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Cerebral Blood Flow Monitoring by External Detection
of Inhaled Radioactive Xenon1

Albert E. Johnson and Frank Gollan2

Coral Gables, Florida

The use of inert gases for the measuring of regional blood flow has found
wide application since the inhalation of low concentrations of nitrous oxide
for the determinations of cerebral blood flow in man ( 1-4 ) . Widespread use has
been made of radioactive inert gases because of the simplicity of the counting
technique of blood samples and the possibility of measuring the disappearance
rate of the gas by means of an external detector over the brain (5-8 ). The highly
soluble radioactive gases like kryptron85 and xenon133 diffuse freely into the
extracellular and intracellular spaces and recirculation is eliminated by the rapid
diffusion from the pulmonary capillary bed into the exhaled air. This study
deals with an experimental evaluation of cerebral blood flow measurement by
the inhalation of the gamma emitting gas 133Xe and external monitoring.

MATERIALS AND METhODS

Shipments of xenon3 in the amount of 50 mc were received in glass ampules.
We found xenon diluted with air the most useful form for our experiments. The

gas from the shipment ampule was transferred to a 100 cc multi-injection bottle
which had been evacuated by a pump. Then the ampule and the 100 cc bottle
were connected by a closed-valve system, the ampule valve was opened and
the gas transferred by the pressure gradient. Air was introduced into the 100 cc
bottle to return the pressure to normal. The clearance of radioactivity from the
head was monitored with a 36Â°flat field collimated two-inch sodium iodide (TL)
activated crystal scintillation detector. The output of the scintillation probe was
counted in a ratemeter with a ten second time constant and the average counts
per minute continuously recorded on a rectilinear chart recorder. The radioactive
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Fig. 1. Extracorporeal circuit for the perfusion of the isolated dog head.
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Fig. 2. Correlation between directly measured carotid flow and externally monitored â€˜33Xe
clearance of the isolated dog head.
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gas in air was readily available, and after rebreathing for 30 seconds into a
closed respiratory circuit, a dose of 500 @Cgave full scale deflection of 3000 CPM
on the recorder.

To ascertain the accuracy of externally monitored disappearance rates as a
measurement of blood flow, the isolated and mechanically perfused head of the
dog was used ( Fig. 1 ). Venous blood was drained from the right atrium of the
closed-chest dog into an oxygenator and then pumped through an electromag
netic flowmeter to both common carotid arteries. The heart was made to
fibrillate by external electric shock so that the head was perfused by the pump
only. Xenon133 was injected into the arterial line and was removed from the
venous blood in the oxygenator so that recirculation of the tracer did not occur.
Changes in blood flow ranging from 100 to 800 cc/mm were recorded with the
electromagnetic flowmeter and with xenon clearance rates from the head ( Fig.
2). This study in the isolated dog head convinced us of the sensitivity and
accuracy of external monitory of â€˜33Xeunder controlled experimental con
ditions.

Since cerebral blood flow in the intact human being is much more complex
and cannot be controlled in such an exact way, we have chosen the well estab
lished increase of cerebral blood flow due to increased carbon dioxide tension
as the assay of this method in man. It is essential that the subject inhales the
same gas mixture while saturation and desaturation with radioactive xenon take
place. Therefore, the subject first rebreathed from bags A & B (Fig. 3) a known
mixture of oxygen and carbon dioxide; bag A was then isolated from the sys
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Fig. 3. The respiratory circuit to maintain constant pCO, during cranial monitoring of
inhaled â€˜33Xe.
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Fig. 5. Effect of inspired pCO2 on cranial â€˜33Xeclearance in the same subject.
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Fig. 4. Configuration of clearance of inhaled â€˜33Xefrom the human head.
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tem and â€˜33Xeinjected into the inspiration tube of the closed system. The sub
ject's inspired and expired pCO2 was monitored continuously by an infrared
carbon dioxide analyzer in the closed circuit. Inhalation of the radioactive gas
in various concentrations of carbon dioxide and oxygen was continued until an
adequate level of radioactivity in the head was recorded. The tube for the expired
air was then opened to the atmosphere; bag B, containing xenon, was closed
and the stand-by bag A was put in line. Thus, no changes of inhaled gas mixture
took place throughout the procedure.

These studies were carried out in a well ventilated and monitored laboratory
so that radioactivity of the air did not pose a problem.

RESULTS

The time course of 133Xe radioactivity in the human head following the re
breathing of the radioactive gas in a closed circuit did not follow a single ex
ponential function but usually three well-defined half times were recorded ( Fig.
4 ) . This may have been the result of the different partition coefficients between
the blood and various tissues of the head as well as different rates of blood
flow in different parts of the head. Since the subject's head serves as his own
control the partition, coefficient does not enter into the determination of the
relative values of the half-time clearance. We need only to assume that the
partition coefficient and the volume of distribution of the previously inhaled
radioactive gas have not changed during the experimental procedure.
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In this study we have compared the half times of the fast component of
the xenon clearance curve only, because we found it inversely related to the
perfusion rate. The flow in cc/mg/mm is derived from the equation .693 x 100,

T3@
where .693 is the natural logarithm of 2. No correction was made for the relative
solubilities of â€˜33Xein blood and brain. The results of nine separate experiments
on the same subject breathing increasing concentrations of carbon dioxide in
oxygen show the variability of absolute values of cerebral blood flow on different
days ( Fig. 5 ) . It clearly shows that in every experiment a rising carbon dioxide
tension resulted in a linear increase in cerebral blood flow. Each experiment
lasted approximately 30 minutes and during that time this correlation was
linear. When the same data were plotted as percentage increase of blood flow
versus percentage rise of inhaled carbon dioxide tension, a surprisingly good
correlation was obtained ( Fig. 6).

DISCUSSION

The measurement of the xenon washout curve of the head may not only
reflect extra and intracranial blood flow but also the volume of radioactive gas
distributed in the oral, nasal, sinus and middle ear cavities. Although these are
serious objections against the inhalation of â€˜33Xeas compared to its injection into

CO2 EFFECT ON CEREBRAL BLOOD FLOW

XENON133 vs THERMOFLOWMETER
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Fig. 7. The CO, effect on cerebral blood flow as measured by cranial monitoring of
133Xe and by thermoflowmeters in the jugular veins.
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the internal carotid artery, the results obtained by both administrations are
practically identical. In a previous preliminary report cerebral blood flow of
35 ml/100 g/min after 133Xe inhalation was recorded (7). In this study the
average value of nine determinations during eucapnia of 35 to 42 mm Hg pCO2
was 39 cc/100 g/min with a range of 22 to 53 cc/100 g/min. When 133Xe was
injected into the internal carotid artery and monitored externally, cerebral blood
flow measured 45 cc/100 g/min ( 12) and 41 cc/100 g/min (8). Thus, the ob
jections against external cerebral monitoring of inhaled radioactive gas are not
supported by evidence.

If 85Kr was inhaled and counted in jugular vein blood the values reported
were 44 (9 ), 48 ( 10) and 49 cc/100 g/min ( 11 ). The value of 57 cc/100 g/min
obtained by external as well as venous counting of inhaled @Kr(5 ) is also well
within the range of 54 cc/100 g/min Â± 12 ( 3) and 51 cc/100 g/min Â± 20 (4)
measured by nitrous oxide extraction. Only the value of 60 cc/100 g/min Â± 20
( 13 ) measured after the injection of the excessive dose of 5 mC 85Ki@ into an

internal carotid artery and counted externally, was higher than other results
obtained with radioactive gases. Thus, a survey of the literature reveals an almost
100 percent difference in the range of cerebral blood flow determinations in
normal man. The temptation to make a value judgment of all available methods
by such a comparison of average values should be resisted because the varia
bility of normal values within each method makes the categorical choice of a
single number arbitrary and fictitious. The day-to-day variability of cerebral
blood flow in the normal, middle-aged, male subject in our study is evidence
that uniformity of normal values requires not only methodological but also
physiological calibration. In this respect the carbon dioxide response to test a
cerebral blood flow method has been very useful. However, since the CO9 re
sponse of the cerebral circulation depends on the basic flow before the test,
future investigations will attempt to establish the period of rest or the body
position which may make the CO2 test more uniform. It is most encouraging
that even without a steady state as a base line, the inhaled xenon technique
agrees with the direct measurement of cerebral blood flow ( 15) by the insertion

of thermistors into the jugular veins ( Fig. 7).

CONCLUSIONS

The accuracy of the 133Xe disappearance rate from tissue as a measurement
of blood flow was ascertained by comparing the results with electromagnetically
monitored flow in the isolated perfused head of a dog. The measurement of
cerebral blood flow in man by external monitoring of inhaled 133Xe agrees with
results in the literature using other inert gases and methods of administration
and counting. Good correlation also exists between the carbon dioxide effect on
cerebral blood flow and the disappearance rate of inhaled radioactive xenon
from the cerebral cortex. Serial studies in the same subject may be of great
value in recording changes in blood flow as a result of cerebrovascular disease,
an experimental procedure, or a drug. Since this method can be readily repeated
without trauma or hazard, it may lend itself for widespread clinical investi
gations.
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