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Detection  of  subclinical  atrial  dysfunction  by
two-dimensional  echocardiography  in  patients  with
overt  hyperthyroidism
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bidimensionnelle  chez  des  patients  hyperthyroïdiens
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Aytekin  Alçelikd,  Mehmet  Tosune,  Mehmet  Ozyasara,
Mehmet  Yazici a

a Department  of  Cardiology,  Faculty  of  Medicine,  Abant  Izzet  Baysal  University,  14280  Golkoy,
Bolu, Turkey
b Department  of  Endocrinology,  Faculty  of  Medicine,  Abant  Izzet  Baysal  University,  Golkoy,
Bolu, Turkey
c Department  of  Family  Medicine,  Faculty  of  Medicine,  Duzce  Universtity,  Duzce,  Turkey
d Department  of  Internal  Medicine,  Faculty  of  Medicine,  Abant  Izzet  Baysal  University,
Golkoy,  Bolu,  Turkey
e Department  of  Biochemistry,  Faculty  of  Medicine,  Abant  Izzet  Baysal  University,  Golkoy,
Bolu, Turkey

Received  29  May  2012;  received  in  revised  form  5  July  2012;  accepted  6  July  2012
Available  online  5  October  2012

KEYWORDS Summary

Atrial  function;
Atrial  conduction
time;

Background.  —  Hyperthyroidism  is  an  important  cardiovascular  risk  factor  in  the  development
of atrial  fibrillation  and  heart  failure.  Increased  atrial  electromechanical  intervals  are  used  to
predict atrial  fibrillation,  measured  by  tissue  Doppler  imaging  (TDI).
Aims.  —  To  evaluate  atrial  electromechanical  delay  (EMD)  and  left  atrial  (LA)  mechanical  func-
tion in  patients  with  overt  hyperthyroidism.

Abbreviations: 2D, Two-dimensional; Am, Late diastolic velocity; BMI, Body mass index; BSA, Body surface area; ECG,
Electrocardiogram; Em, Early diastolic velocity; EMD, Interatrial electromechanical delay; fT3, Free T3; fT4, Free T4; LA, Left atrial; LV,
Left ventricular; PA, Atrial electromechanical coupling; Sm,  Peak systolic velocity; TDI, Tissue Doppler imaging; TSH, Thyroid-stimulating
hormone; Vmax, LA maximum volume at the end-systolic phase; Vmin, LA minimum volume
at the end-diastolic phase; Vp, LA volume before atrial systole.
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Methods.  —  Thirty-four  patients  with  overt  hyperthyroidism  and  34  controls  were  included.  A
diagnosis of  overt  hyperthyroidism  was  reached  with  decreased  serum  thyroid-stimulating  hor-
mone (TSH)  and  increased  free  T4  (fT4)  concentrations.  Using  TDI,  atrial  electromechanical
coupling  (PA)  was  obtained  from  the  lateral  mitral  annulus  (PA  lateral),  septal  mitral  annu-
lus (PA  septum)  and  right  ventricular  tricuspid  annulus  (PA  tricuspid).  LA  volumes  (maximum,
minimum and  presystolic)  were  measured  by  the  disks  method  in  apical  four-chamber  view
and indexed  to  body  surface  area.  LA  active  and  passive  emptying  volumes  and  fractions  were
calculated.
Results.  —  LA  diameter  was  significantly  higher  in  hyperthyroid  patients  (P  =  0.001).  LA  passive
emptying volume  and  fraction  were  significantly  decreased  in  hyperthyroid  patients  (P  =  0.038
and P  <  0.001).  LA  active  emptying  volume  and  fraction  were  significantly  increased  in  hyper-
thyroid patients  (P  <  0.001  and  P  <  0.001).  Left  and  right  intra-atrial  (PA  lateral—PA  septum
and PA  septum—PA  tricuspid)  and  interatrial  (PA  lateral—PA  tricuspid)  EMDs  were  significantly
higher in  hyperthyroid  patients  (29.2  ±  4.4  vs  18.1  ±  2.6,  P  <  0.001;  18.7  ±  4.3  vs  10.6  ±  2.0,
P <  0.001;  and  10.5  ±  2.9  vs  7.1  ±  1.2,  P  <  0.001,  respectively).  Stepwise  linear  regression  anal-
ysis demonstrated  that  fT4  and  TSH  concentrations  were  independent  predictors  of  interatrial
EMD (�  =  0.436,  P  <  0.001  and  �  =  —0.310,  P  =  0.005,  respectively).
Conclusion.  —  This  study  showed  prolonged  atrial  electromechanical  intervals  and  impaired  LA
mechanical  function  in  patients  with  overt  hyperthyroidism,  which  may  be  an  early  sign  of
subclinical cardiac  involvement  and  dysrhythmias  in  overt  hyperthyroidism.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Objectif.  — L’hyperthyroïdie  est  un  facteur  de  risque  important  de  développement  d’une
fibrillation atriale  (FA)  et  d’insuffisance  cardiaque.  L’augmentation  des  intervalles  électromé-
caniques atriaux,  prédisant  la  FA  sont  mesurées  en  Doppler  tissulaire  (DTI).  L’objectif  de  cette
étude est  d’évaluer  le  délai  électromécanique  auriculaire  (EMD)  et  la  fonction  mécanique
auriculaire  gauche  (OG)  chez  des  patients  hyperthyroïdiens.
Méthode.  —  Trentre-quatre  patients  en  hyperthyroïdie  et  34  témoins  ont  été  inclus.  Le  diag-
nostic d’hyperthyroïdie  a  été  retenu  sur  une  diminution  de  la  concentration  en  TSH  et  une
augmentation  de  la  T4  libre  (fT4).  En  utilisant  le  DTI,  le  couplage  électromécanique  auriculaire
(PA) a  été  mesuré  à  l’anneau  mitral  latéral  (PA  latéral),  à  l’anneau  mitral  septal  (PA  septum)
et à  l’anneau  tricuspide  (PA  tricuspide).  Les  volumes  auriculaires  gauches  (maximum,  minimum
et présystolique)  ont  été  mesurés  par  la  méthode  des  disques,  en  incidence  apicale  des  quatre
cavités, et  indexés  à  la  surface  corporelle.  Les  volumes  de  vidange  de  l’oreillette  gauche  lors
des phases  active  et  passive  ainsi  que  les  fractions  ont  été  calculées.
Résultats.  —  Le  diamètre  de  l’oreillette  gauche  est  significativement  plus  important  chez  les
patients hyperthyroïdiens  (p  =  0,001).  Le  volume  de  vidange  passif  auriculaire  gauche  et  la
fraction  étaient  significativement  diminués  chez  les  patients  hyperthyroïdiens  (p  =  0,038  et
p <  0,001).  Le  volume  de  vidange  actif  auriculaire  gauche  et  la  fraction  étaient  significativement
augmentés  chez  les  hyperthyroïdiens  (p  <  0,001  et  p  <  0,001).  Les  délais  intra-atriaux  auricu-
laire gauche  et  droit  (PA  latéral  —  PA  septum  et  PA  septum  —  PA  tricuspide,  respectivement)
ainsi que  les  délais  inter-atriaux  (PA  latéral  —  PA  tricuspide).  Les  délais  électromécaniques
auriculaires  étaient  significativement  plus  élevés  chez  les  hyperthyroïdiens  (29,2  ±  4,4  versus
18,0 ±  2,6,  p  <  0,001  ;  18,7  ±  4,3  versus  10,6  ±  2,0,  p  <  0,001  ;  et  10,5  ±  2,9  versus  7,1  ±  1,3,
p <  0,001).  L’analyse  par  régression  linéaire  a  montré  que  la  T4  libre  et  la  concentration  en
TSH étaient  des  prédicteurs  indépendants  du  délai  électromécanique  atrial  dans  sa  composante
inter-auriculaire  (� =  0,388,  p  =  0,001  et  � = 0,547,  p  <  0,001).
Conclusion.  — Cette  étude  montre  que  les  intervalles  électromécaniques  auriculaires  sont
prolongés  et  que  la  fonction  mécanique  auriculaire  gauche  est  altérée  chez  le  patient  hyper-
thyroïdien.  L’allongement  des  intervalles  électromécaniques  et  l’altération  de  la  fonction
mécanique  auriculaire  gauche  pourraient  être  un  signe  précoce  d’une  atteinte  cardiaque  infra-
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hyroid  hormone  receptors  are  highly  expressed  in  the
yocardium  [1].  Consequently,  overt  hyperthyroidism  has
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rofound  cardiac  effects,  including  increased  heart  rate,
rrhythmias,  LV  diastolic  dysfunction  [2],  LV  systolic  dys-
unction  [3],  decreased  systemic  vascular  resistance  [4]  and
he  development  of  atrial  fibrillation  and  heart  failure  [5,6].
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Subclinical  atrial  dysfunction  in  overt  hyperthyroidism  

Hyperthyroidism  can  lead  to  decreased  diastolic  function  as
a  result  of  impaired  myocardial  relaxation  [1,2]. Moreover,
hyperthyroidism  is  associated  with  LV  diastolic  dysfunction
due  to  decreased  myocardial  relaxation  and  inhibited  rapid
ventricular  filling,  both  at  rest  and  with  exercise  [1,7]; this  is
frequently  related  to  a  changeable  impairment  of  LV  systolic
function.  Thus,  hyperthyroidism  may  result  in  significant
cardiovascular  alterations,  including  atrial  fibrillation  and
heart  failure  [5,6].

In  a  study,  the  atrial  systolic  time  interval,  atrial  ejection
time  and  atrial  pre-ejection  period  were  used  to  evaluate
atrial  function.  In  addition,  the  relationship  between  hyper-
thyroidism  and  atrial  function  was  examined  [8].  LA  volume
and  mechanical  function  has  recently  been  identified  as
a  potential  indicator  of  cardiac  disease  and  arrhythmias
[9—11].  Inter-  and  intra-atrial  conduction  disorders  are
well-known  electrophysiological  distinctions  of  atria  prone
to  fibrillation  [12]. Unlike  LA  size,  atrial  conduction  time
reflects  the  levels  of  both  electrical  and  structural  remod-
elling  of  the  atria.  All  of  these  variables  are  similar  and
result  in  impaired  atrial  function  [12—14].

Alterations  in  thyroid  status  may  lead  to  changes  in
both  ventricular  and  atrial  function.  However,  LA  mechani-
cal  function  and  atrial  conduction  abnormalities  have  not
been  investigated  in  overt  hyperthyroidism.  The  aim  of
the  present  study  was  to  evaluate  atrial  electromechani-
cal  delay  and  LA  mechanical  function  in  patients  with  overt
hyperthyroidism.

Methods

Study population

We  studied  34  newly  treated  or  untreated  patients,  previ-
ously  diagnosed  with  overt  hyperthyroidism  (25  women  and
nine  men;  mean  age  45.2  ±  9.3  years).  The  control  group
consisted  of  34  sex-  and  age-matched  healthy  subjects
(24  women  and  ten  men;  mean  age  of  43.6  ±  8.0  years)  who
were  free  of  endocrinological,  inflammatory,  connective  tis-
sue,  cardiovascular,  pulmonary  and  other  known  systemic
disease,  and  were  admitted  to  hospital  for  a  check-up.  All
subjects  in  the  study  population  had  normal  sinus  rhythm  on
ECG.  The  study  was  designed  as  cross-sectional.

A  diagnosis  of  overt  hyperthyroidism  was  reached  with
decreased  serum  TSH  concentrations,  increased  fT4  con-
centrations  and/or  increased  fT3  concentrations  in  fasting
blood  samples  (normal  values  in  our  laboratory  were:
0.4—4.0  mIU/mL  for  TSH;  0.89—1.76  ng/dL  for  fT4;  and
1.80—5.00  pg/mL  for  fT3).  Demographic  characteristics,
biochemical  variables,  lipid  values  and  ECGs  were  obtained
for  the  entire  study  population.  Exclusion  criteria  were  as
follows:  subclinical  hyperthyroidism,  acute  coronary  syn-
drome,  prior  myocardial  infarction  and  coronary  artery
disease,  congestive  heart  failure,  LV  hypertrophy,  prolonged
QRS  duration  (≥  120  ms),  reduced  LV  ejection  fraction
(<  55%),  atrial  flutter  or  fibrillation,  significant  valvular  heart
disease,  pacemaker  implantation,  frequent  ventricular  pre-

excitation  and  atrioventricular  conduction  abnormalities,
diabetes  mellitus,  arterial  hypertension  (resting  blood  pres-
sure  ≥  140/90  mmHg),  medications  known  to  alter  cardiac
conduction,  peripheral  vascular  disease,  congenital  heart
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isease,  pulmonary  or  neurological  disease,  pericarditis,
eripheral  neuropathy,  alcohol  abuse,  renal  or  hepatic  dis-
ase  and  poor  echocardiographic  imaging.  Approval  for  the
tudy  was  obtained  from  the  local  ethics  committee  and  all
ubjects  gave  informed  consent.

tandard echocardiography

t  study  entry,  all  patients  were  evaluated  by  transthoracic,
-mode,  2D,  pulsed-wave,  continuous-wave,  colour-flow
nd  TDI.  Echocardiographic  examinations  were  performed
ith  the  GE  Vivid-7  system  (GE  Vingmed,  Horten,  Nor-
ay)  with  a  2—4  MHz  transducer  at  a  dept  of  16  cm.  During
chocardiography,  a  continuous  single-lead  ECG  recording
as  obtained.  All  patients  were  imaged  in  the  left  lateral
ecubitus  position.  2D  and  conventional  Doppler  examina-
ions  were  obtained  in  the  parasternal  and  apical  views
ccording  to  the  guidelines  of  the  American  Society  of  Echo-
ardiography  [15]. LV  diameters  and  wall  thickness  were
easured  by  M-mode  echocardiography.  LV  ejection  frac-

ion  was  calculated  using  the  apical  two-and  four-chamber
iews  by  Simpson’s  method,  according  to  American  Soci-
ty  of  Echocardiography  guidelines  [15]. The  mitral  valve
nflow  pattern  (E-wave,  A-wave,  E-wave  deceleration  time,
/A  ratio  and  isovolumic  relaxation  time)  were  measured
sing  pulsed-wave  Doppler.  LV  mass  index  was  calculated
sing  the  Devereux  equation  [16]. LA  volumes  were  obtained
chocardiographically  from  the  apical  four-chamber  views
y  the  disks  method  [17,18]. LA  Vmax  at  the  end-systolic
hase  (onset  of  the  mitral  opening),  LA  Vmin  at  the  end-
iastolic  phase  (onset  of  the  mitral  closure)  and  Vp  were
easured  at  the  beginning  of  atrial  systole  (onset  of  P  wave

n  ECG)  and  indexed  to  BSA.  LA  function  variables  were  cal-
ulated  as  follows:  LA  passive  emptying  volume  =  Vmax—Vp;
A  passive  emptying  fraction  =  ([Vmax—Vp]/Vmax)  × 100%;
A  active  emptying  volume  =  Vp—Vmin;  LA  active  emptying
raction  =  ([Vp—Vmin]/Vp)  ×  100%  [12].

trial electromechanical interval

DI  was  performed  using  transducer  frequencies  of  3.5  to
.0  MHz,  adjusting  the  spectral  pulsed  Doppler  signal  filters
o  acquire  the  Nyquist  limit  of  15  to  20  cm/s  and  using  the
inimal  optimal  gain.  Myocardial  TDI  velocities  (Sm,  Em  and
m  velocities)  were  measured  via  spectral  pulsed  Doppler  of
he  LV  free  wall  from  the  apical  four-chamber  view  [15]. The
ltrasound  beam  was  positioned  as  parallel  as  possible  to  the
yocardial  segment  to  acquire  the  optimal  angle  of  imag-

ng.  The  monitor  sweep  speed  was  set  at  50  to  100  mm/s  to
ptimize  the  spectral  display  of  myocardial  velocities.  The
ime  interval  from  the  P  wave  onset  on  the  surface  ECG  to
he  beginning  of  the  Am  is  defined  as  PA;  it  was  obtained
rom  the  lateral  mitral  annulus,  the  septal  mitral  annulus
nd  the  right  ventricular  tricuspid  annulus,  and  named  PA
ateral  (Fig.  1),  PA  septum,  and  PA  tricuspid,  respectively.
he  difference  between  PA  lateral  and  PA  tricuspid  was
efined  as  the  EMD,  the  difference  between  PA  lateral  and  PA
eptum  was  defined  as  the  left  intra-atrial  EMD  and  the  dif-

erence  between  PA  septum  and  PA  tricuspid  was  defined  as
he  right  intra-atrial  EMD  [12—15]. All  measurements  were
epeated  three  times  and  average  values  were  obtained  for
ach  of  the  atrial  conduction  delay  times.  All  measurements
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igure 1. The time interval from the P wave onset on the surface
lectrocardiogram to the beginning of the late diastolic wave (Am),
hich is defined as atrial electromechanical delay.

ere  performed  by  two  experienced  investigators  who  were
naware  of  the  subject’s  clinical  status.

eproducibility

ntraobserver  variability  was  evaluated  in  20  subjects
elected  randomly  from  the  study  population  by  repeat-
ng  the  measurements  under  the  same  basal  conditions.  To
est  inter-observer  variability,  the  measurements  were  per-
ormed  offline  from  video  recordings  by  a  second  observer.
eproducibility  of  atrial  electromechanical  coupling  and  LA
olumes  obtained  by  2D  echocardiography  were  evaluated
y  the  coefficient  of  variation  between  measurements.

Intraobserver  variability  was  4.1%  for  PA  lateral,  4.5%  for
A  septum,  4.8%  for  PA  tricuspid,  4.7%  for  Vmax,  4.3%  for  Vp
nd  4.7%  for  Vmin.  Inter-observer  variability  was  4.0%  for  PA
ateral,  4.3%  for  PA  septum,  4.5%  for  PA  tricuspid,  4.9%  for
max,  4.6%  for  Vp  and  4.5%  for  Vmin.

tatistical analysis

ll  analyses  were  performed  using  the  SPSS  (SPSS  for
indows  15.0)  software  package.  Continuous  variables

re  presented  as  means  ±  standard  deviations.  Categorical
ariables  are  presented  as  percentages.  The  chi-square  test
as  used  for  categorical  variables  and  the  unpaired  t  test
as  used  for  continuous  variables.  Pearson’s  correlation
oefficient  was  used  for  correlation  analysis.  A  stepwise  mul-
iple  regression  analysis  was  used  to  recognize  the  significant
eterminants  of  interatrial  EMD,  which  incorporated  varia-
les  that  correlated  with  a  value  of  P  <  0.1  in  the  correlation
nalysis.  A  value  of  P  <  0.05  was  considered  statistically  sig-
ificant.

esults

atient characteristics
he  clinical  and  laboratory  characteristics  and  echocardi-
graphic  findings  for  the  two  groups  are  shown  in  Table  1.
ge,  sex,  smoking,  systolic  and  diastolic  blood  pressure,
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V  end-diastolic  and  end-systolic  diameters,  LV  mass  index
nd  LV  ejection  fraction  were  similar  in  the  two  groups
P  >  0.05).  BMI  and  BSA  were  significantly  lower  in  hyper-
hyroid  patients  (P  =  0.023  and  P  =  0.001,  respectively).  So,
s  expected,  hyperthyroid  patients  had  significantly  lower
SH  and  higher  fT4  and  fT3  concentrations  compared  with
ontrols.  Heart  rate  and  LA  diameter  were  significantly
igher  in  hyperthyroid  patients  than  in  controls  (P  =  0.001
nd  P  =  0.001,  respectively).  Also,  Am  velocity,  Em/Am  and
/E’  ratio  were  significantly  lower  in  hyperthyroid  patients
P  =  0.035,  P  =  0.004  and  P  =  0.002,  respectively).

eft atrial mechanical function

easurements  of  LA  volume  and  mechanical  function  are
resented  in  Table  2.  Both  groups  were  similar  in  terms  of
max  and  Vmin  (P  =  0.212  and  P  =  0.203,  respectively)  but
p  was  significantly  higher  in  hyperthyroid  patients  than

n  controls  (P  =  0.001).  Also,  LA  passive  emptying  volume
nd  fraction  were  significantly  decreased  in  hyperthyroid
atients  (P  =  0.038  and  P  <  0.001,  respectively).  Additionally,
A  active  emptying  volume  and  fraction  were  significantly
ncreased  in  hyperthyroid  patients  compared  with  in  con-
rols  (P  <  0.001  and  P <  0.001,  respectively).

trial electromechanical intervals

trial  electromechanical  coupling  intervals  are  presented  in
able  3.  PA  lateral,  PA  septum,  PA  tricuspid  and  intra-  and
nteratrial  EMDs  were  significantly  prolonged  in  hyperthy-
oid  patients  compared  with  in  healthy  controls  (P  <  0.001,

 <  0.001,  P  =  0.001,  P  <  0.001  and  P  <  0.001,  respectively).
nteratrial  EMD  and  left  intra-atrial  EMD  were  positively
orrelated  with  fT4  concentration  (r  =  0.628,  P  <  0.001  and

 =  0.772,  P  <  0.001,  respectively)  and  were  negatively  cor-
elated  with  TSH  concentration  (r  =  —0.379,  P  =  0.035  and

 =  —0.726,  P  <  0.001,  respectively;  Fig.  2).  Additionally,  left
ntra-atrial  EMD  was  correlated  with  Em/Am  and  E/E’  ratio
r  =  —0.282,  P  =  0.029  and  r  =  0.324,  P  =  0.011,  respectively).
lso,  there  was  a  slight  positive  correlation  between  right

ntra-atrial  EMD  and  fT4  concentration  (r  =  0.365,  P  =  0.043)
ut  right  intra-atrial  EMD  was  not  correlated  with  TSH
oncentration  (r  =  —0.260,  P  =  0.158).

Stepwise  linear  regression  analysis  demonstrated  that
A  passive  and  active  emptying  fractions  and  fT4  and
SH  concentrations  were  significantly  related  to  interatrial
MD  (�  =  —0.155,  P  =  0.032;  �  =  0.189,  P  =  0.007;  �  =  0.436,

 <  0.001  and  �  =  —0.310,  P  =  0.005,  respectively).  However,
here  was  no  relationship  between  age,  BMI,  BSA,  heart  rate,
A  passive  and  active  emptying  volumes,  LA  diameter,  fT3
r  Em/Am  ratio  and  interatrial  EMD  (Table  4).

iscussion

he  present  study  demonstrates  that  patients  with  overt
yperthyroidism  display  lengthened  intra-  and  interatrial

MD  as  measured  by  TDI  and  impaired  LA  mechanical  func-
ion.  Furthermore,  we  have  shown  that  intra-  and  interatrial
MDs  correlate  with  fT4  concentration.  Additionally,  we
ound  that  fT4  and  TSH  concentrations  are  independent
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Table  1  Patient  demographics,  laboratory  characteristics  and  echocardiographic  findings.

Hyperthyroid
(n  =  34)

Control
(n  =  34)

P

Age 45.2 ±  9.3  43.6  ±  8.0  0.328
Women  25  (73.5)  24  (70.5)  0.749
Smoker  10  (26.3)  7  (23.3)  0.620
BMI  (kg/m2)  26.8  ±  2.0  28.1  ±  2.4  0.023
BSA 1.71  ±  0.13 1.88  ±  0.15 0.001
Heart  rate  (beats/minute) 83.5  ±  8.9 74.3  ±  6.5 0.001
Systolic  blood  pressure  (mmHg) 119.8  ±  8.7 118.3  ±  7.9 0.301
Diastolic  blood  pressure  (mmHg)  77.8  ±  7.4  78.1  ±  8.0  0.359
Glucose  95.6  ±  8.1  97.7  ±  11.8  0.417
Haemoglobin  (g/dL)  12.9  ±  1.2  13.4  ±  1.2  0.531
Creatinine  (mg/dL)  0.80  ±  0.17  0.81  ±  0.16  0.412
TSH  (�IU/mL)  0.02  ±  0.04  2.04  ±  0.43  <  0.001
Free  T3  (pg/dL)  5.48  ±  1.75  2.63  ±  0.41  <  0.001
Free  T4  (ng/dL)  2.08  ±  0.42  1.06  ±  0.16  <  0.001
LVEDD  (mm)  49.0  ±  3.5  48.7  ±  2.9  0.435
LVESD  (mm)  30.8  ±  3.9  30.2  ±  2.8  0.513
Ejection  fraction  (%)  63.9  ±  6.7  64.2  ±  5.1  0.679
LV  mass  index  (g/m2)  82.5  ±  21.8  78.9  ±  14.5  0.342
Septum  thickness  (mm)  9.9  ±  1.1  9.7  ±  0.8  0.401
Posterior  wall  thickness  (mm)  8.9  ±  0.9  8.7  ±  1.0  0.389
Deceleration  time  (ms)  180  ±  35  186  ±  45  0.821
Em/Am  ratio  0.91  ±  0.26  1.14  ±  0.32  0.004
E/E’  ratio  7.2  ±  0.9  9.2  ±  1.0  0.002
LA  diameter  (mm)  35.5  ±  2.5  33.5  ±  1.8  0.001

Data are number (%) or mean ± standard deviation. BMI: body mass index; BSA: body surface area; LA: left atrium; LVEDD: left ventricle
end-diastolic diameter; LVESD: left ventricle end-systolic diameter; TSH: thyroid-stimulating hormone.

Table  2  Measurements  of  left  atrial  mechanical  function.

Hyperthyroid
(n  =  34)

Control
(n  =  34)

P

Vmax  (mL/m2)  30.3  ±  8.4  27.7  ±  7.5  0.212
Vmin  (mL/m2)  9.6  ±  4.4  8.3  ±  3.2  0.203
Vp  (mL/m2)  19.0  ±  6.1  14.1  ±  5.0  0.001
LA  passive  emptying  volume  (mL/m2)  11.4  ±  3.5  13.4  ±  3.6  0.038
LA  passive  emptying  fraction  (%)  37.5  ±  8.5  47.4  ±  8.0  <  0.001
LA  active  emptying  volume  (mL/m2)  9.4  ±  3.2  5.7  ±  2.4  <  0.001
LA  active  emptying  fraction  (%)  49.6  ±  11.5  39.8  ±  5.9  <  0.001

Data are mean ± standard deviation. LA: left atrium; Vmax: LA maximum volume; Vmin: LA minimum volume; Vp: LA volume before P
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wave.

predictors  of  interatrial  EMD  in  patients  with  overt  hyper-
thyroidism.

The  myocardium  is  well  understood  in  tissues  that
include  thyroid  hormone  receptors  [4].  The  cardiac  effects
of  hyperthyroidism  are  caused  by  increased  metabolic
demands  and  the  direct  chronotropic  and  inotropic  effects
of  excess  thyroid  hormones  on  the  myocardium.  Thyroid
hormones  change  the  action  potential  period  and  repolar-

ization  speed  of  atrial  and  ventricular  myocytes  [19,20]. An
increased  heart  rate  and  supraventricular  ectopic  activity
are  observed  in  patients  with  overt  hyperthyroidism  [21].

s
i
d

imilarly,  we  report  that  patients  with  overt  hyperthyroidism
ave  increased  heart  rates.  Komiya  et  al.  [22]  showed  dif-
erences  in  the  atrial  effective  refractory  period  and  atrial
onduction  delay  in  patients  with  hyperthyroidism.  Simi-
arly,  we  observed  prolonged  intra-  and  interatrial  EMDs
n  patients  with  overt  hyperthyroidism  in  this  study.  Addi-
ionally,  our  results  suggest  that  impaired  LA  mechanical
unction  occurs  in  overt  hyperthyroid  patients.  Previous

tudies  reported  lengthening  of  the  atrial  electromechan-
cal  coupling  interval  and  impaired  atrial  function  in  the
evelopment  of  supraventricular  arrhythmias  [13,14].  As  a



636  S.  Ayhan  et  al.

Table  3  Atrial  electromechanical  interval  findings  measured  by  tissue  Doppler  imaging.

Hyperthyroid
(n  =  34)

Control
(n =  34)

P

PA  lateral  (ms) 70.4  ±  8.6  55.3  ±  3.9  <  0.001
PA  septum  (ms)  51.7  ±  5.8  44.4  ±  2.7  <  0.001
PA  tricuspid  (ms)  40.2  ±  4.7  37.2  ±  2.2  0.001
PA  lateral—PA  tricuspid  (ms)a 29.2  ±  4.4  18.1  ±  2.6  <  0.001
PA  lateral—PA  septum  (ms)b 18.7  ±  4.3  10.6  ±  2.0  <  0.001
PA  septum—PA  tricuspid  (ms)c 10.5  ±  2.9  7.0  ±  1.2  <  0.001

Data are mean ± standard deviation. PA: the interval measured by tissue Doppler imaging from the onset of the P wave on the surface
electrocardiogram to beginning of the late diastolic (Am) wave.
a Interatrial electromechanical delay.
b Left intra-atrial electromechanical delay.
c Right intra-atrial electromechanical delay.
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igure 2. A positive correlation between interatrial delay and fre
timulating hormone (TSH).

onsequence,  lengthened  intra-  and  interatrial  EMDs  may  be
elated  to  an  increased  risk  of  arrhythmias  in  patients  with
vert  hyperthyroidism.

The  majority  of  previous  studies  focused  on  the  relation-
hip  between  ventricular  function  and  thyroid  hormones.
lterations  in  thyroid  status  may  lead  to  changes  not  only

n  ventricular  function  but  also  in  atrial  function.  Gun-
ekin  et  al.  [23]  observed  prolonged  P  wave  duration  and
ispersion  in  patients  with  hyperthyroidism.  Shenoy  et  al.
24]  demonstrated  the  effects  of  thyroid  hormones  on
arcoplasmic  reticulum  calcium  transporters  in  rat  atria.
evertheless,  LA  mechanical  function  has  not  been  eval-

ated  in  patients  with  overt  hyperthyroidism.  When  atrial
echanical  function  was  investigated  in  the  present  study,
e  found  that  LA  mechanical  function  was  significantly

d
v
l

, and a negative correlation between interatrial delay and thyroid-

mpaired  in  patients  with  overt  hyperthyroidism.  LA  passive
mptying  volume  and  fraction  significantly  decreased,  while
A  active  emptying  volume  fraction  significantly  increased
n  hyperthyroid  patients.  Also,  we  found  that  the  LV  Em/Am
nd  E/E’  ratio  were  significantly  lower  in  hyperthyroid
atients  than  in  controls.  Therefore,  impaired  LA  mechani-
al  function  is  related  to  increased  wall  tension  as  a  result
f  increased  LV  filling  pressure  in  hyperthyroid  patients.
A  mechanical  functions  include  passive  emptying,  active
mptying  and  reservoir  functions  at  different  stages  of  the
ardiac  cycle.  Reservoir  functions  arise  during  ventricu-
ar  systole,  passive  emptying  functions  occur  during  early

iastole  and  active  emptying  functions  take  place  during
entricular  diastole  in  the  presence  of  sinus  rhythm.  When
eft  ventricular  diastolic  dysfunction  develops,  the  left
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Table  4  Stepwise  linear  regression  analyses  of  variables
associated  with  interatrial  electromechanical  delay.

�  t  P

Age 0.098  1.651  0.104
BMI  0.001  0.010  0.992
BSA  0.019  0.269  0.732
Heart  rate 0.053  0.747  0.458
LA  size  (mm) 0.076  1.091  0.280
Em/Am  ratio —0.075  —1.253  0.223
LA  passive  emptying

volume  (mL)
—0.016 0.244  0.802

LA  passive  emptying
fraction  (%)

—0.155  —2.243  0.032

LA  active  emptying
volume  (mL)

0.018 0.201  0.841

LA  active  emptying
fraction  (%)

0.189  2.797  0.007

Free  T3  0.078  0.694  0.490
Free  T4  0.436  4.055  <  0.001
TSH  —0.310  —2.950  0.005

Am: late diastolic velocity; BMI: body mass index; BSA: body
surface area; Em: early diastolic velocity; LA: left atrium; TSH:
thyroid-stimulating hormone.
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atrium  may  preserve  an  adequate  cardiac  output  through
the  regulation  of  the  reservoir  and  booster  pump  func-
tions  [11,25].  Conversely,  atrial  function  intensely  affects
heart  function.  This  effect  is  more  prominent  in  patients
with  reduced  LV  function  [11,25].  Therefore,  impaired  LA
function  may  result  in  the  development  of  heart  failure  in
patients  with  overt  hyperthyroidism.

Study limitations

The  major  limitation  of  this  study  was  the  size  of  the
study  population,  which  was  relatively  small.  Patients  could
not  be  followed  up  for  arrhythmic  episodes.  Therefore,  we
do  not  know  whether  prolongation  of  intra-  and  intera-
trial  EMD  and  impaired  LA  mechanical  function  occurs  in
patients  with  overt  hyperthyroidism  and  whether  these  fac-
tors  can  be  used  for  the  prediction  of  arrhythmias  and  heart
failure.  For  these  reasons,  long-term  follow-up  and  large-
scale  prospective  studies  with  clinical  events  and  the  use
of  new  deformation  tools  are  needed  to  change  our  clinical
behaviour.

Conclusion

The  current  study  showed  prolongation  of  intra-  and  inter-
atrial  electromechanical  intervals  and  impairment  of  LA
mechanical  function  in  patients  with  overt  hyperthyroidism.
The  study  also  showed  that  lengthened  intra-  and  interatrial
delays  were  related  to  TSH  and  fT4  concentrations.  Pro-

longed  atrial  electromechanical  intervals  and  impaired  LA
mechanical  function  may  be  early  signs  of  subclinical  cardiac
involvement  and  dysrhythmias  in  overt  hyperthyroidism.
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