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Peripheral arterial occlusive disease (PAOD) is a leading cause of
mortality and morbidity in the western world. The development of
noninvasive methods for assessment and comparison of the ef-
ficacy of novel therapies in animal models is of great importance.
Methods: Hindlimb ischemia was induced in nude mice by liga-
tion and excision of the left femoral artery (n 5 5) or the left iliac
artery (n 5 10). Assessment of limb perfusion was performed
by small-animal PET analysis after intravenous injection of 13N-
ammonia between 24 h and 30 d after surgery using the ratio
of perfusion between the left limb (ischemic) and the right limb
(control). Activity concentration per area unit was calculated in
regions of interest placed on 1-mm-thick images for numeric cal-
culations, and the iliac and the femoral models were compared.
In addition, histopathologic studies were performed to assess
the degree of necrosis (hematoxylin2eosin) and fibrosis (sirius
red). Immunohistochemistry analyses for identification of arteri-
oles (a-smooth muscle actin) and endothelium—capillaries—
(Bandeiraea simplicifolia I [BS-I] lectin) were also performed.
Results: Perfusion in both hindlimbs of control animals was similar
(median of the left-to-right ratio 5 0.99). Twenty-four hours after
ischemia, perfusion of the ischemic limb (% mean 6 SD) was
33.3 6 10.6 and 22.1 6 9.9 in the femoral and iliac models, respec-
tively. Spontaneous recovery of perfusion in the hindlimb that un-
derwent surgery was significantly lower in the iliac model at day
115 (73.2 6 15.5 vs. 51.9 6 11.3; P , 0.01). Fibrosis increased
progressively until day 130, whereas muscle necrosis was max-
imal at day 17 with a moderate reduction by day 130. In accor-
dance with this positive effect, there was a statistically significant
increase in the area covered with smooth muscle-coated vessels
(arterioles) at day 130 in comparison with day 7 (P , 0.05). In ad-
dition, a correlation between 13N-ammonia uptake and the
amount of necrosis (r 5 20.73; P 5 0.06) and fibrosis (r 5

20.67; P 5 0.05) at day 130 was found. Conclusion: 13N-
Ammonia imaging allows semiquantitative evaluation of hindlimb
perfusion in surgical mouse models of acute hindlimb ischemia.
Although spontaneous perfusion recovery is observed in both
models, the iliac model shows a substantially lower recovery

and is hence better suited for assessment of new therapeutic
strategies for acute hindlimb ischemic disease.
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Peripheral arterial occlusive disease (PAOD) includes a
spectrum of clinical syndromes affecting approximately
15% of adults over 55 y old (1,2), and it is a leading cause
of morbidity and mortality in the western world. Although
PAOD includes ischemic problems due to obstruction of the
arterial blood supply to many different organs such as heart,
brain, or kidney, it is the circulation of the lower extremities
that is most frequently involved, leading to the development
of the 2 major presentations of PAOD—intermittent clau-
dication and critical limb ischemia (2).

Therapeutic options for patients with peripheral arterial
disease usually target general atherosclerotic risk factors
(antiplatelet antagonists, cholesterol-lowering therapy)
(3,4); however, improvement of tissue perfusion is not
really the usual target of such therapies. Surgical revascu-
larization is beneficial, especially in patients with focal
obstructions but, unfortunately, obstructions at multiple
levels are common in PAOD (5). Induction of therapeutic
neovascularization with exogenous growth factors, gene
therapy, and, more recently, by (stem) cell therapy appears
as an attractive approach for no-option patients (6,7),
although the initial enthusiasm about the delivery of single
genes/proteins has been tempered by a series of negative
results from randomized clinical trials (8).

New and more efficacious therapies are needed, which
has led to the development of several animal models of
PAOD for experimental assessment of such novel thera-
peutic approaches (9). Proper judgment of recovery after
these treatments is usually performed by combination of
molecular biology, histology, and functional tests (10–12).
Noninvasive imaging technologies already play an impor-
tant role in our ability to assess the success of such

Received Jan. 9, 2007; revision accepted Mar. 23, 2007.
For correspondence or reprints contact: Iván Peñuelas, PhD, Department
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therapies, but certain limitations must be overcome for their
use in small rodents (13). In the clinical setting, Doppler
ultrasonography, contrast angiography, and venography are
the standard imaging modalities used today, but various
nuclear medicine techniques have also been used (14–17).
Experimentally, hindlimb perfusion is frequently assessed
by laser Doppler perfusion imaging (18), a technique that
can be useful to detect superficial flow deficits but is
unlikely to provide reliable information when considering
subtle changes in blood flow. High-resolution magnetic res-
onance angiography and spectroscopy (19) as well as other
nuclear medicine techniques are promising strategies for
assessment of tissue perfusion (20).

The goal of our study was to develop a noninvasive
methodology using high-resolution PET with 13N-ammonia
for evaluation of perfusion in surgical mouse models of
acute and subacute hindlimb ischemia and quantitatively
measured spontaneous recovery of perfusion in the animals
that underwent surgery by repeatedly imaging the same indi-
viduals a long time after intravenous injection of 13N-ammonia.
The development of this technique should provide a useful tool
for assessment of new therapeutic strategies for limb ischemia.

MATERIALS AND METHODS

Animal Models of Hindlimb Ischemia
Male nude mice (Harlan Ibérica, S.L.), weighing 25–30 g, were

used. The selection of a model of immunosuppressed animals was
undertaken with the aim of having a validated model amenable to
being used in xenogeneic stem cell transplantation studies. All
animal procedures were approved by the University of Navarra
Institutional Committee on Care and Use of Laboratory Animals.

Mice were anesthetized with a mixture of ketamine (75 mg/kg)
and xylazine (10 mg/kg) intraperitoneally and underwent surgery
under sterile conditions. Two different models were used for
hindlimb ischemia: (a) For the femoral group (F group, n 5 5), a
longitudinal incision was made in the skin overlying the middle
portion of the left hindlimb. The femoral artery was ligated both at
its proximal end and at the point distally where it bifurcates into
the saphenous and popliteal arteries with 7/0 nylon ligature, and
the artery and all side branches were dissected and excised. (b)
For the iliac group (I group, n 5 10), a laparotomy was performed
and the iliac arteries were localized just at the bifurcation of the
abdominal aorta. The left iliac artery was then ligated proximal to
bifurcation and distally close to the inguinal ligament with 7/0
nylon ligatures and excised. All animals received an antiinflam-
matory agent (Ketoprofen, 5 mg/kg subcutaneously) daily for 3 d
and an antibiotic (enrofloxacin, 25 mg/kg, in drinking water) for
5 d after surgery.

PET Protocols
Mice were anesthetized with 2% isoflurane in 100% O2 gas for

13N-ammonia injection (75 MBq) in a tail vein and were kept
under such condition during the entire study. To obtain better
images of both forelegs and facilitate drawing of regions of in-
terest (ROIs) and quantitative analysis, animals were placed on the
scanner cradle as shown on Figure 1. A Mosaic (Philips Electronics)
small-animal dedicated imaging tomograph was used for all
studies. The scanner has an axial field of view (FOV) of 11.9 cm

and a transaxial FOV of 12.8 cm. The resolution is 2.1-mm full
width at half maximum.

Sinograms were reconstructed using the 3-dimensional RAMLA
algorithm (row-action maximization-likelihood algorithm)—a true
3-dimensional reconstruction (21)—with 2 iterations and a relax-
ation parameter of 0.024, into a 128 · 128 matrix with a 1-mm
voxel size. Scanner efficiency normalization, dead time, and decay
corrections were applied during reconstruction.

For intersubject variability studies, a 30-min-duration dynamic
PET study was performed on 5 control animals (nonsurgical
animals) by means of a list-mode acquisition that was initiated
simultaneously to tracer injection. After reconstruction, the fol-
lowing framing was applied for quantification and graphic display:
4 · 15 s, 2 · 30 s, 5 · 60 s, 4 · 120 s, 3 · 300 s. For test–retest
studies, nonsurgical control animals were studied 3 times each on
3 consecutive days. For this purpose, 20-min PET studies were
performed 10 min after 13N-ammonia injection. For longitudinal
studies of perfusion evolution in surgical animals and comparisons
between groups, mice were randomly assigned to either the F or
the I group and underwent surgery as described. For all animals,
20-min-duration small-animal PET studies were performed 10
min after 13N-ammonia injection. In this case, PET scans were per-
formed 1, 7, and 15 d (F group) and, additionally, 30 d (I group)
after surgery.

Quantitative Image Analysis
For quantitative analysis and further comparisons among sub-

jects, evaluation of perfusion was performed as previously de-
scribed (22) with slight modifications. Briefly, ROIs were drawn
on coronal 1-mm-thick small-animal PET images over the
hindlimbs, and activity concentration per area unit was calculated
as a measurement of perfusion. The ratio between the left and
right hindlimbs (nonischemic limb) was used for comparisons. For
dynamic studies, data were exported to the PMOD software
package for quantification. All further static studies were analyzed
using the software provided with the Mosaic scanner.

Tissue Processing and Histologic Analysis
At different time points after ligation, mice were anesthetized

and perfused with phosphate-buffered saline for 5 min, which was
followed by perfusion of 4% paraformaldehyde for 5 additional
minutes. After dissection, the muscles were fixed for an additional
12 h and processed for paraffin embedding. For all staining and
analysis, 3-mm sections were used. Hematoxylin–eosin ([H&E]
analysis of necrosis and regeneration) staining and sirius red
(analysis of fibrosis) staining were performed as described (23).
For immunohistochemistry analysis, antibodies against a-smooth
muscle actin (a-SMC; Dako) for identification of arterioles and
the Bandeiraea simplicifolia I (BS-I) (Sigma) lectin that recog-
nized mouse endothelium (capillaries) were used. Pictures for
morphometric analysis were taken using a Retiga EXi camera (Q
Imaging) connected to a Nikon E800 microscope or a Zeiss Axio
Imager connected to a Axiocam MRc5 camera (Zeiss), and
analysis was performed using Image J, KS300 (Leica), or Openlab
3.1 (Improvision) software.

Statistical Analysis
For statistical analysis, the SPSS version 13.0 statistical anal-

ysis package was used. A mixed factorial design with the group
(F group vs. I group) as an intersubject factor and the time after
surgery as an intrasubject factor was considered. A univariant
general lineal mode analysis with group and time as fixed factors
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and animal as a random factor was used. The validity of the model
was checked analyzing the normality of the residuals using the
Shapiro–Wilk test. Tukey’s HSD (Honestly Significant Differ-
ences) test was used for multiple a posteriori comparisons between
time points. The Student t test for independent samples was used
to analyze the differences between both groups in the 3 temporal
measurements. For intragroup analysis of differences along time,
the Wilcoxon test of the ranges was used. Correlations between
small-animal PET and histopathologic data were analyzed using
the Spearman correlation coefficients.

RESULTS

Hindlimb Perfusion in Control Animals and Repetition
Studies

The plot in Figure 2 shows the mean 6 SD of the ratio
between both hindlimbs along the overall dynamic study
(30 min). In low-flow areas (which is, in fact, the case for
skeletal muscle), in which the tracer concentration in the
vessels is high compared with that of the tissue, the in-
tegrals under the curves are, indeed, proportional to the

absolute blood flow. Consequently, semiquantification in
static images should therefore be possible using the healthy
hindlimb as reference, obviating the need of an arterial
input function. Hence, for further studies, we considered
the time frame between 10 and 30 min to calculate quan-
titative values. In control animals, the median value of the
ratio of 13N-ammonia accumulation between left and right
hindlimbs was 0.992 (range, 0.903–1.08). These results
show that the perfusion of both legs is almost identical and,
hence, it is possible to quantitatively evaluate perfusion by
calculating the ratio between the surgical hindlimb and the
contralateral limb in the time frame considered (10–30 min
after injection).

Once we demonstrated that the perfusion of both legs
was similar in nonsurgical control animals (and taking into
account the planned follow-up studies), we then performed
repeated studies. This was done to determine whether any
variability due to the observer’s ability to properly place the
ROI for quantification in the appropriate plane could have
any influence on the calculated numeric data. Numeric data
were derived not only from a single plane but also from 3
ROIs drawn on 3 adjacent 1-mm-thick planes. Analysis of
data demonstrated that there are no detectable differences
among 3 studies performed on the same animals on differ-
ent days. Furthermore, the results were similar considering
either the mean value of the 3 planes analyzed (1.067;
coefficient of variation [CV 5 2.3%] or only one of them
[1.057; CV 5 2.9%]).

Perfusion Recovery in I and F Models

The fast recovery of perfusion in surgical mouse models
of hindlimb ischemia is a well-documented fact that com-
plicates the analysis of results derived from therapeutic
angiogenesis procedures in such animals (24). Hence, a
model with a slower spontaneous recovery of perfusion
would definitively facilitate assessment of new therapies.
Therefore, we compared 2 different surgical models of

FIGURE 1. Animal placement in scan-
ner for small-animal PET studies. (A)
Lines represent iliac2femoral arteries
showing where arteries were cut and
excised (arrowheads, I model; arrows, F
model). (B) Position of animal on cradle,
illustrating position of legs of animals.

FIGURE 2. Left-to-right ratio of hindlimb perfusion (mean 6

SD) in nonsurgical control animals (n 5 5) as determined for
dynamic PET studies. Data were acquired in list mode; framing
was applied as described in the text and exported to PMOD
software for numeric calculations. t 5 time.
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hindlimb ischemia and measured perfusion for up to 1 mo
after surgery by means of small-animal PET with 13N-
ammonia.

The Shapiro–Wilk test showed a normal distribution of
the residuals, thus confirming that the statistical design
used was appropriate. The univariant general lineal mode
analysis with group and time as fixed factors and animal as
a random factor showed no interaction between the fixed
factors, thus showing that for both groups (I and F groups)
there is a similar behavior along time. These results allow a
global analysis of the main effects (group and time after
surgery), showing that there are statistically significant
differences (P , 0.05) between the F and I groups and
that there are statistically significant differences (P ,

0.001) among the different times. However, when we ana-
lyzed the differences between the I and F groups along
time, no statistically significant differences could be found
at days 1 and 7 between both groups, although there is a
clear tendency of the I group to display lower perfusion
recovery values compared with the F group (Fig. 3). How-
ever, at day 15, the perfusion in the I group is statistically
lower (P , 0.001) than in that in the F group. The post hoc
Tukey’s test for multiple comparisons showed statistically
significant differences (P , 0.001) between all paired time
points analyzed (1 vs. 7 d, 1 vs. 15 d, and 7 vs. 15 d)
(Figure 3). The signed Wilcoxon rank sum test for paired
samples used for analysis of the differences along time
within each group showed that there were statistically sig-
nificant differences (P , 0.05) between any of the pairs of
time analyzed for both the F and I groups (Table 1).

Images in Figure 4 clearly show that the surgical proce-
dure results in a substantial decrease of perfusion in the
surgical hindlimb. Spontaneous perfusion recovery was
calculated as 100 · (P2 2 P1)/P1, where P2 is the perfusion
value on the second measurement date and P1 is the
perfusion value on the first measurement date. Perfusion
recovery was 80.2% in the first week after surgery, 30.1%
between days 17 and 115, whereas it accounted for 27.1%
between days 15 and 30 (Fig. 4), indicating that the
recovery rate per day was almost 4 times faster in the first
week than in the second week, showing an additional
decrease in the following 15 d.

Histopathologic Studies

Expansion of the collateral bed in the adductor region is
the most important backup mechanism to compensate for
reduction in blood flow due to arterial obstruction in an
effort to limit the necrosis and fibrosis of the muscle that is
associated with reduced perfusion (25). As we have de-
scribed, perfusion of the hindlimb recovers partially after
hindlimb ischemia. To determine the effect of the ischemic
lesion in the hindlimb and the spontaneous recovery, we
quantified the amount of necrosis (H&E), of fibrosis (sirius
red staining), and of vessels (capillaries and arterioles) at
the different time points and compared these amounts with
the right leg (nonischemic).

Whereas the amount of fibrosis increased progressively
until day 130, muscle necrosis was maximum at day 17
and recovered slowly by day 130 (Figures 5 and 6). In
accordance with this positive effect, there was a statistically
significant increase in the area covered with smooth muscle–
coated vessels (arterioles) at day 130 in comparison with
day 17 (P , 0.05) (Fig. 6). Interestingly, the number of
capillaries (per mm2) was maximally reduced after 15 d
following ischemia and then increased by day 130. A
negative correlation between 13N-ammonia uptake by small-
animal PET and the amount of necrosis (r 5 20.73; P 5

0.06) and fibrosis (r 5 20.67; P 5 0.05) at day 130 was
found. Although there was a correlation between 13N-ammonia
uptake and the a-actin area (r 5 0.488) and the BS-I–positive
structures (r 5 20.429) at day 130, none of these correlations
reached statistical significance.

DISCUSSION

PET with 13N-ammonia to measure myocardial perfusion
is a well-established technique that is routinely used in
cardiac functional imaging (26). Procedures to determine
the perfusion of highly perfused tissues (such as heart
muscle) are usually performed on dynamic images obtained
in the first minutes after the injection of 13N-ammonia. On
the other hand, in low-flow areas, a semiquantification in
static images should be possible using the healthy hindlimb
as reference.

However, 13N-ammonia studies to measure perfusion on
skeletal muscle have seldom been reported. In 1982,
Schelstraete et al. (27) reported that, in a patient with a

FIGURE 3. Comparison of spontaneous perfusion recovery
along time between F model (white bars, n 5 5) and I model
(hatched bars, n 5 10). NS 5 nonsignificant differences; RFV 5

relative flow values of ischemic vs. control hindlimb. *P , 0.05;
**P , 0.01.
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right-sided static tremor, the high uptake of 13N-ammonia
in the muscles of the right leg was related to increased
perfusion produced by continuous exercise of the muscles
involved in the tremor. More recently, Tack et al. (28) used
13N-ammonia PET to measure local perfusion in the legs
of patients with painful diabetic neuropathy. Though
13N-ammonia PET measurements of perfusion in the ex-
tremities are not widely used, several nuclear medicine
imaging procedures using other radiopharmaceuticals for
perfusion measurements (201Tl-chloride (15,29) or 99mTc-
methoxyisobutylisonitrile (14,17,22,30,31)) have been re-
ported. These studies have demonstrated that nuclear imaging
techniques are efficient methods to show lower-limb per-
fusion abnormalities.

The use of small-animal PET as a semiquantitative tech-
nique is easy to perform, does not require much computing
expertise, and, hence, is available for any PET center.
Furthermore, although small-animal SPECT devices today
can reach equal or even better resolution than small-animal
PET scanners, clinical PET provides a better resolution
than SPECT, and the availability of a clinically useful
method to quantify perfusion of the lower extremities in a
relatively simple way would undoubtedly be very useful.

On the other hand, Doppler ultrasonography is the most
widely used technique for these kind of studies but, as it has
been stressed recently by Li et al. (32), laser Doppler is
limited to measurement of superficial blood flow and,

hence, is inadequate to visualize, quantify, and characterize
vascular development in response to the loss of a major
arterial conduit, as is the case for usual animal models of
hindlimb ischemia. Measurement of superficial blood flow
is often considered as a measurement of perfusion in the
analyzed structure, whereas both parameters cannot be
considered equivalent in this kind of experimental study.
In addition, Duet et al. (15) have shown that 201Tl scintig-
raphy can detect lower-limb perfusion abnormalities in
patients with normal Doppler pressure indices. Dabrowski
et al. (30) have also shown that scintigraphic measurement
of perfusion with 99mTc-methoxyisobutylisonitrile yielded
better agreement with the clinical evaluation than Doppler
ultrasonography in patients with peripheral vascular disease
of the lower extremities.

Considering all of these studies, we have reevaluated the
available procedures to measure perfusion in the hindlimbs
of small rodents and considered the 13N-ammonia imaging
paradigm presented here as an adequate means of obtaining
reliable measurements of perfusion in these experimental
animal models. A main advantage of using 13N-ammonia is
that we not only evaluate superficial blood flow, but rather
perfusion of the whole muscle. The high correlation in the
uptake between both hindlimbs, which allows us to estab-
lish the ratio between limbs as a perfusion measurement,
and the extremely low variation in the repetition analysis,
either considering a single ROI or 3 different ROIs, represent

TABLE 1
Statistical Comparison of 13N-Ammonia Uptake in Femoral and Iliac Hindlimb Ischemia Models

Group Day 11 (% mean 6 SD)*y Day 17 (% mean 6 SD)*y Day 115 (% mean 6 SD)*y P

Femoral 33.29 6 10.57 50.05 6 11.58 73.23 6 15.52 ,0.01

(21.88–47.82) (40.79–69.97) (47.49–86.75)

Iliac 22.13 6 9.93 39.87 6 12.90 51.86 6 11.35 ,0.01
(9.47–35.79) (16.45–61.46) (29.33–75.25)

*Data are expressed as mean 6 SD (range).
yMean, SD, and ranges of percentage of perfusion of treated leg compared with contralateral leg.

P 5 comparison between 13N-ammonia uptake on day 11 vs. day 17, day 11 vs. day 115, and day 17 vs. day 115 for I group and F

group.

FIGURE 4. 13N-Ammonia small-animal PET images of spontaneous perfusion recovery in a representative animal after ligation of
left iliac artery. Image in A shows a photograph of the hindlimbs of the animal to facilitate interpretation. Images in B–E correspond
to the same animal studied 1, 7, 15, and 30 d after surgery. For this animal, perfusion of left hindlimb accounts for 10.3% (B), 28.6%
(C), 51.0% (D), and 56.0% (E) of perfusion of nonsurgical contralateral hindlimb. Note spontaneous recovery of perfusion in left
limb.
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a strength of this strategy for the quantitation of perfusion
in models of hindlimb ischemia. The quality of the images
obtained permits proper ROI delineation in both hindlimbs
of the animals studied (Fig. 4). We show that, although there
is almost an 80% reduction in perfusion in the ischemic leg
1 d after surgery, there is a fast recovery of perfusion during
the first week that continues for at least 1 mo, albeit with a
much slower progression rate (Figs. 4 and 5).

Another interesting finding of our study relates to the
comparison of the 2 different models of limb ischemia. It is
generally accepted that surgical models of limb ischemia
show a spontaneous perfusion and functional recovery
despite the persistence of some degree of muscular atrophy
(9,33). When we analyzed both surgical models, we show

that, in both cases, perfusion is recovered progressively
after surgery (Fig. 3; Table 1). Although the I model
consistently shows lower perfusion recovery than the F
model at days 1 and 7, from the statistical point of view no
differences can be found between both groups. Further
increases in the number of animals used might reduce the
variability and lead to statistically significant differences
between the groups. In any case, when perfusion is eval-
uated 2 wk after surgery, we can clearly observe that the I
model is substantially better than the F model. An impor-
tant caveat of most models of acute hindlimb ischemia
is that human disease is usually a bilateral disease that is
much more complex than the animal disease, where vascular
obstructions develops gradually with involvement of multiple

FIGURE 5. (A and B) Analysis of necrosis (defined by presence of fat cells and ‘‘ghost’’ muscle cells devoid of a nucleus) on H&E–
stained cross-sections (A) and analysis of fibrosis on sirius red–stained cross-sections (B) of quadriceps muscles in right
nonischemic limb and left ischemic limb at 7, 15, and 30 d after iliac artery ligation. (C and D) Analysis of vascular bed at capillary
level (BS-I) (C) and arteriolar level (a-actin) (D) of quadriceps muscles in right nonischemic limb and left ischemic limb at 7, 15, and
30 d after iliac artery ligation. Scale bars: 200 mm (A and B), 50 mm (C), and ·200 (D).
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vascular sites, often containing atherosclerotic disease (34).
Similarly, other comorbid illnesses frequently associated
with human PAOD (diabetes, hypertension, hypercholes-
terolemia) are usually absent in animal models. Some
studies have addressed some of these facts by performing
the ligation in diabetic (35), hypercholesterolemic (36–38),
hyperhomocysteinemic (38), and aged (39) mice. Our study
really validates the use of 13N-ammonia PET in acute and
subacute models and not in chronic disease. Thus, on the
basis of the current study, validation of 13N-ammonia PET
in animal models that better represent the human disease is
warranted.

Our study also provides useful information with regard
to the histologic analysis after acute hindlimb ischemia in
a mouse model of PAOD. In most preclinical models,
changes in perfusion at the histologic level have been
performed by measuring capillary density. However,
capillary density may be increased paradoxically in
patients with PAOD—as a potentially beneficial adapta-
tion and as an attempt to compensate for the reductions in
blood flow (10)—so that other histologic assessments
may be needed to examine the benefit of the therapeutic
strategy being used. In accordance with the functional
recovery observed in the ischemic limb, there was a
partial reduction in the amount of necrosis 1 mo after
the ischemic insult, which was also associated with an
improvement in the area occupied by arterioles, but there
was no reduction in the amount of fibrosis. Interestingly,
the significant correlation between necrosis, fibrosis, and
13N-ammonia uptake suggests that small-animal PET may
actually provide information not only about perfusion but
also about the functionality of the ischemic muscle. These
results should be a valuable tool to determine the poten-
tial effect of specific therapies designed to treat PAOD of
the limb.

However, this model of femoral or iliac artery ligation in
nude mice is not entirely representative of what happens in
critical limb ischemia in humans, where the process is more
chronic because of the progressive arterial obstruction
caused by growth of atherosclerotic lesions, and our results
might not be extrapolated readily to human pathology.
Furthermore, the healing process in an unaffected limb—
more so in mice—is associated with a different degree of
spontaneous recovery as we have shown herein (Fig. 4),
which again is not the case in human disease. To avoid these
issues the use of more severely damaged animals, such as
apolipoprotein E or certain transgenic animal models, could
better represent human disease. Part of our current investi-
gation is to analyze the therapeutic benefit of cell therapy.

Notwithstanding these issues, as the goal of the study
was to validate the use of small-animal PET for assessment
of limb ischemia—even acute—and as we demonstrate a
good correlation between histologic and the small-animal
PET technique, we believe that it is reasonable to conclude
that small-animal PET can be useful in this setting.

CONCLUSION

We demonstrate that 13N-ammonia imaging allows for
evaluation of hindlimb perfusion in surgical mouse models
of hindlimb ischemia, providing a useful tool for assessment
of new therapeutic strategies for hindlimb ischemic disease.
Although both I and F models are associated with sponta-
neous recovery, perfusion recovery in the I model is only
partial and, thus, should provide a better model for thera-
peutic assessment of novel strategies for treatment of PAOD.
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