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Background and Purpose An epidural blood patch (EBP) is a highly effective therapy for

spinal cerebrospinal fluid (CSF) leakage. However, the factors predicting the response to an
EBP have not been fully elucidated. The aim of this study was to elucidate factors predicting the
response to an EBP.

Methods We retrospectively examined the relationship between the response to an EBP and

clinical variables of 118 patients with spinal CSF leakage, such as patient age, sex, etiology, interval from the onset to EBP application, CSF opening pressure (OP), radioisotope (RI) cisternography findings, rate of RI remaining in the CSF space, computed tomography (CT) myelography findings, magnetic resonance imaging (MRI) findings, and subjective symptoms (headache,
vertigo/dizziness, visual disturbance, nausea, numbness, nuchal pain, back pain/lumbago, fatigability, photophobia, and memory disturbance). The correlations between these variables and
the responses to EBPs were analyzed statistically.

Results A positive response to an EBP was significantly (p<0.05) correlated with the following variables: <1.5 years from the onset to EBP application, age <40 years, CSF OP <7 cm H2O,
epidural CSF leakage in RI cisternography, epidural CSF collection in MRI, <20% RI remaining
after 24 hours, orthostatic headache, nausea, nuchal pain, and photophobia. The other variables
did not show significant correlations with the responses to EBPs.
Conclusions It might be prudent to take the following variables into account when applying
an EBP to treat spinal CSF leakage: the interval from the onset to EBP application, age, CSF OP,
epidural CSF leakage in RI, epidural CSF collection in MRI, rate of remaining RI, orthostatic
headache, nuchal pain, photophobia, and nausea.
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INTRODUCTION
Cerebrospinal fluid (CSF) volume depletion is a disorder mainly caused by the leakage of
spinal CSF. The annual incidence of spontaneous spinal CSF leakage has been estimated at
5 per 10,000,1 while that of other types of CSF volume depletion is unknown. Females are
affected more commonly than males, peaking at around 40 years of age.1 Patients with CSF
volume depletion present with various symptoms, including orthostatic headache, neck
pain, dizziness/vertigo, visual disturbance, tinnitus, nausea, numbness, back pain/lumbago, fatigability, and memory disturbance.2
The etiologies of CSF volume depletion include a true hypovolemic state, traumatic CSF
leakage, iatrogenic CSF leakage, and spontaneous CSF leakage. The causes of traumatic
CSF leakage include motor vehicle collisions, sports injuries, falls, brachial plexus avulsion
injuries, and nerve root avulsions.2 The causes of spontaneous CSF leakage include a precc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2020 Korean Neurological Association
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existing dural sac weakness frequently associated with meningeal diverticula, a trivial trauma in the setting of preexisting dural weakness, and spondylotic spurs or herniated discs,
while in some cases the cause is completely unknown.2
Headache is the most common clinical symptom experienced by patients with CSF leakage, but occasionally headache may be completely absent. Such headaches are mostly
orthostatic, and the latency of headache onset or resolution
from a change in posture commonly varies with chronicity.
Such headaches are often aggravated by Valsalva-type maneuvers. Not all orthostatic headaches may be due to intracranial hypotension.2,3 Sagging of the brain is thought to be
the main cause of orthostatic headaches due to CSF leakage.
Dilatation of the cerebral veins and venous sinuses might also
be contributory mechanisms.4
CSF leakage is also associated with various manifestations
other than headache, with one or more such manifestations
being the dominant clinical feature in some cases.5,6-8 Various
manifestations other than headache include nausea with or
without emesis, cochleovestibular manifestations,9 visual
symptoms, numbness or paresthesias, recent memory disturbance, and trouble with bowel or bladder control.10-12 The CSF
opening pressure (OP) is usually low and in rare cases even
negative, but is occasionally within normal limits.2
Radioisotope (RI) cisternography is performed with the
intrathecal (IT) injection of indium-111 by lumbar puncture,
whose dynamics are followed by sequential scanning for up
to 24 hours. The early appearance of radioactivity in the
bladder represents fairly common indirect evidence that the
injected RI has entered the venous system rapidly. In addition, the presence of parathecal activity is often considered to
be direct evidence of CSF leakage, pointing to the approximate site of the leak.2 Meningeal diverticula may appear as
foci of parathecal activity and sometimes might not be reliably distinguished from actual sites of leakage.2
CSF leakage appears in head magnetic resonance imaging (MRI) as a decrease in the size of the ventricles, descent
of the cerebellar tonsils, the collection of subdural fluids, sinking of the brain, hyperemia of the pituitary gland, diffuse
pachymeningeal enhancement, and enlargement of cerebral
venous sinuses.2,13 Performing spinal MRI at a high rate can
detect abnormalities such as epidural CSF collection on fatsuppressed heavily T2-weighted images and distention of
the epidural veins.14 Computed tomography (CT) myelography is considered the most-accurate approach for demonstrating the exact site of spinal CSF leakage.5 In addition, it
can show meningeal diverticula, dilated nerve root sleeves,
and extra-arachnoid fluid collections.2
An epidural blood patch (EBP) is now considered the treatment of first choice for spinal CSF leakage in those patients
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who have not responded to initial conservative management.2,15
The efficacy of an EBP is reported to be approximately 30%,16
and many patients often require more than one of them, with
some even requiring several.2
We have newly diagnosed and treated 118 patients with
CSF leakage with an EBP during the past 3 years. An EBP was
applied after spinal CSF leakage had been definitively detected based on radiological findings. Predictors of a positive response to an EBP for spontaneous spinal CSF leakage have
been reported in a few articles,17,18 while those of a positive
response to an EBP for traumatic spinal CSF leakage have
not been reported previously. The aim of the current study
was to elucidate factors predicting the response to an EBP.
Here we report the predictors of a positive response to an EBP
for both spontaneous and traumatic spinal CSF leakage.

METHODS
Patients and variables

This study was approved by the Institutional Review Board
of the International University of Health and Welfare Atami
Hospital in 2018. All patients provided informed consent
after the study had been explained to them (IRB No. 20182). The 118 enrolled patients with newly diagnosed spinal
CSF leakage were treated with EBP at the Neurosurgical Section of the International University of Health and Welfare
Atami Hospital. The inclusion criteria were 1) newly diagnosed as spinal CSF leakage based on neuroradiological signs
and 2) received the first EBP at this hospital between July 2015
and December 2017. Exclusion criteria were 1) >7 years from
the onset to EBP application or 2) having undergone EBP
previously. Spinal CSF leakage was defined based on neuroradiological demonstration according to the standard diagnostic criteria.4
We examined the following factors in the included patients:
age, sex, etiology, symptoms, CSF OP, rate of RI remaining
after 24 hours, neuroradiological findings (MRI, CT, and RI
cisternography), period from the onset to EBP application,
and response to the EBP. The neuroradiological studies comprised spinal MRI, CT myelography, RI cisternography, and
single-photon-emission CT (SPECT) with indium-111. RI
cisternography was performed immediately after the IT injection of RI, 6 hours later, and 24 hours later. SPECT scanning and CT myelography were performed 24 and 3 hours
after the IT injection, respectively. Lumbar puncture was
performed in the decubitus position using a 70- or 90-mmlong 25-gauge pencil needle for the IT injection of RI and CT
myelography contrast medium, and the CFS OP was measured at the same time. Any epidural CSF leakage of RI or
CT myelography agent at the puncture site was excluded from
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the amount of epidural CSF leakage. The symptoms examined included headache (orthostatic or not), nuchal pain, back
pain, vertigo/dizziness, nausea, photophobia, fatigability,
numbness of extremities, and memory disturbance.
A targeted EBP was applied using a 20-gauge Tuohy needle via a midline approach under X-ray fluoroscopy system
guidance with the patient in the prone position. The epidural space was identified using the loss-of-resistance technique
for a lumbar EBP and using the hanging-drop technique for
a cervical or thoracic EBP. Accurate localization was confirmed by ensuring the spread of the injected contrast medium over the targeted epidural space. Autologous blood
mixed with contrast medium was slowly injected until the
patient began to complain of radicular pain, back pain, headache, or nausea, with a maximum of 30 mL delivered. After
the procedure, the localization of the epidural autologous
blood was confirmed by CT (Fig. 1). The patient then remained in the supine position for at least 2 hours.
At 3 months after the application of the EBP, the responses to it were classified into four categories: excellent, good,
fair, and stationary/worse. An excellent response was when
the symptoms disappearing immediately and/or dramatically after the EBP application, a good response was when
the symptoms had mostly (≥50%) recovered at 3 months
after the EBP application, a fair response indicated that
symptoms had partially (<50%) recovered at 3 months after
the EBP application, and stationary/worse outcome was
when the symptoms remained stationary or had worsened at
3 months after the EBP application. The correlations between

A  

B

Fig. 1. Spine images in a patient with CSF leakage in and after EBP. A:
X-ray photography to confirm the epidural infusion of contrast medium before applying an EBP. B: Sagittal CT image obtained after applying the EBP. Epidural blood mixed with contrast medium is evident
from the thoracic sixth to the lumbar fifth vertebral levels. EBP: epidural
blood patch.
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the response to an EBP and other factors were analyzed statistically. In addition, differences of the responses to EBPs between spontaneous and traumatic CSF leaks were analyzed
statistically.

Statistical analysis

The relationships between variables and responses to EBPs
were analyzed using the t-test, Mann-Whitney U-test, or chisquare test as appropriate. The criterion for significant differences was p<0.05.

RESULTS
The ages of the 118 patients ranged from 8 to 82 years, with a
mean age of 36.7 years, and they comprised 66 females and
52 males. The etiologies of CSF leakage were traumatic for
64 patients, spontaneous for 47, and iatrogenic for 7. The
traumatic events causing CSF leakage were classified into 46
motor vehicle collisions (9 involving a bicycle/motor bicycle,
26 being rear-end collisions while driving, 8 being frontal or
side collisions when driving, and 3 being collisions while walking), 13 falls/head blows, and 5 sports injuries. Iatrogenic
events were categorized into four lumbar punctures, two spinal therapies, and one dental treatment (Table 1). The interval from the onset to EBP application ranged from 0.5 to 84
months, with a median of 20 months. The rate of RI remaining after 24 hours after the IT injection ranged from 1.3% to
47.6%, with a mean of 21.4%. The CSF OP ranged from 0 to
16 cm H2O, with a mean of 7.6 cm H2O.
Regarding symptoms, whole headache was found in 97
patients (82.6%), with orthostatic headache found in 87 of
these 97 (89.7%). Fatigability occurred in 56 patients (47.5%)
patients, vertigo/dizziness in 54 (45.8%), nausea in 34 (22.0%),
photophobia in 26 (22.0%), numbness in 26 (22.0%), back
pain/lumbago in 27 (22.9%), memory disturbance in 25
(21.2.%), and nuchal pain in 46 (39.0%) (Table 2). Spinal MRI
revealed epidural CSF collection in 56 patients (47.5%; Fig.
2, Table 2). There were CT myelography findings of epidural CSF leakage in 113 patients (95.8%; Fig. 3, Table 3), and
RI cisternography findings of epidural CSF leakage in 105
(89.0%; Fig. 4, Table 3). The responses to EBPs were categorized as excellent in 21 patients (17.8%), good in 48 (40.7%),
fair in 24 (20.3%), and stationary/worse in 25 (21.2%).
Our analysis of the relationships between positive responses to EBPs and the above variables revealed that the variables
that significantly (p<0.05) predicted a positive response to
an EBP were age <40 years (p=0.005), <1.5 years from the
onset to EBP application (p<0.001), <20% RI remaining after
24 hours (p=0.002), RI cisternography findings with epidural CSF leakage except for spinal puncture sites (p=0.030),
www.thejcn.com
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Table 1. Clinical and demographic analysis of patients with spinal CSF
leakage

Table 2. Clinical symptoms and responses to EBP in patients with
CSF leaks

Characteristic
Value
No. of patients
118���
Age at diagnosis (years)
Range
8–82
Mean
36.7
Sex
Male
52� �
Female
66� �
Etiology
Spontaneous
47� �
Traumatic
64� �
MVA
46� �
Bicycle/motor bicycle
9�
Rear-end-collision
26� �
Front/side collision
8�
Collision while walking
3�
Fall/head blow
13� �
Sports
5�
Iatrogenic
7�
Lumbar puncture
3�
Spinal therapy
3�
Dental treatment
1�
Response to EBP
Excellent
21� �
Good
48� �
Fair
24� �
Stationary/worse
25� �
Time from onset to EBP (months)
Range
0.5–84
Median
20� �
24 h-RI-remaining activity rate (%)
Range
1.3–47.6
Mean
21.4
EBP: epidural blood patch, MVA: motor vehicle accident, RI: radioisotope.

Response to EBP
p
Stationary/
value
Excellent Good Fair
worse
Whole headache
0.120
Yes
20
38
21
18
No
1
10
3
7
Orthostatic headache
0.015
Yes
19
36
18
14
No
2
12
6
11
Nausea
0.013
Yes
10
17
4
3
No
11
31
20
22
Back pain
0.380
Yes
2
13
6
6
No
19
35
18
19
Fatigability
0.360
Yes
10
19
13
14
No
11
29
11
11
Vertigo/dizziness
0.120
Yes
13
23
7
11
No
8
25
17
14
Numbness
0.700
Yes
4
12
6
4
No
17
36
18
21
Photophobia
0.019
Yes
7
14
2
3
No
14
34
22
22
Nuchal pain
0.041
Yes
10
21
10
5
No
11
27
14
20
Memory disturbance
0.090
Yes
4
10
9
2
No
17
38
15
23
EBP: epidural blood patch.

MRI findings with epidural CSF collection on fat-saturated
T2-weighted images (p=0.034), CSF OP <7 cm H2O (p=
0.019), orthostatic headache (p=0.015), nausea (p=0.013),
nuchal pain (p=0.041), and photophobia (p=0.019). The investigated factors that did not significantly predict a positive response to an EBP were etiology (p=0.680), sex (p=
0.060), CT myelography findings with epidural CSF leakage
except for spinal puncture sites (p=0.460), whole headache
(p=0.120), back pain (p=0.380), vertigo/dizziness (p=0.120),
fatigability (p=0.360), memory disturbance (p=0.090), and
numbness of extremities (p=0.700) (Table 2). Regarding the
differences of the responses to EBPs between spontaneous
and traumatic CSF leaks, the rate of RI remaining (p=0.017),
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Clinical
symptoms

CSF OP (p=0.006), and orthostatic headache (p=0.008) were
more significant predictors in traumatic CSF leaks than in
spontaneous ones. In contrast, the interval from the onset to
EBP application (p<0.001) was a more significant predictor
in spontaneous CFS leaks than in traumatic ones. There were
no differences in the responses to EBPs for the other variables
between spontaneous CFS leaks and traumatic ones.

DISCUSSION
An EBP has been recommended as the treatment of choice
for patients who have not responded to initial noninvasive
treatments such as hydration and bed rest.15 The effect of
EBP is twofold: 1) an immediate effect related simply to vol-
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ume replacement by compressing the dura mater; and 2) a
subsequent latent effect related to sealing of the CSF leakage.19,20 The success rate with a first EBP has been reported
Table 3. Clinical factors and responses to EBP in patients with CSF
leakage
Response to EBP
Stationary/
Excellent Good Fair
worse
Time from onset to EBP (years)
<1.5
18
18
10
6
≥1.5
3
30
14
19
24h-RI-remaining
activity rate (%)
<20
14
23
6
9
≥20
7
25
18
16
Age at admission (years)
<40
17
23
10
9
≥40
4
25
14
16
Etiology
Spontaneous
7
16
13
11
Traumatic
13
28
10
13
Iatrogenic
1
4
1
1
CSF opening pressure
(cm H20)
<7
13
30
7
10
≥7
8
18
17
15
Epidural water signals
on MRI
Yes
14
24
12
6
No
7
27
13
14
Epidural fluid leaks on RI
cisternography and/or SPECT
21
45
20
19
Yes
No
0
3
4
6
Epidural fluid leaks on
CT myelography
Yes
20
47
23
23
No
1
1
1
2
EBP: epidural blood patch, RI: radioisotope.
Characteristic
factors

A  

B  

p
value
<0.001

0.002

0.005

0.670

0.019

0.034

0.003

0.460
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to be at least 30%.21 However, many patients require more
than one EBP or other treatments such as epidural saline/
fibrin glue infusion and IT fluid infusion.22-26 In the present
study we aimed to elucidate predictors of a positive response
to an EBP based on clinical characteristics, subjective symptoms, and neuroradiological signs, which revealed that these
predictors were age, interval from the onset to EBP application, rate of RI remaining after 24 hours, epidural CSF collection in MRI, epidural CFS leak in RI cisternography, orthostatic headache, nuchal pain, photophobia, and nausea.
Our finding that being younger and having a shorter interval from the onset to EBP application were significant predictors suggests that spinal CSF leakage should be treated
early. The remaining activity in RI cisternography has similar
significance to early bladder activity in RI cisternography as
a predictor of a positive response to an EBP. Early bladder
activity and the rapid disappearance of radioactivity from
the CSF space are indirect findings for CSF leakage.27 The
rate of remaining RI is inversely related to the RI clearance
rate, and the rate of RI remaining expressed as a percentage
might provide a more-exact assessment than early bladder
activity in RI cisternography. Epidural CSF collection in MRI
and epidural CFS collection in RI cisternography represent
direct evidence of spinal CSF leakage. Those signs were
found to be predictors, while epidural CSF collection in CT
myelography found in most of the present cases was a somewhat ambiguous sign and might be useful only for diagnosing CSF leakage rather than predicting an EBP response. Regarding subjective symptoms, orthostatic headache, nuchal
pain, photophobia, and nausea were significant predictors,
whereas the other symptoms—which are probably not specific
to those patients—were not. However, a previous study18
found that the severity of the symptom (but not the symptom alone) was related to a positive response to an EBP.
Predictors of a positive response to an EBP in cases of spontaneous CFS leakage have been reported recently. Comparing between patients treated only once with EBP and those
treated twice or more revealed that early bladder activity in

C  

Fig. 2. Epidural CSF collection (arrows) in MRI fat-suppressed heavily T2-weighted images of patients with spinal CSF leakage. A: Upper cervical
vertebral level. B: Lower cervical vertebral level. C: Lower lumber vertebral level.
www.thejcn.com
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A  

B  

C  

Fig. 3. Epidural CSF leakage (arrows) revealed by CT myelography. A: Epidural CSF leakage at the lower cervical vertebral level. B: Epidural CSF
leakage at the upper thoracic vertebral level. C: Epidural CSF leakage at the lumbar vertebral level.

A  

B  

C  

Fig. 4. RI images of patiests with CSF leakage. A: Epidural CSF leakage at the lumbar vertebral level in RI cisternography. B: Epidural CSF
leakage at the upper cervical vertebral level in coronal (upper) and axial (lower) SPECT images. C: Epidural CSF leakage at the upper lumbar
vertebral level in coronal (upper) and axial (lower) on SPECT images.
Leak points of CSF (arrows, A–C). RI: radioisotope.

RI cisternography and brain sagging are significant predictors, whereas the other variables were not.17 In the current
study, brain MRI findings were excluded from the analyzed
variables because these have already been reported.18
Comparisons between responders and nonresponders to
a first EBP showed that a greater injected blood volume,
anterior epidural CSF collection length, and midbrain–pons
angle in MRI were significant predictors of a positive treatment response to the first EBP;19 whereas the other variables
were not. Similarly, as for several symptoms, tinnitus was
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found to be a weak predictor, whereas the other investigated
symptoms were not significant predictors. Regarding MRI
signs, epidural CSF collection and anterior CSF collection
were weak predictors, whereas the other MRI signs were not
significant predictors.18
Those previous studies were based on comparisons between
two groups: responders to the first EBP and nonresponders to
the first EBP or patients who required two or more EBPs.17,18
In contrast, our study was not based on comparisons between
two groups, instead analyzing between two categories of
variables and four groups of responses to EBPs. We found
that age, interval from the onset to EBP application, rate of
RI remaining after 24 hours, epidural CSF leakage in RI cisternography, epidural CFS collection in MRI, orthostatic
headache, nausea, nuchal pain, and photophobia were significant predictors of a positive response to an EBP, whereas the
CSF OP and all of the symptoms investigated were not identified as predictors. Being younger (age <40 years) was found
to be a predictor of a positive response to an EBP, whereas this
was not the case in the previous two studies.17,18 The reason
for this discrepancy is unknown, but it might be due to the
difference in the age range of the patients, since the ages of
our patients ranged from 8 to 82 years, whereas in the previous studies they ranged from 24 to 66 years17 and from 24
to 67 years.18 Our study identified that an interval of <1.5 year
from the onset to EBP application was a predictor of a positive response to the EBP, whereas the interval from the onset
to diagnosis was not a predictor in a previous study.18 The
result of our study suggests that applying an EBP within approximately 1.5 years of the onset could close a CSF leak.
The median interval from the onset to EBP application in
our study was 20 months, which was slightly long, probably
because diagnoses of CSF volume depletion and CSF leakage
are not well known, and so a relatively long time passed before patients suspected of CFS volume depletion were re-
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ferred to our hospital. The mean interval of approximately
1.5 months from the onset to diagnosis in the previous study
was much shorter than that in our study. This difference might
have affected the ability to identify the interval as a predictor
of a positive response to an EBP.
The limitations of this study include its retrospective design, the small number of patients with spinal CSF leakage,
and the possibility of bias among the included patients. There
were several differences in the responses to EBPs between
spontaneous and traumatic CSF leaks, but the reasons for
these differences are unclear. Further studies should be performed that are not affected by these limitations.
In conclusion, this study found that the significant predictors of a positive response to an EBP for CSF leakage
were <1.5 years from the onset to EBP application, age <40
years, CSF OP <7 cm H2O, epidural CSF leakage in RI cisternography, epidural CSF collection in MRI, <20% RI remaining after 24 hours, orthostatic headache, nuchal pain,
photophobia, and nausea. These 10 variables should be taken into account before making a decision to treat spinal
CSF leakage.
Author Contributions
Conceptualization: Masamichi Shinonaga, Hiroshi Kanno. Data curation:
Hiroshi Kanno, Tetsuya Yoshizumi, Naomi Nakazato. Formal analysis:
Masamichi Shinonaga, Hiroshi Kanno. Funding acquisition: Masamichi
Shinonaga. Investigation: Hiroshi Kanno, Naomi Nakazato, Masamichi
Shinonaga. Methodology: Hiroshi Kanno, Masamichi Shinonaga, Naomi
Nakazato. Project administration: Masamichi Shinonaga, Hiroshi Kanno. Resources: Tetsuya Yoshizumi, Masamichi Shinonaga. Software: Hiroshi Kanno.
Supervision: Masamichi Shinonaga. Validation: Masamichi Shinonaga.
Writing—original draft: Hiroshi Kanno. Writing—review & editing: Hiroshi
Kanno.

ORCID iDs
Hiroshi Kanno
Tetsuya Yoshizumi
Naomi Nakazato
Masamichi Shinonaga

https://orcid.org/0000-0002-4335-3899
https://orcid.org/0000-0002-0775-5911
https://orcid.org/0000-0003-4181-5153
https://orcid.org/0000-0003-0335-1431

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Acknowledgements
The authors thank Ms. Reiko Hoshino and Ms. Kumiko Hirai for their
clerical assistance. This study was supported by grants-in-aid for clinical
research on cerebrospinal fluid volume depletion from the Japan Agency
for Medical Research and Development.

REFERENCES
1. Schievink WI. Spontaneous spinal cerebrospinal fluid leaks and intracranial hypotension. JAMA 2006;295:2286-2296.
2. Mokri B. Spontaneous low pressure, low CSF volume headaches:
spontaneous CSF leaks. Headache 2013;53:1034-1053.
3. Mokri B, Atkinson JL, Piepgras DG. Absent headache despite CSF
volume depletion (intracranial hypotension). Neurology 2000;55:
1722-1724.

JCN

4. Schievink WI, Maya MM, Louy C, Moser FG, Tourje J. Diagnostic
criteria for spontaneous spinal CSF leaks and intracranial hypotension. AJNR Am J Neuroradiol 2008;29:853-856.
5. Mokri B, Schievink WI. Headache associated with abnormalities in
intracranial structure and function: low cerebrospinal fluid pressure
headache. In: Silberstein SD, Lipton RB, Dodick DW, editors. Wolff ’s
Headache and Other Head Pain. New York: Oxford University Press,
2000;513-531.
6. Horton JC, Fishman RA. Neurovisual findings in the syndrome of
spontaneous intracranial hypotension from dural cerebrospinal fluid
leak. Ophthalmology 1994;101:244-251.
7. Brady-McCreery KM, Speidel S, Hussein MA, Coats DK. Spontaneous intracranial hypotension with unique strabismus due to third and
fourth cranial neuropathies. Binocul Vis Strabismus Q 2002;17:43-48.
8. Ferrante E, Savino A, Brioschi A, Marazzi R, Donato MF, Riva M.
Transient oculomotor cranial nerves palsy in spontaneous intracranial hypotension. J Neurosurg Sci 1998;42:177-179.
9. Nowak DA, Rodiek SO, Zinner J, Guhlmann A, Topka H. Broadening
the clinical spectrum: unusual presentation of spontaneous cerebrospinal fluid hypovolemia. J Neurosurg 2003;98:903-907.
10. Hong M, Shah GV, Adams KM, Turner RS, Foster NL. Spontaneous
intracranial hypotension causing reversible frontotemporal dementia.
Neurology 2002;58:1285-1287.
11. Wicklund MR, Mokri B, Drubach DA, Boeve BF, Parisi JE, Josephs
KA. Frontotemporal brain sagging syndrome: an SIH-like presentation mimicking FTD. Neurology 2011;76:1377-1382.
12. Schievink WI, Meyer FB, Atkinson JL, Mokri B. Spontaneous spinal
cerebrospinal fluid leaks and intracranial hypotension. J Neurosurg
1996;84:598-605.
13. Pannullo SC, Reich JB, Krol G, Deck MD, Posner JB. MRI changes in
intracranial hypotension. Neurology 1993;43:919-926.
14. Akbar JJ, Luetmer PH, Schwartz KM, Hunt CH, Diehn FE, Eckel LJ.
The role of MR myelography with intrathecal gadolinium in localization of spinal CSF leaks in patients with spontaneous intracranial hypotension. AJNR Am J Neuroradiol 2012;33:535-540.
15. Duffy PJ, Crosby ET. The epidural blood patch. Resolving the controversies. Can J Anaesth 1999;46:878-886.
16. Sencakova D, Mokri B, McClelland RL. The efficacy of epidural blood
patch in spontaneous CSF leaks. Neurology 2001;57:1921-1923.
17. Karm MH, Choi JH, Kim D, Park JY, Yun HJ, Suh JH. Predictors of
the treatment response of spontaneous intracranial hypotension to
an epidural blood patch. Medicine (Baltimore) 2016;95:e3578.
18. Wu JW, Hseu SS, Fuh JL, Lirng JF, Wang YF, Chen WT, et al. Factors
predicting response to the first epidural blood patch in spontaneous
intracranial hypotension. Brain 2017;140:344-352.
19. Schievink WI. Spontaneous spinal cerebrospinal fluid leaks. Cephalalgia 2008;28:1345-1356.
20. Mokri B. Headaches caused by decreased intracranial pressure: diagnosis and management. Curr Opin Neurol 2003;16:319-326.
21. Cho KI, Moon HS, Jeon HJ, Park K, Kong DS. Spontaneous intracranial hypotension: efficacy of radiologic targeting vs blind blood patch.
Neurology 2011;76:1139-1144.
22. Gibson BE, Wedel DJ, Faust RJ, Petersen RC. Continuous epidural
saline infusion for the treatment of low CSF pressure headache. Anesthesiology 1988;68:789-791.
23. Crul BJ, Gerritse BM, Van Dongen RT, Schoonderwaldt HC. Epidural fibrin glue injection stops persistent postdural puncture headache. Anesthesiology 1999;91:576-577.
24. Franzini A, Messina G, Nazzi V, Mea E, Leone M, Chiapparini L, et
al. Spontaneous intracranial hypotension syndrome: a novel speculative physiopathological hypothesis and a novel patch method in a series of 28 consecutive patients. J Neurosurg 2010;112:300-306.
25. Spelle L, Boulin A, Tainturier C, Visot A, Graveleau P, Pierot L. Neuroimaging features of spontaneous intracranial hypotension. Neuroradiology 2001;43:622-627.
www.thejcn.com

7

JCN

Predictors of Response to an Epidural Blood Patch

26. Joo EY, Hwang BY, Kong YG, Lee JH, Hwang BS, Suh JH. Retrospective study of epidural blood patch use for spontaneous intracranial hypotension. Reg Anesth Pain Med 2015;40:58-61.

8

J Clin Neurol 2020;16(1):1-8

27. Moriyama E, Ogawa T, Nishida A, Ishikawa S, Beck H. Quantitative
analysis of radioisotope cisternography in the diagnosis of intracranial hypotension. J Neurosurg 2004;101:421-426.

