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Background While left-sided congenital heart defects have been well described in females with Turner syndrome (45, X), the
literature is scarce regarding arrhythmias in this patient population.

...................................................................................................................................................................................................
Case summary A full-term neonate referred to cardiology was found to have a non-apex forming left ventricle and partial anomal-

ous pulmonary venous return. During the echocardiogram, she developed atrial flutter, followed by orthodromic
reentrant supraventricular tachycardia (SVT). She was started on propranolol and eventually switched to sotalol
due to breakthrough SVT. A genetics evaluation revealed Turner syndrome with complete monosomy X (45, X).
The patient is now 18 months old and has not had any further arrhythmias.

...................................................................................................................................................................................................
Discussion We present a rare case of atrial flutter followed by supraventricular tachycardia in a neonate with Turner syn-

drome and left-sided heart defects. This case highlights the importance of early and precise investigation of cardiac
abnormalities in neonatal patients, especially among females with Turner syndrome given their relatively higher risk
of cardiovascular disease compared to the general population.
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Learning points
• Left-sided congenital heart defects are common in females with Turner syndrome (45, X), but arrhythmias are not well described in this

patient population.
• As soon as Turner syndrome is suspected or confirmed, investigation of cardiac abnormalities is recommended given their higher risk of

cardiovascular disease.
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Introduction

In females with Turner syndrome (45, X), left-sided congenital
heart defects are well described. However, the literature is
scarce regarding arrhythmias. A common electrocardiographic ab-
normality in Turner syndrome is a prolonged QT interval, which
may be associated with ventricular tachyarrhythmias.1,2 While a
case of supraventricular tachycardia (SVT) has been previously
described in an adult with Turner syndrome, there are no cases
describing multiple atrial arrhythmias in Turner syndrome.3 We
describe the first case of a neonate with Turner syndrome, pre-
senting with left-sided heart defects and atrial flutter followed by
SVT.

Timeline

Case presentation

A full-term, non-dysmorphic 3-day-old female in the newborn nur-
sery had an apneic episode with hypoxia upon feeding, most likely
due to aspiration, and was transferred to the neonatal intensive care
unit. Her screening electrocardiogram showed normal sinus rhythm
at 124 beats per minute (bpm.), a northwest axis, right ventricular
hypertrophy with strain pattern, possible left ventricular hyper-
trophy, and T-wave inversion in the lateral leads. There was no family
history of arrhythmias or congenital heart disease. She was feeding
well with no further apneic episodes, therefore was discharged home
at 4 days of age with plan for outpatient cardiology follow-up.

The baby was seen by her primary care provider at 5 days. Heart
rate variability from 97 to 120 bpm was noted during feeding without

.................................................................................................
Days of age Clinical findings

3 Apneic episode with hypoxia upon feeding.

Transferred to neonatal intensive care unit for

monitoring. Screening electrocardiogram showed

normal sinus rhythm, northwest axis, right ven-

tricular hypertrophy with strain, possible left ven-

tricular hypertrophy, and T-wave inversion in

lateral leads.

4 Discharged with plan for outpatient cardiology fol-

low-up.

5 Seen by primary care provider. Heart rate variability

noted during feeding.

8 Electrocardiogram in cardiology clinic revealed sinus

tachycardia, northwest axis, right ventricular

hypertrophy with strain, paucity of left ventricular

forces, and QTc 447 ms. Echocardiogram

revealed a non-apex forming left ventricle with

increased trabeculations, low normal left ven-

tricular systolic function, and partial anomalous

pulmonary venous return. During the echocar-

diogram, she developed atrial flutter followed by

supraventricular tachycardia (SVT). Admitted to

pediatric intensive care unit (PICU). She had two

breakthrough episodes of SVT.

13 Discharged home.

19 Brought to the emergency department due to SVT.

Readmitted to PICU. Switched medications.

Discharged home after no-repeat events.

Current Seen by cardiologist every 1–2 month(s) as out-

patient. Weaned off the antiarrhythmic medica-

tion by 12 months of age without any

reoccurrence of SVT to date.

Video 1 Apical four-chamber view showing the non-apex form-
ing mildly hypoplastic left ventricle (red arrow) with increased tra-
beculations. LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle.

Video 2 Subcostal long-axis view showing atrial flutter with 2:1
atrioventricular conduction. LA, left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle.
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Figure 1 (A) Baseline electrocardiogram in cardiology clinic at 8 days of age showing sinus tachycardia with a heart rate of 182 beats per minute, a
northwest axis, and right ventricular hypertrophy with strain pattern. (B) Electrocardiogram one hour later showing orthodromic reentrant supraven-
tricular tachycardia with retrograde conduction at 350 beats per minute. The retrograde p-waves are noted with arrows.

Figure 2 Apical four-chamber view showing a non-apex forming
(arrow) mildly hypoplastic left ventricle with increased trabecula-
tions (*). LV, left ventricle; RV, right ventricle.

Figure 3 Suprasternal notch view showing the normal drainage
of the right lower (RLPV), left upper (LUPV), and left lower pulmon-
ary veins (LLPV) into the left atrium (LA). The absence of the right
upper pulmonary vein (RUPV) is shown with the *, suggestive of
partial anomalous pulmonary venous return (PAPVR) of the RUPV.
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.. further apnoea. She was otherwise doing well without cyanosis,
sweating, or tachypnoea during feeds.

The electrocardiogram in the cardiology clinic at 8 days of life
showed sinus tachycardia at 182 bpm, a northwest axis, right
ventricular hypertrophy with strain pattern, paucity of left ven-
tricular forces, and a borderline QT interval (Figure 1A). Her cor-
rected QT interval (QTc) was 448 msec. An echocardiogram
revealed a non-apex forming left ventricle with increased trabe-
culations (Video 1, Figure 2), low normal left ventricular systolic
function, and partial anomalous pulmonary venous return
(PAPVR) of the right upper pulmonary vein with no evidence of
right heart dilation (Figures 3 and 4). Notably, the baby had a
normal trileaflet aortic valve, no evidence of coarctation of the
aorta, and no gradient in the blood pressures between the right
arm and right leg. While undergoing her echocardiogram, she
developed atrial flutter with an atrial rate of 320 bpm and 2:1
atrioventricular conduction (Video 2) associated with mottling and
cyanosis. The rhythm transitioned to SVT at a rate of 350 bpm
(Figure 1B) that was terminated by the application of ice to the
face. She was admitted to the pediatric intensive care unit
(PICU) and started on oral propranolol at 1 mg/kg/day spread
over 3 doses per day. She had two breakthrough episodes of
SVT (Figure 5) that required intravenous adenosine (0.2 mg/kg)
and titration of propranolol up to 3 mg/kg/day. She was hemo-
dynamically stable during all episodes of SVT. She had no further
events and was discharged home with a 24-hour Holter monitor
at 13 days of age.

Figure 4 Right parasternal view showing the anomalous venous
drainage of the right upper pulmonary vein (RUPV) into the right su-
perior vena cava (SVC). RA, right atrium.

Figure 5 Supraventricular tachycardia at 266 beats per minute that converted to sinus rhythm after administration of intravenous adenosine
0.2 mg/kg in the pediatric intensive care unit. Note the retrograde p-waves (arrows), consistent with orthodromic retrograde conduction.
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At 19 days of age, she was brought back to the emergency depart-

ment after a 3-hour episode of SVT at 288 bpm was noted on her
Holter monitor (Figure 6). Upon arrival, she was found to be in SVT,
which again terminated with application of ice to the face. She was
readmitted to the PICU, and propranolol was switched to sotalol
(54 mg/m2/day). After a few days of monitoring with no-repeat
events, she was discharged home.

The patient has been seen every 1–2 months in the cardiology out-
patient clinic without breakthrough episodes of SVT or increase in
her QTc. Due to the patient’s cardiac findings, a genetics evaluation
was pursued. Chromosomal microarray revealed Turner syndrome
with complete monosomy X (45, X). The infant was successfully
weaned off of sotalol at 12 months of age and remains hemodynamic-
ally stable without further arrhythmias to date.

Discussion

Cardiac arrhythmias in neonates have an approximate incidence of
24.4 per 100 000 live births and may present with or without con-
genital heart disease.4 Among arrhythmias in neonates, the most
common is SVT, with an incidence of 1 per 250–1,000 paediatric
patients.5,6 Atrial flutter occurs less often, with an incidence of 2.1
per 100,000 live births, and typically does not reoccur after treat-
ment.4,6 While one study of 44 neonates with atrial flutter showed
that 25% had a second atrial arrhythmia, none of them had an under-
lying genetic syndrome.7 Our case is the first to illustrate a newborn
with Turner syndrome having atrial flutter followed by SVT.

Turner syndrome occurs in 1/2500 live female births and is caused
by the complete or partial absence of one X chromosome.8 About
45% of cases are caused by monosomy X (45, X), while the remain-
der is due to mosaicism (45, X/45, XX or 45, X/47, XXX) or X
chromosome abnormalities (i(Xq) or i(Xp)).8 Compared to the gen-
eral population, females with Turner syndrome have a three times
higher risk of early death from cardiovascular disease.1 The incidence
and severity of congenital heart disease are higher in females with
monosomy X compared to those with mosaicism or other X
chromosome abnormalities.9 This difference may be attributable to
unknown gene(s) located on Xp, which has been found to be

involved in normal cardiovascular development of the aortic valve
and aortic arch.10 The absence of a second X chromosome has been
linked to increased atherogenic lipids, and monosomy for a maternal-
ly inherited X chromosome has been associated with increased risk
of visceral fat accumulation and dyslipidemia.11

Congenital structural heart abnormalities are present in up to 50%
of females with Turner syndrome (45, X), and are typically left-sided.1

These include bicuspid aortic valve (15–30%), coarctation of the
aorta (7–18%), mitral valve abnormalities including mitral prolapse
and/or regurgitation (21%), hypoplastic left heart syndrome (2%),
and PAPVR (3.8–13%).1,12,13 The left-sided lesions seen in this patient
are consistent with the prior literature.

Both pediatric and adult females with Turner syndrome have an
increased likelihood of electrocardiographic abnormalities.14

Reported abnormalities include a shortened PR interval, left poster-
ior fascicular block, right axis deviation, T-wave changes, and acceler-
ated atrioventricular conduction.15 Females with Turner syndrome
also have significantly longer QT intervals when compared to age-
matched controls.11,13 A prolonged QT interval is associated with
ventricular tachyarrhythmias, specifically torsades de pointes, and
predisposition to sudden cardiac death in the general population.2

Thus, females with Turner syndrome may have a higher risk for ven-
tricular arrhythmias if they have a prolonged QTc.1 While SVT has
been previously described in one adult with Turner syndrome, this is
the first report of SVT in a neonate with Turner syndrome.3 To date,
there are no known associations between Turner syndrome and the
development of atrial flutter with or without SVT. Although atrial
arrhythmias secondary to right atrial dilation from left to right shunt-
ing in PAPVR are possible, our patient did not have right atrial dilation
from the single anomalous pulmonary venous connection.
Therefore, our patient’s structural heart defects were not likely to ac-
count for the arrhythmias seen.

In conclusion, we describe the novel combination of a neonate
with Turner syndrome, PAPVR, and mildly hypoplastic left ventricle,
presenting with atrial flutter followed by SVT. Early and precise inves-
tigation of such cardiac abnormalities is important to reduce morbid-
ity and mortality, especially given their higher risk of cardiovascular
disease relative to the general population.

Figure 6 Supraventricular tachycardia at 288 beats per minute with spontaneous resolution noted on Holter monitoring. The retrograde p-waves
are noted with arrows.
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing these cases and suitable
for local presentation is available online as Supplementary data.
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