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ABSTRACT

Difference of ventricular repolarization betw een idiopathic

dilated cardiomyopathy and hypertrophic cardiomyopathy

Chang, Jae-Hyuk

Adviser : Prof. Chang, Kyoung-Sig, Ph.D.
Department of Medicine,

Graduate School of Chosun University

Background

Experimental studies have suggested that variability between the ECG leads in
measurement of QT intervals and QT dispersion reflects spatial and temporal
inhomogeneityof left ventricular recovery times. Previous clinical studies of QT
dispersion have shown that it is increased in patients with hypertrophic
cardiomyopathy(HCM), the long QT syndrome, myocardial infarction and idiopathic
dilated cardiomyopathy(IDCM). In patients with HCM and IDCM, prolonged QT
dispersion and QT wvariables has been related to an increased risk of serious
ventricular arrhythmias or sudden death. The predictive value of QT dispersion
was recently debated. We investigated difference of ventricular repolarization
between IDCM and HCM through difference of the QT dispersion and QT

variables.

Patients
From Jenuary 2005 until September 2006, 25 patients with IDCM and 23 patients
with HCM were prospectively enrolled in this study at the Chosun University

Hospital. Inclusion criteria were left ventricular ejection fraction < 50%, left



ventricular diastolic dimension = 556mm in the IDCM and left ventricular wall
thickness = 13mm in the HCM.

Methods

All ECGs were recorded at 25 mm/s with standard lead positions, and all records
were magnified by 300% to improve resolution. QT intervals and QRS duration
were measured in each lead of ECGs. Mean RR intervals in all 12 leads were
measured routinely in 3 consecutive beats. The QRS complex duration was
measured from the beginning of the QRS complex to its end. QT intervals were
measured from the onset of the QRS complex to the end of the T wave. The end
of the T wave was defined as the intersecting point of a tangent line on the
terminal T wave and the TP baseline. When U waves were present, the QT
interval was measured to the nadir of the curve between the T and U waves. If
the height or depth of the T wave was < 1.5 mm, its lead was excluded from
analysis. QT dispersion was evaluated with QT range(QT max-QT min) and QT
standard deviation, for both QT and QTc (Bazett formula).

Result

No differences were found for age, sex between IDCM and HCM. The
Intraventricular septum thickness(IVST: 17.17+2.87, p<0.001) increased in the HCM
more than IDCM. Left ventricular dimension diastolic(LVDd : 63.00£7.70, p<0.001)
was increased in the IDCM. The EF (31.92+£10.65 p<0.001) and FS (15.64+5.77
p<0.001) decreased in the IDCM. clinical characteristics, echocardiographic data, and
drug treatment of the study subjects are summarised in table 1 and 2. The QTd,
QTc did not differ significantly between IDCM and HCM. But QTecd differ
significantly between IDCM and HCM. In the analysis of limb lead and frontal
lead, QTc-F(QTc in the Frontal lead) correlate with LVDd in pateients with IDCM
and all QT wvariables in the frontal leads correlate with IVST in pateients with

HCM.



In the IDCM, QTd-L, QTcd-L. was prolonged more than QTd-F, QTcd-F. In
contrast, QT wvariables of frontal leads were prolonged more than that of limb

leads.

Conclusions

Our study shows that QTd increased in the IDCM and HCM. But the results of
QT interval analysis did not differ among the IDCM and HCM except QTcd,
QTcd-L. All QT wvariables correlate with LV wall thickness in pateients with
HCM. Prolonged QT wvariables of frontal leads were correlated of LV wall focal
change (ex, wall hypertrophy). Therefore the inhomogeneity of ventricular
refractoriness in the HCM was influenced by the LV wall thickness. The
inhomogeneity of ventricular refractoriness in the IDCM was influenced by diffuse
changes of LV wall(ex, interstitial fibrosis) and LVDd in the analysis of limb lead
and frontal lead as well as LVDd.

Key Words : QT dispersion, QTc, QTc dispersion, QT wvariables
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= AAEE MAC 1200ST(GE medical system information technologies, Gmbh,
Treiburg, Germany)E °]&3ted E+ 12 % AAEZ 25mm/s8 HFEZ FHA 7]
E3t9th o] VIEEL HAEAEE =ol7] fEl digitizer (HP PSC 1610, Hewlett
-Packard Company, Palo Alto, California)S ©]&3}o] H4r3}3sl 12 Imaging software
(Adobe photoshop 7.0, Adobe systems Inc., San Jose, California)=< ©]-83}o] 300% =
st slo] Screen Caliper version 2.2 from iconicoS o] &38to] =A sttt Al dx 9
B 28 w3l AEYgAa SAsR T Bt RR {F4(mean RR interval)&
A9 3719 RR 1+4S& &Ado] HFgoz st QRS Z(QRS duration)¥} QT
FAQT interva) > A A= Zh2be] fFmolA FAH6EA . QRS F2 QRS+ (QRS
complex)®] Al 23 oA 24744 S48 AT QT A QRS 9 AlzHgolA T 3
getom U] EAA T #2 TIpel Ugrtole] Hego=

Aottt v T} Us = T PodE F2T F+ gAY artifact == T3
£ Wgs FEe7] FE AH(THY o7 <Ilmm)e tHdolA AlLdstdtt. QTe 3+
2 (corrected QT interval: QTc) Bazett 32 (QT interval/~/RR)& ] €33t QT
+A ) BAHQT dispersion: QTd)3 QTec dispersion(corrected QT dispersion: QTcd)



2 BEE 129%dA SAT QT 24, QTcel FHuAolA X 2oz AL
2 EZo AHAFZ(limb leads)¢t &% % (frontal leads)E -3} ¢

th[27] B+ 12
217 QT 4] ¥4, QTe 4, QTe 714 ¥4 Z45ach.

3. &4
Z A2 8] & Satistical software package(SPSS : Statistical Package for the Social

T

Sciences Release 10.0.7, SPSS, Inc., Chicago, Illinois)g Al&3le RE Ay: A=
on 54 SAANIH T dAEH S 3

[ S — — —y =
T, lﬂ/}ﬂg—, AT + AFAAZE A , == S - = R

2 Tt Aole] QT 7+Z 9] EAHQT dispersiom @ QTd), QTc 7+Z4(corrected QT
interval : QTc), QTc ztA 9 A (corrected QT dispersion : QTcd)S Student's
t-tests o] &3ato] mlustlon FAA fFogFE p<0.05%2 AT xS 7E
=422} QT variables? 4@ #7A E Friedman testE ©]-83}o] Hlu3}%

=



(479%)% $2po] yo], AW, T2 AE Axa3 Holy, 88 Ad= 4
FEL table 1, 20 2 °F&} ot}

Foarzke] vo], Al Aok o 7 o H3ke] EAoR Hol xS
AT ZAAN HAAdFA] FAAVST @ 1953 £ 3.53mm, p<0.001), AT F7
(PWT : 1274 + 3.69mm, p<0.001)7} 524 FAATH TR F7ksto] A
Aol o]l A AH(LVDA : 6830 + 4.70mm, p<0.001)2 524 FFH I FAA F71
st AFe] F571vS WEWs FEE(EF ¢ 2945 + 10.80 p<O.

(FS : fractional shortening 14.30 + 5.80 p<0.001)& ExrA 34 =24 %Oﬂ A o] st

ZA % QT variables table 20 A3t AAdE H4
ol A Aubgel W RR P42 5234 ST TAAME 90+ 15/min, 697 £117 ms
H oA 2 Fol A= 68 + 14/min, 903 + 178 ms® S2A A W Fol A F7}8}o]
ARNom QT 7+A2l Hhzh(439 + 43 vs 491 + 68 ms)F H A FH(336 + 41 vs 388 +
57 ms)< BT FoA p<0.001Z FATAcR fFod FrtE BAT 77t
QT AL AARFERTGE FHFEdA 2 g2 R3th(Table 2, Fig 1 and 5)

FE 12 FEAN AAFECL)/FEAECRE FE39 QTd, QTce, QTedE 574
st 584 FAAIHFAA AFA R R QTd-L, QTed-L(78 + 28, 95 + 33 ms)
o] FEHE2 QTd-F, QTcd-F(65 + 28, 79 + 37 ms) Bt} p< 0.05 & F937A 2

S HYoy QTe-F& 529 + 37 ms(p<0.05)2 & S Btk vy S
FEH4E9 QTc-F (14 + 38 ms) 7} p<0.05 & & e wgor} QTdAF,

cd-F(80 + 31, 85 + 32 ms)v= AFAF %2 QTe-L, QTed-L(70 + 23, 75 + 27 ms)
of ulste] Z & Koy FATAH Aol AT (Fig 2)

T AgTe vlae 9deolA QTd, QTc & 534 FAA T T vgaay s F
Azt A Z+zF 103 + 24 vs 103 + 27, 535 + 29 vs 518 + 39 mso|® p > 0.05 &
M2 ghell frogk zolzp {EFA gtoy QTede: 126 + 32 vs 109 + 27ms (

%

p<O05)E EWMA HFYTEFAN BAFHOE FoF FolF nolr T gs ng
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Ao FelA & s B9ow QTd-L(7T8 + 28 vs 70 + 23 ms, p=031 ),
QTc-L(B09 + 37 vs 495 = 37 ms, p=0.20), QTc-F(B29 + 38 vs 514 + 38 ms,
p=0.14) M= TATAY FYAH S HolAl= Fou HUASHTEY & g BA
o}, & QTd-F(65 + 28 vs 80 + 31 ms, p=0.09), QTcd-F(79 + 37 vs 8 + 32 ms,
p=0.59)+= FAITA A FAA o A IH TN ZaS B dth(Table 2, Fig 5.
E)

2

2173 (LVDd), T8 & (EF), +894%(FS), A9HR) T 72 23 5EA4S vgd +
e AAFTAY FAAVST), AdAFHe FA(PWT), 44 of¢r] A3 (LVDI),
TEEERE 4729 @Y Ao A QTd, QTc, QTed 9 AR T AAFE
(limb leads : -L)¢} ¥ % -f=(frontal leads : -F)ollA Z}7] &4 Q
QTcd-L, QT-F, QTc-F, QTcd-F¢] AL vlug Ay 5S¢4 S oA

T QTd, QTc, QTcd®} QTd-L, QTc-L, QTed-L, QT-F, QTcd-F EF
ZIAAE Holx gskoy QTc-F= LVDA¥ p<0.05Z A IAE E YL (table 3,
Fig 3) vliA 2 Folld= AE2F549 FA0AVST)7F QTd, QTe, QTed
QTd-F, QTc-F, QTcd-FollAl &9 FAAAE Holw p<O.001= 9 g
AT#AE KTt (table 4, Fig 4)
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71U 7 o] 55mm o]l SA SIS k25 o) y] AAFA] T
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712 SAAG AHAELY QT variablesg& vl sto] 7 Alole] o] M-S yaalil
2 83

HAL A5 o5t AFFHAS AR, SO FHAIHF, vdAd I F
59 #H#eA QT variables7} F7Fg& X o <
THbg Ao AAH] Q= @Al QTd7F 104 + 41 ms= el en ¥
Aol FukelA] 2 ATAMY B}l e A= QTd 7F 65 £ 31 ms=

S H 3 TE[6] Pedretti et al = AAA & FHEo] a
g B2 QT A9 #4te]l S7F st ovt FA e A ge] AAg S-S Bl &%
arr et al = A7) AFEE S dA AASE 7 Ao A QTd7F BmsE
7hstar ol ef Wl st AET s|dAH AASS 7 gAelA QTd7F 53ms =
Aasrs B A th[9] ol P AAZeA QT 14 A4S F7hsko
o EAF B R b ake] #A e A A FEEARS BAV ¢H Ao Y15] 1
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QTd7} 60+ 26 vs 76 + 17 ms2 718 B9 o F4gu9 )

qx= Foe Z23}E Holx= R aL[10-12] Fei et alo] Al gk o] A
R FAATHF g &8 AFEAE /MR FA 60 QT dispersion®] 654 =+
9 ms & T7tstd oy Addwe §Fo] #AV ¢S HAFAJTH[13] = A
o B4 FAATHFTA QTA(103 £ 24 ms), QTc(5335 + 29 ms), QTcd(126 + 32
ms)= A A 22 ARAH FUFSS B9 .(Table 2) Pye et al> FA ™
= = gatel A o] QT 2+A 9 #4H84ms)o] A%

of A4A FEES 7 FAGE8ms)ET =THE A Kol FAT 2 AT A
2

o dglemn olEolAN FAHH AHA
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2o FHEFEE Uro AT QT variables 78k th.(Table 2)[14]
S FAAIHETAA AMAFES FF T2 QT variabless Hl L 3%l&
AAA 22 QTd-L, QTed-L (78 + 28, 95 + 33 ms)°] ¥H =2 QTd-F, QTcd-F
(65 + 28, 79 + 37 ms) Bt} 2 #FS BHIPoY FRHFEANA QTc-F(529 + 37 ms)7}
AR 9] QTe-L(509 + 37 ms)B Tt & & Holom FATHORE p<0.05%2 9
°o)7F AT (Table 2, Fig 2.A) o9} o] AAFE9 QTd, QTcd’t F7tste A
Sy SIS QT varialbes® W3lE F= Aol thsir = A8 <
A UA = AR A dAnkA el 1A A A SH(interstitial fibrosis)el o] ko] A}
Ao AHdxeA 43 QT variables¢] S7FstE Aoz AzEL),
Strunk-Muller et al & AT H TS 7k 2239 9] SkApol A A WAl Fo] X3
o] QAINE FAFg 208 9] 3] QTce A FAko] 997t UHS Hol FRoY
Fu et al & AAWNS AP AY A A9 QT 249 F4H6G4 £ 21 ms)
o] thE AAsoz AgE FAF(47 + 15 ms) B F71ES B FA . o F 7hA
= oA 7F wol AR B AFdAE FAFAIHETAA LVDAZE FH A Eol A
AT QTc-F(529 + 38 ms) 9 p=0.019 FATAQA HadaAAE At (Table 3,
Fig 3) [15,16] 18y} QTc-F+ IVST9+ AFAAAE RHolx &}, o9

=3
= 524 FAAIHET A7 Ed ol2a4d S YEll= QT variables® S7H& b

A4 Afrsk B9 ojyel LVDdY A7= 9% & F dve= AS AAEH. 28y
w Aol dide] FoF Alenw & B2 Al did A7 28 & Ao
RS

HA Aol e A7l A Yetman et al& A== A F7He QT
xR BAS AES FHe ¥d due As stdoy WA S FAEe
o] IAE AT WA= HEIIh[17] K Sakata et al & QT +ZA 2] &4y} wid)
AW T @At Aanide FRAEATANY, AdFAa HAd] A9,
AdTAL AL A9, S99 A, HAAAe vd)E FEske] QT A 24k
of S7bE vt on AAdHEL] e wE QT 142 F7he] dd4dS Hlalst
o] QTc tAL] &Ako]l AA =440 AL ooz st F7HES 1w
T o™ Irina savaelieva et al ¢ A% A4 A4, sdAdIHSTE 7H
32l A QT variables= Wl A3} v A ZH T EE QT variableso] 73+
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o vl F7F & BATE[18,19] & AFoA v AW FT oA QTd, QTe, QTed”t
103 + 27, 518 + 39, 109 + 27 ms® A<F& EAt.(Table 2) AAFES FFFEe
QT varialbesE vl 3t31S wWe 54 F4F Ad<5ds =24 F5+59 QT
varialbes (QTd-F, QTc-F, QTcd-F)7} 80 + 31, 514 + 38, 85 + 32 ms= AR FEe
QT wvariables®tF EA 2 #9A4(Ep>0.05 PR =718 A HAT.(Fig
2B) Dritsas et al & BlAZH ST A A2 F77 QT 149 &4k
AL Yoba s oy Zaidi et al = FHAARNE 7HZ v g4 3
oA QT tA 9 HAzta QT +A9 &E4be] A S7Hgs B
M= QT A HAdighel S44 AT QT 4] Aol 439 vs 491
ms & A A5 Ho AdAtt.(Fig 5)[20,21] &= vt ZH =9 IVST 39 4
v oA QTd, QTc, QTcd, QTd-F, QTc-F, QTcd-Fo} <o A3 #AZS 71AH
p<0.0012 29 & &7E HATh (Table 4, Fig 4) wehA] vl 59 d7]4
FAC FFE W Aom AE HAAL] FAHQd EAS
FHEAFENA QT variableso] & #= 7IA & AL FA4AH 9

T A4 F7H7F QT variables9] 719 ¢S Fv A2 dodu,

L
O
=
i
X,

o] ])\/R-]o] =z} Al

LL

Al
=
Z} B]—o o]_b /K E
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S04 AT AAFEY FEFES Blus BW QTd-L, QTed-L (78
+ 28, 95 + 33 ms)o] QTd-F, QTcd-F(65 + 28, 79 + 37 ms)Et} 550 glom
QTc-F(529 + 37 ms)E QTc-L(509 + 37 ms)Rt} A< o) o83 WHils 5
A A TN B AAEAY Foh Azl A AA AR5l
93 Aow AztEth LVDde QTe-FAtole] @ #AE p<0.052 F93 232 B
gom ol Ay Sy FFATHITAAN FrhE LVDAZE AAARETF d7)H
ol o] W3l JFgFE = F U AAUS AlAMEH

H A = Fol A QTd-F, QTce-F, QTced-F(80 + 31, 514 + 38, 85 + 32 ms)E &
At ol foAde QAN A FES QT variables Bt F71H e 43S B
IVST$ QTd, QTc, QTed, QTd-F, QTc-F, QTcd-Fete] 37
p<0.052 93 ZA7s Btk ol AN T WEr AR
] Hoﬂ Oﬂﬁl:—é— F= 43 xgﬁ-g;}

FoEzke) vne] oM mtHATH Fol nle) SwA A TH T QTedeol
froetAl S7hH ol A=l (p<0.05), olH e AeolE AHEW QTede AAFAL F7t
HoE Ade4e Frbel s By B2 JgS

ko2 HgAZHITANE HAAA FAE
variables®] x}o]lZ2 8|1 FAAZHZo|AE pro-BNPY FHAlA o]y 4=y QT

=
variables 3t oS Zolrels A4 To] 2o Aow AZ4HH,

B
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2
>
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Table 1 Baseline characteristics of 48 study Patients with IDCM and HCM

INCM HCM
Number of case 25(52.1%) 23(47.9%)
Age 64+12 60+12
Sex(M/F) 13/12 12/11
NYHA class
I 0(0%) 5(21.7%)
II 2(8%) 9(39.1%)
III 14(56%) 8(34.8%)
v 9(36%) 1(4.3%)
Echocardiogram
IVST(mm)’ 10.12+2.32 17.17+2.87
PWT(mm)" 10.84+2.76 11.64+3.19
LAD(mm) 45.10+7.25 43.16+6.94
LVDd(mm)" 63.00+7.70 45.0045.13
EF(%)" 31.92+10.65 70.22+11.20
FS(%)" 15.64+5.77 40.48+8.37
Drug treatment
—blocker 3 7
Calcium antagonist 8 5
ACEI or ARB 23 12
A@liodarone 1 0

"p<0.001 IDCM v HCM
IDCM-=Idiopathic dilated cardiomyopathy; HCM=Hypertrophic cardiomyopathy;
IVST-=intraventricular septum thickness; PWT=posterior wall thickness;

AD=left atrial dimension Dd=le en ar dimension diasto ; D=le

ventricular dimension systolic; EF=ejection fraction; FS=fractional shortening
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Table 2 Baseline Electrocardiographic characteristics

IDCM HCM

HR (beats/min)” 90+15 68+14
Mean RR interval(ms)” 697117 903+178
QRS duration(ms) 128+31 11523
QT interval(ms)

max’ 439+43 491+68

min’ 336+41 388+£57
QTd (ms) 103124 103127
QTc (ms) 535+29 518+39
QTcd (ms)” 126+32 109+27
Lead(ms)
I 376+53 428+62
II 395+61 426+59
111 381+50 432+53
aVR 38656 43870
aVL 365+52 427+69
aVF 37558 43158
V1 385+46 436+60
V2 406+39 435166
V3 409+36 443481
V4 410+38 457+69
V5 41539 461167
V6 40551 459+65
Limb lead(ms)
QTd-L 78+28 7023
QTc-L 509+37 495+37
QTecd-L" 95+33 75+27
Frontal lead(ms)
QTd-F 65128 80+31
QTc-F 529+38 514+38
QTcd-F 79+37 85+32

*p<0.05 IDCM v HCM, ‘p<0.001 IDCM v HCM
QTd : QT dispersion, QTc: corrected QT interval, QTcd: corrected QT dispersion,
L: Limb lead, F: Frontal lead
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Figure 1. Variations of QT intervals in the IDCM and HCM
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Figure 2. Difference of QT wvariables in the IDCM and HCM
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Table 3 Relation between QT wvariables and Echocardiographic data in the IDCM

VST PWT LVDd I
QT interval -0.331 -0.053 0.386 0.228
QTd -0.226 -0.106 0.159 -0.194
QTc -0.135 -0.004 0.342 -0.185
QTcd -0.126 -0.098 0.069 -0.218
Limb lead
QTd-L -0.321 -0.101 -0.056 -0.126
QTc-L -0.257 0.065 0.128 0.137
QTcd-L -0.277 0.168 0.127 -0.277
Frontal lead
QTd-F 0.071 0.145 0.291 -0.098
QTc-F -0.108 -0.131 0.502° -0.315
QTcd-F 0.190 0.181 0.193 -0.151

*p<0.05 QT variables v Echocardiographic data
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Figure 3. Relation between LVDd and QTd, QTc, QTcd, QTc-F in the IDCM
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Table 4 Relation between QT variables and Echocardiographic data in the HCM

IAVASMA PWT LVId L

QT interval 0.097 0.345 -0.182 0.004
QTd 0.597" 0.145 -0.146 -0.417
QTc 0.553" 0.523 -0.118 -0.298
QTcd 0.714" 0.064 -0.103 -0.415
Limb lead

QTd-L 0.013 0.099 0.071 0.078
QTc-L 0.135 0.471 -0.288 0.000
QTecd-L 0.070 0.015 0.010 0.035
Frontal lead

QTd-F 0.582" 0.036 -0.118 -0.296
QTc-F 0.597" 0.492 -0.066 -0.457
QTcd-F 0.661" -0.053 -0.180 -0.322

"p<0.001 QT variables v Echocardiographic data
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Figure 4. Relation between IVST and QTd, QTc, QTcd and QT variables-F in the

HCM
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Figure 5. Difference of QT wvariables between IDCM and HCM
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