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Abstract

Fetal dysrhythmias are common, usually manifestisgrregular rhythms. Whilst most irregularitieg &@enign
and caused by isolated atrial ectopics, in a fesesarhythm irregularity may indicate partial atgatricular
block, which has different aetiological and progimsmplications. We provide a flowchart for initia
management of irregular rhythm, to help select €asguiring urgent specialist referral. Tachycasdénd
bradycardias are less frequent, can lead to haemaotig compromise and may require in-utero therapy.
Pharmacological treatment of tachycardia dependsypa (supraventricular tachycardia or atrial #uftand
presence of hydrops, with digoxin, flecainide anth®| being commonly used. An ongoing randomizéal t
may best inform about their efficacy. Bradycardie do blocked bigeminy normally resolves spontasbgouut

if due to established complete heart block therends effective treatment. Ongoing research suggests
hydroxychloroquine may reduce the risk of auto-imeatrioventricular block. Sinus bradycardia (rat&®

centile) may be a prenatal marker for long QT sgnub.
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A-  Introduction

Fetal dysrhythmias are abnormalities of fetal heate (FHR) and/or rhythm (regular or irregularften
detected on antenatal visits or during an ultradaxamination. Once recognized, further evaluasareeded.
Most dysrhythmias present as irregular rhythm fipkid’ or ‘missed beats’) in structurally normal tisghave a
benign nature and resolve spontaneously. In a sprabortion, this requires closer follow up. A sk
stratification protocol helps identifying casestthequire specialist assessment. Tachycardias eadytardias
require urgent evaluation and diagnosis can bderigihg.

Assessment of fetal dysrhythmias is usually ultvasbbased, to determine fetal well-being, assesdiatza
structures and define the nature of rhythm distnde with confidence to decide if in-utero treattrismeeded.
In this review, we aim to provide a logical approdc diagnosis of fetal dysrhythmias and an updateurrent

management.

B-  Assessing fetal cardiac rhythm

Treatment of fetal dysrhythmias relies on accudh#gnosis, thus basic understanding of normal myigh
essential. Contraction and relaxation result frotpocardial electrical stimulation, which starts time
natural pacemaker (sinus node). Normal sinus raties but is broadly between 120-160bpm. The imgpuls
generated initiates atrial contraction, travels dod¢ the atrioventricular (AV) node and subseqyentl
through specialized tissue in the ventricles (barafl His, right and left bundles and Purkinje fierthus
activating ventricular myocardium. A slight physigical delay (AV delay) ensures that ventricular
contraction follows atrial contraction leading ta:d AV relationship.

To study cardiac rhythm, simultaneous recordingtafl and ventricular activities is needed. Ultnaisd-based
techniques are the main tools available prenat@ltiher methods are not widely available. A briepraisal of
such techniques is presented below.

M-mode echocardiography is commonly used. It isstasn placing a line of ultrasound beam (M-mode)lin

across cardiac structures to register mechanisaltseof electrical activation. Typically, M-modg applied on
the four-chamber view to record atrial and ventecumotion (Figure 1). Limitations are image resioin and

fetal position. Pulsed wave Doppler (PWD) signakwaditionally used in the left ventricular inflesutflow

tract area (mitral-aortic) [1]. Alternative sitasciude ascending aorta-superior vena cava [2] arhchgnary

artery- vein [3] (Figure 1). Colour and PW tissuepler imaging have also been described [4-6],abatnot




widely used.

Fetal electrocardiography (f-ECG) and fetal magcatdiography (f-MCG) allow measurements of cardiae

intervals especially QRS complex and QT intervadttBtechniques rely on extracting fetal electriaafivity
from a combined fetomaternal signal. However, despeing available for many years, neither consttyart
of routine clinical practice. Signal processing maproved but f-ECG signal-to-noise ratio remairigratation,
especially around 27-36 weeks [7]. -MCG is supertout requires a shielded environment and has high

maintenance costs [8] .

C-  Rhythm irregularities

Irregular fetal heart rhythms, often described mgssed’ or ‘skipped’ beats, constitute a large prapn of
referrals due to dysrhythmias [9]. In the majortbe underlying diagnosis is isolated atrial eatsmiccurring in
structurally normal hearts (Figure 1). Ventricudatopics and/or associated congenital heart dig€#3B) are
less common. Most ectopics resolve spontaneouslyveay no longer be seen when a scan is perforned].
However, in a minority, rhythm irregularities megpresent a significant dysrhythmia, includingnaction
abnormalities in ~2.5% [11]. There is a relativedgnall risk € 5%) of ectopics triggering episodes of
tachycardia [12, 13] whilst persistent atrial bigeynwith blocked ectopics can lead to prolongedseges of

bradycardia.

Insert Figure 1

C-1  Management

Most irregular rhythms require no intervention apdegnant women can be reassured. However, risk
stratification is important. A flowchart to helpishis shown in Figure 2. It and relies on recorditdgR and an

obstetric scan focused on fetal well-being andieardcreening views.
Insert Figure 2
If either is abnormal, women can be referred prdynptt specialist level, if isolated ectopics a@néirmed and

occur occasionally (i.e. rhythm is mostly regulgsatient can be discharged. If ectopics are fatyi.e.,

rhythm is mostly irregular/‘chaotic’) or occur asuplets/ triplets (two/ three together), ambulatéiiR



surveillance by Doppler at 1-2 week intervals isisable. Further scans can be performed at loctdrtary
level, to monitor for small risk of tachycardia. i$hpossibility should be considerethd fetal surveillance
intensified, if there is cardiomegaly, AV valve wegitation,small effusions or unexplained polyhydramnios,
even if FHR is normalProlonged periods of blocked bigeminy reduces FIR-70-80bpm and needs
differentiation from 2:1 AV block [14-16] (Figure) 3vhereas conducted bigeminy or blocked trigeméadk to
an irregular pattern that can mimic variab’™ @egree AV block (Figure 4) [16]. Monitoring foreigopment of

tachycardia in these cases is advisable.

Insert Figures 3 and 4

A neonatal ECG can be performed if irregular rhythersists after birth. If couplets, triplets arftbatic
rhythms are identified prenatally, the risk of tacérdia seems to extend to the neonatal periodfii§ a

neonatal ECG and a 24h-ECG recording is advisable.

D-  Tachycardias

Fetal tachycardias are defined as FHR >180bpm ésigtent rates ~160-180bpm may also be abnorrhaly T
are potentially life-threatening due to developmehtventricular dysfunction and heart failure, aliigh the
fetus may tolerate intermittent tachycardia. Thagdbsis may be straightforward but tachycardia eneilf
persistent, may remain undetected, and may onlyebegnized when the fetus is hydropic. The fetarhe
structure is often normal, but CHD may be present.

The most common are supraventricular tachyca®har( ~3/4 of cases) and atrial flutter (AF) [18].1They
can also originate from the sinus node, AV junction ventricles. The diagnosis relies mainly on
echocardiography with careful analysis of atriald amentricular contractions, their rates and tempora

relationship. FHR and rate variability may aid, b not diagnostic.

D.1-  Supraventricular tachycardia and atrial flutte ~ r

AV reentry tachycardia (AVRT) accounts for 90% efdl and neonatal forms of SVT [18], which is assed

with an accessory pathway between atria and végdrihat creates an extra circuit for the electricgulse.
Atrial ectopics often trigger the tachycardia. Beling antegrade conduction through the AV node tde/dhe

ventricles, the impulse travels faster and retrdgha from ventricle to atrium through the accesspaghway.



This antegrade-retrograde conduction perpetuatesctituit. AVRT rate is 220-240bpm but can reach
~280bpm. Rate relates to the accessory pathwayepiep and is relatively fixed with no variabiliBg].
Typically, AVRT has a short ventriculo-atrial (VA)terval, representing a short VA tachycardia (VX:fatio
<1) (Figure 5).

Atrial flutter (AF) often occurs later ipregnancy [18]. It results from intra-atrial cirtsjioften initiated and
terminated by premature atrial contractions [8]ri#trates are faster (300-500bpm) than ventrictaées
due to a physiological block at AV node [12]. Tyally, the pattern is 2:1 (atrial rate ~ 440-450bpm;
ventricular rate ~220-225bpm), but AV node blockage vary. At slower atrial rates, 1:1 AV conduatio
may occur, leading to much faster ventricular raf®s can also alternate with periods of AVRT in the

same fetus [8].

D.2-  Other tachycardias

Atrial ectopic tachycardia (AET) and permanentcfional reciprocating tachycardia (PJRT) are lesarmon.

AET may have 1:1 or variable AV conduction wher®d®RT shows 1:1 conduction. Typically, these arg lon
VA tachycardias (VA:AV ratio > 1) with FHR usually180-220bpm [18, 20]. AET relates to increasedhatri
automaticity [12]; there may be higher heart raagability and a warm-up phenomenon. JPRT is nmediay

a slow conducting pathway near the coronamyss allowing VA conduction [21]. PJRT is usuailhgessant,
may be difficult to treat, and may lead to tachgéarelated cardiomyopathy [12].

Sinus tachycardiss common. If persistent, maternal fever or beitangtation, stress, and infection need to be
considered as underlying disease. Rates may bdymeilevated (160-180bpm) or as high 200bpm. Hezte r
variability is usually preserved [12]. AV conductits 1:1 and VA interval is long. Treatment is &tegd at the

cause, if identified. Ventricular tachycardMT) is rare. It starts in the ventricles and tygig has no retrograde

conduction, causing AV dissociation, with ventrenulrate (180-300bpm) faster than sinus rate. Lodg Q
syndrome is an important cause of VT, often altémgawith bradycardia due to 2:1 AV block. Other
associations are cardiac tumors (e.g. rhabdomyomad) cardiomyopathy. Rarely there is VA conduction,

simulating AVRT. Junctional ectopic tachycardia TJHs one of the rarest fetal tachycardias [22}emwf

incessant, with little FHR variability and not wedlerated despite rates rarely exceeding 200bprasults from
increased AV node automaticity, which depolarizes entricles only, causing AV dissociation anddating
VT. Intermittently however, atrial and ventriculactivation may happen almost simultaneously, leadd 1:1

AV relationship with very short VA interval, whichelps differentiating from VT [22, 23]. JET hasalseen



associated with maternal auto-antibodies; in tlvases it is intermittent and alternate with AV #¢23, 24].

D-3  Management

Fetal tachycardia is an emergency requiring urgeardiac and obstetric assessment. Depending on
mechanism, hemodynamonsequences, fetal well-being and the woman’scehananagement options are:
no intervention, drug therapy or delivery.

Not all tachycardias require treatment. If intetent (< 50% of the time) and with no haemodynamic
compromise (e.g. no hydrops, no cardiomegaly, nov&We regurgitation), treatment may be unnecessary
However, close FHR monitoring is needed, to esthblfrequency and duration of tachycardia. Multiple
observations as in-patient over 24-48h may helg-gatient monitoring may involve checks 1-3 timeweek
and intermittent scans.

If the tachycardia is incessant (>50% of the timehaemodynamic compromise is evident, treatmemtildhnot

be delayed. Choices are pharmacological therapjelivery, depending mainly on gestational agehéré is
significant polyhydramnios, spontaneous labor aglivery may be inevitable.

Risks and benefits of treatment and life-threatgnimature of tachycardia should be discussed. liequat
treatment is preferable. Baseline maternal ECQnseglectrolyte levels, liver and renal function gkiobe

obtained. If serum levels are available, dosesheaadjusted accordingly.

Pharmacological therapy

Digoxin, flecainide, sotalol and amiodarone aratieely safe but side effects including arrhythmuigeones
are reported. Transplacental transfer is prefemgdadequate fetal concentration is influenced t®sence of
hydrops. Digoxin has poor transfer in hydropic $&ts, limiting its use as monotherapy. Direct fétahtment
(cordocentesis, intramuscular, intraperitonealntraiamniotic) is an option for severely hydropicrefractory
cases, usually combined with oral medication. Dig@nd amiodarone are the preferred drugs. Dolsased on
fetal weight, but a 25% increase is recommendeattount for placental circulation [25].

Most supraventricular tachyarrhythmias are treaieccessfully. Survival rates are ~80-90% [18, 18, 27],
hydrops being the most important determinant ofouie. Fetal response alsglates to tachycardia type and

medication used. In the largest retrospective sdreated with digoxin, flecainide or sotalol (n¥l1] 1998-



2008), SVT was better controlled than AF. Conversiates were slower for incessant tachycardia and
hydrops [18]. Overall mortality was 5% (hydrep47%,; non-hydrops= 0%). Hydrops was associatetl wit
faster ventricular rates, so if rapid conversionrz# be achieved, rate reduction is also import@ompared to
sotalol, termination rates for SVT after 5 days avietter with flecainide (59%) and digoxin (57%auritsotalol
(38%). Similarly, time to convert half of SVT casgas shorter for digoxin (3 days) and flecainidel&ys) than
sotatol (12 days). Conversely, in AF cases, sota#d better, converting 50% of cases in 12 daysaghiékving
sinus rhythm in 29% by day 5, but flecainide hattéseate reduction if tachycardia persisted.

These three drugs remain &S choice in more recent studies, with variable effic reflecting variability in
protocols and patient population. Sotalbldigoxin, 2004-2008) had an overall response of &b%6ng 21 cases
of SVT or AF, with 52% conversion and 33% rate cohf26]. Many converted in <5 days but hydropkted
mortality was ~38%. In another study, sotalol mberoapy converted 70% and 50% of non-hydropic and
hydropic fetuses respectively [28]. Over many ygaB87-2012), comparison of two centres showedafiede

to be superior to intravenous digoxin, with cleaortality difference in hydropic cases (flecainid€gs,
digoxin= 47%). Flecainide also converted 96% ofrshtA SVT compared to digoxin (69%) with shorter
median response time (3 versus 8 days) [27]. Twerostudies also report good response to flecaiaglé'
choice monotherapy, with and without hydrops [29]. 3n one, high doses (400mg/day) converted 72% of
hydropic fetuses with SVT with median time of 3 d4%9] whilst in the other, conversion or rate retthn was
achieved in 87% using conventional doses [30]. Aaraggressive approach using dual therapy (fledaiand
digoxin) for all tachyarrhythmias is reported [1€9)f 27 treated fetuses (2001-2009), 81% conveaited rate
control was achieved in 15%, but perinatal mostaliis still ~13%, despite dual therapy.

These reports suggest a trend to use flecainidamamwith a recent systematic review indicatingcfiinide to be
superior in AVRT treatment [31]. However, all siesl are retrospective. Depending on multiple véesbit

still remains unclear if sotalol and digoxin alsavh a place as™line therapy, in isolation or combined with
other medication. Hydropic fetuses remain a higk-group. Interpretation of drug efficacy in sudses is
hindered as treatment failure and mortality iewoftinked to ‘severe hydrops’ but systematic infation on
degree of hydrops is often lacking in successfuiyated cases. A randomized controlled trial igodmg and

may provide some answers (www.fasttherapytrial.canlig availability also impacts on choice of mexion.

Digoxin is available worldwide but flecainide amataol are not.
Amiodarone is considered a&#ine option in drug-refractory tachycardia withdmgps. It was successfully

injected to the umbilical vein nearly three decaags [32] and is still considered safe [25]. Intuscular fetal



injection of digoxin is also an alternative [33]Transplacental amiodarone is also used successhitign
combined with digoxin [34, 35].

Standard oral dose for Flecainige100mg, 8hourly. It has good placental transfenein hydrops. Therapeutic
trough levels often reach normal range (200-1000ugl 3 days. Maintenance doses are 200-300mg/day
(maximum 400-450mg/day). In one study, levels diad oorrespond to response, medium ~450 pg/L in
responders and non-responders [36]. Digoxin, goratly or intravenouslyrequires a loading dose, but regimes
vary. The following is used in the ongoing RCT:do®y dose= 2mg (0.5mg 12hourly, or 0.5mg 8hourly in
hydrops), followed by maintenance, adjusted acogrth serum levels taken 12h aftét & 4" dose. Levels are
aimed at 1.0-2.0 ng/ml, but higher in hydrops (2.8ag/ml). Digoxin as direct intramuscular fetgkiction, was
effective at 889/ estimated fetal weight, repeated2-24h interval, maximal 3 doses [33]. Sotala$ quick
placental transfer, reaching good levels even irdyic fetuses. Side effects are dose relatedrolbpgs QT
interval so maternal ECG should be monitored. dhitecommended dose is 240mg/day, 8 or 12hourly, bu
higher in hydrops (320mg/day, 12hourly). After asfdays, dosage is titrated according to responagimal of
480mg/day [18]. Amiodaronieas poor placental transfer (10-40%), worse in dyslrbut it accumulates in fetal
compartments due to long half-life. Loading and mteriance doses vary [20, 34, 35], A suggestednegi
includes loading with 1200mg/day for 5-7 days (grat 24-h intravenous infusion) followed by mainsace

of 600-800mg/day (200mg 6 or 8hourly) [20]. Recomdexl doses for direct fetal therapy are 2.5-5mg/kg
estimated fetal weight [20].

Information on treatment of VT and JET is limitddagnesium sulfate (intravenous loading dose of 2-4g,

followed by 1-2g/h),_lidocainéintravenous loading dose of 1-1.5mg/kg followed 18mg/min) and oral
propranolol (40—80mg 8hourly) have been used for VT. Amiodaroswtalol, and flecainide may also be
effective [17]. If associated with long QT, betadiers are preferable and drugs that prolong Qarvat (e.g.

sotalol) should be avoided. Treatment for fetal &% included sotalol, digoxin and flecainide [23].

E-  Bradycardias

Bradycardia is often associated with fetal distrbgs its incidental finding requires further asseent
Transient episodes during scanning are commontaluagal stimulation by cord compression and resolv
rapidly with less pressure to maternal abdomen. éi@r, persistent bradycardia, even if intermittent,
requires diagnostic workup, so that managemenpsapriate.

The obstetric definition of bradycardia by the Aman College of Obstetrics and Gynecology is FHR



<110bpm. However, gestational age-specific nomograndicate variability [37] with the '3 centile
corresponding to rates of ~135 and 130bpm at 253&ndeeks respectively. This helps prediction afifeal
long QT syndrome [38]. Setting a higher threshafld 115bpm for irregular rhythms also helps idecaifion of
some forms of AV block [16] (Figure 2).

Bradycardia of 70-80bpm has different managementpligations, depending on the underlying
electrophysiological mechanism. Thus, accurate rdiaig is paramount and based on detailed evaluafion

regularity pattern of atrial and ventricular costians and their temporal relationship.

E.1-  Bradycardia with 1:1 AV conduction

Persistent bradycardiaith 1:1 AV conduction,not associated with fetal distress,rare. This is almost

invariably sinus bradycardia but may occasionaillyiéate_low atrial rhythm, which is characterisifdeft atrial

isomerism. Sinus bradycardia may be a manifestati@inus node dysfunction, congenital long QT spnuk,
or circulating maternal auto-antibodieBaseline FHR <% percentile is a potential marker for long QT

syndromealbeit with low sensitivity [37].

Management

Parental 12-lead ECG, family history and matern#baantibody status should be obtained. History of
important arrhythmias, sudden death or recurrdial fess may indicate an underlying genetic cagseus
bradycardia is well tolerated prenatally and doesrequire treatment. Monitoring fetal well-beiny4a6
weeks is advisable. Perinatal outcome dependsiology. Neonates need a 12-lead ECG. Further fadmily
genetic tests can be performed depending on history

A positive family history or evidence of intermitiie2:1 AV block/ VT are strong indicators of felahg

QT syndrome. The QT interval can be measured byCi@yiif available. The value of steroids to treatoau
immune sinus bradycardia is unknown. In these ¢aseshave observed progressive decrease in baseline
FHR as pregnancy advanced. Low atrial rhythm aatrdnsient or progress to heart block, which selft

carries a guarded outlook, especially if associatitd major CHD.

E.2- Bradycardia related to atrial ectopics

When atrial ectopics occur regularly generatingebigny (one normal beat, one ectopic) or trigemitwo(

normal beats, one ectopic), overall ventriculareranay fall. Blocked atrial bigeminy leads to regula
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bradycardia, FHR ~70-80bpm. It cannot be distirfigdsfrom 2:1AV block based on FHR alone and acaalint
for nearly half of bradycardia with rates <110bp#j[1 Timing of atrial (A) contractions is essential the
differential diagnosis (Figure 3), which is oftaragghtforward but at times, may simulate 2:1 A@dK. Careful
measurements are needed and f-MCG can help [15¢nVdltrial bigeminy is conducted or if there is lxed
atrial trigeminy, the rhythm is irregular, FHR ~Q115bpm and ought to be distinguished from pafidiahs of

AV block [16] (Figure 4).

Management

Following a positive diagnosis of atrial ectopiausing bradycardia, the pregnant woman can be ueaks
Treatment is not required, but FHR monitoring i®ded due to small risk of tachycardia (Figure B)ohe
study, all cases of blocked bigeminy resolved spueusly [10] whereas others report tachycardiddib of
cases [14].

Due to potential risk that emergency Caesariani@eds performed unnecessarily, especially if FHR i
<100bpm, it is important that the pregnant womad ah professionals looking after her understarsd it
benign natureMaternal awareness of normal fetal movements imapt and other means of assessing fetal

well-being need to be in place.

E.3- Heart block

Heart block refers to prolongation or blockage &f éonduction of a normal sinus beat through the #ode.

Severity varies, with first degree block (I-AVB)ngdly reflecting delayed conduction. FHR reflect® th

pacemaker rate and the AV interval must be measuhedgecond degree blo¢k-AVB), AV blockage occurs

intermittenty. There are two types: in type | (Mabl or Wenckebach phenomenon) there is progressive
lengthening of the AV interval until a blockage ace The rhythm is irregular but FHR is usually mat. In
type Il (or Mobitz 1), some beats are conductemne are blocked. A 2:1 AV conduction is common,siagl
regular bradycardia, ventricular rate ~60-80bpmweEleer, the ratio of AV conduction may vary (e.q2)3with
rate and rhythm pattern varying accordingly. Bothes of [I-AVB need differentiation from atrial egtics

(Figures 3 and 4). In complete or third degree bldld-AVB), there is no AV conduction at all sodhatria and

ventricles beat independently (Figure 5). Congérita block occurs in 1 in 15,000 to 1 in 20,000dibirths.
Aetiology may be auto-immune, linked to CHD or uatum.

AV block associated with CHRccounts for many cases, most occurring with &ftrierism and less with AV

11



discordance. The prognosis is generally poor [89 with high fetal and neonatal mortalif#0]. In one series
(n=59), 60% were liveborns, neonatal mortality ry@ehed 80% (left isomerism= 90%; AV discande=
25%(39].

In isolated non-immune AV block, prognosis seentsepeOf 26 congenital cases, 16 had IlI-AVB. In\kith

partial block, mean progression time to 1lI-AVB was3years. No deaths or cardiomyopathy were obderve
(mean follow up ~11lyears) [41]. Regression of mamune |I-AVB has also been reported [39, 42], @liph
some may represent spontaneous resolution of eetelgited bradycardia [43].

Auto-immune AV block is due to transplacental tfen®f maternal auto-antibodies: anti-Ro (SS-A)/an@nti-

La (SS-B), that target the fetal ribonucleoprotefiRe’ and ‘La’ located in the conduction systemusimg
inflammation, fibrosis and irreversible damage. Phecess can also target myocardial cells. AV lblgpically
develops after 16-18 weeks of gestation, peaksOaP£2 and most (82%) occur before 30 weeks [44]. The
prognosis is better compared to CHD cases, but detaise is still ~6-10% [42, 45]. Presentation <2€eks,
hydrops, impaired function and FHR <50bpm are raczgl risk factors. Risk of fetal block in affectedmen

is relatively low (2—3%) [46], but recurrence riskagnsiderably higher (16—19%) [44] and may be relate

to antibody levels [47]

Management of auto-immune AV block

Treatment aims to reduce or prevent myocardial emaduction abnormalities, reduce levels of maternal
antibodies, or augment FHR. Options include matestaroids, beta-sympathomimetic agents, intravenou
gammaglobulin (IVIG), and plasmapheresis [48, £3}ablished auto-immune IlI-AVB is irreversible |44
In-utero pacing has limitations. Dedicated pacinggvdeveloped over a decade ago had limited elinise and

no survivors. Developments in minimally invasivecroipacemakers [50] and ex-utero intrapartum tneat
[51] may have future role. More exciting is the gibgity of prevention. Studies suggest that sinstd fetal
exposure to hydroxychloroquine reduces AV bloclureence to 7.5% [52]. Results of a prospective dpéel
clinical trial (PATCH: Preventive Approach to Comifal Heart Block with Hydroxychloroquine) are avesl.

Fluorinated steroids aim to reduce inflammatione Thost used is dexamethasone (4 to 8mg daily, ddper

2mg towards end of pregnancy) despite its unpr@féoacy regarding AV block, cardiomyopathy or sual
[53-55]. However, recent small series observatguggest beneficial effect if treatment (dexamethasand/or
IVIG) is started within 24h [56]. As randomizedats are lacking and fetal/ maternal side-effectsun¢48],

treatment may be considered only in compromisagsés or recently developed AV block.
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Beta-agonists (salbutamol and terbutaline) are tzaédcrease FHR if <50-55bpm. Increase of 5—10kpth
salbutamol (10mg 8hourly; maximal= 40mg/day) obtealine (2.5-7.5mg 4-6hourly; maximal= 30mg/dag a
reported [48]. Maternal tremor and palpitations side effects that tend to settle, so doses cditrated up.

Immunoglobulins and plasmapheresis have also bseth. iRepeated maternal injections of IVIG aim thuoe

the effects of antibodies on the fetal heart. Twaspective multicenter trials used 400mg/Kg at &kvimtervals
at 12- 24 weeks, in women with previously affectddldren, but failed to prevent recurrence [57], ¥hich
may have been be dose-related. Higher doses (1glg, steroids) may potentially improve outcome][59
Plasmapheresis aims to reduce maternal levelstilifogines. A potential effect on [I-AVB combined WwitVIG

and bethamethasone is reported in a small prdspestudy [60]. Larger controlled trials are needed

Fetal surveillance of anti-Ro/anti-LA affected preg  nancies

Intensive surveillance with weekly AV interval measments aiming to treat partial block to prevdhiAVB

has been suggested. However, the PRIDE study disupport this strategy [46]. Fetuses with |-AVBsdted or
untreated, did not progress to IlI-AVB. Importantl-AVB occurred without previous partial blocka another
prospective study, I-AVB reverted with dexamethasohut no controls [61]. Conversely, of 150 fetuses
followed up serially, 15 developed partial blockne were treated and AV interval normalized inbait one.
[62]. Notably, altered myocardial contractility malgso prolong the AV interval [63].

Although current studies do not support weekly rtaming of the AV interval for all pregnancies askij
targeted surveillance, stratified by antibody levellOOU/mL seems safe [64] but levels are not Usual
available. A small case series also suggest texdtbenefits if block is recognized within 24h [S#iggesting a
potential role for increasing FHR monitoring [6&]ntil a consensus is achieved, surveillance (seatsFHR

monitoring) from 16 weeks is tailored to individuases and intensified if there is a previouslgatéd child.

Summary

Irregular rhythms due to atrial ectopics are thestmoommon fetal dysrhythmia and usually resolve
spontaneously. However, they can constitute andistic challenge during routine obstetric carea few cases,
ectopics can trigger tachycardia so risk stratiisais important for appropriate fetal monitoringonversely,
ectopics can cause regular bradycardia (<100bpriryegular rhythms that require differentiation itcsecond
degree AV block. Accuracy in diagnosis is importast management implications differ. Less common

dysrhythmias such as tachycardias and AV blockbmaiife threatening. Tachycardias need urgent tdienlf
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sustained, they can lead to fetal hydrops. SVT ARdoften respond to transplacental treatment. Hihébe,
digoxin and sotalol are commonly used. An RCT w&eas efficacy of these drugs is ongoing. Hydropseases
morbidity and mortality for tachycardias and braalglias. Management of complete AV block may be
challenging with few therapeutic options availablEhe results of an open-label trial of hydroxycblguine to
prevent recurrence of AV block are awaited. Ambarafetal heart monitoring may contribute to eatgtection

of AV block.
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Figure legends

Figure1: M-mode [A,B] and simultaneous pulsed wave Dopgignal [C,D] across pulmonary artery
(PA) and vein (PV). Images [A,C] depict normal smhhythm and images [B,D] show a blocked atriabpitt
(B-AE). Note regular interval between atrial signaduring sinus rhythm and an early signal (arrow)
characteristic of atrial ectopic.

A/'V = atrial/ ventricular systole; LV= left ventle; RA= right atrium;

Figure2: Suggested flowchart for initial management ofgudar rhythms.

FHR= fetal heart rate, bpm= beats per minute,

Figure3: Different dysrhythmias causing regular bradycardi¢gh similar rate and arterial Doppler
[A,B], depicted on M-mode [C,D] and pulmonary vdssBoppler [E,F]. Images [A,C,E] show blocked dtria
bigeminy: note irregular atrial activity, one isnctucted but the early ectopic signal is blockedades [B,D,F]
show 2:1 heart block: note that atrial signal gutar, one is conducted, one is not.

A/'V = atrial/ ventricular systole; (B-AE)= blockesdrial ectopics; FHR= fetal heart rate, bpm= bgatsminute

Figure 4: Different dysrhythmias causing irregular bradycardiith similar rate and arterial Doppler
[A,B], depicted on M-mode [C,D] and pulmonary vdssBoppler [E,F]. Images [A,C,E] show blocked dtria
trigeminy: note irregular atrial activity, two beadre conducted but the early ectopic signal iskad. Images
[B, D, F] show 3:2 heart block: note that atriality is regular, two are conducted, one is not.

A/'V = atrial/ ventricular systole; (B-AE)= blockesdrial ectopics; FHR= fetal heart rate, bpm= bgatsminute

Figure5: Examples of supraventricular tachycardia with dohduction and short VA interval, where
the arrows shows flow reversal during atrial coctican [A,D]; atrial flutter with typical 2:1 condtion [B,E]
and complete AV block with diagnostic AV dissoaiati[C,F], depicted on M-mode [A,B,C] and Doppler in
pulmonary vessels [D,E,F].

A/ V= atrial/ ventricular contraction

15



Acknowledgements:  None

Conflict of interest: None

Practice Points

What we know

» Fetal dysrhythmias, mainly atrial ectopics, are oum, often benign but can cause bradycardia and
trigger tachycardia

e Tachycardias require urgent assessment as caioléagmodynamic compromise, hydrops and death.

» SVT with 1:1 AV conduction and AF are the most coomtachycardias. Transplacental treatment is
successful in the majority.

» Bradycardia due to ectopic beats are well tolerated

» Bradycardia due to heart block is often associaiittd maternal auto-antibodies.

e There is no proven effective in-utero treatmentfeart block

What we don't know

e Best drug to treat all fetal tachycardias
» Best practice to survey pregnancies affected biyRmtanti-La antibodies
» How to treat/ manage partial AV block

* How to pace the fetal heart

Research Agenda

» Randomized trial to treat fetal tachycardia (wwwattaerapytrial)
» Risk-stratification of fetuses at risk of long Qynhdrome

» Early recognition and treatment of emerging helartl (www.heartsoundsathome)

In-utero pacing for established complete heartlbloc
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‘Skipped beats’ / ‘Irregular rhythm’

No clinical concern about fetal well being
(often picked up on routine antenatal visits)

!

What is the FHR?
Usually checked with Doppler device

|

l

Normal FHR (120-160 bpm)
(in cases of isolated atrial ectopic beats,
this is the most likely scenario,)

|

Most likely to resolve spontaneously
® provide initial reassurance to the woman
® organise local scan (~growth scan) - most

likely to be of further reassurance

l

Local scan:

® check fetal movements

® check fetal growth and amniotic fluid

® check there is no hydrops

® check there is no fluid accumulation in

any fetal compartment

® check heart views and assess heart size
If there is no concern on any of the
above, the w can be r ed

If local scan
—

l

Skipped beats have resolved:
® back to routine antenatal care
® document FHR and rhythm on

FHR ~ 110-120 bpm

(persistently or intermittently)

l

FHR < 110 bpm or > 180 bpm
(these are defined as bradycardia (<1 10bpm)
or tachycardia (> 180bpm)

Requires further assessment
® may be due to ectopic beats
®may be due to partial

atrioventricular block

is Abnormal

subsequent visits for continuing
reassurance

Skipped beats still present:
® Non-urgent referral for
further advice, if needed

If possible,
local scan can
be performed,
but referral
should not be
delayed

Urgent referral to
tertiary centre
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Fetal dysrhythmias

Practice Points

What we know

» Fetal dysrhythmias, mainly atrial ectopics, are common, often benign but can cause bradycardia and
trigger tachycardia

» Tachycardias require urgent assessment as can lead to haemodynamic compromise, hydrops and death.

e SVT with 1:1 AV conduction and AF are the most common tachycardias. Transplacental treatment is
successful in the majority.

» Bradycardia due to ectopic beats are well tolerated

» Bradycardia due to heart block is often associated with maternal auto-antibodies.

» Thereisno proven effective in-utero treatment for heart block

What we don't know

* Bestdrugto treat al fetal tachycardias
» Best practice to survey pregnancies affected by anti-Ro/ anti-La antibodies
» How to treat/ manage partial AV block

» How to pace the fetal heart

Research Agenda

» Randomized trial to treat fetal tachycardia (www.fasttherapytrial)

» Risk-dratification of fetuses at risk of long QT syndrome

» Early recognition and treatment of emerging heart block (www.heartsoundsathome)

* In-utero pacing for established complete heart block



