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the various remote structures that are functionally associated with
M1 and involved in chronic pain and pain relief [24,30]. Two pos-
itron emission tomography (PET) studies demonstrated that motor
cortex stimulation increased the regional cerebral blood flow in the
various structures related to pain perception and the emotional as-
pects of pain, such as the thalamus, insula, limbic system, and
upper brain stem [11,19]. Lefaucheur et al. reported that rTMS of
M1 restored defective intracortical inhibition in patients with
chronic neuropathic pain and proved the alterations within the
stimulus site [27]. However, the patient characteristics in these
previous reports were heterogeneous. These subjects were patients
with CPSP, but some also had neuropathic pain due to spinal or
peripheral nerve lesions.

In this study, we concentrated the rTMS effects within M1 in pa-
tients with CPSP. A single- or paired-pulse transcranial magnetic
stimulation (TMS) allowed us to evaluate the cortical excitability
of M1, measuring motor evoked potentials (MEP) {23,47]. The
objective of this study was to assess the alterations of cortical
excitability in patients with intractable CPSP before and after ;'TMS
of M1.

2. Methods
2.1. Subjects

Subjects were 21 consecutive patients with CPSP (12 men and 9
women), with a mean * standard deviation age of 59.6 + 9.0 years
and with an average pain duration of 48.1 = 55.0 months before
the experiment. All patients were diagnosed with CPSP according
to the following criteria [20]: (1) development of pain after stroke,
(2) sensory disturbance corresponding to the cerebral lesion, (3)
pain located within the region of sensory disturbance, and (4)
exclusion of other causes of pain. All patients had an intractable
continuous pain in their hand lasting more than 6 months despite
appropriate medical treatments. We excluded patients with severe
motor weakness corresponding to less than grade 2 in the manual
muscle test because of the insufficient MEP evoked by TMS in the
affected hand. The lesions from stroke were located in the thala-
mus (n=8), putamen (n=7), brain stem (n=4), and subcortex
(n=2). All the patients had a sensory deficit in their painful zone
and described their pain as burning, aching, squeezing, pricking,
or numb; pain occurred in the unilateral body including the hand.
Allodynia was observed in 13 patients (62%) and hyperpathia in 4
patients (19%). Patient characteristics and clinical data are summa-
rized in Table 1.

Eight healthy volunteers were also enrolled onto this study (8
men; mean age, 52.5 £ 10.0 years). All subjects were right-handed.
They had no neurological diseases, and no lesions were evident on
magnetic resonance imaging.

2.2. Overview of experiments

A session of 5 Hz rTMS of M1 corresponding to the painful hand
was applied to all the patients [14.41]. Cortical excitability within
M1 was evaluated by the single- or paired-pulse TMS before and
after an rTMS session. Cortical excitability was measured in the
same side as r'TMS performance. Pain intensity was examined in
each patient before and after rTMS using a visual analog scale
(VAS). The healthy controls underwent the same single- or
paired-pulse TMS measurements in M1 of both hemispheres. We
assessed alterations in cortical excitability and the relationship be-
tween pain relief and cortical excitability changes.

The ethics committee of Osaka University Hospital approved
this study (approval 07099), and written informed consent was ob-
tained from all subjects participating in this study.
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2.3. Motor cortical excitability testing

Motor cortical excitability testing was applied by the single- or
paired-pulse TMS using a reversed-current, figure-8 double 70-mm
coil (Magstim Company, Carmarthenshire, UK) and the Magstim
200 magnetic stimulator (Magstim Company). A Magstim 200
magnetic stimulator provides single monophasic pulses. Two Mag-
stim 200 magnetic stimulators were connected to a Bistim module
(Magstim Company) delivering paired pulses. Subjects lay down on
the bed to keep their hands relaxed, and their heads were fixed to
avoid displacement of the stimulus site during cortical excitability
testing and rTMS. The center of the TMS coil was placed on M1 cor-
responding to the hand using the optical TMS navigation system
(Brainsight, Rogue Research Inc, Montreal, Quebec, Canada) and
fixed by means of an articulated coil holder. The handle of the re-
versed-current coil was directed anteromedially so that the intra-
cerebral current was induced to the same direction as the
standard double coil handle placed in the posterolateral direction.
Finally, the optimal stimulus site was determined on the basis of
the highest amplitude MEP in the abductor pollicis brevis (APB)
muscles. The MEPs were recorded from surface electrodes placed
on the belly and tendon of the contralateral APB muscles through
a 20 to 3000 Hz band-pass filter using Neuropack electromyogra-
phy (MEB-2208, Nihon Kohden, Tokyo, Japan).

Five indices, including (1) resting motor threshold (RMT), (2)
MEP amplitude at 120% of RMT (MEP120), (3) cortical silent period
(CSP), (4) short interval intracortical inhibition (SICI), and (5) intra-
cortical facilitation (ICF), were measured as parameters of motor
cortical excitability. The RMT was defined as the minimum stimu-
lus intensity evoking MEPs of =50 pV at least 5 of 10 times under
complete muscle relaxation {39]. RMT was measured by reducing
the stimulus intensity in steps of 1% from the suprathreshold
intensity. Complete muscle relaxation was monitored by the
electromyograms (EMG) from the APB muscles. Subsequently, 15
MEPs were recorded at 120% of RMT, and the average peak-to-peak
amplitude of MEPs was determined as MEP120. CSP was measured
by single TMS pulses at 130% of RMT, while subjects executed a
continuous maximum voluntary contraction of their APB muscles.
To ensure adequate contractions of the target muscle, EMG feed-
back was provided for the subjects. Eight trials were rectified and
superimposed. CSP was defined as the minimum duration from
stimulus delivery to the return of voluntary activity [21]. Paired-
pulse stimulation was performed in accordance with Kujirai et al.
[23]. A conditioning stimulus was set at 80% of RMT, and a test
stimulus was set at 120% of RMT. Interstimulus intervals were
set at 2 and 4 ms for SICI, and 10 and 15 ms for ICF. Ten trials of
each interstimulus interval were randomly intermixed with non-
conditioned trials (test stimulus only). Finally, a total of 50 trials
were delivered, and the average peak-to-peak MEP amplitude
(MEP onaitioned) Was calculated for each condition. SICI and ICF were
defined follows: SICI = 100% — (MEPonditioned!/ MEPnonconditioned) 2ntd
ICF = MEPConditioned/MEPnonconditioned~ Each stimulation was sepa-
rated by at least 5s in order to avoid carryover effects.

2.4. rTMS procedure

The rTMS was applied through a figure-8 coil (MC B-70, Med-
tronic Functional Diagnostics A/S, Skovlunde, Denmark) and con-
nected to a MagPro magnetic stimulator (Medtronic Functional
Diagnostics A/S), which provides repetitive biphasic pulses. The
TMS coil was placed with the optical TMS navigation system (Bra-
insight) and fixed by the coil holder in the same way used for mo-
tor cortical excitability testing. The RMT was determined by
stimulation of the region of M1 corresponding to the hand repre-
sentation. A potential equivalent to 90% intensity of RMT was used
for repetitive stimulation. Ten trains of 5 Hz rTMS were delivered
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Table 1
Patients’ clinical characteristics,

Patient Age, Sex Stroke Pain duration, Current Motor Sensory Allodynia Hyperpathia Baseline VAS reduction
y month medication weakness  deficit VAS score after rITMS.%
1 61 M Lt brain stem 29 TCA, SSRI, BZD  Mild Severe + - 95 211
infarction
2 65 F Rt subcortical 37 TCA, BZD, Moderate Mild + + 83 333
infarction NSAID
3 56 M Rt subcortical 7 czp Mild Mild + - 97 8]
hemorrhage
4 64 F Rt putaminal 37 TCA, GBP Moderate Mild + + 100 0
hemorrhage
5 48 M Rt thalamic 7 GBP, PB, BZD, Mild Mild - - 59 41.5
hemorrhage NSAID
6 48 M Rt putaminal 6 TCA, GBP, - Severe + - 80 100
hemorrhage MEX
7 64 M Lt putaminal 16 CZP, ZNS, BZD, Mild Mild + + 86 214
hemorrhage NSAID
8 57 F Lt putaminal 30 czp Mild Severe + + 100 65
hemorrhage
9 59 F Rt putaminal 180 czp - Mild + - 77 22.2
hemorrhage
10 76 M Lt thalamic 216 TCA, GBP, Moderate  Severe - - 56 57.1
hemorrhage MEX
11 64 M Lt thalamic 37 TCA, GBP Moderate Severe - - 81 62.5
hemorrhage
12 63 M Rt thalamic 88 SSRI, GBP, BZD Moderate  Miid - - 89 50
hemorrhage
13 52 F Rt thalamic 8 TCA, GBP - Mild * + 98 0
hemorrhage
14 51 F Rt putaminal 46 PHT Mild Severe + — 52 16.7
hemorrhage
15 35 M Rt thalamic 14 GBP - Mild + + 45 14.3
hemorrhage
16 66 F Lt thalamic 18 GBP Mild Mild + - 76 7.1
hemorrhage
17 58 F Rt brain stem 86 SSRI, CZP, CBZ, Mild Mild - - 99 75
hemorrhage BZD
18 73 M Rt thalamic 40 NSAID Mild Severe - - 89 0
infarction
19 65 M Lt brain stem 39 TCA, GBP - Mild - - 53 4]
hemorrhage
20 65 F Rt brain stem 20 SSRI Mild Severe + + 75 11.8
infarction
21 62 M Lt putaminal 20 TCA, GBP Mild Mild - - 50 19
hemorrhage

Rt, right; Lt, left; TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitor; BZD, benzodiazepine; NSAID, nonsteroidal anti-inflammatory drug; CZP, clo-
nazepam; GBP, gabapentin; PB, phenobarbital; MEX, mexiletine; ZNS, zonisamide; PHT, phenytoin; CBZ, carbamazepine; VAS, visual analog scale; rTMS, repetitive trans-

cranial magnetic stimulation.

to M1, corresponding to the painful hand, for 10s with 50s of
intertrain interval. Thus, a total of 500 pulses were applied in an
rTMS session. The details of this rTMS protocol have been reported
previously [14,41]. This protocol was carried out in accordance
with the guidelines for safe use of rTMS [38].

2.5. Statistical analysis

Patients were assigned to 1 of 2 groups: responders { > 30% pain
reduction after r'TMS) and nonresponders (<30% pain reduction)
[8]. Differences of cortical excitability indices between each group
at baseline were evaluated by Mann-Whitney U test. Alterations of
these indices after rTMS were evaluated by Wilcoxon's signed-rank
test. Nonparametric tests were adopted because the analyzed
groups were not estimated to have a normal distribution. In all
comparisons, findings with P<.05 were considered statistically
significant.

3. Results

All patients completed the study without adverse effects. Eight
of 21 patients experienced >30% pain reduction in their VAS after

rTMS, and these patients were categorized as responders. Between
responders and nonresponders, there were no significant differ-
ences in any patient characteristics (age, sex, duration of pain,
stroke type, pain laterality, severity of motor and sensory distur-
bances, and VAS at baseline) and the stimulus intensities of rTMS.
The RMT of all patients was higher than those of controls
(65.5 +3.0% vs 56.7 + 2.3%, P=.035). There were no significant dif-
ferences in the other parameters between the patients and controls
(Table 2). The ICF of the responders significantly increased after the
rTMS session (110.3 + 12.5% vs 170.0 £ 28.3%, P = .039). There were
no significant changes in the other parameters (Table 3). The ICF of
the responders was significantly lower than those of the controls
and the nonresponders at Dbaseline (1103+12.5% vs
168.0 £ 18.8%, P=.035, and vs 188.3 + 21.7%, P=.019) (Fig. 1).

4. Discussion

To our knowledge, this study is the first to document alteration
of cortical excitability within M1 in CPSP patients, We studied the
cortical excitability changes in CPSP patients and healthy controls
by means of single- or paired-pulse TMS methods. Our findings re-
vealed that RMT in patients with CPSP was elevated and the im-
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Table 2
Cortical excitability measurements at baseline,

Characteristic Patients, mean (SEM)  Controls, mean (SEM) P

RMT, % 65.5 (3.0) 56.7 (2.3) 035"
MEP amplitude, pV 655 (80) 707 (105) 818
CSP, ms 167.9 (10.4) 148.4 (8.7) .238
SICL % 32.0(8.7) 473(7.0) 350
ICF, % 158.6 (16.5) 168.0 (18.8) 530

SEM, standard error of mean; RMT, resting motor threshold; MEP, motor evoked
potential; CSP, cortical silent period; SICI, short interval intracortical inhibition; ICF,
intracortical facilitation.

" P<.05 for differences in mean values between patients and controls by Mann-
Whitney U test.

Table 3

Changes in cortical excitability measurements after rTMS.
Characteristic Good response Poor response

Mearn (SEM) P Mean (SEM) P

RMT, % 171 .833
Baseline 62.9 (5.8) 67.1 (3.1)
Post-rTMS 64.6 (6.1) 66.8 (2.6)
MEP amplitude, uv .945 455
Baseline 589 (97) 695 (114)
Post-rTMS 602 (138) 810 (132)
CSP, ms 461 .067
Baseline 186.8 (19.8) 156.2 (10.2)
Post-rTMS 171.3 (20.6) 162.2 (11.1)
SICL % 313 735
Baseline 40.8 (10,7} 26.7 (12.3)
Post-rTMS 30.6 (12.1) 16.7 (19.1)
ICF, % 039 1.000
Baseline 110.3 (12.5) 188.3 (21.7)
Post-rTMS 170.0 (28.3) 183.6 (28.0)

rTMS, repetitive transcranial magnetic stimulation; SEM, standard error of mean;
RMT, resting motor threshold; MEP, motor evoked potential; CSP, cortical silent
period; SICI, short interval intracortical inhibition; ICF, intracortical facilitation.

" P< .05 for differences in mean values between patients and controls by Mann-
Whitney U test.
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Fig. 1. ICF in responders was lower than ICF in controls and nonresponders at
baseline (110.3 £ 12.5% vs 168.0 + 18.8%, P=.035, and vs 188.3 £21.7%, P=.019).
ICF of responders significantly increased after the rTMS session (110.3 + 12.5% vs
170.0 £ 28.3%, P=.039). ICF, intracortical facilitation; rTMS, repetitive transcranial
magnetic stimulation.

paired ICF in the responders was restored after high-frequency
rTMS of M1. Restoration of a normal ICF value was accompanied
by successful pain relief.

In patients after stroke, it is well known that damage of motor
tracts resulted in elevation of the motor threshold in the affected

hemisphere [5]. Fifteen of 21 patients studied in this study had
mild or moderate motor weakness. The elevated RMT in this study
seemed to reflect the condition with motor weakness after stroke.

SICI and ICF are considered to reflect the functions of interneu-
rons within M1. SICI is likely to reflect GABAergic inhibitory inter-
neurons, especially GABA, function {23,371, while ICF is thought to
mainly reflect glutamatergic excitatory interneurons within M1
[37,47]. Several studies have investigated ICF and SICI alterations
in patients with various chronic pain conditions: various neuro-
pathic pain [27.45], complex regional pain syndrome type I [9],
or fibromyalgia [44]. These studies have demonstrated that a
chronic pain state is reflected by a decrease in SICI and a tendency
for ICF to decrease as a whole. Our results are consistent with pre-
vious reports in that ICF and SICI tended to decrease.

High-frequency (eg, 5 Hz) rTMS is referred to as excitatory rTMS
and is thought to increase cortical excitability. Several studies
applying high-frequency rTMS to M1 have reported an immediate
increase of excitability in healthy volunteers (increased MEP
amplitude, decreased SICI, and increased ICF), although the other
studies have reported no change [10]. We first demonstrated an in-
crease in ICF in the responders of CPSP patients after 5 Hz rTMS of
M1. In this study, SICI did not significantly change after rTMS;
however, there was a tendency for SICI to decrease, These findings
were consistent with the previous reports, revealing high-fre-
quency rTMS, increased ICF, and decreased SICI. Lefaucheur et al.
reported that defective SICI was restored in parallel with pain relief
after 10 Hz r'TMS of M1 in 22 patients with various types of neuro-
pathic pain (10 strokes, 4 peripheral nerve lesions, 4 brachial
plexus lesions, and 4 spinal cord lesions) [27]. These results can
fit to the deafferentation theory with cortical and subcortical
hyperactivities, and the potential therapeutic action of motor cor-
tex stimulation on pain processing areas {13,22,35], although SICI
increase due to the high-frequency rTMS was the opposite to re-
sults in healthy subjects, Our results seem to be contrary to the re-
sults from the study reported by Lefaucheur et al. However,
according to the theory of cortical hyperactivity, motor cortex
hyperactivity may result in a compensatory decrease in ICF. Fur-
thermore, 1TMS might reduce pain-related hyperactivity, resulting
in restoration of the compensatory decrease in ICF along with pain
relief. A study demonstrated that rTMS effects on cortical excitabil-
ity depended more on baseline individual values than on stimula-
tion frequency [6]. The difference between our results and those
reported by Lefaucheur et al. may be rooted in the different sources
of neuropathic pain and the difference of the baseline individual
values in cortical excitability.

rTMS stimulates the neuronal tissue electrically in a manner
similar to EMCS, evoking eddy current within the cortex [25],
and similar descending volleys were evoked by TMS and EMCS
[7]. The frequency and duration of pulses are different between
rTMS and EMCS; nevertheless, the analgesic effects produced by
r'TMS and EMCS have many cormnmon points. For instance, pain re-
lief often delayed and prolonged after the stimulation period of
I'TMS in a similar time course as EMCS [26,33,42], and the efficacy
of 'TMS en pain relief has been reported to correlate with EMCS
efficacy [15,29]. Therefore, the mechanism behind pain relief
through high-frequency rTMS may be similar to that of EMCS.
According to PET activation studies, EMCS seems fo activate several
brain areas related to pain perception, affective~emotional compo-
nents, and the descending pain inhibitory system, such as the pos-
terior thalamus, insula, anterior cingulate cortex, orbitofrontal
cortex, and upper brain stem [11,19]. r'TMS also activated remote
and widespread areas in a PET study [40]. A recent study suggested
that inhibition of thalamic sensory neurons and disinhibition of the
neurons in the periaqueductal gray played a role in pain relief in-
duced by the motor cortex stimulation in naive rats [35]. The pro-
cess of pain relief resulting from rTMS or EMCS suggests that the
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stimuli act locally in M1, then modulate the interconnected remote
deep brain structures through the subcortical fibers. Our diffusion
tensor fiber tracking study demonstrated that the rTMS efficacy in
pain relief related to good preservation of the thalamocortical tract
and corticospinal tract [12]. In addition, we reported that r'TMS and
EMCS provided better pain relief in patients without cerebral le-
sions {15,41]. These results suggest that subcortical fibers and var-
ious remote deep brain structures play an important role in pain
reduction by rTMS. High-frequency rTMS may reinforce propaga-
tion from M1 to such remote regions resulting in pain relief and
strengthening the function of intracortical excitatory interneurons
within M1.

Our findings demonstrated that ICF in responders was signifi-
cantly lower compared with that in nonresponders and controls
at baseline. The basis for these differences is difficult to explain
with certainty. The physiology of ICF is not clear compared to that
of SICI, and only a small number of studies have reported ICF alter-
ations in patients with neurological disease. One study investigat-
ing intracortical excitatory mechanisms in patients with stroke
found reduced SICI but normal ICF in the affected hemisphere
{31]. Furthermore, there were no significant differences in patient
characteristics or medications between the responders and nonre-
sponders in the present study. Therefore, our findings demonstrat-
ing ICF decrease were not simply caused by a poststroke condition,
by patient characteristics, or by medication. The state of low ICF at
baseline may be associated with the clinical efficacy of rTMS in pa-
tients with CPSP, and the patient with low ICF may be a good can-
didate for the rTMS intervention.

In conclusion, we found alterations of cortical excitability in M1
in CPSP patients with high-frequency rTMS in M1. Our findings sug-
gest that restoration of abnormal cortical excitability might be one of
the mechanisms underlying pain relief as a result of rTMS in CPSP.
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The present state and view of the cerebrospinal fluid hypovolemia research
EXRIEE

Abstract

Spontaneous intracranial hypotension is a rare disease characterized by orthostatic
headache, low cerebrospinal fluid pressure and diffuse dural enhancement in brain MRL
German neurologist Schaltenbrand reported that orthostatic headache by low
cerebrospinal fluid pressure in 1938. This disease came to be known after development
of radiological diagnosis in 1990". The author reported that cerebrospinal fluid leak is
induced in the whiplash sequelae after traffic accident in 2003. Cerebrospinal fluid
hypovolemia got into the news social. A lot of doctors deny the cerebrospinal fluid leak
after mild traffic accident. The Cerebrospinal Fluid Hypovolemia Society is started up in
2003 and 11 research meeting held until today. The research group of Ministry of Health,
Labour and Welfare was made in 2007. The image diagnostic criteria of cerebrospinal
fluid leakage syndrome model were made in 2012. Neither the mechanism of the cer-
ebrospinal fluid leak nor the mechanism of symptoms are understood well. The path-
ophysiology of cerebrospinal fluid hypovolemia is expected by researching the cerebro-

spinal fluid circulation.

Key words: intracranial hypotension, cerebrospinal fluid hypovolemia, mild traumatic
brain injury, whiplash associated disorder, epidural blood patch
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Abstract

radiologically-negative patients.

myelography, Magnetic resonance imaging

Background: Post-dural puncture headache (PDPH) due to excessive cerebrospinal fluid (CSF) leakage is a
well-known complication of lumbar puncture. Although various factors, especially the type of spinal needle, have
been demonstrated to be associated with PDPH, the clinical implications of CSF leakage detected on magnetic
resonance myelography (MRM) images remain unclear. The objective of this case~control study was to evaluate the
association between radiologically visualized CSF leakage and PDPH.

Methods: Clinical data including patients’ age and gender, types of spinal needle, duration of bed rest, interval
between lumbar puncture procedures and MRM studies, and incidence of PDPH were compared between patients
who were radiologically-positive and -negative for CSF leakage.

Results: Of the 22 patients with definite CSF leakage on MRM images, most were asymptomatic (86%, 19/22). The
remaining three patients, who were suffering from PDPH, only complained of headaches and were treated
conservatively. In a review of patients’ clinical data, there were no significant differences in any parameter including
the incidence of PDPH between the 22 patients who were radiologically-positive for CSF leakage and the 37

Conclusion: The significance of radiologically visualized CSF leakage should not be overestimated, as most such
incidents are not associated with PDPH and do not require any treatment.

Keywords: Lumbar puncture, Cerebrospinal fluid leakage, Post-dural puncture headache, Magnetic resonance

Background

Lumbar puncture is generally performed in daily medical
practice to measure the pressure in the subarachnoid
space, to obtain cerebrospinal fluid (CSF) samples for
analysis, to inject contrast medium for myelography, or
to induce spinal anesthesia. However, puncturing the
dura has the potential to lead to excessive CSF leakage,
and CSF hypovolemia subsequent to excessive CSF leakage
can lead to post-dural puncture headache (PDPH), which
has been regarded as a complication of Jumbar puncture
for over a century [1]. Its clinical characteristics including
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its incidence and associated factors have been evaluated in
previous studies [2,3].

Recently, neuroimaging techniques including radioiso-
tope cisternography (RICG) and magnetic resonance im-
aging (MRI) have enabled the visualization of postpuncture
CSF leakage in the epidural space [4,5]. Considering its
pathophysiology, it is indisputable that postpuncture
CSF leakage contributes to the development of PDPH
[2,3]. However, the incidence and clinical implications
of radiologically visualized postpuncture CSF leakage have
rarely been evaluated [6,7]. These studies evaluated only
a small number of selected subjects, so a larger number
of unselected subjects in daily medical practice appear
necessary for the evaluation of the clinical implication
of radiologically visualized postpuncture CSF leakages.

© 2013 Sakurai et al; licensee BioMed Central Lid, This is an open access article distributed under the terms of the Creative
Comrnons Attribution License (hitp//creativecormnmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Furthermore, such iatrogenic CSF leakage can make it
difficult to differentiate between PDPH and spontaneous
intracranial hypotension (SIH) [4,5]. Taking these problems
into consideration, we aimed to investigate the clinical
implication of radiologically visualized postpuncture CSF
leakage in daily medical practice.

Methods

Subjects

This was a retrospective study evaluating the incidence
and clinical characteristics of postpuncture CSF leakage
using data obtained at a single medical center, and was
approved by the Ethics Committee for Clinical Research
of Nagoya City University Graduate School of Medical
Sciences, which waived the requirement for informed
consent. The privacy of the patients was completely
protected. Between January 2009 and March 2012, 329
lumbar punctures were performed to obtain samples for
CSF analysis in 251 patients with various neurological dis-
orders (e.g., multiple sclerosis, infectious meningitis, etc.) at
the Department of Neurology. Of these 329 examinations,
270 were excluded because no subsequent magnetic res-
onance myelography (MRM) study was performed within
14 days of the lumbar puncture. There were two reasons
why MRI examinations were not performed in these
patients. The one was that their primary illness did not
require lumbar MRI examinations (e.g. viral meningitis),
and the other was that the examination and admission
schedules did not allow to perform MRI examinations
after lumbar punctures. As a result, 59 examinations involv-
ing 53 patients who underwent subsequent thoracolumbar
or lumbar MRM studies were included in this study. The
lumbar puncture procedures were mainly performed using
21-gauge (GQ) Quincke spinal needles at the L3/4 or L4/5
intervertebral level. PDPH was diagnosed according to the
previously published diagnostic criteria [3].

MRM protocol and image analysis

The thoracolumbar or lumbar MRM studies were per-
formed on a 1.5-T imager (Gyroscan Intera; Philips Medical
Systems, Best, The Netherlands) using a synergy spine
phased-array coil. The 2D MRM sequence was performed
using the following parameters: turbo spin echo (TSE)
sequence; repetition time/echo time, 8000 ms/1000 ms;
field of view, 350-500 mm; matrix, 512 x 142; slice
thickness, 40-50 mm; section orientation, coronal; and
TSE factor, 256. Basically, this sequence was utilized as a
localizer scan in our institution. Postpuncture CSF leakage
was diagnosed according to the previously reported im-
aging findings by the consensus of two experienced physi-
cians (IS, and MLN.), who were blinded to the patients’
clinical information [5,8]. Additionally, to differentiate CSF
leakages from mistakable findings such as water compo-
nent at the intervertebral joints, root sleeves and perineural
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cysts, postpuncture MRM findings were compared with
findings of other sequences such as axial and sagittal
T2-weighted images in each patient.

Statistical analysis

Statistical analyses were carried out using the SPSS 11.0
statistical software program (Dr. SPSS II for Windows,
standard version 11.0; SPSS Inc., Chicago, [L, USA). The
unpaired ¢ test was used for comparisons of age distribu-
tions. Fisher’s exact test was used for comparisons of the
gender distribution and PDPH incidence between the
two patient populations. Pearson’s chi-squared test was
used for comparisons of the spinal needle gauge and
puncture level. The Mann—-Whitney U test was used to
compare the duration of bed rest and the interval between
the lumbar puncture and MRM study. Differences were
considered significant when p <0.05.

Results

The characteristics of the patients are summarized in
Table 1. Twenty-two MRM studies involving 22 patients
exhibited postpuncture CSF leakage (37%, 22/59). All ex-
cept four of these radiologically visualized leakages were bi-
lateral and were mainly located in the paraspinal areas at
the lumbosacral level (Figure 1). Of the 22 patients, only
three suffered from PDPH (14%, 3/22), which occurred
within 48 hours of the lumbar puncture and persisted for
one to six days. No other symptoms associated with PDPH,
such as nausea, vomiting, or hearing loss, were observed.
These patients were treated in a conservative manner in-
cluding bed rest, appropriate hydration, and non-steroidal
anti-inflammatory drugs. The other asymptomatic patients
did not require any kind of treatment for their CSF
leakage.

In 37 CSF leakage-negative MRM studies, five patients
suffered from PDPH (14%, 5/37). In a review of the pa-
tients’ clinical data including the incidence of PDPH,
their basic characteristics and the details of puncture
procedures, no significant differences were detected in
any parameter between the radiologically CSF leakage-
positive and -negative patients (Table 1).

Discussion

Considering the advantage of high contrast resolution,
ability to depict the entire spinal subarachnoid space in-
cluding fluid collections and leakages, and non-invasive
nature (i.e., no LP and no radiation exposures), MRM may
be regarded as the first-line examination in the diagnosis
of CSF leakages. Its high contrast resolution contributes
to detect indirect findings such as epidural-paraspinal
fluid collections, especially small amounts of leakages along
bone structures [9-11]. Furthermore, MRM with intrathecal
gadolinium injection can provide both physiologic and
morphologic information, which enables the detection of
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Table 1 Patient characteristics
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CSF leakage-positive exams (n = 22) CSF leakage-negative exams (n = 37) p value
Age (years) 5018 (17-86) 56419 (17-86) 027
Gender (male: female) 12: 10 19: 12% 066
Underlying disorders
Neuropathy/neuritis 8 6
Demyelination 4 9
Infection 3 2
Hydrocephalus 1 3
Degenerative disease 1 3
Others 5 8
Gauge of spinal needle 21G -19 216 -18 0.18
19G -1 19G -2
23G -1 23G -6
Unknown -1 Unknown - 11
Puncture level L3/4 -4 L3/4 -6 : 069
L4/5 ~12 L4/5 -16
L5/S -0 L5/S -1
Unknown -6 Unknown - 14
Duration of bed rest (hour) Th -1 1h -0 0.06
15h -1 15h -0
2h -20 2h - 37
Duration between LP and MRM (days) 18+£26 40+43 0.13
Post-dural puncture headache 3 (14%) 5 (14%) 066

Data are shown as absolute numbers or the mean + standard deviation.
*Six of the CSF leakage-negative patients underwent two CSF analyses.

Note: CSF = cerebrospinal fluid; exams = examinations; n = number of exams; G = gauge; L = lumbar; S = sacral; h = hours; LP = lumbar puncture; MRM = magnetic

resonance myelography.

direct CSF leakages with higher sensitivity than any other
technique including computed tomography myelography
[9]. In the present study, similar to the previous study
evaluating ICSFL on MRM [5], CSF leakage was distributed
around nerve roots and paraspinal area at the lumbosacral
level. Predominant lumbosacral distribution was not
surprising because the thecal punctures were performed
at this location. It is expected that these characteristic
paraspinal fluid collections are the result of CSF escaping
from the epidural space into the paraspinal loose connect-
ive tissues, similar to the retrospinal C1-2 fluid collection
reported in patients with PDPH and SIH [12,13]. In
addition to these anatomical factors, the low resolution
of the 2D MRM sequence depicts CSF leakages in the
paraspinal area more definitely than those around nerve
roots in this study.

Although the association between PDPH and CSF
abnormalities (i.e., between CSF loss and a reduction in
intracranial pressure) is not disputed, the exact patho-
physiology of PDPH remains unclear. PDPH is considered
to be caused by the hole left in the dura after the lumbar
puncture needle has been withdrawn, which can allow

CSF leakage from the subarachnoid space [14]. Among
the various risk factors for PDPH including puncture pro-
cedure variables, patient characteristics, and a past history
of chronic headaches, the size and design of the needle
used for the lumbar puncture are the most significant
determinants of PDPH [2,3,15]. As a result, its incidence
can vary widely, depending on the population involved and
the needles and techniques used [3,16,17]. The incidence
of PDPH in this study (14%) was comparable to that
described in a previous report in which 20G cutting spinal
needles were used [18].

It is worth noting that the incidence of PDPH did not
differ significantly between the radiologically CSF leakage-
positive and -negative patients in our study. On the sur-
face, these findings do not seem to support the hypothesis
that CSF leakage through dural holes causes PDPH.
However, several previous studies have indicated that the
volume of CSF lost via leakage and CSF hypotension are
not associated with PDPH and have also questioned the
dural hole hypothesis [16,19]. In addition, neuroimaging
studies performed with MRI or RICG after lumbar punc-
ture have revealed that some patients with postpuncture
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that was unrelated to CSF leakage (e.g., the bladder and ovarian cysts).

Figure 1 Representative magnetic resonance myelography (MRM) images of postpuncture cerebrospinal fluid (CSF) leakage. 2D MRM
images were performed about 28 and 6 hours after the lumbar punctures in a 44-year-old male with chronic inflammatory demyelinating
polyneuropathy {patient A) and a 42-year-old female with multiple sclerosis (patient B), respectively. Bilateral fluid collection around the nerve
roots and paraspinal area (a, d) were depicted on 2D MRM images (arrows). Additionally, sagittal fat-suppressed T2-weightad (b} and axial T2-
weighted (¢} images of patient A revealed abnormal epidural and paraspinal fluid collections (arrowheads). In spite of such leakage, patient A was
asyrptomatic. However, patient B complained of an orthostatic headache that had persisted for six days. Arrowheads indicate fluid accumulation

CSF leakage are asymptomatic [4-6]. However, such leak-
ages can still cause clinical problems, especially with the
diagnosis of disorders such as SIH [5]. Together, these find-
ings indicate that the existence and volume of CSF leakage
are not necessarily associated with PDPH and suggest that
the underlying mechanisms of PDPH are more complex.

A simple older explanatory model for PDPH is that
the reduction in intracranial pressure induced by persistent
CSF leakage causes traction between pain-sensitive struc-
tures such as meningeal membranes, blood vessels, and
nerves [3,20]. On the other hand, hypersensitivity to sub-
stance P and the Monro-Kellie doctrine, which suggests
that compensatory intracranial vasodilatation is induced
by CSF leakage, have recently been recognized as viable
hypotheses regarding the cause of PDPH [1,21]. Considering
these new hypotheses, it is not surprising that some of the
patients in this study without definite CSF leakage on
MRM images complained of PDPH.

A number of limitations of the present study need to
be addressed. The main limitation is the relatively small

study population. The lack of available clinical data due
to the study’s retrospective nature is also problematic
point. These made it difficult to evaluate various factors
that affect the incidence of PDPH, such as the number
of lumbar punctures, body mass index, and the patients’
medical histories. Furthermore, the incidence of CSF
Jeakages on MRM might also be affected by the number
of lumbar punctures. Another limitation is our use of
the 2D MRM sequence; i.e., the lower resolution made
this study qualitative rather than quantitative evaluation.
To perform the precise measurement of CSF leakage, it
is necessary to use the 3D MRM sequence, which
achieves higher spatial resolution. Additionally, the
interval between lumbar punctures and MRM may be
too long in some cases. Therefore, there is a chance of
resorption of CSF leak in radiologically-negative pa-
tients. In spite of these limitations, the fact remains
that most of the patients with definite CSF leakage after
lumbar puncture with the relatively large 21G Quincke
spinal needle were asymptomatic.
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Conclusion

In this study, most radiologically visualized CSF leakages
are not associated with PDPH and do not require any
treatment. It is important that we gain a better understand-
ing of this asymptomatic and incidental phenomenon in
order to avoid misdiagnosis and overtreatment.
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