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 ABSTRACT 
SUMMARY:	Spinal	CSF	leak	care	has	considerably	evolved	over	the	past	several	years	due	to	pivotal	advances	in	its	diagnosis	and	treatment.	
To	the	reader	of	the	AJNR,	it	has	been	impossible	to	miss	the	exponential	increase	in	groundbreaking	research	on	spinal	CSF	leaks	and	
spontaneous	intracranial	hypotension	(SIH).	While	many	clinical	specialties	have	contributed	to	these	successes,	the	neuroradiologist	has	
been	instrumental	in	driving	this	transformation	due	to	innovations	in	non-invasive	imaging,	novel	myelographic	techniques,	and	image-
guided	therapies.	In	this	editorial,	we	will	delve	into	the	exciting	advancements	in	spinal	CSF	leak	diagnosis	and	treatment	and	celebrate	
the	vital	role	of	the	neuroradiologist	at	the	forefront	of	this	revolution,	with	particular	attention	to	CSF	leak	related	work	published	in	the	
AJNR.	

 

 ABBREVIATIONS:	SIH	=	spontaneous	intracranial	hypotension;	CVF	=	CSF-venous	fistula;	CTM	=	CT	myelography;	DSM	=	digital	subtraction	
myelography;	CB-CTM	=	conebeam	CT	myelography;	PCD-CT	=	photon	counting	detector	CT	
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INTRODUCTION 
Spinal	CSF	leak	care	has	considerably	evolved	over	the	past	several	years	due	to	pivotal	advances	in	its	diagnosis	and	treatment.1	To	the	reader	
of	the	AJNR,	it	has	been	impossible	to	miss	the	exponential	increase	in	groundbreaking	research	on	spinal	CSF	leaks	and	spontaneous	intracranial	
hypotension	(SIH).	While	many	clinical	specialties	have	contributed	to	these	successes,	the	neuroradiologist	has	been	instrumental	in	driving	
this	transformation	due	to	innovations	in	non-invasive	imaging,	novel	myelographic	techniques,	and	image-guided	therapies.	In	this	editorial,	
we	will	delve	into	the	exciting	advancements	in	spinal	CSF	leak	diagnosis	and	treatment	and	celebrate	the	vital	role	of	the	neuroradiologist	at	
the	forefront	of	this	revolution,	with	particular	attention	to	CSF	leak	related	work	published	in	the	AJNR.	
 
Spinal	CSF	Leak	Types	
Classifying	the	different	types	of	spinal	CSF	leaks	has	contributed	to	our	better	understanding	of	the	anatomy	and	pathophysiology	and	have	led	
to	advances	in	diagnosis	and	treatment.	There	are	two	main	types	of	spontaneous	spinal	CSF	leaks	encountered	in	clinical	practice:	dural	tears	
(ventral	 and	 lateral/posterior)	 and	 CSF-venous	 fistulas	 (CVFs).2,	 3	 Ruptured	 meningeal	 diverticula	 are	 an	 additional	 leak	 type	 that	 was	
discovered,	but	many	diverticular	leaks	reported	in	the	literature	were	likely	lateral	dural	tears	that	mimicked	a	diverticular	leak	due	to	the	
arachnoid	billowing	through	the	dural	defect.4,	5 
 
Spinal	CSF	Leak	Publications	
Spinal	CSF	 leak	 research	has	been	of	 recent	 topical	 interest	 in	 the	neuroscience	 literature.	To	quantify	 this	 interest,	we	performed	PubMed	
searches	 using	 the	 terms	 "spontaneous	 intracranial	 hypotension"	 or	 "CSF	 leak"	 or	 "CSF-venous	 fistulas"	 or	 "myelography"	 and	 ""journal	
name""[Journal].	The	results	were	filtered	between	January	2020	and	June	2024,	and	entries	unrelated	to	spinal	CSF	leaks	were	excluded.	Several	
neuroscience	journals	with	known	CSF	leak	publications	were	queried	in	the	search,	and	any	journal	with	5	or	more	publications	were	included	
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(Table).	 AJNR	 had	 the	 highest	 number	 of	 publications	 (49),	 while	 Headache	 had	 the	 second	 highest	 with	 approximately	 one-third	 of	 the	
publications	 (16).	 Of	 the	 11	 total	 journals	 included,	 there	were	 5	 radiology	 journals.	 The	 49	AJNR	 spinal	 CSF	 leak	 publications	 constituted	
approximately	3%	of	all	1647	AJNR	publications	over	the	3.5-year	time	frame.	An	analysis	of	spinal	CSF	leak	publications	in	AJNR	this	millennium	
also	shows	a	sharp	increase	in	frequency	over	the	past	five	years	(Fig	1). 
Not	 only	 are	 spinal	 CSF	 leak	 publications	 frequently	 published	 in	 the	AJNR,	 but	 they	 are	 also	 commonly	 cited.	 On	 the	 AJNR	
homepage,	under	the	recently	“Most	Cited”	tab,	3	of	the	5	articles	listed	are	related	to	spinal	CSF	leaks,6-8	and	there	are	5	additional	
articles	listed	in	the	full	AJNR	list	at	the	time	of	writing.9-14		

Table:	Number	of	Recent	Spinal	CSF	Leak	Publications	by	Medical	Journal	
Journal Publications on CSF leak, CSF-venous fistula, or myelography 

related to SIH between January 2020-June 2024 
American Journal of Neuroradiology 49 
Headache 16 
Neurology 13 
Clinical Neuroradiology 12 
Interventional Neuroradiology 12 
Neuroradiology 10 
Journal of Neurointerventional Surgery 
Cephalalgia 
Neurology Clinical Practice 
American Journal of Roentgenology 
Journal of Neurosurgery Spine 
Others 

9 
7 
7 
6 
5 

<5 

Note:--SIH	indicates	spontaneous	intracranial	hypotension	
	
	

	
FIG	1.	Number	of	Spinal	CSF	Leak	Publications	in	AJNR	from	2000-June	2024	

Why	All	the	Buzz	on	Spinal	CSF	Leaks?		
One	of	the	major	reasons	spinal	CSF	leak	publications	are	topical	is	they	can	be	challenging	to	diagnose	and	treat.	Physicians	of	
many	specialties	have	struggles	with	this	entity:	how	to	make	the	diagnosis,	how	to	localize	a	spinal	leak,	what	treatment	to	
pursue,	and	what	to	do	when	no	leak	is	observed.	There	are	3	main	research	breakthroughs	that	have	ameliorated	some	of	these	
challenges	and	have	propelled	interest	in	the	field.	First,	improved	myelographic	techniques	have	resulted	in	more	precise	
localization	of	CSF	leaks	due	to	dural	tears,	allowing	for	more	targeted	and	effective	percutaneous	and	surgical	treatments.	
Secondly,	the	discovery	of	CVFs	has	resulted	in	a	paradigm	shift	in	the	approach	to	a	patient	with	suspected	SIH.	CVFs	represent	
an	abnormal	connection	between	the	spinal	subarachnoid	space	and	an	epidural	vein,	which	abnormally	shunts	CSF	into	the	
venous	system	without	an	associated	spinal	epidural	fluid	collection.	CVFs	were	first	reported	in	2014,15	but	it	was	not	until	it	
was	realized	that	lateral	decubitus	myelography	resulted	in	a	several	fold	increase	in	their	detection	that	this	diagnosis	was	
made	much	more	frequently	in	clinical	practice.3,	6,	16,	17	Because	of	our	improved	understanding	and	better	detection	of	CVFs,	
many	patients	in	whom	the	CSF	leak	source	could	not	be	verified	were	subsequently	diagnosed	with	a	CVF.18	Though	once	
thought	to	be	rare,	studies	have	suggested	that	CVFs	are	possibly	the	most	common	type	of	CSF	leak	in	patients	with	SIH.10	The	
pathogenesis	of	CVFs	is	still	being	studied,	but	potential	associations	have	been	observed	between	preexisting	intracranial	
hypertension	as	well	as	spinal	degenerative	disease.19,	20	Lastly,	innovations	in	CVF	treatment,	driven	by	neuroradiologists,	
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further	amplified	excitement	within	the	field	of	SIH.	Surgery	was	the	initial	treatment	modality	described	for	CVFs,	and	while	
effective,	is	invasive	and	may	require	additional	surgeries,	as	patients	with	CVFs	may	rarely	develop	same	site	recurrence	or	new	
CVFs	after	treatment.	Subsequent	work	describing	targeted	fibrin	glue	occlusion	and	transvenous	embolization	were	pioneered	
specifically	for	CVFs	and	resulted	in	significant	enthusiasm	given	their	minimally	invasive	nature.	
	
Advanced	Myelography	
Prior	to	the	myelographic	work	up,	T2-weighted	MR	imaging	of	the	spine	is	performed	to	evaluate	the	presence	or	absence	of	an	
extradural	collection.	This	has	largely	replaced	traditional	myelography,	whereby	iodinated	contrast	is	injected	under	
fluoroscopy,	allowed	to	diffuse	evenly	throughout	subarachnoid	space,	and	imaged	after	a	substantial	delay	with	the	patient	in	
the	prone	or	supine	position.21	While	traditional	myelography	identifies	the	presence	of	an	extradural	fluid	collection,	it	lacks	the	
temporal	resolution	to	precisely	localize	the	site	of	dural	defect.	Instead,	once	a	CSF	leak	is	suspected,	dynamic	or	decubitus	CT	
myelography	(CTM)	or	digital	subtraction	myelography	(DSM)	currently	represent	the	two	main	modalities	used	for	spinal	CSF	
leak	detection.	If	an	extradural	collection	is	observed	on	the	spine	MRI,	a	dural	tear	is	suspected,	and	the	patient	is	either	
positioned	prone	or	decubitus	Trendelenburg,	dependent	on	the	suspicion	of	leak	type,	typically	using	either	a	wedge	or	pillows.	
As	an	alternative,	an	innovative	adjustable	positioning	device	was	invented	to	help	achieve	adequate	angulation	during	
myelography.22	After	correct	positioning,	a	lumbar	puncture	with	contrast	administration	is	performed,	and	rapid	scanning	is	
performed	to	capture	the	transition	of	contrast	from	the	subarachnoid	to	extradural	spaces,	which	represents	the	CSF	leak	site	
(Figs	2	and	3).	CTM	for	dural	tears	is	sometimes	coined	“ultrafast”	or	“dynamic”	given	that	several	successive	temporally	
progressive	acquisitions	are	performed	while	simultaneously	injecting	contrast	to	identify	the	leak	site.	More	recently,	single	
scan	acquisitions	with	small	contrast	volumes	have	been	described	to	achieve	the	same	success	with	less	radiation	exposure.23		

FIG	2.	Ventral	dural	tear	on	dynamic	CT	
myelogram	 in	 a	 34-year-old	 female	
showing	 the	 direct	 outflow	 of	 the	
contrast	medium	 (open	 arrow	 in	 A,	 B)	
within	seconds	into	the	ventral	epidural	
space	 at	 the	 T3-T4	 level.	 The	 contrast	
medium	then	flows	cranially	within	the	
epidural	space	(solid	arrows	 in	A).	The	
underlying	cause	is	a	calcified	disc	at	the	
T3-T4	level	(open	arrowhead	in	A,	B).	
	
	
	
	
	
	
	
	
	
	
	
	
FIG	3.	Digital	 subtraction	myelogram	and	
conebeam	CT	of	a	lateral	dural	tear	in	a	36-
year-old	 male.	 Digital	 subtraction	
myelogram	 in	 the	 right	 lateral	 decubitus	
position	 in	 anterior-posterior	 projection	
suggests	a	small	epidural	contrast	medium	
egress,	 which	 is	 unchanged	 in	 the	
subsequent	single	radiograph	(white	solid	
arrows	 in	A	 and	B).	C,	 Conebeam	CT	 that	
follows	 a	 few	minutes	 later	 confirms	 the	
epidural	accumulation	of	contrast	medium	
in	coronal	view	(white	solid	arrows)	at	the	
right	T12-L1	 level.	 In	addition,	 a	 cyst-like	
structure	 can	be	 seen	within	 the	 contrast	
collection,	 corresponding	 to	 an	 arachnoid	
layer	(dashed	black	arrow	in	C)	herniating	
through	a	lateral	dural	tear	in	the	axilla	of	
the	 exiting	 nerve	 root	 sleeve	 (black	
arrowhead	 in	 C),	 which	 was	 later	
confirmed	by	surgery.		
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Decubitus	myelography	with	CTM	or	DSM	currently	serve	as	the	mainstay	imaging	modalities	for	CVF	detection	after	
its	initial	discovery	with	prone	technique.	A	CVF	is	suspected	when	the	clinical	and/or	brain	MRI	features	are	suggestive	of	SIH	
but	the	spine	MRI	shows	no	extradural	collection.	When	performing	decubitus	myelograms,	contrast	density	and	timing	are	
complementary	factors	that	help	capture	the	egress	of	contrast	from	a	distended	spinal	meningeal	diverticulum	into	adjacent	
paraspinal	veins.9,	24,	25	It	was	also	described	that	maneuvers	such	as	resisted	inspiration	while	scanning	may	accentuate	the	CVF	
due	to	dynamic	relationships	between	subarachnoid	and	venous	pressures.8,	11,	26	CVFs	have	been	described		more	frequently	on	
the	right	side	of	the	spine	than	the	left,	but	there	are	no	reliable	ways	to	know	which	side	the	CVF	will	occur;	therefore,	
evaluation	of	both	sides	may	be	needed.	Right	and	left	myelograms	on	separate	days	were	reported	initially,27,	28	while	a	same-
day	technique	was	later	reported.12	Additional	tips	that	some	authors	have	reported	utility	with	for	decubitus	CTM	are	to	
perform	more	than	one	phase	of	scanning	or	to	use	real-time	bolus	tracking	to	improve	detection.29,	30	Decubitus	DSM	and	CTM	
both	have	unique	advantages	for	CSF	leak	detection.	While	DSM	has	higher	spatial	and	temporal	resolution	(Fig	4),	CTM	provides	
cross-sectional	detail,	has	better	contrast	resolution,	and	is	less	susceptible	to	motion	artifact	in	non-sedated	patients.			
Conebeam	CT	myelography	(CB-CTM)	can	be	a	helpful	adjunct	to	DSM	for	CVFs	or	lateral	dural	tears.31,	32	The	primary	advantage	
of	CB-CTM,	when	used	in	conjunction	with	DSM,	is	that	it	permits	high-resolution	cross-sectional	imaging	with	a	minimal	delay	
between	contrast	injection	and	image	acquisition.	This	can	be	helpful	to	clarify	indeterminate	findings	on	DSM,	capitalizing	on	
the	advantages	of	both	modalities	(Fig	5).	Dual	energy	CT	and	MRI	with	intrathecal	gadolinium	were	also	evaluated	for	CSF	
leaks.33,	34	

	
FIG	4.	CSF-venous	fistula	on	a	digital	subtraction	myelogram	(A)	in	a	47-year-old	male	with	a	right	T5	CSF-venous	fistula	(arrow)	
that	was	treated	with	Onyx	embolization	(B).	The	pre-embolization	brain	MRI	(C)	demonstrated	dural	enhancement	that	nearly	
normalized	one	month	after	embolization	(D).	
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FIG	 5.	 Benefit	 of	 conebeam	 CT	 myelography	 for	
detection	 of	 a	 right	 T6	 CSF-venous	 fistula.	 Select	
unsubtracted	(A)	and	subtracted	(B)	images	from	a	
right	 lateral	 decubitus	 digital	 subtraction	
myelogram	 show	 faint	 linear	 paraspinal	 venous	
opacification	 (A,	 arrow).	 The	 finding	 is	 extremely	
difficult	 to	 appreciate	 on	 the	 unsubtracted	 image	
and	essentially	not	seen	on	the	subtracted	image	(B)	
due	 to	 a	 combination	 of	 pulmonary	markings	 and	
respiratory	 motion.	 Axial	 (C)	 and	 coronal	 (D)	
maximum	 intensity	 projection	 images	 from	 a	
conebeam	CT	performed	minutes	later	during	active	
contrast	injection	show	a	clear	right	T6	CSF-venous	
fistula	 involving	 several	 lateral	 branch	 veins.	 In	
cases	 such	 as	 this,	 conebeam	 CT	 serves	 as	 an	
excellent	 adjunct	 to	 digital	 subtraction	
myelography.	

	
	
	
	
	
	

	
Advances	in	Treatment	
The	greatest	non-surgical	innovations	for	CVF	have	been	neuroradiologist-led	treatments	with	fibrin	occlusion	and	embolization,	
which	were	published	in	May	2021	and	are	now	practiced	throughout	the	world.		

Historically,	epidural	patching	for	CVFs	was	not	successful,	but	it	was	difficult	to	surmise	adequate	conclusions	as	to	
why,	as	many	details	were	not	clearly	discussed,	including	the	image	guidance	modality,	the	volume	and	type	of	injectate	(fibrin	
glue	or	autologous	blood),	whether	contrast	was	mixed	with	the	injectate,	and	most	importantly,	was	the	patch	performed	along	
the	CVF	course	or	rather	in	the	dorsal	epidural	space.	CT-guided	fibrin	glue	occlusion	was	successfully	performed	at	a	single	
center	with	effective	results.35,	36	Subsequently,	a	multi-institutional	and	international	study	was	performed,	in	which	59.7%	of	
patients	had	complete	clinical	improvement	and	34.5%	had	partial	clinical	improvement,	with	corresponding	brain	MRI	
improvement.	One	statistically	significant	conclusion	from	this	study	was	that	clinical	improvement	was	observed	if	the	injectate	
spread	was	concordant	with	the	CVF	drainage	pattern	(Fig	6).37	

FIG	 6.	 CSF-venous	 fistula	 occlusion	
with	 targeted	 fibrin	 glue	 patching.	A,	
Axial	 right	 decubitus	 CT	 myelogram	
shows	 a	 right	 T7	 CSF-venous	 fistula	
with	 a	 paravertebral	 segmental	 vein	
(arrows).		B,	Axial	CT	treatment	image	
demonstrates	 injected	 fibrin	 glue	
within	 the	 neural	 foramen	 and	
paravertebral	 space	 that	matches	 the	
CSF-venous	 fistula	 drainage	 course,	
which	 is	 an	 important	 feature	 for	
treatment	 success.	 Post-treatment	
axial	 right	 decubitus	 CT	 myelogram	
(C)	 shows	 resolution	 of	 the	 CSF-
venous	fistula.	The	pretreatment	brain	
MRI	 (D)	 demonstrated	 dural	
enhancement	 (arrows)	 that	 resolved	
one	month	after	patching	(E).	
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Spinal	CVF	embolization	is	a	novel	technique	where	the	paraspinal	vein	is	catheterized	and	a	liquid	embolic	is	injected	resulting	
in	a	cast,	thereby	occluding	the	CSF-venous	connection	(Fig	4).	It	was	first	described	at	a	single	center	with	effective	results	
clinically	and	on	brain	MRI	and	was	subsequently	published	in	larger	studies.7,	38,	39	Besides	the	success	with	CVF	embolization,	
the	transvenous	technique	sparked	greater	interest	and	understanding	of	the	paraspinal	venous	system,	which	was	not	well	
recognized.	An	atlas	of	the	venous	anatomy	and	guidance	on	where	to	approach	the	CVF	throughout	the	spine	has	provided	
substantial	guidance	to	the	operating	physician.40			

While	both	fibrin	occlusion	and	embolization	have	markedly	transformed	spinal	CSF	leak	treatment,	surgery	serves	a	
vital	role	in	patients	with	chronic	dural	tears	and	refractory	CSF-venous	fistulas	and	can	be	performed	after	a	minimally	invasive	
technique	is	attempted.4,	41	
	
The	Promising	Technologic	Future	
Photon	counting	detector	CT	(PCD-CT)	will	potentially	serve	an	integral	role	in	spinal	CSF	leak	detection.	Compared	to	
traditional	energy	integrating	detector	(EID)	CTs,	PCD-CT	demonstrates	higher	spatial	and	temporal	resolution,	along	with	
inherent	spectral	sensitivity	that	can	aid	in	detecting	subtle	CSF	leaks	without	the	need	for	dual	energy/dual	source	techniques.	
In	the	context	of	spinal	CSF	leaks,	CVFs	were	first	evaluated	by	PCD-CT	and	showed	high	diagnostic	yield.13,	42	One	promising	
application	is	for	CVFs	that	demonstrate	drainage	in	the	internal	epidural	venous	plexus,	an	area	that	can	be	overlooked	on	
myelography	given	challenges	in	spatial	resolution.43	High	spatial	resolution	is	also	beneficial	for	detecting	subtle	venous	
opacification	adjacent	to	meningeal	diverticula	and	vertebral	elements,	where	the	juxtaposition	of	high-attenuation	structures	is	
difficult	to	resolve	on	EID	CT	(Fig	7).	In	addition	to	CVFs,	PCD-CT	has	been	shown	to	aid	in	the	detection	of	CSF	leaks	from	dural	
tears	that	also	demands	rapid	scanning	and	high	spatial	resolution.44	The	high	spatial	resolution	of	PCD-CT	can	be	maximally	
leveraged	by	using	sharper	quantitative	kernels	in	image	reconstruction,	which	can	result	in	increased	image	noise.	A	deep	
learning	algorithm	has	been	applied	to	denoise	PCD-CD	images	to	enhance	diagnostic	quality,	permitting	the	use	of	sharper	
kernels	while	retaining	an	acceptable	signal-to-noise	ratio	(Fig	8).45	As	the	technology	becomes	more	widespread,	PCD-CT	will	
undoubtedly	showcase	additional	benefits	in	CSF	leak	detection.	

FIG	 7.	 Advantage	 of	 high	 spatial	 resolution	 to	
detect	 a	 right	 T10	 CSF-venous	 fistula	 on	 photon	
counting	 CT	 myelography.	 Axial	 and	 sagittal	 0.2	
mm	 images	 (A-B)	 from	a	 right	 decubitus	photon	
counting	 CT	 myelogram,	 reconstructed	 using	 a	
relatively	 smoother	 Br56	 kernel,	 demonstrate	 a	
right	T10	CSF-venous	fistula	involving	the	ventral	
and	dorsal	 internal	 epidural	 venous	plexus	 (A-B,	
arrows).	 Axial	 0.2	mm	 images	 at	 the	 same	 level,	
reconstructed	using	both	a	smoother	Br56	kernel	
(C)	and	a	sharper	Qr89	kernel	with	denoising	(D)	
show	involvement	of	the	intervertebral	vein	that	is	
only	evident	on	the	sharper	Qr89	kernel.	In	some	
cases,	 maximizing	 spatial	 resolution	 using	 a	
sharper	 kernel	 with	 denoising	 is	 necessary	 to	
appreciate	the	full	extent	of	venous	opacification.	
	
	
	
	
	
	
	
	

	
FIG	8.	Use	of	denoised	sharp	kernel	images	on	photon	counting	CT	myelography	for	localization	of	a	T5	ventral	dural	tear.	Axial	
images	 from	 a	 prone	 dynamic	 photon	 counting	 CT	 myelogram,	 all	 at	 the	 same	 slice,	 timepoint,	 and	 window/level	 setting,	
demonstrate	a	ventral	dural	tear	just	to	the	right	of	midline	(A-C,	arrows).	The	precise	location	of	the	ventral	leak	is	demonstrated	
with	greater	resolution	when	using	a	sharper	Qr89	kernel	(B-C)	compared	with	a	smoother	Br56	kernel	(A).	Since	the	Qr89	kernel	
introduced	noise	 into	 the	 image,	 a	denoising	 algorithm	was	 applied	 to	permit	 the	use	of	 a	 sharper	kernel	while	 retaining	 an	
acceptable	signal	to	noise	ratio	(C).	
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	 While	there	are	many	known	clinical	and	imaging	features	of	SIH,	there	are	also	many	unknowns,	including	the	
underlying	pathophysiologic	state	and	when	a	spinal	CSF	leak	will	lead	to	symptoms	and	abnormal	imaging	findings.	The	brain	
MRI	can	occasionally	be	normal	in	the	setting	of	a	spinal	CSF	leak.46	Studies	on	MR	elastography	and	deep	learning	have	shown	
promise	in	detecting	underlying	SIH	in	this	context.	In	a	pilot	study,	MR	elastography	found	distinct	stiffness	and	damping	ratio	
patterns	in	SIH	relative	to	controls.47	While	other	brain	MRI	scoring	systems	evaluate	the	surface	of	the	brain	and	downward	
morphologic	sagging	of	the	brainstem,	MR	elastography	can	evaluate	changes	in	the	brain	parenchyma.	In	another	study,	an	
internally	validated	deep	learning	algorithm	was	created	to	identify	patients	with	a	CSF	leak	based	on	brain	MR	findings.48	
Additionally,	glymphatic	flow	has	been	recently	investigated	in	the	setting	of	CSF-venous	fistulas.	A	small	case	series	
demonstrated	that	patients	with	SIH	may	have	impaired	glymphatic	clearance	that	could	be	restored	after	successful	
treatment.49	These	studies	provide	a	glimpse	into	how	advanced	imaging	techniques	may	provide	increased	sensitivity	for	the	
detection	of	SIH	in	patients	who	might	have	otherwise	been	inappropriately	dismissed	because	of	a	conventionally	normal	brain	
MRI,	as	well	as	provide	insight	into	the	pathophysiologic	underpinnings	of	spinal	CSF	leaks.		
	
Redefining	and	Reaffirming	Doctrines	
The	Monroe-Kellie	doctrine	posits	that	the	combined	volume	of	neuronal	tissue,	blood,	and	CSF	is	constant	within	the	rigid	skull,	
and	any	increase	or	decrease	in	one	of	these	elements	will	lead	to	a	reciprocal	change	in	the	others	to	maintain	intracranial	
pressure	homeostasis.	However,	studies	have	found	that	the	calvarium	in	SIH	may	grow	inward	along	the	inner	table	of	the	skull	
resulting	in	layered	hyperostosis,	challenging	the	premise	of	this	doctrine.50,	51	Conversely,	the	doctrine	has	been	reaffirmed	in	
the	postsurgical	setting	in	new	ways	such	that	in	patients	with	surgical	closure	of	a	dural	leak,	ventricular	CSF	will	increase	with	
concomitant	decrease	in	SIH	brain	findings.52	
	 After	discovery	of	CVF,	it	became	apparent	they	most	commonly	occur	in	the	thoracic	spine	but	rarely	can	occur	in	the	
lumbar	and	cervical	spine.	The	revelation	that	sacral	CSF-venous	fistulas	may	also	exist	has	added	a	new	diagnostic	area	for	
evaluation.53		
	 Spontaneous	intracranial	hypotension	can	be	a	misnomer,	as	the	opening	pressure	in	many	patients	is	within	the	
normal	range.	In	fact,	pressures	can	even	be	elevated,	particularly	in	patients	with	obesity.54	This	knowledge	has	diminished	the	
role	and	need	for	opening	pressure	measurements	for	establishing	a	diagnosis	of	SIH.	
	 Spinal	and	skull	base	CSF	leaks	are	occasionally	and	erroneously	categorized	together,	as	it	has	been	well	established	
that	spinal	CSF	leaks	are	associated	with	SIH	and	skull	base	leaks	with	intracranial	hypertension.	This	distinction	was	recently	
reaffirmed	in	an	analysis	of	skull	base	leaks	while	acknowledging	that	skull	base	leaks	may	rarely	result	in	SIH.55,	56		
	
Redefining	the	Neuroradiologist	
Spinal	CSF	leak	care	is	a	multidisciplinary	effort.	Various	physician	specialties,	midlevel	providers,	nurses,	technologists,	and	
patient	coordinators	all	contribute	to	the	patient	experience.	While	the	neuroradiologist	has	always	been	intimately	involved	in	
this	care	team,	the	neuroradiologist’s	roles	have	propelled	to	the	forefront.	Because	SIH	is	often	first	suggested	on	brain	MRI,	and	
because	myelography	is	essential	to	precise	spinal	CSF	leak	diagnosis,	it	has	been	the	neuroradiologist	that	has	led	efforts	in	
optimizing	the	positioning	techniques,	scanning	parameters,	radiation	safety,	and	new	technologies	to	find	the	often-elusive	
spinal	leak,	which	have	transformed	patients’	lives	and	our	profession.	Due	to	the	advances	in	patching	and	embolization,	the	
neuroradiologist	has	served	a	more	integral	role	as	a	treating	physician	rather	than	a	diagnostic	physician.	Neuroradiologists	
have	embraced	these	new	roles	with	dedicated	clinics,	where	in	certain	CSF	leak	centers	the	neuroradiologist	is	the	primary	
physician	contact	for	a	CSF	leak	patient.	While	direct	patient	care	is	not	new	for	neuroradiologists,	these	new	avenues	in	CSF	leak	
care	have	certainly	expanded	their	broad	armamentarium.		
	
Patient-Centered	Care	
Diagnosis	and	treatment	of	spinal	CSF	leaks	can	occasionally	be	challenging.	The	entity	is	not	well	understood,	is	
underdiagnosed,	and	has	many	clinical	mimics.57,	58	Some	patients	are	often	dismissed	and	labeled	incorrectly	as	having	chronic	
pain	or	even	psychiatric	diagnoses,	which	can	leave	patients	dejected	and	lose	trust	in	the	medical	system.	Because	of	this,	many	
patients	join	support	groups	to	seek	advice	from	others	with	similar	symptoms	and	to	ultimately	gain	hope	of	recovery.	Spinal	
CSF	leak	providers	have	recognized	the	patient	role	in	this	condition	and	have	routinely	embraced	patient	participation	at	their	
conferences	where	there	have	been	physician	and	patient	sessions	to	unite	the	two.	Moreover,	this	converged	at	the	inaugural	
“Bridging	the	Gap”	conference	in	2023	where	patients	shared	their	experiences,	frustrations,	and	joys	of	their	spinal	leak	
journey.59	These	unique	experiences	have	both	strengthened	the	physician-patient	relationship	and,	by	providing	a	platform	for	
patients	to	share	their	experiences,	refined	the	diagnostic	acumen	of	treating	clinicians.	
	
Our	Job	is	Not	Finished	
While	we	are	proud	of	these	major	developments	in	this	spinal	CSF	leak	era,	there	is	much	to	be	discovered	and	many	questions	
are	left	unanswered.	To	date,	research	studies	are	retrospective	and	largely	from	individual	institutions,	which	may	be	difficult	
to	replicate	at	other	centers	with	different	resources.	Prospective	study	designs,	clinical	trials,	and	comparative	studies	are	
needed	to	elevate	spinal	CSF	leak	care	to	new	levels.60	Furthermore,	we	need	more	specific	clinical	tests	and	scoring	systems	that	
are	germane	to	the	diagnosis	to	better	triage	which	patients	should	undergo	further	workup	to	serve	as	an	adjunct	to	existing	
imaging	scoring	tests.61,	62	Lastly,	we	need	to	increase	awareness	of	this	disease.	Spinal	CSF	leak	patients	can	enter	the	medical	
system	through	different	venues	and	to	various	physicians,	necessitating	understanding	of	the	main	facets	of	this	entity	for	
prompt	diagnosis	and	treatment.	
	
Conclusions	
Spinal	CSF	leak	care	hails	many	major	accomplishments	in	diagnosis,	treatment,	and	the	patient	experience.	The	
neuroradiologist	has	played	an	integral	role	in	its	transformation,	and	journals	like	the	AJNR	serve	as	a	beacon	for	disseminating	
these	breakthroughs.	



8  

REFERENCES 
1. Schievink	WI.	Spontaneous	Intracranial	Hypotension.	N	Engl	J	Med.	2021;385:2173-78	
2. Schievink	WI,	Maya	MM,	Jean-Pierre	S,	Nuño	M,	Prasad	RS,	Moser	FG.	A	classification	system	of	spontaneous	spinal	CSF	

leaks.	Neurology.	2016;87:673-9	
3. Farb	RI,	Nicholson	PJ,	Peng	PW,	Massicotte	EM,	Lay	C,	Krings	T,	et	al.	Spontaneous	Intracranial	Hypotension:	A	

Systematic	Imaging	Approach	for	CSF	Leak	Localization	and	Management	Based	on	MRI	and	Digital	Subtraction	
Myelography.	AJNR	Am	J	Neuroradiol.	2019;40:745-53	

4. Schievink	WI,	Maya	MM,	Tay	ASS,	Taché	RB,	Prasad	RS,	Wadhwa	V,	et	al.	Lateral	Spinal	CSF	Leaks	in	Patients	with	
Spontaneous	Intracranial	Hypotension:	Radiologic-Anatomic	Study	of	Different	Variants.	AJNR	Am	J	Neuroradiol.	2024	

5. Madhavan	AA,	Farb	RI,	Brinjikji	W,	Cutsforth-Gregory	JK,	Schievink	WI.	Expounding	on	the	Distinction	between	Lateral	
Dural	Tears	and	Leaking	Meningeal	Diverticula	in	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2024	

6. Mamlouk	MD,	Ochi	RP,	Jun	P,	Shen	PY.	Decubitus	CT	Myelography	for	CSF-Venous	Fistulas:	A	Procedural	Approach.	
AJNR	Am	J	Neuroradiol.	2021;42:32-36	

7. Brinjikji	W,	Savastano	LE,	Atkinson	JLD,	Garza	I,	Farb	R,	Cutsforth-Gregory	JK.	A	Novel	Endovascular	Therapy	for	CSF	
Hypotension	Secondary	to	CSF-Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	2021	

8. Amrhein	TJ,	Gray	L,	Malinzak	MD,	Kranz	PG.	Respiratory	Phase	Affects	the	Conspicuity	of	CSF-Venous	Fistulas	in	
Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2020	

9. Mark	I,	Madhavan	A,	Oien	M,	Verdoorn	J,	Benson	JC,	Cutsforth-Gregory	J,	et	al.	Temporal	Characteristics	of	CSF-Venous	
Fistulas	on	Digital	Subtraction	Myelography.	AJNR	Am	J	Neuroradiol.	2023;44:492-95	

10. Mamlouk	MD,	Shen	PY,	Jun	P,	Sedrak	MF.	Spontaneous	Spinal	CSF	Leaks	Stratified	by	Age,	Body	Mass	Index,	and	Spinal	
Level.	AJNR	Am	J	Neuroradiol.	2022;43:1068-72	

11. Mark	IT,	Amans	MR,	Shah	VN,	Narsinh	KH,	Caton	MT,	Teixeira	S,	et	al.	Resisted	Inspiration:	A	New	Technique	to	Aid	in	
the	Detection	of	CSF-Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	2022;43:1544-47	

12. Carlton	Jones	L,	Goadsby	PJ.	Same-Day	Bilateral	Decubitus	CT	Myelography	for	Detecting	CSF-Venous	Fistulas	in	
Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2022;43:645-48	

13. Madhavan	AA,	Yu	L,	Brinjikji	W,	Cutsforth-Gregory	JK,	Schwartz	FR,	Mark	IT,	et	al.	Utility	of	Photon-Counting	Detector	
CT	Myelography	for	the	Detection	of	CSF-Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	2023;44:740-44	

14. AJNR	Most	Cited	Articles	https://www.ajnr.org/articles/most-cited	Accessed	June	27,	2024	
15. Schievink	WI,	Moser	FG,	Maya	MM.	CSF-venous	fistula	in	spontaneous	intracranial	hypotension.	Neurology.	

2014;83:472-3	
16. Schievink	WI,	Maya	MM,	Moser	FG,	Prasad	RS,	Cruz	RB,	Nuño	M,	et	al.	Lateral	decubitus	digital	subtraction	

myelography	to	identify	spinal	CSF-venous	fistulas	in	spontaneous	intracranial	hypotension.	J	Neurosurg	Spine.	2019:1-
4	

17. Kim	DK,	Brinjikji	W,	Morris	PP,	Diehn	FE,	Lehman	VT,	Liebo	GB,	et	al.	Lateral	Decubitus	Digital	Subtraction	
Myelography:	Tips,	Tricks,	and	Pitfalls.	AJNR	Am	J	Neuroradiol.	2020;41:21-28	

18. Behbahani	S,	Raseman	J,	Orlowski	H,	Sharma	A,	Eldaya	R.	Renal	Excretion	of	Contrast	on	CT	Myelography:	A	Specific	
Marker	of	CSF	Leak.	AJNR	Am	J	Neuroradiol.	2020;41:351-56	

19. Caton	MT,	Jr.,	Laguna	B,	Soderlund	KA,	Dillon	WP,	Shah	VN.	Spinal	Compliance	Curves:	Preliminary	Experience	with	a	
New	Tool	for	Evaluating	Suspected	CSF	Venous	Fistulas	on	CT	Myelography	in	Patients	with	Spontaneous	Intracranial	
Hypotension.	AJNR	Am	J	Neuroradiol.	2021;42:986-92	

20. Sechrist	EMZ,	Pisani	Petrucci	SL,	Andonov	N,	Lennarson	P,	Callen	AL.	The	Spatial	Relationship	between	Spinal	
Osteoarthritis	and	CSF	Venous	Fistulas	in	Patients	with	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	
2024	

21. Dobrocky	T,	Winklehner	A,	Breiding	PS,	Grunder	L,	Peschi	G,	Häni	L,	et	al.	Spine	MRI	in	Spontaneous	Intracranial	
Hypotension	for	CSF	Leak	Detection:	Nonsuperiority	of	Intrathecal	Gadolinium	to	Heavily	T2-Weighted	Fat-Saturated	
Sequences.	AJNR	Am	J	Neuroradiol.	2020;41:1309-15	

22. Callen	AL,	Wojcik	R,	Bojanowski	M.	A	Novel	Patient-Positioning	Device	for	Dynamic	CT	Myelography.	AJNR	Am	J	
Neuroradiol.	2023;44:1352-55	

23. Mamlouk	MD,	Shen	PY,	Dahlin	BC.	Modified	Dynamic	CT	Myelography	for	Type	1	and	2	CSF	Leaks:	A	Procedural	
Approach.	AJNR	Am	J	Neuroradiol.	2023;44:341-46	

24. Gibby	JT,	Amrhein	TJ,	Young	DS,	Houk	JL,	Kranz	PG.	Diagnostic	Yield	of	Decubitus	CT	Myelography	for	Detection	of	CSF-
Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	2024	

25. Mamlouk	MD,	Shen	PY.	Myelographic	Timing	Matters.	AJNR	Am	J	Neuroradiol.	2023;44:E16	
26. Kranz	PG,	Malinzak	MD,	Gray	L,	Willhite	J,	Amrhein	TJ.	Resisted	Inspiration	Improves	Visualization	of	CSF-Venous	

Fistulas	in	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2023;44:994-98	
27. Pope	MC,	Carr	CM,	Brinjikji	W,	Kim	DK.	Safety	of	Consecutive	Bilateral	Decubitus	Digital	Subtraction	Myelography	in	

Patients	with	Spontaneous	Intracranial	Hypotension	and	Occult	CSF	Leak.	AJNR	Am	J	Neuroradiol.	2020;41:1953-57	
28. Shlapak	DP,	Kim	DK,	Diehn	FE,	Benson	JC,	Lehman	VT,	Liebo	GB,	et	al.	Time	to	Resolution	of	Inadvertent	Subdural	

Contrast	Injection	during	a	Myelogram:	When	Can	the	Study	Be	Reattempted?	AJNR	Am	J	Neuroradiol.	2020;41:1958-62	
29. Callen	AL,	Fakhri	M,	Timpone	VM,	Thaker	AA,	Dillon	WP,	Shah	VN.	Temporal	Characteristics	of	CSF-Venous	Fistulas	on	

Dynamic	Decubitus	CT	Myelography:	A	Retrospective	Multi-Institution	Cohort	Study.	AJNR	Am	J	Neuroradiol.	
2023;45:100-04	

30. Huynh	TJ,	Parizadeh	D,	Ahmed	AK,	Gandia	CT,	Davison	HC,	Murray	JV,	et	al.	Lateral	Decubitus	Dynamic	CT	Myelography	
with	Real-Time	Bolus	Tracking	(dCTM-BT)	for	Evaluation	of	CSF-Venous	Fistulas:	Diagnostic	Yield	Stratified	by	Brain	
Imaging	Findings.	AJNR	Am	J	Neuroradiol.	2023;45:105-12	

31. Madhavan	AA,	Cutsforth-Gregory	JK,	Benson	JC,	Brinjikji	W,	Mark	IT,	Verdoorn	JT.	Conebeam	CT	as	an	Adjunct	to	Digital	
Subtraction	Myelography	for	Detection	of	CSF-Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	2023;44:347-50	

32. Lützen	N,	Demerath	T,	Volz	F,	Beck	J,	Urbach	H.	Conebeam	CT	as	an	Additional	Tool	in	Digital	Subtraction	Myelography	
for	the	Detection	of	Spinal	Lateral	Dural	Tears.	AJNR	Am	J	Neuroradiol.	2023;44:745-47	

https://www.ajnr.org/articles/most-cited


 9 
 

33. Huls	SJ,	Shlapak	DP,	Kim	DK,	Leng	S,	Carr	CM.	Utility	of	Dual-Energy	CT	to	Improve	Diagnosis	of	CSF	Leaks	on	CT	
Myelography	following	Lateral	Decubitus	Digital	Subtraction	Myelography	with	Negative	Findings.	AJNR	Am	J	
Neuroradiol.	2022;43:1539-43	

34. Chazen	JL,	Robbins	MS,	Strauss	SB,	Schweitzer	AD,	Greenfield	JP.	MR	Myelography	for	the	Detection	of	CSF-Venous	
Fistulas.	AJNR	Am	J	Neuroradiol.	2020;41:938-40	

35. Mamlouk	MD,	Shen	PY,	Sedrak	MF,	Dillon	WP.	CT-guided	Fibrin	Glue	Occlusion	of	Cerebrospinal	Fluid-Venous	Fistulas.	
Radiology.	2021:204231	

36. Mamlouk	MD,	Shen	PY,	Dahlin	BC.	Headache	response	after	CT-guided	fibrin	glue	occlusion	of	CSF-venous	fistulas.	
Headache.	2022;62:1007-18	

37. Callen	AL,	Jones	LC,	Timpone	VM,	Pattee	J,	Scoffings	DJ,	Butteriss	D,	et	al.	Factors	Predictive	of	Treatment	Success	in	CT-
Guided	Fibrin	Occlusion	of	CSF-Venous	Fistulas:	A	Multicenter	Retrospective	Cross-Sectional	Study.	AJNR	Am	J	
Neuroradiol.	2023;44:1332-38	

38. Brinjikji	W,	Garza	I,	Whealy	M,	Kissoon	N,	Atkinson	JLD,	Savastano	L,	et	al.	Clinical	and	imaging	outcomes	of	
cerebrospinal	fluid-venous	fistula	embolization.	J	Neurointerv	Surg.	2022	

39. Brinjikji	W,	Madhavan	A,	Garza	I,	Whealy	M,	Kissoon	N,	Mark	I,	et	al.	Clinical	and	imaging	outcomes	of	100	patients	with	
cerebrospinal	fluid-venous	fistulas	treated	by	transvenous	embolization.	J	Neurointerv	Surg.	2023	

40. Borg	N,	Cutsforth-Gregory	J,	Oushy	S,	Huynh	T,	Savastano	LE,	Cloft	HJ,	et	al.	Anatomy	of	Spinal	Venous	Drainage	for	the	
Neurointerventionalist:	From	Puncture	Site	to	Intervertebral	Foramen.	AJNR	Am	J	Neuroradiol.	2022	

41. Schievink	WI,	Tache	RB,	Maya	MM.	Surgical	Ligation	of	Spinal	CSF-Venous	Fistulas	after	Transvenous	Embolization	in	
Patients	with	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2022;43:1073-76	

42. Schwartz	FR,	Malinzak	MD,	Amrhein	TJ.	Photon-Counting	Computed	Tomography	Scan	of	a	Cerebrospinal	Fluid	Venous	
Fistula.	JAMA	Neurol.	2022;79:628-29	

43. Madhavan	AA,	Cutsforth-Gregory	JK,	Brinjikji	W,	Bathla	G,	Benson	JC,	Diehn	FE,	et	al.	Diagnostic	Performance	of	
Decubitus	Photon-Counting	Detector	CT	Myelography	for	the	Detection	of	CSF-Venous	Fistulas.	AJNR	Am	J	Neuroradiol.	
2023;44:1445-50	

44. Madhavan	AA,	Cutsforth-Gregory	JK,	Brinjikji	W,	Benson	JC,	Johnson-Tesch	BA,	Liebo	GB,	et	al.	Benefits	of	Photon-
Counting	CT	Myelography	for	Localization	of	Dural	Tears	in	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	
Neuroradiol.	2024;45:668-71	

45. Madhavan	AA,	Cutsforth-Gregory	JK,	Brinjikji	W,	Benson	JC,	Diehn	FE,	Mark	IT,	et	al.	Application	of	a	Denoising	High-
Resolution	Deep	Convolutional	Neural	Network	to	Improve	Conspicuity	of	CSF-Venous	Fistulas	on	Photon-Counting	CT	
Myelography.	AJNR	Am	J	Neuroradiol.	2023;45:96-99	

46. Schievink	WI,	Maya	MM,	Tay	ASS,	Nisson	PL,	Acharya	J,	Taché	RB,	et	al.	Optic	Nerve	Sheath	MR	Imaging	Measurements	
in	Patients	with	Orthostatic	Headaches	and	Normal	Findings	on	Conventional	Imaging	Predict	the	Presence	of	an	
Underlying	CSF-Venous	Fistula.	AJNR	Am	J	Neuroradiol.	2024;45:655-61	

47. Mark	IT,	Karki	P,	Cutsforth-Gregory	J,	Brinjikji	W,	Madhavan	AA,	Messina	SA,	et	al.	Evaluation	of	MR	Elastography	as	a	
Noninvasive	Diagnostic	Test	for	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2024;45:662-67	

48. Faghani	S,	Moassefi	M,	Madhavan	AA,	Mark	IT,	Verdoorn	JT,	Erickson	BJ,	et	al.	Identifying	Patients	with	CSF-Venous	
Fistula	Using	Brain	MRI:	A	Deep	Learning	Approach.	AJNR	Am	J	Neuroradiol.	2024;45:439-43	

49. Schartz	D,	Finkelstein	A,	Zhong	J,	Brinjikji	W,	Bender	MT.	Improved	Cerebral	Glymphatic	Flow	after	Transvenous	
Embolization	of	CSF-Venous	Fistula.	AJNR	Am	J	Neuroradiol.	2024	

50. Benson	JC,	Madhavan	AA,	Cutsforth-Gregory	JK,	Johnson	DR,	Carr	CM.	The	Monro-Kellie	Doctrine:	A	Review	and	Call	for	
Revision.	AJNR	Am	J	Neuroradiol.	2023;44:2-6	

51. Babcock	JC,	Johnson	DR,	Benson	JC,	Kim	DK,	Luetmer	PH,	Shlapak	DP,	et	al.	Diffuse	Calvarial	Hyperostosis	and	
Spontaneous	Intracranial	Hypotension:	A	Case-Control	Study.	AJNR	Am	J	Neuroradiol.	2022;43:978-83	

52. Dobrocky	T,	Rebsamen	M,	Rummel	C,	Häni	L,	Mordasini	P,	Raabe	A,	et	al.	Monro-Kellie	Hypothesis:	Increase	of	
Ventricular	CSF	Volume	after	Surgical	Closure	of	a	Spinal	Dural	Leak	in	Patients	with	Spontaneous	Intracranial	
Hypotension.	AJNR	Am	J	Neuroradiol.	2020;41:2055-61	

53. Mark	IT,	Morris	PP,	Brinjikji	W,	Madhavan	AA,	Cutsforth-Gregory	JK,	Verdoorn	JT.	Sacral	CSF-Venous	Fistulas	and	
Potential	Imaging	Techniques.	AJNR	Am	J	Neuroradiol.	2022;43:1824-26	

54. Schievink	WI,	Maya	M,	Prasad	RS,	Wadhwa	VS,	Cruz	RB,	Moser	FG.	Spinal	CSF-Venous	Fistulas	in	Morbidly	and	Super	
Obese	Patients	with	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2021;42:397-401	

55. Mark	IT,	Cutsforth-Gregory	J,	Luetmer	PH,	Madhavan	AA,	Oien	MP,	Farnsworth	PJ,	et	al.	Skull	Base	CSF	Leaks:	Potential	
Underlying	Pathophysiology	and	Evaluation	of	Brain	MR	Imaging	Findings	Associated	with	Spontaneous	Intracranial	
Hypotension.	AJNR	Am	J	Neuroradiol.	2024	

56. Schievink	WI,	Michael	LM,	2nd,	Maya	M,	Klimo	P,	Jr.,	Elijovich	L.	Spontaneous	Intracranial	Hypotension	Due	to	Skull-
Base	Cerebrospinal	Fluid	Leak.	Ann	Neurol.	2021;90:514-16	

57. Bond	KM,	Benson	JC,	Cutsforth-Gregory	JK,	Kim	DK,	Diehn	FE,	Carr	CM.	Spontaneous	Intracranial	Hypotension:	Atypical	
Radiologic	Appearances,	Imaging	Mimickers,	and	Clinical	Look-Alikes.	AJNR	Am	J	Neuroradiol.	2020;41:1339-47	

58. Benson	JC,	Madhavan	AA,	Mark	IT,	Cutsforth-Gregory	JK,	Brinjikji	W,	Verdoorn	JT.	Likelihood	of	Discovering	a	CSF	Leak	
Based	on	Intracranial	MRI	Findings	in	Patients	without	a	Spinal	Longitudinal	Extradural	Collection:	A	New	Probabilistic	
Scoring	System.	AJNR	Am	J	Neuroradiol.	2023;44:1339-44	

59. Callen	AL,	Petrucci	Pisani	SL,	Lennarson	P,	Birlea	M,	MacKenzie	J,	Buchanan	AJ.	Perspectives	from	the	Inaugural	"Spinal	
CSF	Leak:	Bridging	the	Gap"	Conference:	A	Convergence	of	Clinical	and	Patient	Expertise.	AJNR	Am	J	Neuroradiol.	2024	

60. Amrhein	TJ,	Williams	JW,	Jr.,	Gray	L,	Malinzak	MD,	Cantrell	S,	Deline	CR,	et	al.	Efficacy	of	Epidural	Blood	Patching	or	
Surgery	in	Spontaneous	Intracranial	Hypotension:	A	Systematic	Review	and	Evidence	Map.	AJNR	Am	J	Neuroradiol.	
2023;44:730-39	

61. Houk	JL,	Morrison	S,	Peskoe	S,	Amrhein	TJ,	Kranz	PG.	Validity	of	the	Bern	Score	as	a	Surrogate	Marker	of	Clinical	
Severity	in	Patients	with	Spontaneous	Intracranial	Hypotension.	AJNR	Am	J	Neuroradiol.	2023;44:1096-100	

	
 


