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The individual response to acute and chronic changes in cardiac structure and function to
intense exercise training is not fully understood and therefore evidence in this setting may help
to improve the timing and interpretation of pre-participation cardiac screening. The following
case report highlights an acute increase in right ventricular (RV) size and a reduction in left
ventricular (LV) basal radial function with concomitant increase at the mid-level in response to a
week’s increase in training volume in a professional boxer. These adaptations settle by the
second week; however, chronic physiological adaptation occurs over a 12-week period.
Electrocardiographic findings demonstrate an acute lateral T-wave inversion at 1 week, which
revert to baseline for the duration of training. It appears that a change in training intensity and
volume generates an acute response within the RV that acts as a stimulus for chronic adapta-
tion in this professional boxer.

INTRODUCTION

Pre-participation cardiac screening of the athlete using both

electrocardiography (ECG) and echocardiography is import-

ant in reducing the rate of sudden cardiac death from undiag-

nosed inherited cardiac disease [1], yet the influence of acute

and chronic intense training on cardiac structure, function and

ECG findings is not fully understood. Individual response to

training may provide important information for the screening

practitioner with regard to the timing and interpretation of

these investigatory findings.

CASE REPORT

A 32-year-old Caucasian professional boxer with no history of

cardiovascular disease was training for an average of 10 h per

week prior to the start of an intensive 3 months preparation

(average of 32 h per week) leading up to an international fight.

12-Lead ECG and echocardiographic data were acquired at

the same time of day (early morning prior to training) at peri-

odic intervals (baseline prior to increase in training intensity

and then at Weeks 1–3 of training followed by a final data col-

lection prior to the fight at 12 weeks). Echocardiography

included standard 2D, Doppler and tissue Doppler imaging

(TDI) as well as myocardial speckle tracking (MST) derived

indices of deformation from the left and right ventricles.

Dual-energy X-ray absorptiometry (DXA) scans were also

acquired as well as a full account of training and nutritional in-

formation. The athlete typically trained two to three times per

day 5–6 days per week with training sessions consisting of

fasted morning steady-state (i.e. 70% VO2max) and/or high-

intensity intermittent (encompassing repeated 3-min intervals

at 90% VO2max) running (8–9 a.m.), boxing-specific training

(1–4 p.m.) and strength and conditioning (7–8 p.m.). During

the 12-week-training period, the athlete adhered to a daily diet

approximately equivalent to resting metabolic rate (2100 kcal:

2.5 g/kg body mass carbohydrate, 2 g/kg protein, 1 g/kg fat)

and total body mass loss equated to 7.8 kg. DXA scans were

performed in the morning fasted state at regular 3–4 week

intervals and data confirmed significant alterations to body

composition (e.g. at Weeks 1 and 11, percent body fat equated

to 13.9 and 8.8%, respectively).
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Following the first week of training, an acute response was

observed with marked right ventricular (RV) outflow/inflow

and left atrial (LA) enlargement with a parallel negative

impact on basal left ventricular (LV) radial strain and an

increased post-systolic index. A concomitant increase in LV

mid-wall radial function was observed. RV function was

unchanged when measured using strain while TDI velocities

increased. The baseline 12-lead ECG was unremarkable,

however, following the first week of training new lateral T-wave

inversion in leads V5 and V6 were noted. Echocardiographic

data from Week 2 of training provided evidence of RV structure

and function returning closer to baseline with a reduction in LV

radial post-systolic shortening. The RV inflow diameters and

LA volume were increased over baseline at the final data collec-

tion point while LV structure and function was less effected

with exception of the basal segments which continued with

depressed radial strain/increased post-systolic index and

increased mid-radial strain compared with baseline (see Fig. 1).

The lateral T-wave changes subsequently reverted to normal for

the remainder of the training period (see Fig. 2).

DISCUSSION

The acute effects of prolonged strenuous exercise on RV func-

tion have previously been documented [2, 3] with evidence of

dilatation and dysfunction. This phenomenon has been attribu-

ted to a relatively higher increase in exercise-induced RV wall

stress [4] which appears transient in nature with a rapid reso-

lution [5]. In fitting with the previous work, the findings in

this case highlight marked acute changes in RV size from both

the outflow and inflow (main body of the RV) following a

transition from moderate training (10 h per week) to intensive

dynamic and static training (32 h per week) while uniquely

highlighting an impact on LV radial function. It is well estab-

lished that RV pressure/volume overload impacts on septal

Figure 1: Echocardiographic findings at baseline, Week 1–3 and Week 12 of an intensive training programme. (a) RV structural parameters, (b) RV functional

parameters, (c) LV structural parameters, (d) LV functional parameters, (e) LV strain parameters, (f) LV post-systolic index.
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geometry with post-systolic movement [6]; however, this has

never been highlighted following an acute change in training

intensity. The reduction in basal strain appears to be compen-

sated by an increase at mid-level and; therefore, overall LV

function is not compromised. The 12-lead ECG changes

observed following the first week are intriguing with the acute

development of lateral T-wave inversion. It is well established

that athletic conditioning induces modifications which can

include T-wave inversion, however; the presence of lateral

T-wave inversion is considered pathological [7]. To the best of

our knowledge, this is the first case to report this finding and in

association with the marked structural and mechanical changes

it is clear that this finding requires further exploration.

There is strong evidence to support chronic eccentric hyper-

trophy of the RV in athletes who engage in a high volume of

combination (dynamic and static) training such as cyclists,

rowers and boxers [8 – 10] with the RV inflow dimensions

having the greatest degree of remodelling. This case supports

this finding over a short period of time (3 months) and further-

more highlights the transition from an acute response to

gradual chronic adaptation. Interestingly, the LV functional

change in mechanics, a dominant mid-level radial function,

persist throughout the training period possibly highlighting a

shift in cardiac functional adaptation which prompts further

exploration. The lateral T-wave inversion was transient as all

subsequent recordings were normal. This phenomenon is diffi-

cult to explain particularly with the lack of any LV structural

or functional adaptation including no evidence of hypertrabe-

culation. The impact of an acute bout of exercise on electrical

repolarization has received some attention with evidence of

changes to the QT interval and T-wave axis (vector loops)

[11] post-exercise with alterations persisting 1 day post-

exercise. There is also a growing evidence base supporting the

association of early repolarization to fitness levels as docu-

mented in a longitudinal training study [12]. Although both

these studies highlight a transient and physiological alteration

in ventricular repolarization in response to exercise training,

there is no literary evidence of a transient T-wave inversion in

the presence of a sustained training stimulus, as demonstrated

in this case report. It is unlikely that the early repolarization

data offers significant insight into the mechanisms for T-wave

inversion in this setting; however, the mechanisms underpin-

ning changes to the QT interval and T-wave dispersion follow-

ing prolonged exercise may be more relevant. Although

transient changes in ion-channel function and (or) blood elec-

trolyte content may play a role there is some speculation that

the electrical alterations may be secondary to the mechanical

stress and interaction between the right and left ventricles

Figure 2: Resting 12-lead electrocardiograms at Week 1 and 2 of an intensive training programme. Circles highlight T-wave changes in the lateral leads

V5 and V6.
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[10]. In view of our additional mechanical findings, this case

report supports this theory and furthermore highlights the

acute impact of a change in training intensity and volume on

the electromechanical components of cardiac structure and

function.

CONCLUSION

This case highlights an acute response to a significant change

in training volume with RV dilatation and a shift in LV mech-

anical function, likely as a consequence of parallel impact

from the RV. Acute changes return close to baseline, however,

maintenance of the training volume results in chronic struc-

tural adaptation of the RV with a persistent change in LV

radial mechanics. These findings may have an impact on pre-

participation screening generating a particular consideration

to acute and chronic adaptation of cardiac structure, function

and ECG findings.

REFERENCES

1. Pelliccia A, Maron BJ. Preparticipation cardiovascular evaluation of the
competitive athlete: perspectives from the 30-year Italian experience. Am
J Cardiol 1995;75:827–829.

2. Oxborough D, Shave R, Warburton D, Williams K, Oxborough A,
Charlesworth S, et al. Dilatation and dysfunction of the right ventricle
immediately following ultra-endurance exercise: exploratory insights

from conventional 2-dimensional and speckle tracking echocardiography.
Circ Cardiovasc Imaging 2011;4:253–263.

3. La Gerche A, Burns A, Mooney D, Inder W, Taylor A, Bogaert J, et al.

Exercise-induced right ventricular dysfunction and structural remodelling
in endurance athletes. Eur Heart J 2012;33:998–1006.

4. La Gerche A, Heidbuchel H, Burns A, Mooney D, Taylor A, Pfluger H,
et al. Disproportionate exercise load and remodelling of the athlete’s right
ventricle. Med Sci Sports Exerc 2011;43:974–981.

5. Oxborough D, Whyte G, Wilson M, O’Hanlon R, Birch K, Shave R, et al.

A depression in left ventricular diastolic filling following prolonged
strenuous exercise is associated with changes in left atrial mechanics. J

Am Soc Echocardiogr 2010;23:968–976.
6. Ryan T, Petrovic O, Dillon J, Feigenbaum H, Conley M, Armstrong W.

An echocardiographic index for separation of right ventricular volume

and pressure overload. J Am Coll Cardiol 1985;5:918–924.
7. Drezner J, Ackerman M, Anderson J, Ashley E, Asplund C, Baggish A,

et al. Electrocardiographic interpretation in athletes: the ‘Seattle Criteria’.
Br J Sports Med 2013;47:122–124.

8. Oxborough D, Sharma S, Shave R, Whyte G, Birch K, Artis N, et al. The
right ventricle of the endurance athlete: the relationship between

morphology and deformation. J Am Soc Echocardiogr 2012;25:263–271.
9. D’Andrea A, Riegler R, Golia E, Scarafile R, Salerno G, Pezullo E, et al.

Range of right heart measurements in top-level athletes: the training
impact. Int J Cardiol 2013;164:48–57.

10. Zaidi A, Ghani S, Sharma R, Oxborough D, Panoulas V, Sheikh N, et al.

Physiologic right ventricular adaptation in elite athletes of African and
Afro-Caribbean origin. Circulation 2013;127:1783–1792.

11. Sahlen A, Rubulis A, Winter R, Jacobsen P, Stahlberg M, Tornvall P,
et al. Cardiac fatigue in long distance runners is associated with
ventricular repolarization abnormalities. Heart Rhythm 2009;6:512–519.

12. Noseworthy P, Weiner R, Kim J, Wang F, Berkstresser B, Wood M, et al.

Early repolarization pattern in competitive athletes: clinical correlates
and effects of exercise training. Circ Arrhythm Electrophysiol

2011;4:432–440.

68 D. Oxborough et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


