CONCLUSION

In normal myocardium, BMIPP washout increased with the
increase in cardiac work during exercise. In ischemic myocar-
dium, on the other hand, the BMIPP WRs were similar to those
in normal myocardium at rest and were not increased by
exercise. A certain amount of maximal exercise (net PRP =
300 X 10° mmHg/min) was thus found to be necessary to
evaluate fatty acid metabolism in normal and ischemic myocar-
dium.
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The aim of this study was to evaluate left ventricular (LV) perfusion
and function in patients with Becker muscular dystrophy (BMD).
Methods: Fourteen male patients (age range 14-40 yr) with BMD
were evaluated by 2°'TI SPECT and radionuclide angiography both
at rest and after dipyridamole stress test. Results: All patients
showed uptake defect demonstrated by 2°'TI SPECT (mean 4.1 +
2.2 uptake defect/patient). Significant relationships (p < 0.05) were
found between the number of uptake defects and rest LV ejection
fraction (LVEF) (r = —0.54), peak filling rate (PFR) (r = —0.57) and
dipyridamole LVEF (r = —0.65). Dipyridamole induced reversible
uptake defects were found in 7/14 (50%) patients with BMD. The 14
patients were divided into two groups on the basis of the presence
(Group A, n = 6) or the absence (Group B, n = 8) of severe
irreversible uptake defect (i.e., < 50% 2°'TI uptake). Group A
showed lower values of PFR and LVEF when compared to patients
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of Group B. Conclusion: In patients with BMD there is a relatively
high incidence of uptake defects and LV function (both at rest and
after dipyridamole) appears to be related to the number of uptake
defects. Moreover, the presence of severe irreversible uptake de-
fects identifies a subgroup of patients with BMD characterized by a
severely depressed LV function.

Key Words: thallium-201-SPECT; Becker muscular dystrophy; ra-
dionuclide angiography
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Becker muscular dystrophy (BMD) is an X-linked recessive
muscular disease showing a slowly progressive skeletal muscle
disorder with onset in late childhood characterized by weakness
of proximal limb girdle muscles and calf muscle hypertrophy
(1-3). Although muscular symptoms are predominant, heart
involvement is a relatively common occurrence with a wide
range of cardiac symptoms and manifestations (4). Subclinical
cardiomyopathy (5) as well as dilated cardiomiopathy may be
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FIGURE 1. Schematic presentation of three short-axis slices and mid-vertical
long-axis slice displaying 18 myocardial segments.

present in patient with BMD (4,6, 7). When cardiac involvement
is clinically recognisable, prognosis is usually poor, leading to
heart failure, and heart transplantation is often indicated (8).
Radionuclide evaluation of either function and perfusion of left
ventricle may be useful in patient with BMD (9,10). The aim of
this study was, therefore, to assess cardiac involvement in
gatients with BMD using radionuclide angiography (RNA) and
°'T1 SPECT.

MATERIALS AND METHODS
Study Population

Fourteen consecutive men with BMD (age range 14-40 yr,
mean age 28 * 9 yr) were included in the study. All patients
underwent physical examination, blood chemistry work-up, ECG
and echocardiogram. Heart involvement was classified, according
to Nigro et al. (4,11), as preclinical in four patients (shortened PQ
segment, prolonged QT interval, increased QT/PQs ratio); arryth-
moghenic in four patients (paroxymal tachycardia, WPW syn-
drome, supraventricular tachycardia, ventricular tachycardia, atrial
flutter or fibrillation, BB block, A-V block, sino-atrial block, sick
sinus syndrome, sinoatrial dysfunction); dilated cardiomyopathy in

six patients (large Q waves in precordial leads, evidence of dilated
left ventricle at two-dimensional echocardiography, ejection frac-
tion <45%, PEP/LVET > 0,42). All patients gave informed
consent.

Study Protocol
RNA and 2°'TI SPECT were performed within 2 wk in all

patients. The clinical status did not change in the interval. Both
RNA and ?°'Tl SPECT were performed at rest and after dipyrid-
amole infusion. An intravenous line was installed with a 20 G
canula in an antecubital vein. A dose of dipyridamole of 0.56
mg/Kg was diluted in 20 ml of 0.9% saline solution and adminis-
tered with an infusion rate of 0.140 mg/Kg/min. The duration of the
infusion was 4 min. ECG, heart rate and blood pressure were
recorded in basal conditions and monitored during dipyridamole
infusion. No side effects were observed. All cardiac medications
were withdrawn before each radionuclide studies.

Thallium-201 SPECT

SPECT imaging was performed using a single-head, rotating
gamma camera with a LEAP collimator. Thallium-201 (74 MBq)
was injected 5 min after dipyridamole infusion. Acquisition were
performed 5 min and 3 hr after ?°'Tl administration. Thirty-two
projection images were acquired for 40 sec each, with matrix 64 X
64, over a 180° circular orbit from 45° right anterior oblique to 45°
left posterior oblique. Energy discrimination was provided by a
20% window positioned on the 80 and 167 keV photopeak of 2°'T1.
Each study was reconstructed with a Butterworth filter (0.4 cutoff
and 5.0 order number). No attenuation correction was performed.
Sagittal and oblique tomograms parallel to the long-axis and
short-axis of the left ventricle were then extracted from the filtered
transaxial tomograms. Myocardial SPECT images were divided
into 18 segments for each patient (Fig. 1). These segments were
definite as six evenly spaced regions within representative basal
and midventricular short-axis tomogram and evenly spaced regions
representative of apical short-axis tomogram; moreover, the antero-
and infero-apical segments of the mid-vertical long-axis tomogram
were included in the analysis (/2). Two blinded experts interpreted
all SPECT images and each segment was scored by consensus
using a three point score system (0 = normal 2°'Tl uptake; 1 =
mildly reduced 2°' Tl uptake; 2 = severely reduced °' Tl uptake). A
stress defect, defined as a segment with a =1 on dipyridamole

TABLE 1
Patient Data and Radionuclide Angiography and Thallium-201 SPECT Results
Radionuclide angiography 2017) SPECT
Patient  Age Heart Rest LVEF Rest PFR Dip LVEF Total
no. o involvement (EDV-EDS/EDV %)  (EDV/sec) (EDV-EDSEDV%) RD  modiD  seviD PD
1 17 Preciinical 51% 225 60% 1 2 3
2 17 Preciinical 48% 1.90 50% 3 3
3 38  Anhythmogenic 57% 1.83 61% 2 1 3
4 26 Amhythmogenic 53% 217 64% 3 3
5 37  Amhythmogenic 61% 1.94 64% 2 2
6 39  Dilated 43% 127 45% 2 5 3 10
7 21 Dilated 34% 1.51 27% 4 1 1 6
8 14 Amhythmogenic 45% 223 55% 2 2
9 32  Predlinical 64% 2.97 66% 2 1 3
10 30  Dilated 47% 2.10 52% 7 7
1 18 Preciinical 63% 353 75% 3 3
12 34  Dilated 41% 1.29 42% 5 5
13 40  Dilated 19% 0.10 28% 3 2 5
14 25  Dilated 38% 1.66 57% 2 1 3

LVEF = left ventricular ejection fraction; PFR = peak filling rate; RD = reversible defects; modID = moderate irreversible defects; seviD = severe
irreversible defects; EDV = end diastolic volume; PD = perfusion defects; Dip = dipyridamole.
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TABLE 2
Number and Location of Reversible, Moderate and Severe Ireversible Thallium-201 Defects

Patient Age Reversible defects Moderate imeversible defects Severe imeversible defects
no. (W] ant lat inf sep apex ant lat inf sep apex ant lat inf sep apex
1 17 1 2
2 17 2 1
3 38 2 1
4 26 2 1
5 37 2
6 39 2 1 2 2 1 2
7 21 1 1 2 1 1
8 14 1 1
9 32 2 1
10 30 1 1 3 2
1 18 2 1
12 34 2 2 1
13 40 1 1 1 1 1
14 25 1 1 1

ant = anterior wall; lat = lateral wall; inf = inferior wall; sep = interventricular septum.

SPECT images, was considered reversible if 2°'T1 uptake score
decreased of at least one point, otherwise it was considered an
irreversible defect (ID). Furthermore, ID were subclassified in mild
ID (score = 1) and severe ID (score = 2).

Radionuclide Angiography

RNA was performed at rest and during dipyridamole infusion
with the patient in the supine position. Red blood cells were labeled
in vivo with 740 MBq **™Tc. Images were acquired with a 1.5x
digital zoom in frame mode at a framing rate of 25 msec/frame
with a gate tolerance of 5%, collecting at least 150.000 counts/
frame using a small field of view gamma camera oriented to a 45°
left anterior oblique view with a 15° cranio-caudal tilt.

Left ventricular ejection fraction (LFEV), peak filling rate
(PFR), time-to-peak filling rate (TPFR) and peak ejection rate
(PER) were computed by a standard computer software.
Statistical Analysi

Data are expressed as proportions or as mean * one s.d., as
appropriate. Spearman rank correlation coefficient (r) was used to
assess relationship between a continuous and a polychotomous
variable. Differences between proportions were assessed using the
chi-square. Differences between mean values were assessed using
the Student’s t-test. A p value < 0.05 was considered significant.

RESULTS

Table 1 shows the results obtained in the 14 patients with
BMD. Dipyridamole LVEF correlated significantly (r = 0.89,
p < 0.05) with rest LVEF. LVEF increased significantly in the
whole group (from 47% * 12% to 53% * 14%, p < 0.005)
(Table 1). Table 2 shows the location of Tl defects in the 14
patients studied. All patients showed at least one 2°'T1 uptake
defect. Moderate ID were present in 10/14 (71%) patients,
severe ID were observed in 6/14 (43%) patients and reversible
defects were present in 7/14 (50%) patients (Table 1). There
was a significant relationship between the number of severe ID
and PFR (r = —0.54, p < 0.05). Significant relationships were
also found between the total number of Tl uptake defect and rest
LVEF (r = —0.54, p < 0.05), PFR (r = —0.57, p < 0.05) and
dipyridamole LVEF (r = —0.65, p < 0.05).

The 14 patients were then divided into two groups: Group A
with six patients showing at least one severe ID, and Group B
with eight patients without severe ID (Table 3). Although an
higher number of patients in Group A had dilated left ventricle

RNA AND THALLIUM-201 SPECT IN BEcKER MuscuLAR DysTROPHY « Mansi et al.

(67% versus 25%), there were no statistically significant dif-
ferences in heart involvement between the two groups. On the
other hand, either PFR and rest LVEF were significantly (p <
0.05) lower in Group A than in Group B (Table 3). Moreover,
there was a trend toward lower values of dipyridamole LVEF in
Group A, although the difference was not statistically signifi-
cant.

The 14 patients were finally subgrouped according to their
heart involvement (Table 4). Patients with dilatative heart
involvement showed a deteriorated left ventricular function and
an higher number of ?°'T1 uptake defects when compared to the
other two groups (Table 4). However, a discrete number of
201T] yptake defect was also found in patients with preclinical
heart involvement.

TABLE 3
Relationship Between Patients with Severe Ireversible Thallium-
201 Uptake Defects and Patients with Nonsevere Ireversible
Thallium-201 Uptake Defects

Group A Group B
(Severe ID) (Non Severe ID)

(h=16) h=98 P
Patients dilated 4 (67%) 2 (25%) ns
Patients arrhythmogenic 1(17%) 3 (38%) ns
Patients preclinical 1(17%) 3(38%) ns
Age (yn) 30+ 10 26+9 ns
Rest heart rate (bpm) 73+10 78+9 ns
Rest LVEF (EDV-EDS/EDV%) 40 * 13 53+9 p <0.05
Rest PER (EDV/sec) 1.7+ 06 23+05 ns
Rest PFR (EDV/sec) 1407 23+07 p <0.05
Rest TPFR (msec) 164 + 40 135 + 38 ns
Dpm heart rate (bpm) 98 +8 108 = 13 ns
Dpm LVEF (EDV-EDS/EDV%) 46 *+ 16 59 + 10 ns
Reversible defects/pts 15+15 14+24 ns
ID mod/pts 18+19 21+17 ns
Total defects/pts 50+28 35+17 ns

LVEF = left ventricular ejection fraction; PFR = peak filling rate; TPFR =
time-to-peak filling rate; PER = peak ejection rate; ID = irreversible defects;
ID mod = moderate irreversible defects; EDV = end diastolic volume; ESV =
end systolic volume; Dpm = dipyridamole.
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TABLE 4
Correlation Between Patients with Preclinical, Amhythmogenic and
Dilated Heart Involvement

Preclinical Amhythmogenic  Dilated
Age (yn) 21+7 29+ 11 32+8
Rest heart rate (bpm) 78 * 11 77+9 72+10
Rest LVED (EDV-ESV/EDV%) 57 + 8" 54 + 7* 37+ 10
Rest PER (EDV/sec) 24+06  23+03 1.5 +10.3
Rest PFR (EDV/sec) 27+07° 20%02 13+07
Rest TPFR (msec) 133+28  142+56 163 + 40
Dpm heart rate (bpm) 106 + 14 103 + 10 103 + 15
Dpm LVEF (EDV-ESV/EDV%) 63 *+ 11* 61+ 4* 42T+ 12
RD/pt 08+10 05+10  25=27
ID mod/pt 18+15 18+13 2323
ID sev/pt 05+10  03+05 12+12
Total defects/pt 30+06° 25+06° 60x24

* = p < 0.05 vs dilated.

LVEF = left ventricular ejection fraction; PFR = peak filling rate; TPFR =
time-to-peak filling rate; PER = peak ejection rate; EDV = end diastolic
volume; ESV = end systolic volume; RD = reversible defect; ID mod =
moderate irreversible defect; ID sev = severe irreversible defect; Dpm =
dipyridamole.

DISCUSSION

This study reports the findings in 14 patients with BMD
studied with RNA and 2°'T1 SPECT at rest and after dipyrid-
amole infusion. All patients showed 2°'Tl uptake defects, and
50% of them had dipyridamole-induced uptake defect. The total
number of 2°'Tl uptake defect per patient was significantly
correlated with either diastolic and systolic (both at rest and
during dipyridamole infusion) left ventricular function. This
finding seems to confirm previous observations suggesting that
cardiac dysfunction is a primary feature in BMD (4,/3). Recent
studies have demonstrated in cardiac biopsy specimen the same
dystrophic lesion as in skeletal muscle (/4-16), suggesting that
heart involvement in BMD patients may be due to the expres-
sion of an altered dystrophin and not be secondary to the
skeletal muscle disease. Moreover, it has been demonstrated
that BMD cardiomyopathy evolves unrelated to musculoskele-
tal involvement, and is the primary cause of death among these
patients (4,5).

The results of this study suggest that left ventricular dysfunc-
tion is related not only to the number of 2°' Tl uptake defects but
also to their severity. In fact, when the patients were grouped
according to the presence or not of severe ID (Table 3), those
with severe ID had lower values of rest LVEF and PFR. Since
the presence of severe ID can be related to myocites necrosis,
which is the final step of the pathological process of myocardial
involvement in BMD, it is not surprising to find more impair-
ment in LV function in patients showing severe ID.

In the group of patients included in this study, 4 (29%) were
classified as having preclinical heart involvement, and all had
201T] defects, although showing a lower extent of myocardial
abnormalities than patients with dilated left ventricle. In addi-
tion, patients with preclinical heart involvement had preserved
LV systolic and diastolic function. Since it has been suggested
that preclinical cardiomyopathy tends to evolve to clinically
evident cardiac disease (4), it is conceivable that 2°'T1 SPECT
could be used to identify BMD patients with early heart
involvement, and thus to better define therapeutic strategies in
these subjects.

A total of 58 defects were found in the 14 patients (mean 4 *
2). Of these 58 2°'Tl defects, 10 (17%) in six patients (mean
1.7 * 0.8) were classified as severe ID. These severe ID were
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considered expression of fibrous tissue replacement. However,
since no reinjection or late redistribution were performed, we
cannot exclude that some of these severe ID could have shown
enhanced *°'TI uptake.

Dipyridamole induced LV abnormalities in patients with
BMD have been previously reported (/7). In this study, rest and
dipyridamole RNA was performed in order to confirm these
data. Dipyridamole stress test is a well known alternative to
exercise stress test in patients who cannot perform it, such as
BMD patients. It is safe and highly specific in various cardiac
diseases (/8-20). In the 14 BMD studied, LVEF increased
significantly after dipyridamole.

In this study we found the presence of 2°' Tl uptake reversible
defect in 50% of the patients with BMD. In particular, 20
reversible defects were observed in seven patients (2.8 = 2).
This feature is partially unexpected in those subjects where
myocardial involvement should be mainly due to replacement
of myocites by fibrous tissue. These results can be suggestive of
a different pathological process, affecting to some extent
myocardial perfusion. Moreover, recently an increased number
of mast cells have been shown to accumulate in degenerating
muscle tissue and to secrete vasoconstrictor cytokines, thus
potentiating muscle damage through an ischemic mechanism
(21) in addition to the well known altered membrane perme-
ability and replacement of myocites by fibrous tissue (/0).

Since none of the patients included in this study underwent
coronary angiography, the presence of coronary artery stenoses
cannot be excluded. However, previous studies demonstrated
the absence of luminal narrowing of either extramural or
intramural coronary arteries in patients with muscular dystro-
phy (22,23).

The results of this study suggest the presence of myocardial
abnormalities in BMD patients even in the absence of clinically
evident heart involvement. Although these finding are based on
a relatively small population, the data indicate a potential role of
radionuclide imaging in the early detection of cardiac involve-
ment in BMD patients.
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lodine-123-MIBG imaging has been used to evaluate myocardial
sympathetic function in various cardiac diseases. in patients with
obstructive sleep apnea syndrome (OSAS), increased sympathetic
activity has been widely recognized, as assessed by measuring the
plasma concentration and urinary excretion of catecholamines and
by measuring muscle sympathetic nerve activity. However, these
measurements are not specific indices of cardiac sympathetic
function. Therefore, this study was undertaken to assess cardiac
sympathetic function in patients with OSAS using MIBG cardiac
scintigraphy. Methods: This study consisted of 11 patients (10 men,
1 woman; mean age 43 * 16 yr) with a diagnosis of OSAS
established by polysomnography, and 8 age-matched normal con-
trol subjects (7 men, 1 woman; mean age 45 * 18 yr). Early (15 min)
and delayed (3 hr) planar images were taken after the injection of 111
MBq of ['2*[[MIBG. The mean counts of the whole heart and the
mediastinum were obtained to calculate heart-to-mediastinum
count ratios from the early images (H/Me) and from the delayed
images (H/Md) and the myocardial washout rate (WR). Eight patients
were restudied after 1 mo of nasal continuous positive airway
pressure treatment. Results: The H/Me and H/Md ratios were
significantly lower in the patients than in the control subjects (H/Me,
2.49 + 0.32 versus 2.84 + 0.34, p = 0.0207; and H/Md, 2.33 = 0.30
versus 3.02 *+ 0.36, p = 0.0013). The WR was higher in the patients
than in the control subjects (36.2 *+ 9.0% versus 23.6 *+ 4.9%, p =
0.0022). The H/Me and H/Md ratios in the patients were significantly
correlated with the apnea-hypopnea index and the degree of hy-
poxemia during sleep. After treatment, H/Me and H/Md remained
unchanged, but WR significantly recovered (from 34.9 + 10.4% to
263 * 7.7%, p = 0.0357). Conclusion: Cardiac sympathetic
function and integrity are impaired in subjects with OSAS when
compared with age-matched control subjects. MIBG cardiac imag-
ing can be helpful in evaluating cardiac involvement and efficacy of
therapy in OSAS.
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Obstructive sleep apnea syndrome (OSAS) is a condition
characterized by repetitive cycles of upper airway occlusion,
resulting in repeated inspiratory efforts against this occlusion.
Reopening of the upper airway usually follows an arousal from
sleep. The resumption of airflow is characterized by a brief
period of hyperventilation with snoring, and a subsequent return
to sleep. Several hemodynamic changes occur during this
apnea/ventilation cycle (7). OSAS has been associated with
long-term cardiovascular sequelae, including systemic and pul-
monary hypertension, heart failure, arrhythmias, stroke and
myocardial infarction (2,3). In addition, there appears to be an
excess of cardiovascular mortality in untreated OSAS (4-6).
The exact causes of this increased cardiovascular morbidity are
unknown. However, in patients with OSAS, increased sympa-
thetic activity has been reported during sleep with repetitive
apnea and even while the patients were awake (7—/2). Increased
sympathetic activity has been thought to contribute significantly
to the pathophysiology of myocardial infarction, arrhythmia,
heart failure and sudden death (/3,14). Taken together, this
sympathetic activation may be one of the causative factors of
the increased mortality and the frequent cardiovascular compli-
cations mentioned above. Sympathetic function in OSAS has
been assessed by measuring plasma concentration (7,8) and
urinary excretion (9,10) of catecholamines, and by measuring
muscle sympathetic nerve activity (MSNA) (//,12). However,
these parameters are not specific indices of cardiac sympathetic
activity.

Metaiodobenzylguanidine (MIBG), an analog of guanetidine,
shares many neuronal transport and storage mechanisms with
norepinephrine (NE) (/5-17). Noninvasive radionuclide imag-
ing with ['*I)MIBG permits assessment of efferent adrenergic
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