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Identification of CSF Fistulas by 
Radionuclide Counting 
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A radionuclide counting method, performed with the patient prone and the neck 
flexed, was used successfully to diagnose CSF rhinorrhea in two patients. A normal 
radionuclide ratio (radionuclide counts in pledgetjradionuclide counts in 1-ml blood 
sample) was obtained in 11 normal control subjects. Significance was determined to be 
a ratio greater than 0.37. 

Use of radionuclide counting method of determining CSF rhinorrhea is recommended 
when other methods have failed to locate a site of leakage or when posttraumatic 
meningitis suggests subclinical CSF rhinorrhea. 
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In 1956 Crow et al. [1] reported the successful use of a radionuclide counting 
method to detect intrathecally injected radionuclides at the site of CSF rhinorrhea. 
Since then, this method has been applied frequently [2-4]. However, there has 
been little confirmation of the reported normal values [3, 5]. Although it is well 
recognized that radionuclide cisternography for the detection of rhinorrhea should 
be performed with the patient in a position likely to maximize the amount of CSF 
leakage [6] , no articles have mentioned the importance of patient position in the 
radionuclide counting method. The purpose of this study was twofold: to determine 
the normal levels for radioactive nasal secretion and to report two cases of CSF 
rhinorrhea in which radionuclide counting was positive only after the patients were 
placed in the prone or neck-flexed position after intrathecal injection of 111 ln-DTPA. 

Subjects and Methods 

Cotton pledgets , 1 em square and 2 mm thick , were ligated with silk thread. One hour 
after intrathecal injection of 1 mCi (37 MBq) of 11 11n-DTPA by lumbar puncture , cotton 
pledgets, pretreated with a swab containing 2% lidocaine and 0.001 % adrenaline, were 
introduced on both sides into three regions: the sphenoethmoid recess , the olfactory cleft , 
and the middle meatus of the nasal cavity (Fig. 1) (1-3]. Simultaneously, a pledget was 
unilaterally inserted into the space between the gingiva and buccal mucosa as a control. The 
threads of all pledgets were fi xed on the cheek with numbered tape. After insertion of the 
pledgets, the patient was placed in the supine position for 2 hr, then the sitting position for 3 
hr (Fig. 2A). The pledgets were then removed , and a 1-ml blood sample was concurrently 
collected. New pledgets were then introduced at the same sites, and the patient was placed 
in the prone position for another 30 min (Fig. 28). The pledgets were again removed , and a 
1-ml blood sample was taken . The 60-sec radionuclide counts of the pledgets and blood 
specimens were determined as the mean value, after counting for 5 min with a well-type 
gamma counter. The ratio of the radionuclide count of each pledget to that of the blood 
specimen concurrently obtained was calculated using the formula: radionuclide ratio = 
radionuclide count of a pledget(radionuclide count of the 1-ml blood specimen. 



824 YAMAMOTO ET AL. AJNR:11, July/August 1990 

Fig. 1.-Piacement sites of cotton pledgets. 
1, Sphenoethmoid recess. 
2, Middle meatus. 
3, Olfactory cleft. 
C, Buccogingival fold (control). 

Normal Subjects 

Our study included 11 patients, six males and five females 6 to 51 
years old , who were admitted to Matsuyama Shimin Hospital for 
radiocisternographic evaluation of possible communicating hydro
cephalus. These patients turned out to be normal (i.e., without stasis 
or ventricular reflux). None of the patients had rhinorrhea or was 
suspected of having a CSF fistula. The radionuclide ratios obtained 
in these patients are summarized in Figure 3. The mean was 0.158; 
the standard deviation was 0.1 01 . None of the ratios exceeded 0.37. 

Case Reports 

Case 1 

A 29-year-old man was injured in a motorcycle accident. About"a 
month later, bilateral rhinorrhea and meningitis developed, but im-

provement was seen in 2 to 3 days. Subsequently, coldlike symptoms 
and rhinorrhea developed but were left untreated. Thirteen years after 
the accident, the patient had headache, high fever, and transient loss 
of consciousness. On admission, he showed clear consciousness 
with no neurologic abnormality other than a decrease in the sense of 
smell on the left side; no rhinorrhea was evident. The symptoms of 
meningitis improved within 2 to 3 days. Plain skull films showed no 
fracture or cloudiness in the paranasal sinuses. CT revealed a low
density area in the left frontal lobe, suggesting cerebral encephalo
malacia. After intrathecal instillation of 111 1n-DTPA and intranasal 
insertion of cotton pledgets as described in the radionuclide counting 
method (Fig. 1 ), the patient rested 2 hr in the supine position and 
then 3 hr in the sitting position; no significant differences in the 
radionuclide ratios were observed with either position (Table 1). 
However, after 30 min in the prone position, the radionuclide ratios 
of the left sphenoethmoid recess and middle meatus of the nose 
increased significantly to 0.548 and 0.563, respectively , suggesting 
the presence of CSF in these regions. Concurrent radionuclide cis
ternography, however, revealed no findings of CSF rhinorrhea as hot 
spots on the radiograph . Nine months later, the patient underwent a 
left frontal craniotomy. A depressed fracture accompanied by two 
dural defects leading to the left sphenoidal and frontal sinuses were 
found . These findings were consistent with the diagnosis by the 
radionuclide counting method. The CSF fistulas were repaired using 
femoral fasciae. Rhinorrhea and meningitis did not recur postopera
tively. In addition, the postoperative radionuclide ratios returned to 
normal levels (Table 1). 

Case 2 

A 5-year-old boy fell off his bicycle, striking the right frontal region. 
On emergency admission, he seemed clearly conscious. Neurologi
cally , however, his sense of smell on the right side and visual acuity 
in the right eye were decreased. Plain skull films revealed a fracture 
of the right upper orbital rim. The disturbance of visual acuity of the 
right eye gradually improved, but meningitis occurred on the second 
day of hospitalization, and fever persisted for about 1 week. Rhinor
rhea from the right nostril began after 1 month. The amount of 
discharge was one or two drops at a time, and the glucose level in 
the discharge was 90 to 135 mgjdl , suggesting CSF rhinorrhea. 
Cranial tomography and biplane CT, however, failed to visualize any 
fracture at the base of the frontal skull or in the paranasal sinuses. 
For screening, the radionuclide counting method was performed with 
pledgets introduced into the bilateral middle meatus and the space 
between the gingiva and the buccal mucosa. After the patient as
sumed three positions (supine for 5 hr, sitting for 3 hr, and prone for 
30 min), the radionuclide ratio in each position was determined (Table 
2). In the supine or sitting position, no significant difference was 

.... ~ . . ,· .. 
~ Fig. 2.-A and B, After intrathecal injection of 

1111n-DTPA and intranasal insertion of cotton 
pledgets, patient was placed in supine position 
for 2 hr (A) and in sitting position for 3 hr there
after. Cotton pledgets were then exchanged, and 
patient was placed in prone position for 30 min 
(8). 
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observed, and only the right middle meatus of the nose showed a 
significant increase in the radionuclide ratio for the prone position. 
Two weeks later, cotton pledgets were introduced into the seven 
standard regions for reexamination . After relatively free positions, 
varying from sitting to a flexed neck position for 3 hr following 2 hr 
of resting in the supine position, marked elevations of radionuclide 
ratios were observed in the right olfactory cleft , the sphenoethmoid 
recess , and the middle meatus (Table 2). These findings suggested 
the presence of a fistula causing CSF rhinorrhea in the region ex
tending from the right cribriform to the sphenoidal sinus. Concurrent 
radionuclide cisternography did not demonstrate CSF rhinorrhea. A 
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Fig. 3.-Radionuclide (RN) counts in normal subjects. 

right frontal craniotomy was performed 1 year after admission. A 
small fistula found in the right cribriform plate was filled with bone 
wax and a muscle fragment ; it was repaired with temporal fasciae. 
The surgical findings were consistent with the results of the radio
nuclide counting method. It was speculated that the CSF leaked 
through the cribriform plate into the right olfactory cleft , from which 
it flowed into the sphenoethmoid recess and middle meatus owing to 
changes in the position of the head. This raised the radionuclide 
ratios . Postoperatively, rhinorrhea and meningitis did not recur, and 
the patient did well. 

Discussion 

Dural fistula due to head trauma is the most common cause 
of CSF rhinorrhea. The frequency of posttraumatic CSF rhi
norrhea is 2% to 9% [7, 8]. In most cases, rhinorrhea appears 
within 48 hr after injury and disappears spontaneously 1 week 
to 6 months later. In some patients, the onset may be delayed 
several months to several years; onset in one case was 34 
years after injury [8]. Spontaneous recovery is attributed to 
closure of the dural fistula as a result of cerebral adhesion or 
local inflammation. Meningitis may supervene, not only in the 
acute phase after trauma, but also in delayed CSF rhinorrhea 
or after spontaneous recovery; its occurrence rate in CSF 
rhinorrhea is 3% to 50% [7, 8] . Conservative therapy is 
recommended with the hope of spontaneous recovery; sur
gical repair should be considered for patients with recurrent 

TABLE 2: Radionuclide Ratios of Cotton Pledgets in Case 2 

Rhinorrhea Screening Fistula 
Area Location• Supine Sitting Prone 

Middle meatus 
Right 0.201 0.102 25.552b 1.897b 
Left 0.063 0.051 0.025 0.337 

Sphenoethmoid recess 
Right 13.184b 
Left 0.249 

Olfactory cleft 
72.964b Right 

Left 0.296 
Control 0.016 0.015 0.003 0.013 

' Investigation of location of fistula (sitting position or neck flexion for 3 hr). 
" Radionuclide ratio > mean+ 2 SD. 

TABLE 1: Pre- and Postoperative Radionuclide Ratios of Cotton Pledgets in Case 1 

Position/ Area 

Supine for 2 hr + sitting for 3 hr 
Sphenoethmoid recess 
Middle meatus 
Olfactory cleft 
Control 

Prone for 30 min 
Sphenoethmoid recess 
Middle meatus 
Olfactory cleft 
Control 

Preoperative Ratio (Count' ) 

Right Left 

0.288 (334) 0.272 (316) 
0.337 (392) 0.289 (335) 
0.248 (289) 0.208 (242) 

0.040 (46) 

0.143 (179) 0.548b (689) 
0.203 (255) 0.563b (708) 
0.338 (425) 0.223 (281) 

0.026 (32) 

' 1 ml of blood = 1162 cpm (supine + sitting); 1 ml of blood = 1257 cpm (prone). 
" Radionuclide ratio > mean + 2 SD. 

Postoperative 
Ratio 

Right Left 

0.171 0.147 
0.134 0.028 
0.147 0.062 

0.032 

0.174 0.173 
0.143 0.101 
0.128 0.108 

0.035 
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meningitis. For this reason, the presence and location of CSF 
rhinorrhea should be determined accurately. 

Various methods of diagnosing CSF rhinorrhea have been 
proposed. Determination of the glucose level in the nasal 
discharge is impossible if the amount of discharge is too 
small, and normal nasal discharge is believed to be falsely 
positive in 45% to 75% of cases [1, 9]. Dyes and fluorescein 
usually are not very informative for the localization of the 
fistula and may even be dangerous [2, 1 0]. Plain films and 
detailed tomographic studies are frequently disappointing [1, 
6]. Thus, conventional techniques pose problems of reliability, 
safety, and surgical usefulness. 

Several reports [1-4] have emphasized the usefulness of 
the radionuclide counting method devised by Crow et al. [1] 
to determine the presence and location of CSF rhinorrhea. 
While these reports have described the radionuclide used, 
the procedure for the intrathecal injection of radionuclides, 
the sites for introduction of cotton pledgets, and the normal 
range for radionuclide counts, none have discussed the im
portance of changing the position of the patient, although this 
has been reported for radionuclide cisternographic imaging 
[6]. The diagnosis of CSF rhinorrhea was difficult when using 
the conventional methods in our two cases, but the radio
nuclide counting method, combined with the prone and neck
flexed positions, enabled us to determine simultaneously the 
presence of CSF rhinorrhea and the location of the fistula in 
the cranial base. 

Radionuclide count values are subject not only to the 
amount of CSF rhinorrhea but also to the radionuclide present 
in the blood, the nasal discharge due to tracer activity, and 
the size or absorption rate of the pledgets. In normal individ
uals, the intrathecally injected nuclide may be absorbed and 
circulate in the blood and body secretions, so that quantitative 
comparison of nasal secretions with blood is necessary. For 
these reasons, we calculated the ratio of the radionuclide 
count in each removed pledget to that in the 1-ml blood 
sample collected simultaneously. According to Hiratsuka et 
al. [3] , who analyzed 17 normal subjects, the normal radio
nuclide ratio is less than 0.3. We obtained radionuclide ratios 
of 128 pledgets from 11 normal subjects. The mean was 
0.158; the standard deviation was 0.1 01. Therefore, we re
garded values higher than 0.37 (mean + 2 SD) as significant. 
It was speculated preoperatively in our two cases that CSF 
rhinorrhea would be present at sites showing higher values.· 

McKusick et al. [5] examined 16 patients and concluded 
that their ratios did not exceed 1.3 in any subject (mean, 0.45; 
SD, 0.34). Since they did not exclude six patients with hydro
cephalus, and because of the differences in the amount of 
radionuclide injected and the absorptive capacity of the pled
gets, it is difficult to compare these results with ours. 

We examined the radionuclide counts of 18 randomly se
lected pledgets exposed in vitro to radioactive blood collected 
from several patients in our study. The mean radionuclide 
ratio was 0.135 compared with the radionuclide count of the 
1-ml blood sample; the standard deviation was 0.025. These 
data were not significantly different from those in the normal 
subjects mentioned above. Consequently, it was unlikely that 
nasal blood contamination in the pledgets elevated radio
nuclide ratios significantly (over 0.37), producing false-positive 
results . The relatively low standard deviation shows the uni-

formity of the pledgets. On the other hand, the mean ratio of 
0.135 indicates our pledgets can absorb 0.135 ml of blood or 
other fluid, and are smaller than the ones used by McKusick 
et al. It is important to recognize that the absorptive capacity 
of the pledgets should be standardized in every center. To 
make the standard deviation smaller, we recommend the 
pledgets be accurately weighed before and after placement 
in the nasal cavity to identify the volume of fluid absorbed. 

Since the sphenoethmoid recess, olfactory cleft, and middle 
meatus, into which pledgets were introduced, are anatomi
cally intranasal openings of the sphenoidal, ethmoidal, and 
frontal sinuses, respectively, it was assumed that the para
nasal sinus that opened at the site for the pledget showing 
the highest radionuclide ratio corresponded to the site of the 
intracranial fistula [2]. 

On the basis of our findings, we believe that the radionuclide 
counting method is indicated in two instances: (1) when 
macroscopically obvious rhinorrhea is not identified by the 
conventional techniques, or CSF rhinorrhea cannot be local
ized, and (2) when there is no definite rhinorrhea but meningitis 
supervenes in a patient with a history of trauma, suggesting 
subclinical CSF rhinorrhea. 

The therapeutic policy for CSF rhinorrhea, particularly the 
surgical indications, timing, and selection of procedures, is 
controversial, and no consensus has been reached [4]. This 
is because some patients apparently recover spontaneously 
from CSF rhinorrhea. However, it is possible that such cases 
include patients in whom meningitis occurs long after injury, 
as in case 1 , and subclinical CSF rhinorrhea is detected by 
the radionuclide counting method. These cases require sur
gical treatment. 
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