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Overview

• Background and clinical implications

• General principles of fetal arrhythmia diagnosis

• Specific Diagnoses
• Irregular Rhythm
• Tachycardia
• Bradycardia



Fetal Arrhythmias: Background

• Heart begins to beat at 22 days of gestation
• By 6 weeks post-conception, AV synchrony can be demonstrated
• Normal fetal heart rate is age-dependent

• 6 weeks – 100 bpm
• 9 weeks – 170 bpm
• 14 weeks – 150 bpm
• 20 weeks to term – 140 bpm

• Beat-to-beat variation 5-15 bpm





Fetal Arrhythmias: Background

• Incidence of fetal arrhythmias is 1-2% of all pregnancies
• Account for 10-20% of referrals to fetal cardiologists
• Usually detected by routine Doppler in the OB office
• Most arrhythmias detected after 20 weeks
• 50% spontaneously resolve by evaluation
• 90% atrial or ventricular ectopy



Sustained arrhythmia can result in 
hydrops or demise
• 10% of total beats = sustained arrhythmia

• Risk of hydrops or demise is 5-25% in untreated 
sustained arrhythmia

• Treatment itself has risks
• Every antiarrhythmic agent has the potential to 

cause pro-arrhythmia and potential mortality 



Arrhythmia can be associated with:

• Structurally normal heart

• Congenital heart disease 
• Heterotaxy
• Ebstein’s anomaly

• Tumors and ventricular wall defects



Fetal Arrhythmia Evaluation

• Assess fetal well-being

• Assess anatomy

• Diagnose rhythm



Fetal Arrhythmia Evaluation: 
Fetal Well Being

• Assess Anatomy and Degree of Heart 
Failure



Cardiovascular Profile Score



Fetal Arrhythmias Evaluation:  Diagnosis
Why is diagnosing a fetal arrhythmia so tricky?   

• No EKG – must make assumptions

Atrial contraction
Ventricular contraction

Must determine 
the relationship 

between A and V



The normal cardiac conduction system

Sinus 
node

Atrial contractions on 
simultaneous 

atria/ventricular m-mode



The normal cardiac conduction system



The normal cardiac conduction system



Fetal Arrhythmias: Diagnosis

M-mode
Pulsed Doppler
 LV inflow & outflow
 SVC and ascending aortic flow
 Pulmonary vein and pulmonary artery flow

Tissue Doppler – atrial & ventricular
Magnetocardiography



Fetal Arrhythmia Diagnosis: M-Mode



Fetal Arrhythmia Diagnosis: Pulsed Doppler

LA

LV

Ao

Pulsed Doppler
LV inflow-outflow



Fetal Arrhythmia Diagnosis: Pulsed Doppler

SVC

Ao

SVC-Ao Doppler



Fetal Arrhythmia Diagnosis: Pulsed 
Doppler

Pulmonary vein and 
pulmonary artery 

Doppler

PAPulm vein

Pulm Artery



Fetal Arrhythmia Diagnosis: VA relationship
• The timing of the atrioventricular (AV) and 

ventriculoarterial (VA) relation is important in 
order to distinguish the mechanism of 
tachycardia.

• Short VA time –

• Long VA time -

A AV V

AVVA A



Fetal Tachyarrhythmias
Tissue Doppler Imaging

Simultaneous sampling of atrial and ventricular 
wall velocities to yield precise temporal 
analysis of atrial and ventricular events. 

4 chamber view –
green – left 
atrium and yellow 
is simultaneous LV
1:1 relationship



Fetal Tachyarrhythmias
Magnetocardiography

• Records the magnetic fields 
generated by the electrical activity of 
the fetal heart

• Sensors are positioned several 
centimeters above maternal 
abdomen in a magnetically-shielded 
room

• High technical prerequisites

• Allows for more precise timing 
measurements  of PR, QRS, and QT



Fetal Tachyarrhythmias
Magnetocardiography

Maternal 
HR 

removed



Echo v. fMCG



Fetal Arrhythmias by type
 Irregular:

 Premature Atrial Contractions (PACs)
 Premature ventricular contractions
 2nd degree Heart block*

 Tachyarrhythmia
 Atrioventricular reentrant tachycardia via an accessory pathway
 Sinus tachycardia
 Atrial Flutter (AF)
 Ectopic Atrial Tachycardia (EAT)
 Permanent Junctional Reciprocating Tachycardia (PJRT)*
 Junctional Ectopic Tachycardia (JET)*

 Bradyarrhythmia
 Sinus Bradycardia
 Heart block
 Long QT Syndrome



Fetal Arrhythmia Diagnosis by AV 
Relationship



Fetal Irregular Rhythm: 
Premature Atrial Contractions

 Most common referral for irregular HR
 90% of referrals for arrhythmia

 Usually > 30 weeks gestation
 Usually benign - associated with SVT in ~1%
 Can be associated with structural disease

 Ebstein anomaly
 Tumors
 Ventricular aneurysm
 Atrial septal aneurysms



Fetal Irregular Rhythm:  
Premature Atrial Contractions



Fetal Irregular Rhythm:  
Premature Atrial Contractions



Fetal Irregular Rhythm:  
Premature Atrial Contractions

Ventricular contraction

PAC

Conducted PACs

Ventricular contraction

PAC



Fetal Irregular Rhythm:  
Premature Atrial Contractions

Non-conducted 
PACs

Blocked 
PAC

AA A AA A

VVVVV

Blocked 
PAC

Blocked 
PAC

Blocked 
PAC



Fetal Irregular Rhythm:  
Blocked atrial Bigeminy

Distance Between a-a’ is less than 
the distance from a’ - a



Fetal Irregular Rhythm:  
Premature Ventricular Contractions



Fetal Irregular Rhythm:  
Premature Ventricular Contractions



Fetal Irregular Rhythm:  
Premature Ventricular Contractions



Management of  Irregular Rhythm (not 
second degree AV block



Fetal Irregular Rhythm: Mobitz 
Type I 2nd degree block



Fetal Irregular Rhythm: Intermittent 
Mobitz II AV block



Assessment of  Fetal 
Tachycarrhythmia
• Atrial flutter

• Ventricular Tachycardia

• SVT
• 2 mechanisms: reentrant or automatic

• Sinus Tachycardia*



Assessment of  Fetal Tachyarrhythmia

VA VA



Assessment of Fetal Tachyarrhythmia
Short v. long VA Tachycardia



Assessment of  Fetal Tachyarrhythmia



Assessment of  Fetal Tachyarrhythmia



Fetal Tachyarrhythmias
SVT with accessory AV pathway 
• Most common fetal SVT
• Atrial rate 220 - >4000
• Associated with ventricular rates 220-280bpm 
• Reentrant mechanism 

• initiated with an atrial premature beat
• sudden onset/offset
• constant rate

• 1:1 atrial-ventricular conduction
• Occurs in long and short VA
• Can be associated with Ebstein anomaly
• 10% have WPW after birth, 90% concealed pathway



Fetal Reentrant Tachyarrhythmias
SVT with accessory AV pathway 

HR 250 bpm 
1:1 AV conduction

Short VA 



Fetal Tachyarrhythmias
SVT with accessory pathway



Fetal ReentrantTachyarrhythmias
SVT with accessory AV pathway 

SVC-Ao Dopplers
Short VA interval

V VV
A A A

VV V
AAA

SVT with 1:1 AV conduction, HR 230bpm



Fetal ReentrantTachyarrhythmias
Atrial Flutter

 Second most common fetal SVT
 Atrial rates of 350-500 bpm and variable ventricular rates (most often 

2:1 A-V block)
 Atrial reentrant mechanism with sudden onset and offset 
 Presentation often late in gestation
 Can be associated with structural CHD, particularly Ebstein’s anomaly 

and other TVD with atrial enlargement



Fetal Reentrant Tachyarrhythmias
Atrial Flutter

Atrial Flutter with 2:1 conduction
Atrial rate 300 bpm



Fetal Reentrant Tachyarrhythmias
Atrial Flutter



Fetal Automatic Tachyarrhythmias

• Atrial rate 180-210

• Ventricular rate 180-300

• Exhibits warm up and cool down with FHR variability

• ONLY occurs in LONG VA tachycardia
• Sinus tach
• JET
• AET

• Challenging to treat



Fetal Automatic Tachyarrhythmias
Ectopic Atrial Tachycardia

Variable atrial and 
ventricular rates





Etiologies of  Tachycardia

• Sinus
• Anemia
• Hyperthyroidism

• SVT (1:1) or atrial flutter (2-3:1)
• Accessory pathway

• VT
• Accelerated ventricular rhythm
• Fast VT



SVT v. VT

• SVT
• Atrial rate = ventricular rate
• 220-280 bpm: reentrant AVRT
• 200-220: automatic AET
• If atrial rate > ventricular rate think atrial flutter

• VT
• AV disassociation
• V rate > atrial rate
• 180-200bpm: accelerated ventricular rhythm 

300 bpm: myocarditis, LQTS



PJRT and AET

• •18% of fetal tachycardias

• •Occurs 15-39 weeks of gestation

• •1:1 AV relation with long RP (VA)

• •FHR 170-220

• •Difficult to treat, rate control acceptable



Fetal Tachyarrhythmias
Atrial Flutter



Fetal Tachyarrhythmias
Ectopic Atrial Tachycardia
 Associated with ventricular rates of 200-300 bpm
 Automatic focus with gradual onset and offset & variable 

rates
 May be associated with atrial premature beats
 Longer V-A compared to A-V interval
 May be seen in CHD associated with atrial dilation and 

intracardiac tumors



Fetal Tachyarrhythmias
Ectopic Atrial Tachycardia



Fetal Tachyarrhythmias
Junctional Ectopic Tachycardia 
 1% of fetal tachycardia
 Heart failure out of proportion to heart rate
 HR 150-210
 Typically automatic focus with gradual onset-offset
 There may be 1:1 V-A conduction or dissociation
 Simultaneous V and A waves (AVNRT may be in differential)
 Rare in the fetus –can spontaneously convert to sinus rhythm in months 

to years after birth





Assessment of  Fetal Bradycardia



Assessment of  Fetal Bradycardia:
associated lesions



Fetal Bradyarrhythmias
Sinus Bradycardia



Fetal Bradyarrhythmias
Non-SSA-mediated Heart block (Heterotaxy
polysplenia)



Fetal Bradyarrhythmias
Anti SSA-mediated Heart Block



Fetal Bradyarrhythmia: Mobitz 
Type I 2nd degree block



Fetal Irregular Rhythm: Intermittent 
Mobitz II AV block



Fetal Bradyarrhythmia:
Presentation of SSA-mediated cardiac disease



Fetal Bradyarrythmia:
Third Degree AV block and EFE



Fetal Bradyarrhythmia:
Long QT syndrome

• Genetic abnormality of the sodium and potassium channels regulating cardiac repolarization 
occurring in 1/2000 subjects

• •> 600 mutations in 12 susceptibility genes have been found

• •1/3 are novel mutations

• •25% are genetically elusive

• •10% of ostensibly normal IUFD and SIDS LQTS mutations

• •Only 1/7000 identified before birth



Fetal Bradyarrhythmia:
Presentation of Fetal LQTS



Fetal Bradyarrhythmmia Case Report:
“FHR a little lower than what I see at this GA”



Stayed Tuned for Parts 2 and 3…

• January: Tachycardia

• February: Bradycardia
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Fetal Tachyarrhythmias: 
Where is this Doppler tracing? What is 
the arrhythmia?



Fetal Tachyarrhythmias: 
Where is this Doppler tracing? What is 
the arrhythmia?

LV inflow/outflow

SVC/Ao

Blocked PACS



Fetal Tachyarrhythmias: 
Where is this Doppler tracing? What is 
the arrhythmia?



Fetal Tachyarrhythmias: 
Where is this Doppler tracing? What is 
the arrhythmia?

V
A

V
A

SVC/Ao

Short VA tachycardia c/w 
accessory pathway



Fetal Tachyarrhythmias: 
What is the arrhythmia?

Atrium

Ventricle



Fetal Tachyarrhythmias: 
What is the arrhythmia?

V V A A

Atrial Flutter 2:1

Atrial rate 480 bpm

Ventricular rate 240 bpm



Fetal Supraventricular Tachycardia 
Why Treat?
 Risk of evolving hydrops – SVT impedes ventricular filling 

due to short diastolic time resulting in increased venous 
pressure

 Risk of morbidity – premature delivery, tachycardia-induced 
cardiomyopathy

 Difficulty in peripartum monitoring  – with incessant fetal 
SVT necessitating C/S in many institutions



Fetal Supraventricular Tachycardia
Evolution of Hydrops



Fetal Supraventricular Tachycardia
Evolution of Hydrops

Fetal SVT 

diastolic filling time

atrial and central venous pressures

hydrostatic pressure

Extravasation of 
plasma proteins

Hepatic congestion

Fetal & placental edema

Serum protein production

Fetal hypoxemia

more severe state



Fetal Supraventricular 
Tachycardia Why Treat?
 Mortality associated with fetal hydrops

 23-55% without control (Simpson & Sharland Heart 
1998, Hansmann UOG 1991, Frohn-Mulder Prenat
Diag 1995)

 8-10% despite control (Simpson Heart 1998, Krapp
Heart 2003)

 Morbidity associated with fetal hydrops
 Preterm delivery
 Prolonged ventilation
 Prolonged NICU stay
 Neurological insults in up to 40% (Oudijk et al UOG 

2004) 



Fetal Supraventricular 
Tachycardia Treatment Facts

 No universally applied treatment strategy exists
 No one medication does it all
 Short V-A tachycardia

Transplacental therapy successful for most fetuses, even with 
hydrops - success rates reported at 75-85%

Hydropic fetuses require median of 2 medications & take longer 
to respond (Van Engelen et al JACC 1994)



Fetal Supraventricular 
Tachycardia Treatment Facts

 Long V-A tachycardias more resistant to therapy (Jaeggi, Fouron
et al Heart 1998)

 Atrial flutter - variable treatment success (Jaeggi, Fouron J Peds
1998; Krapp et al Heart 2003)

 Rare reports of fetal demise in the absence of CHF/hydrops  with 
use of more potent antiarrhythmics (Flecainide, Sotalol and 
Amiodarone)



Fetal Supraventricular 
Tachycardia Treatment Considerations
Transplacental drug therapy:

 There are TWO patients – must think about 
drug effect on mother and fetus

 Different drug levels in the fetus and 
mother
 Pregnancy causes delayed maternal gastric 

emptying & increased renal clearance
 In the setting of CHF and placental edema, 

limited ability of the medication to cross the 
placenta



Fetal Supraventricular 
Tachycardia Who should we treat?

Primary aim of therapy is to either ameliorate 
or prevent hydrops through cessation of the 
arrhythmia or reduction in ventricular rate

The “at risk fetus” (Naheed et al JACC 1996)
 Incessant SVT (>50% of exam)
 Earlier presentation (<32 weeks)
 Structural heart disease
 Evidence of cardiovascular compromise already 

present
 Rates >220 bpm



Fetal Supraventricular Tachycardia 
Treatment Controversies

 Who & when to treat
 Hydropic fetus – definitely yes
 Nonhydropic but at-risk for hydrops - yes
 Low risk for hydrops- unclear

 How to treat
 Late gestation – deliver with postnatal 

treatment vs. prenatal treatment
 Maternal/placental vs. direct fetal therapy
 Medication options



Fetal Supraventricular Tachycardia 
Maternal Digoxin Therapy

Loading Dose: 250-375 mcg PO 4x/day x 1 day
Maintenance Dose 250 mcg PO BID

Maternal Therapeutic level: 1.5-2.5ng/ml

 Fetal levels 
• without hydrops -70-100% of mother’s level
• with hydrops – very poor placental transfer

 Success with conversion of SVT :
• without hydrops 50-70%
• with hydrops <20%

 Not as effective in A flutter & long VA SVT



Fetal Supraventricular Tachycardia 
Additional Antiarrhythmics

Sotalol
Flecainide
Amiodarone



Fetal Supraventricular Tachycardia 
Maternal Sotalol Therapy

No loading dose
Maintenance dose 120-160 mg PO BID  TID if needed

No drug levels

 Class III agent (prolongs repolarization & action 
potential) &  blockade

 Fetal levels 70-100% of maternal levels within 48-72 
hours

 Potential negative inotropic effect
 Proarrhythmic affect observed - QT prolongation
 Success with conversion of SVT :

 without hydrops 75-90%
 with hydrops 60-75%



Fetal Supraventricular Tachycardia 
Maternal Flecainide Therapy

No loading dose
Maintenance dose 100mg po q 8 hours

Maternal Therapeutic level: 0.4-1mcg/ml

 Class Ic agent – fast sodium channel blockade 
(slows the conduction velocity in most cardiac 
pathways)

 Good transplacental transfer – fetus achieves 
80% of maternal levels +/-hydrops

 Proarrhythmic effect observed (7.5%)
 Success with conversion of SVT (average 4-7 

days):



Fetal Supraventricular Tachycardia 
Maternal Amiodarone Therapy

Loading Dose: 1200mg IV infusion over 1 day or 200 mg PO 
Q4 hours over 1 day

Maintenance Dose 200mg PO Q6-8 hrs
Maternal Therapeutic level: 1-2mcg/ml

 Class III agent (prolongs repolarization & action potential)
 Long elimination half-life (1-3 months)
 Fetal levels -10-40% of maternal levels, less with hydrops
 Less negative inotropic effect
 Success 50-60% (Ito Peri Clin 1994), 93% reentrant SVT 

and 33% A flutter (Strasburger Circ 2004)
 Side Effects – hypothyroid (15-20%), ?neurodevelopmental 

delay



Fetal Supraventricular Tachycardia 
Maternal Pretreatment Assessment 
 Adult Cardiology assessment of mother:

 Baseline EKG +/- echocardiogram
 Baseline serum electrolytes
 Family history

 Initiation of antiarrhythmic (IV or PO): 
• Maternal admission for telemetry until a steady/effective dose is achieved 
• Routine daily fetal evaluation for evidence of CHF/hydrops
• Daily EKG until effective dose achieved



≥ 36 wks, short and 
long VA SVT, AF

CHF 
risk/hydrops

Deliver

No CHF 
risk/hydrops

Closely 
monitor

≤ 36 wks, short and 
long VA SVT, AF

No CHF 
risk/hydrops

Closely monitor +/-
Digoxin load and then 

250 mcg PO BID

CHF 
risk/hydrops

Sotalol 120-160 
mg PO BID

CHF/hydrops 
present

Digoxin load & then 
500 mcg PO BID

Sotalol 160 mg PO 
BID

Discontinue Sotalol, 
start Flecainide 100 

mcg PO q8 

IU Adenosine +/-
Amiodarone

Consider delivering if 
viable + worsening CHF

Continue medications, 
follow maternal EKG,  
Digoxin levels, and 

weekly/biweekly fetal 
echo

No conversion

Conversion 
(nearly)

Not 
incessant

Incessant

Wait 3 days

New preliminary 
TCH algorithm for 

management of fetal 
tachycardia



Fetal Supraventricular Tachycardia 
Treatment Strategy

 If ≥36 weeks with fetal SVT:
• If CHF risk or CHF is present - deliver in 3º care center
• If no clear CHF risk (intermittent brief SVT, no CHD) monitor 

until delivery, deliver in 3º care center

 All fetal SVT without clear CHF risk and at 32-36 weeks
Monitor frequently until delivery 
 +/- initiation of Digoxin therapy


