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Abstract

Permanent junctional reciprocating tachycardia (PJRT) is a rare form of atrioventricular reentrant tachy-
cardia that is commonly resistant to most antiarrhythmic medication therapy and over an extended
duration can result in tachycardia-induced cardiomyopathy. The prenatal presentation of PJRT is typically
similar to that of other types of fetal supraventricular tachycardia (SVT), making it difficult to distinguish
from other forms of SVT in utero by fetal echocardiography. Surface electrocardiography after delivery is
typically required to make a definitive diagnosis of PJRT. We report a case of fetal SVT at 19 weeks’
gestation refractory to maternal transplacental treatment with digoxin, amiodarone, flecainide, sotalol,
metoprolol, intraumbilical amiodarone, and fetal intramuscular digoxin over the course of 12 weeks.
Repeat cesarean delivery was performed at 30 2/7 weeks’ gestation for tachycardia-induced cardiomy-
opathy with hydrops fetalis. Postnatal electrocardiogram and continuous rhythm monitoring confirmed
the diagnosis of PJRT. Combined neonatal treatment with amiodarone, digoxin, and propranolol was
successful in reestablishment of sinus rhythm, with radiofrequency ablation planned if medical therapy
eventually fails or once early childhood is reached. To our knowledge, this is the first described case of
fetal PJRT refractory to multiple standard in utero antiarrhythmic modalities and highlights the importance
of inclusion in the differential diagnosis.
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S upraventricular tachycardia (SVT) is the
most common form of tachyarrhythmia
in the fetus and occurs in approximately

0.5% of pregnancies. Atrioventricular tachy-
cardia (AVRT) and atrioventricular nodal reen-
trant tachycardia represent the 2 most
common pathophysiological mechanisms, with
AVRT being the predominant (70%-90% of
cases).1,2 Permanent junctional reciprocating
tachycardia (PJRT), first described by Coumel
et al in 1967,3 is a rare form of AVRT that can
occur in utero and is often incessant and refrac-
tory to pharmacological treatment. PJRT is char-
acterized by an orthrodromic reciprocating
tachycardia with anterograde conduction over
the atrioventricular (AV) node and retrograde
conduction via a slowly conducting accessory
pathway that is most commonly located in the
posteroseptal region near the coronary sinus.
The electrophysiological findings of PJRT are
characterized by a long RP interval consistent
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with slow retrograde conduction and retrograde
P waves that are usually negative in leads II, III,
and aVF4,5 (see Figure 1).

M-mode fetal echocardiography is the pri-
mary modality for the assessment of fetal
tachyarrhythmia. Some authors have reported
using the ventriculoatrial to AV ratio to help
diagnose PJRT in utero, describing a long ven-
triculoatrial interval with a short AV interval
representing the long RP interval and shorter
PR interval seen on the electrocardiogram
(ECG).6,7 However, these findings can also
be encountered in other types of SVT, such
as junctional ectopic tachycardia or atrial
ectopic tachycardia; thus, the definite diag-
nosis of PJRT still requires surface ECG or
mapping.8 Fetal magnetocardiography is a
noninvasive technology recording magnetic
fields generated by the electrical activity of
the fetal heart, analogous to ECG, that has
revealed promising results for the detection
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FIGURE 1. Electrocardiogram showing a long RP interval consistent with
slow retrograde conduction and retrograde P waves that are usually
negative in leads II, III, and aVF.

REFRACTORY FETAL ARRHYTHMIA
of fetal arrhythmia. However, given the
immense cost and requirement for nickel
alloyeshielded rooms, it has been primarily
confined to selected physics research labora-
tories and is obsolete in clinical practice.9

Because of the uniquely delayed conduc-
tion in the accessory pathway, PJRT tends to
be difficult to control with antiarrhythmic
medications; in some cases, only rate control
can effectively be achieved, with catheter abla-
tion being the preferred treatment once the pa-
tient meets candidacy requirements for an
electrophysiological procedure. In utero
occurrence of PJRT may result in associated
mortality from tachycardia-induced cardiomy-
opathy and subsequent hydrops fetalis.10 We
describe a case of very early onset fetal SVT
refractory to treatment, requiring indicated
preterm delivery with a confirmed postnatal
diagnosis of PJRT.

CASE REPORT
A 33-year-old gravida 3 Para 2-0-0-2 White
woman was referred to our institution at 19
3/7 weeks’ gestation for fetal tachycardia.
Maternal medical history was pertinent for
well-controlled depression and anemia. Both
previous pregnancies were uncomplicated,
with deliveries at term via cesarean sections
(CSs): first for arrest of labor, followed by elec-
tive repeat CS. Both children are alive and
healthy. The current pregnancy had been un-
complicated to date.

Fetal tachyarrhythmia was first observed at
19 3/7 weeks during the screening anatomy
ultrasound; there was no pericardial effusion
or structural abnormalities, and the remainder
of the fetal anatomy was normal. Fetal echo-
cardiography performed the same day revealed
a fetal heart rate (FHR) of 233 beats/min, 1:1
AV conduction, and brief transient brady-
cardia provoked by uterine compression, con-
firming the diagnosis of fetal SVT. The
prenatal course of management is outlined
below, and the treatment flow sheet is summa-
rized in the Table.

19 3/7 Weeks’ Gestation
The patient was admitted to the hospital for
the initiation of antiarrhythmic therapy.
Repeat fetal echocardiography revealed persis-
tent fetal SVT after 4 days of treatment with
supratherapeutic digoxin, so flecainide was
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added to her regimen. Fetal SVT was persis-
tent after 1 week of treatment; digoxin was
discontinued because of maternal intolerance,
and sotalol was added.

20 5/7 Weeks’ Gestation
The patient was discharged home receiving
flecainide 150 mg twice daily and sotalol
200 mg twice daily, with an FHR of 210
beats/min.

21 4/7 Weeks’ Gestation
Follow-up fetal echocardiography continued
to reveal fetal tachycardia, with an FHR of
217 beats/min and moderate tricuspid regurgi-
tation and trivial mitral valve regurgitation.
There was no evidence of pericardial effusion
or hydrops, and decision was made to
continue her current medications.

22 3/7 Weeks’ Gestation
Fetal SVT persisted. Sotalol was discontinued,
and intraumbilical amiodarone (5 mg) was
administered, with oral maintenance dosing
of 600 mg daily initiated that was increased
to 800 mg daily.

23 3/7 Weeks’ Gestation
Repeat fetal echocardiography revealed a
slightly decreased FHR in the range of 180
to 200 beats/min, with impaired biventricular
systolic function (left ventricular ejection
s://doi.org/10.1016/j.mayocpiqo.2020.07.002 811
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TABLE. Treatment Flow Sheet for the Management of Fetal Supraventricular Tachycardia in Utero

Gestational age (wk) Medication Dose Route

19 3/7 to 20 2/7 Digoxin Load 500 mg �3 doses
Maintenance 250 mg every 12 h

Transplacental (oral)

19 6/7 to delivery Flecainide 150 mg every 12 h Transplacental (oral)

20 3/7 to 22 2/7 Sotalol 160 mg every 12 h Transplacental (oral)

22 3/7 once Amiodarone 5 mg Intraumbilical

22 3/7 to delivery Amiodarone 600 mg every 8 h �7 d
and then 800 mg daily

Transplacental (oral)

23 3/7 to delivery Metoprolol 50 mg daily Transplacental (oral)

24 0/7 once Digoxin (88 mg/kg) ¼ 64 mg Fetal intramuscular

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

812
fraction, 25%) and both pericardial and
pleural effusions. Oral metoprolol XL 100
mg daily was added, with continuation of fle-
cainide and amiodarone.
24 0/7 Weeks’ Gestation
Because of the development of hydrops fetalis,
fetal intramuscular digoxin (88 mg/kg) was
administered.
25 0/7 Weeks’ Gestation
Repeat fetal echocardiography revealed wors-
ening biventricular function (left ventricular
ejection fraction, 10%-15%) and worsening
multivalvular regurgitation. The fetal heart
rate remained between 160 and 175 beats/
min, and pericardial and pleural effusions
were dimensionally stable.

During the treatment course, suspicion for
PJRT or a possible diagnosis of an arrhythmia
other than SVT were considered because of the
refractory nature of SVT. The patient was offered
additional testing with fetal magnetocardiogra-
phy,whichwas available at anothermedical cen-
ter. The family elected not to pursue this.

A multidisciplinary team meeting was held
between maternal-fetal medicine (MFM), pedi-
atric cardiology, neonatology, and pediatric
electrophysiology to discuss clinical manage-
ment. Upon weighing the risks and benefits
of prematurity against worsening cardiac func-
tion and anticipated high likelihood of poor
perinatal outcome, the mutual consensus was
to not proceed with delivery until at least 28
weeks’ gestation. Weekly fetal cardiac assess-
ment was continued, and FHR remained in
the range of 160 to 175 beats/min without
progression of hydrops.
Mayo Clin Proc Inn Qual Out n December 2020
27 0/7 Weeks’ Gestation
A course of antenatal corticosteroids was
administered for fetal lung maturation with
anticipation for possible intervention if deliv-
ery occurred at 28 0/7 weeks.

29 5/7 Weeks’ Gestation
On surveillance sonography, both pleural and
pericardial effusions were noted to be mark-
edly increased in size with deterioration in
biventricular function (see Figure 2). After
combined review by pediatric cardiology and
MFM, options of expectant management vs
delivery were discussed at length with the pa-
tient and repeat CS after a second course of
antenatal corticosteroids was elected.

30 2/7 Weeks’ Gestation
A scheduled repeat low transverse CS was per-
formed with neonatology, pediatric cardiol-
ogy, and pediatric electrophysiology teams
present in the operating room. The surgical
procedure was uncomplicated, and a live-
born female infant weighing 1550 g with
Apgar scores 6 and 8 at 1 and 5 minutes,
respectively, was delivered. After intubation,
the neonatal heart rate was 170 to 180 beats/
min with no R-R0 variability reflective of
SVT; transthoracic echocardiography revealed
a structurally normal heart with severe biven-
tricular dysfunction as well as pericardial and
pleural effusions. A temporary conversion to
sinus rhythm was achieved after the adminis-
tration of intravenous adenosine and amiodar-
one, and concurrent ECG was suggestive of
accessory pathwayemediated reentrant SVT.
After initial stabilization, amiodarone, dopa-
mine, and milrinone were initiated and the
neonate was transferred to the neonatal
;4(6):810-814 n https://doi.org/10.1016/j.mayocpiqo.2020.07.002
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FIGURE 2. Sonographic axial view of fetal thoracic cavity and heart at 29
weeks’ gestation, showing pericardial and pleural effusions. Caliper mea-
surement represents pericardial effusion.

REFRACTORY FETAL ARRHYTHMIA
intensive care unit (NICU). Further ECG eval-
uation confirmed the diagnosis of PJRT.

Postnatal antiarrhythmic treatment has
included various combinations of amiodarone,
esmolol, procainamide, flecainide, propranolol,
and digoxin, with varying success; normal sinus
rhythm has currently been achieved for several
weeks using a combination of amiodarone,
digoxin, and propranolol. A recent echogram
revealed markedly recovered biventricular func-
tion, with a left ventricular ejection fraction of
61%. The neonate is presently 3 months of
age and was recently discharged from the
NICU to home after appropriate management
of prematurity and PJRT. Electrophysiology
studies and catheter ablation are planned once
an appropriate weight and age are reached.
DISCUSSION
Fetal SVT affects approximately 0.5% of preg-
nancies11 and was first described in 1930 us-
ing fetal phonocardiography.12 However,
development of M-mode fetal echocardiogra-
phy in the 1980s allowing simultaneous inde-
pendent assessment of atrioventricular
function permitted the pathophysiology and
association with perinatal morbidity and mor-
tality to be more clearly defined.13

Treatment is not always indicated for
intermittent fetal tachycardia without evidence
of hydrops or ventricular dysfunction; persis-
tent fetal SVT in a preterm fetus mandates
treatment regardless of hydrops or ventricular
function. Failure to achieve normal rhythm in
these cases can result in tachycardia-induced
cardiomyopathy and subsequent mortality of
up to 50% from nonimmune hydrops fetalis.14

The implication of ongoing cardiac dysfunc-
tion in the setting of delayed diagnosis in utero
poses a significant threat to the overall
outcome of the fetus.11,15

Management options include transplacental
therapy (oral) or transplacental and direct
(fetal) therapy, with the latter commonly
reserved for cases of fetal hydrops in which
transplacental transfer of medication is ex-
pected to be decreased. Digoxin is a commonly
used initial agent, with a conversion rate of
about 50%.16 Second agents include sotalol,
flecainide, or amiodarone, recognizing that
amiodarone may result in fetal hypothyroidism
and growth restriction.10 Addition of a second
Mayo Clin Proc Inn Qual Out n December 2020;4(6):810-814 n http
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medication results in an improved response
in more than 90% of cases.17

The present case highlights the significant
challenges of in utero diagnosis and treatment
of refractory fetal SVT owing to PJRT at an
experienced tertiary medical center. Moreover,
the early gestational age at diagnosis precluded
delivery as a practical option; thus, more
aggressive attempts at intrauterine therapy
had to be considered as detailed above.

Fetal SVT that is refractory to in utero
treatment with multiple agents should raise
concern for less common forms of fetal tachy-
arrhythmia, such as PJRT, ventricular tachy-
cardia, or the possibility of more than 1
mechanism of tachycardia.

Permanent junctional reciprocating tachy-
cardia has been described in infants and chil-
dren, and occasionally diagnosed in adulthood.
Surface ECG or invasive electrophysiology
testing is required to confirm the diagnosis.Mul-
tiple drug regimens have beenused to treat PJRT,
and amiodarone is commonly used as one of the
antiarrhythmic medications of choice, but only
23% of cases show complete resolution with
medical therapy. Postnatal radiofrequency cath-
eter ablation procedures are more effective and
have a success rate of 90%.18

To date, there are only a handful of other
case reports of in utero PJRT. In most cases,
fetal SVT was diagnosed during the third
trimester, with some cases showing response
to in utero treatment while others had fetal
cardiomyopathy with successful postnatal
management with amiodarone.5,7,19 To our
s://doi.org/10.1016/j.mayocpiqo.2020.07.002 813
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knowledge, none of the reported cases
required 5 prenatal antiarrhythmic medica-
tions, suggesting that the earlier development
of PJRT may result in a more severe disease
process and warrant more aggressive in utero
treatment options earlier.

Moreover, the approach of a multidisci-
plinary team of providers involving MFM, pe-
diatric cardiology, neonatology, and pediatric
electrophysiology is vital to the high-
complexity critical decision-making process
in these cases. Delivery should occur at a
specialized tertiary care center with level IV
NICU and immediate cardiac resources to
optimize outcomes.

CONCLUSION
Refractory fetal SVT should prompt providers
to consider PJRT in their differential diagnosis.
Because controlling PJRT in utero may prove
extremely challenging, the goal of manage-
ment should focus on a multidisciplinary
approach to stabilize fetal status, with determi-
nation of the timing of delivery on the basis of
prematurity risks and ongoing disease process.
This case also argues favorably for continued
improvement in prenatal diagnostic tools for
fetal arrhythmias. Future improvements in
diagnostic modalities could create great poten-
tial for fetal therapy before the advent of overt
cardiomyopathy.
Abbreviations and Acronyms: AV = atrioventricular; AVRT
= atrioventricular tachycardia; CS = cesarean section; FHR =
fetal heart rate; MFM = maternal-fetal medicine; NICU =
neonatal intensive care unit; PJRT = permanent junctional
reciprocating tachycardia; SVT = supraventricular
tachycardia
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