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Abstract 

Background: Spontaneous intracranial hypotension (SIH) is a debilitating disorder caused by non-iatrogenic spinal 
cerebrospinal fluid leaks. SIH is increasingly recognized as an important treatable cause of secondary headaches. 
Treatment involves either epidural blood patching or surgery, which have considerable differences in their adverse 
event rates, recovery times, and cost. The objective of this evidence map is to understand the breadth of studies that 
investigate SIH treatment efficacy and to identify knowledge gaps to inform future research.

Methods: This review will consider experimental, observational, and systematic review studies that assess the 
efficacy of epidural blood patching and surgery for the treatment of patients with SIH. Individual case studies, clinical 
guidelines, editorials, protocols, and studies that do not assess an intervention will not be included. English language 
studies will be included without limitation based on the date of publication. Databases to be searched include MED-
LINE® (via Ovid), EMBASE (via Elsevier), and Web of Science™ (via Clarivate). Study selection will be performed inde-
pendently by two investigators with extracted data to include study type, the number of patients included, patient 
descriptors, intervention characteristics, and outcome measure used. Data will be presented through a narrative 
summary aided by tabular and graphical formats in a manner that aligns with the objective of the evidence mapping 
review.

Discussion: The overarching goal of this evidence map is to provide an improved understanding of the breadth of 
studies investigating SIH treatment efficacy in the literature and to thereby identify knowledge gaps that can inform 
future research directions.

Trial registration: OSF Registry https:// osf. io/ nwju7.
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Background
Spontaneous intracranial hypotension (SIH) is a disabling 
disorder caused by spinal cerebrospinal fluid (CSF) leaks 
[1, 2]. These CSF leaks are not iatrogenic (e.g., not after 

a lumbar puncture) and result in debilitating symptoms, 
most commonly orthostatic headaches [3]. In addition to 
headaches, patients also may suffer from nausea, cogni-
tive dysfunction, neck and interscapular pain, and cranial 
nerve symptoms including diplopia, hearing changes, 
disequilibrium, neuropathies, dementia-like syndromes, 
and in some cases even coma or death [4]. As a result, 
many SIH patients experience significant disability lead-
ing to reduced work productivity and quality of life.
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SIH was once assumed rare but is now recognized as 
an important treatable cause of secondary headaches. 
Unfortunately, misdiagnosis and delayed diagnosis 
remain the norm for SIH patients, with up to 94% experi-
encing delays in their diagnosis ranging from a month to 
years [5]. While the prevalence of SIH is largely unknown, 
one study identified an incidence of 5 in 100,000 in 
patients that presented to the emergency department at 
a major urban hospital, which is similar to the rate of bet-
ter-known causes of secondary headache including suba-
rachnoid hemorrhage [6, 7]. The true incidence is likely 
much greater due to pervasive misdiagnosis.

Once the diagnosis of SIH is made, efforts turn toward 
identification and localization of the spinal CSF leak [8]. 
This then allows for directed treatment in the form of 
either surgery or epidural blood patching (EBP). EBP is 
widely accepted as the first-line treatment for SIH and 
involves the percutaneous injection of autologous ster-
ile blood through a needle into the epidural space. There 
are several variations of the EBP procedure commonly 
employed: (a) imaging-guided or non-imaging-guided, 
(b) targeted directly to the location of a known CSF leak 
or non-targeted (i.e., patching material placed in the 
epidural space without regard to leak location), and (c) 
with or without fibrin glue sealant [9]. The inclusion of 
fibrin sealant in EBP is an off-label use of this product. 
Surgical techniques for treatment of SIH include ligation 
or ablation of a CSF to venous fistula associated with a 
nerve root sleeve as well as direct repair of the dura via 
extradural or intradural approaches [10–13]. While EBP 
is typically the first treatment attempted and effective, 
with a wide range of reported efficacy (36–90%), many 
patients require more than one patch [14–21]. Anec-
dotally, surgery is considered more definitive [10, 12]. 
However, surgery carries with it an increased risk pro-
file compared with EBP, which has a generally low rate of 
adverse events, in addition to significantly longer patient 
recovery times [22]. Further, surgery is considerably more 
expensive than EBP with total costs often 3–10 times that 
of patching. For these reasons, there remains equipoise 
regarding the appropriate treatment algorithm.

We will apply systematic evidence mapping techniques 
to describe the quantity and types of research studies in 
the literature that address the efficacy of two treatments 
for patients with spontaneous intracranial hypertension 
(SIH), epidural blood patching (EBP), and surgery [23]. 
We intend for this to be broad in scope and will include 
patching procedures that are both targeted and non-tar-
geted, imaging-guided and non-imaging guided, and that 
use blood alone, fibrin glue alone, or a combination of 
blood and fibrin glue. For surgery, the scope will be inclu-
sive of all types of surgical procedures used to treat spinal 
CSF leaks and CSF to venous fistulas (CVFs) in patients 

with SIH. We will also describe any outcome measures 
used to define the successful treatment of SIH which we 
envision may include patient symptom response, qual-
ity of life or functional status assessments, and imaging 
biomarkers. Both the use of non-validated assessments 
(e.g., subjective improvement of headache or general 
symptoms) and validated outcome measures (e.g., NRS, 
HIT-6, MIDAS, EQ-5D, PGIC) will be documented. 
A preliminary search of PROSPERO, MEDLINE, the 
Cochrane Database of Systematic Reviews, and the JBI 
Evidence Synthesis was conducted revealing only a sin-
gle published systematic review studying SIH [24]. This 
project was more broad in scope with the intention to 
evaluate the clinical characteristics, methods of diagno-
sis, and general treatment approaches in SIH. Therefore, 
it does not have a significant overlap with the goals of our 
evidence map. No other current or underway evidence 
mapping reviews, scoping reviews, or systematic reviews 
on the topic were identified. The overarching goal of this 
evidence map is to provide an improved understanding 
of the breadth of studies investigating SIH treatment effi-
cacy in the literature and to thereby identify knowledge 
gaps that can inform future research directions.

Methods/design
Review questions/objectives
Two main objectives will be addressed in this evidence 
map:

i) To describe the published literature that evaluates 
the efficacy of epidural patching for the treatment of 
patients with spontaneous intracranial hypotension 
(SIH).

ii) To describe the published literature that evaluates 
the efficacy of surgery for the treatment of patients 
with SIH.

Inclusion criteria
Participants
This review will consider studies that include patients of 
any age or sex with a reported diagnosis of SIH that were 
treated with any form of either EBP or surgery. We will 
also specifically focus on the subset of these studies that 
include patients that definitively meet the International 
Classification of Headache Disorders 3rd Edition defini-
tion of SIH [25].

Exclusion criteria will be studies of patients with head-
aches not secondary to SIH, iatrogenic spinal CSF leaks 
(e.g., post-surgical or due to lumbar puncture), cranial 
CSF leaks, and mixed populations of SIH and non-SIH 
patients without subgroup analysis with results reported 
separately by patients with SIH.
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Concept
This review will consider studies that assess the efficacy 
of treatments for SIH, specifically EBP or surgery, and 
report patient outcomes. Outcomes of interest include 
patient symptom response, quality of life or functional 
status assessments, and imaging biomarkers. This 
includes both non-validated assessments (e.g., subjec-
tive improvement of headache or general symptoms) and 
validated outcome measures (e.g., NRS, HIT-6, MIDAS, 
EQ-5D, PGIC).

Context
This review will consider studies regardless of their loca-
tion, country, or setting.

Types of sources
This evidence mapping review will consider experimen-
tal, observational, and systematic review studies that 
assess the efficacy of epidural blood patching and surgery 
for the treatment of patients with SIH. This will include 
randomized controlled trials, non-randomized con-
trolled trials, controlled before and after studies, inter-
rupted time-series, case series, case-control, prospective 
cohort, retrospective cohort, and relevant systematic 
reviews. Individual case studies, clinical guidelines, edi-
torials, protocols, and studies that do not assess an inter-
vention will not be included. Only studies published in 
English will be included without limitation on the date 
of publication. Publications identified through our search 
will be used as sources to hand-search references and the 
gray literature.

Search strategy
The search strategy will aim to identify published experi-
mental, observational, and systematic review stud-
ies meeting inclusion criteria. The search strategy was 
developed by the research team and an experienced 
medical librarian. An initial limited search was devel-
oped for MEDLINE (via Ovid); relevant articles from 
this search, as well as exemplar publications, were mined 
for keywords. The search strategy utilizes a combina-
tion of keywords searched in the titles and abstracts as 
well as database-specific subject headings. A complete, 
reproducible search strategy for MEDLINE® (via Ovid) 
from 1946 to November 20, 2020, is included in Addi-
tional file 1. This search strategy will be adapted for each 
information source. Databases to be searched include 
MEDLINE® (via Ovid), Web of Science™ (via Clarivate), 
and EMBASE (via Elsevier). The complete, reproduc-
ible search strategies for each database will be included 
in the final manuscript. Reference lists for all articles 
included in this evidence map will be reviewed to identify 

additional relevant publications. The investigators intend 
to contact the authors of included primary studies for 
additional information, as needed. Studies published in 
English will be included, and there will be no exclusion 
based on the date of publication. To improve specificity, 
the updated search will exclude animal-only studies. The 
strategies will be peer-reviewed by a second experienced 
medical librarian prior to execution using the PRESS 
Checklist [26].

Initial screening search
The established complete search strategy results in a con-
siderable difference in yield with and without the inclu-
sion of terms for the “spontaneous” concept (4995 vs. 820 
publications, respectively). As a result, we will begin by 
reviewing a randomly selected sample of the additional 
publications that resulted in the larger data set (the set 
that includes the “spontaneous” concept). Randomized 
selection will be performed using a random number gen-
erator. These additional studies will be reviewed to deter-
mine if publications that would meet inclusion criteria 
for this evidence map would inadvertently be excluded 
should the more stringent search criteria be employed 
(by excluding the “spontaneous” concept). Using pre-
specified inclusion/exclusion criteria, the titles and 
abstracts of these articles will be reviewed independently 
by two investigators for potential relevance to the review 
objectives. Conservatively assuming a 50% probability 
that a single report in this group will meet the criteria 
for inclusion, a randomly selected sample of 385 articles 
would provide a 95% confidence level for confirming that 
no additional articles would be added if the larger data 
set was used for study selection. If no additional studies 
are identified in this cohort, the more stringent search 
criteria (including terms for the “spontaneous” concept) 
will be employed. If any additional studies are identified, 
the larger data set will be used for study selection.

Study selection
Using prespecified inclusion/exclusion criteria, the titles 
and abstracts of articles included in existing reviews and 
identified through our primary search will be reviewed 
independently by two investigators for potential rele-
vance to the review objectives. Articles included by either 
investigator as potentially meeting our inclusion criteria 
will undergo full-text screening. At the full-text screen-
ing stage, two independent investigators must agree on 
a final inclusion/exclusion decision. Disagreements will 
be resolved by obtaining a third investigator’s opinion 
when consensus cannot be reached between the first and 
second investigators. Reasons for the exclusion of full-
text articles will be recorded and reported in the review. 
Articles meeting eligibility criteria will be included for 



Page 4 of 5Amrhein et al. Systematic Reviews          (2022) 11:116 

data abstraction. At full-text review, we will include 
studies meeting the listed definition of SIH and a treat-
ment intervention (i.e., EPB or surgery), as previously 
defined. All results will be tracked in both Covidence, a 
web-based data synthesis software program (Evidence 
Partners Inc., Manotick, ON, Canada), and EndNote® 
reference management software (Clarivate) and dupli-
cates removed. Our results will be reported in full in a 
manner that adheres to Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Extension for 
Scoping Reviews (PRISMA-ScR) guidelines (Additional 
file 2) [27].

Data extraction
Data from included publications will be abstracted into 
a customized Covidence database by one reviewer and 
over-read by a second reviewer. Disagreements will be 
resolved by consensus or by obtaining a third reviewer’s 
opinion when consensus cannot be reached between 
the first and second reviewers. Data elements include 
descriptors to assess study type, number of patients 
included, and outcome measures used.

Key characteristics abstracted will include patient 
descriptors (e.g., age, sex, race), intervention character-
istics (e.g., type of epidural patching—imaging-guided 
vs. non-imaging guided, targeted vs. non-targeted, blood 
only vs. fibrin sealant only vs. blood and fibrin sealant; 
surgery type), comparator (if any), category of outcome 
measure used (e.g., patient symptom response, quality of 
life, functional status, imaging biomarker), specific out-
come measure used when applicable (e.g., NRS, HIT-6, 
MIDAS, EQ-5D, PGIC), timing of outcome assessment 
after the intervention, and study setting (e.g., country). 
Multiple reports from a single study will be treated as a 
single data point, prioritizing results based on the most 
complete and appropriately analyzed data. When critical 
data are missing or are unclear in published reports, we 
will request supplemental data from the study authors. A 
draft extraction tool is provided as Additional file 3. This 
extraction tool will be modified and revised as necessary 
during the process, and modifications will be detailed in 
the final review manuscript.

Data analysis and presentation
We will summarize the literature using relevant data 
abstracted from the eligible studies. Summary tables 
will describe the key study characteristics of the pri-
mary studies: study design, patient demographics, and 
details of the treatment intervention. Data will be nar-
ratively summarized. Data presentations will include 
tabular and graphical formats, as appropriate, to convey 

key features of the literature. We will present our analy-
sis as a broad literature map without commenting on 
the quality of individual studies or the strength of evi-
dence for the key question.

Discussion
The resultant evidence map produced from this pro-
tocol will be the first generated in the field of SIH. We 
expect that it will provide impactful information about 
current gaps in knowledge and thereby substantive 
guidance directing future research and funding deci-
sions. This evidence map may also serve as a roadmap 
for planned national SIH guideline initiatives.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13643- 022- 01989-2.

Additional file 1. Search strategy.

Additional file 2. PRISMA-P 2015 checklist.

Additional file 3. Data extraction instrument.

Acknowledgements
The authors would like to thank Reginald Lerebours from Duke University 
Medical Center for his assistance with the power analysis for the initial screen-
ing search.

Authors’ contributions
All authors have made substantial contributions to the conception and design 
and have helped to draft and/or revise the work. All authors have approved 
the submitted version and have agreed to be accountable for the accuracy 
and integrity of the work.

Funding
This effort is not supported by any external funding.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology, Duke University Medical Center, Durham, North 
Carolina, USA. 2 Duke University Medical Center Library, Duke University School 
of Medicine, Durham, North Carolina, USA. 3 Spinal CSF Leak Foundation, 
Spokane, Washington, USA. 4 Department of Radiology, Mayo Clinic, Rochester, 
Minnesota, USA. 5 Division of General Internal Medicine, Duke University 
School of Medicine, Durham, North Carolina, USA. 6 Durham Center of Innova-
tion to Accelerate Discovery and Practice Transformation, Durham Veterans 
Affairs Health Care System, Durham, North Carolina, USA. 

https://doi.org/10.1186/s13643-022-01989-2
https://doi.org/10.1186/s13643-022-01989-2


Page 5 of 5Amrhein et al. Systematic Reviews          (2022) 11:116  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 14 July 2021   Accepted: 27 May 2022

References
 1. Schievink WI. Spontaneous spinal cerebrospinal fluid leaks and intracra-

nial hypotension. JAMA. 2006;295(19):2286–96.
 2. Amrhein TJ, Kranz PG. Spontaneous intracranial hypotension: imaging in 

diagnosis and treatment. Radiol Clin North Am. 2019;57(2):439–51.
 3. Kranz PG, Gray L, Amrhein TJ. Spontaneous intracranial hypotension: 10 

myths and misperceptions. Headache. 2018;58(7):948–59.
 4. Kranz PG, Gray L, Malinzak MD, Amrhein TJ. Spontaneous intracranial 

hypotension: pathogenesis, diagnosis, and treatment. Neuroimaging Clin 
N Am. 2019;29(4):581–94.

 5. Schievink WI. Misdiagnosis of spontaneous intracranial hypotension. Arch 
Neurol. 2003;60(12):1713–8.

 6. Schievink WI, Maya MM, Moser F, Tourje J, Torbati S. Frequency of 
spontaneous intracranial hypotension in the emergency department. J 
Headache Pain. 2007;8(6):325–8.

 7. Giordan E, Graffeo CS, Rabinstein AA, Brown RD, Rocca WA, Chamberlain 
AM, et al. Aneurysmal subarachnoid hemorrhage: long-term trends 
in incidence and survival in Olmsted County, Minnesota. J Neurosurg. 
2020;134(3):878–83.

 8. Kranz PG, Luetmer PH, Diehn FE, Amrhein TJ, Tanpitukpongse TP, Gray L. 
Myelographic techniques for the detection of spinal CSF leaks in sponta-
neous intracranial hypotension. AJR Am J Roentgenol. 2016;206(1):8–19.

 9. Kranz PG, Malinzak MD, Amrhein TJ, Gray L. Update on the diagnosis and 
treatment of spontaneous intracranial hypotension. Curr Pain Headache 
Rep. 2017;21(8):37.

 10. Wang TY, Karikari IO, Amrhein TJ, Gray L, Kranz PG. Clinical outcomes 
following surgical ligation of cerebrospinal fluid-venous fistula in patients 
with spontaneous intracranial hypotension: a prospective case series. 
Oper Neurosurg (Hagerstown). 2020;18(3):239–45.

 11. Beck J, Ulrich CT, Fung C, Fichtner J, Seidel K, Fiechter M, et al. Diskogenic 
microspurs as a major cause of intractable spontaneous intracranial 
hypotension. Neurology. 2016;87(12):1220–6.

 12. Beck J, Raabe A, Schievink WI, Fung C, Gralla J, Piechowiak E, et al. 
Posterior approach and spinal cord release for 360 degrees repair of 
dural defects in spontaneous intracranial hypotension. Neurosurgery. 
2019;84(6):E345–E51.

 13. Schievink WI, Morreale VM, Atkinson JL, Meyer FB, Piepgras DG, Ebersold 
MJ. Surgical treatment of spontaneous spinal cerebrospinal fluid leaks. J 
Neurosurg. 1998;88(2):243–6.

 14. He FF, Li L, Liu MJ, Zhong TD, Zhang QW, Fang XM. Targeted epidural 
blood patch treatment for refractory spontaneous intracranial hypoten-
sion in China. J Neurol Surg B Skull Base. 2018;79(3):217–23.

 15. Wu JW, Hseu SS, Fuh JL, Lirng JF, Wang YF, Chen WT, et al. Factors predict-
ing response to the first epidural blood patch in spontaneous intracranial 
hypotension. Brain. 2017;140(2):344–52.

 16. Ferrante E, Arpino I, Citterio A, Wetzl R, Savino A. Epidural blood patch 
in Trendelenburg position pre-medicated with acetazolamide to treat 
spontaneous intracranial hypotension. Eur J Neurol. 2010;17(5):715–9.

 17. Cho KI, Moon HS, Jeon HJ, Park K, Kong DS. Spontaneous intracranial 
hypotension: efficacy of radiologic targeting vs blind blood patch. Neu-
rology. 2011;76(13):1139–44.

 18. Chung SJ, Lee JH, Im JH, Lee MC. Short- and long-term outcomes of 
spontaneous CSF hypovolemia. Eur Neurol. 2005;54(2):63–7.

 19. Berroir S, Loisel B, Ducros A, Boukobza M, Tzourio C, Valade D, et al. Early 
epidural blood patch in spontaneous intracranial hypotension. Neurol-
ogy. 2004;63(10):1950–1.

 20. Sencakova D, Mokri B, McClelland RL. The efficacy of epidural blood 
patch in spontaneous CSF leaks. Neurology. 2001;57(10):1921–3.

 21. Ahn C, Lee E, Lee JW, Chee CG, Kang Y, Kang HS. Two-site blind epidural 
blood patch versus targeted epidural blood patch in spontaneous intrac-
ranial hypotension. J Clin Neurosci. 2019;62:147–54.

 22. Amrhein TJ, Befera NT, Gray L, Kranz PG. CT Fluoroscopy-guided blood 
patching of ventral CSF leaks by direct needle placement in the ventral 
epidural space using a transforaminal approach. AJNR Am J Neuroradiol. 
2016;37:1951–6.

 23. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an evidence 
map? A systematic review of published evidence maps and their defini-
tions, methods, and products. Syst Rev. 2016;5:28.

 24. D’Antona L, Jaime Merchan MA, Vassiliou A, Watkins LD, Davagnanam I, 
Toma AK, et al. Clinical presentation, investigation findings, and treat-
ment outcomes of spontaneous intracranial hypotension syndrome: a 
systematic review and meta-analysis. JAMA Neurol. 2021;78(3):329–37.

 25. International Headache Society. The International Classification of Head-
ache Disorders 3rd edition. Available from: https:// www. ichd-3. org/7- 
heada che- attri buted- to- non- vascu lar- intra crani al- disor der/7- 2- heada 
che- attri buted- to- low- cereb rospi nal- fluid- press ure/7- 2-3- heada che- attri 
buted- to- spont aneous- intra crani al- hypot ension/. Accessed 14 July 2021.

 26. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. 
PRESS peer review of electronic search strategies: 2015 guideline state-
ment. J Clin Epidemiol. 2016;75:40–6.

 27. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. 
PRISMA Extension for Scoping Reviews (PRISMA-ScR): checklist and 
explanation. Ann Intern Med. 2018;169(7):467–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.ichd-3.org/7-headache-attributed-to-non-vascular-intracranial-disorder/7-2-headache-attributed-to-low-cerebrospinal-fluid-pressure/7-2-3-headache-attributed-to-spontaneous-intracranial-hypotension/
https://www.ichd-3.org/7-headache-attributed-to-non-vascular-intracranial-disorder/7-2-headache-attributed-to-low-cerebrospinal-fluid-pressure/7-2-3-headache-attributed-to-spontaneous-intracranial-hypotension/
https://www.ichd-3.org/7-headache-attributed-to-non-vascular-intracranial-disorder/7-2-headache-attributed-to-low-cerebrospinal-fluid-pressure/7-2-3-headache-attributed-to-spontaneous-intracranial-hypotension/
https://www.ichd-3.org/7-headache-attributed-to-non-vascular-intracranial-disorder/7-2-headache-attributed-to-low-cerebrospinal-fluid-pressure/7-2-3-headache-attributed-to-spontaneous-intracranial-hypotension/

	Efficacy of epidural blood patching or surgery in spontaneous intracranial hypotension: an evidence map protocol
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methodsdesign
	Review questionsobjectives
	Inclusion criteria
	Participants
	Concept
	Context
	Types of sources
	Search strategy
	Initial screening search
	Study selection
	Data extraction
	Data analysis and presentation


	Discussion
	Acknowledgements
	References


