � 3
Number of patients with

a hemorrhage
23 56

Incidence 0.3% 0.8%
No. needed to harm Reference 216
Unadjusted HR (95% CI) 1.0 2.43 (1.50e3.96)
Adjusted HR (95% CI) 1.0 2.45 (1.49e4.02)

HRs were adjusted for hospitalizations prior to cohort entry.
CI ¼ confidence interval; HR ¼ hazard ratio.
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of concomitant use does mandate a better understanding of
the potential for an adverse drug interaction between warfarin
and amiodarone. Our results suggest that patients receiving
chronic warfarin therapy face a more than twofold-increased
risk of hospitalization for hemorrhage within 30 days of
starting amiodarone. Overall, roughly 1% of patients started
on amiodarone during warfarin therapy were hospitalized for
hemorrhage in the subsequent 30 days.

Our findings have strong biologic plausibility but differ
from those of previous research by Zhang et al.13 Our cohort
was >10 times larger, we followed patients for a longer
period of time, and we compared amiodarone users with
a well-matched reference group. Furthermore, our results are
consistent with evidence showing that that this interaction
exaggerates the hypoprothrombinemic response to
warfarin.1e13 Although hemorrhage can occur at therapeutic
INR levels, INRs above the therapeutic range are associated
with a higher risk of major hemorrhage.21

Some limitations of our study merit emphasis. First, we
could not assess unmeasured variables such as use of
nonprescription medications or diets that interact with
warfarin. Although exposed and unexposed patients were
closely matched on measured characteristics, it is impossible
in an observational study to achieve the level of balance for
unmeasured characteristics attainable in a randomized
controlled trial.22 Second, although we were able to deter-
mine the frequency of INR testing using OHIP billing codes,
we could not directly obtain the values and so were unable to
measure INR control to identify patients at risk of bleeding or
determine a correlation between hospitalization for bleeding
and supratherapeutic INR values. Our results derive from
patients aged �66 years, and the generalizability to younger
patients is unknown. Also, we could not account for less
severe bleeds that did not lead to hospital admission or very
severe bleeds that led to death in the prehospital setting.
Finally, our study was not designed to describe or control for
the indication of warfarin or amiodarone therapy.

Disclosures

Mr. Lam is currently an employee at Eli Lilly Canada
Inc. However, at the time of study design, analysis, and
manuscript writing, Mr. Lam was not associated with this
company or any of its affiliates. Dr. Muhammad Mamdani
has received honoraria from AstraZeneca, Bristol-Myers
Squibb, Eli Lilly, GlaxoSmithKline, Hoffman LaRoche,
Novartis, Novo Nordisk, and Pfizer. All other authors report
no conflicts of interest.

1. Sanoski CA, Bauman JL. Clinical observations with the amiodarone/
warfarin interaction: dosing relationships with long-term therapy. Chest
2002;121:19e23.

2. Hirsh J, Fuster V, Ansell J, Halperin JL. American Heart Association/
American College of Cardiology Foundation guide to warfarin therapy.
J Am Coll Cardiol 2003;41:1633e1652.

3. Edwin SB, Jennings DL, Kalus JS. An evaluation of the early phar-
macodynamic response after simultaneous initiation of warfarin and
amiodarone. J Clin Pharmacol 2010;50:693e698.

4. Lu Y, Won KA, Nelson BJ, Qi D, Rausch DJ, Asinger RW. Charac-
teristics of the amiodarone-warfarin interaction during long-term
follow-up. Am J Health Syst Pharm 2008;65:947e952.

5. Almog S, Shafran N, Halkin H, Weiss P, Farfel Z, Martinowitz U,
Bank H. Mechanism of warfarin potentiation by amiodarone: dose and
concentration-dependent inhibition of warfarin elimination. Eur J Clin
Pharmacol 1985;28:257e261.

6. Martinowitz U, Rabinovich J, Goldfarb D, Many A, Bank H. Interac-
tion between warfarin sodium and amiodarone. N Engl J Med
1981;304:671e672.

7. Rees A, Dalal JJ, Reid PG, Henderson AH, Lewis MJ. Dangers of
amiodarone and anticoagulant treatment. Br Med J (Clin Res Ed)
1981;282:1756e1757.

8. Hamer A, Peter T, Mandel WJ, Scheinman MM, Weiss D. The
potentiation of warfarin anticoagulation by amiodarone. Circulation
1982;65:1025e1029.

9. McGovern B, Garan H, Kelly E, Ruskin JN. Adverse reactions during
treatment with amiodarone hydrochloride. Br Med J 1983;287:175e180.

10. Raeder EA, Podrid PJ, Lown B. Side effects and complications of
amiodarone therapy. Am Heart J 1985;109:975e983.

11. Cheung B, Lam FM, Kumana CR. Insidiously evolving, occult drug inter-
action involving warfarin and amiodarone. Br Med J 1996;312:107e108.

12. Heimark LD, Wienkers L, Kunze K, Gibaldi M, Eddy AC, Trager WF,
O’Reilly RA, Goulart DA. The mechanism of the interaction between
amiodarone and warfarin in humans. Clin Pharmacol Ther 1992;51:
398e407.

13. Zhang K, Young C, Berger J. Administrative claims analysis of the
relationship between warfarin use and risk of hemorrhage including
drug-drug and drug-disease interactions. J Manag Care Pharm
2006;12:640e648.

14. Alter DA, Naylor CD, Austin P, Tu JV. Effects of socioeconomic
status on access to invasive cardiac procedures and on mortality after
acute myocardial infarction. N Engl J Med 1999;341:1359e1367.

15. Schneeweiss S, Rassen JA, Glynn RJ, Avorn J,MogunH, Brookhart MA.
High-dimensional propensity score adjustment in studies of treatment
effects using health care claims data. Epidemiology 2009;20:512e522.

16. Rassen JA, Avorn J, Schneeweiss S. Multivariate-adjusted pharma-
coepidemiologic analyses of confidential information pooled from
multiple health care utilization databases. Pharmacoepidemiol Drug
Saf 2010;19:848e857.

17. Arnason T, Wells PS, van Walraven C, Forster AJ. Accuracy of coding
for possible warfarin complications in hospital discharge abstracts.
Thromb Res 2006;118:253e262.

18. Raiford DS, Gutthann SP, Rodriguez LAG. Positive predictive value of
ICD-9 codes in the identification of cases of complicated peptic ulcer
disease in the Saskatchewan hospital automated database. Epidemi-
ology 1996;7:101e104.

19. van Walraven C, Oake N, Wells PS, Forster AJ. Burden of potentially
avoidable anticoagulant-associated hemorrhagic and thromboembolic
events in the elderly. Chest 2007;131:1508e1515.

20. Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med 2009;28:3083e3107.

21. Oake N, Jennings A, Forster AJ, Fergusson D, Doucette S, van Walraven
C. Anticoagulation intensity and outcomes among patients prescribed oral
anticoagulant therapy: a systematic review and meta-analysis. CMAJ
2008;179:235e244.

22. Nallamothu BK, Hayward RA, Bates ER. Beyond the randomized
clinical trial: the role of effectiveness studies in evaluating cardiovas-
cular therapies. Circulation 2008;118:1294e1303.


	Hospitalization for Hemorrhage Among Warfarin Recipients Prescribed Amiodarone
	Methods
	Results
	Discussion
	Disclosures
	References


