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Abstract
Background: Population-	based	data	about	cerebral	venous	sinus	thrombosis	(CVST)	
are limited.
Objectives: To	investigate	the	epidemiology	of	CVST	in	the	United	States.
Patients/Methods: Three administrative data systems were analyzed: the 2018 
Healthcare	 Cost	 and	 Utilization	 Project	 National	 Inpatient	 Sample	 (NIS)	 the	 2019	
IBM	MarketScan	Commercial	and	Medicare	Supplemental	Claims	Database,	and	the	
2019	 IBM	 MarketScan	 Multi-	state	 Medicaid	 Database.	 CVST,	 thrombocytopenia,	
and numerous comorbidities were identified using the International Classification of 
Diseases,	Tenth	Revision,	Clinical	Modification	codes.	 Incidence	rates	of	CVST	and	
CVST	with	thrombocytopenia	were	estimated	(per	100,000	total	US	population	[NIS]	
and	 per	 100,000	 population	 aged	 0	 to	 64	 years	 covered	 by	 relevant	 contributing	
health	plans	 [MarketScan	samples]).	Comorbidity	prevalence	was	estimated	among	
CVST	cases	versus	total	inpatients	in	the	NIS	sample.	Recent	pregnancy	prevalence	
was estimated for the Commercial sample.
Results: Incidence	 rates	 of	 CVST	 in	NIS,	 Commercial,	 and	Medicaid	 samples	were	
2.85,	2.45,	and	3.16,	 respectively.	 Incidence	rates	of	CVST	with	thrombocytopenia	
were	0.21,	0.22,	and	0.16,	respectively.	In	all	samples,	CVST	incidence	increased	with	
age;	however,	peak	 incidence	was	 reached	at	 younger	 ages	 in	 females	 than	males.	
Compared	 with	 the	 general	 inpatient	 population,	 persons	 with	 CVST	 had	 higher	
prevalences	of	hemorrhagic	stroke,	ischemic	stroke,	other	venous	thromboembolism	
(VTE),	central	nervous	system	infection,	head	or	neck	infection,	prior	VTE,	thrombo-
philia,	malignancy,	head	injury,	hemorrhagic	disorder,	and	connective	tissue	disorders.	
Women	aged	18	to	49	years	with	CVST	had	a	higher	pregnancy	prevalence	than	the	
same-	aged	general	population.
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Essentials

•	 Comprehensive	analyses	of	the	epidemiology	of	cerebral	venous	sinus	thrombosis	(CVST)	are	needed.
•	 Three	large	administrative	data	systems	were	used	to	investigate	epidemiology	of	CVST	in	the	United	States.
•	 Incidence	of	CVST	was	≈3	in	100,000.	Incidence	of	CVST	with	thrombocytopenia	was	lower,	at	≈0.2	in	100,000.
•	 Our	findings	have	applicability	in	understanding	the	epidemiology	of	CVST	and	CVST	with	thrombocytopenia.

1  |  INTRODUC TION

Beginning	in	February	2021,	cases	of	cerebral	venous	sinus	throm-
bosis	 (CVST),	 a	 rare	 type	of	 thrombosis	 that	occurs	 in	 the	venous	
sinuses	of	the	brain,	were	reported	in	several	European	countries	in	
persons	who	had	recently	 received	the	Oxford-	AstraZeneca	coro-
navirus	 disease	 2019	 (COVID-	19)	 vaccine	 (ChAdOx1	 nCoV-	19).1-	3 
Those	affected	also	had	thrombocytopenia,	and	many	had	high	lev-
els	of	antibodies	against	antigenic	complexes	of	platelet	factor	4,	a	
finding	seen	in	heparin-	induced	thrombocytopenia	(HIT);	however,	
the	patients	in	the	vaccine-	associated	case	clusters	had	not	received	
heparin.	 Investigators	 described	 the	 condition	 as	 vaccine-	induced	
immune	 thrombotic	 thrombocytopenia	 (VITT).1,2	 From	 March	 2	
through	 April	 25,	 2021,	 17	 cases	 of	 thrombosis	 with	 thrombocy-
topenia	 syndrome	 (TTS)	 after	 receipt	 of	 the	 Johnson	&	 Johnson/
Janssen	 COVID-	19	 vaccine	 (Ad26.COV2.S)	 were	 reported	 to	 the	
Vaccine	 Adverse	 Event	 Reporting	 System,	 a	 national	 program	 to	
monitor vaccine safety in the United States.4,5	Fourteen	of	17	cases	
had	CVST	with	thrombocytopenia.	CVST	has	also	been	reported	in	
association	with	COVID-	19	infection	up	to	21	days	after	diagnosis6-	8 
In	one	 study,	 the	 incidence	of	CVST	among	persons	 confirmed	 to	
have	COVID-	19	was	more	than	twice	as	high	as	the	CVST	incidence	
in persons with influenza and more than six times as high as the in-
cidence	in	persons	who	had	received	a	messenger	RNA	COVID-	19	
vaccine.9

Limited	data	are	available	on	 the	epidemiology	of	CVST	 in	 the	
general population. Incidence estimates from studies of various 
European	and	Australian	populations	 range	 from	1.30	 to	1.57	per	
100,000	persons	per	year.10-	12	 In	 the	United	States,	 there	 is	 a	 re-
ported	 increasing	 trend	 of	 the	 incidence	 of	 CVST	 from	 1.37	 per	
100,000	in	2005	to	2.62	per	100,000	in	2016	among	hospitalized	
adults	 aged	 ≥18	 year.13	 More	 in-	depth	 analyses	 of	 data	 available	
for	 two	 states	 (New	York	and	Florida)	 indicated	 that	 these	 trends	
remained after adjustment for age and sex.13	In	stratified	analyses,	
incidence	rates	were	highest	among	women	aged	18	to	44	years.13

CVST	 accounts	 for	 an	 estimated	 0.5%	 to	 0.7%	 of	 all	 strokes,	
and,	 in	contrast	to	arterial	strokes,	CVST	has	been	observed	more	

commonly in younger adults and children.14	Among	adults,	it	is	also	
much	more	commonly	 reported	among	women	than	men,	with	an	
estimated	female-	to-	male	ratio	of	3:1.10,13	Among	children,	the	sex	
ratio	appears	balanced,	likely	due	to	the	absence	of	sex-	specific	risk	
factors among children.15,16	Risk	factors	reported	in	association	with	
CVST	include	thrombophilia	(both	genetic	and	acquired);	infection;	
trauma;	 malignancy;	 medications	 such	 as	 steroids;	 inflammatory,	
endocrine,	and	hematologic	disorders;	and	sex-	specific	risk	factors	
such as pregnancy and oral contraceptives.17,18	However,	 informa-
tion	on	CVST	risk	factors	is	primarily	from	studies	assessing	CVST	
clinical cases reported to registries without comparison to the prev-
alence	of	medical	risk	factors	in	the	general	hospitalized	population.

More	 recent	 and	comprehensive	analyses	of	 the	epidemiology	
of	CVST	in	the	general	US	population	are	needed	to	better	under-
stand	the	incidence,	demographic	profile,	and	comorbidities	associ-
ated	with	the	very	rare	but	serious	subset	of	CVST	cases—	those	with	
co-	occurring	thrombocytopenia.	Therefore,	we	conducted	analyses	
of	persons	hospitalized	with	CVST	using	data	from	three	large	ad-
ministrative data systems. The use of multiple data sources allowed 
for	 side-	by-	side	 comparisons	 of	 data	 obtained	 from	 independent	
samples. The large sample sizes of all three data sources allowed for 
stable	and	in-	depth	analyses	of	the	incidence	of	CVST.	Additionally,	
sample sizes from all three data sources allowed for assessment of 
the	incidence	of	CVST	with	thrombocytopenia,	and	one	of	the	data	
sources was sufficiently large to allow for more comprehensive anal-
yses of both outcomes.

2  |  METHODS

2.1  |  Data sources

This	study	includes	analyses	from	three	large	administrative	databases,	
each	representing	a	large	share	of	the	US	population:	the	Agency	for	
Healthcare	 Research	 and	 Quality’s	 Healthcare	 Cost	 and	 Utilization	
(HCUP)	 National	 Inpatient	 Sample	 (NIS),19	 the	 IBM	 MarketScan	
Commercial	and	Medicare	Supplemental	Claims	Database,	and	the	IBM	

Conclusions: Our findings provide recent and comprehensive data on the epidemiol-
ogy	of	CVST	and	CVST	with	thrombocytopenia.

K E Y W O R D S
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MarketScan	Multi-	state	Medicaid	Database.20	The	NIS	 is	the	 largest	
publicly	available	all-	payer	inpatient	health	care	database	designed	to	
produce	US	regional	and	national	estimates	of	inpatient	use,	covering	
>97%	of	the	total	US	population	who	receive	care	in	community	hos-
pitals,	which	exclude	rehabilitation,	long-	term	care,	substance	abuse,	
and psychiatric facilities as well as federally owned facilities such as 
those	of	the	Veterans	Administration	and	Indian	Health	Service.19 The 
NIS	 is	 a	20%	stratified	 sample	of	discharge	 records	 from	all	HCUP-	
participating hospitals. The annual sample of >7	million	hospital	stays	
can be weighted to generate nationally representative estimates for 
>35	million	annual	hospitalizations.21	The	MarketScan	Commercial	and	
Medicare	Supplemental	Claims	Database	 is	a	multiyear,	patient-	level	
database consisting of medical claims data from >85 million persons 
covered	by	employer-	sponsored	commercial	health	plans	throughout	
the	United	States.	The	MarketScan	Multi-	state	Medicaid	Database	is	
a	multiyear,	 patient-	level	 database	 consisting	of	medical	 claims	data	
from	over	24	million	Medicaid	enrollees	from	5	to	15	states,	with	the	
number of states contributing data varying by year.20

2.2  |  Samples for current analyses

The	current	study	NIS	sample	includes	persons	of	all	ages	who	had	a	
2018	hospitalization.	The	study	MarketScan	Commercial	and	Medicaid	
samples	 include	persons	aged	0	to	64	years	who	were	continuously	
enrolled	in	a	health	plan	for	12	months	during	2019,	the	most	recent	
full year of data available. The data for both samples are limited to per-
sons aged <65	years	because	the	MarketScan	data	sets	include	only	a	
subset	of	Medicare	enrollees.	Medicare	claims	paid	by	Medicare	pro-
grams	for	persons	not	enrolled	in	a	Medicare	supplemental	plan	are	not	
included	in	the	MarketScan	data	sets.	The	Commercial	and	Medicare	
Supplemental	Claims	(version	100%	Sample	6	Plus	Years	1/1/2013–	
7/31/2020)	 and	Multi-	state	Medicaid	 Claims	 (version	 10	 Plus	 Years	
1/1/2009–	12/31/2019)	data	sources	were	accessed	through	the	IBM	
MarketScan	Treatment	Pathways	platform.20,22

Because	2018	is	the	most	recent	year	of	NIS	data	available,	the	
time	frame	for	the	NIS	does	not	align	with	the	two	MarketScan	sam-
ples	based	on	2019	data.	Nonetheless,	we	assume	there	is	little	vari-
ation	in	the	profile	of	CVST	events	occurring	in	the	United	States	in	
2018	versus	2019.	Of	note,	we	empirically	checked	this	assumption;	
CVST	 incidence	estimates	produced	using	2018	MarketScan	 sam-
ples	were	similar	to	estimates	produced	using	2019	data	 (data	not	
shown).	Thus,	any	differences	observed	between	estimates	gener-
ated from the three samples are assumed to be primarily attributable 
to differences in the underlying populations covered by the samples 
rather than data year.

2.3  |  Definition of CVST

Analyses	of	all	three	samples	examined	events	with	one	or	more	of	
the	following	International	Classification	of	Diseases,	Tenth	Revision,	
Clinical	 Modification	 (ICD-	10-	CM)	 codes	 listed	 anywhere	 on	 the	

inpatient	claims	record:	I63.6,	G08.X,	I67.6,	O22.5X,	or	O87.3.	This	
coding scheme has been previously validated in a large clinical sam-
ple23	and	has	been	used	in	a	previous	study	of	CVST	incidence13 in 
the	United	States.	For	both	MarketScan	samples,	only	the	first	CVST	
event in 2019 was counted. It is not possible to identify whether 
more	than	one	CVST	event	was	identified	per	person	in	the	NIS.	We	
found	that	≈15%	of	persons	with	a	CVST	event	in	the	MarketScan	
Commercial	sample	had	a	subsequent	inpatient	hospitalization	claim	
with	a	CVST	code	within	the	same	calendar	year.	Thus,	given	that	the	
NIS	is	based	on	a	20%	sample	of	hospitalizations	and	the	vast	major-
ity	of	persons	with	CVST	(85%)	are	estimated	to	have	only	one	CVST	
hospitalization	in	a	given	year,	the	likelihood	of	identifying	multiple	
events	for	the	same	person	in	the	NIS	is	estimated	to	be	low.

We	examined	CVST	overall	and	CVST	with	co-	occurring	throm-
bocytopenia. Thrombocytopenia was defined as one or more of the 
following	ICD-	10-	CM	codes	listed	anywhere	on	the	inpatient	claims	
record:	 D69.3,	 D69.41,	 D69.42,	 D69.49,	 D69.51,	 D69.59,	 D69.6,	
D75.82,	or	P61.0.	Thrombocytopenia	was	defined	solely	based	on	
ICD-	10-	CM	codes	for	thrombocytopenia,	as	laboratory	test	results	
were not available. Because inpatient claims for different providers 
may	 be	 recorded	 separately,	 CVST	with	 co-	occurring	 thrombocy-
topenia was defined as the presence of an inpatient claim with a 
thrombocytopenia	code	within	30	days	of	the	index	CVST	inpatient	
claim	for	MarketScan	samples.

2.4  |  Statistical analyses

2.4.1  |  Estimation	of	incidence	rates

All	 three	 data	 sources	 allow	 for	 estimation	 of	 population-	specific	
rates.

The	NIS	datafile	 includes	 sampling	weights	 to	allow	 for	gener-
ation of nationally representative estimates of cases. These case 
counts in conjunction with 2018 US Census data were used to 
generate incidence rates for the US population. Census data were 
obtained	 from	2010	 to	 2019	 single-	race	Vintage	 2019	 postcensal	
estimates	of	the	July	1	resident	population.24 These estimates were 
prepared	and	released	by	the	US	Census	Bureau	on	June	25,	2020.

MarketScan	 Commercial	 and	 Multi-	state	 Medicaid	 databases	
allow	for	direct	generation	of	population	rates.	While	MarketScan	
samples represent large numbers of persons receiving health care 
in	the	United	States,	rates	generated	from	MarketScan	are	not	na-
tionally representative. The study populations are limited to persons 
covered under a contributing health care plan. Incidence rates were 
calculated using case counts and counts of plan enrollees meeting 
the inclusion criteria specified above.

Incidence	rates	and	the	corresponding	95%	confidence	intervals	
(CIs)	for	both	CVST	and	CVST	with	thrombocytopenia	were	gener-
ated	from	all	three	samples,	assuming	a	Poisson	distribution.	Rates	
stratified	by	demographic	factors	were	also	generated.	However,	in	
keeping	with	HCUP	data	reporting	standards,	rates	with	case	sample	
sizes <10 are suppressed.
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Sample	sizes	were	sufficient	to	generate	and	present	CVST	total	
rates	and	rates	for	sex	and	age	groups	from	all	three	samples.	Age	
groups	were	0	 to	17	years,	 18	 to	29	years,	 30	 to	39	years,	 40	 to	
49	years,	50	to	64	years,	and	65+	years	(NIS	only).	Rates	were	also	
generated	for	more	refined	age-	and-	sex	groups;	however,	a	few	of	
these	rates	were	suppressed	for	the	Medicaid	sample	due	to	small	
numbers.	 For	 the	 NIS	 sample,	 race/ethnicity-	specific	 rates	 were	
also	 generated.	Mutually	 exclusive	 race/ethnicity	 categories	were	

non-	Hispanic	 White,	 non-	Hispanic	 Black,	 Hispanic,	 non-	Hispanic	
Asian/Pacific	 Islander,	Non-	Hispanic	Native	American,	 and	Other/
Multiple	Race.	Although	race/ethnicity	data	are	also	available	for	the	
Medicaid	 sample,	 small	 sample	 sizes	preclude	presentation.	Race/
ethnicity data were not available for the Commercial sample.

Sample sizes were sufficient to generate and present total 
population	 incidence	 rates	 for	 CVST	 with	 thrombocytopenia	
from	 all	 three	 samples.	 However,	 small	 sample	 sizes	 preclude	

TA B L E  1 Number	and	population	rates	of	hospitalized	cerebral	venous	sinus	thrombosis	in	the	United	States

Healthcare Cost and Utilization 2018 National Inpatient 
Sample

2019 MarketScan 
Commercial Sampleb

2019 MarketScan Medicaid 
Samplec

Unweighted, Na Weighted N
Cases per 100,000 
population (95% CI)d Na

Cases per 100,000 
population (95% CI)e Na

Cases per 100,000 
population (95% CI)f

Total 1862 9310 2.85	(2.79-	2.91) 418 2.45	(2.22-	2.69) 235 3.16	(2.77-	3.59)

Age

0-	17	y 249 1245 1.70	(1.61-	1.80) 50 1.23	(0.91-	1.62) 73 1.67	(1.31-	2.10)

18-	29	y 303 1515 2.81	(2.67-	2.96) 79 2.62	(2.07-	3.26) 49 4.31	(3.19-	5.70)

30-	39	y 229 1145 2.62	(2.47-	2.78) 72 2.76	(2.16-	3.48) 40 4.82	(3.44-	6.56)

40-	49	y 265 1325 3.28	(3.11-	3.46) 92 3.17	(2.56-	3.89) 27 5.40	(3.56-	7.86)

50-	64	y 373 1865 2.96	(2.82-	3.09) 125 2.78	(2.32-	3.31) 46 7.60	(5.56-	10.13)

65+ y 443 2215 4.23	(4.06-	4.41) NA NA NA NA

Sex

Male 845 4225 2.63	(2.55-	2.71) 158 1.90	(1.61-	2.22) 105 2.54	(2.08-	3.08)

Female 1017 5085 3.07	(2.98-	3.15) 260 2.97	(2.62-	3.35) 130 3.93	(3.28-	4.67)

Age	and	sex

0-	17	y

Male 163 815 2.18	(2.03-	2.33) 29 1.40	(0.93-	2.00) 46 2.04	(1.49-	2.72)

Female 86 430 1.20	(1.09-	1.32) 21 1.05	(0.65-	1.61) 27 1.28	(0.84-	1.86)

18-	29	y

Male 97 485 1.76	(1.61-	1.93) 25 1.67	(1.08-	2.46) 10 2.67	(1.28-	4.91)

Female 206 1030 3.91	(3.67-	4.16) 54 3.56	(2.68-	4.65) 39 5.12	(3.64-	7.00)

30-	39	y

Male 68 340 1.55	(1.39-	1.72) 14 1.13	(0.62-	1.90) * *

Female 161 805 3.71	(3.46-	3.98) 58 4.25	(3.22-	5.49) * *

40-	49	y

Male 99 495 2.47	(2.26-	2.70) 28 2.03	(1.35-	2.93) * *

Female 166 830 4.07	(3.80-	4.36) 64 4.21	(3.24-	5.37) * *

50-	64	y

Male 207 1035 3.38	(3.18-	3.59) 62 2.90	(2.23-	3.72) 31 11.60	(7.88-	16.46)

Female 166 830 2.56	(2.39-	2.74) 63 2.67	(2.05-	3.42) 15 4.43	(2.48-	7.31)

65+ y

Male 211 1055 4.53	(4.26-	4.81) NA NA NA NA

Female 232 1160 3.99	(3.76-	4.22) NA NA NA NA

Race/ethnicity

White 1132 5660 2.87	(2.79-	2.94) NA NA 96 2.87	(2.32-	3.50)

Black 263 1315 3.22	(3.05-	3.40) NA NA 68 2.93	(2.28-	3.72)

Hispanic 248 1240 2.08	(1.97-	2.20) NA NA 17 2.30	(1.34-	2.68)
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presentation of rates within nearly all demographic subgroups for 
both	MarketScan	samples;	thus,	stratified	rates	are	presented	for	
the	NIS	sample	only.

2.4.2  |  Assessment	of	illness	course

We	examined	several	measures	related	to	 illness	severity	of	CVST	
and	CVST	with	thrombocytopenia:	length	of	hospital	stay,	admission	
to	 intensive	 care	unit	 (ICU)	during	hospital	 stay,	 and	death	during	
hospitalization. Information on admission to the ICU was not avail-
able	for	the	NIS.	Information	on	death	during	hospitalization	was	not	
available	for	the	Commercial	sample.	For	the	NIS,	sample	sizes	were	
sufficient to additionally examine length of stay and death during 
hospitalization	within	age-	sex	subgroups.

2.4.3  |  Assessment	of	comorbidities

From	 the	NIS	 sample,	 the	prevalence	of	 select	 co-	occurring	and	
comorbid	 conditions	 was	 estimated	 for	 persons	 with	 CVST	 and	
CVST	with	 thrombocytopenia,	 some	of	which	may	cause	 throm-
bocytopenia. The conditions examined included hemorrhagic 
stroke;	 ischemic	 stroke;	 myocardial	 infarction;	 other	 arterial	
thrombosis;	 other	 venous	 thromboembolism	 (VTE);	 meningitis,	
encephalitis,	 or	 other	 central	 nervous	 system	 (CNS)	 infection;	
head	 or	 neck	 infection;	 prior	 VTE;	 thrombophilia;	 malignancy;	
head injury; thyroid disorder; cardiovascular disease; hyperten-
sion;	 obesity;	 type	 2	 diabetes;	 hemorrhagic	 disorder	 (includes	

platelet	disorders,	von	Willebrand	disease,	and	other	coagulation	
deficiency);	and	systemic	lupus	erythematosus	(SLE)	or	connective	
tissue	disorder	including	arteritis,	renal	disease,	liver	disease,	and	
thrombocytopenia-	inducing	 hemolytic	 or	 hemostatic	 conditions	
([HIT],	disseminated	intravascular	coagulation	[DIC],	antiphospho-
lipid	syndrome,	paroxysmal	nocturnal	hemoglobinuria,	thrombotic	
thrombocytopenic	 purpura,	 and	 hemolytic	 uremic	 syndrome).	
ICD-	10-	CM	codes	used	to	define	each	co-	occurring	or	comorbid	
condition	are	detailed	 in	Table	S1.	Some	ICD-	10-	CM	codes	were	
defined as more than one condition.

Among	persons	with	CVST	and	CVST	with	 thrombocytopenia,	
prevalence	 of	 each	 co-	occurring	 or	 comorbid	 condition	 and	 the	
corresponding	95%	CIs	were	estimated	using	 the	Wald	method.25 
Prevalence	and	95%	CIs	of	the	same	conditions	were	also	estimated	
for	 all	 inpatient	 admissions	 captured	 in	 the	 NIS	 for	 comparison.	
Prevalence estimates for comorbid conditions among persons with 
CVST	and	CVST	with	 thrombocytopenia	were	 compared	with	 the	
prevalence estimates among persons in the general inpatient popu-
lation using the prevalence odds ratio.25

Prevalence	 of	 co-	occurring	 and	 comorbid	 conditions	 among	
persons	 with	 CVST	 and	 for	 all	 inpatient	 admissions	 were	 also	
assessed	 among	 women	 aged	 18	 to	 49	 years,	 men	 aged	 18	 to	
49	 years,	 women	 aged	 50+	 years,	 and	 men	 aged	 50+ years. 
Small	 sample	 sizes	 precluded	 stratified	 analyses	 for	 CVST	 with	
thrombocytopenia.

Small	 sample	sizes	 for	many	co-	occurring	and	comorbid	condi-
tions	 precluded	 analyses	 in	 both	 MarketScan	 samples.	 However,	
the	Commercial	sample	allowed	us	to	examine	two	sex-	specific	risk	
factors:	 pregnancy-	related	 events	 and	 use	 of	 estrogen	 receptor	

Healthcare Cost and Utilization 2018 National Inpatient 
Sample

2019 MarketScan 
Commercial Sampleb

2019 MarketScan Medicaid 
Samplec

Unweighted, Na Weighted N
Cases per 100,000 
population (95% CI)d Na

Cases per 100,000 
population (95% CI)e Na

Cases per 100,000 
population (95% CI)f

Asian/Pacific	
Islander

54 270 1.41	(1.25-	1.59) NA NA NA NA

Native	American 12 60 2.48	(1.89-	3.19) NA NA NA NA

Other 89 445 6.27	(5.70-	6.88) NA NA 25 5.09	(3.29-	7.51)

Note: *Sparse	data	(cell	size	<10)	precluded	reporting	data.
Abbreviations:	CI,	confidence	interval;	NA,	not	applicable	(data	not	available	for	sample).
aInternational	Classification	of	Disease,	tenth	revision,	clinical	modification	code	for	CVST	listed	anywhere	on	inpatient	claim	record.
bMarketScan®	Commercial	sample	sampled	from	the	IBM	Watson	Health®	MarketScan®	Commercial	and	Medicare	Supplemental	Claims	database	
(version	100%	Sample	6	Plus	Years	1/1/2013-	7/31/2020)	and	included	persons	aged	0	to	64	years	who	were	continuously	enrolled	in	an	insurance	
plan	for	12	months	during	2019.	Data	were	accessed	through	the	IBM	Watson	Health® Treatment Pathways platform.
cMarketScan	Medicaid	sample	sampled	from	the	IBM	Watson	Health	MarketScan	Multi-	state	Medicaid	Claims	database	(version	10	Plus	Years	
1/1/2009-	12/31/2019)	and	included	persons	aged	0	to	64	years	who	were	continuously	enrolled	in	an	insurance	plan	for	12	months	during	2019.	
Data	were	accessed	through	the	IBM	Watson	Health® Treatment Pathways platform.
dRate	calculated	as	number	of	cases	divided	by	population	estimate	derived	from	2018	US	population	estimates	reported	in	the	2010-	2019	Single-	
Race	Vintage	2019	Postcensal	Estimates	of	the	July	1	Resident	Population.
eRate calculated as number of cases divided by total number of persons who were continuously enrolled in an insurance plan for 12 months during 
2019,	as	recorded	in	the	MarketScan®	Commercial	and	Medicare	Supplemental	Claims	database.
fRate calculated as number of cases divided by total number of persons who were continuously enrolled in an insurance plan for 12 months during 
2019,	as	recorded	in	the	MarketScan®	Multi-	state	Medicaid	Claims	database.

TA B L E  1  (Continued)
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modulator	medications.	Recent	pregnancy	was	defined	using	 ICD-	
10-	CM	codes	indicating	pregnancy	or	postpartum	status	(Table	S1);	
women	with	 two	 outpatient	 claims	 at	 least	 30	 days	 apart	 or	 one	
inpatient	 claim	with	a	pregnancy-	related	code	were	considered	 to	
be pregnant during the study period. Estrogen modulator medica-
tions,	including	oral	contraceptives,	hormonal	replacement	therapy,	
and	 other	 estrogen	 medication	 use,	 was	 defined	 on	 the	 basis	 of	
prescription	 claims	 data.	 Pregnancy-	related	 events	were	 assessed	
for	women	aged	18	 to	49	years	 and	estrogen	 receptor	modulator	
medications	were	assessed	for	women	aged	≥18	years.	Prevalence	
and	95%	CIs	of	pregnancy	and	use	of	estrogen	modulator	medica-
tions	were	estimated	among	women	with	CVST,	among	women	with	
CVST	and	thrombocytopenia,	and	among	all	women	eligible	for	the	
Commercial analytic sample. Prevalence estimates among women 
with	CVST	and	CVST	with	thrombocytopenia	were	compared	with	
the prevalence estimates among all women in the analytic sample 
using the prevalence odds ratio.

3  |  RESULTS

3.1  |  Overview of CVST cases from each data 
source

The	2018	NIS	 sample	 included	1862	hospitalizations	 for	CVST,	of	
whom	137	(7.36%)	also	had	thrombocytopenia.	These	cases	repre-
sent	9310	hospitalizations	for	CVST	in	the	United	States	in	2018	and	
685	 hospitalizations	 for	 CVST	 with	 thrombocytopenia.	 The	 2019	
Commercial	 sample	 included	 418	 cases	 of	 CVST	 among	 persons	
aged	0	to	64	years,	of	whom	37	(8.85%)	also	had	thrombocytopenia.	
The	2019	Medicaid	sample	included	235	cases	of	CVST	among	per-
sons	0	to	64	years,	of	whom	12	(5.11%)	also	had	thrombocytopenia.

3.2  |  Estimation of incidence rates

Incidence	estimates	for	CVST	from	NIS,	Commercial,	and	Medicaid	
samples	were	2.85,	2.45,	and	3.16	(all	per	100,000	population),	re-
spectively	 (Table	1).	However,	 it	 should	be	acknowledged	that	 the	
Commercial	 and	 Medicaid	 samples	 did	 not	 include	 persons	 aged	
≥65	 years.	 For	 each	 of	 the	 age	 categories	 for	 adults	 aged	 18	 to	
64	 years,	 estimates	 from	 the	 NIS	 and	 Commercial	 samples	 were	
similar,	while	estimates	from	the	Medicaid	sample	were	higher	than	
both	NIS	and	Commercial	samples.	The	overall	CVST	incidence	es-
timates	for	persons	aged	18	to	64	years	from	NIS,	Commercial,	and	
Medicaid	samples	were	2.91	(95%	CI,	2.83-	2.98),	2.83	(95%	CI,	2.54-	
3.13),	and	5.27	(95%	CI,	4.49-	6.15),	respectively.

In	all	samples,	incidence	estimates	were	higher	for	females	than	
males	and	also	generally	increased	with	age.	Moreover,	the	pattern	
of	 results	by	age	varied	by	 sex	 (Table	1	and	Figure	1).	 In	all	 three	
samples,	males	under	18	years	of	age	had	higher	incidence	estimates	
than	comparably	aged	females	(46%-	81%	higher	estimates	in	males).	
Conversely,	 in	 each	 sample,	 the	 estimate	 for	 women	 aged	 18	 to	

29	years	was	decidedly	higher	than	(i)	the	estimate	for	men	aged	18	
to	29	years	and	(ii)	the	estimates	for	both	males	and	females	aged	
<18	years.	 Incidence	estimates	for	women	aged	18–	29	years	from	
the	three	samples	ranged	from	3.56	to	5.12	per	100,000.	Despite	
some	slight	fluctuations,	 in	each	sample,	 incidence	estimates	were	
similarly	high	 for	women	across	all	 adult	 age	groups.	 In	men,	 inci-
dence estimates remained low at younger ages and began to in-
crease	at	age	40	to	49	years.	At	ages	≥50,	estimates	for	men	were	
higher	than	those	for	women	in	all	samples,	albeit	with	overlapping	
CIs in the Commercial sample.

In	the	NIS	sample,	CVST	incidence	estimates	were	significantly	
lower	in	persons	who	were	Hispanic	and	Asian/Pacific	Islander	than	
in	 persons	who	were	 non-	Hispanic	White.	 Estimates	were	 signifi-
cantly	higher	 in	persons	classified	as	non-	Hispanic	Black	or	other/
mixed	race	than	in	persons	who	were	non-	Hispanic	White.

Incidence	estimates	 from	NIS,	Commercial,	and	Medicaid	sam-
ples	 for	 CVST	 with	 thrombocytopenia	 were	 0.21,	 0.22,	 and	 0.16	
(all	per	100,000),	respectively;	the	95%	CIs	around	these	estimates	
overlapped	(Table	2).	Estimates	from	NIS	did	not	vary	by	sex	but	did	
increase with age and were significantly higher in persons who were 
non-	Hispanic	Black	than	non-	Hispanic	White.	Sample	size	was	insuf-
ficient	to	assess	age-	sex	categories	for	this	outcome.

3.3  |  Assessment of illness course

Median	length	of	hospital	stay	for	persons	with	CVST	ranged	from	
4	to	6	days,	depending	on	the	sample	(Table	3).	Within	each	sample,	
length	of	stay	was	higher	among	the	subset	of	persons	with	CVST	
with	 thrombocytopenia.	 Length	 of	 stay	 was	 longest	 for	 children	
aged <18	years	in	the	NIS	and	MarketScan	Medicaid	samples.	There	
were	 no	 significant	 age-		 or	 sex-	specific	 differences	 in	 length	 of	
stay	among	adults.	Across	all	strata	with	sufficient	data	on	age	and	
sex,	 length	of	stay	was	 longer	for	persons	with	CVST	with	throm-
bocytopenia	 compared	 with	 CVST	 overall,	 although	 interquartile	
ranges	overlap.	Percentage	of	deaths	during	hospitalization,	which	
was	 available	 and	 sufficiently	 stable	only	 for	 the	NIS	 sample,	was	
more	than	twice	as	high	for	CVST	with	thrombocytopenia	 (10.2%)	
than	for	CVST	overall	 (4.4%).	 ICU	data	were	available	only	 for	 the	
MarketScan	samples,	and	the	Medicaid	sample	had	limited	sample	
size.	Data	from	the	MarketScan	Commercial	sample	indicated	high	
percentages	of	ICU	admission	for	both	persons	with	CVST	and	CVST	
with	thrombocytopenia	(40.6%	and	56.8%,	respectively).

3.4  |  Assessment of co- occurring and 
comorbid conditions

As	 expected,	 prevalence	 of	 co-	occurring	 hemorrhagic	 stroke,	 is-
chemic	stroke,	and	other	VTE	at	another	location	was	substantially	
higher	 in	 persons	 with	 CVST	 overall	 and	 CVST	 with	 thrombocy-
topenia	 compared	with	 the	 general	 inpatient	 population	 (Table	 4,	
Figure	 2).	 Additionally,	 prevalence	 of	 hemorrhagic	 stroke	 among	
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persons	 with	 CVST	 with	 thrombocytopenia	 was	 higher	 than	 the	
prevalence	 among	 persons	 with	 CVST	 overall.	 For	 all	 subgroups,	
prevalence	 estimates	 of	 hemorrhagic	 stroke,	 ischemic	 stroke,	 and	
other	VTE	were	significantly	higher	among	persons	with	CVST	com-
pared	with	the	general	inpatient	population	(Table	S2).	However,	the	
prevalence of these conditions was notably higher for women aged 
18	to	49	years	in	comparison	to	other	subgroups.

Prevalence	of	meningitis,	 encephalitis,	 or	 other	CNS	 infection;	
head	or	neck	infection;	prior	VTE;	thrombophilia;	malignancy;	head	
injury;	hemorrhagic	disorder;	SLE	or	other	connective	tissue	disor-
der;	and	thrombocytopenia-	inducing	hemolytic	or	hemostatic	con-
ditions	were	also	notably	higher	 in	persons	with	CVST	than	 in	the	
general inpatient population; and for those conditions with suffi-
cient	sample	size	for	assessment	(meningitis,	encephalitis,	or	other	
CNS	 infection,	 prior	VTE,	 thrombophilia,	malignancy,	 hemorrhagic	
disorder,	 and	 thrombocytopenia-	inducing	hemolytic	or	hemostatic	
conditions),	prevalence	was	also	higher	for	persons	with	CVST	with	
thrombocytopenia in comparison to the general population. There 

was little to no difference in prevalence of thyroid disorder or obe-
sity	in	persons	with	CVST	than	persons	in	the	general	inpatient	pop-
ulation.	 Prevalence	 of	 cardiovascular	 disease,	 hypertension,	 type	
2	diabetes,	and	renal	and	 liver	disease	were	 lower	 in	persons	with	
CVST	 than	 in	 the	 general	 inpatient	 population;	 however,	with	 the	
exception	 of	 hypertension,	 estimates	 for	 these	 conditions	 among	
the	subset	of	persons	with	CVST	with	thrombocytopenia	were	com-
parable to estimates for the general inpatient population. We found 
that	 a	 significantly	 smaller	 proportion	 of	 persons	 with	 CVST	 and	
CVST	with	thrombocytopenia	had	no	evidence	of	any	of	the	comor-
bidities	 investigated	 than	 the	 general	 inpatient	 population	 (15.4%	
[95%	CI,	 13.8%-	17.0%]	 and	11.0%	 [95%	CI,	 5.3%-	16.6%]	vs	30.4%	
[95%	CI,	29.9%-	30.9%]).

Sex-		 and	 age-	stratified	 analyses	 for	 comorbidity	 prevalence	
among	 persons	 with	 CVST	 compared	 with	 the	 general	 inpatient	
population	are	presented	in	Figure	3.	For	all	subgroups,	prevalence	
estimates	of	meningitis,	encephalitis,	or	other	CNS	infection;	head	
or	neck	 infection;	prior	VTE;	 thrombophilia;	malignancy;	and	head	

F I G U R E  1 Age-		and	sex-	specific	
incidence rates of cerebral venous sinus 
thrombosis	(CVST)	in	the	United	States.	
(A)	Age-		and	sex-	specific	incidence	rates	
of	CVSTa in the United States using data 
from	the	Healthcare	Cost	and	Utilization	
(HCUP),	2018	National	Inpatient	Sample	
(NIS),	Agency	for	Healthcare	Research	
and	Quality.	(B)	Age-		and	sex-	specific	
incidence	rates	of	CVSTa among persons 
aged	0	to	64	years	continually	enrolled	
in	an	insurance	plan	in	2019,	as	recorded	
in	the	IBM	Watson	Health	MarketScan	
Commercial	and	Medicare	Supplemental	
Claims	database	(version	100%	Sample	
6	Plus	Years	1/1/2013-	7/31/2020).	(C)	
Age-		and	sex-	specific	incidence	ratesb of 
CVSTa	among	persons	aged	0	to	64	years	
continually enrolled in an insurance plan 
in	2019,	as	recorded	in	the	MarketScan® 
Medicaid	sample	sampled	from	the	IBM	
Watson	Health	MarketScan	Multi-	state	
Medicaid	Claims	database	(version	10	
Plus	Years	1/1/2009-	12/31/2019).	
aInternational	Classification	of	Diseases,	
Tenth	Revision,	Clinical	Modification	
codes	for	CVST	listed	anywhere	on	
inpatient claim record. bDue to sparse data 
(cell	size	<10),	age	groups	30	to	39	years	
and	40	to	49	years	were	combined
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F I G U R E  2 Prevalence	odds	ratio	estimates	comparing	prevalence	of	comorbid	conditions	among	hospitalized	persons	with	cerebral	
venous	sinus	thrombosis	(CVST)	or	CVST	with	thrombocytopenia	to	the	general	inpatient	population,	in	the	Healthcare	Cost	and	Utilization	
(HCUP),	2018	National	Inpatient	Sample	(NIS).	*	Sparse	data	(cell	size	<10)	precluded	reporting	data
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injury	 were	 significantly	 higher	 among	 persons	 with	 CVST	 com-
pared	with	 the	 general	 inpatient	 population.	However,	 the	 preva-
lence	odds	ratio	for	prior	VTE	was	notably	higher	for	women	aged	
18	 to	49	years	 in	comparison	 to	other	sex-	age	groups.	Prevalence	
estimates	for	hemorrhagic	disorders,	SLE	or	other	connective	tissue	
disorders,	and	thrombocytopenia-	inducing	hemolytic	or	hemostatic	
conditions	 were	 higher	 among	 women	 aged	 18	 to	 49	 years	 with	
CVST	compared	with	the	general	 inpatient	population,	but,	due	to	
sparse	data,	we	were	unable	to	estimate	prevalence	of	these	con-
ditions	 for	 other	 subgroups.	Among	males	 of	 all	 ages	 and	women	
aged >50	years,	cardiovascular	disease,	hypertension,	obesity,	and	

type	2	diabetes	were	less	common	among	persons	with	CVST	than	
the	general	inpatient	population.	In	contrast,	these	conditions	were	
more	common	among	women	aged	18	to	49	years	with	CVST	than	
the	female	inpatient	population	aged	18	to	49	years;	however,	this	
difference was statistically significant only for obesity. For all sub-
groups,	prevalence	estimates	for	renal	and	liver	disease	were	lower	
among	persons	with	CVST	compared	with	the	general	inpatient	pop-
ulation for all subgroups.

Regarding	 gender-	specific	 risk	 factors	 assessed	 in	 the	
MarketScan	Commercial	 sample,	 prevalence	 of	 pregnancy	 among	
women	aged	18	to	49	years	was	higher	among	women	with	CVST	

TA B L E  2 Number	and	population	rates	of	hospitalized	cerebral	venous	sinus	thrombosis	with	thrombocytopenia	in	the	United	States

Healthcare Cost and Utilization
2018 National Inpatient Sample

2019 MarketScan Commercial 
Sampleb

2019 MarketScan Medicaid 
Samplec

Unweighted, Na Weighted N
Cases per 100,000 
Population (95% CI)d Na

Cases per 100,000 
Population (95% CI)e Na

Cases per 100, 000 
Population (95% CI)f

Total 137 685 0.21	(0.19-	0.23) 37 0.22	(0.15-	0.30) 12 0.16	(0.08-	0.28)

Sex

Male 70 350 0.22	(0.20-	0.24) 19 0.23	(0.14-	0.36) * *

Female 67 335 0.2	(0.18-	0.22) 18 0.21	(0.12-	0.32) * *

Age *

0-	17	y 31 155 0.21	(0.18-	0.25) * * * *

18-	29	y 15 75 0.14	(0.11-	0.17) * * * *

30-	39	y 13 65 0.15	(0.11-	0.19) * * * *

40-	49	y 23 115 0.28	(0.24-	0.34) * * * *

50-	64	y 27 135 0.21	(0.18-	0.25) * * * *

65+ y 28 140 0.27	(0.22-	0.32) NA NA NA NA

Race/ethnicity

White 64 320 0.16	(0.14-	0.18) NA NA * *

Black 27 135 0.33	(0.28-	0.39) NA NA * *

Hispanic 26 130 0.22	(0.18-	0.26) NA NA * *

Asian/Pacific	
Islander

* * * NA NA NA NA

Native	
American

* * * NA NA NA NA

Other * * * NA NA * *

Note: *Sparse	data	(cell	size	<10)	precluded	reporting	data.
Abbreviations:	CI,	confidence	interval;	NA,	not	applicable	(data	not	available	for	sample).
aInternational	Classification	of	Diseases,	Tenth	Revision,	Clinical	Modification	codes	for	CVST	and	thrombocytopenia	listed	anywhere	on	inpatient	
claim record.
bMarketScan	Commercial	sample	sampled	from	the	IBM	Watson	Health	MarketScan	Commercial	and	Medicare	Supplemental	Claims	database	
(version	100%	Sample	6	Plus	Years	1/1/2013-	7/31/2020)	and	included	persons	aged	0	to	64	years	who	were	continuously	enrolled	in	an	insurance	
plan	for	12	months	during	2019.	Data	were	accessed	through	the	IBM	Watson	Health® Treatment Pathways platform.
cMarketScan®	Medicaid	sample	sampled	from	the	IBM	Watson	Health®	MarketScan®	Multi-	state	Medicaid	Claims	database	(version	10	Plus	Years	
1/1/2009-	12/31/2019)	and	included	persons	aged	0	to	64	years	who	were	continuously	enrolled	in	an	insurance	plan	for	12	months	during	2019.	
Data	were	accessed	through	the	IBM	Watson	Health® Treatment Pathways platform.
dRate	calculated	as	number	of	cases	divided	by	population	estimate	derived	from	2018	US	population	estimates	reported	in	the	2010-	2019	Single-	
Race	Vintage	2019	Postcensal	Estimates	of	the	July	1	Resident	Population.
eRate calculated as number of cases divided by total number of persons who were continuously enrolled in an insurance plan for 12 months during 
2019,	as	recorded	in	the	MarketScan	Commercial	and	Medicare	Supplemental	Claims	database.
fRate calculated as number of cases divided by total number of persons who were continuously enrolled in an insurance plan for 12 months during 
2019,	as	recorded	in	the	MarketScan	Multi-	state	Medicaid	Claims	database.
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compared	with	the	general	population	 (Table	5).	While	5.6%	 (95%	
CI,	 5.6%-	5.7%)	 of	women	 in	 the	 general	MarketScan	 Commercial	
claims	sample	had	evidence	of	pregnancy	during	the	study	period,	
12.5%	 (95%	 CI,	 7.6%-	17.4%)	 of	 women	 with	 CVST	 had	 evidence	
of	pregnancy	during	 the	 study	period.	Among	women	aged	18	 to	

64	 years,	 prevalence	 of	 estrogen-	modulating	medication	 use	was	
also	higher	among	women	with	CVST	(24.3%	[95%	CI,	18.8%-	29.7%])	
compared	with	women	 in	 the	 general	 population	 (19.8%	 [95%	CI,	
19.8%-	19.8%]).	This	difference	was	primarily	driven	by	women	aged	
>49	years.

TA B L E  4 Prevalence	of	co-	occurring	and	comorbid	conditions	among	inpatient	admissions,	overall	and	among	persons	hospitalized	for	
cerebral	venous	sinus	thrombosis	(CVST)	or	CVST	and	thrombocytopenia,	in	the	Healthcare	Cost	and	Utilization,	2018	National	Inpatient	
Sample

General inpatient population
Weighted N=35,527,481
Weighted % (95% CI)

CVSTb

Weighted N=9310
Weighted % (95% CI)

CVST with 
thrombocytopeniac

Weighted N=685
Weighted % (95% CI)

Co-	occurring	conditionsa

Thrombocytopenia 4.3	(4.2-	4.4) 7.4	(6.1-	8.6) 100

Hemorrhagic	stroke 0.8	(0.8-	0.8) 19.3	(17.4-	21.2) 32.1	(24.4-	39.9)

Ischemic	stroke 5.3	(5.2-	5.4) 25.0	(23.0-	27.1) 26.3	(19.0-	33.5)

Myocardial	infarction 3.3	(3.2-	3.4) 1.2	(0.7-	1.7) *

Other arterial thrombosis 0.3	(0.3-	0.3) 0.8	(0.3-	1.2) *

Other venous thromboembolism 2.3	(2.2-	2.3) 17.8	(15.9-	19.6) 25.6	(18.2-	32.9)

Comorbid conditionsa

Meningitis,	encephalitis,	or	other	CNS	infection 0.4	(0.4-	0.4) 8.1	(6.8-	9.4) 12.4	(7.1-	17.8)

Head	or	neck	infection 1.5	(1.4-	1.5) 6.7	(5.5-	7.9) *

Prior venous thromboembolism 5.1	(5.0-	5.2) 10.2	(8.9-	11.6) 8.8	(4.2-	13.3)

Thrombophilia 0.6	(0.6-	0.7) 10.6	(9.2-	12.0) 11.0	(5.1-	16.9)

Malignancy 8.7	(8.5-	9.0) 14.5	(12.6-	16.4) 13.1	(7.5-	18.8)

Head	injury 1.6	(1.5-	1.6) 10.4	(8.7-	12.0) *

Thyroid disorder 12.0	(11.8-	12.1) 11.7	(10.2-	13.2) 16.1	(9.9-	22.2)

Cardiovascular disease 32.6	(32.2-	33.0) 20.6	(18.7-	22.5) 31.4	(23.3-	39.4)

Hypertension 49.9	(49.4-	50.4) 42.5	(40.0-	45.1) 33.6	(25.9-	41.3)

Obesity 14.9	(14.7-	15.2) 15.0	(13.3-	16.8) 13.9	(7.8-	20.0)

Type 2 diabetes 22.2	(22.0-	22.5) 15.0	(13.3-	16.7) 15.3	(8.8-	21.8)

Hemorrhagic	disorderd 1.3	(1.3-	1.3) 3.5	(2.7-	4.4) 9.5	(4.3-	14.7)

Systemic	lupus	erythematosus	(SLE)	or	other	
connective tissue disordere

1.2	(1.2-	1.2) 2.6	(1.9-	3.3) *

Renal disease 24.5	(24.2-	24.7) 14.7	(13.1-	16.3) 26.3	(19.0-	33.5)

Liver	disease 7.1	(7.0-	7.2) 5.1	(4.0-	6.1) 11.7	(6.2-	17.1)

Thrombocytopenia-	inducing	hemolytic	or	hemostatic	
conditionsf

0.4	(0.4-	0.5) 3.1	(2.3-	3.9) 25.6	(17.8-	33.3)

Noneg 30.4	(29.9-	30.9) 15.4	(13.8-	17.0) 11.0	(5.3-	16.6)

Note:	*Sparse	data	(cell	size	<10)	precluded	reporting	data.
aInternational	Classification	of	Diseases,	Tenth	Revision,	Clinical	Modification	codes	indicating	co-	occurring	or	comorbid	condition	listed	anywhere	
on inpatient claim record.
bAmong	individuals	with	International	Classification	of	Diseases,	Tenth	Revision,	Clinical	Modification	code	for	CVST	listed	anywhere	on	inpatient	
claim record.
cAmong	individuals	with	International	Classification	of	Diseases,	Tenth	Revision,	Clinical	Modification	codes	for	CVST	and	thrombocytopenia	listed	
anywhere on inpatient claim record.
dIncludes platelet disorders and other coagulation deficiencies.
eIncludes arteritis.
fIncludes	heparin-	induced	thrombocytopenia,	disseminated	intravascular	coagulation,	antiphospholipid	syndrome,	paroxysmal	nocturnal	
hemoglobinuria,	thrombotic	thrombocytopenia	purpura,	and	hemolytic	uremic	syndrome.
gNone	of	the	comorbid	conditions	investigated.
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F I G U R E  3 Age-		and	sex-	specific	prevalence	and	prevalence	odds	ratio	estimates	comparing	prevalence	of	comorbid	conditions	among	
hospitalized	persons	with	cerebral	venous	sinus	thrombosis	(CVST)	to	the	general	inpatient	population,	in	the	Healthcare	Cost	and	
Utilization	(HCUP),	2018	National	Inpatient	Sample	(NIS).	*	Sparse	data	(cell	size	<10)	precluded	reporting	data
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4  |  DISCUSSION

Our	study	of	CVST	and	CVST	with	thrombocytopenia	in	three	large	
US	population-	based	data	 systems	provides	 recent	 incidence	esti-
mates	and	comorbidity	profiles	for	the	total	population	and	for	key	
demographic	subgroups.	To	our	knowledge,	this	study	provides	the	
most	in-	depth	assessment	of	the	epidemiology	of	CVST,	particularly	
CVST	with	thrombocytopenia,	to	date.

We	report	CVST	incidence	estimates	ranging	from	2.45	to	3.16	
per	100,000	 for	 the	 total	 samples	examined	 in	 this	 study.	Among	
persons	aged	18	to	64	years,	CVST	incidence	estimates	ranged	from	
2.83	 to	 5.27	 per	 100,000.	 This	 is	 similar	 to	 estimated	 incidence	
of	 CVST	 based	 on	 hospitalized	 persons	 with	 CVST	 in	 the	 United	
States	in	2016	(2.62	per	100,000	among	persons	aged	>18	years).13 
Furthermore,	we	 confirm	 that	 incidence	 rates	 among	 females	 are	
generally	higher	 than	males;	however,	 in-	depth	subgroup	analyses	
indicates this is driven by higher rates among young adult women 
in comparison to young adult men.13	 In	fact,	the	highest	 incidence	
rate	we	 report	 is	 among	men	aged	≥65	years.	We	 found	a	 signifi-
cantly	higher	incidence	of	CVST	in	the	MarketScan	Medicaid	sample	
in	comparison	with	 the	MarketScan	Commercial	and	NIS	samples;	
further assessment of demographic subgroups indicates that this 
increase	is	driven	by	high	rates	among	Medicaid	enrollees	aged	50	
to	64	years	(both	men	and	women).	This	is	possibly	reflective	of	an	
increased	burden	of	comorbidity	in	this	age	group,	as	>40%	of	the	
Medicaid	 sample	 is	eligible	 for	Medicaid	on	 the	basis	of	disability.	
Our	study	also	confirms	previous	reports	of	lower	CVST	incidence	
among	persons	who	are	Hispanic	or	Asian/Pacific	Islander	and	higher	
CVST	 incidence	 rates	among	persons	who	are	non-	Hispanic	Black	
compared	with	persons	who	are	non-	Hispanic	White.13	Additional	
studies	regarding	sex-	specific	incidence	rates	and	differences	in	inci-
dence rates by race/ethnicity may help to identify factors that could 
be underlying these observations.

Outcomes	 among	 persons	with	 CVST	 have	 improved	 over	 time	
due to early detection and improved treatment.26 Due to data report-
ing	 limitations,	we	were	not	able	 to	assess	all	outcome	measures	of	
interest	in	all	three	data	sources.	Nevertheless,	we	report	the	acute-	
phase	mortality	rate	among	persons	with	CVST	to	be	>4%	in	the	NIS	
sample and that >40%	of	persons	with	CVST	were	admitted	 to	 the	
ICU	in	the	MarketScan	Commercial	sample,	indicating	that	CVST	may	
be	associated	with	poor	outcomes.	Furthermore,	we	report	that	over	
20%	of	persons	hospitalized	with	CVST	had	a	hemorrhagic	stroke	re-
ported for the same hospitalization and >25%	had	an	ischemic	stroke	
reported.	While	it	is	likely	that	many	of	these	strokes	were	clinical	man-
ifestations	of	the	patient’s	CVST,	we	were	not	able	to	definitively	de-
termine	whether	these	strokes	preceded	or	succeeded	the	diagnosis	of	
CVST	from	the	data	available.	While	our	study	was	not	able	to	assess	
long-	term	outcomes,	previous	studies	have	indicated	poorer	outcomes	
among	persons	with	CVST	manifesting	as	hemorrhagic	stroke.27,28

CVST	is	reported	to	have	multiple	etiologies,	 including	medical	
and	 surgical	 interventions	 predisposing	 one	 to	 VTE,	 genetic	 and	
acquired	 prothrombotic	 disorders	 and	 other	 hematologic	 condi-
tions,	cancer,	systemic	inflammatory	disorders,	and	infection.14,17,18 
However,	many	historical	studies	of	CVST	were	based	on	case	series	
that	reported	the	proportion	of	CVST	cases	with	a	given	comorbid	
condition,	without	comparison	to	expected	rates	based	on	the	gen-
eral inpatient population. We were able to address this limitation 
in	the	current	study,	thus	allowing	a	better	understanding	of	which	
comorbidities	are	elevated	among	persons	with	CVST	and	thus	pos-
sibly	associated	with	development	of	thrombosis,	rather	than	being	
equally	common	among	persons	with	CVST	and	inpatients	generally.	
We found prevalence of the following comorbid conditions were 
significantly	 increased	 among	 persons	 with	 CVST:	 meningitis,	 en-
cephalitis,	or	other	CNS	infection;	head	or	neck	infection;	prior	VTE;	
thrombophilia;	malignancy;	head	 injury;	hemorrhagic	disorder;	SLE	
or	other	connective	tissue	disorder;	and	thrombocytopenia-	inducing	
hemolytic	or	hemostatic	conditions.	Conversely,	we	found	that	the	

All Women CVSTa

N % (95% CI) N % (95% CI)

Pregnancyb 247,934 5.6	(5.6-	5.7) 22 12.5	(7.6-	17.4)

Estrogen modulator therapyc

Women	18-	64	y 1,339,075 19.8	(19.8-	19.8) 58 24.3	(18.8-	29.7)

Women	18-	49	y 1,058,127 24.0	(24.0-	24.1) 45 25.6	(19.1-	32.0)

Women	50-	64	y 280,948 11.9	(11.9-	12.0) 13 20.6	(10.6-	30.6)

Abbreviation:	CI,	confidence	interval.
aAmong	individuals	with	International	Classification	of	Diseases,	Tenth	Revision,	Clinical	
Modification	code	for	CVST	listed	anywhere	on	inpatient	claim	record.
bIncludes	during	pregnancy	or	postpartum.	Pregnancy-	related	International	Classification	of	
Diseases,	Tenth	Revision,	Clinical	Modification	code	for	CVST	listed	anywhere	on	inpatient	
claim	record	or	on	two	outpatient	claim	records	30	days	apart.	Estimates	limited	to	women	aged	
18-	49	years.
cPharmacy-	related	claim	for	estrogen	modulator	medications.	Estrogen	modulator	medications	
include oral contraceptives and other estrogen medications. Estimates limited to women aged 
≥18	years.

TA B L E  5 Prevalence	of	pregnancy	and	
estrogen therapy use among all women 
and among women hospitalized for 
cerebral	venous	sinus	thrombosis	(CVST),	
in	the	MarketScan	Commercial	sample
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prevalence	 of	 several	 comorbid	 conditions,	 which	 were	 common	
among	both	persons	with	CVST	and	 in	 the	general	 inpatient	pop-
ulation,	were	 actually	 significantly	 decreased	 among	persons	with	
CVST	compared	with	 the	general	 inpatient	population;	 these	con-
ditions	were	cardiovascular	disease,	hypertension,	type	2	diabetes,	
and renal and liver disease. There was little to no difference in preva-
lence	of	thyroid	disorder	or	obesity	among	persons	with	CVST	com-
pared with the general inpatient population.

While the general patterns of comorbidities in the total popula-
tion	of	persons	with	CVST	were	similar	for	most	sex-	age	subgroups	
we	examined,	we	observed	some	divergence	among	women	aged	18	
to	49	years.	Obesity	diagnosis	codes	were	significantly	more	com-
mon	among	women	aged	18	to	49	years	with	CVST	compared	with	
similarly aged females in the general inpatient population. Obesity 
has	previously	been	reported	as	a	risk	factor	for	CVST	among	women	
with other underlying comorbidities.29 We also observed higher per-
centages of cardiovascular disease and hypertension in women aged 
18	 to	49	years	with	CVST	versus	 in	 the	general	population;	 these	
differences approached statistical significance.

In	 our	 study,	 prevalence	 of	 evidence	 of	 pregnancy	 during	 the	
study	 period	 among	 women	 aged	 18	 to	 49	 years	 was	 higher	 for	
those	with	 CVST	 compared	with	 expectations	 based	 on	 the	 gen-
eral	 MarketScan	 Commercial	 sample.	 Moreover,	 our	 estimate	 of	
pregnancy-	related	 events	 in	 women	 with	 CVST	 (12.5%)	 is	 in	 line	
with	previous	 reports,	 such	as	 the	 International	Study	of	Cerebral	
Venous	Thrombosis	(ISCVT),	which	found	that	17%	of	CVST	events	
among women were pregnancy related.30 We also report a moder-
ately	 higher	 use	 of	 estrogen-	modifying	 therapies	 in	 adult	 women	
with	CVST	than	the	expected	rate	based	on	females	in	the	general	
population	sample,	particularly	among	women	aged	50	to	64	years.	
Nonetheless,	the	use	of	estrogen-	modifying	therapies	among	adult	
women	with	CVST	in	our	sample	(24.3%)	was	notably	lower	than	that	
reported	by	the	ISCVT	(47%).	Because	our	study	defined	estrogen-	
modifying	 therapy	 use	 based	 on	 claims	 records,	 it	 is	 possible	 the	
proportion	of	women	using	estrogen-	modifying	therapy	is	underes-
timated.	Further	study	of	this	potential	risk	factor	is	needed.30

As	 expected,	 CVST	 with	 thrombocytopenia	 was	 rare	 in	 our	
study,	with	5%	to	9%	of	persons	with	CVST	also	having	thrombocy-
topenia,	depending	on	the	data	source.	This	equates	to	an	incidence	
rate	of	around	0.2	per	100,000.	CVST	with	thrombocytopenia	likely	
has	 multiple	 etiologies,	 some	 with	 CVST	 and	 thrombocytopenia	
sharing	 the	 same	mechanism	of	disease	 (eg,	HIT	or	DIC)	 and	oth-
ers	with	CVST	and	thrombocytopenia	having	different	mechanisms	
(eg,	malignancy).	 In	this	study,	we	were	unable	to	fully	explore	the	
mechanisms	 by	 which	 CVST	 and	 thrombocytopenia	 arose,	 as	 we	
were unable disentangle thrombocytopenia that was concomitant 
with	CVST	from	thrombocytopenia	that	was	due	to	other	causes	and	
may	have	preceded	the	CVST.	Thus,	our	data	must	be	 interpreted	
in	 the	context	of	 this	 limitation.	We	were	able	to	determine	a	 link	
with	a	thrombocytopenia-	inducing	hemolytic	or	hemostatic	condi-
tion	known	to	be	highly	associated	with	thrombosis	for	26%	of	the	
cases	of	CVST	with	thrombocytopenia.	However,	this	may	be	an	un-
derestimate	of	the	proportion	of	cases	caused	by	such	conditions,	

especially	 if	 these	 conditions	 preceded	 the	 CVST	 event.	Of	 note,	
≈11%	of	persons	with	CVST	identified	in	our	study	did	not	have	evi-
dence	of	any	of	the	comorbid	conditions	we	investigated.	In	general,	
the prevalence of other comorbid conditions among persons with 
CVST	with	thrombocytopenia	was	similar	to	that	among	all	persons	
with	CVST.	One	exception	was	comorbid	 liver	disease.	Prevalence	
of comorbid liver disease was more common among persons with 
CVST	with	thrombocytopenia	(12%)	compared	with	all	persons	with	
CVST	 (5%)	 and	 the	general	 inpatient	population	 (7%).	This	 finding	
was	not	unexpected,	as	thrombocytopenia	is	a	known	complication	
of advanced liver disease.31	 In	keeping	with	expectations,	persons	
with	CVST	with	thrombocytopenia	typically	had	longer	hospitaliza-
tion stays in our study and higher mortality rates than persons with 
CVST	overall.

4.1  |  Limitations

Our	study	has	some	limitations.	We	identified	persons	with	CVST	
based	on	 inpatient	admissions	data	with	an	ICD-	10-	CM	code	for	
CVST.	This	may	be	 an	underestimation	of	 total	CVST	events,	 as	
some patients may have been treated in the outpatient setting 
and some patients may have died before admission to the hospi-
tal.	However,	due	to	the	complex	nature	of	treating	persons	with	
CVST,	outpatient	 treatment	alone	 is	not	 likely.	 It	 is	also	possible	
that	 we	 slightly	 overestimated	 CVST	 in	 the	 NIS	 sample,	 where	
the unit of observation is the hospitalization and not the patient. 
However,	given	that	 the	NIS	 is	based	on	a	random	sample	of	 in-
patient	 admissions	 at	 participating	 hospitals,	 and	we	 found	 that	
multiple	CVST	hospitalizations	for	the	same	person	were	uncom-
mon	in	our	two	MarketScan	samples,	we	estimate	that	the	level	of	
overestimation	was	 small.	CVST	with	 thrombocytopenia	may	be	
underestimated	because	we	lacked	laboratory	data	and	thus	relied	
solely	on	ICD-	10-	CM	codes.	Additionally,	it	is	possible	we	slightly	
overestimated	CVST	with	 thrombocytopenia,	 in	 the	MarketScan	
samples,	where	 it	was	not	 always	possible	 to	disentangle	 claims	
submitted by more than one provider for the same inpatient ad-
mission;	 thus,	we	defined	CVST	as	being	associated	with	throm-
bocytopenia if there was an inpatient claim for thrombocytopenia 
within	30	days	of	the	inpatient	claim	for	CVST.	However,	our	data	
suggest	this	was	not	a	major	issue,	as	CVST	with	thrombocytope-
nia	incidence	estimates	from	the	MarketScan	samples	were	similar	
to	 (and	not	 statistically	 different	 from)	 the	NIS	estimate.	Use	of	
inpatient	ICD-	10-	CM	codes,	without	availability	of	more	in-	depth	
clinical or laboratory data may have also resulted in underestima-
tion	of	some	comorbidity	percentages,	particularly	those	for	pre-
existing comorbidities. We used the general inpatient population 
as our comparison group for comorbidity analyses; while this is 
an	appropriate	comparison	group,	 it	 is	 important	to	bear	 in	mind	
that comorbidity percentages in the general inpatient population 
are not necessarily reflective of comorbidity percentages for the 
population	at	large	(ie,	the	inpatient	comorbidity	percentages	are	
likely	 higher).	 Thus,	 some	 relative	 comparisons	 reported	here	of	
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comorbidities	 in	persons	with	CVST	versus	 in	 the	general	popu-
lation	are	 likely	 conservative.	Because	MarketScan	 is	 not	 an	 all-	
payer	 system,	 estimates	 are	 not	 generalizable	 to	 the	 national	
population.	Also,	we	limited	the	MarketScan	samples	to	enrollees	
aged <65	years;	thus,	we	could	not	examine	the	oldest	age	group	
in	two	of	the	three	samples.	Additionally,	small	sample	sizes	pre-
cluded	 several	 stratum-	specific	 and	 comorbidity	 assessments	 in	
the	 MarketScan	 samples.	 Finally,	 our	 findings	 suggest	 possible	
differences	 in	 incidence	 of	 CVST	 by	 race/ethnicity.	 These	 data	
must be interpreted cautiously given that race/ethnicity data in 
administrative	databases	are	not	based	on	self-	report	and	may	be	
incomplete.32,33	Thus,	the	underlying	reason	of	the	race/ethnicity	
differences	reported	here	requires	further	investigation.	To	better	
understand	and	address	differences	in	CVST	incidence,	collection	
of complete and representative race/ethnicity data in administra-
tive databases is needed.

4.2  |  Strengths

Our	study	leveraged	three	large	population-	based	data	systems	to	
report	updated	 information	on	 the	 incidence	of	CVST	and	CVST	
with	 thrombocytopenia	 in	 the	 United	 States.	 Further,	 because	
these	systems	were	sufficiently	large,	we	were	able	to	report	age-		
and	sex-	specific	rates,	providing	a	more	in-	depth	analysis	of	CVST.	
Indeed,	the	comparability	of	age-	sex–	specific	CVST	incidence	rates	
across	the	three	samples	speaks	to	the	robustness	of	our	findings.	
Additionally,	 we	were	 able	 to	 report	 age-		 and	 sex-	specific	 rates	
of	CVST	with	thrombocytopenia	using	data	from	the	NIS	sample,	
findings	that	to	our	knowledge	have	not	been	previously	reported.

In	addition	to	an	in-	depth	assessment	of	CVST	incidence	rates,	
the	 large	NIS	 sample	allowed	 for	a	 comprehensive	assessment	of	
comorbid	 conditions	 among	 persons	 with	 both	 CVST	 and	 CVST	
with	 thrombocytopenia.	Moreover,	 this	 study	 is	 novel	 in	 that	we	
were able to compare prevalence estimates of comorbid conditions 
in	 persons	with	 CVST	 to	 those	 for	 the	 general	 inpatient	 popula-
tion,	including	detailed	assessments	for	age	and	sex	subgroups.	This	
study	thus	greatly	advances	the	state	of	knowledge	on	the	unique	
comorbidity	 risk	 factors	 in	 persons	 with	 CVST	 and	 CVST	 with	
thrombocytopenia.

5  |  CONCLUSIONS

Our	study	used	data	from	three	large	population-	based	data	sys-
tems	to	estimate	incidence	rates	of	CVST	and	CVST	with	throm-
bocytopenia. We observed a slightly higher incidence rate of 
CVST	 in	 comparison	 to	 estimates	 published	 in	 2016	 in	 all	 three	
data	 systems,	 continuing	 a	 reported	 increasing	 incidence	 trend	
over time.13	Incidence	of	CVST	with	thrombocytopenia	was	much	
lower	 than	 incidence	 of	 CVST	 overall	 in	 all	 three	 data	 systems,	
with <10%	of	CVST	cases	having	thrombocytopenia.	Additionally,	

we	highlight	specific	risk	factors	for	CVST	and	identify	sex-	specific	
differences	in	effect	of	risk	factors.	The	impetus	for	these	analy-
ses	was	to	provide	contextual	data	to	inform	the	recent	VITT/TTS	
events	associated	with	COVID-	19	vaccines.	However,	our	findings	
have broader applicability in understanding the epidemiology of 
rare	 but	 often	 severe	 thrombotic	 events,	 CVST,	 and	 CVST	with	
thrombocytopenia.
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