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Background Professional, long-term physical training is often associated with morphological and metabolic changes
in the heart. This study was undertaken to assess the left ventricular (LV) and right ventricular (RV) morphology and function
and the LV high-energy phosphates of athletes trained to a sustained power or aerobic exercise.

Methods Magnetic resonance imaging (MRI) of the LV and RV and phosphorous 31 magnetic resonance spectroscopy
of the LV were performed by means of a 1.5-T clinical scanner in 23 elite track sprinters (sustained power or anaerobic
power sprint training, 100-400 m) or marathon runners (sustained aerobic endurance training) and in 10 sedentary, young,
lean men.

Results Athletes had LV hypertrophy and unaffected chamber size, systolic and diastolic functions, and high-energy
phosphates metabolism. Also, the RV of the athletes was hypertrophied in comparison with that of the nonathletic controls,
and the systolic and diastolic functions were unaffected; the chamber volume was higher in the sprinters (end-diastolic
volume 190 ± 15 mL) in comparison with that of the marathon runners (174 ± 19 mL, P b .05) and controls (168 ± 19 mL,
P b .01) even if this difference, when adjusted for body surface area, was maintained only when compared with that of
controls (P b .02).

Conclusions Left ventricular and RV hypertrophy in athletes is associated with normal systolic and diastolic functions
and resting cardiac energy metabolism, supporting its benign nature. A more pronounced RV dilatation was found in
the anaerobic power athletes and further investigation is warranted to establish the clinical significance of this training effect.
(Am Heart J 2007;154:937-42.)
Professional, long-term physical training is often
associated with morphological changes in the heart, and
increased left ventricular (LV) cavity dimensions and wall
thickness and mass represent the major features of the
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exercise-induced heart remodeling.1 These changes are
usually mild, but sometimes, especially in elite athletes,
they may be substantial.2,3 Overall, athletes' LV has
demonstrated normal systolic and diastolic functions,1,4

and the high-energy phosphate metabolism has been
found to be normal in cyclists with LV hypertrophy.5 The
LV morphological adaptations may be influenced by
age, sex, ethnicity,6 and probably by genetic predisposi-
tion4; but it is common knowledge that depending on the
type of exercise performed, 2 different morphological
LVs may be distinguished: the endurance-trained heart
and the strength-trained heart.1-6 According to the theory,
athletes involved in sports with a high dynamic compo-
nent develop a predominantly increased LV chamber size
with a proportional increase in wall mass; and athletes
involved in sports with mainly static or isometric exercise
develop predominantly increased LV wall mass with
unchanged chamber size. In practical terms, athletic
conditioning is rarely pure dynamic or static; therefore,
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the above-described classification is rather relative. Most
of the above-described features of the heart of profes-
sional athletes are about the LV; only limited data are
available about the right ventricular (RV) morphology and
function. Therefore, this study was undertaken to assess
the LV and RV morphology and function and the LV high-
energy phosphate metabolism of professional, elite
athletes; in addition, the impact of the habit to perform a
sustained power exercise training or a sustained aerobic
endurance training was taken into account based on the
recruitment of sprinter track runners and marathon
runners, respectively.
Methods
Subjects
Twenty-three elite track runners participating in national and

international competitions were recruited within the Federa-
zione Italiana Atletica Leggera—Lombardia Section. Athletes
were segregated based on their habitual training program in
subjects undergoing a sustained power or anaerobic power
training (sprinters 100-400 m: n = 14, age 23 ± 3 years, body
weight 72 ± 6 kg, body mass index 21.7 ± 1.1 kg/m2, surface
area 1.92 ± 0.10 m2) or a sustained aerobic endurance training
(marathon runners: n = 9, age 26 ± 5 years, body weight 65 ±
7 kg, body mass index 21.1 ± 1.2 kg/m2, surface area 1.83 ±
0.13 m2). They were compared with 10 sedentary, young, lean
men (age 25 ± 2 years, body weight 72 ± 9 kg, body mass
index 22.4 ± 1.7 kg/m2, surface area 1.93 ± 0.12 m2) recruited in
the outpatient services of the Center of Nutrition/Metabolism of
the San Raffaele Scientific Institute (Milan, Italy). All study
subjects were healthy, with no history of diabetes, hypertension,
dyslipidemia, vascular events, and dilated cardiomyopathy; no
previous knowledge of a pathologic ejection fraction and of
resting electrocardiographic (ECG) markers of cardiac ischemia;
and no features compatible with the New York Heart Associa-
tion classes for heart failure. They were not taking any
medications. Recruited subjects gave their informed written
consent after explanation of purposes, nature, and potential
risks of the study.

Experimental procedures
Subjects were instructed to consume an isocaloric diet and to

abstain from heavy exercise for 3 days before the MRI/magnetic
resonance spectroscopic (MRS) studies. All volunteers under-
went the protocol at 7:30 to 9:30 AM on Wednesdays in the
resting state after a 10-hour overnight fasting period.

Cardiac phosphorus 31 MRS. Cardiac phosphorus 31 (31P)
MRS was performed at rest using a 1.5-T whole-body scanner
(Gyroscan Intera Master 1.5 MR System; Philips Medical Systems,
Best, the Netherlands). Phosphorus 31 spectra were obtained by
means of a 10-cm-diameter surface coil used for transmission and
detection of radio frequency signals at the resonance frequency
of 31P (at 1.5 T, 25.85 MHz) as previously described.7-9 Briefly,
after appropriate positioning of the surface coil on the chest,
localized homogeneity adjustment was performed using the
body coil and ECG triggering by optimizing the 1H-MR spectro-
scopy water signal. Afterward, the transmitter-receiver was
switched without time delay to the 31P frequency, and manual
tuning and matching of the 31P surface coil was performed
to adjust for different coil loading. The radio frequency level
was adjusted to obtain a 180° pulse of 40 milliseconds for the
reference sample at the center of the 31P surface coil. The
acquisition of 31P magnetic resonance spectra was triggered to
the R wave of the ECG, with a trigger delay time of
200 milliseconds and a recycle time of 3.6 seconds. Image
Selected in-vivo Spectroscopy (ISIS) volume selection in
3 dimensions based on 192 averaged free induction decays was
used. The volume of interest was oriented, avoiding the
inclusion of chest wall muscle and diaphragm muscle
(typical volume size 5 [caudocranial] × 6 × 6 cm3). Acquisition
time was 10 minutes. Adiabatic frequency-modulated
hyperbolic secant pulses and adiabatic half-passage detection
pulses were used to achieve inversion and excitation over the
entire volume of interest. Examination time was 40 to
45 minutes.

Cardiac MRI. Magnetic resonance imaging studies were
performed with the above-described scanner using an
enhanced gradient system with a maximum gradient strength
of 30 mT/m and a maximum gradient slew rate of
150 mTd m−1d s−1. The Cardiac Research software patch
(operating system 9) (Philips Medical Systems, Best, The
Netherlands) was used. The examination was performed using
a 5-element cardiac phased-array coil (SENSE-cardiac; Philips
Medical Systems) and retrospective ECG triggering obtained
with a vectorcardiogram system10 and using standard MRI
methodology as previously described.7-9 Briefly, a stack of
contiguous short-axis slices (thickness 8 mm, gap 2 mm)
covering the full extent of both ventricles with the most
basal slice positioned just distal to the atrioventricular
groove were acquired using cine balanced fast field echo
breath-hold sequence. Flow mapping of transmitral and
transtricuspidal flows was obtained acquiring 2 ECG-gated
phase-contrast fast field echo sequences respectively oriented
perpendicular to the left and right atrioventricular flows. The
maximum velocity encoding was set at 140 cm/s. The
parameters of diastolic function of both ventricles were
calculated by atrioventricular flows.11

Calculations
Phosphorus 31 MRS analysis. Magnetic resonance spectra

of 31P were transferred to a remote Sun SPARCworkstation (SUN
Microsystems Inc, Santa Clara, CA) for analysis. The spectra
were quantified automatically in the time domain using
Fitmasters. The adenosine triphosphate (ATP) level was
corrected for the ATP contribution from blood in the cardiac
chambers based on a previous study.12 Depending on the
repetition time, phosphocreatine (PCr)/ATP ratios had to be
corrected for partial saturation effects and T1 values obtained
from inversion recovery experiments on the human LV were
used. Based on these data and a repetition time of 3.6 seconds, a
saturation correction factor of 1.35 was obtained and applied to
all “blood-corrected” myocardial PCr/ATP ratios.13,14 An esti-
mate of the signal-noise ratio of each spectra was obtained from
the relative Cramer-Rao SD calculated for the PCr/ATP ratio,
which is a commonly reported index of accuracy of the spectral
quantification.14

Magnetic resonance imaging analysis. Image analysis of
the morphology and function of both LV and RV was performed
using an image-processing workstation (EasyVision; Philips
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Table I. Absolute and body surface area–adjusted LV and RV
mass and EDV

Sprinters
Marathon
runners Controls

LV parameters
Mass (g) 158 ± 22⁎ 171 ± 30⁎ 131 ± 18
Mass/BSA
(g/m2)

82 ± 10⁎ 94 ± 20⁎ 68 ± 8

EDV (mL) 157 ± 18 163 ± 34 150 ± 27
EDV/BSA
(mL/m2)

82 ± 8 89 ± 16 75 ± 14

RV parameters
Mass (g) 50 ± 7⁎ 56 ± 6⁎ 41 ± 5
Mass/BSA
(g/m2)

26 ± 4⁎ 31 ± 5⁎ 21 ± 3

EDV (mL) 190 ± 15y 174 ± 19 168 ± 19
EDV/BSA
(mL/m2)

100 ± 7⁎ 95 ± 12 87 ± 10

LV/RV ratios
LV/RV mass ratio 3.2 ± 0.4 3.1 ± 0.6 3.3 ± 0.5
LV/RV EDV ratio 0.83 ± 0.07⁎z 0.93 ± 0.08 0.89 ± 0.06

Data are mean ± SD. Comparisons were made using 1-way ANOVA and Bonferroni
post hoc analysis.
BSA, Body surface area.
⁎P b .02 versus controls.
yP b .01 versus marathon runners and controls.
zP b .01 versus marathon runners.

Table II. Left ventricular and RV systolic and diastolic functions

Sprinters Marathon runners Controls

Heart rate (beat/min) 63 ± 11⁎ 46 ± 11y 64 ± 15
LV parameters
Stroke volume (mL) 96 ± 15 95 ± 17 91 ± 15
Cardiac output
(L/min)

6.0 ± 1.5⁎ 4.2 ± 0.6y 5.9 ± 1.6

Ejection fraction (%) 61 ± 7 59 ± 8 63 ± 5
E/A peak flow 3.1 ± 0.9 3.1 ± 0.9 2.4 ± 0.7
Deceleration
time (ms)

175 ± 29 196 ± 30 174 ± 23

RV parameters
Stroke volume (mL) 101 ± 12 94 ± 15 89 ± 11
Cardiac output
(L/min)

6.3 ± 1.0⁎ 4.1 ± 1.2 5.6 ± 1.5

Ejection fraction (%) 53 ± 5 54 ± 6 53 ± 5
E/A peak flow 2.1 ± 0.7 2.2 ± 0.9 2.2 ± 0.7
Deceleration
time (ms)

199 ± 34 201 ± 41 194 ± 43

Data are mean ± SD. Comparisons were made using 1-way ANOVA and Bonferroni
post hoc analysis.
⁎P b .05 versus marathon runners.
yP b .05 versus controls.
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Medical Systems) by using the cardiac analysis software package
as previously described.7-9 An experienced operator manually
traced the epicardial and endocardial borders of cine contiguous
short-axis slices at end-diastole and end-systole, allowing the
calculation of myocardial mass, end-diastolic volume (EDV), and
end-systolic volume (ESV) of both ventricles. For mass calcula-
tion, the myocardial volume was multiplied by the specific
density of the myocardium (1.05 g/cm3).15 Only the RV free wall
was used to determine the RV mass, according to the
recommendations of Cutrone et al16; so, the interventricular
septum was considered as part of the LV. Stroke volume and
ejection fraction were derived by EDV and ESV. For the
assessment of diastolic function, the orifice of atrioventricular
valves were manually traced on magnitude images and
automatically transferred to the velocity map images. The
morphology and the size of each contour were adjusted
according to cardiac phase. Curves of flow rate versus time were
automatically reconstructed allowing the analysis of early peak
and atrial peak features and volumes.
The body surface area was calculated using the following

formula:

m2 ¼ ðW0:425 � H0:725 � 71:84Þ=10000;
where W represents the weight in kilograms and H represents
the height in centimeters.

Statistical analysis
Data in text, tables, and figures are mean ± SD. Analysis was

performed using the SPSS software (version 10.0; SPSS Inc,
Chicago, IL). Parameters did not show a skewed distribution
(Kolmogorov-Smirnov test of normality). One-way analysis of
variance (ANOVA) with Bonferroni post hoc analysis was used to
compare between groups. Two-tailed Pearson correlation was
performed to establish partial correlation coefficients between
variables. Statistical significance was defined as P b.05.

Results
Left ventricular morphology, function, and metabolism
The LV mass was increased in professional sprinters

(P b .02) and marathon runners (P b .01) in comparison
with the non-athletic control subjects regardless of the
specific exercise training program (Table I). In contrast,
the LV chamber volume was not different between
groups in both the end-diastolic (P = .32) (Table I) and
end-systolic (62 ± 14, 69 ± 22, and 55 ± 15 mL in
sprinters, marathon runners and controls, respectively;
P = .21) phases. The findings of these comparisons were
not affected when data were normalized for body
surface area, even if we must emphasize that when
adjusted for body surface area, the EDV showed a trend
to be significantly different between groups (P = .078).
The parameters of systolic functions were also within
normal values in the professional athletes; the stroke
volume (P = .76) and the ejection fraction (P = .44) were
not different between groups (Table II), whereas the
cardiac output was reduced in the marathon runners in
comparison with that of the other study groups (Table
II). Parameters of diastolic function, ratio of early-peak
filling rate to atrial-peak filling rate (E/A peak flow, P =
.11) and deceleration time (P = .18), were also not
different between study groups (Table II). The PCr/ATP
ratio as a marker of LV high-energy phosphates was not
different between study groups (2.12 ± 0.38, 2.36 ±
0.36, and 1.94 ± 0.46 in sprinters, marathon runners, and
controls, respectively; P = .10) (Figure 1). The size of the
volume of interest did not differ between study groups
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Figure 1

Left ventricular PCr/ATP ratio. The PCr/ATP ratio as a marker of LV
high-energy phosphate metabolism was not different between study
groups. Values are mean ± SD.
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(169 ± 43, 165 ± 34, and 163 ± 49 cm3 in sprinters,
marathon runners, and nonathletic subjects,
respectively; P = .51). In our setting and in lean
individuals, the intraexamination coefficient of variation
(CV, assessed by studying subjects twice and consecu-
tively on the same session without changing the position
of the surface coil) is 6% ± 3%. Interexamination CV
(studied by performing the acquisition in 2 separate
occasions, with a time interval of 7-16 days with no
efforts to minimize variability) is 11% ± 5%. Data of inter-
and intra-assay variability are the means obtained in
subgroups of 19 individuals recruited for different
protocols such as diabetic patients, individuals with
heart failure, and obese subjects.7-9 Heart rate was
significantly lower in the marathon runners when
compared with that of the other study groups during the
MRI/MRS study (Table II).

Right ventricular morphology and function
The RV mass was increased in professional sprinters

(P = .006) and marathon runners (P b .001) in comparison
with that of the nonathletic control subjects regardless of
the specific exercise training program (Table II). Correc-
tion for body surface area did not affect the outcome of
the analysis. In addition, the RV chamber volume was
increased only in the sprinter athletes in both the end-
diastolic (P b .01) (Table I) and end-systolic (90 ± 11, 79 ±
12, and 78 ± 14 mL in sprinters, marathon runners, and
controls, respectively; P b .05) phase in comparison with
that in both marathon runners and controls. The above-
described analysis performed, correcting the end-diastolic
and systolic volumes for the body surface area, confirmed
that the RV volumes were significantly different in
sprinters in comparison with those in control subjects
(Table I), but notwith those inmarathon runners (P= .33).
The parameters of systolic functions were also within
normal values in the professionals athletes; the stroke
volume (P = .12) and the ejection fraction (P = .88) were
not different between groups (Table II), whereas, the
cardiac output was reduced in the marathon runners in
comparison with that in the sprinters (Table II). Para-
meters of diastolic function, E/A peak flow (P = .94) and
deceleration time (P = .93), were also not different
between study groups (Table II).
Discussion
The present study demonstrated that LV hypertrophy in

elite professional athletes used to perform sustained
power and anaerobic power training (sprinters) or a
sustained aerobic training (marathon runners) was not
associated with alterations of function and energy
metabolism regardless of the specific exercise training
program. The study clearly showed that also the RV
remodeling in elite athletes is characterized by a
hypertrophic response similarly developed in sprinters
and marathon runners without any detectable effect on
the systolic and diastolic function of the RV. A significant
enlargement of the RV volume size was more evident in
the sprinters when compared with healthy and non-
athletic individuals.
Left ventricular hypertrophy is a recognized feature of

professional athletes, and our finding summarized in
Table I is confirmatory of other previous works.1 This
morphological change was not paralleled by a significant
change in the chamber size of the LV (Table I), even if a
trend was evident when adjusted for body surface area.
No alterations in the systolic and diastolic functions of the
LVof these individuals were found (Table II) regardless of
the specific exercise training program.1,4 Using localized
31P MRS experiments, we were able to confirm that our
endurance-trained individuals showed a normal resting LV
high-energy phosphate metabolism.5 Our results allowed
to extend the above-described finding also to athletes
undergoing the sustained power and not only the
anaerobic power training, as graphically summarized in
Figure 1 based on the PCr/ATP ratio data. This pattern is
in contrast with what has been observed when LV
hypertrophy develops as an adaptation to pathologic
circumstances (hypertension, aortic valve disease) in
which the phosphate energy metabolism was
impaired.17,18 We may therefore conclude that the LV
hypertrophy detected in these elite athletes is a benign
phenomenon, representing a physiologic adaptation to
intense exercise training. Moreover, this study is the first
to assess, using the same methodological approach and
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setting, that these modifications are similar in track
runners who are conditioned to different exercise
training strategies.
This study was undertaken to assess the effects of a

different exercise training procedure also on the RV
morphology and function, and to our knowledge this is
the first MRI study to evaluate parameters of the RV
diastolic function in elite athletes. To this regard, in
general, few data are available on the RV because its
complex shape makes it less accustomed for the
echocardiographic technique. For this reason, we
applied MRI to perform reliable determinations of
parameters of RV morphology and function. Similar to
the observation about the LV mass, the RV mass was
found to be increased in both the sustained power and
anaerobic power training (sprinters) or sustained
aerobic training (marathon runners) in comparison with
that of the nonathletic individuals (Table I). This
finding is similar to the observation reported by
Scharhag et al.19 In that study, the LV/RV mass ratio
was not different between athletes and controls; and in
agreement with the proposed approach of data analysis,
also in our subgroups of athletes this parameter was
remarkably similar to that of the nonathletic individuals
(Table I). In contrast with the parameter of ventricular
mass, the parameters of RV volume were increased in
the athletes in sustained power or anaerobic power
training (sprinters), but not in the marathon runners, in
comparison with those in the nonathletic individuals
(Table I) also when adjusted for body size. Confirming
this finding, the relative parameter LV/RV ratio of EDV
was lower in the sprinters in comparison with that in
the other 2 study groups (Table I). In a revision of
8 echocardiographic studies of athletes' hearts, Maron20

reported that the RV inner end-diastolic diameter was
24% greater than in normal individuals, whereas the
difference in the size of the LV averaged only to 10%.
This suggests that the effect of exercise training on the
RV chamber size may be more pronounced than the
effect on the LV chamber size. Our study adds on,
demonstrating that the effect on the morphological
parameter of the RV is more evident with a specific
exercise conditioning. A limitation of the present work
is that the significance of this remodeling remains
undetermined. We observed that the increased chamber
size in the sprinters was not associated with any of the
parameters measured in the resting state by means of
the MRI technique or with any other known anthropo-
metric feature of the athletes. Therefore, it is likely that
it may be dependent on the exercise training program.
We must emphasize that in association with this
geometric rearrangement, the RV systolic and diastolic
functions of this group of athletes were not different
when compared with those of the nonathletic indivi-
duals (Table II). This is the reason why this finding is
most consistent with the benign and physiologic nature
of the increased RV chamber size in the elite athletes
conditioned to a sustained power or an anaerobic
power endurance training. On the other hand, a work
by Pelliccia et al21 found that the resolution of the cavity
enlargement of the LV in elite athletes years after long-
term deconditioning was absent in N20% of individuals.
They suggested that this defect may represent a subtle
cardiomyopathic process that could ultimately lead to
clinical consequences later in life. This finding cannot
be extrapolated to the RV, and because of the intrinsic
difficulties in studying its morphology and function,
longitudinal data about the effects of the long-term
deconditioning on the RV are lacking. Based on these
data, we believe that confirmations of our findings
should be generated, possibly expanding the investiga-
tion to different kinds of exercise disciplines (in athletes
used to exercise training programs more focused in
static or isometric exercise, eg, weightlifters, throwers)
to be certain of the relevance of this phenomenon. In
presenting these data, it should be taken into account
that a limitation of the present work is its cross-sectional
nature; therefore, we cannot state whether this mor-
phological change will play a role in potential future
cardiac dysfunctions. In our opinion, longitudinal
studies exploring the natural history of the morpholo-
gical changes of the RV in professional athletes during
training and during deconditioning later in their life
need to be performed. In conclusion, morphological,
functional, and energy metabolism changes of the LV
were found in elite track runners in comparison with
sedentary healthy individuals, regardless of the specific
exercise training habit; in contrast, a different impact of
the exercise training habit was observed for RV
enlargement, being more pronounced in the anaerobic
power athletes when compared with controls. Its
significance remains to be determined and needs
further clarification.
References
1. Pluim BM, Zwinderman AH, van der Laarse A, et al. The athlete's

heart. A meta-analysis of cardiac structure and function.
Circulation 1999;100:336-44.

2. Pelliccia A, Maron BJ, Spataro A, et al. The upper limit of physiologic
cardiac hypertrophy in highly trained elite athletes. N Engl J Med
1991;324:295-301.

3. Pelliccia A, Culasso F, Di Paolo FM, et al. Physiologic left ventricular
cavity dilatation in elite athletes. Ann Intern Med 1999;130:23-31.

4. Fagard R. Athlete's heart. Heart 2003;89:1455-61.
5. Pluim BM, Lamb HJ, Kayser HW, et al. Functional and metabolic

evaluation of the athlete's heart by magnetic resonance imaging and
dobutamine stress magnetic resonance spectroscopy.
Circulation 1998;97:666-72.

6. Sharma S. Athlete's heart—effect of age, sex, ethnicity and sporting
discipline. Exp Physiol 2003;88.5:665-9.

7. Perseghin G, Fiorina P, De Cobelli F, et al. Cross-sectional assessment
of the effect of kidney and kidney-pancreas transplantation on resting
left ventricular energy metabolism in type 1 diabetic-uremic



942 Perseghin et al
American Heart Journal

November 2007
patients: a phosphorous-31 magnetic resonance spectroscopy
study. J Am Coll Cardiol 2005;46:1085-92.

8. Fragasso G, Perseghin G, De Cobelli F, et al. Effects of metabolic
modulation by trimetazidine on left ventricular function
and phosphocreatine/adenosine triphosphate ratio in patients with
heart failure. Eur Heart J 2006;27:942-8.

9. Perseghin G, Ntali G, De Cobelli F, et al. Abnormal left ventricular
energy metabolism in obese men with preserved systolic and
diastolic functions is associated with insulin resistance. Diabetes
Care 2007;30:1520-7.

10. Chia JM, Fischer SE, Wickline SA, et al. Performance of
QRS detection for cardiac magnetic resonance imaging with a
novel vectorcardiographic triggering method. J Magn Reson
Imaging 2000;12:678-88.

11. Paelinck BP, Lamb HJ, Bax JJ, et al. Assessment of diastolic function
by cardiovascular magnetic resonance. Am Heart J 2002;144:
198-205.

12. De Roos A, Doornbos J, Luyten PR, et al. Cardiac metabolism in
patients with dilated and hypertrophic cardiomyopathy: assessment
with proton-decoupled P-31 MR spectroscopy. J Magn Reson
Imaging 1992;2:711-9.

13. Lamb HJ, Beyerbacht HP, Ouwerkerk R, et al. Metabolic response of
normal human myocardium to high dose atropine-dobutamine
stress studied by 31P-MRS. Circulation 1997;96:2969-77.
14. Lamb HJ, Doornbos J, den Hollander JA, et al. Reproducibility
of human cardiac 31P-NMR spectroscopy. NMR Biomed
1996;9:217-27.

15. Katz J, Milliken MC, Stray-Gundersen J, et al. Estimation of human
myocardial mass with MR imaging. Radiology 1988;169:495-8.

16. Cutrone JA, Georgiou D, Khan S, et al. Comparison of electron beam
computed tomography scanning and magnetic resonance
imaging quantification of the right ventricular mass; validation
with autopsy weight. Acad Radiol 1996;3:395-400.

17. Bache RJ, Zhang J, Murakami Y, et al. Myocardial oxygenation at
high workstates in hearts with left ventricular hypertrophy.
Cardiovasc Res 1999;42:616-26.

18. Lamb HJ, van der Laarse A, Pluim BM, et al. Functional and metabolic
evaluation of the hypertrophied heart using MRI and 31P-MRS.
MAGMA 1998;6:168-70.

19. Scharhag JS, Schneider G, Urhausen A, et al. Athlete's heart. Right
and left ventricular mass and function in male endurance athletes
and untrained individuals determined by magnetic resonance
imaging. J Am Coll Cardiol 2002;40:1856-63.

20. Maron BJ. Structural features of the athlete heart as defined by
echocardiography. J Am Coll Cardiol 1986;7:190-203.

21. Pelliccia A, Maron BJ, De Luca R, et al. Remodeling of left ventricular
hypertrophy in elite athletes after long-term deconditioning.
Circulation 2002;105:944-9.


	Effect of the sporting discipline on the right and left ventricular morphology and function of .....
	Methods
	Subjects
	Experimental procedures
	Cardiac phosphorus 31 MRS
	Cardiac MRI

	Calculations
	Phosphorus 31 MRS analysis
	Magnetic resonance imaging analysis

	Statistical analysis

	Results
	Left ventricular morphology, function, and metabolism
	Right ventricular morphology and function

	Discussion
	References


