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The myocardial performance index (MPI) was assessed in 30 patients

with limb girdle muscle dystrophy (LGMD) with a normal left ven-

tricular ejection fraction (greater than 50%), as well as in 30 age- and

sex-matched healthy adults with a left ventricular ejection fraction

greater than 50%. MPIs derived by pulsed-wave Doppler and tissue

Doppler were also compared. The MPI was 0.37±0.09 in the LGMD

patients and 0.29±0.09 in the control group (P=0.003). These data

show that patients with LGMD have occult cardiac dysfunction as

evidenced by a higher MPI than the controls. There was good agree-

ment between the MPIs measured by pulsed-wave Doppler and tissue

Doppler methods in these patients. 
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Muscular dystrophy is a heterogeneous group of muscle dis-
orders that are heritable, genetically determined, and

characterized by progressive and debilitating weakness.
Although the characteristic involvement is that of skeletal
muscle, cardiac involvement is seen with varying frequency in
most of these disorders. In fact, in Duchenne’s, Becker’s and
myotonic dystrophies, cardiac involvement contributes to sig-
nificant morbidity and mortality (1,2). Limb girdle muscle dys-
trophy (LGMD) is a genetically and phenotypically
heterogeneous group characterized by predominant involve-
ment of muscles of the pelvic and shoulder girdles, and sparing
of the facial and distal muscles.

Contrary to previous reports in which cardiac involvement
was reported to be exceedingly rare, many recent studies have
shown that a significant number of LGMD patients have car-
diac abnormalities (3-10). Clinically relevant cardiac problems
are seen only in 10% of these patients. However, subclinical
involvement evidenced by electrocardiographic and echocar-
diographic abnormalities may be as high as 80% (5,6). The
echocardiographic abnormalities frequently noted are regional
wall motion abnormality and abnormal left ventricular ejec-
tion fraction (LVEF). While some of the autosomal dominant
types of LGMD are associated with rhythm and conduction
abnormalities, dilated cardiomyopathy is common with the
more frequent autosomal recessive types, such as the sarcogly-
canopathies (6,7). 

The myocardial performance index (MPI) (Tei index) has
been increasingly used over the past decade as a measure of
global cardiac function. Numerous studies (11-17) have
demonstrated its diagnostic and prognostic utility in a variety

of clinical settings. It has been shown to be independent of
heart rate and blood pressure, and is a highly reproducible
measure (11,13). We hypothesized that because the MPI is an
index of global cardiac function, it may be a suitable and sen-
sitive marker of cardiac involvement in patients with LGMD.
To our knowledge, there have been no studies of the MPI in
patients with this disorder. The original method described for
calculating the MPI used mitral and aortic flow patterns.
Tissue Doppler (TD) imaging of the mitral annulus has, how-
ever, gained acceptance and is widely used (18). 

In the present study, we evaluated cardiac function in
patients with LGMD who had no overt cardiac symptoms and
normal LVEF using the MPI, and compared it with healthy
age- and sex-matched controls who also had a normal LVEF.
We also studied the degree of agreement between the MPIs
calculated by the conventional pulsed-wave Doppler (PWD)
method and the TD method in this group of patients.

METHODS
Thirty patients diagnosed with LGMD formed the study group.
Patients with an LVEF less than 50% were excluded. The con-
trol group consisted of 30 age- and sex-matched healthy people
recruited from the employees of the hospital. 

The diagnosis of LGMD was based on a detailed history,
physical examination, and complete neuromuscular workup
that included a biochemical screen, nerve conduction study,
electromyography and muscle biopsy. All LGMD patients pre-
sented with weakness, predominantly in the limb girdle distri-
bution (pelvic, shoulder or both). Detailed family charting and
pedigree analysis were performed in all patients. A muscle
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biopsy was performed in all patients using standard open biopsy
technique in one of the proximal and moderately affected mus-
cles. All biopsies were subjected to routine histochemical
stains, enzyme histochemistry and immunostaining. Cryostat
sections from frozen muscle blocks were initially stained for
dystrophin and then with various sarcoglycan antibodies. 

All 30 patients and 30 controls underwent echocardio-
graphic evaluation after a detailed history and clinical examina-
tion. Echocardiography was completed using a Hewlett-Packard
SONOS 5500 machine with TD facility with the subjects in the
left lateral position. Left ventricular dimensions were M-mode
derived from the parasternal long axis two-dimensional view,
and LVEFs were obtained by planimetry. Note was made of any
regional wall motion abnormality. Mitral inflow velocity and
aortic outflow velocity patterns were recorded using PWD with
the sample volume between the tips of the mitral leaflets and
just below the aortic valve, respectively, in the apical five-
chamber view. All echocardiographic and Doppler measure-
ments were performed in accordance with the respective
guidelines of the American Society of Echocardiography
(19,20). Time from end of A to beginning of E (a) and aortic
ejection time (b) were noted. In the patients with LGMD,
mitral annulus TD tracings were also obtained in the apical
four-chamber view, placing the sample volume at the level of
the mitral annulus on the interventricular septum. The dura-
tion from the end of Am to beginning of Em (am) and duration
of the systolic wave (bm) were noted (Figure 1). All measure-
ments were performed in triplicate, and the mean of the three
values was used for all calculations and analyses. From these
measured variables, the left ventricular MPI-PWD was calcu-
lated as (a–b)/b in both the study and control groups.
Additionally, in patients with LGMD, the left ventricular
MPI-TD was calculated as (am–bm)/bm.

All measurements were done on-line by one of the authors
(RG), who was experienced in echocardiograpy. Intraobserver
variability was assessed by repeating echocardiography in eight
patients within two to seven days of the initial examination
under the same basal conditions. Variability was calculated as
the mean percentage error, derived as the difference between
the two sets of measurements divided by the mean of the two. 

All data were expressed as the mean ± SD. Differences
between the control and study groups in the various echocar-
diographic variables were analyzed using the unpaired
Student’s t test. Within the patient group, the paired t test was
used for difference in paired samples of MPI and time intervals
measured using conventional and TD methods. The agree-
ment between the MPIs derived from the two methods was
studied using a Bland-Altman plot, and the correlation
between the time intervals and MPIs was derived by the two
methods using Pearson’s correlation. Differences were consid-
ered significant at P<0.05. Statistical analyses and graphing
were performed using Graph Pad statistical software (Graph
Pad Software Inc, USA). 

RESULTS
The study group consisted of 30 LGMD patients from 24 fami-
lies. There were 17 men and 13 women, with a mean age of
28±9 years. Fifteen of 30 patients (50%) had sarcoglycanopa-
thy (alpha-sarcoglycanopathy, n=8; beta-sarcoglycanopathy,
n=5; delta-sarcoglycanopathy, n=2), and the other 15 patients
(50%) were grouped as having nonsarcoglycanopathic LGMD
because they were positive for all sarcoglycan components.
Biopsies of all 30 patients were strongly positive for dystrophin,
thus excluding patients with Becker’s muscular dystrophy. One
patient had diabetes, and none had hypertension or any other
significant medical illness. A history of parental consanguinity
was present in 17 patients (57%). The pattern of inheritance
was autosomal recessive in 17 patients (57%) from 13 families,
autosomal dominant in three patients (10%) of a single family,
and sporadic in the remaining 10 patients (33%). All
30 patients had predominant weakness of the pelvic girdle,
with 22 of them (73%) having associated shoulder girdle
involvement. Trunk muscle weakness was seen in 18 patients
(60%) and lordosis was noted in five patients (17%). Only five
patients (17%) had a power of three of five or less according to
the Medical Research Council grading system in one or more
areas. The control group consisted of 30 age- and sex-matched
healthy adults. 

Biochemical analysis included a complete blood count,
basic metabolic panel, and creatine kinase (CPK) and thyroid
stimulating hormone. The results of all of the above tests
except for CPK were normal in all patients. Serum CPK was
elevated in all patients. The mean level was 2325 U/L, and the
range was 117 U/L to 13,000 U/L. 

Nerve conduction studies were normal in all patients
except the lone patient with diabetes, in whom there was evi-
dence of mild sensorimotor axonal polyneuropathy. The elec-
tromyograms of all patients showed myopathic features.
Muscle biopsies showed a dystrophic pattern in 23 patients, a
mixed myopathic and dystrophic pattern in six patients, and
end-stage fibrosis in one patient. None had neuropathic
changes.

The echocardiographic data of the patients and controls are
shown in Table 1. The MPI was significantly higher in the
LGMD patients and was primarily driven by a shorter ejection
time (b). None of the patients had an LVEF of less than 50%,
a regional wall motion abnormality or echocardiographic evi-
dence of left ventricular hypertrophy.

The comparison between the MPI-PW and that calculated
by the MPI-TD in the LGMD patients is shown in Table 2.
The MPI-TD results were significantly higher than the MPI-
PW results. This difference was primarily driven by a higher am
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Figure 1) Image of tissue Doppler recording showing time between end
of atrial component of mitral annular diastolic waveform (Am) to start
of early component of mitral annular diastolic waveform (Em) repre-
senting the sum of isovolumetric contraction time, isovolumetric relax-
ation time and ejection time (am) and duration of systolic wave form of
medial mitral annulus (Sm) representing aortic ejection time (bm)
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compared with a. There was no significant difference between
the ejection times calculated by the two methods (b, bm). A
box-and-whisker plot depicting the mean MPIs with 95% con-
fidence limits in the cases and controls is shown in Figure 2.
There was moderate correlation between a and am (r=0.6,
P<0.0001), between b and bm (r=0.6, P<0.0001) and between
MPI-PW and MPI-TD (r=0.6, P<0.001). The Bland-Altman
plot (Figure 3) between MPI-PW and MPI-TD revealed good
agreement between the two. The mean difference was 0.07
(95% CI –0.09 to 0.24). The intraobserver variability for MPI-
PW and MPI-TD was 3.7%±2.2% and 3.3%±3.2%, respec-
tively.

The mean MPI-PW was 0.36±0.09 in the 15 patients with
sarcoglycanopathy and 0.38±0.09 in the 15 nonsarcogly-
canopathy patients (P not significant). The mean MPI-TD was
0.42±0.08 in the 15 patients with sarcoglycanopathy and
0.47±0.09 in the 15 nonsarcoglycanopathy patients (P not sig-
nificant). 

DISCUSSION
There have been important advances in our understanding of
LGMD after its initial description and classification in the mid-
20th century (21). The current classification of LGMD
describes up to 15 different subtypes (22). The autosomal domi-
nant varieties are classified as type 1 and the autosomal recessive
varieties as type 2. Cardiac involvement in muscular dystrophies
is well known, and the manifestations range from nonspecific
electrocardiographic abnormalities to life-threatening arrhyth-
mias, and from asymptomatic left ventricular dysfunction to
frank congestive heart failure. The frequency, severity and
nature of involvement varies among the different types of

dystrophies. Studies on well-characterized patients of LGMD
have revealed clinically relevant cardiac problems in up to
10% of these patients and subclinical involvement in approxi-
mately three-quarters of them (5,7). 

In our study, we found that there exists a significant differ-
ence in the MPI of LGMD patients compared with age- and
sex-matched controls, even when they had no symptoms and
had an LVEF of greater than 50%. Studies have shown that a
cut-off of 50% for the LVEF has good sensitivity and specificity
for discriminating between normal and impaired myocardial
performance (23). The mean MPI was 0.37±0.09 in LGMD
patients compared with 0.29±0.09 in the controls. It is impor-
tant to note that the MPI, despite being significantly higher in
the study group, was still below the cut-off for normal in all but
five of the cases. It remained significantly higher than the con-
trols even after exclusion of these five cases. It is known that
cardiomyopathy is more common in patients with sarcogly-
canopathy than in those with other types of LGMD. However,
in our study, there was no significant difference between the
MPIs of patients in the sarcoglycanopathy and nonsarcogly-
canopathy groups. The MPIs of patients in each of these sub-
groups analyzed separately remained significantly different
from those of the controls. This makes it unlikely that our
results were predominantly influenced by patients in the sarco-
glycanopathy group. 

In our study, we also used TD imaging of the medial mitral
annulus to measure the MPI in the study group, apart from
the conventional method, which uses mitral inflow and aor-
tic outflow patterns. All the data required for calculating the
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Figure 3) Bland-Altman plot of pulsed-wave myocardial performance
index and tissue Doppler myocardial performance index in patients with
limb girdle muscle dystrophy

303030n=
MPITDMPIPWMPICONTR

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Figure 2) Box-and-whisker plot of myocardial performance indexes
(MPIs) depicting means and 95% CIs. MPICONTR MPI of controls
using pulsed-wave Doppler; MPIPW MPI of limb girdle muscle dystro-
phy (LGMD) patients using pulsed-wave Doppler; MPITD MPI of
LGMD patients using tissue Doppler

TABLE 1
Doppler echocardiographic variables in limb girdle muscle
dystrophy (LGMD) patients and controls

LGMD patients Controls
Variable (n=30) (n=30) P

LVEDD (cm) 4.67±0.5 4.54±0.4 NS

LVESD (cm) 3.17±0.5 2.84±0.5 0.01

LVEF (%) 60±7 68 ±6. 0.001

E/A ratio 1.5±0.4 1.6±0.3 NS

Early deceleration time (ms) 138±43 144 ±26 NS

a (ms) 366±29 366±43 NS

Aortic ejection time (ms) 268±24 287±25 0.002

Myocardial performance index 0.37±0.09 0.29±0.09 0.003

Data presented as the mean ± SD. a Time interval between end of A to start
of E in mitral inflow recording; LVEDD Left ventricular end-diastolic dimen-
sion; LVESD Left ventricular end-systolic dimension; LVEF Left ventricular
ejection fraction; NS Not significant

TABLE 2
Comparison between conventional and tissue Doppler
indexes in limb girdle muscle dystrophy patients

Parameter Conventional Tissue Doppler P

IVCT+ET+IVRT (ms) 366±29 401±30 0.0001

ET (ms) 268±23 278±22 NS

MPI 0.37±0.09 0.44±0.09 0.0001

Data presented as the mean ± SD. ET Ejection time; IVCT Isovolumetric con-
traction time; IVRT Isovolumic relaxation time; MPI Myocardial performance
index; NS Not significant
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MPI cannot be derived from a single cardiac cycle using the
conventional method. Thus, variability due to heart rate and
posture is a pitfall when using the conventional method to
measure MPI. TD imaging of the mitral annulus potentially
overcomes this disadvantage, because all of the necessary vari-
ables are obtained in a single cardiac cycle. It is also relatively
independent of preload and heart rate. The other advantages
of the MPI-TD are its better curve/signal definition and its
ability to study regional differences in cardiac function (23-
25). In our study, the variables calculated by this method had
good correlation with those of their counterparts derived by
the conventional method. The mean difference between the
MPIs was 0.07 (95% CI –0.09 to 0.24). Despite the significant
difference between the MPIs calculated by these two methods,
there was good agreement between the two in any given
patient, as demonstrated by the Bland-Altman plot. This is in
agreement with other studies in which agreement between the
conventional and TD method was studied (18,23-26). The
findings of our study also agree with the suggestion that the
cut-off for defining normality should be raised by approxi-
mately 0.1 whenever the MPI-TD is used for discriminating
between normal and impaired left ventricular function.

The MPI is a measure of global cardiac function, and is a
more apt index of cardiac function than LVEF, left ventricular
end-systolic dimension or the diastolic times. Studies have also
demonstrated that the normal range for the MPI is narrower,
and that the degree of intergroup overlap is smaller. The MPI
has been shown to have incremental prognostic value in addi-
tion to LVEF in a variety of cardiac disorders, and also to be

more independent of heart rate and loading conditions than
other systolic or diastolic parameters. The MPI is the preferred
method for assessing global cardiac function because of a nar-
rower range in normal persons and its better discriminative
activity.

Although both conventional PWD and TD of the mitral
annulus measure the same parameters, ie, systolic and diastolic
time intervals to calculate the MPI of the left ventricle, MPI-
TD has several advantages. All of the data required for calcu-
lating the MPI are derived in a single cardiac cycle with TD.
Thus, the problem of variability due to heart rate and posture
are eliminated. It is also possible to assess regional myocardial
function by separately measuring medial and lateral mitral
annular velocities using TD, which is not the case with con-
ventional PWD. This may be especially useful in settings such
as postmyocardial infarction and in rare cardiomyopathies,
which variably involve the different walls of the left ventricle.
The weight of evidence thus supports that MPI-TD correlates
well with the more extensively studied MPI-PW. Considering
this and its technical superiority, TD is a preferable method for
derivation of the MPI compared with the conventional PWD.

CONCLUSIONS
The findings of our study show that LGMD patients have sub-
clinical cardiac dysfunction, as evidenced by a relatively
abnormal MPI, compared with normal persons of similar age
and sex. Long-term follow-up of these patients will show
whether there is progression of left ventricular dysfunction in
these patients.
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