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Previous studies showed that the BOLD signal is related to
change in blood oxygenation and flow. Distinguishing the
contribution of these factors to the BOLD signal is very
important for understanding the physiological meaning.
However, it is hard to distinguish the contribution of these
factors in vivo. The in vitro phantom study could be the
best way to separately study these factors without any
physiological limitation. The phantom experiment had two
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Microvasoutar model *H MRI showed a signal change within “vessels” when blood flow was
Flowmeter altered with a gain of ~ 50% when flow was decreased from 12 to 6 cm/s

Orgenator and a loss of ~ 36% when increased to 24 cm/s. Relative signal intensity

outside the vessels change <1% (Fig. 3a,c). The relative signal intensity
of all intra-vessel region showed a small enhancement if analyzing
“perfusion regulation”. When blood oxygenation was increased from <10
mmHg to > 100 mmHg, there was a massive signal enhancement
(~500%) within vessels whatever the blood flow. Intriguingly, a
significant signal decrease (~6%) was found in extra-vessel regions when
the oxygenation was increased (Fig. 3b,d). When blood oxygen partial
pressure increased, this phenomenon was observed in all flow and non-
flow states. When experimental conditions (flow or oxygenation) were

The phantom study has been widely used in biomedical imaging research, since it is easy to
regulate specific physiological properties. Our results show that the BOLD signal is sensitive to
both blood flow and oxygenation, as recognized by others (FLOOD, Howe et al. 1999). The
BOLD response to oxygenation variation was much higher than that to flow variation (Fig.4a).
Perhaps most important is the observation of significant signal changes outside the “vessels”.
While it was 1/100th that observed within the vessels, in principle it could lead to specific
interpretations with respect to tissue physiology. It may contribute to observations interpreted
as the steal effect. It appears that as oxygenation increases, the change of magnetic
susceptibility within vessels causes signal decrease in nearby extra-vessel regions. We believe

Container 1 Container 2 changed back to the baseline, the signal from intra- and extra-vessel these observations may be an important caveat in fMRI and BOLD investigations.

region recovered to the baseline states. It showed that BOLD signal in

Figure 1. Diagram of the phantom system for in vitro experiment intra- and extra-vessel regions response to oxygenation variation were
much higher than that to flow variation (Fig. 4a,b).
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