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Evaluation of Spontaneous Intracranial Hypotension

Using Radionuclide Cisternography
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Abstract

We report four cases of spontaneous intracranial hypotension that were investigated by radionuclide cister-

nography. 99mTc-diethylenetriamine pentaacetic acid radionuclide cisternography of all our patients showed
direct sign of cerebrospinal fluid leakage as well as indirect signs of less activity than expected over the
cerebral convexities and rapid appearance of bladder activity. The headache of all patients was eventually
controlled with bed rest and hydration. (Korean J Nucl Med 1999;33:178-83)
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introduction

Spontaneous intracranial hypotension (SIH) is
characterized by postural headache in conjuction
with intracranial hypotension and typically occurs
without an obvious causes such as lumbar punc-
ture, craniotomy, other operative procedures, trau-
matic dural tear, or other medical conditions."”
However, it can be seen following the sneezing,

. . - 1,2)
coughing, intercourse or minor fall.”” Spontaneous
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spinal cerebrospinal fluid (CSF) leaks are not
common, but are now increasingly recognized as a
cause of postural headache associated with intra-
cranial hypotension.a) The purpose of our study
was to describe different clinical and radiological
features of four SIH cases and also to evaluate the
role of radionuclide cisternography in the diagnosis
of SIH caused by spinal CSF leakage.

Case Reports

1. Patient 1

A 66-year-old female patient developed sudden
onset of severe headache while sitting and standing
for 1 week duration. Ten days earlier she had

symptoms of upper respiratory infection. She had a



past history of tympanic membrane rupture 3 years
ago. The headache was worsened by the upright
position and relieved in supine position within 30
minutes. The headache was associated with nausea,
dizziness, and eyeball pain. Physical and neuro-
logic examinations were unremarkable except for
neck stiffness. Routine laboratory findings were
also normal. Examination of CSF showed pressure
of 30~40 mmH,0O (N: 50~180 mmH»0), WBC of
5/ml (N:<5/ml), glucose of 65 mg/dL. (N: 40~70
mg/dL) and protein concentration of 44 mg/dL (N:
20~50 mg/dL). Brain magnetic resonance imaging
(MRI) revealed mild dural thickening, mild supra-
sagittal vein engorgement and diffuse pachymenin-
geal gadolinium enhancement (Fig. 1A). There was
no mass effect and no tonsillar herniation. Radio-
nuclide cisternography was performed after injec-
tion of 37~74 MBq of *"Tc-diethylenetriamine
pentaacetic acid (DTPA) into the lumbar subara-
chnoid space and the images were obtained at 1, 3,
6, 24 hours using a single head gamma camera
equipped with low energy all purpose collimator.
Entire spinal region in posterior view and head in
frontal and lateral views were obtained. The scan
depicted early renal excretion with out-pouching of
fumbar subarachnoid space along the nerve roots
as well as at the cervicothoracic junction on the
right side (Fig. 1B). MRI of cervico-thoracic spine
performed 16 days after the onset of the headache
showed no abnormal finding. After treatments with
intravenous hydration and analgesics, the patient’s

headache was completely subsided.

2. Patient 2

A 32-year-old female patient was hospitalized
for persistent headache accompanied by transient
episodic tinnitus for at least 10 days duration. She
had no history of trauma, operation or medical
illness. The headache was aggfavated by standing

and disappeared when she was in recumbent posi-
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tion. On admission, physical and neurologic exami-
nations were normal. Lumbar puncture was diffi-
cult to obtain. There was no spontaneous flow and
it was necessary to aspirate CSF. Examination of
CSF showed glucose level of 58 mg/dL and eleva-
ted protein concentration of 178 mg/dL. Brain MRI
revealed dural thickening along the falx and ten-
torium as well as leptomeningeal enhancement on
the gadolinium enhanced T1 weighted images. Ra-
dionuclide cisternography was performed using
%"Tc-DTPA and demonstrated a large extradural
leakage of CSF at cervicothoracic junction and

multiple small foci of CSF leakage at thoracic

Fig. 1. Brain MRI of 66-year-old woman with spon-
taneous intracranial hypotension depicts mild
dural thickening, mild suprasagittal vein en-
gorgement and diffuse pachymeningeal en-
hancement (arrows)(1A). *"Tc-DTPA RN
cisternography shows multiple areas of CSF
leakage at cervicothoracic junction and lum-
bar region (arrows) with early visualization
of the bladder(1B). (IL; ilium)
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Fig. 2. Radionuclide cisternography of 32-year-old female who com-
plained of persistent headache accompanied by transient episodic
tinnitus. At 6 hrs after the injection of #mTc-DTPA, ‘multiple
foci of CSF leakage at cervicothoracic junction and thoracic
region (arrows) are shown (B; bladder SH; shoulder).

region. There was a slow ascent of CSF along the
spinal axis as well as early appearance of the
bladder activity (Fig. 2). In order to evaluate any
organic abnormality, MRI of C-spine was perfor-
med. But, the MRI finding was unremarkable. One
week after the treatment with oral and intravenous
hydration, the patient showed improvement of the
headache. Then she was discharged from the hos-

pital to be followed at the outpatient clinic.

3. Patient 3

A 32-year-old male patient presented with a five
day history of headache. The headache localized to
the frontal area developed right after standing and
walking. Physical and neurologic examinations

were normal. Lumbar puncture showed a CSF

pressure of 20 mmH,O, WBC of 4/ml, protein
concentration of 43 mg/dL, and glucose level of 61
mg/dL. Routine blood tests were normal as was the
brain computed tomography (CT). Brain MRI with
gadolinium enhancement demonstrated diffuse pa-
chymeningeal enhancement over the bilateral cere-
bral and cerebellar hemispheres. ®"Tc-DTPA ra-
dionuclide cisternography showed a large area of
CSF leakage at cervicothoracic junction (Fig. 3)
and early visualization of the bladder. The heada-
che was completely resolved only with oral and

intravenous hydration.

4. Patient 4

A 35-year-old male patient experienced orthosta-

tic headache of abrupt onset the day before admis-
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sion. Physical and neurologic examinations were

unremarkable as was the routine laboratory tests.

Lumbar puncture revealed uncheckable CSF pres-

Fig. 3. ®"Tc-DTPA Radionuclide cisternography of
32-year-old female with headache reveals a
large area of CSF leakage at cervicothoracic
junction (arrow)(SH; shoulder).

sure. Brain MRI with gadolinium enhancement
showed no definite pachymeningeal enhancement.
However, radionuclide cisternography demonstra-
ted multiple foci of CSF leakage at cervico-thoraco-
lumbar regions and early excretion of the tracer
through the kidney into the bladder (Fig. 4). Bed
rest and hydration made him to be free from the
headache.

Discussion

Spontaneous intracranial hypotension is charac-
terized by headache and low CSF pressure and STH
was first described by Schaltenbrand in 1938.” In
this article, the author proposed three possible me-
chanisms to explain the pathophysiology of the
syndrome: 1) decreased production of CSF by
choroid plexi; 2) hyperabsorption of CSF by ara-
chnoid villi; 3) small dural tears leading to CSF
leakage.

The clinical presentation of the syndrome is
rather typical and all our four patients showed
typical features of SIH. The headache in SIH is
probably due to dilatation of the cerebral veins and

meningeal vasculature as there is a reciprocal rela-

Fig. 4. Radionuclide cisternography of 35-year-old male shows early renal excretion (open arrow) and CSF
leakage at cervico- thoraco-lumbar regions (arrows).
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tion between CSF volume and intracranial blood
volume.” Alternatively, the headache may be due
to downward sagging of the brain with traction of
the pain sensitive structures when the patient is in
upright position. Or it may be caused by both
factors.? Nausea, vomiting, tinnitus, vertigo, photo-
phobia, and photophobia are commonly associated
with SIH."?

The diagnosis can be suggested by history and
lumbar puncture. Lumbar puncture is often difficult
to obtain in SIH. CSF pressure usually ranges from
0 to 30 mmH,0.'"” As the spinal fluid pressure
falls, the normal hydrostatic and oncotic pressures
across the venous sinus and arachnoid vili are
disrupted. Perhaps this mechanism explains the
moderate elevation of spinal fluid protein.m'm The
major abnormalities in brain MRI seen in patients
with SIH are the diffuse thickening of the men-
inges and choroid plexi.">'

Once the diagnosis of intracranial hypotension is
established, further investigation is necessary to
determine a possible cause.'® Our patients had no
history of head or back trauma, recent operative
procedure including lumbar puncture, or associated
medical illness that could account for intracranial
hypotension. Meningitis and CNS malignancies
were essentially ruled out with negative CSF cy-
tologies and negative CT or MRIL

The possibility of spontaneous CSF leak was
investigated by radionuclide cisternography. Ra-
dionuclide cisternography has been shown to be
fairly characteristic in patients with SIH, showing
early accumulation of radioactive tracer in the
bladder and less activity than expected over the
cerebral convexities suggesting rapid uptake of
tracer into the bloodstream. This is probably due to
rapid absorption into the epidural venous plex-
us.*'%2 This abnormal pattern, however, does not
necessarily differentiate between a CSF hyperab-

sorption and a CSF leak. In some cases a leak

along the spinal axis has been clearly identified,
while in others it has not. In the latter situation,
this may be due to rapid absorption of the tracer or
the leak is not contained. This may also be due to
the fact that resolution of the scan is not adequate
to demonstrate leakage."”>'®'”

Most spinal CSF leaks are located at the cervi-
cothoracic junction or in the thoracic spine. A CSF
leak can be detected directly by accumulation of
radioactivity outside the subarachnoid space or
suggested indirectly by the rapid disappearance of
tracer from the subarachnoid space and early
appearance in the urinary bladder. In previous
reports, most patients with SIH showed indirect
evidence of CSF leak only.m However, both in-
direct and direct radionuclide cisternographic signs
described above were present in all of our four
patients. We may suggest that different imaging
methods or patient population explain the differ-
ence. Standardization of imaging protocol or
inclusirepeated imaging of thoracolumbar spine
including anterior and lateral viewlt is not clear
We do not know the exact reason of In this paper
we present two unusual cases of CSF leak
identified by radiopharmaceutical cisternogram.

Some authors believe that radiographic study of
choice in SIH is CT myelography. Myelography
with subsequent CT scanning through the area
suspected harboring a CSF leak is sometimes
required to localize the leak more precisely. This
may reveal an underlying anatomical defect caus-
ing the leak such as a meningeal diverticulum.
However, it is a painful invasive procedure. If it is
performed without a previous imaging study that
demonstrates an approximate location of the leak,
then thin CT slices should be obtained from the
skull base to distal lumbar region.

We concluded that radionuclide cisternography
is a useful method to evaluate patients with po-

stural headache due to SIH. Our studies demon-



strated direct sign of CSF leakage in all patients.
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