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Fig.7 Patient 3 (N0.903). Serial whole body radioisotope cisternograms (posterior view)
taken at 1, 2.5, 6, and 24 hours after injection, at the diagnosis (upper row) and at the follow-
up (lower row) are seemingly normal. Accelerated RI clearance and its normalization after

treatment is the only abnormality.
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Fig.8 Patient 3 (N0.903). Serial fat-saturated horizontal T2-weighted
MR images (upper and lower row) and 3D-MR myelograms (middle
row) at the diagnosis, before (left column), 2 hours (middle column), 5
hours (right colunn) after spinal puncture and injection of 10 ml
contrast medium + 1 ml RI solution. Pre-puncture images show a
faint water signal at Th11/12, which remains unchanged at 2 hours
(white arrow). At 2 hours, a new small fluid collection is noted at
Th12/L1 (white arrowhead). Images at 5 hours show marked increase
of epidural fluid collection at Th11-Th12/L1 (floating dural sac sign:
white arrowheads) and left dominant spread of fluid into paraspinal
tissues at Th11/12-Th12/L1 (white broken circles). The latter finding
is well delineated by 3D-MR myelograms (niddle row, white broken
circle). Minimum increase of epidural fluid collection was found at
the puncture site (broken arrow).
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Image diagnostics of spinal CSF leak:
Validation by therapeutic response

Enjit MORIYAMA

Department of Neurosurgery, Nationnl Hospital Organization,
Fukuyama Medical Center

Objective: The Cerebrospinal Fluid Hypovolemia Research
Group beneficiary of a scientific research grant from the
Ministry of Health, Labour and Welfare (MHLW) has so far
adopted a very strict image diagnostic criteria. The purpose
of this study is to weigh the MHLW criteria against the
existing image diagnostics from the aspect of therapeutic
response to epidural blood patch (EBP).

Materials and Methods: Between March 2011 and January
2013, 178 patients suspected with spinal CSF leak underwent
combined radioisotope cisternography (RIC) and computed
tomography myelography (CTM). A total of 99 patients, 47
patients with RIC direct leak sign (Group P), and 52 patients
with indirect findings (Group 1), were diagnosed as having
spinal CSF leak. 30 patients out of these 99 patients fulfilled
the MHLW criteria. Outcomes after epidural blood patch
treatments were divided into four categories, Excellent (Ex):
no symptoms remained, Good (G): returned to premorbid
life with minor symptoms, Fair (F): apparent improvement
but partially restricted ADL, and No response (NR): no or
minimum improvement with severely restricted ADL.
Relationships between outcomes and image findings, such
as the compatibility with MHLW criteria, patterns of RIC
findings (existence or absence of direct leak signs), were
analyzed.

Results: 86 patients underwent a total of 141 EBP treatments
(average 1.6 times). Overall outcomes were as follows, Ex:
24, G: 25, F: 26, and NR: 11. Approximately 60% of treated
patients returned to premorbid life (Ex+G). The compatibility
with MHLW criteria did not affect outcomes. Normalization
or sufficient reduction of RI clearance after EBP treatments
was a significant factor for favorable outcomes.

Conclusion: This study confirmed the reliability of RIC in
the diagnosis of spinal CSF leak from the aspect of thera-
peutic response. In addition, RIC is a reliable method to
confirm the cessation of CSF leak after treatment.
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Fig.1 Patterns of image diagnosis in patients who underwent CTM/RIC studies.

Correspondence between areas and diagnostic process are as follows, white trapezoidal area (Group I): patients with indirect
RIC findings (early bladder filling and/or accelerated RI clearance). Shaded triangular area (Group P): patients with direct
RIC findings, Circular area (MR): patients with positive MRI findings (diffuse pachymeningeal enhancement). Small black
stars represent SIH patients compatible with the criteria of MHLW research group. Representations of other figures are as
follows, black small circles: patients with positive CTM compatible with MHLW criteria, gray small circles: patients with
positive CTM findings inconsistent with MHLW criteria, white small circle: patients with negative CTM.
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Table 1 Comparison of 2.5 - 6 hours RI clearance among patient groups divides by
RIC findings

Number of Rl clearance
patients (2.5~6 hrs.)
Group N n=79 0.0484 £ 0.0100
RIC findings Group | n=52 0.0876 + 0.0242 ] *
Group P n=47 0.1238 + 0.0558
Lumbosacral _
symmetrical n=14 0.1464 £ 0.0733
f @
"a“fg;gu"p ok Asymmetrical n=23 0.1121 % 0.0371
Inilateral n=3 0.09555  0.0332
positive n=13 0.1892 + 0.0063
MRI findings 4
(DPGE, FDSS)
negative n=38 0.1176 £ 0.0020

Statistically significant difference was found between Group N and P, and Group N and 1
(*p<0.001: Bonferroni test). In Group P patient, no significance was found among
subgroups divided by the pattern of RI leaks, symmetrical RI leak of lumbosacral region
(Christmas tree), asymmetrical leak, and unilateral localized leak (p=0.07: ANOVA).
Patients with positive MRI findings had significantly faster RI clearance (¥p<0.001:
unpaired t-test). @: Seven SIH patients with thoracic symmetrical leak are not included.
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Total
(n=86)

Group |
(n=42)

Group P

(n=44) Group |

No
(n=62)

Yes
(n=24)
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40%

60%
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Fig.2 Outcome of patients after EBP treatments.

Top row: overall outcome (Ex: 24, G: 25, F: 26, NR: 11).
Middle row: Comparison between patients with and
without direct RI leak (Group P and I). Bottom row:
Comparison between patients consistent and inconsistent
with the image diagnostic criteria of Ministry of Health,
Labour and Welfare Research Group. N.S.: not significant

Fig.3 The frequency of early bladder filling.
Left: Frequency of early bladder filling at the diagnosis in
each group. Right: Frequency after EBP treatments.

Grade 0: no apparent RI accumulation in urinary bladder at
1, 2.5 hours, Grade 1: apparent accumulation at 2.5 hour,
Grade 2: apparent accumulation at 1 hour.

(*: p=0.63, **: 0.41, Mann-Whitney's U-test)
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Table 2 Factors influencing the outcome after EBP treatments

Total (n=86) Ex (n=24) G (n=25) F (n=26) NR (n=11)
Age 36.3+13.2 38.0 + 15.5 374145 34.0 £ 108 362 £10.3
male 30 9 10 4 1
Gender ] #
female 56 15 15 22 10
EBP 8 11203 14+08 18:0.8 2509
Lt . J
*
Onset gngggms‘s 14.7 £19.8 1199 15.5+18.3 19.2 +28.8 18.5+26.4
Total (n=77) Ex (n=18) G (n=23) F (n=26) NR (n=10)
befors EBP  0.1058+0.0399  0.0987 £0.0349  0.0977 £0.0308  0.1085%0.0321  0.1300 £ 0.0707
Rl clearance
(28~6hrs.) 4o EBP  0.0632£0.0214  0.0477+0.0096  0.0556£0.0096  0.0734+0.0260  0.0816 + 0.0236
| L J I
*

Normalization of RI clearance after treatment significantly related to favorable outcomes (¥p<0.001: Bonferroni test).
Conversely, the number of EBP treatments, and gender (female) were significantly related to unfavorable outcomes

(*p<0.001: Bonferroni test, #p=0.002: Mann-Whitney test).
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Fig.4 Serial whole body radioisotope cisternograms (posterior view) and quantitative

analysis.

Images at the diagnosis (upper row) showing leaks in the lumbosacral spine (arrows) and early
bladder filling (arrowheads). Accelerated RI clearance was also prominent. These findings were

disappeared at the follow-up (lower row).
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Fig.5 CTM taken 1.5 hours after lumbar puncture, horizontal images (A) and coronal

images (B).

The latter images show well developed nerve sheaths filled with contrast
medium at thoracolumbar junction (black arrows).

Faint extravasation of contrast

medium is suspected around these structures. Faint leak is found at the puncture site,
L4/5 (black arrowhead). Right: Fat-saturated horizontal T2-weighted MR images of the
spine before (C), 1 hour after (D), and 5 hours after lumbar puncture (+ injection of 10 ml
contrast medium and 1 ml RI solution). (E) Postpuncture images show sequential fluid
increase along spinal nerve roots into paraspinal tissues (broken white circles). Only a
small amount of fluid is found at the puncture site, L4/5 (white arrowheads).
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