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It is becoming increasingly evident that to truly under-
stand the functional status of an organ system, co-registered
measurements of tissue blood flow and blood volume fraction
are necessary. There are significant limitations to current
techniques, such as bolus-tracking, especially for repeated
measurements of these parameters.

We describe a new technique, CAPTIVE, that is a synthesis
of arterial spin labeling (ASL) blood flow and steady-state

susceptibility contrast relative blood volume measurements.
Using a single injection of a novel, long half-life, intravascular
contrast agent with a high tissue:blood susceptibility differ-
ence (Ax) to AR1 ratio, we measured changes in tissue trans-
verse relaxivity arising from changes in blood volume, while
preserving the perfusion contrast of traditional Tl-based ASL
techniques. This allows for continuous measurement of both
blood flow and blood volume. Because the contrast agent can
be used to remove the signal from intravascular spins, it is
possible to measure the water extraction fraction. To validate
CAPTIVE, we measured the C02-reactivity of flow and vol-
ume in the rat brain.

Theory
The ASL flow equation can been modified for changes in

tissue R2 or R2* and the loss in labeling at the image plane
that occurs upon introduction of a contrast agent:

f X k Scontrol - Slabelf _ 
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where
oCpost = oc exp(-AR1 At)

The AX/AR1 ratio of the contrast agent must be high enough
to create significant tissue AR2 or AR2* under conditions where
the increase in blood R1 leads to a small decrease in the loss of
the label during the transit time (At) between the label and

image planes, i.e., AR1 * At << 1.

At equilibrium, the partition of the label between the blood
and tissue is determined by the water extraction rate. If imag-
ing is performed at a TE much greater than the doped blood's
T2, the perfusion signal from intravascular spins can be sup-

pressed, allowing measurement of the water extraction-flow
product, EF.

Methods .
We used a long-lived intravascular contrast agent, MPEG-

PL-DyDTPA based on a structure, similar to its Gd-labeled
analog (1). Sprague-Dawley rats (n=10, 280-380 g) were ima-

ged at 4.7 T with 0. 75% halothane. For the measurements of
rCBV and CBF reactivity to CO2, ventilated animals (n=5)
were used with a dose of 125 pmol Dy/kg. Single-coil ASL
imaging was performed using spin echo EPI (TR/TE: 4 s/40
ms). Labeling efficiency o was measured pre- and post- con-
trast agent administration. X and brain T1 were assumed to
be 0.88 and 1.5 s, respectively. Micro- and total vascular rela-

tive cerebral blood volume (rCBV) was measured using spin
(4 s/80 ms) and gradient (4 s/30 ms) echo EPI, respectively.

Results and Discussion
The molar susceptibility of MPEG-PL-DyDTPA was mea-

sured to be 6.5 x 10-7/mrM Dy. AR1 and AR2 were 0.5 sq and
15 s- 1, respectively. At physiological dilution, the AX/AR1
ratio was 0.48 ppm-s, 7 times greater than Gd-DTPA. T1 and

T2 for arterial blood in 3 animals at the same dose was

1. 1 +0.1 s and 9. 6+0.3 ms, respectively. The degree of spin
labeling did not change significantly post -contrast. The
average (c(=0. 68+0.02) was used to calculate perfusion.

Figure 1 presents the key results of CAPTIVE, showing sig-
nificant perfusion contrast maintained in the presence of the
blood volume contrast agent. The rCBV images have 2:1 gray:
white matter contrast. The % change in micro-and total vas-
cular rCBV per mmHg PaCO2 was measured to be 2.1% and
1.8% respectively. CBF reactivity was .054 (ml/g/min)/
mmHg; the slope of EF was .045 (ml/g/min)/mmHg. This
corresponded to a % change per mmHg PaCO2 of 3. 7% for CBF
and 3. 4% for EF. This relationship, with flow changes- greater
than volume changes, is consistent with other studies (2, 3).

Figure 2 shows extraction fraction vs. CBF, showing a
decrease at high flow rates. PS was estimated to be 2. 92+0.39
cm3/g/min, and did not vary significantly with flow. For all

measurements, there was no relationship between E and con-
trast agent dose.

Conclusions
We have described and validated a novel continuous

blood flow and volume technique, dubbed CAPTIVE, which
is a synthesis of steady-state susceptibility contrast imaging
and arterial spin labeling. We have found that it is also
capable of estimating the water extraction fraction in a
straightforward manner.
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Figure 2: Extraction fraction vs. CBF


