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Background: Post-dural puncture headache (PDPH) is the most common and troublesome complication following iatrogenic
puncture of the dura. This study aims to evaluate the efficacy and safety of intrathecal or epidural saline injection to prevent PDPH.
Methods: A systematic literature search was conducted in PubMed, Embase, Web of Science, and the Cochrane Library, supple-
mented by a manual search of reference lists of related articles. Studies were eligible if they compared intrathecal or epidural injection
or continuous saline infusion with no intervention in patients with accidental or intentional dural puncture. Trials reporting PDPH
outcomes were considered eligible. The type of surgeries and patient populations were not restricted. Risk ratios (RRs) with 95%
confidence intervals (CI) were calculated for the risk estimate of dichotomous outcomes. The funnel plot, Egger, and Begg tests were
performed to assess the publication bias.

Results: We identified 13 studies involving 1589 patients, revealing a high publication bias. Normal saline injection reduced the
incidence of PDPH (RR=0.57, 95% CI: 0.43 to 0.74, P<0.0001, ’=66%, P-heterogeneity=0.0004) and the requirement for an epidural
blood patch (RR=0.37, 95% CI: 0.25 to 0.54, P<0.00001, 1’=29%, P-heterogeneity=0.23).

Conclusion: Saline administration after dural puncture appears to be a promising option for preventing PDPH. However, hetero-
geneity among the studies and publication bias with positive results limits the available evidence. Therefore, further large-scale
randomized controlled trials are needed to confirm our findings.

Register: CRD42022342509.
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Introduction
Post-dural puncture headache (PDPH) is defined as a headache occurring within five days of a lumbar puncture, which is
worsened by standing or sitting and is relieved by lying down." The occurrence of PDPH varies widely, with rates
ranging from less than 2% to 40%,> depending on lumbar puncture and population factors. It is the most common and
troublesome complication following a dural puncture during neuraxial anesthesia or procedures. PDPH is an annoying
condition and has been known to increase the length of hospital stay, and cause dissatisfaction among patients. PDPH is
also shown to lead to chronic headaches, backache, neckache, and depression.}7 In addition, devasting neurological
adverse events such as subdural hematoma and intracranial venous thrombosis may occur in patients with PDPH.* '
Other symptoms associated with PDPH include neck stiffness, photophobia, tinnitus, and hypoacusia.

The mechanism of PDPH is elusive and still needs to be fully understood. It is generally accepted that PDPH is
secondary to intracranial hypotension due to cerebrospinal fluid leakage through a dural tear."' Intracranial hypotension
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results in traction on the intracranial sinuses, cerebral vessels, and tentorium, causing headaches and neckaches.'"!? This
traction effect is more pronounced when the patient is upright or sitting, as gravity facilitates further CSF loss and brain
sagging. Moreover, to compensate for the loss of CSF, cerebral blood vessels dilate to increase blood volume and
maintain intracranial pressure. This vasodilation can stimulate pain receptors, leading to headaches.'® Furthermore, it has
been postulated that reduced cerebrospinal fluid volume and lower intracranial pressure may contribute to the activation
of adenosine receptors, leading to PDPH.'? Therefore, reducing the outflow of cerebrospinal fluid is the main strategy for
preventing PDPH.

Current approaches to preventing PDPH include epidural blood patches, patient positioning, activity modifica-
tion, pharmacological interventions, and education and training.> Epidural blood patch is an invasive procedure
associated with potential serious complications, such as re-dural puncture and adhesive arachnoiditis,'* and is
therefore not routinely employed for the prevention of PDPH.'> However, the effectiveness of alternative measures
for PDPH prevention remains limited. Consequently, identifying interventions that effectively reduce the incidence
of PDPH in patients experiencing dural puncture is of critical importance. It has been reported that intrathecal or
epidural saline injection after dural puncture might effectively decrease the incidence of PDPH and the need for
EBP,'®!” which is a simple, inexpensive, and effective method. However, the efficacy of injection of saline as
prophylaxis for PDPH is still controversial. Currently, there is a lack of large trials using saline to prevent PDPH.
And there is no systematic review and meta-analysis to confirm this issue. Therefore, we performed this review to
evaluate the efficacy and safety of administering saline intrathecally or epidurally in decreasing the risk of PDPH
after a dural puncture.

Methods

This systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.'® The PRISMA statement is available in Appendix 1. This review
was registered with PROSPERO (CRD420223425009).

Literature Search

We searched PubMed, Cochrane Library, Embase, and Web of Science for papers published up to June 27, 2024, using
MeSH terms “Post-Dural Puncture Headache” and “Saline Solution” along with relevant keywords. Detailed search
strategies are shown in Appendix 2. Reference lists of related articles were also screened for additional relevant
studies.

Inclusion and Exclusion Criteria

Eligibility criteria included: 1) population: patients who experienced unintentional dural punctures during epidural
techniques or intentional dural punctures during neuraxial procedures such as a lumbar puncture or spinal anesthesia; 2)
interventions: Intrathecal or epidural injection or continuous saline infusion; 3) Control: no intrathecal or epidural normal
saline; 4) outcome: incidence of PDPH; 5) study type: randomized controlled trials, prospective or retrospective cohort
studies. Studies on animals were excluded, and only English was considered. Two authors (Weiwei Jing and Hao Li)
independently screened the articles for eligibility. Any discrepancies were resolved by discussion until a consensus was
achieved.

Data Extraction

Two authors (Weiwei Jing and Yushan Ma) independently extracted study characteristics (eg, first author, year of
publication, sample size, study design, study period, country, type of surgery, type of lumbar puncture, mean age in
the treatment and control group), treatment parameters (eg, route and method of saline injection, the volume of saline
used), the primary outcome (eg, incidence of PDPH), and the secondary outcomes (eg, needs for epidural blood patches,
severity of PDPH, incidence of side effect) using a standardized form. Any discrepancies were resolved by discussion
until a consensus was reached.
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Risk of Bias and Quality Assessment
Two authors (Jing and Li) independently assessed the methodological quality of the included studies according to the
Newcastle-Ottawa scale (NOS) for cohort studies (https://www.ohri.ca/programs/clinical epidemiology/oxford.asp) and

the Cochrane Handbook for prospective randomized control studies.'® Discrepancies in the assessment were resolved
through discussion until a consensus was reached.

Statistical Analysis

Each study’s risk estimates were reported as risk ratios (RRs). We extracted the number of patients with and without
PDPH in the treatment and control groups to calculate the RRs that combined the effect size. For the dichotomous
outcomes, RRs and 95% confidence intervals (95% CI) were calculated. Statistical heterogeneity among the studies was
assessed using Cochran’s Q test and the I index. If p-value < 0.05 or [2>50%, indicating significant heterogeneity,
a random-effect model was used; otherwise, a fixed-effect model was applied. Four sensitivity analyses were conducted.
If the number of included studies exceeds 10, Begg’s test, Egger’s test, and funnel plot were used to assess publication
bias. Sensitivity analyses were conducted using the article-by-article culling method. Subgroup analyses were performed
based on the volume of saline used, route of saline injection, study design type, method of saline used, type of anesthesia,
and date of publication. P-values<0.05 were considered statistically significant. All analyses were performed using Stata/
MP 15.0 and Review Manager 5.4.1.

Results

Search Process and Characteristics of the Included Studies

The flow chart concerning the selection of references is shown in Figure 1. A total of 1154 records were identified, and
469 duplicates were excluded. Among the remaining 685 records, 655 were excluded due to non-eligible study types,
studies on animals, irrelevant topics, or non-English language. Thirty full-text papers were assessed for eligibility, and 17
were excluded (outcome and participant, criteria, n=1; no available data, n=4; no control group, n=6; intervention
criteria, n=3; letter or case report, n=3). Finally, 13 studies, including 1589 patients, were included in the meta-
analysis.'>'®!"-202% Studies included in this review were published between 1952 and 2023. The characteristics of the
enrolled studies are summarized in Table 1. There were five RCTs, five prospective cohort studies, and three retrospective
cohort studies. Assessment of the methodological study quality is provided in Figure 2a and b (for RCTs) and Table 2
(for cohort studies).

Incidence of PDPH

13 studies involving 1589 patients reported the incidence of PDPH.'*'617:202% The results revealed a significant
decrease in the incidence of PDPH in the saline group compared to the no-saline group (P<0.0001, RR 0.57, 95% CI
0.43 to 0.74; 1°=66%) (Figure 3a). Due to the significant heterogeneity, we performed a sensitivity analysis (Figure 3b).
The pooled RRs showed no significant difference in the incidence of PDPH when any of the included trials were
excluded, indicating that the results are robust. However, the funnel plot (Figure 3¢ and d) showed significant asymmetry
in the analysis of PDPH, as confirmed by Egger’s (P<0.001) and Begg’s tests (F) (P<0.001).

Incidence of Mild and Moderate or Severe PDPH

17:22.26.27.29 inyolving 374 patients reported the severity of PDPH. The study by Tazeh-kand et al*° only

Five studies
compared the incidence of no and mild headaches between groups. Data on mild PDPH alone were not available.
Therefore, only four studies were included for the incidence of mild PDPH. The results showed that saline does not
decrease the incidence of mild PDPH (RR 0.72, 95% CI 0.17 to 3.05, p=0.65; I* =73%) (Figure 4a). There was
a statistically significant reduction in the incidence of moderate or severe PDPH in the saline group when compared to
the no-saline group. (RR 0.29, 95% CI 0.11 to 0.80, p=0.02; I* =80%) (Figure 4b).

However, the heterogeneity in our analyses was high, as reflected by the significantly elevated I* value. We performed

a sensitivity analysis and found no significant change in pooled RRs when any of the enrolled studies were excluded
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Records identified through database searching:n=1153
PubMed:n=231
= Embase:n=513
é Cochrane Library: n=201
= Web of Science: n=208
§ Additional records identified through manual searching :n=1
Duplicates excluded:n=469
g Title and abstract screened:n=685 Recgrd excluqed: =639
° Studies on animals:31
§ Case report:75
Letter, comment, reply, erratum:8
Register of trials:3
Reviews:33
Irrelevant topic:501
Articles assessed for eligible:n=30 Non-English:2
Conference abstract:2
=
% Record excluded: n=17
T letter or case: n=3
Number of studies included in insufficient data :n=4
qualitative synthesis: n=13 No control:n=6
population and outcome did not
meet the inclusion criteria:n=1
Intervention did not meet the
inclusion criteria:n=3
2
= Number of studies included in
= quantitative synthesis(meta-analysis):n=13

Figure | Flow diagram of the study selection process.

(Figure 4¢ and d). The various definitions of PDPH severity among the included studies may account for this heterogeneity.
For instance, Che et al'” graded the severity of PDPH using a visual analog score. Trivedi et al*” did not provide a specific
definition for PDPH classification, so this review defined mild PDPH as headaches that could be improved with conservative
treatment (oral fluid therapy and analgesic medications). Otherwise, it was described as moderate or severe. In the trial by
Mosavy et al,*® headaches were classified as “severe” if they were not relieved by non-narcotic analgesics and were
accompanied by nausea, vomiting, and dizziness. Otherwise, they were defined as mild. Craft et al*? classified PDPH as
mild, moderate, or severe based on symptoms associated with PDPH according to their own criteria. Tazeh-Kand et al*’

provided data on mild, moderate, and severe PDPH but did not describe a specific grading scheme.
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Table | Characteristics of |3 Enrolled Studies in the Meta-Analysis

Author (Year) Country Study Patients(n) Lumbar Surgery Participants Injection Injection Volume of Puncture Study Period
Design Saline/No Punctures (Obstetric pati/ Site Method Saline Needle
Saline Total Number) (mL)
Tazeh-Kand Iran RCT 50/50 SA Cesarean delivery Obstetrical patients Intrathecal | Single 5 25 2009-04 to
(2014)% injection G Quincke 2009-12
needle
Kiki (2009)%® Turkey RCT 15/18 Lumbar Intrathecal methotrexate Patients with ALL Epidural Single 20 22 G spinal X
punctures therapy injection needles
Trivedi (I993)27 USA RCT 30/24 EA Vaginal delivery or cesarean Obstetrical patients Epidural Single 40-60 18 G Tuohy 198601 to
section injection needle 1988-01; 1988-2
to 1989-02
Abate (2021)"3 Ethiopia RCT 76176 SA Cesarean section Obstetrical patients Intrathecal | Single 5 X 202001 to
injection 2021-04
Mosavy (1975)% Iran RCT 50/50 SA Delivery Obstetrical patients Epidural Single 20-25 22 G spinal X
injection needle
Mehl (I954)25 UK Prospective 100/138 SA Delivery Obstetrical patients Epidural Single 10-15 22 G spinal X
cohort study injection needle
Che (2016)"7 China Retrospective 68/19 CSEA Labor analgesia, cesarean Obstetrical or Epidural Continuous 6 mL/h (total | X 2006-01 to
cohort study section, and gynecological gynaecological patients infusion 150 mL) 2012-12
operation
Charsley USA Prospective 22/21 EA Obstetrical, pain clinic and Obstetrical, pain clinic | Intrathecal | Single 10 X 1997-09 to
(200I)24 cohort study orthopedic surgery. or orthopedic patients injection 1999-05
Bolden (20I6)23 USA Retrospective 37/81 EA Vaginal delivery Obstetrical patients Intrathecal | Single 10 or 20 X 2001-01 to
cohort study injection 2010-12
Craft (1973)** USA Prospective 16/17 EA Labor and delivery Obstetrical patients Epidural Multiple 120 (Two 16 G Tuohy X
cohort study injection separate needle
injections).
Binyamin Israel Retrospective 82/137 EA Delivery (Caesarean section, | Obstetrical patients Intrathecal | Single 10 X 2017 to 2022
(2023)'¢ cohort study Vaginal, Ventouse) injection
Kaplan (1952)*' USA Prospective 100/300 SA Surgical and obstetric Obstetrical or other Epidural Single 10-20 22 G needle 1949-12 to
cohort study procedures patients injection in 95% cases 1950—11; 1950-03
to 1950-11
Seyhan (2005)%° Turkey Prospective 7/5 CSEA Vaginal delivery Obstetrical patients Epidural Continuous 10 ml/h 16 G Tuohy X
cohort study infusion (Last needle
24 hours)

Note: X, no details available.
Abbreviations: RCT, randomised controlled study; UK, United Kingdom; USA, The United States of America; ALL, acute lymphoblastic leukemia; ADP, accidental dural puncture; G, gauge; N, number; SA, spinal anesthesia; EA, epidural
analgesia; CSEA, combined spinal and epidural anesthesia.
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Figure 2 Cochrane collaboration risk of bias evaluation graph (a) and summary (b) for each included randomized controlled study.
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Table 2 Quality Evaluation of the Eligible Cohort Studies With the Newcastle-Ottawa Scale

Study Selection Comparability Outcomes
Represen | Selection | Ascertainment Outcome Comparability Comparability | Assessment Long Enough Adequacy Quality
ativeness of Non- of Exposure not Present of the Most on Other Risk | of Outcomes Follow-up (Completeness) Score
Exposed at the Start Important Factors (median = 5 of Follow-Up
Factors days)

Mehl et al * * * * * * * _ % 8
19547

Che et al * * * — — * N - * 5
2016'7

Charsley et al * * * * * I * * * 8
2001

Bolden et al * * * * - — * - * 6
2016

Craft et al * * * * * * * * * 9
1973

Binyamin et al * * * * * I * * * 8
2023'¢

Kaplan et al * * * * * * * - * 8
19522

Seyhan et al * * * * * * * * * 9
2005%°

Note: *One score for meeting the criteria.
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(a)

saline no saline Risk Ratio

Abate 202113 10 76 20 76 8.1% 0.50 [0.25, 1.00]
Binyamin 2023 '® 38 82 87 137 150% 0.73[0.56, 0.95]
Bolden 2016 "2 21 37 45 81 137% 1.02[0.73, 1.44]
Charsley 2001 * 7 22 13 21 8.0% 0.51[0.26, 1.03]
Che 2016 ‘;2 49 68 19 19 16.5% 0.74[0.62, 0.87]
Craft 1973 ** 2 16 13 17 33% 0.16 [0.04, 0.61]
Kaplan 1952 1 100 21 300 1.6% 0.14[0.02, 1.05]
Kiki 2009 ”15 5 15 13 18 7.2% 0.46 [0.21, 1.00]
Mehl 1954 2 3 100 13 138 3.8% 0.32[0.09, 1.09]
Mosavy 1975 3 5 10 50 38% 0.30(0.09, 1.03]
Seyhan 2005 % » 1 7 5 5  28% 0.20 [0.05, 0.88]
Tazeh-Kand 22914 1 50 12 50 1.6%

Trivedi 1993 20 30 21 24 145% 0.76 [0.57, 1.02]
Total (95% Cl) 653 936 100.0% 0.57 [0.43, 0.74]
Total events 161 292

Heterogeneity: Tau? = 0.11; Chi? = 35.67, df = 12 (P = 0.0004); I = 66%

Test for overall effect: Z = 4.13 (P < 0.0001)

(c)

Risk Ratio

I,
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.
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3
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Tazeh-Kand 2014 |
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Meta-analysis estimates, given named study is omitted
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(d)

Egger’s publication bias plot
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Figure 3 Forest plot for PDPH (a), Sensitive analysis of the effect of each study on the overall meta-analysis of PDPH (b), Begg’s (c) and Egger’s (d) funnel plots test of
studies that examined PDPH as a test for publication bias.

(a)

(b)

saline no saline Risk Ratio Risk Ratio
Che 2016 ' 39 68 3 19 303% .26, 10.47) —
Craft 1973 2 () 6 17 154% 008[0.00,134) €=
Mosavy 1975 26 3 50 8 50 283% 038(0.11,1.33] —T
Trived 1993 2/ 3 30 3 24 260% 0.80(0.18, 361] —
Total (95% CI) 164 110 100.0% 0.72[0.17, 3.05]
Total events 45 20
Heterogeneity: Tau? = 1.50; Chi? = 11.15, df = 3 (P = 0.01); F = 73%

001 01 1 10
Test for overall effect: Z = 0.45 (P = 0.65) Favours [saline] Favours [no saline]
Meta-analysis estimates, given named study is omitted
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Crat 1973
|
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d
015 058 104 185 279

saline no saline

Che 2016 7 10 68 16 19 284%
Craft 1973 2 2 16 717 194%
Mosavy 1975 % 0 50 2 50 82%
Tazeh-Kand 2014 150 8 50 137%
Trivedi 1993 27 17 30 18 24 303%
Total (95% CI) 214 160 100.0%
Total events 30

Heterogeneity: Tau? = 0.82; Chi* = 20.20, df = 4 (P = 0.0005); I = 80%

Test for overall effect: Z = 2.41 (P = 0.02)

Risk Ratio Risk Ratio
- om.95%Cl
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Figure 4 Forest plot for mild PDPH (a), moderate or severe PDPH (b), Sensitive analysis of the effect of each study on the overall meta-analysis of mild PDPH (c), and

moderate or severe PDPH (d).
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The Need for EBP

16.23.:24.27.28 involving 466 patients reported data on the need for EBP and were included in the meta-analysis.

Five studies
The results showed that saline significantly reduces the need for EBP in patients with dural puncture (RR 0.37, 95% CI

0.25 to 0.54, p<0.00001; I?> =29%) (Figure 5).

Complications of Saline Injection

None of the 13 trials in this systematic review reported complications directly related to using saline. Three studies
compared the incidence of nausea and vomiting in saline and non-saline patients. The meta-analysis results showed no
significant difference in the incidence of nausea and vomiting between the saline and non-saline groups (RR 0.74, 95%
CI 0.50 to 1.09, p=0.13; I> =32%) (Figure 6). Kiki et al*® reported two patients in the non-saline group who developed
generalized convulsion attacks, with one patient experiencing apnea necessitating respiratory support.

Subgroup Analysis

We performed a subgroup analysis based on publication dates (Figure 7a), study design (Figure 7b), different saline
injection sites (Figure 7c), the volume of saline (Figure 7d), type of saline use (Figure 7¢), and type of lumbar puncture
(Figure 7f). Except for patients receiving continuous saline infusion (n=2) and those receiving combined spinal-epidural
anesthesia (n=2), the incidence of PDPH was not significantly different between groups; similar results were observed in
other subgroups.

Discussion

In this systematic review and meta-analysis, we found that epidural or intrathecal injection of normal saline following
dural puncture significantly decreases the incidence of post-dural puncture headache (PDPH). The results indicate that
while saline does not reduce the incidence of mild PDPH, it significantly reduces the incidence of moderate or severe
PDPH. Additionally, saline significantly decreases the need for an epidural blood patch (EBP) in patients with dural
puncture.

saline no saline Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Binyamin 2023 '¢ 12 82 57 137 51.3% 0.35[0.20, 0.62] —
Bolden 2016 % 3 37 21 81 15.8% 0.31[0.10, 0.98] -
Charsley 2001 24 1 22 9 21 11.1% 0.11[0.01, 0.77] -
Kiki 2009 2 1 15 4 17 45% 0.28 [0.04, 2.26]
Trivedi 1993 ¥/ 11 30 13 24 17.3% 0.68[0.37, 1.23] -
Total (95% Cl) 186 280 100.0%  0.37 [0.25, 0.54] <&
Total events 28 104 . .

. i2 = = = C12 = 0, I t t
Heterogeneity: Chi? = 5.61, df =4 (P = 0.23); I = 29% 0.01 01 1 10 100

Test for overall effect: Z = 5.09 (P < 0.00001) Favours [saline] Favours [no saline]

Figure 5 Forest plot for the need for epidural blood patch.

saline no-saline Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H. Random. 95% CI M-H, Random, 95% CI
Abate 2021 " 21 76 29 76 42.2% 0.72[0.46, 1.15] —
Che 2016 V7 . 4 68 4 19 85% 0.280.08, 1.01]
Tazeh-Kand 2014 23 50 26 50 49.3% 0.88[0.59, 1.32] j
Total (95% CI) 194 145 100.0% 0.74 [0.50, 1.09]
Total events 48 59 . .

- 2= . Chiz = - - - 12 = 390, I t t
Heterogeneity: Tau? = 0.04; Chi? = 2.93, df = 2 (P = 0.23); I = 32% 0.01 01 1 10 100

Test for overall effect: Z=1.52 (P = 0.13) Favours [saline] Favours [no-saline]

Figure 6 Forest plot for nausea and vomiting.
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(a)

sali no saline
1.1.1 within the past 5 years

Avate 2021 10 76 20 76 81%
Binyamin 2023 '* 38 82 87 137 150%
Subtotal (95% CI) 158 213 234%
Total events a8 107

00; Che

noity: T 106, df = 1(P=0.30);
Test for overall effect: 2 = 2.69 (P

=5%

112 more than s years ago

Bolden 2016 2 21 7 45 81 137%

Charsiey 2001 * 7 22 13 21 80%
Che 2016 77 49 68 19 19 165%
Craft 1973 22 2 16 1317 33%
Kaplan 1952 2" 1100 21 300 16%

k12000 s 5 1 o1 1
i 1654 3w 1o am
Vs 1675 5 ' do s s
‘Seyhan 2005 1 7 5 5 28%
Tazenkand 2014 Tos o os 1e%
Trivedi 1983 2/ 20 30 21 24 145%
‘Subtotal (95% CI) 495 723 76.9%
Toulovots s

Risk Ratio

050025, 1.00]
073056, 0.95]
0.69[0.53, 0.90]

102(073, 1.44]
051026,1.03)
074[062,087]
016 [0.04,061]
014[0.02,1.05]
046021,1.00]
032[009, 1.09]
030[0.09,1.03]
020[0.05,088)
008[001,062]
076057, 1.02]
0.49[0.:34,072]

185
ity: Tau® = 0.21; Ch* = 40,94, df = 10 (P < 0.0001); F = 76%
0003)

Heterogenei
Test for overall effect: 2 = 3.66 (P

Total (95% CI) 653
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Lumbar puncture is widely used, including various spinal anesthesia and surgery types. PDPH is the most common
and bothersome complication of dural puncture. PDPH not only severely impairs early patient recovery but is also
strongly associated with chronic headaches, back pain, depression, and traumatic stress syndrome.*®’ Various
approaches are suggested to prevent and treat PDPH, including bed rest, fluid therapy, acetaminophen, NSAIDs, and

2,12,30,31

caffeine.” However, a body of evidence revealed those conservative measurements failed to show significant

benefit in most cases. An epidural blood patch is the definitive treatment for PDPH but is not considered a preventive

1.*% There are very few effective measures to prevent PDPH.>'

measure because it is invasive and not always successfu

Our systematic review showed that saline could be injected intrathecally or epidurally in patients with dural puncture
for PDPH prevention, providing a straightforward, cost-effective preventive approach. None of the studies in this review
reported adverse effects directly related to injecting normal saline. One possible explanation for the beneficial effect of
the saline injection is that the increased CSF pressure may cause the dura and arachnoid to come together at the puncture
site, sealing the defect.'®* Reducing the leak would allow the dura to be repaired.”® Another possible explanation is that
injection of intrathecal or epidural normal saline may prevent activation of the adenosine receptors, thereby decreasing
the incidence and severity of PDPH.?* Both intrathecal and epidural saline injections can directly or indirectly increase
cerebrospinal fluid (CSF) volume and pressure, suggesting a shared mechanism in reducing the incidence of PDPH.
Given the limited number of studies addressing this issue, we combined intrathecal and epidural saline studies in our
analysis. This meta-analysis aims to guide further exploration of prophylactic measures for post-dural puncture headache.
Future large-scale randomized controlled trials are needed to validate our findings, investigate the underlying mechan-
isms of saline, and determine the optimal injection site.

However, there are several doubts regarding the mechanism underlying the effect of saline injection. Firstly, it
remains uncertain whether saline persists at the site of the defect long enough to reduce leakage, allowing a fibrin clot to
form or the pia mater to repair the defect. Secondly, continuous confusion saline may have a more significant effect on
increasing the pressure in the epidural space than single saline injections. However, we did not find significance in the
subgroup of continuous confusion with saline, possibly because only two trials were included. Large randomized
controlled trials are needed to compare the efficacy of single and constant saline injections on PDPH. Our results

16,17.20-22,24-29 p o (o

indicated the prophylaxis value of saline was consistent with findings from some studies,
studies disputed this.'*?* Reasons for discrepancy include the study population, type of study design, variation in the
definition of PDPH, number of days followed up, and volume of normal saline.

Our review has several strengths. Firstly, it is the first meta-analysis to systematically evaluate the prophylactic value
and safety of saline for preventing post-dural puncture headache (PDPH) in patients with dural puncture, encompassing
13 reports with 1589 patients. This large sample size significantly enhances the statistical power and credibility of our
results. Secondly, the comprehensive inclusion of multiple studies enabled us to perform subgroup and sensitivity
analyses, which helped assess the consistency and reliability of the findings. Sensitivity analyses showed that the
occurrence of PDPH remained stable regardless of which studies were excluded. Subgroup analyses based on different
injection sites, saline volumes, type of injection, date of publication, and study designs also revealed no significant
differences. Furthermore, using funnel plots and Egger’s test to assess publication bias ensured that the selective
publication of positive findings did not significantly skew the results.

This review has several limitations that should be considered when interpreting the results. Firstly, only five
randomized controlled trials were included, and some studies were either outdated or insufficient. Nevertheless,
a subgroup analysis showed that the application of saline effectively prevent PDPH. Secondly, Some studies involved
patients with accidental dural punctures, which have a low incidence (0.5-1%) and pose challenges for randomization
and blinding. Finally, the high heterogeneity among the included study in this meta-analysis may have influenced the
results. Heterogeneity likely stems from variations in study design, publication periods, anesthetic techniques, and needle
sizes, all of which significantly impact PDPH incidence. However, subgroup analyses showed consistency across
anesthesia types and timeframes, supporting the robustness of the findings despite the inclusion of both accidental and
intentional dural punctures. Therefore, Further studies are required to confirm the details of the normal saline adminis-

tration, such as the optimal injection site, volume of saline and population.
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In conclusion, this systematic review and meta-analysis demonstrated that intrathecal or epidural injection of normal
saline after dural puncture can reduce the incidence of PDPH and the requirement for EBP. These findings support the
potential integration of saline injection into routine clinical practice as a simple, cost-effective measure to improve
patient outcomes and reduce the healthcare burden. However, most of the studies are retrospective, and the studies
included in our meta-analysis exhibit high heterogeneity. Therefore, large, prospective, randomized studies are needed to
confirm these findings and to clarify key aspects such as the optimal saline volume, timing of injection, target patient
populations, and the mechanism underlying the effect of saline.
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