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T Wave Alternans in Idiopathic Long QT Syndrome
WOJCIECH ZAREBA, MD, PHD, ARTHUR J . MOSS, MD, FACC, SASKIA LE CESSIE, PHD,
W. JACKSON HALL, PHD
Rochester, New York

Objectiees . The study evaluates the association between T wave
altemans and the risk of cardiac events (syncope, aborted cardiac
arrest or cardiac death) in a large population of patients with
idiopathic long QT syndrome .
Background. T wave attermars is an tnrrqueauy recorded
electrocardiographic (HCG) finding in patients with delayed repe,
larizalion, and its clinical significance is not dear.
Methods. A total of 4,656 ECG recordings in 2,442 patients
enrolled in the International Long QT Syndrome Registry were
reviewed for episodes orr wave attermans . To determine the risk
associated with T wave alterans, independent of corrected QT
interval (QTc) duration, patients with T wave afterrams were
snatched for QTc valise (every 0.025 sn4 ) to patients with tong QT
syndrome without T wave alternating.
Results . T wave altemans was identified in 30 patients (25 of
whom had a QTc interval >0 .50 s'). A strong association

between QT, prolongation and T wave altemans was observed
(odds ratio 1.23 per 0,01.sVZ unit increase in QTc, p ( 0.0001) .
Conditional logistic regression analyses with adjustment far age,
gender, status and QTc value revealed that T wave altemans did
not make a significant independent contribution to the risk of
cardiac events. The risk of experiencing a major eardiae event was
primarily related to length of QTc.
Conclusions . T wave attention, a marker of electrical instability and regional heterogeneity of repotariration, identifies a high
risk subset of patients with prolonged repolarizatioa . Patients
with T wave altemans bare an increased risk of cardiac events,
but this risk is primarily related to the magnitude of repolaeization delay (QTc prolongation) . T Crave alterans does not make an
independent contribution to the risk of cardiac events after
adjustment for QTc length .
(J Am Coll Cordial 1094;23:1541-6)

T wave altemans is an infrequently recorded electrocardiographic (ECG) finding with transient beat-to-beat changes in
amplitude, shape and, frequently, the polarity of the T wave
during sinus rhythm without concomitant QRS changes
(1-3). T wave alternating was first recorded during the pioneer
electrophysiologic experiments of Mines (4) in '913 and by
Taussig (5) in 1929 . Thereafter, several investigators recorded episodes of T wave altemans in clinical cases, and
subsequently it was suggested that this abnormality was
associated with a high likelihood of torsade de pointes and
ventricular fibrillation (2,6-14) . Patients with marked repolarization delay resulting from primary (idiopathic long QT
syndrome) or secondary (myocardial ischemia, metabolic
disorders, drug induced) causes of QT prolongation are
especially prone to develop T wave altemans (2,15-24) .

Furthermore . patients with delayed repolarization are at an
increased risk of experiencing episodes of malignant ventricular arrhythmias, syncope or cardiac arrest (25,26). The
purpose of this study was to determine the clinical setting
and prognostic importance of T wave altemans in patients
with long QT syndrome .
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Methods
Study population. The identification of families with long
QI' syndrome in the International Long QT Syndrome
Registry has been described elsewhere (26,27). The population studied included 1,171 patients with corrected QT (QTc)
prolongation >0 .44 sn2 (including 369 probands [firstidentified patient with long QT syndrome in a family] and 802
affected fame, members [QTc >0.44 s' ° ]) and 1,271 family
members with QTc < 0.44 0e2 A 12-lead ECG was required
for enrollment in the registry, and ECGs were requested at
periodic intervals during follow-up . The ECGs were also
requested if they were obtained at the time of a cardiac event
(syncope or cardiac arrest), as identified daring routine
registry follow-up . There were 4,656 ECG recordings in the
2,243 subjects enrolled in the registry, and all ECGs were
reviewed to identify episodes of T wave altemans . Several
clinical and ECG variables (demographic data, history of
symptoms, history of documented ventricular arrhythmias,
deafness, ECG measures of repolarization, treatment) were
0735-1097194157 .00
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compared in patients with and without T wave alteraans .
The association between T wave aftemans and cardiac
events (syncope, aborted cardiac arrest, cardiac death) that
occurred before or after recording of T wave altemans was
also assessed.
Electrocardiographic determination of T wave alternans .
The diagnosis of T wave altemans was based on the presence of beat-to-beat changes in configuration and polarity of
T waves recorded during stable sinus rhythm on at least two
leads of any available 12-lead ECG . Subjects with T wave
alternans occurring immediately after atrial and ventricular
premature beats or related to cardiac pacing were excluded .
Those with T wave alternans associated with abrupt beat-tobeat sinus cycle length changes were also excluded because
in such conditions, T wave abnormalities may occur even in
norm ral subjects (28-30). Assessment of repolarization duration consisted of measurement of QT and RR intervals, with
the QT interval corrected for the RR interval (QTc) using the
Bazett's (31) formula.
Statistical analysis Comparisons of clinical and ECU data
between patient groups were performed using nonpaired r
tests for continuous variables, the Wilcoxon rank-sum test
for nonnormally distributed data and the chi-square test or
Fisher exact test, as appropriate for proportional data . The
strength and significance of the association between T wave
altemans and QTc length value were estimated using a
logistic regression model.
To evaluate the Independent clinical significance of T
wave aftemans in patients with prolonged QTc interval, 30
patients with T wave altemans were matched with regard to
QTc value (every 0.025 stn) to 583 subjects without visible T
wave altemans . A conditional logistic regression analysis
(32,33) was performed to determine the contribution of T
wave aftemans to outcome after adjustment for matching
and relevant clinical variables. The odds ratios, with 95%
confidence intervals express differences in outcome between
patients with and without T wave alternans having the same
gender and proband status and in the same age and QTc
value group .
Results
Electrocardiographlc patterns of T wave alternuts. Episodes of T wave altemans were detected in 29 (2 .5%) of
1,171 patients with a QTc interval >0 .44 stn and in I patient
among the 1,271 subjects with a QTc interval sO .44 stn (the
QTc interval in this patient was 0 .43 s tn ) . T wave aftemans
was found in 13 patients on the first available ECG, but in the
other 17 patients it occurred on a follow-up tracing . Analysis
of clinical and ECG characteristics of the 30 patients with T
wave aftemans (Table 1) revealed that they were usually
young (77% were <20 years of age), and 17% had congenital
deafness . Patients with T wave altemans had markedly prolonged repolarization (mean I±SDI QTc interval 0.60 ±
0 .09 s tn ) . A documented history of malignant ventricular
arrhythmias (torsade de pointes or ventricular fibrillation)

Table l . Clinical Characteristics of Patients With tong QT
Syndrome in Relation to Configuration of T Wave Alternans
T Wave All.TOW

(n = 30)
Mean age (yr)
<10

<20
Malufenule
Prnbeods
Deafness
ECG
Mean RR interval (s)
Mean QTc interval (1 16)
QTc imereal 20.60116
U wave
TOM documented
The apy
Bela.bbckees
LCTSX
Premaker
Cardiac event
syncope >5/pt
Caediae death
ACA or cardiac death
Any event
Mean ageattelevent (yr)

l2 t 13
15 )50%)

23 )77%)
14116
21(70%)
5(17%)

Minor
(n - 9)

Marked
(a = 211

21 -_20
2(22%)
4(22%)
415
4(44%)

9 x 10'
13(62%)19 (90%)t
10/11
17181%)'

0

5 (24%)

0.95 t 0.26
0.6o t o.m
13 (43%)
19(63%)
10(33%)

0 .99 t 0.31

0.94 ! 0.25
0.63 t 0.o9t
12(57%)
13(62%)
9(43%)

26(07%)
6(20%)
6(M)

7(97%)
0
1(11%)

19(90%)
6)29%)
5)24%)

1200%)
4(13%)
11(37%)
23(69%)
7±9

1(13%)

11

0 .54 t 0.06
1(11%)

6(67%)
1(11%)

1)11%)
1(11%)

506%)
12±5

(52%)
3 (l4%)

10140%)
19196%)

6±9

'p < 0 .05 and Ip < 0 .01 patients with marked venal peticms with minor
dteenw. Data presented are mean nines ± SD or numbnr, )%) of
PUkat . ACA = aharnd cardiac seven; Any event = syxope, aborted
cardiac aueu or cardiac death ; ECO - ekcurcanlia elm; LCTSX - left
«rviratotuk synpathecmmy ; pt - patient ; UP = torsade de paimes;
VF - ventricular fibrtauiee .
T wave

was recorded in one-third of patients with T wave alternans,
and aborted cardiac arrest or cardiac death occurred in 37% .
Different ECG patterns were observed among the 30
subjects with T wave altelnans . We divided the 30 subjects
into two subsets according to the magnitude of the beat-tobeat T wave changes . Nine patients (30%) were categorized
as having minor (monophasic) T wave alternans, defined as
beat-to-beat changes in the shape of the T wave (notchings
or bifid pattern) but without a bidirectional pattern . In the
other 21 subjects (70%), marked (biphasic) T wave alternans
was identified with beat-to-beat bidirectional changes in T
wave polarity. Examples of minor and marked T wave
alternans are demonstrated in Figures I and 2 . The patients
with marked T wave alternans were significantly younger
and had a significantly longer duration of repolarisation and
a higher prevalence of cardiac events (86% vs. 56%, p = 0.096)
than those with mild forms of T wave alternans (Table 1) .
T wave alternans relation to QTc interval. The episodes of
T wave aftemans were recorded mainly in patients with a
very prolonged QTc interval (25 of our 30 subjects with T
wave alternans had a QTc interval >0 .50 stn) Figure 3
shows the prevalence of T wave alternans in our entire Long
QT Syndrome Registry population in relation to the QTc
length. T wave alternans was recorded in one-fifth (13 of 62)

JACC Vet. 73 . No . 7
June 1994:1541-6

zARFBA ET AL.
T WAVE ALTERNANS

1543

Figure 1 . Minor T wave altemans in a patient with a QTc interval of
0.55

5 1'.

Beat-to-beat changes in the shape and duration of the T
con
.

waves are evident (arrows), with unidirectional (monopha=ic)
figuration of the T waves .

of patients with a QTc interval >0 .60 s tr . Logistic regression analysis revealed a strong and significant association
between QTc interval length and T wave altemans, with an
odds ratio of .123 per 0.01-s tn unit increase in QTc length
(95% confidence interval 1 .18 to 1 .29, p < 0 .0001).
Clinical significaoee of T wave alternates. Patients with T
wave alternans had a somewhat higher frequency of cardiac
events than those without T wave alternans (Fig . 4) . In view
of the significant association between QTc length and T
wave alternans, patients with T wave altemans were
matched to those without visible T wave altemans on QTc
length (see Methods) to determine whether T wave alternans
is an independent risk factor for cardiac events. The comparative adjusted analysis did not show significant differences in clinical vzriables between patients with and without
T wave alternans. T wave alternans did not make a signifi-

Figure 2. Marked T wave alternans in a patient with a QTc interval

of 0.78 s 1° . Beat-to-beat changes in the shape of the T waves are
evident (ermws), with bidirectional (biphasic) configuration of the T
waves.

cant independent contribution to the risk of cardiac events
after adjustment for relevant covariates (Table 2) . Analyzed
separately, the risk of cardiac events in 21 patients with
marked T wave alterans compared with the risk in matched
control patients with long QT syndrome having the same
QTc value, age, gender and status was also increased, but
once again the difference was not significant .
T wave alternans in patients with a QTc Interval >0.60 stn,
Among 1,171 enrolled patients with a QTc interval >0 .44 stn,
02 patients (5 .39b) demonstrated a marked prolongation of
QTc interval >0 .60 stn . Thirteen (21%) of the 62 patients
had T wave altemans recorded on a 12-lead ECG . In this
selected subset of 62 patients with long QT syndrome, the
risk of a cardiac event was analyzed separately. Comparison
of clinical data between the 13 patients with and 49 patients

s
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50%

T
W
A

40%

Figure 3 . Frequency of T wave nltemans in relation
to the repolarization delay (QTc interval length) .
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Figore4. Cardiac event rates inpatients with (mild
bars) and without (aps bore) T wave ahemans in
relation to the repolariradoo delay (QTe interval
length) . Ftaedaas above bun represent the number
of patients with cardiac events in relation to the
total number of subjects in each QTc category.

OTC

without T wave alternam is shown in Table 3. Patients with
T wave alternans were significantly younger and were more
likely to develop torsade de pointer or ventricular fibrillation
than those without T wave alteraans (69% vs. 35%, respectively, p = 0.027). Patients with T wave alternans had
significantly longer QTc values (0 .69 ± 0.06 vs. 0.64 ± 0.04,
p = 0 .013) than those without T wave alternana . Among the
62 patients with marked QTc prolongation (>0.60 stn), 13
had T wave ahemans, and all 13 patients experienced cardiac
events ; in the 49 patients without T wave altennns 38 (78%)
experienced cardiac events . This difference in event rates
among those with and withoutT wave altemans in the subset
with a QTc interval >0 .60 s12 was of borderline significance
(p = 0.07). Patients with T wave altemans had a more severe
clinical course with significantly more "opal or cardiac
arrest episodes per patient . Seventy-five percent of patients
with T wave altemans had more than five episodes of
syncope, whereas only 33% of those without T wave after .
nans experienced such frequent events .

Discussiett
T wave ikceu. Md rePa hrtrado delay. T wave altermms was observed on the standard 12-lead ECG in 30
patients with idiopathic bog QT syndroax. This large series
of patients with long QT syndrome with T wave altemans
allowed us to evaluate the clinical characteristics of these
patients and to estimate the prognostic significance of T
wave alternans. The primary finding in our patients with T
wave ahernans was that they exhibited a considerable repoIsrimdon delay, with a mean QTc interval of 0.60 stn .
Previously reported aces ofT wave sltemans (2,3,6-8) also
demonstrated that this phenomenon was usually seen in
patients with a prolonged QTc interval . but the relation
between T wave ahernaas and the magnitude of e polarization delay has not been explored systematically . By logistic
regression analysis, the odds ratio of having versus no
having T wave ahemans in our population was estimated to
be 1 .23e, where x is the 0.01 a12 unit change in QTc interval .
That is. a patient with a QTC interval of 0.60 s12 would have

Table 2. Odds Ratio for Cardiac Events in Patients With Versus Without T Wave Attemans
T Wave Aaeroeos
Cardiac Event
Syacapc
Syncope <51p1
Syncope or ACA
Cardiac death
Any event

Odds
Ratio'
2.34
1 .59
1 .51
1 .30
1.40

Nuked T Wave Akermas

95% Cl

P
V.I.

Odds
Ratio'

95% Cl

P
VA.

0 .69-7.93
0 .60-4.17
0.46-4.96
0.34-4.97
0.43-4 .60

0.17
0.36
0.50
0.71
.5 8
0

4 .01)
2 .35
1 .96
1 .10
1 .70

0.79-20.13
0.75.7 .39
0.30-10.40
012,5 .45
0.34-9.30

0.09
0.15
0.42
0.91
0.49

'Adjusled for sae, gender, status and QTc bneml . 95% Cl = 95% -ad- interval ; ether abbreviations as in Table 1.
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(biphasic) T wave altemans reflecting more extensive regional heterogeneity in repolarization . An additional factor
that may contribute to T wave altemans and cardiac arrhythPts With TWA Pis Without TWA
p
mias is the level of activation of the sympathetic nervous
(n=13)
(n=49)
Value
system. Increased sympathetic tone can induce QTc prolonMean age (yr)
8 T- 11
26 0 19
10.001
gation, shorten the cycle length and increase the degree of
Female
7(54%)
35(73%)
repolarization heterogeneity (12,14,15,41) .
Deafness
3 )23%)
5 (10%)
T wave alternates and cardiac events, The high incidence
Documented ECG findings
of cardiac events (69%) in our patients with T wave altemans
Any veal
25 (51%)
10(77%)
may suggest a common mechanism of T wave altemans and
TdPNF
9(69%)
17)75%)
0 .027
triggering of ventricular arrhythmias in patients with long QT
ECG
syndrome . Results of a recent experimental study by NearMean RR interval (s)
0.36 0 0 .25
0.96 0 0.21
0.64 t 0.04
Mean QTc interval (s°)
0.69 t 0 .06
0.013
ing et al . (14), who have demonstrated that the appearance of
Mean QTIRR its-al (%)
76 t 13
66 t 9
0.026
T wave altemans coincides with spontaneous occurrence of
Therapy
malignant ventricular tachyarrhythmias, appear to support
Betablackees
11 (92%)
35 )76%)
this concept . As shown in Figure 4, T wave alternans was so
LCrSx
5 (3545)
5 (11%)
0.017
strongly related to the prolongation of repolarization that the
Pacemaker
3(23%)
3(17-,)
risk for experiencing cardiac events in patients with T wave
Cudiac events
attentans was mainly dominated by QTc length . Patients
syncope >5/pt
9 )75%)
14 (33%)
0 .010
Any event
13(100%)
38(78%,)
D.072
with T wave altemans had a somewhat higher frequency of
Cadiae death
6 (12%)
3 (23%)
cardiac events (odds ratios >1 .3 (Table 21) than the QTcAge at IM event (yr)
7 t 11
15 t 15
matched patients without T wave altemans, but these differData presented are mean values t SD or number (%) of patients (Pts).
ences were not significant .
TWA - T save attention; VPBs = ventricular premature beats ; other
Study limitations. Patients with T wave alternans, were
abbrevutions en ra Table I .
identified from a retrospective review of 4,656 ECG recordings entered into the International Long QT Syndrome
Registry . We have no reliable data as to the prevalence or
a 22-fold greater likelihood of having T wave altemans than
incidence of T wave altemans because it is unlikely that all
a patient with a QTc interval of 0.45 s 12 (1,23" = 22 3) The
ECG recordings with T wave altemans were sent to the
configuration ~f the T wave altemans was related to the
registry . The large number of enrolled patients (2,442 pamagnitude of the repolarizaton delay. Patients with marked
tients) probably minimized patient selection bias for long QT
(biphasic) T wave altemans had significantly longer QTc
syndrome but not T wave alternans selection bias because
values than those with minor (monophasic) beat-to-beat
there was no prespecified protocol for sending these recordchanges in the configuration of the T wave .
ings to the registry .
Pomible mechanisms of T wave ahemms. The fundamenClinical impgcetlnns. In this study, the development of T
wave altemans is strongly associated with the magnitude of
tal mechanism responsible for T wave altemans is uncertain .
Published reports are replete with a variety of speculative
delayed ventricular repolarization relative to the heart rate .
hypotheses, including regional heterogeneity cf repotarizaThe ECG pattern of the T wave altemans is also related to the
tion (11,34-36), enhanced early afterdepolarization (37-40),
magnitude of the repolarization delay. T wave altemans may
alteration in the sympathetic nervous system (2,14,41) and
be considered a marker for an unstable heterogeneous pattern
shortening of the diastolic period (28-30,!2). In the current
of ventricular repolarization . Patients with long QT syndrome
study, the observed association between T wave altemans
with T wave altemans have an augmented risk for cardiac
and QTc prolongation indicates a complex relation involving
events, but the risk is primarily associated with the QTc
delayed repolarization, cycle length and the configuration of
prolongation . Although T wave altemans in patients with long
the T wave . In the normal heart, the duration of the cellular
QT syndrome does not make a significant independent contribution to cardiac events, T wave atternans provides insight into
action potential (repolarization) is not absolutely uniform
a possible mechanism of electrical instability that may lead to
among the innumerable cells of the myocardium, and a
certain degree of repolarization variability (heterogeneity)
life-threatening ventricular arrhythmias (usually torsade de
exists. When the action potential is prolonged, the heteropointes) .
geneity of repolarization is, in all probability, increased .
Interregional (endocardial-epicardial, anterior-posterior)
heterogeneity of repolarization has been demonstrated preReferences
viously in various experimental studies of ventricular refrcI. Sarawivae.ThepatlwgenesisanddinicalsignificancaofprimaryT-wave
toriness (36,43-47) . The observed minor and marked forms
ahnmmatdies. In: ScMant Re, Durst JW, editors . Advances in Eeetroof T wave alternans may be related to the extent of regional
caNiography. New York: Owns & Stratton, 1972 :377-421 .
heterogeneity in myocardial repolarization, with marked
2. Schwartz P1. Malliani A . Electrical alteration of the T-wave: clinical and
With and Without T Wave Atternans

1546

ZAREBA ET AL.
T WAVE ALTERNANS

experimental evidence of its relationship with the s5mpothelic nervm
syOem and with long Q-T syndrome. Am Hon 1 1975;19:45-A0.
3V Novarro-LopezF,Croat,SmuG,Pn,izA.Mzrgmal.Retain A.Isolated
T wave aheaant, Am loaner 11978 ;93:369-74 .
4 . Mines of. Ontocl(mwlaoalyshbytheaction cfeleclrdytes .1.P6ysiol
1913 ;46 :188.
5 . moody MR. Eleclrolrame taken from Isolated strips of mammalian
ventricular -din manure. Boll Johns Hopkins Hose 1929 ;t3!116. Kimuss E, Yoshida K. A ease shaving electrical eEemana of dw T wave
011hn01 change in [be QRS complex . Am Heart 1 1963;65:391-5 .
7 . Dulaa ' ; Pout L. El0Ueal alteration T wave without change Ia QRS
wmplea. & Hewn J 197193:161-3.
S. Well- N11 . Iwh.6rd oh-, of the T wave, Chat 1972 :64:319-21.
9. Sbarma S, Nair KG, Gadekar HA . Romwna-Wad p.10" QT ye,
drome Out Intermittent T wave alurnnas and atelovemlicular block . Am
Ilea 111981 :101 ;500-I.
10 Adam DR, Smith Java, Akedrod S, Nyberg S, Powel AD, Cohen RI .
Fluctuations in T-wave nmpbobgy and s0e0eplktily Io venerialu
8hdilnilon. J Eleconcardlol 1094 ;17 :119-18.
11 . SarawkzB .Elecnaphyeiologicsubstrnteoftorsadedopulaw :dispersion
of eepotoromtion or early a&rdepolarioatons? J Am Cog Caodiol 1989 ;
14:172-84 .
12. Sctnvanz PJ, Zaza A, Lawn E, Moan Al . Stem and sudden death. The
wan of the long QT syndrome. Circulation 1991 :83 : Suppl 11 :11-71-80.
13 . Abe S. Nagamoto Y, Fukuchi Y, Hayakawa T, Kuroiwa A . Rehdimsbip
of almnnns of monophasic action potential and cadudion delay inside
the ischemic border zone to serious ventricular arrhythmia during note
myocardial Iochrmia in dogs . Am Hart J 1969;117 :1223.33 .
14. Nearing BD, Hanog AM, Vs.!. RL. Dynamic cracking of ardac
vnhstab lity by compka demodalatic a of the T wave . Science 1991 ;252:
437-40.
15. Schwanz PJ. Idiopathic long QT syndrome : progress and question . Am
Mean 1 1985 :109 :399-411 .
16. Mans Al,SchwartzFJ.Delayed rcakrizatioa (QTorQTLlpsabnialbn)
and nsalignatt ventricular arrhythmia. Mod Co-pt, Cardiovaat Dix
1912 :51:65-90 .
17, Sumwicz B, Knoobel SB . Long QT: good, bad or indifelem? I Am Coll
Cosdid 19944,399-413.
19 , Stleao JA, Previtali M . Paneiro11t C, et al . Ventricular anhythmlae
during acute Myocmd®I lecbacmia in am . The role od signillancc of
R-ST-T :ternan, and prevention of iechaemic sudden death by neadicd
treatment . Eur Head 1 1916 :7 : Suppl A:63-75.
l9 . Smith 3M, Clancy EA. Valed CR, Ruskm IN, Cohen RI. Electrical
Nternus end clinical ekctrkd insta6BOy . Circulation 1988;77:000-21 .
20. Hinjima K, Sam, T . Electrical alteaans of TU ware k Romano-Wad
syndrome. Br Heart J 19;6:3&167-70 .
21 . Liomanmak1 K, Heikk6v J, Hanikahmn M. T.wave damns associated
with heart failure and hypomagoesmia in alcoholic wdiomyapahy . Roe
J Cordial 1975:3 :167-70.
22. Ishikawa K, Tateno M . Alternans of the repolariroSon wave in cane of
hypoohbrcmb allntosts with hypopotasemia, J Electrawrdiol 1976;9:
734.
23. Badly CVR, Kink JP, Khan RG, El-SIweif N . lepolanzalion aheaans
associatedith dwh.livm+nd hypvmagnesemio, Am J Cootiol 1984;33 :
390-I .
24. Rickets NH, Denison EK, Haywood U . Unusual T-wave abnormality .
Repoandzation ahemaa associated with hyamagnesemia, acute akoholIsm . and cardimyopathy . IAMA 1969207:365.6.
25 . Moss Al. Palmed QT syodamon, JAMA 1096256:2965-1,
26 . Moss AJ Schwmn P7, Cmmptm RS, et al . The long QT ayrdoms .
pospecive longitudinal study of 328 families . Ckculatws 1991 ;84 :1136-44.

JACC Vol . 23, No. 7
June 1994:1541-6
27 . Moss Al, Schwartz P), Ceampmn RS Loeali E, Carlme E . The long QY
syndrome. a Prospective lotenatioro study . Circulation 1963 :71:17-21 .
26. Foeh C . Edroands RE, Gneeasan K. T wave aft emans: ton ass0ciatioe
with abrupt rate change . Am Heart 11971 :81 :617-21.
29. Coca 1 . Monitor A. Deceneinck P, e1 a1 . The dependence of T wave
aheroans on diasae8c resting peeled duration . Earl Cardtol 197k:7 :299359.
3D. Sailoh11,eadeyPV.S-icoB.Altemeaofaction pntaaialdwmior
afar mirror d"n-g3afayek 11 .0 : dieraaea baaeen dog Psrkiaje
and WAI'Vokr musk Rheas. Core gets 1988:621027-40.
31 . BareRNC.Anamlysisofthetmerclatioenmeledrmsrdiognnn.Head
1931.7353-67.
32 . Anderson S, AngoenrA. Haock W, Oaken D, Vaadack W, Wdsherg HI .
SlalhticdMeehods forCbmparative Studies, New York : Wiley,1910:69112 .
33 . Rrenbw NE, Day NB
. Card Banal kgistie rep-i
. Few maul d .
whs
Im Sutisdwl hletlads in Cancer Retouch . Val L The Analye-n of date
Comrol Studies. Lyon lmeroauoanl Agency kr Resareh on Cncer,
1980:748-19.
34 . From: MR, Barg9ecr K, Costard-lacke A, Miler DC, Lickike PR .
Human vewicn6r repolarizatioe and T wave ®eosin . gong Caediarex
Di, 1991 :33:369-84,
33 . SemwkcB,FncbC .Cardiaoeltemans:dirasemecpanismeaoddbkal
mudedaliona. 1 Am Call Cordial 1992,10:411-99.
36. Franz MR, Bughher K, Raeeabeul W. Haverieh A . Lichtlen PR .
Mogpplpsic arbors pmemial man" it Inmaa aubjests with normal
ekdrocardkgnnee direct evidence for the gerceh of the T wave .
Circulation 1967 :73379-86.
37. HOW MA, EI-Shoeif N . TU aturoms, keg QTU, and eonade do
Pair- elokal and laPendsemal o6srvariom. PACE 1991 :13 :916-31 .
39 EWS&TiI` N, Tiller RM. Cronies W. GOUIi WB, Hekist R . QTU
proknydiote and polynwrpkie eadricvlae to chyuehy6esos lore to bradywrdia apeedanl .enly ndin dspoWiatiaee . ABemkoolu;xaaione and
ve ndeularatehylkwiee . Cac Rot 1988:63:285.30539. Patterson E, Szabo B, Scher6l El, I.1zaa R . Early and delayed
rkpokr¢niwa aswtimed wick saaium cYakfo- od cad eeehytkuien in
the dot, J Grdiovuc Soared" 1998 ;15:323-31 .
40, Priori Sf% Mnta M, Napdilra C, Sdhe atz PJ. Early alleAepolerindan Induced in vivo by eapeeNn ;on of iseheme myaardim . A
pottide mechanism fn reperrrake KftYdmla. Ckcuktbe 199091:
1911-20.
41. 7aaaA, Mdlatto G, SaIwarlz P1. Byeepdhete madulatiao of eheeela8on
between veMriailu repolariution and cycle k iglk, CYC Rot 1992:6&
1191-203 .
42 HamwirtlO.NobleD.TeieeOW.TI.depeadawofpblauc0rtoaak
cardiac Wrkigjr fben do the kkeroal between action pareeliah, J Physd
1972222 :27-49.
43. Atwell D, Lore IA . A cellular boom for doe priewy, long QT sytrdravea.
Lanoae 1961:1 :1156-0.
M. Kate CS, Surswicz B . Vemricular mamplmris acting inalminal changes
arwtWed with netwgenic T wave absmme ides d ieopmtnenm
adoridara0m in daps. Air 1 Caediol 197698;170-7.
45 . tilovdty SH, Anlzekritch C. Transient untoward curmd plmiaem in
canine apiwalum but am in endocardium. Cirt hen 198602116-7A
46 . tiloosky SH, Antxkcitch C, Awe dependence of notion paemial
obtoeiaa andrelactorikssin canine rsmaicukr eadacardiumddersfrmn
the of lpiosrdium : role of the trarrknt outward c--t- J A. Ca
Cordial W14 : 11153-w
47. Jack CD, Hoyden PA ..ltdppeanrlce
As,ofevtward cmseon may
amsibaetvdonobensmalMill-mvennitalaanPOlalnlion .Cite
R<s 199101 :x390-403.

