» |

Check for
updates

Original Article

Headache Pain Res 2025;26(2):142-153
PISSN: 3022-9057 - eISSN: 3022-4764
https://doi.org/10.62087/hpr.2025.0005

Availability, Accessibility, and Utilization of Diagnostics
and Therapeutics for Spontaneous Intracranial
Hypotension in Asia

Soyoun Choi*" ", Woo-Seok Ha*>" ", Soo-Jin Cho®"”, Aynur Ozge**", Betiil Baykan®’ ", Esme Ekizoglu®",
Kiratikorn Vongvaivanich® ", Koichi Hirata’", Linh Tuyen Nguyen*’, Mamoru Shibata™",

Min Kyung Chu®", Otgonbayar Luvsannorov'*", Ryotaro Ishii**"”, Shengyuan Yu'*"”, Shih-Pin Chen****",
Shuu-Jiun Wang*****"| Takao Takeshima'®", Tsubasa Takizawa™®"’, Vinh Khang Nguyen® ",

Wei-Ta Chen*®**", Yen-Feng Wang">**", Soo-Kyoung Kim**'", Mi Ji Lee**"

For further information on the authors’ affiliations, see Additional information.

Abstract

Purpose: Recent advances in imaging techniques have significantly enhanced the diagnosis of spontaneous intracranial hypotension (SIH).
However, these developments have been reported mostly in Europe and the United States. This study aimed to evaluate the availability and
utilization of diagnostic and treatment modalities for SIH in Asia, through a survey of regional headache specialists.

Methods: A literature search was conducted using PubMed, and members of the Asian Regional Consortium for Headache were contacted.
Participants completed a two-step survey evaluating the availability, accessibility, and frequency of SIH diagnostic and treatment methods in
their countries and institutions. Descriptive statistics were used to analyze the data.

Results: Twenty physicians from eight countries completed both rounds of the survey. Lumbar puncture, brain magnetic resonance imaging
(MRI), and spinal MRI are widely available across Asia, but real-time imaging techniques—such as dynamic computed tomography myelogra-
phy and digjtal subtraction myelography—that precisely localize cerebrospinal fluid leaks are less accessible. Blind or semi-targeted epidural
blood patches (EBPs) are available at most centers, but are easily accessible in only about half of cases. Surgical interventions are rarely
available.

Conclusion: Most diagnostic methods for SIH are available in Asia, despite some regional disparities. The utilization of EBP and surgical inter-
ventions remains somewhat limited. This highlights the need for greater awareness and standardization of diagnostic methods in Asia.
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INTRODUCTION

Spontaneous intracranial hypotension (SIH) is caused by
a spinal cerebrospinal fluid (CSF) leak, leading to serious
morbidity and disability." The incidence of STH is esti-
mated to be 3-5 per 100,000 people annually.”’ Patients
with SIH typically experience acute orthostatic headaches
along with various cranial nerve-related symptoms such as
double vision, tinnitus, imbalance, and cognitive impair-
ment."” Over the past decade, diagnostic methodologies of
SIH have been significantly advanced. The use of heavily
T2-weighted noninvasive magnetic resonance (MR) my-
elography has enabled noninvasive identification of spinal
longitudinal epidural collections (SLEC) more sensitively
than conventional computed tomography (CT) myelog-
Further-
more, the introduction of real-time imaging techniques

6,7

raphy and has facilitated the diagnosis of SIH.

such as ultrafast CT myelography and digital subtraction
myelography (DSM), has provided better localization of
leaking sites. Based on these advancements, a new caus-
ative classification of SIH has been introduced.”"’

However, the use of real-time imaging techniques has
been reported only in a limited number of centers in a
limited number of countries, mainly in Europe and the
United States. To determine whether Asia-specific regional
issues or unmet needs should be addressed, we aimed to
identify the current availability and use of diagnostic and
therapeutic modalities for SIH in Asia. For this purpose, we
conducted a qualitative survey with Asian SIH researchers
and headache specialists.

MATERIALS AND METHODS
1. Ethics approval and consent to participate

This study involved a voluntary survey of medical pro-
fessionals across multiple institutions and countries. The
survey did not involve patient data or sensitive personal
information. Given the nature of the study, formal ethics
approval was not sought, and all participants responded
voluntarily with the understanding that their responses
would be used for research purposes. No identifying infor-
mation is reported in the manuscript.

2. Study design

We invited core members of the Asian Regional Con-
sortium for Headaches (ARCH) who had participated in
the ARCH business meetings and were based in Asian
countries. We also included clinicians or researchers from
under-represented areas, regions, or countries based on
recommendations from the ARCH members.

To further supplement country representation, we con-
ducted a literature search of the PubMed database using
the following search terms: SIH, CSF leak, intracranial
hypotension, CSF hypovolemia, cerebrospinal fluid hypo-
volemia, low-pressure headache, low CSF volume, and low
cerebrospinal fluid pressure. The search terms were com-
bined with Medical Subject Headings (MeSH) and non-
MeSH terms using Boolean operators (OR and/or AND).
We identified papers in which the corresponding author
was based in Asia and contacted those from countries not
already represented by ARCH core members. The full de-
tails of the search strategy are provided in Supplementary
Table 1 (available online), and the selection process for
survey participants according to the country of affiliation is
provided in Supplementary Table 2 (available online).

3. Survey

Potential participants were invited to respond to a ques-
tionnaire to assess the availability of diagnostic and thera-
peutic methods for SIH in their countries and institutions.
In Round 1, the availability of each diagnostic or therapeu-
tic method was surveyed at the national and institutional
levels. Diagnostic methods included brain magnetic res-
onance imaging (MRI) with contrast, lumbar puncture,
noninvasive spine MRI without heavily T2-weighted im-
aging, noninvasive spine MRI with heavily T2-weighted
imaging, spine MR myelography with intrathecal gadolin-
ium, ultrafast dynamic CT myelography, conventional CT
myelography, DSM, and radioisotope (RI) cisternography.
Therapeutic methods include conservative management,
blind epidural blood patch (EBP), semi-targeted EBP, tar-
geted EBP, and surgical repair.

In the Round 2 survey, respondents were asked to rate
the accessibility of each diagnostic or therapeutic meth-
od at both the national and institutional levels. For each
method, they rated accessibility using a 4-point scale: eas-
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ily accessible, somewhat accessible, not easily accessible,
and not available. The frequency of use of each method in
practice was also surveyed using a 4-point scale: frequent-
ly, occasionally, rarely, and never.

In Round 2, we explored the barriers to using specific
diagnostics and therapeutics, including ultrafast CT my-
elography, DSM, targeted EBP, and surgical repair. The
participants responded to a multiple-choice question that
allowed them to select multiple answers. A full list of re-
sponse options is provided in the Results section.

4. Epidural blood patch type definition

To avoid confusion regarding EBP types, we adopted the
following definitions in this study. These definitions were
employed to ensure consistency and clarity throughout
the study. Blind EBP refers to a blood patch performed at a
specific anatomical site determined by the clinician with-
out spinal imaging. Semi-targeted EBP refers to a blood
patch administered at a site suspected of leakage based on
MR myelography or conventional CT myelography. The
clues used for targeting included not only epidural fluid
collections but also findings such as periradicular leaks.
Targeted EBP refers to a blood patch performed after lo-
calizing the precise CSF leak site using real-time imaging
techniques, such as ultrafast dynamic CT myelography or
DSM.

5. Statistical analysis

Descriptive statistics were used to analyze the data. Cat-
egorical variables are expressed as frequencies and per-
centages. The analysis primarily focused on the frequency
distribution of the responses. All statistical analyses were
performed using Microsoft Excel.

RESULTS
1. Study participants

Among the 51 Asian countries, we identified 819 authors
from 18 countries through a literature search. After merg-
ing the ARCH members’ lists, invitations were e-mailed to
56 physicians from 22 countries. We received responses
from 27 physicians from 11 countries: China, Japan, Korea,
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Malaysia, Mongolia, Singapore, Taiwan, Thailand, Tiirkiye,
Vietnam, and the United Kingdom. One participant from
the United Kingdom was excluded from the analysis in
Round 1 because the participant’s workplace had changed
outside Asia. Figure 1 illustrates the flowchart and the full
list of invitations and responses according to Asian coun-
tries is provided in Supplementary Table 2 (available on-
line). Participants from 10 countries in Round 1 and eight
in Round 2 completed the survey, as shown in Table 1. All
respondents were neurologists, except for one neurosur-
geon who participated in Round 1.

3,679 Record searched from
PubMed in 8, April 2024

> 575 Duplicated articles

A4

383 Review articles

\ 4

241 Non-English articles

A4

2,480 Reports assessed
for eligibility

A4

819 Eligible reports from
18 Asian countries

45 Physicians of ARCH
member from 15 countries

A 4

56 Physicians from 22 countries
Round 1 E-mail sent

A4

27 Physicians from 11 countries
Round 1 E-mail responded

A4

20 Physicians from 8 countries
Round 2 E-mail responded

Figure 1. Flow chart of participants in the survey.
ARCH, Asian Regional Consortium for Headaches.
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Table 1. Composition of participants

Round 1 Round 2
Country
China 2(7.41) 1 (5.00)
Japan 6 (22.22) 5 (25.00)
Korea 4(14.81) 3(15.00)
Malaysia 1(3.70) 0 (0)
Mongolia 1(3.70) 1 (5.00)
Singapore 1(3.70) 0(0)
Taiwan 4 (14.81) 4 (20.00)
Thailand 2(7.41) 1 (5.00)
Turkiye 3(11.11) 3(15.00)
Vietnam 2(7.41) 2 (10.00)
United Kingdom 1(3.70) 0(0)
Total 27 (100) 20 (100)
Field
Neurology 26 (96.30) 20 (100)
Neurosurgery 1(3.70) 0(0)
Years of experience
<5 3(11.11) 2 (10.00)
5-10 1(3.70) 2 (10.00)
10-20 10 (37.04) 7 (35.00)
>20 13 (48.15) 7 (35.00)
Not reported 0 (0) 2 (10.00)
Total 27 (100) 20 (100)
Number of patients with SIH seen per year
<10 7 (25.93) 6 (30.00)
10-50 11 (40.74) 4 (20.00)
50-100 6 (22.22) 5 (25.00)
>100 3(11.11) 3(15.00)
Not reported 0 (0) 2 (10.00)
Total 27 (100) 20 (100)

Values are presented as number (%).
SIH, spontaneous intracranial hypotension.

2. Availability at the national and center level and us-
age

In Round 1, brain MRI with contrast and lumbar punc-
ture were reported to be available in all 11 countries and
22 center levels. Noninvasive spine MRI with or without
heavily T2-weighted imaging was available; 25 of 26 re-
spondents (96.15%) reported that it was available in their
nation. There was a notable gap between the national and
central levels for ultrafast dynamic CT myelography and
DSM. While 18 (69.23%) and 15 respondents (57.69%)
guessed that these tests were available in their countries

and centers, respectively, only 10 respondents (38.46%)
from six centers had both tests available. One center pro-
vided only ultrafast dynamic CT myelography, whereas
the other provided only the DSM (Figure 2A). Regarding
therapeutic methods (Figure 2B), conservative manage-
ment was available in all 11 nations and 22 centers. Blind
EBP, semi-targeted EBP, and targeted EBP were reported
to be available at the national and central levels as follows:
22 (84.62%) and 18 (69.23%) for blind EBP, 24 (92.31%) and
20 (76.92%) for semi-targeted EBP, and 21 (80.77%) and
16 (61.54%) for targeted EBP. Surgical repair was the least
available option, with 19 (73.08%) and 11 respondents
(42.31%) indicating availability at the national and central
levels, respectively.

3. Accessibility at the national level

The accessibility of various diagnostic and therapeutic
methods at the national level in the eight countries is
summarized in Figure 3. Brain MRI with contrast, lum-
bar puncture, and noninvasive spine MRI without heav-
ily T2-weighted imaging were easily accessible in most
countries (N=7, 87.5%). Noninvasive MR myelography
with heavily T2-weighted imaging and conventional CT
myelography was somewhat accessible in five (62.5%) and
four countries (50.0%), respectively. Only one country
(Taiwan) reported that noninvasive MR myelography with
heavily T2-weighted imaging is easily accessible. Ultra-fast
dynamic CT myelography and DSM are either not easily
accessible or are unavailable in all countries. Spinal MR
myelography with intrathecal gadolinium is unavailable in
most countries.

Conservative management is accessible in all countries.
Blind or semi-targeted EBP were quickly or somewhat
accessible in seven countries (87.5%). Nevertheless, the
targeted EBP was not easily accessible in all the seven
countries where EBPs were available. Surgical repair is also
not readily accessible in any of the eight countries. This
pattern shows limited access to techniques that can iden-
tify and seal the exact leakage site in most Asian countries
despite their technical availability.

4. Accessibility at the institutional level and usage

Across the 16 centers, brain MRI with contrast, lumbar
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Figure 2. Availability of (A) diagnostic and (B) therapeutic methods at the national, center, and individual usage levels.
MRI, magnetic resonance imaging; MR, magnetic resonance; CT, computed tomography; Rl, radioisotope.

puncture, and noninvasive spinal MRI without heavily
T2-weighted imaging were rated as easily accessible in 15
centers (93.75%). Noninvasive spine MR myelography with
heavily T2-weighted imaging and conventional CT myelog-
raphy was easily accessible in 10 (62.50%) and nine centers
(56.25%), respectively. Ultrafast dynamic CT myelography
was not easily accessible, but it was somewhat accessible
in four centers (25.00%). The DSM was easily accessible
in two (12.50%) and slightly accessible in seven centers
(43.75%). RI cisternography was accessible in six (37.50%).
Spine MR myelography with intrathecal gadolinium was
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off-label in four centers (25.00%) (Figure 4A). Conservative
management was easily accessible at all centers (100%).
Although blind and semi-targeted EBP were available in 14
centers (87.50%), they were easily accessible in only eight
centers (50.00%). Furthermore, targeted EBPs were easily
accessible in only three centers (18.75%) and were some-
what accessible in another three centers (18.75%). Surgical
repair was the least accessible treatment, with only one
center (6.25%) finding it easily accessible, and three cen-
ters (18.75%) finding it somewhat accessible (Figure 4B).
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Non-invasive Non-invasive
Q spine MRI spine MR Spine MR
(without myelogram myelogram
heavily (with heavily Conventional  Ultrafast Digital with
Brain MRI with ~ Lumbar T2-weighted T2-weighted CT dynamic CT  subtraction RI intrathecal
contrast puncture imaging) image) myelography myelography myelography cisternography gadolinium

China

Japan

Korea

Mongolia

Taiwan

Thailand

Tirkiye

Vietnam

e Semi-targeted ~ Targeted
Conservative Blind epidural epidural blood epidural blood Surgical
management blood patch patch patch repair

China
3

Japan
3

Korea
3

Mongolia
3

Taiwan
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Turkiye
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Vietnam
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Figure 3. Heat map of (A) diagnostic and (B) therapeutic method accessibilities nationally in Asia. The accessibility of each method was
rated with a 4-point scale—1) easily accessible, 2) somewhat accessible, 3) not easily accessible, and 4) not available—except for spine
magnetic resonance myelography with intrathecal gadolinium, which was rated using the following scale: 1) available and approved; 2)
available but not approved, can be used off-label; 3) not approved and not available; and 4) do not know.
MRI, magnetic resonance imaging; MR, magnetic resonance; CT, computed tomography; RI, radioisotope.
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Figure 4. Accessibility of diagnostic and therapeutic methods by medical center. (A, B) It represent cumulative 100% bar graphs illus-
trating diagnostic and therapeutic accessibility based on responses by medical centers. The numbers above the bars indicate the per-

centage of each response.

MRI, magnetic resonance imaging; MR, magnetic resonance; CT, computed tomography; RI, radioisotope.

5. Usage of each diagnostic and therapeutic method
at the individual level

At the individual practitioner level, 16 participants (80.00%)
responded that they frequently used brain MRI, and non-
invasive spinal MRI with or without heavily T2-weighted
imaging was frequently used by 11 (55.00%) and 10 par-
ticipants (50.00%), respectively (Figure 5A). Only eight
(40.00%) and three patients (15.00%) frequently under-
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went lumbar puncture and conventional CT myelography,
respectively, despite their easy accessibility, potentially
suggesting their limited diagnostic value. No practitioners
frequently used ultrafast CT myelography and only three
(15.00%) used it occasionally. For treatment, only seven
(35.00%) and five participants (25.00%) frequently used
blind and semi-targeted EBP, respectively (Figure 5B). In
contrast, none of the participants reported frequently us-
ing targeted EBPs or surgical repair.
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Figure 5. Usage of diagnostic and therapeutic methods by practitioner. (A, B) It represent cumulative 100% bar graphs illustrating diag-
nostic and therapeutic usage. The numbers above the bars reflect the percentage of each response.
MRI, magnetic resonance imaging; MR, magnetic resonance; CT, computed tomography; RI, radioisotope.

6. Barriers to using invasive techniques

Figure 6 summarizes the barriers to using advanced tech-
niques, including ultrafast dynamic CT myelography,
DSM, targeted EBP, and surgical repair. Physician unfamil-
iarity was the most common barrier in all four modalities.
Notably, belief that the method is unnecessary, was a
significant reason for the use of ultrafast CT myelography,
DSV, and targeted EBP. Conversely, patient-related factors
such as reluctance were more prominent during surgical
repair. Cost and insurance limitations are rare barriers.

DISCUSSION

The significant findings of this study are as follows: 1) In
most Asian countries, lumbar puncture, brain MRI, and
spinal MRI are easily accessible, whereas real-time tech-
niques, such as ultrafast CT myelography or DSM, are gen-
erally not easily accessible. 2) Although blind or semi-tar-
geted EBP was available in most countries and centers, it
was easily accessible in only half of the centers, and less
than half of the participants used it frequently. 3) Surgical
repair is not easily accessible in most centers and is never
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Figure 6. Barriers to using (A) ultrafast computed tomography myelography (CTM), (B) digital subtraction myelography (DSM), (C) tar-
geted epidural blood patch (EBP), and (D) surgical repair. Bar represents the sum of responses from each participant.

used frequently.

With an understanding of the imaging and clinical char-
acteristics of SIH changes, methods for diagnosing SIH
have also evolved. Previously, opening pressure was con-
sidered an essential component of diagnosis."' However,
understanding its pathophysiology has evolved from intra-
cranial pressure to spinal CSF leakage. Consequently, lum-
bar puncture is no longer recommended for the diagnosis
of SIH." To identify spinal CSF leakage, CT myelography
has been considered as the diagnosis of choice. More re-
cently, heavily T2-weighted noninvasive MR myelography
was introduced as superior to conventional CT myelo-
grams, offering a higher spatial resolution that enables
sensitive identification of SLEC and lateral CSF leak with-
out the risk of dural puncture.’ In our study, MR myelog-
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raphy was easily accessible in only one country at the na-
tional level despite the wide availability of spine MRIs. MR
myelograms seem to be underutilized by our participants,
who are headache experts or SIH investigators. MR is the
safest and most sensitive method for identifying extradural
fluid, so its use should be encouraged.

Ultrafast CT myelography and DSM enable the location
of the exact site of a spinal CSF leak and planning treat-
ment targeting the hole. Although locating the hole is
crucial for surgical treatment, our study showed that these
examinations are still not easily accessible in most Asian
countries and centers and are not frequently used by Asian
headache experts or SIH researchers. Interestingly, ultra-
fast CT myelography and DSM are available in most coun-
tries. However, because these examinations require multi-
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disciplinary cooperation between different subspecialties,
physician-related factors have been reported as the most
compelling barriers.

Regarding treatment, this study showed the underuti-
lization of EBP in Asian countries and centers. Blind or
semi-targeted EBP was not easily accessible in approx-
imately half of the centers despite its wide availability.
Furthermore, fewer than half of the participants frequent-
ly performed blind or semi-targeted EBPs. This unique
pattern may suggest challenges in performing invasive
procedures in Asians. Given the low response rate to con-
ventional “natural healing,” there is a need to improve both
patient awareness and physician access to EBP. Multidisci-
plinary approaches for definitive targeted EBP and surgical
treatment should also be encouraged.

Moreover, further discussion regarding EBP strategies
appears warranted. As a result of limited access to ultra-
fast dynamic CT myelography or DSM, targeted EBP was
not readily accessible in most centers across Asia. A re-
cent study demonstrated that when EBP was performed
targeting the periradicular leak level identified by MR
myelography, the cumulative response rate reached 97.4%
after up to three procedures."” This suggests the potential
for achieving favorable treatment outcomes even with
noninvasive evaluation. Nevertheless, for patients who
do not respond to EBP, targeted EBP or surgical treatment
may be required. Therefore, appropriate patient selection
for real-time imaging techniques is crucial, and multi-
disciplinary approaches should also be encouraged. Our
findings emphasize the need for healthcare policymakers
to address the disparities in access to advanced imaging
and treatment of STH. Reimbursement policies should be
improved to ensure accessibility to such modalities. Es-
tablishing regional referral centers and training programs
could enhance diagnosis and treatment quality. Further
research should focus on outcomes associated with var-
ious diagnostic pathways and their cost-effectiveness in
different healthcare systems.

This study had several limitations. First, the survey was
conducted among a selected group of headache special-
ists from Asian countries. Although the respondents were
experienced specialists, their perspectives and responses
may not fully reflect the complete picture of each country’s
SIH diagnosis and treatment practices, which may have
resulted in a selection bias. Second, as the survey relied

on self-reported data, it is subject to potential over- or un-
derestimation of actual availability and usage. Differences
in interpretation of survey questions may also have influ-
enced the responses. Additionally, the survey responses
were based on respondents selected from four subjective
options, which may have introduced bias owing to indi-
vidual linguistic differences. Third, several Asian coun-
tries were excluded from the survey. Despite conducting
a systematic literature search to identify SIH experts in
each country, there were some countries where informa-
tion could not be obtained, and there were also instances
where specialists did not respond to the survey. However,
this study has several strengths. This is the first survey to
involve investigators from different Asian countries to pro-
vide valuable insights into the current landscape of SIH di-
agnostics and therapeutics. We also used quantitative and
qualitative methods to ensure the response accuracy.

Conclusion

In summary, this study highlights the variability and chal-
lenges in the availability, accessibility, and utilization of
SIH diagnostic and treatment modalities in Asian coun-
tries. While almost all diagnostic methods are technically
available, advanced imaging techniques for identifying
CSF leaks remain less accessible, limiting the accessibility
to surgical treatment options. The evolving understanding
of SIH underscores the need for increased awareness and
standardization of diagnostic methods among healthcare
providers in Asia.
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