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Microvascular function measurement in mice:
From large to small
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There is a growing body of interest in cardiac microvascular function because it plays an
important role in various cardiac disease conditions. Therefore, efforts have been made to
develop non-invasive techniques to measure microvascular function. In this issue of the journal,
Guerraty et al developed a micro-SPECT-based approach to assess microvascular function in
in vivo mice. They applied two independent approaches to measure microvascular function: (1)
myocardial blood flow measurement using 99mTc-sestamibi as a flow tracer and (2) intramy-
ocardial blood volume measurement using 99mTc-red blood cells. Although there are issues to
be addressed, they provided an important framework for non-invasive assessment of
microvascular function in mice, where a number of disease models are readily available. Thus,
their approaches are encouraging for facilitating better understanding of pathophysiology
underlying microvascular disease models, and thereby the development of therapeutic options
in future.
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There is a growing body of interest in cardiac

microvascular function because it plays an important

role in various cardiac disease conditions, such as

ischemic heart disease, cardiomyopathy, or heart fail-

ure.1–4 Therefore, efforts have been made to develop

non-invasive techniques to measure microvascular

function, including echo, MRI, CT, and nuclear imag-

ing.5 Of these, nuclear imaging has advantages over

other imaging modalities in view of quantification. In

particular, cardiac PET imaging with flow tracers such

as 13N-ammonia or 15O-water is known as an established

technique to measure myocardial blood flow and flow

reserve,6 which is a marker of microvascular function in

the absence of epicardial coronary arterial stenosis.

However, the assessment of microvascular function is

often complicated due to the coexistence of epicardial

coronary stenosis in addition to microvascular dys-

function. To overcome this limitation, intramyocardial

blood volume has been proposed as an alternative

measure of microvascular integrity even in the presence

of obstructive coronary artery disease.7 In the study

using dogs, intramyocardial blood volume changes

under resting conditions measured using fast CT paral-

leled changes in the microcirculation after embolization,

which was true even in the presence of epicardial artery

stenosis, suggesting that intramyocardial blood volume

can serve as a surrogate marker of microvascular func-

tion. In a recent study by Mohy-ud-Din et al using dogs

and a clinical SPECT scanner dedicated for cardiac

imaging equipped with state-of-the-art cadmium zinc

telluride (CZT) detectors,8 they demonstrated that non-

invasive quantification of intramyocardial blood volume
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is feasible using 99mTc-labeled red blood cells (99mTc-

RBC) and SPECT as compared to the reference standard

measured by ex vivo CT.

It is well accepted that pre-clinical animal imaging

provides unique opportunities for better understanding

of disease-related pathophysiology because animals of

various disease models can be assessed under well-

controlled conditions. Until recently, researches on

microvascular function have been performed using large

animals such as dogs as described above.7,8 The

advantages of using large animals include that the

methodology developed for large animals can be easily

applied to clinical settings. However, the variability of

disease models in such large animals is rather limited,

where genetically modified models are not available.

The rodents such as mice, on the other hand, are easy to

handle, affordable, and more importantly a number of

disease models including those with genetic modifica-

tion are readily available. Therefore, there is a need for

the development of strategies to assess microvascular

function that can be used in small animals.

In this context, Guerraty et al developed a micro-

SPECT-based approach to assess microvascular function

in in vivo mice.9 In this study, they applied two inde-

pendent approaches to measure microvascular function:

(1) myocardial blood flow measurement using 99mTc-

sestamibi as a flow tracer and (2) intramyocardial blood

volume measurement using 99mTc-RBC. However, there

are technical challenges to mouse imaging because mice

are much smaller than large animals or human. There-

fore, whether the strategies developed for large animals

could be applied to mice was uncertain. To address this

issue, they used U-SPECT system (MILabs, Nether-

lands) equipped with multi-pinhole collimators

dedicated for mice imaging, resulting in a high spatial

resolution of 0.35 mm in full-width at half maximum

(FWHM).10 Furthermore, they introduced a unique

strategy to correct for spill-over and partial volume

effect using mixing matrix. To obtain myocardial blood

flow from dynamic 99mTc-sestamibi imaging, they

applied 1-compartment model analysis and thereby

compared it with those by microsphere method as the

gold standard. They observed flow related increase in

K1 (flow index), although as expected, it plateaued at

high flow rates. They also found that unlike large ani-

mals or human, the relationship between partial volume

effect in the myocardium (RT) and fractional blood

volume (FBV), which is expressed as RT =1 - FBV,

does not hold true in mice. Instead, the mixing matrix

approach, which was introduced in the present study,

appeared to work well. As for intramyocardial blood

volume measurement, they observed increase in it in

response to hyperemia induced by isoflurane, indicating

that intramyocardial blood volume can serve as a sur-

rogate marker of microvascular function. Thus, both

approaches based on myocardial blood flow and

intramyocardial blood volume measurements to quantify

microvascular function appears to be relevant even in

small mice.

There are several issues, however, that still need to

be addressed by further studies as follows:

1. As they acknowledge, 99mTc-sestamibi is not an ideal

tracer for flow measurement especially at high flow

rates. Although they showed that low flow can

accurately be assessed, it is likely that hyperemic

flow such as that induced by vasodilators would be

underestimated with 99mTc-sestamibi due to its

limited extraction fraction at high flow rates. In this

regard, 201Tl may be a better tracer to track

hyperemic flow, although its physical characteristics

for imaging are inferior to 99mTc-labeled agents.

2. Serial measurements could be limited by high dose

radiation exposure for a small mouse. For example,

4mCi of 99mTc-sestamibi or 99mTc-RBC for a 30 g

mouse should be equivalent to 8000 mCi for a 60 kg

man, which is not negligible particularly for multiple

imaging. In this regard, micro PET imaging offers

much higher sensitivity and is more suitable to

reduce radiation exposure, although its limited spatial

resolution (* 0.7 mm in FWHM) as compared to the

state-of-the-art micro-SPECT system (0.35 mm) may

be an issue.11 Alternatively, newer generation cad-

mium zinc telluride (CZT)-based micro-SPECT

systems12 may be an option for low dose imaging

as indicated in clinical studies.13,14

3. The results may be specific for U-SPECT system,

where PET-like dynamic imaging is feasible owing

to its stationary detector and collimator design.

Therefore, whether the results presented in that study

are directly applicable to more generalized micro-

SPECT system is unknown.

4. The methodology presented in that study was tested

only in normal mice. Therefore, more validations

using pathological models, where microvascular

dysfunction is most likely to exist, are necessary

before it is widely used.

Despite these challenges mentioned above, Guer-

raty et al provided an important framework for non-

invasive assessment of microvascular function in mice,9

where a number of disease models are readily available.

Thus, their approaches are encouraging for facilitating

better understanding of pathophysiology underlying
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microvascular disease models and thereby the develop-

ment of therapeutic options in future.
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