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Abstract
Background: Carbamazepine	and	phenytoin	are	potent	inducers	of	enzymes	that	me-
tabolize	oral	anticoagulants.
Objectives: To	determine	the	clinical	impact	of	drug-	drug	interactions	between	these	
anticonvulsants	and	oral	anticoagulants,	and	whether	they	affect	the	treatment	with	
direct	oral	anticoagulants	(DOACs)	or	vitamin	K	antagonists	(VKAs).
Material and methods: Data	on	patients	cotreated	with	carbamazepine	or	phenytoin	
and an oral anticoagulant were retrospectively retrieved from medical records from 
2011	to	2020.	Outcomes	were	time	in	therapeutic	range	(TTR),	DOAC	levels,	throm-
boembolic	events,	major	bleeding,	and	all-	cause	mortality.
Results: Among	85	patients	(37%	female,	median	age	68	years)	treated	with	carba-
mazepine	(n =	43	[51%])	or	phenytoin	(n =	42	[49%]),	53	(62%)	were	initially	treated	
with	VKAs	and	32	(38%)	with	DOACs.	TTR	in	VKA	patients	was	63%,	which	improved	
in	year	2.	Four	of	seven	trough	and	five	of	12	peak	DOAC	plasma	levels	were	lower	
than	expected.	The	incidence	rate	(95%	confidence	interval)	per	100	person-	years	for	
thromboembolism	was	3.6	(3.1-	4.2)	for	VKA	patients	and	4.4	(3.5-	5.6)	for	DOAC	pa-
tients;	for	major	bleeding	1.8	(1.5-	2.1)	and	1.5	(1.2-	1.9),	and	for	all-	cause	mortality	3.6	
(3.1-	4.2)	and	1.5	 (1.2-	1.9),	 respectively.	 Incidence	rates	between	VKAs	and	DOACs	
and	between	carbamazepine	and	phenytoin	were	similar.
Conclusion: There was a high incidence of thromboembolism in patients cotreated 
with	anticoagulants	and	carbamazepine	or	phenytoin.	The	incidence	rates	of	throm-
botic	and	bleeding	events	were	similar	between	VKA	and	DOAC	patients.	DOAC	lev-
els	were	lower	than	expected	in	47%	of	cases	tested,	without	correlation	with	clinical	
outcomes.
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Essentials

•	 Carbamazepine	and	phenytoin	may	interact	with	oral	blood	thinners.
•	 We	analyzed	data	from	85	patients	on	carbamazepine/phenytoin	in	combination	with	blood	thinners.
•	 The	occurrence	of	thrombotic	events,	but	not	bleeding,	was	higher	than	expected.
•	 There	was	no	difference	between	vitamin	K	antagonists	and	direct	oral	blood	thinners.

1  |  BACKGROUND

Carbamazepine	and	phenytoin	are	potent	inducers	of	enzymes	that	
metabolize	 drugs,	 including	 the	microsomal	 enzymes,	 cytochrome	
P	 (CYP)	 1A2,	 2C9,	 and	 3A4,	 as	 well	 as	 the	 efflux	 transporter	 P-	
glycoprotein	 (P-	gp).	 The	metabolism	of	warfarin	 is	mainly	 through	
CYP	 2C9,	 whereas	 the	 direct	 oral	 anticoagulants	 (DOACs)	 apixa-
ban	and	rivaroxaban	are	partially	dependent	on	CYP	3A4	for	their	
elimination.	Edoxaban	undergoes	very	limited	CYP	3A4	metabolism	
(<10%	of	oral	dose)	to	active	metabolites	with	anti-	Xa	activity,	un-
like	apixaban	and	rivaroxaban,	which	do	not	have	active	circulating	
metabolites.1	All	DOACs	are	substrates	for	P-	gp.	Thus,	cotreatment	
with	carbamazepine	or	phenytoin	will	speed	up	the	elimination	of	all	
oral anticoagulants.

Because warfarin is monitored with prothrombin time and the 
dose	is	adjusted	to	keep	the	international	normalized	ratio	(INR)	in	
the	 therapeutic	 range,	 typically	 INR	 2.0–	3.0,	 the	 antithrombotic	
effect should be maintained when patients are treated with carba-
mazepine	or	phenytoin,	although	it	may	require	some	time	after	initi-
ation	or	dose	change,	before	the	new	equilibrium	has	been	achieved.	
A	nationwide	Swedish	study	demonstrated	that	comedication	with	
carbamazepine	and	warfarin	required	on	average	an	increase	of	the	
dose	of	warfarin	of	49%	to	maintain	therapeutic	INR.2

DOACs	 are	 given	 at	 a	 fixed	 dose,	 whereas	 a	 reduced	 dose	 is	
used	in	the	presence	of	renal	dysfunction,	advanced	age,	low	body	
weight,	and/or	concomitant	CYP	3A4	inhibitors.	For	CYP	3A4/P-	gp	
inducers,	the	recommendation	is	to	avoid	use	of	DOACs,	and	vita-
min	K	 antagonists	 often	become	 the	default	 choice.	Case	 reports	
highlight	the	possibility	of	low	DOAC	levels	in	patients	treated	with	
rivaroxaban	or	apixaban	who	are	 taking	carbamazepine	but,	when	
switched	 to	 edoxaban,	 a	DOAC	with	minimal	 hepatic	metabolism,	
adequate	edoxaban	levels	have	been	observed.3	However,	the	clini-
cal significance of the interaction remains unclear.3-	5	In	an	analysis	of	
the	US	Food	and	Drug	Administration	(FDA)	adverse	event	reporting	
system,	 Perlman	 et	 al.	 identified	 1423	 ischemic	 or	 thrombotic	 re-
ports	among	9693	reported	events	between	2013	and	2018	in	pa-
tients	that	received	direct	factor	Xa	inhibitors	(mainly	rivaroxaban	or	
apixaban)	with	antiepileptic	drugs	(AEDs)	(including	carbamazepine,	
phenytoin,	phenobarbital,	valproic	acid,	lamotrigine,	and	levetirace-
tam).	Compared	with	other	AEDs,	patients	cotreated	with	the	first	
three	AEDs,	which	are	CYP	3A4	enzyme	inducers,	had	about	a	1.8-	
fold increased reporting odds ratio of thrombosis or ischemia.6

It	 is	 unclear	 how	 the	 difficulties	 to	 achieve	 therapeutic	 INR	
with	warfarin	or	how	 the	potential	 for	 low	DOAC	 levels	might	af-
fect clinical outcomes in patients treated with previously mentioned 

comedications.	Moreover,	most	of	the	previously	mentioned	studies	
analyzed	 data	 on	 different	 types	 of	 anticonvulsants,	 so	 that	 esti-
mates	specifically	for	carbamazepine	or	phenytoin	are	still	lacking.

In	a	retrospective	cohort	of	patients	receiving	either	warfarin	or	
a	DOAC,	and	who	are	cotreated	with	an	enzyme-	inducing	AED,	we	
(1)	evaluate	how	carbamazepine	or	phenytoin	affect	the	quality	of	
the	anticoagulation	with	warfarin,	measured	as	proportion	of	time	
in	therapeutic	range	(TTR);	(2)	describe	the	prevalence	of	low	DOAC	
levels;	and	(3)	provide	best	estimates	of	bleeding	and	ischemic	event	
rates	for	warfarin	and	DOACs,	respectively.

2  |  METHODS

This	 was	 a	 retrospective,	 single-	center,	 observational	 study	 con-
ducted	 at	 the	 Thrombosis	 Service,	 Hamilton	 General	 Hospital,	
Ontario,	 Canada.	 The	 center	 monitors	 approximately	 2000	 adult	
patients on warfarin and follows a variable number of patients on 
DOACs	with	complicating	factors	(e.g.,	concomitant	treatment	with	
potentially	interacting	drugs,	morbid	obesity,	high	bleeding	risk,	de-
creasing	 renal	 function).	 The	most	 common	 indications	 are	 stroke	
prophylaxis	in	atrial	fibrillation,	followed	by	mechanical	heart	valves	
(only	vitamin	K	antagonists	[VKAs])	and	venous	thromboembolism.	
All	 patients	older	 than	18	years	on	active	 treatment	with	an	anti-
coagulant	(VKA	or	DOAC)	and	comedicated	with	carbamazepine	or	
phenytoin were included. The concomitant treatment had to start 
between	January	1,	2012,	and	December	31,	2020,	with	the	start	
date of the combination defined as index date. The exclusion criteria 
were	lack	of	clinical	information	or	absence	of	any	follow	up.

The	 clinical	 records	 were	 manually	 examined.	 Data	 on	 demo-
graphics	 (age,	 sex),	 clinical	 information	 (medical	 history,	 indication	
for	the	anticoagulant	and	the	anticonvulsant(s),	type,	and	posology	
of	anticonvulsant	therapy)	were	retrieved.

Proportion of TTR per year of treatment was calculated by linear 
interpolation	 between	 successive	 INR	 results	 for	 up	 to	 3	 years,	 if	
available,	 starting	 from	the	 index	date,	and	 the	method	has	previ-
ously been described in detail by us.7	Furthermore,	the	mean	VKA	
dose	was	 obtained	 calculating	 the	 average	 of	 all	 available	weekly	
doses for each year.

Because	of	the	retrospective	study	design,	DOAC	plasma	levels	
were	 not	 systematically	 requested	 by	 the	 physicians.	 Levels	were	
mainly performed because the patient was on concomitant anti-
convulsant	 therapy,	 occasionally	 because	 the	 physician	was	 inter-
ested	 in	 intraindividual	 variability	 over	 time,	 but	 never	 following	
a bleeding or thrombotic event or for worsening clinical condition 
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of	the	patient.	Any	DOAC	plasma	levels	collected	as	part	of	clinical	
care	were	retrieved.	As	previously	published,8	DOAC	plasma	levels	
were	 measured	 with	 a	 specifically	 calibrated	 anti-	factor	 Xa	 assay	
(Liquid	 anti	 Xa,	 Diagnostica	 Stago,	 Asnieres-	sur-	Seine,	 France)	 for	
apixaban,	rivaroxaban,	and	edoxaban	and	a	specific	dilute	thrombin	
time	(Hemoclot	Thrombin	Inhibitors,	Hyphen	BioMed,	Neuville	sur	
Oise,	 France)	 on	 a	 STA-	R	 Evolution	 coagulometer.	 Lower	 limits	 of	
detection	are	20	ng/ml	for	apixaban,	edoxaban,	and	dabigatran,	and	
25 ng/ml for rivaroxaban. There is no upper limit of detection. Blood 
samples	for	peak	level	assessment	were	taken	2–	3	h	after	ingestion	
of	 the	 drug,	whereas	 blood	 samples	 for	 trough	 levels	were	 taken	
within	1	h	before	the	next	DOAC	dose.	The	DOAC	levels	were	then	
classified	 as	 “low,”	 “normal,”	 or	 “high”	 after	 comparing	 them	with	
the expected ranges as proposed by the current European Heart 
Rhythm	Association	Practical	Guide.9 Patients were seen routinely 
once	 a	 year	 in	 the	 outpatient	 clinic	 and	 asked	 about	 thromboem-
bolic	 or	 bleeding	 complications.	 In	 addition,	 the	 electronic	 medi-
cal records were reviewed for such outcomes. Thromboembolism 
included	 objectively	 verified	 acute	 myocardial	 infarction,	 stroke,	
deep	 vein	 thrombosis,	 pulmonary	 embolism,	 and	 acute	 peripheral	
ischemia.	Major	bleeding	was	defined	according	to	the	International	
Society	on	Thrombosis	and	Haemostasis.10	Death	of	any	cause	was	
also recorded.

Clinical outcomes were captured from the index date and until the 
last	 informative	visit	recorded,	or	until	one	of	the	following	events:	
discontinuation	 of	 anticoagulant	 or	 anticonvulsant	 therapy,	 occur-
rence	of	one	of	the	clinical	outcomes	or	up	to	December	31,	2020.	
The	follow-	up	visit	was	considered	informative	if	both	anticoagulant	
and anticonvulsant therapy were explicitly reported in the document.

The study was approved as a retrospective chart review with-
out	need	for	informed	consent	by	the	Hamilton	Integrated	Research	
Ethics Board.

3  |  STATISTIC AL ANALYSIS

Continuous	 variables	 are	 presented	 as	 median	 and	 interquartile	
range	(IQR)	and	categorical	as	number	and	percentage.	Differences	
between	 groups	 were	 tested	 with	 Fisher	 exact	 test	 and	 Mann-	
Whitney test as appropriate.

Variation	in	VKA	dose	and	median	TTR	across	the	3	years	were	
tested	with	Wilcoxon	test	for	paired	samples	for	the	carbamazepine-	
only	and	phenytoin-	only	subgroups.

The	possible	association	between	TTR,	VKA	dose,	and	anticon-
vulsant drugs was verified through multivariable linear regression 
models	 taking	 the	 TTR	 as	 dependent	 variable	 and	 the	 interaction	
between	VKA	dose	(log	transformed)	and	carbamazepine	or	phenyt-
oin	dose	(as	continuous	variable)	as	independent	factor.	Each	model	
was adjusted for sex and age.

The	 clinical	 outcomes	 for	 the	 overall	 cohort	 and	 for	VKA	 and	
DOAC	subgroups	were	reported	as	number	and	percentage	and	as	
incidence	rate	expressed	as	new	cases	per	100	persons-	years	and	
relative	 95%	 confidence	 interval	 (CI).	 For	 patients	 that	 switched	

anticoagulant	therapy	during	the	study,	the	person-	year	time	in	the	
subgroup analysis was calculated considering the interval between 
drug	initiation	and	discontinuation	as	the	exposure	period.	Incidence	
rate	ratios	between	VKA	and	DOAC	and	relative	95%	CIs	were	also	
calculated.

Kaplan-	Meier	curves	for	major	bleeding,	thromboembolic	events,	
and	all-	cause	mortality	were	built	accordingly	with	the	anticoagulant	
therapy at baseline. Patients were censored when they switched anti-
coagulant	therapy,	at	the	event	time	or	at	the	end	of	the	observation	
without	events.	Groups	were	compared	with	log-	rank	test.

A	 two-	sided	 p value less than 0.05 was considered to indi-
cate	 statistical	 significance.	 All	 analyses	 were	 performed	 using	 R	
software,	 version	 4.0.4,	 and	 Rstudio	 version	 1.1.423	 (2009–	2018	
RStudio,	Inc.).

4  |  RESULTS

Among	116	patients	retrieved,	28	were	excluded	because	of	a	lack	
of	clinical	information	and	three	because	of	absence	of	any	follow-
	up.	Eventually,	a	total	of	85	patients	(female	sex,	n =	31;	37%)	were	
included	in	the	study.	Of	those,	43	(51%)	patients	were	on	carba-
mazepine	and	42	(49%)	were	on	phenytoin.	Two	additional	patients	
(2%)	 on	 carbamazepine	 also	 received	phenytoin	 for	 a	 short	 time	
during the observation period. Baseline characteristics at index 
date are shown in Table 1. The main indication for anticoagula-
tion was atrial fibrillation with or without additional indications (54 
patients,	 65%),	whereas	 for	 anticonvulsant	 treatment	 it	was	 epi-
lepsy	(76	patients,	89%).	Among	the	latter,	58	(76%)	had	a	primary	
diagnosis	 of	 seizure,	whereas	 18	 (24%)	 started	 the	 treatment	 as	
seizure	prophylaxis	after	a	cerebrovascular	accident	or	a	neurosur-
gical	procedure.	The	median	daily	dose	was	400	mg	(range,	100–	
1000	mg)	for	carbamazepine	and	300	mg	(range,	200–	750	mg)	for	
phenytoin.

Fifty-	three	(62%)	patients	were	initially	treated	with	a	VKA	and	
32	(38%)	with	a	DOAC.	During	the	observation	period,	seven	patients	
were	switched	from	a	VKA	to	a	DOAC,	whereas	three	switched	from	
a	DOAC	to	a	VKA.	The	only	VKA	used	was	warfarin.	Forty-	nine	pa-
tients	(58%)	started	the	anticoagulation	therapy	(VKA	or	DOAC)	at	
the	 index	date,	whereas	 the	 remainder	 started	 the	anticonvulsant	
drug at the index date.

4.1  |  VKA therapy and carbamazepine/phenytoin 
interaction

Annual	TTR	was	available	for	54/56	(96%),	40/46	(87%),	and	34/34	
(100%)	 patients	 for	 the	 first,	 second,	 and	 third	 year,	 respectively.	
The	corresponding	median	TTR	was	63%	(IQR	43%,	75%),	73%	(IQR	
62%,	79%),	and	67%	(IQR	51%,	77%),	and	the	corresponding	median	
weekly	VKA	dose	was	47	mg	(IQR	35	mg,	54	mg),	42	mg	(IQR	31	mg,	
58	mg),	and	42	mg	(IQR	28	mg,	52	mg)	(Figure	1,	Table	S1).	Patients	
treated	 with	 carbamazepine	 experienced	 a	 progressive	 lowering	
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of	 the	VKA	dose	across	 the	years	 (Figure	1)	 that	 seemed	relevant	
(p =	 0.032)	 between	 the	 first	 and	 the	 second	 year	 of	 treatment.	
On	 the	other	hand,	 the	median	values	of	TTR	 tended	 to	 increase,	

especially between the first and the second year (p =	 0.022).	
Regarding	 the	 patients	 treated	 with	 phenytoin,	 the	 results	 were	
similar across the 3 years of observation.

TA B L E  1 Baseline	characteristics

Overall Carbamazepine Phenytoin VKA DOACs

N 85 43 42 53 32

Age,	median	(IQR) 68	(59,	79) 66	(58,	80) 71	(62,	79) 66	(57,	74) 75	(66,	84)

Female	sex,	n	(%) 31	(37) 18	(42) 13	(31) 33	(62.3) 21	(65.6)

New	anticoagulant	users,	n	(%) 49	(58) 27	(63) 22	(52) 26	(49.1) 23	(71.9)

Anticoagulant	indication,	n	(%)

Atrial	fibrillation 49	(59) 27	(63) 22	(52) 28	(52.8) 21	(65.6)

Atrial	fibrillation	+ mechanical heart 
valve

3	(4) 3	(7) -	 3	(5.7) -	

Atrial	fibrillation	+ venous 
thromboembolism

2	(2) 1	(2) 1	(2) 1	(1.9) 1	(3.1)

Arterial	thromboembolism 1	(1) 1	(2) -	 1	(1.9) -	

Mechanical heart valve 4	(5) -	 4	(10) 4	(7.5) -	

Patent foramen ovale +	stroke 1	(1) 1	(2) -	 1	(1.9) -	

Venous	thromboembolism 23	(27) 10	(23) 13	(31) 13	(24.5) 10	(31.2)

Othera 2	(2.4) -	 2	(5.0) 2	(3.8) -	

Carbamazepine/phenytoin	indication,	n	(%)

Epilepsy 76	(89) 34	(79) 42	(100) 48	(90.6) 28	(87.5)

Pain management 7	(8) 7	(16) -	 5	(9.4) 2	(6.2)

Psychiatric treatment 2	(2) 2	(5) -	 -	 2	(6.2)

Anticoagulant	therapy

Vitamin	K	antagonist,	n	(%)b 56	(66) 32	(74) 24	(57)

Direct	oral	anticoagulant,	n	(%)b 39	(46) 19	(44) 20	(48)

Dabigatran 6	(15) 4	(20) 2	(10) 1	(2) 5	(16)

Apixaban 18	(46) 10	(53) 8	(40) 3	(6) 15	(47)

Edoxaban 3	(8) 1	(5) 2	(10) 1	(2) 2	(6)

Rivaroxaban 12	(31) 4	(21) 8	(40) 2	(4) 10	(31)

Switched	anticoagulant	therapy,	n	(%)

DOAC	→	VKA 3	(4) 2	(5) 1	(2) 3	(9.4)

VKA	→	DOAC 7	(8) 6	(14) 1	(2) 7	(13.2)

Concomitant	antiplatelet	therapy,	n	(%)

Single 21	(25) 17	(40) 4	(10) 19	(35.8) 2	(6.2)

Dual 4	(5) 2	(5) 2	(5) 3	(5.7) 1	(3.1)

Co-	morbidities

Hypertension,	n	(%) 63	(74) 35	(81) 28	(67) 41	(77.4) 22	(68.8)

Diabetes,	n	(%) 20	(24) 10	(23) 10	(24) 15	(28.3) 5	(15.6)

Active	cancer,	n	(%) 14	(17) 7	(16) 7	(17) 8	(15.1) 6	(18.8)

History	of	cancer,	n	(%) 10	(12) 5	(12) 5	(12) 6	(11.3) 4	(12.5)

Prior	thromboembolism,	n	(%) 52	(61) 24	(56) 28	(67) 35	(66.0) 17	(53.1)

Prior	major	bleeding,	n	(%) 12	(14) 3	(7) 9	(21) 8	(15.1) 4	(12.5)

CHA2DS2-	VASc,	median	(IQR)
b 5	(4,	6) 4	(3,	6) 5	(4,	5) 5	(3,	6) 4	(4,	5)

Abbreviations:	CHA2DS2-	VASc,	congestive	heart	failure,	hypertension,	age	>75	years,	diabetes	mellitus,	stroke,	vascular	disease,	age	65–	years,	sex	
category;	DOAC,	direct	oral	anticoagulant;	IQR,	interquartile	range;	VKA,	vitamin	K	antagonist.
aTissue	aortic	valve	replacement	and	ascending	aorta	replacement	with	tube	graft;	acute	myocardial	infarction	with	placement	of	drug-	eluting	stent.
bIncludes	patients	who	switched	anticoagulant	therapy;	CHA2DS2-	VASc	was	calculated	only	for	patients	with	atrial	fibrillation.
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None	of	the	multivariable	regression	models	showed	an	asso-
ciation	 between	 VKA	 dose,	 anticonvulsant	 drug	 dose,	 and	 their	
interaction	with	TTR	except	for	carbamazepine	at	year	2,	where	an	
inverse	 interaction	between	VKA	dose	 and	 carbamazepine	dose	

was found (β for interaction =	−0.07;	p = 0.01; adjusted R2 =	0.25).	
This	means	 that	with	 increasing	doses	of	 carbamazepine	 the	 ef-
fect	of	the	dose	of	VKA	on	the	TTR	will	tend	to	decrease	and	vice	
versa.

F I G U R E  1 Vitamin	K	antagonist	doses	and	time	in	therapeutic	range	across	3	years	of	observation

TA B L E  2 DOAC	levels	according	to	increasing	maintenance	doses	of	the	anticonvulsant	drug

Drug type Dose (mg) DOAC type DOAC dose (mg)a Timing DOAC level (ng/ml) Classification

Carbamazepine 200 Dabigatran 75 Trough 24 Low

Carbamazepine 200 Apixaban 5 Peak 179 Normal

Carbamazepine 300 Apixaban 5 Peak 466 High

Carbamazepine 400 Apixaban 5 Peak 67 Low

Carbamazepine 400 Apixaban 5 Peak 108 Normal

Carbamazepine 400 Rivaroxaban 20 once a day Peak 161 Low

Carbamazepine 400 Rivaroxaban 20 once a day Peak 236 Normal

Carbamazepine 400 Apixaban 2.5 Trough Undetectable Low

Carbamazepine 400 Apixaban 5 Peak 51 Low

Carbamazepine 800 Apixaban 5 Peak 102 Normal

Carbamazepine 1000 Apixaban 5 Peak 223 Normal

Phenytoin 200 Rivaroxaban 20 once a day Trough 39 Normal

Phenytoin 200 Edoxaban 30 once a day Trough 20 Normal

Phenytoin 200 Dabigatran 110 Trough Undetectable Low

Phenytoin 300 Apixaban 5 Peak 23 Low

Phenytoin 400 Apixaban 5 Trough 32 Low

Phenytoin 400 Apixaban 5 Peak 32 Low

Phenytoin 400 Rivaroxaban 15 Trough 77 Normal

Phenytoin 750 Apixaban 5 Peak 171 Normal

Abbreviation:	DOAC,	direct	oral	anticoagulant.
aDoses	are	twice	a	day	unless	otherwise	specified.
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4.2  |  DOAC patients and carbamazepine/phenytoin 
interaction

Plasma	DOAC	levels	were	available	for	19/39	(49%)	patients.	When	
compared	with	the	expected	peak	and	trough	levels,9	nine	(47%)	pa-
tients	appeared	to	have	a	“low,”	nine	 (47%)	had	a	“normal,”	and	one	
(6%)	had	a	 “high”	DOAC	 level	 (Table	2).	Two	of	 the	 low	DOAC	 lev-
els were undetectable (<20	 ng/ml).	 Four	 of	 eight	 (50%)	DOAC	 pa-
tients	comedicated	with	phenytoin	showed	low	plasma	DOAC	levels,	
whereas	the	corresponding	figure	for	carbamazepine	was	5/11	(45%).

4.3  |  Clinical outcomes

After	a	median	observation	time	of	28	months	(IQR	8,	48),	nine	pa-
tients	(11%)	suffered	thromboembolic	events	for	an	incidence	rate	
of	3.8	per	100	persons-	years	(95%	CI,	3.5–	4.5)	(Tables	2,	3	and	4).	
The	main	 thrombotic	 event	was	 stroke	 (n =	 4),	 followed	by	 acute	
myocardial infarction (n =	2),	deep	vein	thrombosis	(n =	2),	and	me-
chanical heart valve thrombus (n =	1).	One	stroke	was	fatal	and	oc-
curred	in	a	patient	on	a	VKA.

There	were	four	(5%)	patients	with	major	bleeding	(one	of	which	
was	 fatal)	 and	 seven	 (8%)	 died,	 which	 corresponded	 to	 incidence	

rates	of	1.7	per	100	person-	years	(95%	CI,	1.9–	2.5)	and	3.0	per	100	
person-	years	(95%	CI,	2.6–	3.4),	respectively	(Tables	2,	3	and	4).

There were no differences regarding incidence of the clinical 
outcomes	 between	 carbamazepine	 and	 phenytoin.	 Overall,	 one	
bleeding	event,	three	thrombotic	events,	and	three	deaths	occurred	
in	patients	on	concomitant	antiplatelet	treatment.	Moreover,	among	
11	(13%)	patients	who	were	taking	potentially	interacting	drugs	such	
as amiodarone (n =	2),	phenobarbital	(n =	3),	or	topiramate	(n =	8),	
none experienced clinical outcomes.

Taking	separately,	 the	VKA	patients	and	DOAC	patients	contrib-
uted	to	the	study	with	166	and	68	person-	years,	respectively,	and	the	
incidence	 rate	 for	 thromboembolism	was	 3.6	 per	 100	 person-	years	
(95%	CI,	3.1–	4.2)	and	4.4	per	100	person-	years	(95%	CI,	3.5–	5.6),	re-
spectively	(Table	4).	The	VKA	patients	that	suffered	thrombotic	events	
had	a	median	TTR	(i.e.,	the	median	of	all	available	annual	TTRs)	of	49%,	
56%,	59%,	78%,	90%,	and	94%.	Among	the	three	DOAC	patients	who	
experienced	 a	 thrombotic	 event,	 the	DOAC	plasma	 level	was	 avail-
able	only	for	one	and	it	was	“normal.”	Thus,	none	of	the	nine	patients	
with	lower-	than-	expected	DOAC	levels	suffered	any	thromboembolic	
event.	One	of	the	major	bleeds	was	fatal,	a	subdural	hematoma	in	a	
patient	on	VKA	and	carbamazepine	400	mg	(Table	3).

Except	for	the	two	deaths	mentioned,	the	remaining	deaths	were	
not related to either thrombotic or bleeding events.

TA B L E  3 Thromboembolic	and	bleeding	events	according	to	anticoagulant	treatment	and	antiseizure	drugs

Sexa Age, y OACa Indicationa

DOAC level 
classification/
median TTR 
(%)a

Antiepileptic 
drug

Dose 
(mg) Indication Outcome

F 71 Apixaban	5	mg	
BID

AF -	 Carbamazepine 600 Epilepsy Stroke

M 71 Rivaroxaban 
20 mg

VTE -	 Phenytoin 300 Epilepsy Deep	vein	thrombosis

F 63 Rivaroxaban 
15	mg	BID

VTE Normal Phenytoin 400 Epilepsy Deep	vein	thrombosis

F 89 Apixaban	5	mg	
BID

AF Normal Phenytoin 750 Epilepsy Intracranial	hemorrhage

F 89 Warfarin AF 56 Carbamazepine 200 Pain management Fatal	stroke

M 61 Warfarin MHV 49 Phenytoin 200 Epilepsy Aortic	mechanical	valve	
thrombosis

F 73 Warfarin AF 59 Phenytoin 300 Epilepsy Acute	myocardial	
infarction

M 77 Warfarin VTE 78 Phenytoin 400 Epilepsy Stroke

M 76 Warfarin AF 90 Phenytoin 400 Epilepsy Stroke

M 69 Warfarin AF 94 Phenytoin 400 Epilepsy Acute	myocardial	
infarction

M 84 Warfarin AF 75 Carbamazepine 400 Epilepsy Fatal	subdural	
hematoma

M 58 Warfarin AF 67 Carbamazepine 400 Epilepsy Rectal bleeding

F 72 Warfarin AF 70 Phenytoin 200 Epilepsy Intracranial	hemorrhage

Abbreviations:	AF,	atrial	fibrillation;	BID,	twice	per	day;	DOAC,	direct	oral	anticoagulant;	F,	female;	M,	male;	MHV,	mechanical	heart	valve;	OAC,	oral	
anticoagulant;	TTR,	time	in	therapeutic	range;	VTE,	venous	thromboembolism.
aThe median TTR corresponds to the median of all the annual TTRs available for each patient.
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Eventually,	there	were	no	statistically	significant	differences	be-
tween incidence rates of any of the clinical outcomes for treatment 
with	VKA	vs.	DOAC,	as	attested	by	the	wide	incidence	rate	ratio's	
CIs	and	the	Kaplan-	Meier	curves	(Table	2;	Figure	2).

5  |  DISCUSSION

In	 this	 retrospective	 cohort	 of	 patients	 taking	 carbamazepine	 or	
phenytoin	with	warfarin	or	DOACs,	we	found	that	(1)	the	TTR	with	
warfarin	was	acceptable,	with	potential	improvement	with	increas-
ing	 dose	 and	 time	 on	warfarin;	 (2)	 DOAC	 levels	 were	 lower	 than	
the	 expected	 range	 in	 47%	of	 patients	 tested,	 and	 incidence	 rate	
of	 thrombotic	events	was	high,	 irrespective	of	 the	 type	of	antico-
agulant;	and	(3)	the	overall	incidence	rate	of	thrombotic	events	(3.8	
per	100	persons-	years),	major	bleeding	events	(1.7	per	100	person-	
years),	and	all-	cause	mortality	(3.0	per	100	person-	years)	was	com-
parable	between	patients	on	VKAs	and	DOACs.

The	 pivotal	 trials	 that	 evaluated	VKAs	 versus	DOACs	 in	 atrial	
fibrillation	 reported	 a	 median	 TTR	 for	 the	 VKA	 patients	 ranging	
from	 58%	 to	 68.4%.11–	14	 The	median	 TTR	 in	 our	 carbamazepine/
phenytoin-	treated	cohort	was	aligned	with	these	results	(Table	S1).	
The	mean	 TTR	 during	 the	 second	 and	 third	 year	 of	 cotreatment,	
73%	and	67%,	respectively,	is	similar	to	our	mean	center	TTR,	which	

consistently	is	at	72%.	It	has	previously	been	reported	that	patients	
on	 carbamazepine	and	VKAs	 require	higher	doses	of	 the	 latter	 to	
achieve optimal treatment.2	 Indirectly,	 the	 inverse	 interaction	we	
found	between	carbamazepine	doses	and	VKA	doses	would	confirm	
this finding. The effect of phenytoin treatment was more complex. 
In	fact,	although	an	 interaction	between	VKA	dose	and	phenytoin	
dose	was	not	found,	the	TTR	seemed	to	improve	in	patients	taking	
higher	doses	of	phenytoin	(Figure	S1).

DOACs	 do	 not	 require	 routine	 coagulation	 monitoring,	 and	
there	 is	 still	 no	 standardization	 or	 consensus	 regarding	 thera-
peutic	plasma	DOAC	level	ranges.9,15–	17 We compared the plasma 
DOAC	levels	with	the	expected	range,	as	published	in	the	recent	
practical	 guide	 update	 by	 European	Heart	 Rhythm	 Association9 
but,	 because	of	 the	 small	 sample	 size,	we	were	not	 able	 to	 per-
form	any	inference	between	DOAC	plasma	levels	and	clinical	out-
comes	or	carbamazepine/phenytoin	dose.	Sennesael	et	al.	 found	
in	a	retrospective	study	that,	among	seven	patients	cotreated	with	
carbamazepine/phenytoin	 and	 DOACs,	 two	 had	 DOAC	 plasma	
levels	 below	 the	 expected	 range,	 whereas	 five	 showed	 normal	
levels.18 These data highlight that the measurement of plasma 
DOAC	 levels	 in	 patients	 treated	 with	 carbamazepine/phenytoin	
show a great variability. Considering the sensitivity of this labo-
ratory analysis both to the temporal distance from drug adminis-
tration	and	to	factors	related	to	the	subject	(e.g.,	renal	clearance,	

F I G U R E  2 Kaplan-	Meier	curves	for	major	bleeding	events,	thromboembolic	events,	and	all-	cause	mortality	according	to	the	
anticoagulant	treatment	at	baseline.	Patients	were	censored	at	the	time	of	the	event,	at	the	end	of	observation	in	absence	of	events,	or	at	
change of anticoagulant
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absorption,	missed	doses),16 repeated measurements of the con-
centration	 of	 DOACs	 are	 probably	 necessary	 to	 attest	 the	 real	
DOAC	plasma	levels	over	time.	Whether	DOAC	dose	adjustments	
based	on	DOAC	plasma	level	could	result	in	improved	therapeutic	
efficacy remains unclear and needs further investigation.

A	recent	retrospective	study	found	a	higher	risk	of	stroke	or	sys-
temic embolism among patients with atrial fibrillation cotreated with 
carbamazepine	(n =	89),	phenytoin	(n =	71),	and	DOACs	(rivaroxaban,	
apixaban,	and	dabigatran)	when	compared	with	the	rest	of	the	study	
population	on	DOACs	(n =	22	801).19	In	this	study,	the	authors	used	
logistic regression models adjusted for the propensity of receiving 
carbamazepine	or	phenytoin	but	not	 for	patient	clinical	character-
istics. This reduces the power of the results because patient clinical 
characteristics	also	impact	the	drug-	drug	interaction.15,16	Moreover,	
a prospective study involving 91 patients cotreated with various 
anticonvulsants	(nine	patients	were	on	carbamazepine)	and	DOACs	
reported	an	incidence	rate	of	5.7	per	100	patient-	years	for	throm-
boembolic	events	and	of	1.9	per	100	patient-	years	for	major	bleed-
ing.20	Finally,	another	study	 linked	phenytoin	with	higher	bleeding	
risk	when	coadministered	with	DOACs,21 suggesting the presence of 
unmeasured	confounders	in	observational	studies,	which	lowers	the	
confidence	in	these	findings	increasing	doubts	about	the	real	risks	
associated with such comedication.

The incidence rate of thromboembolic events in the phase 3 trials 
in	atrial	fibrillation	for	VKA	patients	ranged	between	1.5	and	2.4	per	
100	patient-	years	(pooled	mean,	1.8),	whereas	for	patients	on	stan-
dard	dose	of	DOACs,	 it	was	between	1.1	 and	2.1	per	100	patient-	
years	 (pooled	 mean,	 1.4).11–	14 The same figure for major bleeding 
ranged	between	3.1	and	3.4	per	100	patient-	years	(pooled	mean,	3.3)	
for	VKA	patients	and	2.1–	3.6	per	100	patient-	years	(pooled	mean,	2.9)	
for	DOAC	patients,	respectively	(Table	S2).	Thus,	whereas	we	found	
similar	incidence	rates	regarding	major	bleeding,	our	rates	of	throm-
boembolic	events	of	3.8	per	100	persons-	years	(95%	CI,	3.5–	4.5)	or,	
specifically	3.6	per	100	person-	years	(95%	CI,	3.1–	4.2)	for	VKA	and	
4.4	per	100	person-	years	(95%	CI,	3.5–	5.6)	for	DOACs,	are	higher.	For	
completeness,	 it	 is	 necessary	 to	underline	 that	our	 study	also	 con-
sidered patients with mechanical heart valve and patients treated for 
venous	thromboembolism.	Additionally,	the	high	prevalence	of	prior	
thromboembolism	and	prior	stroke	(frequently	the	cause	of	the	con-
sequent	antiseizure	treatment)	as	well	as	of	cancer	could	suggest	that	

this	is	a	cohort	of	patients	with	a	higher	thromboembolic	risk	despite	
therapeutic	anticoagulation	(Table	4).

These original data add support to the possible clinical relevance 
of	the	drug-	drug	interaction	between	carbamazepine/phenytoin	and	
oral anticoagulants. Our findings of a high incidence of thromboem-
bolic	events	in	patients	taking	the	studied	AEDs	are	in	line	with	those	
from	the	analysis	of	the	FDA	Adverse	Event	Reporting	System,6 but 
treatment	with	dose	adjusted	VKA	was	not	associated	with	 lower	
thromboembolic	risk.	Perhaps	the	best	solution,	if	allowed	by	the	in-
dication,	is	to	switch	to	the	newer	nonenzyme-	inducing	antiseizure	
medication	such	as	levetiracetam,	lamotrigine,	or	valproic	acid.	The	
FDA	study	renders	support	for	such	a	change,	but	it	suffers	from	a	
risk	of	selection	bias	and	lack	of	detailed	patient	data.6

Our	study	has	several	limitations	that	need	to	be	discussed.	First,	
the retrospective design does not allow the exclusion of all possible 
confounding	 factors.	 Second,	 information	 on	 creatinine	 clearance	
was	not	available	for	all	patients	but,	on	the	other	hand,	we	have	not	
done any analysis where clearance of creatinine may have played 
a	role.	Third,	the	relatively	small	study	population	results	in	impre-
cision	 of	 our	 risk	 estimates,	 and	 the	 statistical	 power	 is	 not	 such	
that	any	definitive	conclusions	can	be	drawn,	but	at	the	same	time	
it is sufficient to suggest a more critical approach to the problem. 
Fourth,	we	only	compared	our	clinical	event	rates	with	those	of	the	
pivotal trials in atrial fibrillation but not with a control group from 
our center. With the small number of clinical events and imprecision 
in	risk	estimates	in	the	patients	comedicated	with	carbamazepine	or	
phenytoin,	a	comparison	with	a	matched	control	group	would	still	
be	 unreliable.	 Fifth,	 the	management	 of	 VKA	 in	 community	 prac-
tice	is	generally	of	lower	quality	than	at	specialized	anticoagulation	
clinics,22,23	and	therefore	our	single-	center	data	on	TTR	and	clinical	
outcomes	with	VKA	are	not	generalizable	to	all	settings	of	care.	On	
the	other	hand,	this	is	the	first	study	that	provides	clinical	event	esti-
mates,	based	on	follow-	up	during	a	median	of	28	months	in	a	cohort	
of	carbamazepine/phenytoin-		and	VKA/DOAC-	treated	patients	and	
concomitant	 data	 on	 the	 quality	 of	 anticoagulation	 with	 TTR	 for	
VKA	patients	and	drug	levels	for	DOAC	patients.

In	 conclusion,	 starting	 from	 the	 well-	known	 pharmacological	
interaction	between	carbamazepine/phenytoin	and	oral	anticoagu-
lants	(both	VKAs	and	DOACs),	we	observed	a	higher-	than-	expected	
incidence of thrombotic events when the previously mentioned 

TA B L E  4 Clinical	outcomes

All patients
N = 85
n (%)

Cases per 100 
p- y (95% CI)

VKA
N = 56a

n (%)
Cases per 100 
p- y (95% CI)

DOAC
N = 39a

n (%)
Cases per 100 
p- y (95% CI)

Incidence rate 
ratio
VKA/DOAC
(95% CI)

Thromboembolism 9	(11) 3.8	(3.5–	4.5) 6	(11) 3.6	(3.1–	4.2) 3	(8) 4.4	(3.5–	5.6) 0.8	(0.2–	3.3)

Major bleeding 4	(5) 1.7	(1.9–	2.5) 3	(5) 1.8	(1.5–	2.1) 1	(3) 1.5	(1.2–	1.9) 1.2	(0.1–	11.5)

All-	cause	death 7	(8) 3.0	(2.6–	3.4) 6	(11) 3.6	(3.1–	4.2) 1	(3) 1.5	(1.2–	1.9) 2.4	(0.3–	19.9)

Abbreviations:	CI,	confidence	interval;	DOAC,	direct	oral	anticoagulant;	p-	y,	person-	years;	VKA,	vitamin	K	antagonist.
aThese groups include patients who switched the anticoagulant.
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drugs	 were	 coadministered.	 Furthermore,	 the	 incidence	 rates	 of	
thrombotic	events	and	bleeding	events	were	similar	between	VKA	
and	DOAC	patients.	Half	 of	 the	DOAC	plasma	 levels	 tested	were	
lower	 than	 expected.	 For	 patients	 on	 VKAs	 and	 for	 patients	 on	
DOACs,	the	TTR	or	the	plasma	levels,	respectively,	did	not	appear	
to predict thromboembolic events. These results should ideally be 
confirmed	 in	 a	 sufficiently	 large,	 prospective	 study	with	 a	 control	
population	on	the	newer	AEDs.
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