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Pbsyt‘puﬁyctur‘e CSF 'leakage

A potential pitfall of radionuclide cisternography

ABSTRACT

Objective: We sought to evaluate radioisotope cisternography (RICG)-related postpuncture CSF
leakage by MRI.

Methods: We conducted a prospective 3-day imaging study. Ten patjents with orthostatic head-
ache and other symptoms underwent pre-RICG brain and spinal MRI, magnetic resonance my-
elography (MRM), RICG, and post-RICG spinal MRl and MRM. For RICG, we used a 25-gauge
pencil point spinal needle at the L3/4 or L4/5 level after which subjects took bed rest for 2.5
hours.

Results: On pre-RICG MRI and MRM, none of the 10 patients showed CSF leakage. However, 5
subjects (50%) showed epidural abnormalities suggesting CSF leakage on MRI after lumbar
puncture for RICG. On RICG and subsequent MRM, 4 of the subjects showed definite findings of
CSF leakage and 1 showed minimal leakage.

Conclusions: RICG carries a risk of iatrogenic CSF leakage even with careful puncturing using a
fine needle. This leakage produces abnormal RICG and MRM findings at the lumbosacral level.

ké666€@yahoo.co. prherefore abnormal RICG findings restricted to the lumbosacral level should be carefully inter-

Supplemental data at
www.heurology.org

preted when diagnosing SIH. Neurology® 201.0;75:1730-1734

GLOSSARY

Cl = confidence interval; FS = fat-suppressed; MR = magnetic resonance; MRM =
RICG = radioisotope cisternography; SIH = spontaneous intracranial hypotension; TLW!
T2-weighted image; TSE = turbo spin-echo.

magnetic resonance myelography;
= T1l-weighted image; T2WI =

Spontaneous intracranial hypotension (SIH) may result from occult CSF leakage, and conse-
quent decreases in CSF volume and pressure. In the diagnosis of STH, therefore, demonstration
of paraspinal CSF leakage by CT myelography, MRI, magnetic resonance myelography
(MRM), or radioisotope cisternography (RICG) is most important.™?

RICG studies are useful for detecting CSF leakage, but lumbar puncture could cause iatro-
genic leakage.* Therefore, we investigated the frequency and imaging patterns of RICG-
related postpuncture CSF leakage. In this prospective study, we conducted a 3-day serial
imaging study that included RICG and pre- and post-RICG spinal MRI and MRM in patients
in whom SIH was a potential differential diagnosis. The purpose of the imaging study was to
diagnose true SIH, bur in our experience, the incidence of such patients was quite low among
the patients who met the eligibility criteria. We hypothesized that findings of CSF leakage on
RICG or post-RICG magnetic resonance (MR) study preceded by normal pre-RICG MR
study findings indicate iatrogenic CSF leakage.

METHODS Subjects and study design. Patients fulfifling the following criteria entered the study: 1) referral to our STH
clinic after first being screened ar a general neurology clinic; 2) clinical history of possible SIH, typically with complaints of

orthostaric headache within 15 minurtes of sitting or standing: 3) no apparent organic lesions causing their symptoms; and 4)

*These authors coniribured equally to this work.

From the Deparaments of Radiology (K.S., $.5.. H.O., Y.5.) and Neurosurgery (M.N., K.Y.), Nagoya Ciry University Graduawe School of Medical
Sciences, Nagoya: and Department of Radiology (J.T.), Toyora-kai Medical Corporation, Kariva Tovota General Hospital, Kariya, Japan.

Study funding: Supported in part by Grants-in-Aid for Scientific Research from the Japanese Minisary of Education, Culture, Sports, Science. and
Technology.

Disclosure: Author disclosures are provided at the end of the arsicle.
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f Table 1

Patient  Age,
no. ylsex

30/M
39/F
41/M
34/F
44/F
43/M
29/M
34/F
57/F
72/M

© O N OO U MW

=
(=4

Clinical and radiologic features of patients enrolled in this study

MRI
Opening
Past Puncture  No.of pressure,  Epidural
Symptoms history  level punctures  mmHg abnormal
OH, Lu, N TA L3/4 2 130 -
OH,V, lu NS L4/5 1 110 -
OH,V TA L4/5 3 125 -
OH, T, V,Lu NS L4/5 1 110 +{L2-83)
OH, NP, V, N NS L4/5 1 120 +(L3-583)
OH, N TA L4/8 1 125 +{L2-82}
OH TA L4/5 1 130 -
OH, NP, N TA LA[S 1 120 -
OH, NP, Lu N  TA L4/5 1 110 +(L5-52)
OH, NP, Lu TA L4/5 1 110 +{L2-83)

RICG
MRM,
abnormal CSF
ity PFC  highsignal leak EVB AVN

- - - s@ah -
- - - +{25h -
- - - +(1h) -
+ + +{.S) +{1h +
+ - +{L.S) +{1h K
- + +{Ls)  +{1h +
- - +(2.5h}
- - - +{25h -
- - -2 + {1 h) -
+ + +{L.s} +@1h +

Abbreviations: AVN = abnormal visualization of the nerve root sleeves; EVB = early visualization of bladder activity; L = lumbar; Lu = lumbago; MRM =
magnetic resonance myelography; N = numbness; NP = nuchal pain; NS = nothing significant; OH = orthostatic headache; PFC = paraspinal fluid coliec-
tion; RIGC = radioisotope cisternography; S = sacral; T = tinnitus; TA = traffic accident; V = vertigo.

2 RICG showed a small area of epidural accumulation on the caudal site of the dural sac, but this finding was not categorized as CSF leakage.

o

agreement with the “full-course” imaging study. To validate
the hypothesis and estimate the confidence interval (CI) of
the frequency of such findings, we considered it necessary to
accrue at least 5 suitable patents.” If none of the first 5 pa-
tients showed such findings, the study wounld have been
stopped.

Berween February 2009 and December 2009, 10 patients
entered the study and 5 were diagnosed with RICG-related post-
puncrure CSF leakage. The subjects underwent the following
imaging examinations over 3 days: day 1, brain and whole spinal
MRI and MRM; day 2 (ar 1418 hours after the MR study),
lumbar puncture followed by the intrathecal injection of radio-
isotope with RICG performed at 1, 2.5, and 6 hours and a sec-
ond lumbar spinal MRI and MRM at 8~10 hours after the
Jumbar puncrure: and day 3, RICG at 24 hours was raken.

Standard protocol approvals, registrations, and patient
consents. The study protocol was approved by our institu-
tional review board, and written informed consent was ob-

tained from all patents.

MRI and MR myelography. All MR scudies were performed
ar 1.5 T, with the following sequences: transverse T1-weighted
images (T1WI), fac-suppressed (FS) sagittal and coronal
contrasi-enhanced TTWI, turbo spin-echo (TSE) T2-weighted
images (T2W1), and fluid-attenuated inversion recovery images.
Spinal MRI was performed with the following sequences: FS
sagittal T2WI, eransverse T2W1, and contrast-enhanced
T1W1 after IV injection of 0.1 mmol/kg gadopenterate dime-
glumine. MRM employed 2D and 3D TSE T2W1 sequences.
Derails of the scan parameters are shown in appendix e-1 on

the Newrology® Web site at www.neurology.org.

Radionuclide cisternography. Intrachecal injection of 37
MBq In-111 diethylenetriamine-penta-acetic acid was per-
formed ar the L3/4 or L4/5 level using a 25-gauge pencil
point spinal needle. After the injecrion, all patients ook bed
rest for 2.5 hours. Derails of the scan parameters are shown in
appendix e-2. Before injecrion of the radionuclide, measure-

ment of CSF pressure and CSF sampling were performed.

FeIRiP It
v

Image analysis. MRI and MRM findings including abnor-
malities of the epidural space and the paraspinal area and
direct and indirect RICG findings including focal increased
activity on paraspinal area and early visualization of the blad-
der suggestive of CSF leakage were according to previously
published criteria.”® Details of these findings were reported in
table e-1. MRI, MRM, and RICG were reviewed indepen-
dently by a neuroradiologist (K.S.) and a neurosurgeon
(M.N.) who were blinded to clinical criteria, and abnormal

findings were determined by agreement.

RESULTS Clinical and radiologic features of the 10
subjects are summarized in table 1. None had exacerba-
tion of symproms before the lumbar puncture, and only
one had exacerbation of headache after the lumbar
puncture.

Before RICG, no subjects showed the characteristic
MRI abnormalities suggestive of STH (figure 1, A and
C, and figure 2A). However, spinal MRI abnormalities
indicating CSF leakage subsequently appeared after the
lumbar puncture in 5 of the 10 cases (50%; 95% CI
19%-819%). Epidural space abnormalities were de-
picted inall 5 cases (figures 1B and 2B). On post-RICG
MRM, 4 cases showed focal areas of high signal inten-
sity along the nerve root and 3 in the paraspinal area
(figure 1D). On RICG, the direct finding of leakage
was depicted in 4 cases who also showed abnormal
MRM findings (figure 1E). One case with minimal
leakage on MRI showed a small accumulation ar the
sacral level and visualization of the bladder at 1 hour
after RI injection (figure 2C). All these abnormalities
suggestive of CSF leakage were found at the lumbosa-
cral level. In the remaining 5 cases, no findings sugges-
tive of CSF leakage were observed, except for early

Neuwrdlogy 75 November @, 2010 1731
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Figure 1

Typical spinal MRI, magnetic resonance myelography {MRM}, and radicisotope cisternography
{RICG) of RICG-related postpuncture CSF leakage {case 4)

First spinal MRI {fat-suppressed sagittal T2-weighted image) and maximum intensity projection of 3D MRM before lumbar
puncture showed no abnormalities {A) except for small perineural cysts at the lumbosacral level (C). After lumbar puncture,
epidural fluid collection {B, arrows) and mild epidural venous distention (B, arrowheads) appeared. The dural sac was com-
pressed by the dilated epidural space and had shrunk slightly. Three-dimensional MRM showed left dominant fluid collec-
tion around the nerve roots and paraspinal area (D, arrows). An RICG {posterior-anterior image) taken at 6 hours after the
injection of the radiocisotope showed left dominant abnormal activity around the nerve roots and paraspinal area similar to

the distribution observed on 3D MRM [E, arrows).

visualization of the bladder {at 1 hour in 2 cases and 2.5
hours in 3).

None of the patients fulfilled the diagnostic crite-
ria for SIH of the International Classification of
Headache Disorders. 2nd edition.!

DISCUSSION Nonce of our subjects experienced ex-
acerbation of their symptoms berween the first MRI
and lumbar puncrure and all took bed rest, so it is

reasonable to asswme that the lumbosacral fluid col-
lection observed after RICG was caused by the punc-
ture. These RICG findings were similar to those

9

reported previously as SIH.® in which the leakage
was only detected at the lumbosacral leve] on MRM
and RICG. While the predominant sites of leakage
were at the cervicothoracic and thoracic levels in

SIH,® postpuncrure leakage predominantly occurred




r Figure 2 Minimal leakage at the sacral level on spinal MRI {case 9)
! ; .

First spinal fat-suppressed sagittal T2-weighted image before lumbar puncture showed no abnormalities suggestive of
epidural fluid collection (A). After lumbar puncture, a small area of epidural fluid collection appeared (B, arrows). Radioiso-
tope cisternography (posterior-anterior image) taken 6 hours after the injection of the radioisotope showed only a small
area of accumulation at the caudal site of the dural sac (C, arrows).

at the lumbosacral level, as observed in our study.* In
2 previous studies,>* the rate of postpuncture leak-
age was 100% (11/11) and 64% (21/33), respec-
tively. The rate would change with study subjects
and lumbar puncrure devices and procedures. De-
spite the use of a fine 25-gauge needle, postpunc-
ture CSF leakage developed in 50% in the present
study. Thus, the diagnosis of STH in some previ-
ous cases might have been erroncous. The direct
finding of CSF leakage on RICG sparing the lum-
bar level, especially restricted to the cervical level,
is indicarive of SIH, but differentiating SIH from
post-tumbar puncture leakage may be difficult when
leakage is only seen at the lumbar level in the absence
of pre-RICG MR, as we found no characteristic RICG
findings to distinguish berween the two.

Based on our results, we suggest inidal spinal
MRI and MRM for diagnosing SIH, to rule out
postpuncture CSF leakage. If CSF leakage is obvious
on the first MRI and MRM, RICG is unnecessary.
RICG is required to evaluare intermirtent CSF leak-
age when MRI and MRM do not show definite CSF
leakage, however. Even when both MRI and RICG
findings are normal but SIH is still suspecred, repeat
examination at the time of the aggravation of symp-
toms and epidural biocod patching for therapeutic di-
agnosis may be considered.

The reason why 5 subjects withour obvious leak-

age showed carly visualization of the bladder remains

unclear. Small amounts of leakage undetectable by
RICG and MRI might have caused this phenome-
non. However, it is possible that some normal indi-
viduals show this finding because the venous plexuses
and lymphatics along the spinal axis can act as alter-
native locations of CSF absorption.!® To investigate
the significance and mechanism of this finding, more
RICG and MRI should be obtained chronologically

in patients without STH after lumbar puncture.
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Concept of Intracranial Hypotension following Head Injury
by
Shinya Sato, M.D.*! and Takamasa Kayama, M.D.*%*2
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Intracranial hypotension is a syndrome in which the predominating symptom is orthostatic headache due to
cerebrospinal fluid leakage. It has been known for over 70 years, so this syndrome is not a newly established
clinical entity. However, this syndrome is attracting much attention today, because there are currently many dis-
cussions about the relationship between this syndrome and “Whiplash” after traffic accidents. The terms “Cere-
brospinal fluid hypovolemia” and “Intracranial hypotension” are often used synonymously. The former is used
more often recently because there are patients whose intracranial pressures are normal.

In order to clarify the clinical characteristics of intracranial hypotension following head injury, the Japan Soci-
ety for Neurotraumatology reviewed over 300 articles about this syndrome. According to their report, the clinical
entity of intracranial hypotension following head injury treated in Japan seems to differ from that treated in for-
eign countries. As mentioned above, there is still controversy about the mechanism and diagnosis of cerebrospi-
nal fluid hypovolemia including intracranial hypotension following head injury.

From 2007, the “Cerebrospinal fluid hypovolemia research group” granted by the Ministry of Health, Labour
and Welfare has worked to solve issues about this syndrome.

In this paper, we want to present a concept for and several issues of intracranial hypotension following head
injury, based on the interim report of that research group.

(Received July 1, 2011 ; accepted July 11, 2011)

Key words ' cerebrospinal fluid hypovolemia, head injury, intracranial hypotension, guideline
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Fig.1 Typical images of RI-cisternography and Spinal MRI
A @ Rl-cisternography shows leakage of In-DTPA at the cervico-thoracic junction (arrow).
B : Spinal axial fat-suppressed T2-weighted image at the cervico—thoracic junction.
C : Spinal axial fat-suppressed Gd-enhanced T1-weighted image at the cervico-thoracic junction. Venous
plexuses are high signal intensity~areas in (B) and (C), (arrows), however, cerebrospinal fluid is high
signal intensity-areas in (B) but not enhanced in (C), (arrow-heads).
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Fig. 2 RI-cisternography at 1 hour after In-DTPA
injection

Accumulation of In-DTPA in the bladder (arrow) and

symmetrical accumulations along nerve sleeves (arrow-
heads) are shown.
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Fig.3 Brain MRI of intracranial hypo-
tension
Brain Gd-enhanced T1-weighted images
(A axial image, B: coronal image) show
abnormal dural enhancement.
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