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 Fetal tachyarrhythmia is a rare condition associated with a high risk of 
fetoplacental circulatory failure, fetal hydrops, and intrauterine fetal death. 
This report, present a case of fetal tachyarrhythmia that was successfully 
managed with a multidisciplinary approach in a tertiary hospital, but with 
prolonged prenatal resolution. A 36-year-old multigravida was diagnosed 
with fetal tachyarrhythmia at 30 weeks of gestational age. No secondary 
cause of fetal tachyarrhythmia was identified. A basic ultrasound 
examination revealed a normal heart structure without hydrops or 
polyhydramnios. The fetal heart rate was consistently at 230 bpm during 
the examination. M-mode echocardiography presented the 1:1 
atrioventricular contraction with short intervals, confirming the diagnosis 
of sustained supraventricular tachycardia. Transplacental treatment was 
initiated using digoxin at a dose of 0.5 mg, followed by 0.25 mg 
intravenously every 8 hours. On the fifth day, the arrhythmia was not 
improved, thus oral combination therapy commenced with digoxin at a 
dose of 0.25 mg every 12 hours, along with propranolol at a dose of 40-20-
20 mg, and this treatment was continued for the subsequent 5 weeks. Fetal 
heart rate, movement, and treatment toxicity were monitored daily, while 
fetal well-being was assessed on a weekly basis. Prenatal resolution was 
achieved 6 weeks after the treatment initiation. Digoxin levels reached a 
therapeutic concentration (1.75 ng/mL) without any signs of intoxication. 
A cesarean section was performed at 38/39 weeks of gestational age. The 
postnatal evaluation did not reveal any recurrence of tachyarrhythmia or 
neurodevelopmental disorders. Evaluation of atrioventricular contractions 
using M-mode echocardiography proved to be a straightforward method. 
In this case of sustained supraventricular tachycardia, the absence of fetal 
hydrops was likely attributed to ventricular contractions remaining below 
230 beats per minute. The use of combination therapy demonstrated 
superiority over monotherapy in achieving prenatal resolution. 
Transplacental anti-arrhythmic combination therapy can be considered for 
cases of refractory tachyarrhythmia. Further large-scale population studies 
are necessary to determine appropriate therapeutic doses and adjust 
available drug options to achieve faster prenatal resolution of fetal 
tachyarrhythmias. 
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G R A P H I C A L A B S T R A C T 

 
Introduction 

The conduction system in the heart begins to 

develop around 5 weeks of gestation, 

characterized by the emergence of cardiac 

pacemaker activity through the sinus node [1]. As 

heart chambers develop, other components of the 

conduction system, such as the AV node, bundle 

of His, right and left branch bundles, and Purkinje 

fibers, are fully formed by 16 weeks of gestation 

[2].  

Fetal arrhythmia is a rare disorder with an 

approximate prevalence of 2% [1]. Regular heart 

rate assessments are the primary means of 

screening for arrhythmias, and fetal arrhythmias 

often prompt referrals for fetal cardiac 

evaluation. Fetal arrhythmias are classified into 

tachyarrhythmias and bradyarrhythmias, with 

tachyarrhythmias being more prevalent at 41.4% 

compared to bradyarrhythmias at 17.2% [3]. In 

the general population, fetal tachyarrhythmias 

complicate approximately 0.4-0.6% of 

pregnancies [4], with a tachyarrhythmic 

mortality rate of 8-9% [5]. 

Brief episodes of fetal tachyarrhythmias typically 

do not cause clinical problems, but sustained 

tachyarrhythmias can lead to heart failure, fetal 

hydrops, and even death [6]. Unfortunately, 

misdiagnoses of tachyarrhythmias can occur, 

leading to the decisions to terminate pregnancies 

without proper treatment, resulting in preterm 

labor and fetal complications. Short-term 

complications include hemodynamic 

disturbances in 43% of cases and an 81% 

increased recurrence rate in neonates [7], while 

long-term effects may lead to neurological 

developmental disorders [8]. 

The tachyarrhythmias incidence in Indonesia is 

currently unknown due to its rarity. 

Understanding the pathophysiology of fetal 

tachyarrhythmias is crucial for enhancing the 

success rate of therapeutic interventions [9]. In 

this case report, we present our first experience 

in managing fetal tachyarrhythmia in a 

multidisciplinary tertiary hospital, which resulted 

in successful prolonged prenatal resolution. 

Case 

A 36-year-old female patient presented to the 

obstetric outpatient clinic at Dr. Soetomo 

Academic General Hospital on May 25th, 2021. 

The patient sought a second medical opinion 

after undergoing treatment at a previous 

hospital, where it was observed that the fetal 

heartbeat was excessively fast. At the previous 

hospital, the patient received lung maturation 

injections as part of a two-day treatment. 

Following the completion of fetal lung 

maturation, the patient was offered the choice of 

either terminating or continuing the pregnancy 

due to the persistently elevated fetal heart rate. 

Opting to proceed with the pregnancy, the patient 

was advised to seek further care at Dr. Soetomo 

Academic Hospital.  
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Throughout the course of this pregnancy, there 

had been no prior instances of a rapid fetal heart 

rate, and the patient had no history of 

autoimmune disease, infections (Table 1), or use 

of medications other than pregnancy vitamins. 

During the general physical examination, the 

patient's weight was recorded as 65 kilograms, 

height as 146 centimeters, and body mass index 

(BMI) as 30.49. Vital signs were as follows: blood 

pressure 105/67 mmHg, pulse rate 89 beats per 

minute, respiratory rate 20 breaths per minute, 

and body temperature 36.5 °C. No clinical signs of 

hyperthyroidism were observed. Anatomy 

screening ultrasound results conducted at Dr. 

Soetomo Academic Hospital on May 27th, 2021, 

showed appropriate fetal growth for gestational 

age without any structural abnormalities in the 

heart, hydrops fetalis, or fetal anemia (Figure 1). 

A diagnosis of fetal tachyarrhythmia was made, 

and the patient was informed about the need for 

hospitalization with a plan for transplacental fetal 

digoxin treatment, to which the patient 

consented. 

Table 1: Laboratory results (May, 25th 2021) 

Hb 10.1 g/dl 

WBC 14,080 

Plt 400,000 103/L 

Hct 30.6 % 

Random Blood Sugar 78 mg/dL 

Na/K/Cl 140/3.8/106 mmol/L 

TSH 2,734 (0.55-4.78 mIU/L) 

FT4 0.90 (0.89-1.76 ng/dL) 

ANA Test 7.832 (≤ 40) 

Anti dsDNA <10.0 (<100 IU/mL) 

Blood group B, rhesus (+) 

HbSAg/HIV/Sifilis Nonreactive 

 

 

Figure 1: M-mode echocardiography results at Dr. Soetomo Academic Hospital (Date: May 27th, 2021). (A) The 

structure of the heart was normal and (B) fetal heart rate of 230 bpm 
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The selection and monitoring of transplacental 

digitization were conducted in collaboration with 

a cardiologist for seven days (Table 2). The 

therapy commenced with digoxin monotherapy 

for two days, followed by combination therapy of 

digoxin and propranolol for five days. Total 

digoxin monotherapy was performed for seven 

days without tachyarrhythmias resolution. 

Throughout the treatment, there were no sign of 

digoxin or propranolol intoxication. 

Subsequently, the patient received outpatient 

care with continued oral administration of 

digoxin (0.25 mg/12 hours) and propranolol (40 

mg, 20 mg, and 20 mg). On June 16, 2021, an M-

mode fetal echocardiogram evaluation revealed a 

sustained supraventricular tachyarrhythmia 

(Figure 2). The mother's ECG results 

demonstrated sinus rhythm with ST depression 

(Salvador Dali) without clinical signs of digitalis 

intoxication. 

Due to unresolved fetal tachyarrhythmias, a 

multidisciplinary discussion was held with 

cardiology and pediatric cardiologist on June 24, 

2021, to evaluate serum digoxin level. If digoxin 

level found low, it could be increased until it 

reached the optimal level. The first line of 

transplacental digitalization therapy used was 

digoxin, followed by a combination with 

propranolol, and as a final option, amiodarone. If 

no resolution was achieved, termination of 

pregnancy would be performed, followed by 

postnatal therapy with amiodarone at a loading 

dose of 1 mg/kg BW for 10-15 minutes, with 

close observation. 

Table 2: Observation and therapy at Dr. Soetomo Academic Hospital (May 29th-June 3rd, 2021) 

Date Fetal Heart Rate Therapy 

May 29, 2021 220 
Digoxin injection of 0.5 mg intravenously, followed by that of 

0.25 mg/8 hours intravenously. 

May 30, 2021 220 Digoxin injection of 0.25 mg/h hours intravenously. 

May 31, 2021 220 

- Digoxin injection of 0.25 mg/12 hours intravenously 

(maintenance dose), tapering off. 

- Evaluation of clinical signs of digitalis intoxication 

(nausea, vomiting, dizziness, and blurred vision) and ECG. 

June 1, 2021 220 Digoxin injection of 0.25 mg/24 hours intravenously 

June 2, 2021 232 
Tablet digoxin administration of 0.25 mg/24 hours per oral. 

Tablet Propanolol administration of 20 mg/8 hours per oral. 

June 3, 2021 216 

- Digoxin administration of 0.5 mg/12 hours per oral. 

- Propanolol administration of 40 mg, 20 mg, 20 mg 

per oral. 

  

Figure 2: Results of the M-mode echocardiogram (Date: June 16, 2021). It showed each atrial and ventricular 

heart rates of 216 bpm during all examinations and regular. The relationship of atrial and ventricular 

contractions was 1:1, with a short VA interval (VA:AV ratio <1) indicating a sustained supraventricular 

tachyarrhythmia. There was no fetal hydrops or polyhydramnios 
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In case of hemodynamic disturbances, 

cardioversion would be carried out. 

On July 1st, 2021, during a pregnancy check-up at 

the Pregnant Polyclinic at Dr. Soetomo Academic 

Hospital, the patient had no complaints and was 

educated about the option of hospitalization for 

digitization. However, the patient refused and 

chose to continue taking digoxin 0.25 mg/12 

hours and propranolol 40 mg, 20 mg, and 20 mg 

orally. The planned termination of pregnancy by 

cesarean section was scheduled for 38/39 weeks 

of gestation (July 20th, 2021). On July 14th, 2021, 

during a follow-up pregnancy check-up, 

resolution of the fetal heart rate was observed 

(Figure 3). Combination therapy was continued 

until the termination of pregnancy. 

Digoxin levels were examined in the prenatal 

patient at 1.75 ng/mL (therapeutic range: 0.8-2.0 

ng/mL). On July 21st, 2021, the baby was born via 

cesarean section, female, weighing 2,900 grams 

with an Apgar score of 7-8. No abnormalities 

were found in the fetus. The baby's ECG results 

showed normal sinus rhythm (pulse 130-140 

beats/minute), with no supraventricular 

tachycardia (SVT) or Wolff-Parkinson-White 

(WPW) syndrome detected. The patient was 

educated that in postnatal cardiac evaluation, no 

anatomic abnormalities or heart rhythms were 

found, so there is no need for further evaluation 

or follow-up. The child's growth and 

development were assessed on March 13th, 2023, 

revealing normal weight and good nutrition. The 

child's development was evaluated using the 

Prescreening Developmental Questionnaire 

(PDQ) at the age of 18 months, and the results 

indicated normal development according to the 

appropriate stage [10]. 

Results and Discussion 

The fetal heart rate is regulated by the cardiac 

conduction system at 16 weeks' gestation [11]. 

The normal fetal heart rate ranges from 110 to 

160 beats per minute. Heart rate abnormalities 

occur when the heart rate falls outside this range, 

or an irregular rhythm is detected. These 

abnormalities are referred to as fetal 

arrhythmias. The rate, duration, and origin of the 

heartbeat, as well as the degree of irregularity, 

can impact the hemodynamics of the fetus. 

Approximately 10% of pregnancies are 

associated with heart rhythm abnormalities with 

the potential to cause complications for the fetus 

[12]. 

Fetal arrhythmias are categorized into two 

groups: bradyarrhythmias and tachyarrhythmias. 

Fetal bradyarrhythmia is diagnosed when the 

fetal heart rate is below 110 beats per minute, 

while fetal tachyarrhythmia is defined as a fetal 

heart rate above 180 beats per minute [13]. Fetal 

tachyarrhythmias are estimated to complicate 0.4 

to 0.6% of all pregnancies [4]. Tachyarrhythmias 

are potentially more life-threatening than 

bradyarrhythmias, with a mortality rate of 8 to 

9%, and they can progress to ventricular 

dysfunction or fetal heart failure, ultimately 

leading to intrauterine fetal death. 

 

Figure 3: Results of the M-mode echocardiogram (Date: July 19th, 2021). It showed the resolution of 

tachyarrhythmias, a regular atrial heart rate of 151 bpm, and a ventricular heart rate of 149 bpm 
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Fetal tachyarrhythmia is often the primary 

finding. Around 5 to 10% of cases are associated 

with congenital cardiac abnormalities, including 

Ebstein anomaly, atrioventricular canal defects, 

hypoplastic left heart syndrome, and intracardiac 

tumors [14]. Continuous fetal tachyarrhythmias 

can lead to congestive heart failure, resulting in 

increased right atrial and systemic pressure, non-

immune hydrops, placental edema, and 

polyhydramnios [13].  

The history of the patient focuses on identifying 

the cause of fetal tachyarrhythmia. Determining 

the cause is essential to exclude external factors. 

If external factors are identified, therapy is 

provided accordingly. In this case, based on the 

anamnesis, there were no complaints or a history 

of diseases associated with increased 

catecholamine levels. The patient also denied 

using beta-adrenergic drugs, parasympatholytic 

drugs, antihistamines with cholinergic effects, or 

opioids during pregnancy. Blood group and 

infection tests during pregnancy have been 

conducted and ruled out as secondary causes of 

fetal tachyarrhythmias.  

In this case, there were no anemia, fever, pain, or 

clinical signs of thyrotoxicosis as a secondary 

cause of fetal tachyarrhythmia [15]. On vaginal 

examination, there were no signs of 

chorioamnionitis. The fetal tachyarrhythmia was 

first discovered during the evaluation of the fetal 

heart rate at 30 weeks of gestation. Any abnormal 

fetal heart rate finding then followed by a basic 

ultrasound evaluation. The primary goal of 

pregnancy ultrasound is to confirm the presence 

of fetal tachyarrhythmias, evaluate cardiac 

structure and function, assess fetal well-being 

through biophysical profile assessment, and 

observe for signs of fetal hydrops. Generally, fetal 

tachyarrhythmias are an isolated finding, but in 

5-10% of cases, they are accompanied by 

structural and functional cardiac abnormalities 

[14]. Associated congenital heart abnormalities 

include Ebstein anomaly, hypoplastic left heart 

syndrome, intracardiac tumors, and 

atrioventricular canal defects, which can lead to 

atrial enlargement. 

The ultrasound examination was followed by 

echocardiography. Heart wall and valves motion, 

veins, and arteries, assessed by M-mode, pulsed-

wave Doppler, and/or color Doppler M-mode 

which then establish the type of fetal 

tachyarrhythmia. During the M-mode 

echocardiogram, the cursor was positioned on 

the atria and ventricles to evaluate the 

relationship between atrial and ventricular 

contractions, which helps in diagnosing the type 

of tachyarrhythmia [13]. Supraventricular 

tachycardia has the 1:1 atrioventricular 

relationship with rate 190-280 beat per minute. 

It is often found with rate 200-220 beat per 

minute. Sinus tachycardia is commonly 

considered as a differential diagnosis; however, 

the difference is the presence of short VA in SVT 

[13].   

In this case, the examination of the 4-chamber 

views and outflow tract of the heart revealed no 

structural or functional abnormalities. The M-

mode echocardiographic evaluation showed a 1:1 

atrial-ventricular relationship with a ventricular 

rate of less than one for more than 50% of the 

time, indicating sustained supraventricular 

tachycardia. Short VA intervals are characteristic 

of supraventricular tachycardia, which accounts 

for 70-75% of fetal tachyarrhythmias [13]. 

Supraventricular tachycardia involves conduction 

through accessory pathways with orthodromic or 

antidromic conduction currents. Accessory 

bundles form due to interference with regulators 

like Bone Morphogenetic Protein (BMP), leading 

to the failure of fibrous tissue formation and 

myocyte differentiation into working 

myocardium with fast electrical transmission 

characteristics [16]. This insulation disorder 

causes direct contact between the atrial and 

ventricular myocardium, altering cardiac 

conduction physiology through accessory scars 

instead of the atrioventricular node [17]. 

During the observation, no fetal hydrops was 

detected as the ventricular rate ranged from 220-

230 beats per minute. The risk of hydrops 

appears when ventricular contractions exceed 

230 beats per minute for more than 12 hours, 

indicating the onset of ventricular dysfunction. 

No secondary causes were found, suggesting that 

the tachyarrhythmias were likely due to primary 

conduction abnormalities of the fetal heart. 

A transplacental therapy was administered for six 

weeks with a multidisciplinary team comprising 



Andini S.F., et al. / J. Med. Chem. Sci. 2023, 6(12) 3167-3177 

3173 | P a g e  

 

obstetricians, cardiologists, and pediatric 

cardiologists. A pre-therapy evaluation was 

conducted by a cardiologist. In the first week of 

treatment, therapy was given in the hospital, and 

fetal movement and heart rate were monitored 

daily, with an evaluation of therapy toxicity signs 

every day and an assessment of fetal well-being 

once a week. After 1 week of therapy, a decrease 

in fetal heart rate was observed, reduced to 210 

beats per minute. As no further progress was 

noted, the patient opted to continue with 

outpatient transplacental therapy. The patient 

was educated about evaluating fetal movement 

and recognizing danger signs, such as decreased 

fetal movement, labor, rupture of membranes, 

and signs of intoxication from transplacental 

therapy. Fetal well-being was evaluated every 2 

weeks. A resolution was achieved six weeks after 

the initiation of transplacental therapy at 37/38 

weeks. 

Currently, there is no consensus regarding the 

treatment of fetal tachyarrhythmias, and the 

choice of therapy is made on a case-by-case basis 

[13, 18]. The AHA recommends prenatal 

antiarrhythmic therapy [19]. For 

supraventricular tachycardia less than 200 beat 

per minute, without hydrops or ventricular 

dysfunction, it is recommended to do 

observation. For supraventricular tachycardia 

more than 200 bpm without hydrops or 

ventricular dysfunction, the first- and the second-

line therapy is digoxin, flecainide and sotalol 

while the third-line therapy is amiodarone. 

Antiarrhythmic therapy can be administered 

transplacentally, orally, or intravenously to the 

mother or injected into the fetus through the 

umbilical vein, intramuscular, peritoneal, amnion, 

or directly into the heart [1]. The most common 

method of direct therapy to the fetus is umbilical 

vein injection because it allows the drug to 

directly enter the fetal blood circulation, 

facilitating concentration evaluation to monitor 

therapy. In general, direct therapy to the fetus is 

administered in cases of hydrops if repeated 

transplacental administration is not successful. 

Digoxin is a cardiac glycoside commonly used as 

first-line therapy for fetal tachyarrhythmias, 

especially non-hydrops supraventricular 

tachycardia (SVT) [13, 19]. The half-life of digoxin 

is 40 hours, and it is excreted by the kidneys, so 

dose adjustment is necessary if there are kidney 

abnormalities [20, 21]. Some literature 

recommends administering a loading dose of 1 

mg intravenously within 24 hours, followed by 

two additional doses of 0.25 mg orally in cases of 

fetal hydrops [18]. For non-hydrops fetuses, the 

loading dose is typically given orally for 6-7 days 

[22]. The target blood concentration is 1-2 g/L, 

which is checked 6-8 hours after drug 

consumption. Serum digoxin levels above 2 g/L 

carry a higher risk of toxicity [23].  

The selection of digoxin as the first-line therapy, 

in this case, is consistent with many studies that 

recommend it as the primary treatment for non-

hydrops SVT [13, 19]. The relatively safe 

characteristics of the drug during pregnancy, 

relatively fast response, and widespread use 

underlie this choice [24]. However, the initial and 

maintenance doses may vary from one center to 

another. In this case, digoxin was administered as 

monotherapy with an initial dose followed by 

maintenance doses for 3 days with gradual dose 

reduction. The dosing approach is similar to the 

findings in Miyoshi's research (2019), but the 

maintenance dose was not tapered off [6]. The 

dose was maintained for 3 days after reaching 

maternal serum levels of 1.5-2 ng/ml. This non-

randomized multisite trial showed a success rate 

of 54.8% with the use of this digoxin dose as 

monotherapy. Several other studies reported 

digoxin monotherapy success rates ranging from 

30% to 70% [25-28]. 

In this case, there have been several cohort 

studies comparing the effectiveness of digoxin, 

flecainide, and sotalol in resolving fetal 

tachyarrhythmias. However, due to the rarity of 

these cases, the sample sizes in each study were 

small, and some studies showed conflicting 

results. Nonetheless, when it comes to cases with 

hydrops, many pieces of literature consistently 

demonstrate the reduced effectiveness of 

transplacental digoxin monotherapy in fetuses 

with hydrops, with a decrease in the effectiveness 

of up to 10-15% [29, 30]. 

Before administering transplacental therapy in 

this case, maternal ECG and serum electrolytes 

were performed, and the results were normal. 
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Throughout the transplacental therapy, daily 

evaluations of signs of clinical toxicity of digoxin 

therapy and ECG were conducted, with no 

indications of toxicity. Maternal serum digoxin 

levels after six weeks of digoxin therapy reached 

therapeutic levels of 1.75 ng/mL. This is in line 

with the literature, where signs or symptoms of 

side effects typically do not appear when digoxin 

levels remain below therapeutic levels, which are 

generally considered to be 2 ng/mL [31]. 

Furthermore, no side effects of propranolol were 

observed in the infant, which is supported by the 

normal weight output of the baby. 

The prognosis in cases of fetal tachyarrhythmias 

depends on various factors, including the 

resolution of the arrhythmia during prenatal 

care, the presence or absence of hydrops, and the 

specific type of tachyarrhythmia. Generally, long-

term fetal outcomes are positive when the 

prenatal conversion of the arrhythmia is 

achieved, and hydrops is prevented [32]. 

However, it is important to note that the success 

of conversion and prevention of hydrops does not 

solely rely on the drug's transplacental transfer 

ability. There are rare subtypes of 

tachyarrhythmias, such as Permanent Junctional 

Reciprocating Tachycardia (PJRT) and Atrial 

Ectopic Tachycardia (AET), which are resistant to 

antiarrhythmic drugs [7]. Cases of arrhythmic 

Rheumatic Heart Disease (RHD) are also 

challenging to treat with antiarrhythmic drugs 

postnatally, and approximately 50% of infants 

with RHD may require intervention due to the 

associated arrhythmic cardiomyopathy [33]. AET 

Recurrence rarely appears after the age of 18 

months [34].  

In this specific case, the prognosis is favorable as 

the patient experienced resolution of prenatal 

tachyarrhythmias with transplacental therapy, 

and no hydrops was detected. The pregnancy was 

terminated at term through a cesarean section for 

obstetric indications, considering the patient's 

history of previous cesarean section. Some 

literature allows for a vaginal delivery if fetal 

well-being can be adequately monitored [35]. 

Close monitoring of fetal hypoxia can be achieved 

either invasively with repeated fetal scalp blood 

sampling or non-invasively with fetal arterial 

oxygen saturation sensors during labor [36]. In 

cases of non-hydrops and tachyarrhythmic SVT 

fetuses, the risk of intrapartum hypoxemia is 

generally not increased, making vaginal delivery 

a feasible option. However, cesarean section is 

recommended for cases of sustained 

tachyarrhythmias and/or if there is no resolution 

with transplacental therapy [37]. At the 

postpartum evaluation up to 1 week later, there 

was no recurrence of tachyarrhythmias, and the 

risk of developmental disorders is minimal, as 

indicated by the current condition of normal child 

growth and development according to the age. 

Conclusion 

Understanding the pathophysiology of the 

cardiac conduction system is crucial in 

determining the therapeutic response and 

prognosis of fetal tachyarrhythmias. Cases of fetal 

tachyarrhythmias require early identification and 

treatment at specialized tertiary hospitals with 

the collaboration of a multidisciplinary team. 

Transplacental therapy is recommended for 

tachyarrhythmias in fetuses under 37 weeks' 

gestation or term with hydrops. However, there 

is currently no consensus on the choice of 

antiarrhythmic drugs, and the selection of 

therapy depends on the availability of the drug in 

the center and the clinician's familiarity with it. In 

this case report, it is proven combination 

transplacental therapy has shown beneficial 

towards sustained fetal tachyarrhythmia. 

Therapeutic evaluation with prenatal resolution 

goal, fetal complication, clinical, 

electrocardiography, and laboratory monitoring 

is essential. Successful treatment that achieve 

prenatal resolution leads to favorable short- and 

long-term outcomes for the infant. 
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