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Differential atrial performance at rest and exercise in

athletes: Potential trigger for developing atrial dysfunction?

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Luigi!Gabrielli,!MD.!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Pontificia!Universidad!Católica!de!Chile!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Marcoleta!367,!8330024!Santiago,!Chile!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Phone!#!56F2F23543633;!Fax!#!56F2F26338574! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!EFmail:!lgabrielli@med.puc.cl! 5!
was! performed! with! an! ergometric! supine! bicycle! and! images! were! acquired! at! maximum! exercise! (previous!to!fatigue).!The!maximum!exercise!tolerance!was!expressed!in!Watts!and!estimated!by!metabolic! equivalents!(METs)!and!O 2! consumption!(mL/Kg/min).! Images! were! analyzed! offline! with! commercially! available! software! (EchoPac! version! 108.1.6,! GE! Healthcare,! Milwaukee,! WI).! LV! and! right! ventricle! (RV)! size! measurements! were! done! according! to! the! recommendations! of! the! American! Society! of! Echocardiography! [START_REF] Lang | Recommendations! for!chamber!quantification[END_REF].! LA! volume! was! calculated! from!apical!four!and!twoFchamber!views!using!the!biplane!method!summation!of!discs!(MacClean,!2014)! and!RA!volume!was!measured!from!the!apical!four!chamber!view.!!LA!and!RA!volumes!were!measured!at! three! instants:! (i)! just! before! the! opening! of! the! mitral! valve! (maximum! volume),! (ii)! at! preFatrial! (A)! contraction! volume,! obtained! at! midFdiastole! at! the! beginning! of! the! P! wave! on! surface! electrocardiogram.,! and! (iii)! at! the! minimum! volume! just! at! the! closure! of! the! mitral! valve.! Atrial! active! emptying! volume! (AEV)! was! estimated! as! the! difference! between! the! pre! AFwave! volume! and! the! minimum! atrial! volume! and! was! used! as! a! surrogate! for! stroke! volume! produced! by! atrial! contraction.! (Atrial! active! emptying! fraction)! AEF! was! calculated! using! the! formula:! (preFA! wave! volume! -! minimum! volume)/pre! AFwave! volume.! Absolute! differences! between! rest! and! exercise! parameters! were! also! calculated.! Cardiac! chamber! size! measurements! were! indexed! by! the! body! surface! area.! All! data! were! analyzed! by! blinded,! experienced! sonographers.! All! measurements! were! done! at! baseline! and! during! exercise.! Significant! LA! dilatation! was! defined! using! a! cutFoff! volume! of! 40! ml/m 2! ! [START_REF] Lang | Recommendations! for!chamber!quantification[END_REF] 

  Running*Head:*Atrial!function!in!highly!training!athletes.! Word*count:*3653! Address*for*correspondence:!!!Marta!Sitges,!MD,!PhD! !Cardiology!Department;!Thorax!Institute,!Hospital!Clínic!! !Villarroel!136,!08036!Barcelona,!Spain! !Phone!#!34F!93F!227!9305;!Fax!#!34F!93F!451!41!48! !EFmail:!msitges@clinic.ub.es!!

  ! and! arbitrarily!the!same!value!for!RA.! * Atrial*strain*and*strain*rate! Strain!and!strain!rate!of!both!atria!were!analyzed!offline!with!a!commercially!available!software!package! (2Dstrain,! EchoPac! version! 108.1.6)! from! images! acquired! in! the! fourFchamber! view.! The! endocardial! border! was! manually! traced! using! a! pointFandFclick! technique.! For! speckle! tracking! analysis,! we! selected! images! with! at! least! 60! frames/sec! (Gabrielli,! 2014).! LA! and! RA! active! strains! (LA! negative! peak! strain! during!atrial!contraction!(LASa)!and!RA!negative!peak!strain!during!atrial!contraction!(RASa),!respectively)! Preprint version accepted to appear in Scandinavian Journal of Medicine and Science in Sports Final version of this paper available at http://onlinelibrary.wiley.com/doi/10.1111/sms.12610/abstract !with!the!reference!point!set!at!the!onset!of!the!PFwave!of!the!surface!ECG!(Rimbaş,!2014),! which!allowed!identifying!the!peak!negative!strain!(active!shortening)!during!atrial!contraction!(Figure!1)! Similarly,! in! the! strainFrate! curve! we! identified! the! peak! negative! strain! rate! (active! shortening)! during! atrial! contraction! and! the! peak! positive! strain! rate! (stretching)! during! ventricular! contraction! in! each! atrium! (LA! negative! peak! strain! rate! during! atrial! contraction! (LASRa)! and! RA! negative! peak! strain! rate! during! atrial! contraction! (RASRa),!respectively

Figure! 2 !**

 2 Figure! 2! (AFD)! depicts! the! interplay! between! atrial! volume! and! deformation! both! for! the! LA! and! RA,!
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	!	
	RESULTS*	
	*	
	Population*characteristics*	
	All!subjects!were!male,!and!the!two!populations!had!similar!age!(37!±!6![athletes]!vs.!35!±!4!![controls]!year!
	old,!p!=!non!significant![NS])!and!body!surface!areas!(1.9!±!0.1!m 2! [athletes]!vs.!1.9!±!0.2!m 2 ![controls],!p!=!
	).! The! software! divided! the! atrial! wall! into! 6! segments! and! NS).!The!average!athletes'!training!story!was!of!12!±!7!years!at!the!moment!of!the!study.!!
	the!average!was!taken!for!analysis.!Segments!in!which!inadequate!tracking!was!observed!were!excluded! Hemodynamic! parameters! at! rest! and! during! exercise! in! both! groups! are! summarized! together! with!
	from! further! analysis! and! the! remaining! segments! were! averaged.! Analysis! was! done! at! rest! and! during! ventricular!performance!in!Table!1.!As!previously!anticipated,!athletes!showed!significantly!higher!oxygen!
	exercise!(Figure!1).! consumption!and!reached!higher!METs!and!exercise!load!as!compared!to!controls.!!	
	!LV! and! RV! dimensions! were! significantly! larger! in! athletes! as! compared! to! controls! at! baseline! (rest).!
	During!exercise,!both!groups!showed!a!significant!decrease!in!LV!and!RV!volumes.!LV!ejection!fraction!and!
	RV!fractional!area!change!were!similar!at!rest!and!during!exercise!in!both!groups.!	
	*	
	Table!2!summarizes!all!the!data!regarding!LA!and!RA!dimensions!and!function!at!rest!and!during!exercise!in!
	variables!were!tested!by!unpaired!TFtest!or!MannFWhitney!UFtest!(unpaired!data)!and!by!paired!TFtest!or! both! groups.! Athletes! showed! significantly! higher! LA! volumes,! including! active! emptying! volume,! at! rest!
	Wilcoxon! analysis! (paired! data).! Complementarily,! statistical! differences! in! exercise! response! were! and! during! exercise! as! compared! to! controls.! ! Additionally,! both! athlete! and! control! groups! showed! a!
	assessed! by! mixed! factorial! ANOVA,! where! time! (rest/exercise)! is! the! withinFsubject! factor,! and! group! significant!increment!in!LA!active!emptying!volume
	(control/athlete)! is! the! betweenFsubject! factor.! Box's! test! was! used! to! control! the! homogeneity! of!
	variances.!Pearson! or! Spearman! methods! were! used! to! analyze! the! correlation! between! continuous!
	variables!when!suitable.!IntraFand!interFobserver!reproducibility!was!assessed!using!BlandFAltman!analysis,!
	on!10!different!sequences/subjects!for!each!strain!and!strain!rate!parameter!by!two!different!observers,!
	respectively.! Statistical! significance! was! established! at! p<0.05.! All! data! were! analyzed! using! the! SPSS!
	version!15.0!(SPSS,!Inc.,!Chicago,!IL).!!	
	*	
	!	7!

* Statistical*methods* Continuous! baseline! variables! were! expressed! as! mean! ±! standard! deviation! (SD)! values! or! median! (interquartile!range),!after!checking!for!normal!distribution!as!assessed!by!the!KolmogorovFSmirnov!test.! Categorical!variables!were!expressed!as!total!number!(percentages)!and!compared!between!groups!using! ChiFsquare!or!Fisher's!test!when!appropriate.!Depending!on!the!normality!of!the!distribution,!continuous! !and!a!significant!decrease!in!LA!volumes!with!exercise.! Regarding!LA!deformation!parameters,!LASa!and!LASRa!were!similar!among!athletes!and!controls!at!rest,! but! significantly! lower! in! athletes! during! exercise.! A! similar! behavior! regarding! RA! volumes! and! deformation!parameters!was!observed!among!athletes!and!controls.!!
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		! ! ! !						
		Table*1.!Hemodynamic!and!ventricular!characteristics!of!athletes!and!controls! Table*2.*Atrial!size!and!function!at!baseline!and!during!exercise.!	
		!						
	!				Baseline*			Peak*Exercise*
	!	!	Athletes*	Baseline* Controls*	p*	Peak*Exercise* Athletes* Controls*	p*
	!	!	Athletes* (n=50)*		Controls** (n=30)*	p**	Athletes* (n=50)*	Controls* (n=30)*	P*
	! ¶!p!<!0.05!versus!athletes!at!baseline;! ‡!p!<!0.05!versus!controls!at!baseline.! ! Abbreviations:!BP:!blood!pressure;!LV,!left!ventricle;!LVEF:!LV!ejection!fraction;!RV,!right!ventricle;!NS,!not! significant!(p!≥!0.05)! ! (n=50)* (n=30)* (n=50)* (n=30)* Heart*Rate*(bpm)* 59!±!9! 69!±!12! <!0.01! 156!±!13! ¶! 156!±!9! ‡! NS! Systolic*BP*(mmHg)* 125!±!9! 119!±!6! <!0.01! 198!±!17! ¶! 191!±!20! ‡! NS! Diastolic*BP*(mmHg)* 79!±!4! 77!±!4! NS! 81!±!3! ¶! 80!±!5!Λ! NS! Maximum*load*(Watts)* F! F! F! 224!±!38! 169!±!26! <!0.01! METs* F! F! F! 11.4!±!1.6! 8.8!±!1.3! <!0.01! Estimated* O 2* consumption* (mL/kg/min)* F! F! F! 40!±!5.6! 31!±!4.6! <!0.01! LV*Cardiac*Index*(l/min/m 2 )* 2.52!±!0.63! 2.53!±!0.44! NS! 8.33!±!3.18! ¶! 7.04!±!1.24! ‡! 0.02! LVEF*(%)* 61!±!5! 61!±!5! NS! 68!±!5! ¶! 66!±!3! ‡! NS! LV* end[diastolic* volume* index*(mL/m 2 )* 60.9!±!12.2! 45.9!±!6.9! <!0.01! 51.3!±!10.7! ¶! 38.9!±!7.4! ‡! <!0.01! LV* end[systolic* volume* index* (mL/m 2 )* 24.0!±!4.3! 19.0!±!4.9! <!0.01! 16.0!±!4.2! ¶! 12.8!±!3.1! ‡! <!0.01! RV*end[diastolic**area*(cms 2 )** 26.7!±!4.7! 20.2!±!4.4! <!0.01! 23.4!±!4.4! ¶! 17.1!±!4.6! ‡! <!0.01! RV*end[systolic*area*(cm 2 )** 13.3!±!2.8! 10.1!±!2.2! <!0.01! 11.1!±!2.4! ¶! 8.3!±!3.0! ‡! <!0.01! RV*fractional*area*change*(%)* 49!±!6! 49!±!7! NS! 52!±!6! ¶! 51!±!7!! NS! Left*atrium* ! Active*emptying*fraction* 0.22!±!0.07! 0.28!±!0.08! <!0.01! 0.41!±!0.1 ¶! 0.53!±!0.1 ‡! <!0.01!
	RASa*(%)*	F11.9!±!1.7!	F12.4!±!2.7!	NS!	F19.2!±!5.8 ¶! F22.5!±!3.4 ‡!	0.01!
	RASRa*(s [1 )*	F1.52!±!0.44! F1.57!±!0.55!	NS!	F2.13!±!1.09 ¶! F2.51!±!1.08 ‡!	NS!
		!						
		¶!p!<!0.01!versus!athletes!at!baseline;! ‡!p!<!0.01!versus!controls!at!baseline.!!	
		! ! ! !							14! 19! 20! 21!

Abbreviations:! BSA:! body! surface! area;! LASa,! LA! late! diastolic! (atrial! contraction)! peak! negative! strain;! LASRa:! LA! late! diastolic! (atrial! contraction)! peak! negative! strain! rate;! RASa,! RA! late! diastolic! (atrial! contraction)!peak!negative!strain;!RASRa,!RA!late!diastolic!(atrial!contraction)!peak!negative!strain!rate.! !