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ABSTRACT

Background: Spontaneous intracranial hypotension (SIH) is characterized by CSF leakage leading to orthostatic headaches
and neurological deficits. In some cases, it can be extremely severe to cause nausea, vomiting, and vertigo. Despite conservative
treatment, epidural blood patch remains the optimal approach for empiric resolution of symptoms. However, the medical com-
munity lacks consensus regarding the best approach to use: targeted epidural blood patch (TEBP) versus nontargeted epidural
blood patch (NTEBP).

Methods: A systematic review and metanalysis was conducted on multiple databases with a two-step selection process in order
to exclude studies with insufficient data, irrelevance, and lack of comparative analysis between the two procedures. From the
included studies, we comparatively analyzed overall good outcomes, success at first attempts, and relapse rates between the
groups of study.

Results: We included seven studies matching our inclusion criteria. No significant difference was noted between the TEBP and
NTEBP groups concerning the improved overall outcome and success at first attempt. Similarly, comparable statistical signifi-
cance was noted concerning the relapse rates.

Conclusion: TEBP and NTEBP are both effective treatments for STH. However, given the lack of statistical difference between
the interventions, along with considerations such as the patient risk profiles, physician expertise, and avoidance of invasive im-
aging procedures, the analysis suggests that NTEBP may be considered a viable initial approach, regardless of the identification
of the leak.

1 | Introduction characterized by cerebrospinal fluid (CSF) leakage, resulting

in orthostatic headaches and neurological deficits [2]. Often
Spontaneous intracranial hypotension (SIH), first described underdiagnosed, SIH can mimic other headache disorders,
in 1938 by German neurologist Georg Schaltenbrand [1], is as patients commonly present with postural headaches that

Abbreviations: CSF, cerebrospinal fluid; DSM, digital subtraction myelography; NTEBP, nontargeted epidural blood patch; STH, Spontaneous intracranial
hypotension; TEBP, targeted epidural blood patch.
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improve when lying down and worsen upon standing. While
these postural headaches are the hallmark symptom, they can
be accompanied by nausea, vomiting, vertigo, photophobia,
blurred vision, phonophobia, tinnitus, neck stiffness, and pain
with neck flexion [3-10].

MRI is the most accurate diagnostic tool for SITH. A recent meta-
analysis of brain MRI findings revealed diffuse gadolinium pa-
chymeningeal enhancement (73%), subdural collections (35%),
brain sagging (43%), venous engorgement (57%), and pituitary
gland enlargement (38%). Normal MRI results were observed in
19% of patients [11].

Historically, reduced CSF volume was attributed to decreased
production, increased reabsorption, or leakage. Bell et al. ini-
tially proposed choroid plexus dysfunction and reduced CSF
secretion as the primary cause in most cases, classifying low
CSF pressure syndromes into five categories: spontaneous (pri-
mary), postoperative, post-traumatic, post-lumbar puncture/
nerve sleeve tear, and secondary to other medical conditions
like cerebral arteriosclerosis or dehydration [12]. However,
compelling evidence from recent studies strongly supports di-
rect CSF leakage as the primary cause of SIH [13-16].

Despite advances in high-resolution MRI for CSF leak detec-
tion, visualizing and surgically accessing the leak remains
frequently impractical. This challenge has fostered the devel-
opment of less invasive, indirect interventions like epidural
blood patching (EBP), which promotes spontaneous healing
[16, 17]. EBP offers a less invasive alternative to open surgery
(dural repair or surgical ligation of CSF-venous fistulas) even
when the leak location is known and includes both targeted
(TEBP) and nontargeted (NTEBP) techniques. TEBP utilizes
imaging to pinpoint CSF leaks, enabling direct blood injection,
while NTEBP involves empirical injections at common leakage
sites without prior imaging, relying on the patch's spontaneous
spread. EBP's effectiveness stems from a dual mechanism: the
injected blood spreads, creating a mechanical tamponade that
physically seals the leak, and coagulation triggers an inflamma-
tory and fibroblastic response, promoting fibrin seal formation
and healing [17]. While TEBP offers greater precision, NTEBP
remains more common, as studies have not demonstrated clear
superiority for TEBP regarding symptom resolution, success
rates, or complication risks [18-25].

This systematic review and meta-analysis aims to compare the
clinical outcomes and complications of targeted versus nontar-
geted EBP in the treatment of STH.

2 | Methods

This review was performed according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines.

The PICO framework (Population: intracranial hypotension
syndrome; Intervention: Targeted blood patch; Comparison:
Nontargeted blood patch; Outcome: clinical improvement) was
used to formulate the research question (Figure 1) [26].

2.1 | Search Strategy

Two authors (GT and MP) performed a comprehensive search
on PubMed/MEDLINE and Scopus databases to identify
relevant studies comparing TEBP versus NTEBP using the
search terms: (“blood patch” OR EBP) AND (intracranial hy-
potension OR SIH OR spontaneous intracranial hypotension
OR craniospinal hypotension OR low pressure headache OR
low-pressure headache OR cerebrospinal fluid hypovolemia
OR cerebrospinal fluid hypotension OR cerebro-spinal fluid
hypotension OR CSF hypotension OR cerebrospinal fluid
hypovolemia OR cerebro-spinal fluid hypovolemia OR CSF
hypovolemia).

The search was updated to November 28, 2024, with no time
limit. A forward search on references of the retrieved articles
was also performed to increase the search power.

2.2 | Study Selection

The search was limited to peer-reviewed studies published in
English. Only papers that contained quantitative data were
included. Other inclusion criteria were as follows: papers com-
paring TEBP versus NTEBP; studies including more than five
patients; follow-up of at least 6 months. Review papers and
papers not presenting explicit data for each group (TEBP vs
NTEBP) were excluded.

Two authors (CLS and MP) independently screened titles and
abstracts of the articles retrieved by the search algorithm and
selected studies according to the inclusion or exclusion criteria.

After the exclusion of ineligible articles, full texts of the remain-
ing studies were assessed for eligibility according to the same
criteria (Figure 1). Disagreements were resolved in a consensus
meeting through a new reading of the article and collegial re-
evaluation of the extracted data.

2.3 | Data Extraction

For each eligible study, we extracted author, year of publica-
tion, study design, total number of patients per treatment group,
number of successful first tries for each group, number of indi-
viduals that required multiple EBPs, overall clinical outcomes,
complications, and radiological findings. Clinical outcomes
included global improvement of headaches post-intervention.
Radiological outcomes reflected the eligibility to locate the leak
by imaging.

2.4 | Presentation of Data and Statistical Analysis

Following a systematic review, we conducted a meta-analysis
where sufficient data were available from multiple studies for
a given outcome. This analysis calculated odds ratios (ORs) to
compare TEBP with NTBP for a limited number of outcomes.
OpenMetaAnalyst software (http://www.cebm.brown.edu/
openmeta/), an R-based program funded by the Agency for
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FIGURE1 | PRISMA 2020 flow diagram for new systematic reviews.

Healthcare Research and Quality (Rockville, MD, USA), was
used for all statistical analyses.

2.5 | Quality Assessment (Risk of Bias)

The ROBINS-I V2 (Risk Of Bias In Non-randomized Studies—
of Interventions, Version 2) assessment tool along with the rob-
ins application (https://mcguinlu.shinyapps.io/robvis/) was
used to evaluate study quality through visual representations
(Figure 2).

3 | Results

The search algorithm retrieved 798 results. The initial screening
process excluded the irrelevant articles based on predefined in-
clusion and exclusion criteria. Specifically, 85 articles were not
in English, 107 were non-comparative studies, 475 were reviews
and case reports, 54 did not deal with the selected population,
25 focused on surgical techniques, and 13 were not pertinent to
the research question.

— | Records excluded:

— 3| Reports excluded:

Records removed before screening:
Not in English: 85

e Not-comparative studies:107

e Case reports or reviews:475

¢ Do not deal with the selected
target population: 54

e Deal with surgical technique:25

e Not pertinent with the research
question:13

Deal only with Targeted or/
Blinded approach:30

Case report of people that
underwent both procedures:
14

A secondary selection phase focused on identifying studies spe-
cifically comparing TEBP versus NTEBP. During this stage,
articles with insufficient data and reviews were also excluded
(n=44).

Lastly, we included seven comparative studies in the final anal-
ysis (Figure 1; Table 1), whose quality was assessed using the
ROBINS-I V2 tool for risk of bias evaluation (Figure 2).

The study selection process was documented using the
PRISMA 2020 flowchart, outlining the stages of identifica-
tion, screening, eligibility assessment, and final inclusion
(Figure 1).

3.1 | Systematic Review

The procedural approaches for epidural blood patching varied
across the seven included studies. For targeted epidural blood
patch (TEBP), injection sites were chosen to directly address
the identified CSF leak, which could be located at cervical, tho-
racic, or lumbar levels as determined by imaging. Nontargeted
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FIGURE2 | ROBINS-IV2 (Risk Of Bias In Non-randomized Studies—of Interventions, Vers. 2).

epidural blood patch (NTEBP) techniques also demonstrated
variability; some studies reported empirical lumbar injections
(e.g., L3-L4 level [27, 32]), while others utilized specific multi-
level protocols such as combined cervicothoracic (e.g., C7/T1)
and thoracolumbar (e.g., T12/L1) injections [29], or targeted
the cervicothoracic junction alone for unlocalized leaks [30].
Perthen et al. [31] also noted NTEBP typically being performed
in the lumbar region [31].

An overview of the findings from the selected studies suggests
that while both TEBP and NTEBP contribute to overall patient
improvement, there is little to no significant difference in overall
success rates between the two approaches.

Supporting this, Ahn et al. [29] found no significant difference in
efficacy between the two groups, reporting that 71.4% of NTEBP
patients and 69.3% of TEBP patients experienced complete relief
after the first patch [29].

In contrast, both Cho et al. [27] and Lee et al. [31] reported nota-
ble differences in the effectiveness of the first patch between the
two approaches [27, 30]. Cho et al. showed that patients in the
TEBP (87.1%) experienced complete relief more often than the
NTEBP (52%) group [27]. A decade later, Lee et al. confirmed
those results, reporting 73.5% success for TEBP versus 45.8% for
NTEBP at the first attempted patch [30].

The need for repeated EBP is a key factor assessed to address the
long-term efficacy of the two approaches. Ahn et al. and Gomez
et al. found no significant difference in the need for repeat blood
patches between the two groups [29, 32]. However, Cho et al.
noted that 63.2% of patients in the NTEBP required multiple re-
peat patches due to persistent headaches, compared to 12.9% of
the TEBP group [27].

Long-term recurrence rates provide insight into the durabil-
ity of symptom relief. Perthen et al. reported that TEBP has a
higher relapse (23%) rate compared to NTEBP (10%) suggesting
that while TEBP may provide an initial higher success, it may
not always offer more durable relief [31]. In 2018, Lee et al. sup-
ported the findings of Perthen et al. stating the need for multiple
patches regardless of the technique [28].

Finally, because of risks associated with spinal cord compres-
sion, chemical meningitis, iatrogenic epidural hematoma, and
intrathecal blood injection, some authors advocate for NTEBP
as a first-line treatment, reserving TEBP for refractory cases.

3.2 | Meta-Analysis

A meta-analysis was performed to evaluate the comparative ef-
fectiveness of TEBP and NTEBP in the treatment of SIH. The
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primary outcomes assessed were: (1) early symptom relief, (2)

3.3 | Risk of Bias

the need for retreatment due to symptom recurrence, and (3)

overall outcome following one or more treatments.

portions and odds ratios were calculated. While TEBP appeared
to be associated with numerically higher proportions of early
symptom relief and overall positive outcome, and a lower pro-

portion of retreatments, these differences were not
significant. Considerable heterogeneity was observe

included studies for all outcomes. These results are summarized

in Figure 3 and Table 2.

A

Studies Estimate (95% C.I.)

Cho KI 2011 2.625 (0.670, 10.285)
Lee JY 2018 0.180 (0.052, 0.627)
Ahn C 2019 0.954 (0.373, 2.440)
Lee HJ 2021 81.762 (4.372, 1529.085)
Lee J 2024 1.682 (0.640, 4.419)
Gomez M 2024 33.000 (4.695, 231.956)

Overall (1*2=83.03 % , P<0.001) 2.551 (0.665, 9.789)

Studies Estimate (95% C.I.)
Cho KI 2011 7-313 (1:971; 27.124)
Ahn C 2019 0.755 (0.307, 1.854)
Lee HJ 2021 0.012 (0.001, 0.229)
Perthen JE 2021 1.264 (0.298, 5.360)
Lee J 2024 0.595 (0.226, 1.562)
Gomez M 2024 9.324 (0.485, 179.188)

Overall (1*2=76.53 % , P< 0.001) 1.029 (0.305,  3.472)

Studies Estimate (95% C.I.)
Cho KI 2011 2.625 (0.670, 10.285)
Lee JY 2018 0.180 (0.052, 0.627)
Ahn C 2019 3.400 (0.646, 17.904)
Lee HJ 2021 81.762 (4.372, 1529.085)
Perthen JE 2021 0.900 (0.345, 2.349)
Lee J 2024 1.682 (0.640, 4.419)

Overall (1"2=75.53 % , P=0.001) 1.681 (0.556, 5.082)

Pooled pro- The ROBINS-I V2 tool was used. Overall, four of the retrieved
studies showed a low risk of bias [27, 28, 31, 33], while one paper
was deemed at serious risk of overall bias [32]. In particular, the
sixth domain of the ROBINS-I V2 tool, namely the risk of bias in
measurement of outcomes, was judged as the domain at higher
risk of bias across studies, as only one paper was judged at low
risk of bias in this domain [31]. These results are summarized

in Figure 2.
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FIGURE 3 | Meta-analysis results. (A) Early symptom relief; (B) Need for retreatment; (C) Overall positive outcome after treatment.
TABLE 2 | Meta-analysis: Pooled proportions and odds ratios.
Proportion (95% CI)
Outcomes TEBP NTEBP OR (95% CI) P P
Early symptoms relief 0.737 (0.637-0.837) 0.464 (0.210-0.717) 2.551 (0.655-9.789) 0.2 83%
Need for retreatment 0.469 (0.187-0.751) 0.519 (0.217-0.822) 1.029 (0.305-3.472) 0.96 76%
Overall positive outcome 0.747 (0.601-0.893) 0.569 (0.344-0.795) 1.681 (0.556-5.082) 0.3 75%
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4 | Discussion

This meta-analysis aimed at comparing the effectiveness of
TEBP compared with NTEBP. While conservative treatment
with bed rest, hydration, caffeine, and steroids is often the initial
approach, it proves effective in only about 28% of cases [3, 11].
Within these conservative strategies, corticosteroids have been
noted for their potential therapeutic role. The clinical benefits
in CSF hypotension may derive from several mechanisms as
discussed in the literature, briefly including improving brain
edema and inflammation from brain sag, inducing fluid reten-
tion, reducing CSF hyperabsorption, and facilitating reabsorp-
tion of extradural CSF to increase CSF volume [34].

For the remaining patients who do not respond, epidural blood
patching (EBP) has become the most significant intervention for
substantial symptom relief.

A targeted approach implicates a more sophisticated diagnos-
tic workup often requiring MR myelography with intrathecal
gadolinium, digital subtraction myelography (DSM), DSM
in lateral decubitus, or dynamic CT myelography [35-41].
Consequently, despite its perceived advantages, TEBP is less
frequently used in clinical practice, especially as an initial
treatment strategy. Furthermore, medical literature does not
currently support a clear superiority of TEBP over NTEBP.
To address this gap, we analyzed and compared TEBP and
NTEBP for SIH treatment, focusing on three primary end-
points: symptom relief after a single EBP, the need for subse-
quent retreatment, and the overall positive outcome achieved
with one or more EBP procedures.

4.1 | Early Symptom Relief

The findings of this meta-analysis indicate that TEBP does not
demonstrate superiority in short-term symptom alleviation com-
pared to NTEBP. This observation supports the hypothesis that
a nontargeted approach facilitates effective sealing, resulting in
early symptom improvement. However, the long-term efficacy
of both techniques is often compromised by the recurrence of
symptoms necessitating further intervention.

4.2 | Reintervention

The relapse rate following EBP is a key factor to consider.
Although TEBP could be perceived as more accurate and de-
finitive, our meta-analysis (OR 1.029, 95% CI: 0.305-3.472,
p=0.96) demonstrates that it does not reduce the need for re-
treatment compared to NTEBP. However, in some studies such
as Moriyama et al. Fei-Fang He et al. and Takai et al. almost all
the patients in the TEBP achieved full recovery after a single
treatment, highlighting the efficacy when precise imaging tech-
niques were used to locate the leakage [7, 42, 43]. In particular,
Fei-Fang He et al. reported an exceptionally high success rate,
with all 165 patients experiencing good recovery after TEBP
[7]. Differently, Maingard et al. and Rettenmaier et al. reported
some cases where redo treatments were necessary after the first
TEBP [44, 45]. These findings reinforce the non-superiority of
the TEBP with respect to the NTEBP.

Some studies even suggest potentially higher relapse rates
with TEBP due to undetected small leaks or the presence of
more complex leak patterns in patients initially undergoing
TEBP. This could be due to the difficulty in detecting small
leaks during targeted procedures or because patients under-
going TEBP often present with more complex leak patterns
initially [27].

Our meta-analysis, however, found similar retreatment rates
between the two groups. This difference in findings likely re-
flects the influence of factors such as leak severity, location, and
patient-specific anatomy, all of which can affect how long the
treatment lasts.

4.3 | Overall Clinical Outcome

Overall, this meta-analysis confirmed the effectiveness of both
TEBP and NTEBP in the treatment of STH. At the conclusion
of treatment, TEBP appeared to be associated with a greater
proportion of positive outcomes. However, this difference was
not statistically significant as determined by the odds ratio
(OR). The substantial heterogeneity observed (I?=75.53%)
suggests a significant influence of patient selection criteria,
procedural variations, and institutional practices on the study
results. Although a targeted approach is often advocated for
its potential to reduce retreatment rates and improve clinical
outcomes, this hypothesis was not supported by our meta-
analysis. Our findings are consistent with the results reported
by Lee JY et al. [28], Ahn et al. [29], and Lee J et al. [32], who
also demonstrated comparable outcomes between targeted
and nontargeted approaches, suggesting that the nontargeted
approach may be optimal in the majority of clinical settings
[28, 29, 33].

4.4 | Considerations

The results of this meta-analysis suggest that NTEBP may be
considered as a suitable initial treatment approach for SIH in
most clinical settings. Although TEBP showed trends toward
higher first-attempt success rates and potentially better overall
outcomes, the considerable heterogeneity among the included
studies raises concerns about the reliability and generalizabil-
ity of these findings. Indeed, the localization of CSF leaks for
targeted approaches involved various imaging modalities, in-
cluding MR myelography, CT myelography, and DSM, as re-
ported in Table 1. However, the included studies generally did
not stratify TEBP outcomes by the specific imaging technique
used for guidance. Consequently, a sub-analysis to determine
if certain targeting modalities are associated with better out-
comes than others was not feasible and remains an area for
future investigation. This heterogeneity underscores the need
for further research to identify the specific patient populations
that might benefit most from TEBP. In the interim, NTEBP
offers a more readily accessible, cost-effective, and efficient
option, particularly for patients with difficult-to-access or lo-
calized leaks. Furthermore, the noninvasive nature of NTEBP,
avoiding the need for advanced imaging and targeted injec-
tions, potentially reduces the risk of complications. Therefore,
while TEBP remains a viable alternative, this analysis suggests
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the potential for broader application of NTEBP as a first-line
intervention for SIH, based on its favorable safety profile and
practical advantages, especially given the current uncertain-
ties surrounding the true benefits of TEBP.

4.5 | Risk of Bias and Limitations

The substantial heterogeneity among the included studies sig-
nificantly limits the generalizability of our findings. Beyond
this, a key concern is the potential for overlapping patient co-
horts in studies from the same institutions, specifically Cho
et al. [27] and Lee JY et al. [28] from Samsung Medical Center
[27, 28], and Ahn et al. [29] and Lee J et al. [32] from Seoul
National University Bundang Hospital [29, 33]. The latter pair
also had temporally overlapping study periods (Ahn: 2013-2017;
Lee J: 2015-2019), increasing this risk. The extent of any such
inter-study overlap could not be quantified from the published
data, potentially biasing pooled estimates. Additionally, within-
study patient crossover between NTEBP and TEBP arms in
some primary studies, though handled as reported in primary
studies, adds complexity. Furthermore, our risk of bias assess-
ment highlighted that several included studies presented a con-
siderable risk of bias. This was particularly evident concerning
the measurement of outcomes, potential confounding, and devi-
ations from intended interventions. Indeed, the definition and
assessment of clinical outcomes, including “early symptom re-
lief” and “overall positive outcome,” varied substantially across
the studies. These outcomes were generally based on patient-
reported measures, such as changes in headache severity (e.g.,
Visual Analog Scale [VAS] or Numerical Rating Scale [NRS]
scores, often with specific thresholds for improvement like
>50% reduction) and qualitative assessments of symptom reso-
lution (e.g., “complete relief,” “partial relief,” or categories such
as “excellent,” “good,” and “fair”). The need for retreatment was
also a common, though variably defined, metric. This signifi-
cant variability in outcome definition and measurement directly
contributed to the observed heterogeneity in our pooled results
and represents a key limitation in comparing efficacy consis-
tently. Lastly, while the risks associated with EBP procedures
in general and the specific diagnostic interventions required for
TEBP are recognized, the included studies did not consistently
report comparative data on complication rates specifically dis-
tinguishing between the TEBP and NTEBP cohorts. This lack
of granular, comparative safety data prevented a quantitative
analysis of complications between the two techniques, which is
a limitation of this review.

These limitations underscore the need for cautious interpreta-
tion of our results and highlight the importance of future re-
search addressing these methodological concerns.

5 | Conclusion

This meta-analysis suggests that while TEBP may offer marginal
trends toward higher rates of early symptom relief, improved
overall outcomes, and a lower need for retreatment, these po-
tential benefits are not statistically significant compared to
NTEBP. Therefore, from a practical perspective, considering the
comparable effectiveness of both approaches and the significant

reduction in pretreatment investigations required for NTEBP,
NTEBP appears to be a reasonable initial treatment strategy.
This approach eliminates the need for invasive imaging, simpli-
fies the procedure, and reduces associated risks, all while pre-
serving therapeutic efficacy.

Author Contributions

Matteo Palermo: conceptualization, investigation, writing - review
and editing, writing - original draft, data curation. Carmelo Lucio
Sturiale: conceptualization, investigation, methodology, validation,
writing - review and editing, visualization, writing — original draft,
supervision. Sonia D'Arrigo: investigation, methodology, validation,
formal analysis, visualization, writing — review and editing, supervi-
sion. Gianluca Trevisi: conceptualization, methodology, validation,
software, formal analysis, visualization, writing - review and editing,
data curation.

Ethics Statement

IRB approval was not required for a systematic review in our institute.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analysed during the current study.

References

1. G. Schaltenbrand, “Normal and Pathological Physiology of the Cere-
brospinal Fluid Circulation,” Lancet 1, no. 6765 (1953): 805-808, https://
doi.org/10.1016/s0140-6736(53)91948-5.

2. E. Ferrante, M. Trimboli, and F. Rubino, “Spontaneous JCM.'ntracra-
nial Hypotension: Review and Expert Opinion,” Acta Neurologica Bel-
gica 120, no. 1 (2020): 9-18, https://doi.org/10.1007/s13760-019-01166-8.

3. W. M. N. Bin Wan Hassan, F. Mistretta, S. Molinaro, et al., “Overview
of Spontaneous Intracranial Hypotension and Differential Diagnosis
With Chiari I Malformation,” JCM 12, no. 9 (2023): 3287, https://doi.
0rg/10.3390/jcm12093287.

4.S. Cheema, J. Anderson, H. Angus-Leppan, et al., “Multidisciplinary
Consensus Guideline for the Diagnosis and Management of Sponta-
neous Intracranial Hypotension,” Journal of Neurology, Neurosurgery,
and Psychiatry 94, no. 10 (2023): 835-843, https://doi.org/10.1136/
jnnp-2023-331166.

5.Y. N. Choi, S. J. Kang, J. D. Joo, Y. M. Kim, J. H. In, and Y. J. Park,
“Targeted Transforaminal Epidural Blood Patch for Postdural Puncture
Headache in Patients With Postlaminectomy Syndrome,” Case Reports
in Neurological Medicine 2019 (2019): 1, 1968314-4, https://doi.org/10.
1155/2019/1968314.

6. A. Esposito, L. Ugga, E. Tedeschi, R. Iodice, and M. Moccia, “Com-
ment on: Multidisciplinary Consensus Guideline for the Diagnosis
and Management of Spontaneous Intracranial Hypotension,” Journal
of Neurology, Neurosurgery, and Psychiatry 95, no. 2 (2024): 196-197,
https://doi.org/10.1136/jnnp-2023-331981.

7.F. F. He, L. Li, M. J. Liu, T. D. Zhong, Q. W. Zhang, and X. M. Fang,
“Targeted Epidural Blood Patch Treatment for Refractory Spontaneous

8 of 10

European Journal of Neurology, 2025

5L 17 SUOWILLOD SAIIEa1D) 3|gedljdde auy Ag pausenob afe sspie YO ‘8sh Jo sa|n 1oy AkeiqiauljuQ 8|1\ UO (SUOIIPUOD-PUE-SLLLIB)WIOD A | 1M Aelq U Uuo//:SdNy) SuoIpUoD pue swid | auy 89S *[520z/L0/20] uo AriqiauljuQ A3 |IM el eUeIyd0D AQ 6E20. BUS/TTTT OT/I0P/WO0d AS| 1M Alelq Ul |uo//:Sdny wouy pepeojumoq ‘9 ‘G202 ‘TEST8OVT


https://doi.org/10.1016/s0140-6736(53)91948-5
https://doi.org/10.1016/s0140-6736(53)91948-5
https://doi.org/10.1007/s13760-019-01166-8
https://doi.org/10.3390/jcm12093287
https://doi.org/10.3390/jcm12093287
https://doi.org/10.1136/jnnp-2023-331166
https://doi.org/10.1136/jnnp-2023-331166
https://doi.org/10.1155/2019/1968314
https://doi.org/10.1155/2019/1968314
https://doi.org/10.1136/jnnp-2023-331981

Intracranial Hypotension in China,” Journal of Neurological Surgery
Part B: Skull Base 79, no. 03 (2018): 217-223, https://doi.org/10.1055/
s-0037-1606312.

8.J. Hong, X. Li, K. Wang, C. Gao, F. He, and X. Qi, “Comparison of
Clinical Characteristics With Spontaneous Intracranial Hypotension
Complicated With Subdural Hematoma Between Surgical Treatment
and Non-Surgical Treatment,” Clinical Neurology and Neurosurgery 226
(2023): 107622, https://doi.org/10.1016/j.clineuro.2023.107622.

9. N. Liitzen, E. B. Aleman, A. El Rahal, et al., “Sacral Dural Tears as a
Cause of Spontaneous Intracranial Hypotension,” Clinical Neuroradiology
33, no. 4 (2023): 957-964, https://doi.org/10.1007/s00062-023-01292-0.

10. M. Roy, S. Welschbillig, M. Cantier, D. Chauvet, P. Bourdillon, and
N. Engrand, “Rescue Epidural Saline Patch for Comatose Patients With
Refractory Convexity Spontaneous Subacute Subdural Hematoma: Case
Report,” Neurology: Clinical Practice 13, no. 2 (2023): 200137, https://
doi.org/10.1212/CPJ.0000000000200137.

11. L. D'Antona, M. A. Jaime Merchan, A. Vassiliou, et al., “Clinical Pre-
sentation, Investigation Findings, and Treatment Outcomes of Sponta-
neous Intracranial Hypotension Syndrome,” JAMA Neurology 78, no. 3
(2021): 1-9, https://doi.org/10.1001/jamaneurol.2020.4799.

12. W. E. Bell, R. J. Joynt, and A. L. Sahs, “Low Spinal Fluid Pressure
Syndromes,” Neurology 10, no. 5 (1960): 512-512, https://doi.org/10.
1212/WNL.10.5.512.

13. M. R. Jones, N. A. Shlobin, and N. S. Dahdaleh, “Spontaneous Spinal
Cerebrospinal Fluid Leak: Review and Management Algorithm,” World
Neurosurgery 150 (2021): 133-139, https://doi.org/10.1016/j.wneu.2021.
03.115.

14. B. R. Kim, J. W. Lee, E. Lee, Y. Kang, J. M. Ahn, and H. S. Kang,
“Utility of Heavily T2-Weighted MR Myelography as the First Step
in CSF Leak Detection and the Planning of Epidural Blood Patches,”
Journal of Clinical Neuroscience 77 (2020): 110-115, https://doi.org/10.
1016/j.jocn.2020.05.010.

15. P. G. Kranz, L. Gray, and J. N. Taylor, “CT-Guided Epidural Blood
Patching of Directly Observed or Potential Leak Sites for the Targeted
Treatment of Spontaneous Intracranial Hypotension,” AJNR. American
Journal of Neuroradiology 32, no. 5 (2011): 832-838, https://doi.org/10.
3174/ajnr.A2384.

16. P. Upadhyaya and J. Ailani, “A Review of Spontaneous Intracranial
Hypotension,” Current Neurology and Neuroscience Reports 19, no. 5
(2019): 22, https://doi.org/10.1007/s11910-019-0938-7.

17. R. Tonnelet, S. Colnat-Coulbois, G. Mione, et al., “Successful Treat-
ment of Spontaneous Intracranial Hypotension by Plugging the Cere-
brospinal Fluid Leak With Percutaneous Cyanoacrylate Injection: A
Report of 2 Cases,” World Neurosurgery 91 (2016): 390-398, https://doi.
org/10.1016/j.-wneu.2016.04.051.

18. L. Chen, H. Wu, X. Hu, and G. Ying, “Acquired Tonsillar Herniation
Related to Spontaneous Intracranial Hypotension: Case Reports,” Fron-
tiers in Neurology 15 (2024): 1309718, https://doi.org/10.3389/fneur.
2024.1309718.

19.S. K. Cosarcan and O. Ercelen, “The Cervical Blood Patch: A Ther-
apeutic “Miraculous” for Cerebrospinal Fluid Leaks: A Case Report,”
Medicine 103, no. 5 (2024): 37035, https://doi.org/10.1097/MD.00000
00000037035.

20.J. L. Houk, S. Morrison, S. Peskoe, T. J. Amrhein, and P. G. Kranz,
“Validity of the Bern Score as a Surrogate Marker of Clinical Severity in
Patients With Spontaneous Intracranial Hypotension,” AJNR. Ameri-
can Journal of Neuroradiology 44, no. 9 (2023): 1096-1100, https://doi.
org/10.3174/ajnr.A7962.

21. S.Kaivola, J. Martola, and A. Viédninen, “Extensive Epidural Spread
of Cerebrospinal Fluid Displacing the Spinal Cord After an Inadvertent
Dural Puncture in an Obstetric Patient,” International Journal of Ob-
stetric Anesthesia 57 (2024): 103960, https://doi.org/10.1016/j.ijoa.2023.
103960.

22.V. Levi, N. E. Di Laurenzio, A. Franzini, et al., “Lumbar Epidural
Blood Patch: Effectiveness on Orthostatic Headache and MRI Predic-
tive Factors in 101 Consecutive Patients Affected by Spontaneous In-
tracranial Hypotension,” Journal of Neurosurgery 132, no. 3 (2020):
809-817, https://doi.org/10.3171/2018.10.JNS181597.

23.S. Parsian, M. C. Matesan, S. S. Kumbhar, and D. H. Lewis, “Sponta-
neous Intracranial Hypotension With Site of Leak Detected Only After
111In-DTPA Cisternogram,” Clinical Nuclear Medicine 42, no. 4 (2017):
e221-e223, https://doi.org/10.1097/RLU.0000000000001536.

24. G. Sousa, B. Alves, F. Cunha, J. Magalhdes, E. Figueiredo, and L.
Abreu, “Closing the Gap: A Case Report on a Blood Patch Solution for
Cerebrospinal Fluid Leak,” Cureus 15, no. 12 (2023): 50784, https://doi.
org/10.7759/cureus.50784.

25. P. Wang, X. Zhou, F. Sheng, X. Wang, C. Shi, and W. Feng, “Ultra-
sonic Optic Nerve Sheath Diameter Can Be Used as a Diagnostic Mea-
sure After Accidental Dural Puncture During Cesarean Section: A Case
Report,” BMC Anesthesiology 24, no. 1 (2024): 35, https://doi.org/10.
1186/512871-024-02418-8.

26. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020
Statement: An Updated Guideline for Reporting Systematic Reviews,”
BMJ (Clinical Research ed.) 372 (2021): n71, https://doi.org/10.1136/
bmj.n71.

27.K. 1. Cho, H. S. Moon, H. J. Jeon, K. Park, and D. S. Kong, “Spon-
taneous Intracranial Hypotension: Efficacy of Radiologic Targeting vs
Blind Blood Patch,” Neurology 76, no. 13 (2011): 1139-1144, https://doi.
0rg/10.1212/WNL.0b013e318212ab43.

28.J.Y.Lee, M. J. Lee, H. J. Park, et al., “Clinical Effect of the Proximity
of Epidural Blood Patch Injection to the Leakage Site in Spontaneous
Intracranial Hypotension,” British Journal of Neurosurgery 32, no. 6
(2018): 671-673, https://doi.org/10.1080/02688697.2018.1519109.

29. C.Ahn, E. Lee,J. W. Lee, C. G. Chee, Y. Kang, and H. S. Kang, “Two-
Site Blind Epidural Blood Patch Versus Targeted Epidural Blood Patch
in Spontaneous Intracranial Hypotension,” Journal of Clinical Neurosci-
ence 62 (2019): 147-154, https://doi.org/10.1016/j.jocn.2018.11.039.

30. H.J. Lee, Y. H. Lee, J. H. Park, and J. Hong, “Comparison of Efficacy
of an Epidural Blood Patch in Patients With Spinal Leakage of Cerebro-
spinal Fluid,” Pain Physician 24, no. 8 (2021): 571-576.

31.J. E. Perthen, P. J. Dorman, D. Morland, N. Redfern, and D. J. Butter-
iss, “Treatment of Spontaneous Intracranial Hypotension: Experiences
in a UK Regional Neurosciences Centre,” Clinical Medicine 21, no. 3
(2021): €247, https://doi.org/10.7861/clinmed.2020-0791.

32. M. Gomez, M. Sharma, T. L. H. Chan, G. Bellingham, and J. Chui,
“Epidural Blood Patch for the Treatment of Spontaneous Intracranial
Hypotension: A Case Series,” Journal of Neurosurgical Anesthesiology
Published Online July 19 (2024), https://doi.org/10.1097/ANA.00000
00000000981.

33.J. Lee, H. Kang, S. Kim, et al., “Effect of Blind Versus Fluoroscopic
Guidance Epidural Blood Patch in Patients With Intracranial Hypoten-
sion,” Journal of Clinical Neuroscience 123 (2024): 118-122, https://doi.
0rg/10.1016/j.jocn.2024.03.029.

34. S. Tonello, U. Grossi, E. Trincia, and G. Zanus, “First-Line Steroid
Treatment for Spontaneous Intracranial Hypotension,” European Jour-
nal of Neurology 29, no. 3 (2022): 947-949, https://doi.org/10.1111/ene.
15195.

35. T. Dobrocky, P. J. Mosimann, F. Zibold, et al., “Cryptogenic Cere-
brospinal Fluid Leaks in Spontaneous Intracranial Hypotension: Role
of Dynamic CT Myelography,” Radiology 289, no. 3 (2018): 766-772,
https://doi.org/10.1148/radiol.2018180732.

36.J. Galvan, M. Maya, R. S. Prasad, V. S. Wadhwa, and W. Schievink,
“Spinal Cerebrospinal Fluid Leak Localization With Digital Subtrac-
tion Myelography: Tips, Tricks, and Pitfalls,” Radiologic Clinics of North
America 62, no. 2 (2024): 321-332, https://doi.org/10.1016/j.rcl.2023.
10.004.

90f 10

85U017 SUOWIWOD) 8A a1 3|qeot|dde aL Aq peusencb afe sejoiie O ‘8sh J0 Sa|nu Joj Ariqi]8ulUQ 8] UO (SUOIPUOD-PUR-SWLSI W0 A 1M ARe.d [l juo//Sdny) SUOIIPUOD pue swis | 841 89S *[5202/20/20] Uo AriqiTaul|uo A8|IM el euUeIyd0D AQ 66202 3US/TTTT OT/I0P/WO0D A8 | 1M ALeiq 1 puluo//Sdny Wouy pepeo|umod ‘9 ‘5202 ‘TEET8IrT


https://doi.org/10.1055/s-0037-1606312
https://doi.org/10.1055/s-0037-1606312
https://doi.org/10.1016/j.clineuro.2023.107622
https://doi.org/10.1007/s00062-023-01292-0
https://doi.org/10.1212/CPJ.0000000000200137
https://doi.org/10.1212/CPJ.0000000000200137
https://doi.org/10.1001/jamaneurol.2020.4799
https://doi.org/10.1212/WNL.10.5.512
https://doi.org/10.1212/WNL.10.5.512
https://doi.org/10.1016/j.wneu.2021.03.115
https://doi.org/10.1016/j.wneu.2021.03.115
https://doi.org/10.1016/j.jocn.2020.05.010
https://doi.org/10.1016/j.jocn.2020.05.010
https://doi.org/10.3174/ajnr.A2384
https://doi.org/10.3174/ajnr.A2384
https://doi.org/10.1007/s11910-019-0938-7
https://doi.org/10.1016/j.wneu.2016.04.051
https://doi.org/10.1016/j.wneu.2016.04.051
https://doi.org/10.3389/fneur.2024.1309718
https://doi.org/10.3389/fneur.2024.1309718
https://doi.org/10.1097/MD.0000000000037035
https://doi.org/10.1097/MD.0000000000037035
https://doi.org/10.3174/ajnr.A7962
https://doi.org/10.3174/ajnr.A7962
https://doi.org/10.1016/j.ijoa.2023.103960
https://doi.org/10.1016/j.ijoa.2023.103960
https://doi.org/10.3171/2018.10.JNS181597
https://doi.org/10.1097/RLU.0000000000001536
https://doi.org/10.7759/cureus.50784
https://doi.org/10.7759/cureus.50784
https://doi.org/10.1186/s12871-024-02418-8
https://doi.org/10.1186/s12871-024-02418-8
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1212/WNL.0b013e318212ab43
https://doi.org/10.1212/WNL.0b013e318212ab43
https://doi.org/10.1080/02688697.2018.1519109
https://doi.org/10.1016/j.jocn.2018.11.039
https://doi.org/10.7861/clinmed.2020-0791
https://doi.org/10.1097/ANA.0000000000000981
https://doi.org/10.1097/ANA.0000000000000981
https://doi.org/10.1016/j.jocn.2024.03.029
https://doi.org/10.1016/j.jocn.2024.03.029
https://doi.org/10.1111/ene.15195
https://doi.org/10.1111/ene.15195
https://doi.org/10.1148/radiol.2018180732
https://doi.org/10.1016/j.rcl.2023.10.004
https://doi.org/10.1016/j.rcl.2023.10.004

37.S.J. Lee, D. Kim, C. H. Suh, H. Heo, W. H. Shim, and S. J. Kim, “Di-
agnostic Yield of MR Myelography in Patients With Newly Diagnosed
Spontaneous Intracranial Hypotension: A Systematic Review and Meta-
Analysis,” European Radiology 32, no. 11 (2022): 7843-7853, https://doi.
0rg/10.1007/s00330-022-08845-w.

38. A. A. Madhavan, C. M. Carr, J. C. Benson, et al., “Diagnostic Yield of
Intrathecal Gadolinium MR Myelography for CSF Leak Localization,”
Clinical Neuroradiology 32, no. 2 (2022): 537-545, https://doi.org/10.
1007/s00062-021-01060-y.

39. W. L. Schievink, M. M. Maya, F. G. Moser, et al., “Lateral Decubitus
Digital Subtraction Myelography to Identify Spinal CSF-Venous Fistu-
las in Spontaneous Intracranial Hypotension,” Journal of Neurosurgery.
Spine 31, no. 6 (2019): 902-905, https://doi.org/10.3171/2019.6.SPINE
19487.

40. D. P. Shlapak, I. T. Mark, D. K. Kim, et al., “Incremental Diagnostic
Yield and Clinical Outcomes of Lateral Decubitus CT Myelogram Im-
mediately Following Negative Lateral Decubitus Digital Subtraction
Myelogram,” Neuroradiology Journal 36, no. 5 (2023): 593-600, https://
doi.org/10.1177/19714009231173110.

41.Y. F. Wang, J. F. Lirng, J. L. Fuh, S. S. Hseu, and S. J. Wang, “Heav-
ily T2-Weighted MR Myelography vs CT Myelography in Spontaneous
Intracranial Hypotension,” Neurology 73, no. 22 (2009): 1892-1898,
https://doi.org/10.1212/WNL.0b013e3181c3fd99.

42. E. Moriyama and S. Ishikawa, “Dural Entry Point of the Vertebral
Artery: An Overlooked Route of Spinal CSF Leaks,” NMC Case Report
Journal 9, no. 0 (2022): 1-5, https://doi.org/10.2176/jns-nmc.2021-0265.

43. K. Takai and M. Taniguchi, “Targeted Epidural Blood Patch Under
O-Arm-Guided Stereotactic Navigation in Patients With Intracranial
Hypotension Associated With a Spinal Cerebrospinal Fluid Leak and
Ventral Dural Defect,” World Neurosurgery 107 (2017): 351-357, https://
doi.org/10.1016/j.wneu.2017.07.168.

44.]. Maingard, L. Giles, M. Marriott, and P. M. Phal, “Cervical CT
Scan-Guided Epidural Blood Patches for Spontaneous Intracranial
Hypotension,” Journal of Clinical Neuroscience 22, no. 12 (2015): 1973-
1976, https://doi.org/10.1016/j.jocn.2015.04.011.

45. L. A. Rettenmaier, B. J. Park, M. T. Holland, et al., “Value of Tar-
geted Epidural Blood Patch and Management of Subdural Hematoma
in Spontaneous Intracranial Hypotension: Case Report and Review of
the Literature,” World Neurosurgery 97 (2017): 27-38, https://doi.org/10.
1016/j.wneu.2016.09.076.

10 of 10

European Journal of Neurology, 2025

85U017 SUOWIWOD) 8A a1 3|qeot|dde aL Aq peusencb afe sejoiie O ‘8sh J0 Sa|nu Joj Ariqi]8ulUQ 8] UO (SUOIPUOD-PUR-SWLSI W0 A 1M ARe.d [l juo//Sdny) SUOIIPUOD pue swis | 841 89S *[5202/20/20] Uo AriqiTaul|uo A8|IM el euUeIyd0D AQ 66202 3US/TTTT OT/I0P/WO0D A8 | 1M ALeiq 1 puluo//Sdny Wouy pepeo|umod ‘9 ‘5202 ‘TEET8IrT


https://doi.org/10.1007/s00330-022-08845-w
https://doi.org/10.1007/s00330-022-08845-w
https://doi.org/10.1007/s00062-021-01060-y
https://doi.org/10.1007/s00062-021-01060-y
https://doi.org/10.3171/2019.6.SPINE19487
https://doi.org/10.3171/2019.6.SPINE19487
https://doi.org/10.1177/19714009231173110
https://doi.org/10.1177/19714009231173110
https://doi.org/10.1212/WNL.0b013e3181c3fd99
https://doi.org/10.2176/jns-nmc.2021-0265
https://doi.org/10.1016/j.wneu.2017.07.168
https://doi.org/10.1016/j.wneu.2017.07.168
https://doi.org/10.1016/j.jocn.2015.04.011
https://doi.org/10.1016/j.wneu.2016.09.076
https://doi.org/10.1016/j.wneu.2016.09.076

	Targeted Versus NonTargeted Epidural Blood Patch for Spontaneous Intracranial Hypotension: A Systematic Review and Meta-Analysis
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Search Strategy
	2.2   |   Study Selection
	2.3   |   Data Extraction
	2.4   |   Presentation of Data and Statistical Analysis
	2.5   |   Quality Assessment (Risk of Bias)

	3   |   Results
	3.1   |   Systematic Review
	3.2   |   Meta-Analysis
	3.3   |   Risk of Bias

	4   |   Discussion
	4.1   |   Early Symptom Relief
	4.2   |   Reintervention
	4.3   |   Overall Clinical Outcome
	4.4   |   Considerations
	4.5   |   Risk of Bias and Limitations

	5   |   Conclusion
	Author Contributions
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


