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ABSTRACT

Introduction

Muscle perfusion is a physiologic process that can undergo quantitative assessment and thus define
the range of normal values of perfusion indexes and perfusion reserve. The investigation of the
microcirculation has a crucial role in determining the muscle perfusion.

Materials and method

The study included 30 examinees, 24—74 years of age, without a history of confirmed peripheral
artery disease and all had normal findings on Doppler ultrasonography and pedo-brachial index
of lower extremity (PBI).

#mTc-MIBI tissue muscle perfusion scintigraphy of lower limbs evaluates tissue perfusion in
resting condition “rest study” and after workload “stress study”, through quantitative parameters:
Inter-extremity index (for both studies), left thigh/right thigh (LT/RT) left calf/right calf (LC/RC)
and perfusion reserve (PR) for both thighs and calves.

Results

In our investigated group we assessed the normal values of quantitative parameters of perfusion indexes.
Indexes ranged for LT/RT in rest study 0.91- 1.05, in stress study 0.92-1.04. LC/RC in rest 0.93-1.07
and in stress study 0.93-1.09. The examinees older than 50 years had insignificantly lower perfusion
reserve of these parameters compared with those younger than 50, LC (p=0.98), and RC (p=0.6).

Conclusion

This non-invasive scintigraphic method allows in individuals without peripheral artery disease
to determine the range of normal values of muscle perfusion at rest and stress condition and to
clinically implement them in evaluation of patients with peripheral artery disease for differenti-
ating patients with normal from those with impaired lower limbs circulation.
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INTRODUCTION perfusion reserve. The investigation of the microcir-
culation has a crucial role in determining the muscle

Muscle perfusion is a physiologic process that  perfusion. The lack of clinical symptoms does not
can undergo quantitative assessment and thus define  mean that there are no perfusion disturbances in
the range of normal values of perfusion indexes and  the circulatory system and early information about
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these changes can influence both time and meth-
od of treatment and give better therapeutic results
[1]. These data create the necessity for searching
non-invasive method that would help in determining
the deviations from the normal state of perfusion
and they depend on impaired vascular blood flow,
dysfunctions of its transfer through vascular wall
and impaired metabolic activity of muscle cells [2].
The aim is to contribute to early detection of the
level of development of the pathology of peripheral
vascular disease in different stages. Nuclear medi-
cine scintigraphy method using *™Tc-MIBI is still
of great interest to identify perfusion disturbances in
lower limb muscles in various pathologic condition
and it proved high sensitivity and specificity of the
examination (81% and 90% accordingly) [3, 4, 5, 6].

AIMS

1. To design protocol for diagnostic method
of tissue-muscle perfusion scintigraphy
of lower limbs with radiopharmaceutical
mTc-MIBI in rest and stress condition (af-
ter workload);

2. To analyze the parameters of inter-extrem-
ity indexes and establish the normal values
of lower limb perfusion indexes, as well
as perfusion reserve, for both studies.

MATERIALS AND METHOD

This was a prospective, transversal study per-
formed at the Institute of Pathophysiology and
Nuclear medicine “Acad Isak S. Tadzer”. The
study included 30 patients, 24 — 74 years of age.
We divided our examinees in 2 groups, according
the age: younger than 50 years and older than 50
years of age.

None of the patients had a history of con-
firmed peripheral artery disease and all had nor-
mal findings on Doppler ultrasonography and
pedo-brachial index of lower extremity (PBI) in
normal range (0.9-1.3). Some of them complained
of atypical lower extremity muscle pain, numb-
ness or cold lower extremities.

All patients were treated in accordance with
the ethical principles given in the Helsinki decla-
ration. Patients who did not fulfill these criteria or
did not give permission for voluntary participation
were excluded from the study.

Tissue muscle perfusion scintigraphy with
#mTc-MIBI is a method of quantification of
thelower limb muscle perfusion. It has many ad-

vantages over other diagnostic modalities: non-in-
vasive, functional method that shows the perfu-
sion status of the limb at microvascular level or at
the cellular level. It evaluates tissue perfusion in
resting condition “rest study” and after workload
“stress study”, through quantitative parameters.
9mTc-MIBI tissue muscle perfusion scintigraphy
of lower limbs uses a radiotracer with lipophilic
cationic component that after i.v application dis-
tributes in the tissue proportionally to the blood
flow and traps in the mitochondria.

The rest study included an acquisition of a dy-
namic phase or tissue-muscle vascularization of both
calves after i.v application of 300 MBq of " Tc-MI-
BI, (with a time interval of 7 minutes, 15s per frame)
(7), followed with a whole body scan (WBS) for tis-
sue perfusion of the whole body in posterior position
(PA). Stress study was performed afterwards. The
examinee was instructed to do 30 flexion/extensions
of both feet, followed by i.v application of 600 MBq
9mTc-MIBI, when the dynamic phase started with
the same acquisition protocol as in the rest study.
After application of the radiopharmaceutical, the
patient performed another 30 flexion/extension of
the feet. WBS was performed afterwards.

Tissue muscle perfusion studies were done with
planar technique, with two-headed gama camera
(MEDISO Nucline SPIRIT), low energy high reso-
lution collimator (LEHR), matrix size 512x1024x16,
speed 15cm/min (WBS). Under these conditions
approximately around 1 million impulses were col-
lected in the region of whole body scan.

The following indexes were evaluated with
quantitative analyses of WBS, with registered
impulses in the ROI, positioned over calves and
whole body.

*Inter-extremity index: (for both studies) —left
thigh/right thigh (LT/RT) and left calf/right calf
(LC/RC) (8). Rectangular regions of interest of
equal size were drawn only around the calves in
posterior projection. Mean geometric of total pixel
value was calculated for each patient.

*Perfusion reserve (PR) for both calves: as a
percent of grow of the tissue blood flow in stress
study, in comparison with rest study, calculated
with the formula (9).

(radioactivity in calf in stress — radioactivity in calf in rest)

PR (%)= x100%

radioactivity in calf in rest

The statistical analysis was performed using
the statistical program SPSS for Windows. The
following parameters of descriptive statistics were
presented for the investigated variables: mean +/
standard deviation (SD), minimal and maximal
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values, median with upper and lower quartiles.
Differences between the groups were tested using
the Student’s t test for variables with normal distri-
bution and nonparametric Mann Whitney test for
parameters with asymmetrical statistical distribu-
tion. Correlation between variables were evaluated
with Simple regression analyses. P values <0.05
were considered to be statistically significant.

RESULTS

Analyzing the symptoms in our group of
examinees 18(60%) had calf pain, 11(36.67%)
complained of numbness, and 7(23.33%) had cold
lower extremities.

Impulses of radioactivity were collected in both
thighs and calves with rectangular region of interest
drawn over LT, RT, LC, RC. For the thighs the mean
impulses ranged from 44786.2 = 11318 for LT, and
45500.5 £ 10652 for RT. For the calves lower mean
impulses were registered ranging from 19383.2 +
6154 for LC and 18259.5 + 5598 for the RC. We
present the descriptive parameters average values,
standard deviation, minimal and maximal values,
median with lower and upper quartiles of the counts
of radioactivity for each region in Table 1.

We calculated the inter-extremity index for
the thighs (left thigh/right thigh) and for the
calves (left calf/right calf) for both studies (rest
and stress). The mean values £SD for indexes

ranged for LT/RT in the rest study 0.91- 1.05, and
0.92-1.04 in the stress study. LC/RC in the rest
study ranged 0.93-1.07, while in the stress study
0.93-1.09. We present the descriptive parameters,
average values, standard deviation, minimal and
maximal values, median with lower and upper
quartiles for both LT/RT and LC/RC indexes in
rest and stress condition (Table 2.).

There was no significant impact of the age on
the inter-extremity index for thighs and calves for
both studies (Table 3).

The age had no significant impact on the
perfusion reserve of LC and RC. The examin-
ees older than 50 years had insignificantly lower
perfusion reserve of these parameters compared
with those younger than 50, LC (p=0.98), RC
(p=0.6) (Table 4).

DISCUSSION

There is a great interest of non-invasive di-
agnostic techniques for performing studies on the
lower limbs perfusion disturbances. First exercise
whole-body thallium scintigraphy was used as a
useful method to evaluate regional blood flow in
patients with suspected peripheral vascular dis-
ease. In comparison to the contrast angiography,
the test had an overall sensitivity of 80% and a
specificity of 73%. The physiologic severity of a
lesion depends on many factors, including abso-

Table 1. Descriptive statistic of radioactivity impulses/counts of LT, RT, LC and RC in rest and stress phase in patients with

normal Doppler ultrasonography of lower extremities

Variable mean £ SD min - max median(IQR)

LT! rest 44786.2 £ 11318 21025 -78216 45038 (41405 — 78216)
LT stress 138243,5 £25933 81742 — 187547 140572,5 (157824 — 187547)
LC rest 19383.2+ 6154 8828 — 37213 18575 (15927 - 37213)
LC stress 81965,6 + 22552 47853 — 132253 78156,5 (63540 — 94927)
RT rest 45500.5 £ 10652 22448 — 73737 45949 (22448 — 73737)
RT stress 141834 + 27554 84688 — 196994 147434 (128304 — 163756)
RC rest 18259.5 £ 5598 3871 -33679 18107 (15452 —21339)
RC stress 81472,8 £21563 47277 — 139865 77332 (66276 — 139865)

'LT, left thigh; LC, left calf; RT, right thigh; RC, right calf;

Table 2. Descriptive statistic of LT/RT, LC/RC indexes in rest and stress phase in patients with normal Doppler

ultrasonography of lower extremities

Variable mean = SD min - max median(IQR)

LT/RT! rest 0.98 +0.07 0.78—1.18 0.98 (0.94 — 1.03)
LC/RC rest 1.0+0.07 0.81-1.21 0.99 (0.97 — 1.03)
LT/RT stress 0.98 +0.06 0.79-1.08 0.99 (0.94 - 1.01)
LC/RC stress 1.01£0.08 0.75-1.12 1.02 (0.94 — 1.06)

'LT/RT, leftthigh/right thigh; LC/RC, left calf/right calf;
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Table 3. Mean values, standard deviations and significance of differences in inter-extremities indexes in rest and stress phase
according to age in patients with normal Doppler ultrasonography of lower extremities

Variable age mean + SD p value?
<50 0.99 +0.08

LT/RT! rest p=0.5ns
>50 0.98 £ 0.07
<50 1.04+0.08

LC/RC rest p=0.065 ns
>50 0.99 +0.05
<50 0.97 £0.03

LT/RT stress p=0.4 ns
>50 0.98 £0.07
<50 1.0 +£0.04

LC/RC stress p=0.37 ns
>50 0.99 +0.09

'LT/RT, left thigh/right thigh; LC/RC, left calf/right calf;
2 Significance according to Student t- test; ns, not significant

Table 4. Mean values, standard deviations and significance of differences in perfusion reserve for calves and thighs according
to age in patients with normal Doppler ultrasonography of lower extremities

Variable age mean £+ SD Median(IQR) p value’
<50 51.4+22.19 46.5 (37-51)

LC%! p=0.98 ns
>50 51.15+23.05 48.5 (34-70.5)
<50 49.8+259 40.5 (33-54)

RC % p=0.6 ns
>50 51.45+22.55 43 (35-64.5)

'LC, left calf; RC, right calf;
2 Significance according to Mann-Whitney test; ns, not significant

lute diameter, eccentricity, multiplicity, length and
the presence of collateral flow [10].

mTc-MIBI is generally used to evaluate
myocardial perfusion or tumor activity, but it has
also proved to be an adequate tracer for skeletal
muscle. The sensitivity and specificity of the ex-
amination with Tc*"MIBI in detection of lower
limbs muscles perfusion disturbances is defined
as 81% and 90% [17-20]. This method allowed
to define for the clinical purposes, the ranges of
normal values for the lower limbs perfusion in-
dexes (calves and thighs). One of the potential
advantages of scintigraphy is that it provides in-
formation about the hemodynamic significance of
anatomic lesions [11].

In our investigated group we assessed the
normal values of quantitative parameters of per-
fusion indexes, using scintigraphic method of tis-
sue-muscle perfusion with **Tc-MIBI. There are
little reports concerning this issue and there is no
defined range of normal values of lower limbs’
perfusion both at rest and stress. We assumed that
the examined group of the subjects didn’t have
any circulatory disturbances in lower limbs. Some
of the patients complained of atypical calf muscle
pain or coldness of lower extremities. Symmetrical
counts were collected in the regions of interest in

left and right thigh, as well as in left and right calf,
for both rest and stress study. The counts in the
calves were twice lower than those in the thighs,
because of smaller muscle groups in the calves.

From a qualitative point of view, in the study
of Arias et al. the muscles were more visibly
depicted after exercise, especially in the calves.
From a quantitative point of view, muscle exer-
cise significantly increased **"Tc-sestamibi uptake
with respect to rest uptake in the calves (210.3 %
vs. 185.2 %, p<0.1, but not in the thighs (265.8
% vs. 267.8 %, n.s.) [12].

The counts increased in all regions of interest
in the stress study, as a result of increase in the
blood flow, activation of endothelium vasodilata-
tion and other factors included in the maintenance
of circulatory system homeostasis. There was no
significant difference in the inter-extremity index
between young and older patients than 50 years.
Slightly lower perfusion reserve were registered
in the older patients (group over 50 years of age),
insignificant compared with younger cohort indi-
viduals. We obtained normal values of tissue-mus-
cle perfusion with radionuclide scintigraphy using
mTc-MIBI that can be implemented in analysis of
circulatory disturbances in patients with periphe-
ral artery disease.
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In patients with distal and proximal lower
limb ischemia, small differences in average values
of the perfusion indexes, determined before and
after pharmacologic therapy, were observed in the
study of Mikosinski et al. There were statically
significant differences in the calculated indexes
with p < 0.05. There was an improvement of the
average values of all perfusion indexes after the
therapy in both groups [13].

Comparing to the group of young patients, a
mean increase of 9% of lower and 7% of upper
range of normal values for calves and thighs perfu-
sion indexes was observed in older patients. Both in
patients aged 20-45 and after 50 years of age, a sim-
ilar, slightly different positive influence of exercise
on lower limbs perfusion was observed; 19.5% in
younger patients and 176.8% in the older ones [11].

Bursak was one of the first authors who gave
accent of the importance of the radiopharmaceuti-
cal #Tc-MIBI in the use for tissue-muscle perfu-
sion scintigraphy in diagnosing peripheral artery
disease of lower limbs. He applied this method in
healthy group individuals, in whom he registered
and semi-quantitatively proved symmetry of the
perfusion in both extremities as well as preserved
perfusion reserve (0.52-0.82 for left calf and 0.57-
0.80 for right calf). The opposite was found in
the group with M. Burger and diabetes where
asymmetry was detected, presence or absence of
collateral circulation was noted, as well as absence
of perfusion reserve [14].

The range of normal values of the lower limbs
perfusion indexes were defined as: calves: at rest
— 5.28-8.02, at stress — 4.29-6.32; thighs, at rest
—4.54-7.08 and at stress — 4.00-5.66, using their
own radioisotopic method and program for half
quantitative assessment of lower limb perfusion
at rest and stress [3].

The calculated perfusion reserve in the case
study of Manevska et al. revealed a borderline val-
ue for the LC 57%, and a lower perfusion reserve
for the RC 42% (reference values 50-80%) [15].

In the study of Tellier et al., scintigraphic
calf perfusion symmetry at exercise was an in-
dependent predictor of cardiovascular risk, even
after adjustment to residual myocardial ischemia,
whereas the prevalence of CAD was 56.8 %.
Moreover, this method might detect silent PAD
ata very early stage, perhaps at the phase of endo-
thelial dysfunction, or at least well before arterial
stenosis becomes detectable at rest, because this
index is measured at a high level of exercise in
a very reproducible way as demonstrated by the
high values of intraclass correlation coefficients.

There is no additional cost, as it follows myocar-
dial exercise scintigraphy, without special prepa-
ration nor other injection or radiotracer [16].

Dabrowsky from the Nuclear medicine De-
partment in Poland, in 2003 showed the superi-
ority of the scintigraphic method compared to
the Doppler ultrasonography in evaluation of the
effects of lumbar sympathectomy and detection
of improving the flow rate in the blood vessels,
which cannot be detected by ultrasonography [17].

As compared to the other diagnostic modal-
ities like computed tomographic angiography
(CTA), catheter angiography and magnetic res-
onance angiography, the radioisotope technique
by using *™Tc-MIBI is cost effective and widely
available almost at every nuclear medicine center.
Regarding the radiation exposure, there was six
times less dose in the scintigraphic method than
CTA or catheter angiography. Moreover, due to
easy availability of *"Tc-MIBI, it can be used as
a follow up tool for the evaluation of the response
to treatment [5].

CONCLUSION

Tissue muscle perfusion scintigraphy with
mTc-MIBI is a non-invasive scintigraphic meth-
od that provides in healthy individuals the possi-
bility to determinate the range of normal values
of muscle perfusion at rest and stress condition.
Thus it allows to clinically implement this values
in clinical evaluation of patients with peripheral
artery disease for differentiating the patients with
the normal from those with impaired lower limbs
circulation, especially on microcirculatory level.
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Pe3ume

Bogen

MyckymnHara nepdysuja ¢ GU3nOTOMKH POoIiec, KOj MOXKE Ja MOJIeTHE Ha KBAHTUTATHBHA TIPOIICHKA
M O Toa Aa ce neuHIpaaT HOPMAHNUTE BPEAHOCTH Ha epdy3nOHUTE MHIESKCH U Tiep(dy3roHaTa pe3epna.
HcnenyBameTo Ha MUKpOIIMPKYIAllijaTa IMa KpyIHjajiHa yJIoTa BO OJpEayBamkbeTO Ha MyCKYJTHATa Tep-

dy3uja.

Marepuja u Mmerona

Crynmjara BkiyayBa 30 ucnuTaHuIy, Ha Bo3pact 24-74 ronuau, 6e3 UCTOpHja Ha TIOTBPACHA TIEPHU-
¢epHa aprepucka Oonect, co HopmaieH Haox Ha Doppler yntpacoHorpaduja u meqo-OpaxujaneH HHIEKC
Ha goiauTe ekctpemutet (I1IBN).

99mTu-MUBU TknBHO-MyCKyiTHaTa repdy3noHa CUUHTUTpaduja Ha JOIHUTE eKCTPEMHUTETH ja eBa-
Jmynpa TKMBHaTa nep(ys3rja BO YCIOBH Ha MUpPYBame, ,,pecT™ CTynHja, Kako U BO YCJIOBH Ha 0a3ajHO
OTITEepeTyBamke, ,,CTPEC™ CTyAHja, MPEeKy KBAHTUTATUBHU ITapaMeTpH: HHTEP-eKCTPEMUTETEH WHEKC (3a
JIBETE CTYIIMH) JIEBO HaTKOIeHO/necHo HaTtkoneHo (JIH/JIH), neBo notkoneno/necuo nmorxoneHo (JITT/ZIT)
u niep¢ysuona pesepna (I1P) 3a o6ere HaTKOJIEHH M TIOTKOJICHN PETHH.

Pesyararu

Bo nHamara ncnimtyBaHa Tpyna TM MPOIICHHBME KBAHTHUTATUBHHUTE BPEIHOCTH Ha mep(y3noHUTE
nHaexcu. Manekcute m3necysaa 3a JIH//IH Bo pect 0.91- 1.05, Bo ctpec 0.92-1.04. JIII/AII Bo pect
0.93-1.07, momexa Bo ctpec 0.93-1.09. Ucnuranunure nocrapu of 50 TonWHM MMaa HeCUTHU(DHKAHTHO
noMaJa nepdy3roHa pe3epBa Ha OBHE IMapaMeTpH CIOPEIeHO CO UCTIUTaHUIMTE rmomiaan o SOronuHwu,
JIT (p=0.98) u AI1 (p=0.6).

3akiyuok

OBaa HeWHBa3WBHA CIIUHTHTPa(CKa METOa OBO3MOXKYBA Kaj HHAUBUAYH 0e3 reprudepHa apTepucka
Oorect, ma ce oapenar HOPMATHUTE BPEAHOCTH Ha MYCKyJHaTa mepdy3uja BO YCIOBH HAa MUPYBame U
OTITOBAapyBamke M UCTUTE KIMHUYKH J1a Ce MMIIEMEHTHPAaT BO €Ballyalrja Ha MMalueHTH CO repudepHa
apTepucka doiect, co men audepeHIpame Ha MalMeHTH CO HOpMalHa W HapyIlIeHa [UpPKYJanrja Ha
JTIOTTHUTE EKCTPEMHUTETH.

Kuayunu 360poBu: myckymaa nepdysuja, 99mMTu-MUBU ciimaTurpaduja, 10IHA €KCTPEMHUTETH,
nepdys3noHa pezepBa





