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The C15O2 steady-state method, with tomographic measurement of H215O, has

been used to measure blood flow in normal muscle tissue and a soft-tissue tumor

(V2) in rabbits. The method has been validated in a rabbit tumor model by compar
ison of the data with that observed using microspheres labeled with Sc-46 and Ga-
68. The blood-flow values found with the C1502 steady-state method, after correc

tion for tissue blood volume, agree well with values gained with labeled micro-

spheres. The effect of blood volume on apparent blood flow in tumor was about
50%. The tissue/blood partition coefficients were 0.94 Â±0.05 for healthy tissue
and 1.16 Â± 0.15 for tumor tissue. After correction for partition coefficient and
blood-volume effects, the blood-flow value for normal tissue was 4.1 db1.3 ml/min-
100 ce, and for the tumor tissue 10.7 1- 2.3 ml/min-100 cc.
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Blood flow can be determined in vivo by a number of
methods. The use of a diffusible indicator that is removed
from tissue in proportion to blood flow is based on the
Kety-Schmidt principle (1-3), also referred to as the
washout technique. Measurements are carried out with
external detectors and single-photon emitters (4). This
method has been extended to emission tomography with
both positron (PET) and gamma emitters (5), but these
techniques tend to give poor spatial resolution (6,7).
Ter-Pogossian and co-workers in 1969 (8) made cerebral
blood-flow (CBF) measurements using a single bolus of
blood labeled with H2I5O, I5O2, or C15O2, and later
Raichle and co-workers (9) used a single bolus of O-
15-labeled water injected intra-arterially. Huang et al.
modified this method to a single-breath inhalation of
C15O2 (10). Reasonably accurate measurements may

prove possible with improved instrumentation
(11,12).

The steady-state technique was described by RUSSet
al. in 1974 (13 J4). For this method either the constant
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administration of O-l 5-labeled water (15) or, more
commonly, the continuous inhalation of CI5O2 gas (76)
is used. Oxygen-15 in theC'5O2 is rapidly converted in
the lung by carbonic anhydrase (17) to H2I5O. This
conversion and the short half-life of O-15 allow steady
state to be reached within a few minutes. The values for
blood flow can be obtained from the steady-state con
centration of labeled water in tissues according to the
model described by Subramanyan et al. (18). This
principle has been used in many clinical investigations
with PET. Although the techniques would be valid for
any tissue, much of the work has been applied to the
brain (19-21).

The ideal technique for measuring blood flow requires
an agent that is extracted from the blood instantaneously
and whose activity remains constant in the tissue. The
measurement of tissue concentration will then reflect
blood flow (22,23). The classic example is the use of
labeled microspheres, which have an extraction effi
ciency approaching 100%. These must be given intra-
arterially, so their use in human studies is limited.
Chemical agents that approach this behavior include
N-isopropyl-[123I]amphetamine or 13NH3 (24-26), and
pH-shift agents (27,28).
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The objective of this study was to confirm in a rabbit
tumor model the validity of the CI5O2 steady-state

technique for measuring blood flow. The findings were
compared with those obtained using Ga-68-labeled
human serum albumin microspheres, which were in turn
calibrated with Sc-46 microspheres. The CI5O2
steady-state method was used to observe changes in
blood flow in tumor and surrounding tissue. We also
studied the effect of water content and tissue blood vol
ume on the flow measurement in tumor tissue, since these
factors have an important role in blood-flow quantifi
cation.

The estimation of tissue blood volume was done with
1'CO, and a simulation method was developed to study

the relation of tissue blood volume and the tissue blood
partition coefficient of water.

MATERIALS AND METHOD

Preparing a mixture of Ga-68 and Sc-46 microspheres.
The Ga-68 microspheres were prepared according to the
method developed by Hnatowich (29). Gallium-68
EDTA was elutcd from a Ge-68 â€”*Ga-68 generator (on

alumina support) with 0.05 M EDTA. Ten milliliters of
Ga-68 EDTA were added to 30 ml of concentrated hy
drochloric acid (HC1) and mixed. The 68GaCl3 formed

was separated on a small column (diam 4 mm, length 20
mm, on an ion-exchange resin support*), which was

rinsed with 6 N HC1 both before and after the addition
of radioactivity. The eluate containing 68GaCl3 was

adjusted to pH 3.0 with 0.05 M Na2HPO4 and l N
NaOH. Human serum albumin microspheres (10-35
urn diam) were labeled in an ultrasonic water bath for
15 min at 50-60Â°C,and their specific activity was de
termined (30). The Ga-68-microsphere suspension was
mixed with a known activity of Sc-46 microspheres (15
Â±3 /urndiam) and vortexed.

The behavior of the Ga-68 microspheres was assessed
in two different ways in vivo. The distributions of Ga-68
microspheres and Sc-46 microspheres after their injec
tion into the left ventricle was compared in samples of
rabbit tissue. In addition, 0.5 mCi (0.5 million particles)
of Ga-68 microspheres were injected into the jugular vein
of a dog, and arterial and venous blood samples were
collected for 1 hr. A positron image of the chest was
made at 5 min after injection. About 90% of the injected
Ga-68 microspheres was trapped in the lungs during the
first 5 min. Two percent of the injected activity was
found in both arterial whole blood and plasma 1 hr after
injection. This activity was probably released from the
Ga-68 microspheres.

Animal procedures.Samples of V-2 tumor were im
planted into the left thigh of New Zealand white rabbits.
In about 2 wk the tumor had grown to an average di
ameter of 6-8 cm, with that of the necrotic area 2-3 cm,

and experimental measurements were carried out. For

positron studies animals were anesthetized with i.m.
ketamine hydrochloride and acepromazine, and the
anesthesia was continued throughout the whole study.
First, the catheter was placed into the abdominal aorta
via the femoral artery. Positron tomographic imaging
was performed using the C15O2steady-state technique.
After inhalation of C15O2gas for 6-9 min, steady-state

activity in the tissue was achieved. During imaging, ar
terial blood samples were collected from the femoral
catheter. Adopting the method developed by Bartrum
et al. (31 ), another catheter was positioned under fluo-
roscopy through the common carotid artery into the left
ventricle. The aorta was visualized by the flushing of
contrast medium. A mixture of microspheres labeled
with Ga-68 and Sc-46 was injected into the left ventricle
through this catheter, and a second imaging was nor
mally started 40 min after starting the first.

Several landmarks on the animal, and fixed lines
produced by two perpendicular lasers, were used to re
locate the animal in exactly the same position, in both
x and y directions, as in the C15O2 study. After com

pletion of the positron imaging, the rabbits were killed.
Tissue samples were selected for gamma counting of
Ga-68 and Sc-46 on the basis of 2D- and 3D-positron
images. The tumor was cut into slices corresponding to
the positron images, the mid level being the most im
portant slice. For gamma counting these slices were
usually divided into 8-10 smaller pieces corresponding

to the number of pixels found in positron images, the
pixel size being 1 X 1 X 1.4cm. The samples of growing
tumor surface and necrotic center were also verified
histologically. The blood-flow studies were performed
in two normal and five tumor-bearing rabbits.

Positron imaging. Conventional two-dimensional
imaging was performed with the positron camera (32)
using a motion protocol developed to improve spatial
resolution by moving the detector arrays Vsof the in-
tercrystal distance five times in directions alternately
parallel with and perpendicular to the crystal array. The
final image consisted of 25 shifted and overlaid im
ages.

Transverse-section imaging was performed by rotating
the camera heads around the animal from 0Â°to 180Â°by
increments of 12Â°.At each angle the detector arrays
were translated over six steps, each '/6of the intercrystal

distance, giving 90 frames of collected data.
Calibration measurements to get counts/pixel/juCi/cc

were performed for each study using the same mea
surement protocol and, to minimize the effect of scat
tering, with the same activity range as in the real study.
Also "fins" above detector arrays were used to decrease

scattering. Fins are parallel lead strips in a frame. The
depth of the frame is 2.5 cm and the strips are separated
by 2.8 cm from each other. The calibration source was
a Ga-68 bottle (diam 15 cm) corresponding to the

thickness of the rabbit. Measurements were repeated
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FIG. 1. Schematic for measurement with C1502 steady-state
technique, F-regional blood flow, (CA) = arterial H215Oconcentra

tion, A = physical decay constant, p = tissue/blood partition
coefficient, and Q(H20) = steady-state activity.

after one gallium-68 half-life, and at least five mea
surements were included for each calibration curve.

Data were stored and transverse sections recon
structed using a computer system with 32K bytes of core
memory. The software system used was PL/S, a
higher-language system developed at our institution
(33). The image format used a 64 X 64 matrix expanded
to 256 X 256 with a 128-level gray scale. From one set
of data, tomograms were normally computed for ten
planes spaced at 1.4 cm or 2.8 cm with the plane thick
ness depending on the size of the tumor.

Blood-flow measurements with the C15O2steady-state
technique. When C15O2is inhaled, water in the blood is
labeled with O-15 by the in vivo reaction (17)

CI5O2 + H2O^H2CI5O3-Â»H2I5O + CO2 (1)

The labeled water is a diffusible tracer. The change
in activity (mCi/min) in the tissue volume assayed by
the detector is the difference between the mCi/min en
tering the tissue volume and the mCi/min leaving it (Fig.
1). According to the Pick principle (34)

. _x
dt \ pV)

where F is regional blood flow (ml/min), C(H2O) is the
arterial H2'SO concentration (mCi/ml), Ais the physical
decay constant of O-15 (0.338/min), V is the tissue
volume (ml) and p is the partition coefficient of water
between tissue and blood. After the prolonged inhalation
of CI5C>2,the steady-state activity Q(H2O) is given by
the solution of Eq. (2) with dQ(H2O)/dt = 0, and re
gional blood flow can be calculated by the equation

AQ(H20)

C(H2O) - Q(H20)
pV

(3)

According to Eq. (3), blood flow is dependent on the
tissue/blood partition coefficient and the tissue
volume.

In the mathematical model it is assumed that the tis
sue volume is occupied by perfused tissue only, but in
reality a certain volume of blood is included. In two
rabbits the tissue blood volume was measured using the
inhalation of ' 'CO. The ' 'CO content on the count/pixel

level in the images and the blood samples taken at the
beginning and end of 3D-imaging were calibrated to

correspond to juCi/cc values. Because inhaled CO will
bind to hemoglobin (35), the percentage of blood volume
in a regional tissue can be determined directly from the
relation of 3D-images and blood samples. The values
obtained reflect blood both in major vessels and in tissue
capillaries.

We determined the value for the tissue/blood partition
coefficient of water by experimentally measuring blood
flow with microspheres, and the tissue and blood activity
concentrations by the C'5O2 steady-state method. The

partition coefficient can be calculated from Eq. (3).
Tissue activities were corrected for the percentage of
regional blood volume as measured with ' 'CO.

In addition we simulated the dependence relationship
between the tissue blood volume and the partition coef
ficient under steady-state conditions (Fig. 2). The total
tissue volume includes a proportion of blood volume that
could be expressed by the following equation

Q(H20) = xC(H20) + ( 1 - x)Qr(H20), (4)

where Q(H2O) is the measured steady-state activity in

tissue (Â¿iCi/cc),x is the percentage of blood volume in
tissue, C(H2O) is the measured activity concentration
in blood, and Qr(H2O) is a real tissue activity. By giving
to x different values, we can calculate corresponding
real-tissue activities Qr(H2O). The partition coefficient
corresponding to each x value can be calculated from the
following:
P =

F[Qr(H20) - xC(H20)l
x[Qr(H20) - FC(H20)] + F[C(H20) - Qr(H2O)] '

(5)

using blood-flowvalues determined by microspheres and
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FIG. 2. Simulated relationship of tissue blood volume and tissue/
blood partition coefficient. Area of vessels contains point where
larger arteries enter tumor. Tumor curve represents average surface
area of tumor. Normal muscle curve contains values from healthy
hind legs.
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FIG. 3. Comparison of Ga-68 and Sc-46 microspheres in tissue
samples, (â€¢)= kidney, (A) = liver, (â€¢)= lung, (O) = heart, (A)
= muscle, (u) = brain.

blood activity values measured at steady state. Simula
tion curves for tissue/blood volume plotted against tis
sue/blood partition coefficient were calculated for each
animal for three different regions of interest: (a) the
region of the highest activity containing a small area of
the main arteries entering the tumor tissue, (b) the tumor
surface, and (c) the contralateral healthy muscle tissue.
These curves can be used in the determination of parti
tion coefficients when the blood volume is determined
independently (as, for example, with "CO), or con

versely to estimate blood volume when the tissue/blood
partition coefficient is known.

In order to study its contribution to changes in the
tissue/blood partition coefficient, the total water con
tents of tumor, muscle, and blood were obtained by
drying thin tissue layers in a heatbox for 2-3 days at
90-95Â°C,until the dry weight remained unchanged for

12hr.

Blood-flow measurement with microspheres labeled
with Ga-68 and Sc-46. The microspheretechnique used
for measuring regional blood flow involves the use of
labeled microspheres of such dimensions as to prohibit
their passage through the capillary bed. The human
serum albumin microspheres labeled with Ga-68 varied
in diameter between 10 Â¿imand 35 p.m (mean 20 p.m)
according to the manufacturer's specifications. Because

the labeling procedure with Ga-68 had to be done sepa
rately for each study, we also used commercially avail
able Sc-46-labeled plastic microspheres (diam of 15 Â±
3 nm)+ to calibrate the labeling and behavior of Ga-68

microspheres. A mixture of both labeled microspheres
was injected directly into the left ventricle of the rab
bits.

We used the method developed by Bartrum et al. (3l)
for measurement of regional blood flow based on the use
of arterial blood samples as a reference. If microspheres
are injected into the left ventricle, are thoroughly mixed
with blood, and do not recirculate, the arterial blood will
have a constant ratio, R, of microspheres, Q (mCi), to
unit flow, F (ml/min):

R = Qi/Fi, (6)

where i refers to the organ of interest.
For determination of the constant R, we obtained a

reference blood sample taken by a Harvard withdrawal
pump, connected to a catheter in the abdominal aorta.
The collection of blood was started just before the mo
ment of injection of microspheres into the left ventricle
and continued for 1 min following injection. The activity
of the collected blood was measured and the flow rate of
the Harvard pump determined separately using the same
catheter. The withdrawal rate used was 3.0 Â±0.1 ml/
min. The typical number of counts obtained for the
calibration of R value using Ga-68 microspheres was
20,000 counts/ml-min and for Sc-46 microspheres 3000
counts/ml-min. The difference in counts was due to the
initial injected dose.

TABLE 1. BLOOD FLOW (ml/min-100 cc) IN NORMAL AND TUMOR TISSUE OFRABBITSTissueLeg

muscle
Tumorsurface

areanecrotic
areaaverage

tumorNumber

of
studies7525InGa-68microspheres3.4

Â±0.711.7Â±

2.62.910.8

Â±2.4vitroSc-46

microspheres3.4

Â±0.812.3

Â±1.83.010.5

Â±2.1In

vivoGa-68
BV" = ne* BV = cÂ§

microspheres pT= 1 p =14.1

Â±1.3 5.9 Â±1.5 4.1 Â±1.311.3

Â±1.8 17.7 Â±4.7 11.3Â±1.34.9
5.45.110.4

Â±2.5 14.2 Â±2.9 11.4 Â±2.1BV

= c
p =c4.1

Â±1.311.2

Â±1.35.010.7

Â±2.3'

BV = Blood volume oftissue.r

p = Tissue/blood partition coefficient of water, corrected value for
* nc =Uncorrected.Â§

c = Corrected.leg

muscle 0.94, for tumor tissue 1.16.
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TABLE 2. RELATIONSHIP OF TISSUE BLOOD VOLUME AND TISSUE BLOOD PARTITIONCOEFFICIENTCase12345TissueLeg

muscleTumor
surfaceLeg
muscleTumor
surfaceLeg
muscleTumor
surfaceLeg
muscleTumor
surfaceLeg
muscleTumor

surface'

(1) Bloodflow values aretheT

(2) Tissueblood volume wasIN

NORMAL3.412.63.712.45.411.53.311.82.6ANDTUMORTISSUERegional

blood flow
ml/min-100cc(1)*(3.0-3.8)(10.7-13.8)(3.3-4.3)(10.9-15.3)(4.6-6.7)(7.5-14.5)(2.8-4.3)(10.3-13.9)(2.3-2.9)11.1

(10.2-12.4)

mean of three microspheremeasurements.determined

fromOF

RABBITTissue

blood
volume(volume

%)
(2)t2.915.08.923.92.03.63.37.82.88.7

Range inparentheses.curves

in Fig. 2 using a tissue/blood partition coefficient olTissue/bloodpartition

coefficientof
water

(3)*0.901.050.941.160.941.160.971.270.941.160.94

fornormaltissue

and 1.16 fortumor.*
(3) Tissueblood partition coefficients were calculated with Eq. (3).

RESULTS

The values for regional blood flow using Ga-68 and
Sc-46 microspheres in different tissues of rabbits show
a good linear correlation (r = 0.988, p < 0.001 ) (Fig. 3),
suggesting that both sets of microspheres are distributed
identically and Ga-68 microspheres can be used for
measuring blood flow. Table 1 contains the regional
blood-flow values in tumor and healthy muscle tissue,
determined in vitro and in vivo by the different tech
niques. Blood-flow values for healthy muscle tissue were
calculated as the mean of measurements from healthy
contralateral hind legs. For 7-counting, the tumor was
divided into parts, so that the highest-activity surface and
inner necrotic parts were counted separately. PET to-
mogram areas corresponding to the counted tissue
samples were chosen and regional blood-flowvalues were
calculated from the three-dimensional static tomograms
after calibration of counts/pixel to^tCi/cc. There is no
statistically significant difference between the regional
blood-flow values determined by Ga-68 and Sc-46 mi
crospheres in vitro. The accuracy of in vitro microsphere
measurements is dependent mainly on the accuracy of
the R value [see Eq. (6)]. The percentage variation of
regional blood flow with both microspheres was 21% in
healthy tissue and varied from 15% to 22% in tumor
tissue. In the tumor's necrotic area the variation was
41-80% reflecting mainly the difficulty of accurately
separating the necrotic area.

The accuracy of PET using the microsphere technique
is a function of the accuracy of the sensitivity and reso
lution of positron imaging. Scattering is also an impor
tant source of error. The difference in blood-flow values

obtained for healthy tissue when determined by Ga-68
microspheres and compared with in vitro counting was
20.5%. This difference is due mainly to scattering. The
calculation of blood flow using the C15O2steady-state

technique is based on Eq. (3). The accuracy is dependent
on that of PET and the mathematical model.

In Table 1,Column 6 shows blood-flowvalues without
blood-volume correction. The value of 1.0 was used for

the tissue/blood partition coefficient of water. The fol
lowing column contains blood-flow values corrected for
the tissue blood volume. The percent of tissue blood
volume in healthy muscle tissue measured by ' 'CO was
determined to be 3.1 Â±0.3, and for the tumor tissue it
varied between 8% and 15%. Therefore, in correcting
blood flow values, 3.1% was used for the healthy tissue
and for the tumor tissue values obtained with simulation
measurements (Fig. 4, Table 2). The last column pre
sents blood-flow values corrected for blood volume and
partition-coefficient values. The latter were calculated
on the basis of blood flow measured experimentally with

TABLE 3. MEASURED WATER CONTENTS IN
RABBIT TISSUES

Water content
Tissue

Leg muscle
Blood
Tumor

surface area
necrotic area

82.4 Â±2.7
82.9 Â±1.5

85.0 Â±3.9

85.5
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FIG. 4. Blood flow measured with C'5C>2steady-state technique.

(A) sketch of rabbit, arrow indicating tumor; (B) 2D-image and (C)

3D cut at middle level of tumor. Images D and E represent blood
volume measured with ' 'CO in same areas.

microspheres, and blood and tissue activities obtained
with the C15O2steady state, corrected for blood volume
using "CO inhalation. The mean values of 0.94 Â±0.05

and 1.16 Â±0.15 were used for partition coefficients in
normal and tumor tissues, respectively.

Table 2 shows the relation of tissue/blood volume and
tissue/blood partition coefficient in the rabbit tumor
model with the C15C>2steady-state method. Tissue blood

volume in tumor was about three times that in normal
tissue. Table 3 presents the measured water content of
normal leg muscle, tumor, and blood. On the basis of our
measurements, the total water content of normal tissue
is lower than that of blood, whereas that of tumor tissue
is higher. The area with the highest measured percentage
of water is inside the tumor.

In Figure 4, B and C show 2D- and 3D-images of
blood flow measured with the C15O2steady state, and
D and E the 2D- and 3D-images of blood volume mea
sured with "CO. The increase of blood volume in the

tumor area is evident. Figure 3 also indicates the sensi
tivity for tumor detection on the basis of increased blood
flow, and indicate the imaging properties of the equip
ment used.

Figure 5 contains an anatomical line drawing of a
rabbit. B is a conventional 2D-image of the distribution
of water using the C15O2steady-state technique; C is a

quantitatcd tomogram at the middle level of the tumor;
D and E are corresponding images obtained with Ga-68
microspheres. The necrotic area inside the tumor can be
seen clearly with both techniques. However, the quan
titative values of blood flow in the necrotic area found
with positron imaging (5.0/min-100 cc) are clearly
higher than those determined by in vitro measurements
(2.9ml/min-100cc).

DISCUSSION

The CI5O2 steady-state technique is a convenient and
widely used method for measuring regional blood flow.

However, the quantitation is sensitive to three factors:
the tissue's blood volume, the tissue/blood partition

coefficient, and the magnitude of flow itself. The
steady-state activity level achieved with the C15O2
steady-state technique has a nonlinear relation to blood
flow (18). The nonlinearity is not so pronounced at low
blood flow (<30 ml/100 cc-min), and in our experience
the regional blood flow in soft-tissue tumors of muscle
falls within this limit. Tissue blood volume can also be
measured by other techniques, including CO-11 inha
lation, but the partition coefficient is difficult to deter
mine directly.

When the values for regional blood flow from the
CI5O2 steady state-technique are compared with those

obtained from labeled microspheres, it can be seen that
the mathematical model for the CI5O2 measurements

provides good estimates for healthy tissue but higher
values than the microsphere measurements in tumor
tissue. This is caused partly by the increased blood vol
ume in tumor tissue and partly by the changed partition
coefficient. We have attempted to resolve the value of
the partition coefficient indirectly, basing our calculation
on the relationship between tissue blood volume and
tissue/blood partition coefficient using for blood flow
the original values determined with microspheres. The
values obtained for healthy tissue are near unity, the
mean being 0.94 whereas the values for tumor tissue
range between 1.05 and 1.27, the mean being 1.16. The
change of the partition coefficient in tumor tissue is due
mainly to the increased water transport across the cell
membrane. The measured water content in necrotic
tumor tissue is higher than that in other parts of tumor
and in normal tissue. In estimating the tissue blood vol
ume with Eq. (4), we have used for the average blood
activity the values measured for arterial blood, and this
may have caused a small overestimation of the final
blood volume, even though the measurements were made

FIG. 5. Distribution of water in tumor: (A) sketch of rabbit, arrow
indicating tumor; (B) and (C) 2D image of distribution of water using
C15O2 steady-state technique and quantitative tomogram at middle

level of tumor; (D) and (E) corresponding images obtained with Ga-68

microspheres.
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at the steady state. The values for tissue blood volume
obtained by means of simulation studies agree well with
the values from CO-11 measurements. For the healthy
tissue the range of all five measurements is 2.0-8.9%.
There is one exceptionally high blood-volume value, and
the range without that study is 2.0-3.4%. The tissue
blood volume found with CO-11 measurements is 3.1.
For tumor tissue the blood-volume values vary between
3.6% and 23.9%, with the highest value occurring in the
same rabbit as that with the highest blood volume for the
normal tissue. Based on our measurements, the blood
volume on the surface of the tumor is 3.2 times that in
normal tissue. This is the main reason for the difference
in blood-flow measurements with microspheres and with
the CI5O2 technique.

If the C15C>2steady-state technique is used for
blood-flow measurement of soft-tissue tumor, the values
without correction for tissue blood volume are about 50%
too high. The change in the partition coefficient has a
smaller effect on the final results in tumor tissue, since
the increased blood volume in the tumor area is caused
mainly by the increased vascularity in the tumor.

In the healthy tissue we have not found any significant
difference between the distribution of Ga-68 and of
Sc-46 microspheres. In vitro, we have been able to
measure the activities of both nuclides from the same
sample. If we compare the blood-flow values of healthy
tissue measured with Ga-68 under in vitro and in vivo
conditions, the in vivo measurements from positron
imaging tend to be slightly higher. That difference can
be caused by technical problems. With lowactivity levels,
scattering will be one source of error, and it is extremely
difficult to select exactly the same portion of tissue in the
positron Â¡mageas that measured in vitro. An additional
concern is that the count level of the measuring point in
the necrotic tumor area is dependent on the nearby high
activity of the surface area of tumor, because the size of
the necrotic area is near the limit of resolution of imaging
(32).

On the basis of our measurements, blood flow in tumor
tissue is about three times that in normal tissue. Its
quantitation might be useful both in determining the
extent of soft-tissue tumor and in assessing the efficacy
of therapy.

FOOTNOTES

* BIO-RAD Laboratories.
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