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The technique of regional perfusion was introduced in order to deliver a
cytotoxic agent to one area of the body while restricting the amount being de
posited elsewhere. (1) There are two principal questions raised in the use of such
perfusions: a) how much of the cytotoxic agent binds to the locale under study, (2)
and b) how much escapes to the general circulation. (3) We wish to present data
on these problems, gathered during two brain perfusions on one patient, and a
single perfusion of a second patient. During one brain perfusion, radioiodinated
human serum albumin (1311) was included in the perfusing fluid, and during the
other two perfusions, triethylene thiophosphoramide-S35 (Thio-TEPA) was
present.

MATERIALS AND METhODS

The first patient was a 53-year-old Caucasian male who entered the Grace

New Haven Community Hospital with symptoms which were clinically con
sistent with a space-occupying lesion in the right cerebral cortex. Included in
the diagnostic work-up was an 203Hg-chlormerordin brain scan. The scan was
performed two hours after the intravenous injection of 700@@cof the compound;
it revealed a localization of the radioisotope on the right side (Fig. 1). The
diagnosis of a glioblastoma was made histologically after surgical removal of the
greater bulk of the tumor. A course of 5,400 r (tumor dose) x-irradiation was
administered to the head (11.4 mm Cu half-value-layer, 100 cm target-to-skin
distance, 100 r/minute, 200 r/day x 27). Some three months later, because of
recurrent symptoms, a regional perfusion with Thio-TEPA was performed. The
right common and external carotid arteries and the jugular vein were temporarily
clamped and polyethylene catheters introduced above the point of occlusion. (4)
The pump system was primed with 600 ml of compatible whole blood; 50 @cof
1311-labeled human serum albumin were introduced into the blood. The uni
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lateral carotid-jugular system was perfused for 20 minutes at 100 ml/minute.
Samples were withdrawn from the pump system and from an arm vein at in
tervals after the perfusion was begun. Included in the perfusing fluid was 35

mg of Thio-TEPA. The patient had remarkable alleviation of symptoms following
the perfusion. Subsequently, a gradual progression of motor difficulties was noted,
particularly an inability to raise his legs. Five months after the initial brain per
fusion, a second was performed, and again there was symptomatic relief. This
time, with the injection of the 35 mg of stable Thio-TEPA into the perfusing
fluid, 62 sc of triethylene thio-phosphoramide-S35 (Amersham, specific activity
0.044 mc/mg, dissolved in sterile saline and filtered through a Millipore 0.45
micron filter) were introduced. Again, samples were taken from the pump system
and from an arm vein.

The second patient was a 51-year-old Caucasian male who entered the hos
pital because of loss of memory and occasional disorientation. Evaluation of the
patient included an 203Hg-chlormerodrin brain scan (650 jzc) which revealed
localization in the left temporal cortex. A diagnosis of glioblastoma was made on
the basis of clinical and diagnostic findings. A@course of x-ray treatments was

administered (5,000 r, tumor dose, 200 r/day x 25, characteristics as before).
Four months later, because of worsening symptoms, a decompression and biopsy
of the tumor was performed. A regional brain perfusion with 35 mg Thio-TEPA
(including 53 @cof the radiolabeled material) was then undertaken.

In analysis of the samples of 1311-albumin, gamma emissions were quantitated
by means of a scintillation well. The triethylene thiophosphoramide-S35 was
estimated by liquid scintillation counting, using 0.05 ml of plasma in a mixture
of toluene and phosphors (each vial contained 3 ml of methanol plus 10 ml of
toluene, which contained 15.2 gm of 2,5-diphenyloxazole and 0.189 gm of 1,4-
bis-2-(5-phenyloxazolyl)-benzene per 8 pints). Due to the presence of the plasma,
there was considerable quenching of light emission; however, this was essentially
the same in all vessels and no correction to 100 per cent efficiency was applied.
Samples were also counted in the toluene solution after 0.1 ml had been applied
to a 5 cm strip of Whatman No. 1 paper and dried. The same magnitude of ac
tivity was obtained as with the direct counting procedure.

RESULTS

The 203Hg-chlormerodrin brain scan in the first case revealed a large right
sided uptake of the radioisotope, superior to the ear (Fig. 1). At the time of op
eration, this was noted to correspond to the location of the tumor.

As determined by samples of blood from the pump system, drawn at 3 and
13 minutes after the start of the perfusion (fluid labeled with albumin-'311),
there was a rapid decrease in radioactivity. Assuming that first order kinetics

were applicable between these two points, the half-time for loss of radioactivity
from the pump system was 15 minutes. This was a rate greater than the 22 to 34
per cent loss in 30 minutes reported by Woodhall and co-workers. (3) Radioactiv
ity was present in the peripheral (arm) venous blood in both the 3 and 13 minute
samples.
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Use of triethylene thiophosphoramide-S35 was expected to result in an even
more rapid disappearance of radioactivity from the recirculating fluid, (2) due to
the combination of binding of the alkylating compound to the tissues, as well as
its â€œleakâ€•into the peripheral circulation. Results from the first case are shown in

Fig. 2 (where counts per 0.05 ml plasma, divided by 10,000, are plotted as a
function of the time following the start of the perfusion). The curve approximates
an hyperbola of the form:

R.T=c (1)

where R is the radioactivity per unit of blood, T is the time in minutes, and c is
a constant (in this case, 17.1, as determined from the mean of the 6 plotted
points). To describe the data in terms of a series of exponents would require
at least three compartments with half-times on the order of 1.2, 3.0 and 6.7
minutes.

To determine the closeness of fit of the experimental data to an hyperbola,
equation (1) can be recast into the form:

R=4@.c (2)
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Fig. 1

Fig. 1. â€˜Â°â€˜Hg-chlormerodrinbrain scan. In addition to usual accumulation in facial muscula
ture, there is localized uptake on right, above ear.
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1
A plot of R as a function of reciprocal time (â€”) should yield a straight line.

T
That this is so is shown in Fig. 3. Data from both cases are given in the figure.
The lines were drawn by the method of least squares.

Following perfusion of triethylene thiophosphoramide-S35 into the brain,
radioactivity was detectable in the peripheral blood in the first sample drawn
(1 minute later). At five minutes, the ratio; activity per unit plasma in the periph
ery/activity per unit plasma in the pump; was 0.30. At 15 minutes, the activity
from both locations had fallen, but the decrease in peripheral activity was less
than that from the pump side, so that the ratio had risen to 0.70. Radioactivity
was still present in the last peripheral sample drawn (20 minutes after the start
of regional brain perfusion). From the intercept on the R axis of Fig. 3, it can be
calculated that at infinite time, the radiolabel would have distributed itself into
a plasma volume (the total of actual plasma, plus tissue) of 3,000 to 4,000 ml.
This result was obtained by comparing the counts/minute of the standard with
that expected in 1 ml of plasma at â€œinfiniteâ€•time.

DISCUSSION

During the infusion with triethylene thiophosphoramide-S35, the magnitude
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of the decrease in the radioactivity from the 600 ml perfusate was unexpected. At
one minute after the start of the perfusion with triethylene thiophosphoramide-S35,

the radioactivity was distributed approximately as follows:

Present in plasma in the pump circulation 60%
Present in plasma in the peripheral blood
Therefore, bound to brain, formed elements

of blood, or elsewhere

The exact locale of the â€œboundâ€•fraction cannot be stated with certainty, and a
small peripheral component is undoubtedly present. In addition, much of the
radiolabel may not be present as the original alkylating agent, since such com
pounds are unstable in vivo. (2)

For the albumin-131I only limited data are available; based on determinations
at 3 and 13 minutes, the half-time of the radioactive iodine within the pump
circulation was on the order of 15 minutes. In this case, then, the collateral cir
culatory loss was considerable in comparison with reported experiences (or
perhaps more bound to the tumor in this case).

The information from the two perfusion studies with thio-TEPA raises ques
tion as to the margin of benefit of carotid perfusion, over carotid infusion. The
clinical responses were of such a nature as to support the use of thio-TEPA
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Fig. 3. Radioactivity in perfusing fluid plotted as function of reciprocal time. Lines drawn by
method of least squares. Squares: case 1; circles: case 2.
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in glioblastoma multiforme. However, because of the rapid depletion of the
therapeutic agent from the perfusate, prolonged recirculation may be unneces

sary. On the other hand, the technique does permit exclusion of the external

carotid circulation, and in the initial four minutes of perfusion there is probably
opportunity for repeated passage of the drug. Even with a rapid fall-off in the
concentration of the alkylating agent in the pump circulation, the tissues under
treatment are experiencing a greater exposure to the drug than in the case of a
simple infusion.

The significance of the hyperbolic description of the loss of radioactivity
from a regional perfusion system is still obscure. We have observed that in
analogue computer solutions of the distribution of radioactivity in models, one
or more of the peripheral compartments have entry terms that closely approxi
mate hyperbolas. Hence, the observation of a hyperbolic fit to the present data
may be fortuitous, and dependent upon the large number of compartments in

volved. Austen and Racker (5) described studies of tumor perfusion, and included
measurement of the erythrocyte loss from the isolated cerebral circulation as
quantitated by means of 51Cr-labeled red blood cells. From values given in their
Fig. 25, we can calculate that the hyperbolic description also holds for loss of
tagged cells during the period 10 to 35 minutes after the start of perfusion.

SUMMARY

During a regional brain perfusion, albumin-131I added to the perfusing fluid
rapidly decreased in activity and appeared in the peripheral circulation. When
triethylene thiophosphoramide-S35 was present in the perfusing fluid, about 14
per cent appeared in the peripheral circulation within one minute. The con
centration of radioactivity in the perfusing fluid, as a function of time, was de
scribed by an hyperbola. These results cast doubt on the efficacy of carrying
regional brain perfusion beyond four or five minutes.
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