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ABSTRACT

BACKGROUND. We recently reported that electrocardiographic abnormalities are com-
mon in adults with monosomy X (Turner syndrome), but this issue has not been
investigated in girls with Turner syndrome.

PATIENTS AND METHODS. We analyzed electrocardiograms in 78 girls with Turner syn-
drome and 50 age-matched control girls. The girls with Turner syndrome had
additional cardiac and metabolic evaluations.

RESULTS. Girls with Turner syndrome were more likely to demonstrate =1 electro-
cardiographic findings including right axis deviation, right ventricular hypertro-
phy, accelerated atrioventricular conduction, T-wave abnormalities, and a pro-
longed rate-corrected QT interval. The right-sided findings were associated with
partial anomalous pulmonary venous connection, but the etiology of the other
findings remains unknown. The rate-corrected QT interval was significantly longer
in girls with Turner syndrome (431 = 22 vs 407 = 21 milliseconds). Twenty-eight
girls with Turner syndrome but only 2 controls had a rate-corrected QT interval
above the reference range. We found no correlation between body habitus, cardiac
dimensions, or metabolic parameters and the rate-corrected QT interval duration
in girls with Turner syndrome.

CONCLUSIONS. Cardiac conduction and repolarization abnormalities seem to affect
both young girls and adults with Turner syndrome equally, suggesting that elec-
trophysiologic defects are intrinsic to the syndrome and indicating that electrocar-
diogram analysis should be included in evaluating and monitoring even the
youngest patients with Turner syndrome. Attention to the rate-corrected QT
interval is important, because some common medications may further prolong this
interval and increase the risk of arrhythmias.

e1220 BONDY et al

www.pediatrics.org/cgi/doi/10.1542/
peds.2006-0776

doi:10.1542/peds.2006-0776

Key Words
electrophysiology, Turner syndrome, heart
disease, long QT

Abbreviations

TS—Turner syndrome

BAV— bicuspid aortic valve
Coarc— coarctation of the aorta
RAD—right axis deviation
QTc—rate-corrected QT interval
ECG— electrocardiogram
NIH—National Institutes of Health
LVM—Ieft ventricular mass
PAPVR—partial anomalous pulmonary
venous return

Accepted for publication Jun 29, 2006

Address correspondence to Carolyn A. Bondy,
MD, Developmental Endocrinology Branch,
National Institute of Child Health and Human
Development, NIH, Building 10 CRC, Room
1-3330, Bethesda, MD 20892-1103. E-mail:
bondyc@mail.nih.gov

PEDIATRICS (ISSN Numbers: Print, 0031-4005;
Online, 1098-4275); published in the public
domain by the American Academy of
Pediatrics

Downloaded from www.pediatrics.org at Natl Inst Of Hlth Library on October 10, 2006


http://pediatrics.aappublications.org
mailto:bondyc@mail.nih.gov
www.pediatrics.org/cgi/doi/10.1542

TURNER SYNDROME (TS), caused by partial or complete
absence of a second sex chromosome, affects ~1 in
2000 live female births.! The most common features
include short stature, premature ovarian failure, and
congenital cardiovascular defects.2 The most common
congenital heart defects include elongated transverse
arch of the aorta (~50%),? bicuspid aortic valve (BAV),
and coarctation of the aorta (Coarc), which affect ~15%
to 20% and 10% to 12% of patients, respectively.*¢ Less
common defects include persistent left superior vena
cava and partial anomalous venous return (~13%
each),>” with septal defects or other anomalies being
much less common. We recently showed that adults
with TS have marked cardiac electrophysiological abnor-
malities apart from the presence of anatomic defects.?
The abnormalities included right axis deviation (RAD),
accelerated atrioventricular conduction, and T-wave ab-
normalities. The PR interval was significantly shorter
and the rate-corrected QT interval (QTc) significantly
longer in women with TS.

We did not find any associations between body hab-
itus, cardiac dimensions, or metabolic parameters and
the incidence of electrocardiogram (ECG) abnormalities
or QTc duration in adults with TS.8 The ECG abnormal-
ities described in adults with TS are consistent with
recent research showing that genetic defects leading to
congenital abnormalities of cardiovascular development
may also be associated with diffuse myopathic changes
accompanied by conduction defects in adults apart from
the presence or repair of congenital heart defects.® In this
study we extended our investigation of ECG abnormal-
ities to young girls with TS and age-matched controls.

PATIENTS AND METHODS

Study Subjects
This study included the first 78 girls with TS (aged 7-17)
who enrolled in a National Institute of Child Health and
Human Development Institutional Review Board-ap-
proved protocol. They were recruited through National
Institute of Child Health and Human Development (http://
turners.nichd.nih.gov/ProtFrNewProtocols.html)  and
Turner Syndrome Society of the United States Web-site
announcements between 2001 and 2005. These an-
nouncements did not specifically feature cardiovascular
evaluation as part of the study. Parents or guardians
signed informed-consent forms, and the study subjects
signed informed-assent forms. The study was conducted
at the National Institutes of Health (NIH) Clinical Re-
search Center. Criteria to enroll in the TS study include
a 50-cell karyotype by G-banding with >70% of cells
showing absence or abnormality of the second sex chro-
mosome. All subjects discontinued estrogen, growth
hormone, and any other medications except for thyroid
hormone during the study.

For comparison, we used ECGs from “normal” pedi-
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atric volunteers who were participants in various insti-
tutional review board-approved studies through the NIH
Clinical Research Center. They were recruited through
the NIH normal-volunteer—enrollment program and
verified to be generally healthy. Fifty girls were selected
on the basis of age matching to the girls with TS.

ECGs

Standard 12-lead ECGs were obtained by using Hewlett
Packard Pagewriter machines (Palo Alto, CA). All ECGs
were recorded at 25 mm/second with an amplitude of 1
mV/10 mm and 60-Hz filtering. They were analyzed by
using Pagewriter ECG-analysis software (Philips Medical
Systems, Bothell, WA). The QT-interval measurement in
this program is made by averaging the 5 longest QT
intervals with T-wave amplitude >0.15 mV. All ECGs
were overread by a single cardiologist (D.R.R.) who was
blinded to subject allocation (TS versus control).

ECG Interpretation

e Normal PR interval: 90 to 170 milliseconds for 7- to
15-year-olds and 120 to 200 milliseconds for =16-
year-olds'®

e Normal QRS duration: 40 to 90 milliseconds for 7- to
15-year-olds and 50 to 100 milliseconds for =16-year-
olds™!

e Normal QTc: =440 milliseconds!!-12

e Abnormal ST segment: =1-mm ST depression 80 mil-
liseconds after the J point

e Abnormal T waves: limb leads — QRS-T angle >60°,
precordium — T < 10% of the height of the QRS or
negative in configuration (in V4-V6)

e Left axis deviation: QRS axis in the limb leads less than
— 1 50

® RAD: QRS axis in the limb leads >110°

® Poor R-wave progression: failure of R waves to in-
crease in amplitude in any 2 consecutive leads V1 to
V3

e Early transition: R/S ratio > 1 in lead V2
e Late transition: R/S ratio < 1 in lead V5

e Left ventricular hypertrophy: RV6 taller than 95%
and SV1 deeper than 95% of normal'2

e Right ventricular hypertrophy: RV1 taller than 95%
plus SV6 deeper than 95% of normal, or R" > R in V1
and V2 without widening of QRS complex, or qR in
V1 and V2, or pure R wave in V1 and V2, with or
without ST and T changes indicative of strain'?

e Left atrial abnormality: terminal negativity of P wave
in V1 at least 0.1 mV in depth and 40 milliseconds in
width

e Right atrial abnormality: P wave in lead IT = 0.25 mV
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e Low voltage: all limb leads <0.5 mV or all precordial
leads <1.0 mV

Echocardiogram for Left Ventricular Mass Assessment

All subjects underwent transthoracic two-dimensional
and Doppler echocardiography using commercially
available echocardiography machines. Standard para-
sternal, apical, and subcostal views were acquired with
the patients in the left lateral recumbent position and
stored digitally and on VHS videotape for analysis. Eval-
uation of the echo images was performed while blind to
each subject’s clinical presentation and past cardiovas-
cular history. Cardiac measurements were performed
according to American Society of Echocardiography
guidelines.”® Left ventricular mass (LVM) was calculated
by using an anatomically validated formula: LVM (g) =
0.8 [1.04 (IVS + PW + LVIDD? — (LVIDD)?3] + 0.6 (IVS
indicates interventricular septal thickness; PW, posterior
wall thickness; LVIDD, left ventricular internal diastolic
dimension).!*

Laboratory Tests

Routine fasting blood chemistries including glucose,
electrolytes, minerals, lipids, and thyroid tests were ob-
tained for each subject with TS. These assays have been
described (see the NIH Clinical Center Lab Directory
Web site at http://cclnprod.cc.nih.gov/dlm/testguide.
nsf/Index?OpenForm).

Statistics

Continuous data are expressed as means with SDs and
nominal data as numbers and percent. Comparisons be-
tween group means were by 1-way analysis of variance/
analysis of covariance with Fisher’s protected least-sig-
nificant difference. Associations were tested by x?
analysis. Correlations were tested by regression analysis.
All analyses were performed by using StatView 5.0.1 for
Windows (SAS Institute, Inc, Cary, NC).

RESULTS

The average age of the girls with TS was 12.9 * 2.3 years
and of normal controls was 12.5 * 2.9 years (range:
7-17 years for both groups). As expected, average height
was less in the TS group: 137 £ 13 vs 158 = 11 cm for
controls. Average BMI was also less in the TS group: 22
* 5 vs 30 £ 11 kg/m? for controls. The karyotype
distribution for girls with TS is shown in Table 1.

ECG Findings in TS Versus 46,XX Age-Matched Controls

Girls with TS were almost twice as likely to have an
abnormal ECG as controls (53.8% vs 30%; P = .008)
(Table 2). The major findings in the girls with TS in-
cluded RSR’ (an initial R wave, followed by an S wave,
then another often-large R wave in right-sided leads,
associated with right bundle branch block), RAD, right
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TABLE 1 Karyotype Distribution in Subjects With TS
No. Karyotype % of % Normal
Total Cells
32 45X 41 0
10 45,X/46,XiXq 13 0
9 45,X/46,XrX 12 0
7 45,X/46,XX 8 <12
4 46,XdelXp 5 0
3 46,XiXq 4 0
3 46,Xderxa 4 0
3 45X/46,XY 4 <30
2 46,XdelXq 2 0
3 45,X/47 XXX 4 0
2 45,X/46,XdelXq 2 0

Karyotyping was performed on at least 50 lymphocytes by G-banding.
@ Three individuals had translocation of the long arm of one X chromosome to an autosome;
these were “effective” p deletions.

ventricular hypertrophy, T-wave abnormalities, acceler-
ated atrioventricular conduction, and prolonged QTc.

There were marked differences in ECG intervals in
girls with TS compared with normal controls (Table 2).
The PR interval was significantly shorter and the QTc
was significantly longer in those with TS (Fig 1). Twen-
ty-eight girls with TS (36%) but only 2 controls (4%)
had a QTc above the reference range (>440 millisec-
onds; P = .0001). Multiple-regression analysis showed
that neither height nor BMI contributed significantly to
variation in PR interval or QTc in these 2 groups of
children. The girls with TS had a significantly higher
heart rate than those in the control group (Table 2).
However, the difference in the QTc was not explained by
the higher heart rate in those with TS. When we plotted
heart rate versus QTc duration for the 2 groups, there
were 2 parallel regression lines, with the TS line shifted
upward, with a longer QTc for every heart compared
with control (data not shown), Moreover, we selected
heart rate-matched subgroups in which the heart rate in
those with TS was 81.7 (SD: 5.4) beats per minute and
for controls was 81.2 (SD: 5.4) beats per minute (P = .7).
In these heart rate-matched groups, the TS group’s
mean QTc was 428.5 (SD: 20) vs 409.8 (SD: 15) milli-
seconds for controls (P = .001).

Karyotype, Metabolic Factors, and ECG Findings in Girls With
TS

ECG abnormalities and QTc prolongation were not more
common in 100% 45,X patients compared with the rest
of the karyotypes taken together (data not shown). It
should be noted that the number of individuals with a
normal cell line in our study population was small, and
these girls had a very small proportion of normal cells.
The great majority of subjects with TS were monosomic
for Xp in all of the cells in their 50-lymphocyte karyo-
type (Table 1). Thus, these girls may be more seriously
affected by haploinsufficiency for important X-linked
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TABLE2 ECGs in Girls With TS

TS (78) Controls (50) P
ECG abnormalities, n (%)
RSR’ 6(7.7) 2(4) NS
RAD 6(7.7) 0(0) 045 (x% =4.0)
LAD 1(13) 0(0) NS
LVH 1(13) 1(2) NS
RVH 3(38) 10 NS
Early precordial transition 2127) 0(0) NS
Late precordial transition 2127) 0(0) NS
Twave 8(10.2) 3(6.0) NS
Ectopic SV rhythm 5(6.4) 102) NS
Short PR interval® 4(5.1) 102 NS
Long PRinterval 0(0) 2(4) NS
Prolonged QRSP 11(14) 6(12) NS
QTc > 440 ms 28(35.9) 2(4) 0001 (x% =17)
Any ECG abnormality 42 (53.8) 15(30) 008 (x% =7.0)
Intervals, mean = SD

Heart rate, beats per min 91 =15 76 =11 <.0001
PR, ms 127 £ 16 144 + 26 <.0001
QRS, ms 83+9 81+£8 28
QT, ms 353+ 32 369 * 28 <.0034
QTc, ms 431£22 407 £ 21 <.0001

Numbers of “ECG abnormalities” are compared by x2. The data for intervals are means with SD, compared by ANOVA. NS indicates not significant;
LAD, left axis deviation; LVH, left ventricular hypertrophy; RVH, right ventricular hypertrophy; SV, supraventricular.

aPR<0.12ms.
b QRS > 0.12ms.

500+
]
i
o 4504 - l
S I
J |
|~ %
T 400- .
! :
|
350 ] L)
Control TS
FIGURE 1

Distribution of QTc in normal girls aged 7 to 17 years (control) and girls of the same age
with TS. The wide bars indicate the median, and the 2 smaller bars show = SEM.

genes than the average clinic population of patients with
TS.

Metabolic factors including hyperglycemia, thyroid,
electrolyte, or mineral abnormalities may contribute to
ECG abnormalities and QTc prolongation. However, re-
sults of fasting glucose tests, K*, Ca?*, and Mg?™* levels,
and thyroid-function tests were within the reference
range for all girls with TS.

Cardiovascular Abnormalities and ECG Findings in Girls With
TS

Blood pressure was normal in all but 1 girl with TS, and
her ECG was normal. There was no significant correla-
tion between systolic or diastolic blood pressure and

18
Downloaded from www.pediatrics.org at Natl Inst Of Hith Library on October 10, 2006

PR-interval or QTc variation. We analyzed the contribu-
tion of left ventricular wall thickness and mass to QTc
duration variation. There was no correlation between
wall thickness or LVM and QTc (eg, for LVM, R? = 0.009;
P = .44).

We evaluated ECG findings in girls with a BAV with
or without Coarc. (All girls with Coarc had undergone a
successful surgical repair.) Girls with BAV = Coarc (n =
22) were more likely to have a longer QTc compared
with girls with TS who had apparently normal hearts
and aorta (n = 56), although group means were not
significantly different (434 = 25 vs 429 = 21 millisec-
onds; P = .3). The mean QRS duration, however, was
longer in the BAV * Coarc group (87 £ 8 vs 82 £ 9
milliseconds; P = .02).

Three girls in this study had partial anomalous pul-
monary venous return (PAPVR); 2 of which had both
RAD and RVH, and 1 had isolated RAD. The 3 other girls
with RAD had no detectable cardiovascular abnormality.

DISCUSSION

This study documents the presence of previously unrec-
ognized cardiac conduction and repolarization abnor-
malities in girls with TS. Girls with TS are more likely to
have abnormal ECG readings, including RSR’ com-
plexes, RAD, right ventricular hypertrophy, accelerated
atrioventricular conduction, T-wave abnormalities, and
prolonged QTc duration compared with age-matched
normal girls. These findings are not associated with small
stature, hypertension, cardiac hypertrophy, or metabolic
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factors, suggesting that cardiac conduction and repolar-
ization abnormalities are intrinsic features of TS.

Our findings in young girls with TS are similar to
previous findings for adult women with TS.® In that
study, we compared ECGs in 100 women with TS and
100 controls. The adults (average age: 35 years; range:
18-59 years) were far more likely to have RAD, accel-
erated atrioventricular conduction, and T-wave abnor-
malities than age-matched control women—the same
abnormalities defined in this study of girls aged 7 to 17
years. In addition, adults with TS had significantly longer
QTc compared with normal controls. In fact, the average
QTc of adults was 423 = 19 milliseconds compared with
the girls” average of 431 *= 22 milliseconds. These find-
ings in both children and adults with TS are indicative of
an intrinsic abnormality of the cardiac conduction/repo-
larization system that affects one third of individuals
with TS.

RAD, or left posterior fascicular block, is an uncom-
mon ECG finding in the normal population. In adults
this finding typically signifies chronic lung disease, RVH,
and coronary artery disease. In our healthy young
group, chronic lung disease and coronary disease were
not contributors to this finding. Of the 6 girls with TS
with RAD, 3 met voltage criteria for RVH, identifying
right heart strain as the likely cause of the axis deviation.
Two of these girls had known PAPVR, which likely ac-
counts for this pattern. Another girl with isolated RAD
also had PAPVR. The other 3 girls with RAD had no
apparent cardiovascular disease on routine echocardiog-
raphy. An RSR’ pattern in V1 was also more common in
girls with TS than in normal girls. It is possible that that
the constellation of RSR’, RAD, and RVH in girls and
women with TS hints at congenital cardiovascular de-
fects that may escape detection by routine noninvasive
studies.

The accelerated atrioventricular conduction (short PR
interval) and QTc prolongation found in girls and
women with TS could be caused by intrinsic electrical
properties of the heart or altered input from the auto-
nomic nervous system. Other congenital long-QT syn-
dromes are caused by mutations/deletions of genes en-
coding ion-channel components.'”® It is possible that
haploinsufficiency of unknown, X-linked gene(s) under-
lies these electrophysiologic findings that affected ap-
proximately one third of our patients with TS. Fetal
lymphedema might impact the embryonic myocardium
and conducting system. Alternatively, an autonomic de-
fect (eg, enhanced catecholaminergic tone or decreased
parasympathetic activity) may contribute to the relative
tachycardia, shortened PR interval, and prolonged QTc
found in TS.'®!'7 Acquired long-QT syndromes may be
caused by drugs, ischemic or hypertrophic heart disease,
and autonomic neuropathy,'® but none of these factors
explain the findings in our TS study group.

There is an association between the length of the QTc
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and mortality in adults.’>'$-22 This correlation may be
attributed to the hypertension or coronary disease asso-
ciated with QTc prolongation in many older adults.
However, a recent study that controlled for such con-
tributory conditions found an increased risk for sudden
death beginning with a QTc of >440 milliseconds.>? Be-
cause almost one third of girls and 21% of women with
TS in our NIH study population have a QTc of >440
milliseconds, this raises important considerations for
their caregivers. Women with TS are at increased risk of
cardiac mortality,>>*** which may be a result of the
long-term consequences of congenital anatomic defects
such as BAV, aortic aneurysm, dissection, or rupture. In
addition, multiple risk factors for coronary artery dis-
ease, including hypertension,? atherogenic lipids,2627
and diabetes,? are increased as part of the syndrome;
hence, myocardial infarction may also contribute to the
increased cardiac mortality. The current studies showing
prolongation of the QTc in young girls as well as adults
with TS® raise the possibility that, in some circumstances,
patients with TS may be at heightened risk for serious
arrhythmia as well. It should be noted that our NIH TS
study population comprises patients with high-grade X
monosomy and very few individuals with normal cell
lines, in contrast to many clinics in which a large pro-
portion of patients with TS may have more extensive
mosaicism for normal cell populations.

CONCLUSIONS

It is clear that we need additional investigation to deter-
mine the underlying cause and consequences of this
prolonged QTc in patients with TS and to define appro-
priate treatment. In the meantime, it is important to
obtain baseline ECG analysis as part of the initial evalu-
ation of TS and to follow the ECG on a regular basis (eg,
at the same intervals that echocardiograms are per-
formed). In addition, it is probably wise to monitor ECGs
in patients with TS when prescribing drugs associated
with QTc prolongation. Some of the medications known
to prolong the QT interval and induce torsades de
pointes are erythromycin and congeners, antiarrhythmic
agents, and major antipsychotic medications (an exten-
sive listing of drugs that affect the QT interval is available
online?®). In addition, use of most stimulants is discour-
aged for children with congenital long-QT syndrome.
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