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Abstract

This study aimed to determine whether insertion of an intrathecal catheter following acciden-
tal dural puncture (ADP) in obstetric patients can reduce the incidence of post-dural punc-
ture headache (PDPH) and the requirement of a therapeutic epidural blood patch (TEBP).
This was also compared with relocating the epidural catheter at a different vertebral inter-
space. A retrospective study was performed, as well as a meta-analysis of the literature to
further validate our findings. We reviewed the records of 86 obstetric patients who suffered
from ADP during epidural anesthesia or combined spinal-epidural anesthesia from October
2015 to November 2016 at our institution. Although, there was no significant decrease in the
incidence of PDPH (P = 0.08), the requirement for a TEBP (P = 0.025) was significantly
reduced in the intrathecal catheter group compared with the relocated group. In the meta-
analysis, 13 eligible studies including 1044 obstetric patients were finally identified. To esti-
mate the pooled risk ratios (RRs), fixed or random effect models were used depending on
the heterogeneity. We initially found that an intrathecal catheter significantly reduced the
incidence of PDPH (pooled RR = 0.823; 95% CIl = 0.700-0.967; P = 0.018) and the require-
ment of a TEBP (pooled RR = 0.616; 95% Cl = 0.443-0.855; P =0.004). Our study shows
that insertion of an intrathecal catheter following ADP might be an effective and dependable
method for reducing the risk of a PDPH and requirement for a TEBP in obstetric patients.

Introduction

Neuraxial analgesia is the most effective and reliable technique for pain relief during labor, and
is widely used in maternity units [1]. Accidental dural puncture (ADP) is one of the most com-
mon complications of neuraxial anesthesia in labor, with an incidence between 0.19% and
3.6% [2]. Subsequent post-dural puncture headache (PDPH) develops in more than 50% of
patients [3]. The clinical symptomatology of PDPH can destroy the joy of childbirth, hinder
nursing the infants, prolong hospital stay, and increase costs, resulting in dissatisfaction of the
experience of anesthesia.
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Nevertheless, there are no accepted guidelines for immediate management of ADP. Based
on the clinical experience and preference of anesthesiologists, they can choose to relocate the
epidural catheter at a different vertebral interspace or insert an intrathecal catheter to achieve
analgesia during labor. Traditionally, relocating the epidural catheter was widely applied.
However, in recent years, insertion of an intrathecal catheter following APD has gained popu-
larity at our institution. Nevertheless, the efficacy of an intrathecal catheter in reducing the
risk of PDPH and requirement for a TEBP remains controversial.

This study aimed to assess whether an intrathecal catheter could decrease the incidence of
PDPH and the requirement of a TEBP compared with relocating the catheter. We conducted a
retrospective study and systematically reviewed all related articles in an attempt to provide a
more objective assessment of intrathecal catheters.

Materials and methods
Patients

This was a single-center, retrospective study that was conducted in the Jiaxing Maternity and
Child Health Hospital. This hospital is the biggest obstetrics and gynecology hospital in Jiaxing
city with a population of more than 5 million. We retrospectively analyzed anesthetic records
of 15,632 obstetric patients who underwent epidural anesthesia or combined spinal-epidural
anesthesia for labor pain relief since October 2015 to November 2016. Obstetric patients who
had a past medical history of headaches, preeclampsia, or eclampsia were excluded. Finally, a
total of 86 obstetric patients who suffered from ADP were identified in our study. Among
them, 47 immediately received an intrathecal catheter following ADP at the first attempt. The
other 39 patients were managed by relocating the epidural catheter at a different vertebral
interspace. The incidence of PDPH and the requirement for a TEBP between these two man-
agement protocols were compared.

The Jiaxing Maternity and Child Health Hospital Institutional Review Board approved the
study protocol with waiver of informed consent. All personal information was de-identified
and medical records were analyzed anonymously to protect patient privacy.

Literature search and selection criteria

A literature search was performed via PubMed, EMbase, and Web of Science databases for rel-
evant articles. Search items of “accidental dural puncture” OR “inadvertent dural puncture”
OR “unintentional dural puncture” and “intrathecal catheter” were used in the literature
search. The last search was performed on January 31, 2017. We also manually screened the ref-
erence lists of relative articles to prevent missing any studies. We contacted the authors of eligi-
ble studies if the original articles failed to present sufficient information. A comprehensive
literature search was conducted independently by Xingjie Ma and Jiali Deng. All disagree-
ments were resolved by discussion between the two researchers. Eligible studies were selected
on the basis of the following criteria: (1) the population was defined as obstetric patients who
received epidural anesthesia or combined spinal-epidural anesthesia who had ADP, (2) the
immediate measure included insertion of an intrathecal catheter, (3) the incidence of PDPH
was reported in a dichotomous form, and (4) reviews, letters, conference abstracts and other
non-original articles were excluded. The PRISMA statement could be found in S1 Table.

Data extraction

The following data were extracted from all eligible studies: first author’s name, published year,
country, number of patients, delivery mode, study type, and outcomes. Data extraction was
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independently conducted by two investigators with the use of manufactured forms. If data or
methodological details were absent, the first author was contacted. If after two attempts at con-
tact no reply was received, the trials were only included if sufficient information was available.
For studies with more than one study group, only relevant groups for this review were
included.

Statistical analysis

The incidence of PDPH and the requirement for a TEBP were reported as risk ratios (RRs)
with 95% confidence intervals (Cls), and were analyzed in our study. Statistical analysis was
performed using the Student’s ¢ test, chi-square test, and Fisher’s exact test as appropriate. Het-
erogeneity was assessed using Q and I statistics [4, 5]. If the P value was less than 0.10 and I*
exceeded 50%, indicating the presence of heterogeneity, a random effects model was used.
Otherwise, the fixed effect model was adopted. Publication bias was assessed via visual inspec-
tion of Begg’s funnel plots [6]. Publication bias was formally tested using Egger’s regression
asymmetry method with results considered to indicate potential bias when P<0.10[7]. All sta-
tistics were performed using SPSS software version 20 (SPSS, Chicago, IL, USA) and STATA
version 12.0 (STATA Corporation, College Station, TX, USA). Significance was set at P<0.05
for all analysis.

Results

We defined ADP as cases in which cerebrospinal fluid flowed through an 18 gauge Tuophy
needle during puncture. A total of 89 obstetric patients who suffered from ADP after epidural
or combined spinal-epidural blocks were reviewed. Among them, three patients were excluded
because of a history of head injury or medical headache. Finally, we included 86 patients in
this retrospective study, in which 47 patients had an intrathecal catheter inserted through a
dural puncture hole (ITC group). A total of 39 patients had epidural catheters relocated (Relo-
cated group). The demographic characteristics of the patients were compared between the two
groups (Table 1). Although there was no significant decrease in the incidence of PDPH
(P =0.08), the requirement for a TEBP (P = 0.025) was significantly reduced in the ITC group
compared with the relocated group (Table 2).

In our systematic literature review, 221 articles were initially identified and 13 studies
including 1044 obstetric patients were finally included in the meta-analysis [1, 3, 8-18]. Fig 1

Table 1. Comparison of demographic characteristics between both groups (ITC group versus relocated group).

Age

weight

height

BMI

Parity
Primiparous
Multiparous
Delivery mode
Vaginal
Caesarean

ITC group (n = 47) Relocated group (n = 39) Pvalue
30.7+£3.7 29.9+3.2 0.479
72.2£9.7 73.2£10.4 0.761
160.54£5.0 159.4+4.6 0.444
28.0+3.3 28.8+3.5 0.464

0.591
22(46.8%) 16(41.0%)
25(53.2%) 23(59.0%)

0.738
27(57.4%) 21(53.8%)
20(42.6%) 18(46.2%)

BMI: body mass index; Data are mean = SD or number (%).

https://doi.org/10.1371/journal.pone.0180504.t001
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Table 2. The incidence of PDPH and the requirement for a TEBP in the ITC group versus the relocated
group.

ITC group (n =47) Relocated group (n = 39) Pvalue
PDPH 20(42.6%) 24(61.5%) 0.08
TEBP 13(27.7%) 20(51.3%) 0.025

PDPH: post dural puncture headache; TEBP: therapeutic epidural blood patch; Data are mean + number
(%).

https://doi.org/10.1371/journal.pone.0180504.t1002

shows the selection process for eligible studies. The main characteristics of the included
studies are shown in Table 3. Our meta-analysis showed a significant reduction in PDPH
(pooled RR = 0.823; 95% CI = 0.700-0.967; P = 0.018) and requirement for a TEBP (pooled
RR =0.616; 95% CI = 0.443-0.855; P = 0.004) in the ITC group compared with relocated
group (Fig 2). The Q test showed significant heterogeneity. We further performed sensitiv-
ity analysis to investigate whether the studies were convincing and stable. We found no sig-
nificant change in pooled RRs when any of the enrolled studies were excluded (Fig 3).
Therefore, we concluded that no individual study dominated the meta-analysis results and
the credibility of the outcomes was validated. Publication bias was evaluated by Begg’s fun-
nel plots and Egger’s test. Begg’s funnel plots did not show any evidence of significant asym-
metry in the meta-analysis of PDPH (P = 0.300) and a TEBP (P = 0.721) (Fig 4). Egger’s test
also showed the absence of publication bias in PDPH (P = 0.335) and a TEBP (P = 0.954).

Discussion

Our findings add to the growing body of evidence that insertion of an intrathecal catheter fol-
lowing ADP is an effective measure to reduce the risk of PDPH and requirement for a TEBP in
obstetric patients. In our retrospective study, we found that although there appeared to be a

221 articles identified through database searching:
PubMed (n=50)
Embase (n=109)
Web of Science (n=62)

—)I Duplicates removed (n=93) |

Titles and abstracts review (n=128) |

—)| Irrelevant topic (n=97) |

Reviews, letters, conference
abstracts or non-original article
(n=20)

Full article review (n=18)

Insufficient data (n=5)

Studies included in the meta-analysis
(n=13)

Fig 1. Flow diagram of the selection process and specific reasons for exclusion in the meta-analysis.
https://doi.org/10.1371/journal.pone.0180504.g001
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Table 3. Characteristics of 13 enrolled studies included in the meta-analysis.

First author (year)
Paech (2001)
Antunes (2016)
Ayad (2003)
Bolden (2016)
Cohen (1994)
Jagannathan (2016)
Kaddoum (2014)
Russell (2012)
Rutter (2001)

Tien (2016)

Van (2008)
Verstraete (2014)
Norris (1990)

Country
Australia
Portugal
USA
USA
USA
USA
Lebanon
UK
UK
USA
Belgium
UK
USA

Number of patients Delivery mode Study Type Outcomes

75 Vaginal Prospective study PDPH

54 Vaginal/caesarean Retrospective study PDPH

103 Vaginal Retrospective study PDPH, TEBP
218 Vaginal/caesarean Retrospective study PDPH, TEBP
45 caesarean Retrospective study PDPH, TEBP
236 Vaginal/caesarean Retrospective study PDPH

238 Vaginal Retrospective study PDPH, TEBP
115 Vaginal/caesarean Prospective study PDPH, TEBP
71 Vaginal Retrospective study PDPH, TEBP
109 Vaginal/caesarean Retrospective study PDPH, TEBP
55 Vaginal/caesarean Retrospective study PDPH, TEBP
128 Vaginal/caesarean Retrospective study PDPH, TEBP
56 Vaginal Retrospective study PDPH, TEBP

PDPH: post dural puncture headache; TEBP: therapeutic epidural blood patch

https://doi.org/10.1371/journal.pone.0180504.t003

Aotunes 2016

Ayad 2003

Bokden 2016

NOTE: Weights

reduction in the incidence of PDPH in the ITC group, this was not significant (P = 0.08). How-
ever, the requirement of a TEBP was significantly lower in the ITC group than in the relocated
group (P = 0.025). Furthermore, our meta-analysis showed that insertion of an intrathecal
catheter significantly reduced the incidence of PDPH (pooled RR = 0.823; 95% CI = 0.700-
0.967; P = 0.018) and the requirement for a TEBP (pooled RR = 0.616; 95% CI = 0.443-0.855;
P =0.004).

The difference between our retrospective study and the meta-analysis may have been due to
multicenter studies and a larger sample size of the meta-analysis (our retrospective study only
included 86 patients compared with 1044 patients in the meta-analysis). A small difference
cannot be observed by a small sample size. The difference in incidence of PDPH is small
between the groups. Several studies that only included a small size population failed to detect a
difference in the incidence of PDPH [12, 15, 18], while our meta-analysis of 13 studies with
1044 patients observed a significant difference. Even when our retrospective study was

uuuuu

RR (95% CI) Woight
o RR(65% 1) Weght

_ 068(037,123) as1

— H 033(023,048) 739 Apea 2003

— 082(067,101) 1028

_— 022(013,038) 10%0
—_— 039(026,050)

— 080(032,209) 242 I 083(023,300) ass

= 087 074,109 1096 042(020,080)

069(047,1.00) a1

— 080(017,215) e

104062, 1.72) 556
—— 086(060,123) 2%

I

101084,122) 1066

107082, 1.41) 918 Ruter 2001 — 069(046,101) 1262
087 (067,1.14) 927 S 139(076,258)

o — 122089, 1.69) 83 I 089051, 156) 1050

085,053,137 605

100

068(048,096) 785

r0d = 70.7%, p = 0.000) 082(070,097) 10000

are from random effects analysis

T T T T
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Fig 2. Forest plot of RRs for PDPH (A) and a TEBP (B) in obstetric patients.
https://doi.org/10.1371/journal.pone.0180504.9002
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Meta-analysis fixed-effects estimates form) Meta-analysis fixed-effects estimates (exponential form)
Study ommited Study ommited
Antunes 2016 [e] Ayad 2003
Ayad 2003 Bolden 2016
Bolden 2016
Cohen 1994 | Cohen 1994 q
Jagannathan 2016 ] Kaddoum 2014 o]
Kaddoum 2014 Noris 1960
Norris 1990
pacch 2001 Russell 2012
Russell 2012 o Rutter 2001
Rutier 2001 Ten 2016
Tien 2016
Van 2008 Van 2008
Verstraete 2014 I o Verstraete 2014 o ]
0.76 0.80 0.86 0.93 0.98 0.48 0.53 0.62 073 0.81

Fig 3. Sensitivity analysis on the effect of each individual study on the overall meta-analysis of PDPH (A) and
aTEBP (B).

https://doi.org/10.1371/journal.pone.0180504.g003

included in the meta-analysis, we found similar results (PDPH: pooled RR = 0.814, 95%
CI = 0.698-0.950, P = 0.009; TEBP: pooled RR = 0.608, 95% CI = 0.451-0.819, P = 0.001).

A previous meta-analysis performed by Apfel et al [19] reported that insertion of an intra-
thecal catheter did not decrease the risk of PDPH and the requirement for a TEBP, but this
meta-analysis only included three studies. A later meta-analysis by Hessen et al [20] concluded
that insertion of an intrathecal catheter significantly reduced the requirement for a TEBP
(pooled RR = 0.64, 95% CI = 0.49-0.84, P = 0.001), but did not decrease the incidence of
PDPH (pooled RR = 0.82, 95% CI = 0.67-1.01, P = 0.06). Although this meta-analysis included
nine reports, among them, three were abstracts of a conference, and they were not published
at full length. Since the last meta-analysis was performed, several relevant studies have been
published [1, 3, 8, 13, 14, 18]. Most interestingly, Verstraete et al [8] and Kaddoum et al [13]
both reported that the application of intrathecal catheter following ADP reduced the risk of
PDPH in obstetric patients. In our meta-analysis, we included 13 eligible studies published as
full articles. We performed a more comprehensive assessment on this debate and included a
larger sample size compared with other meta-analyses.

Some limitations of our study should be pointed out. First, our retrospective study was a
single-center study, the sample size and available resources were limited. We only investigated
whether insertion of an intrathecal catheter following ADP in obstetric patients could reduce
the incidence of PDPH and the requirement of a TEBP compared with relocating an epidural

A B

Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits

1 1

logrr
logrr

4 4
s.e. of: logrr s.e. of: logrr

Fig 4. Begg’s funnel plots of studies that examined PDPH (A) and a TEBP (B) as a test for publication bias.
https://doi.org/10.1371/journal.pone.0180504.g004
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catheter at a different vertebral interspace. Secondly, a major limitation of our meta-analysis is
the relatively low level of quality of the included studies as demonstrated by statistical hetero-
geneity. This affected the accuracy of our quantitative and qualitative assessments. Although
we did not observe publication bias in our meta-analysis, it could still have been present
because the published results might not be representative of the conducted studies. The pres-
ence of high heterogeneity among the included studies was obvious. Therefore, we performed
our meta-analysis with the random effect model. Furthermore, sensitivity analysis showed that
the high level of heterogeneity did not affect the summary estimate. Finally, among 13 included
studies in our meta-analysis, the study by Paech et al [16] is the only randomized study.

In conclusion, our study indicates that insertion of an intrathecal catheter following ADP
might be an effective method for reducing the risk of PDPH and the requirement for a TEBP in
obstetric patients. Large, prospective, multicenter studies are required to confirm our findings.

Supporting information
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(DOC)
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