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Abstract

Introduction A 41-year-old Cuban man with Down syn-

drome and mental retardation was brought to the Emer-

gency Department for episodes of worsening shortness of

breath over one day. Bedside color Doppler ultrasound

subcostal and apical four-chamber examination of the heart

revealed atrial and ventricular septal defects with left-to-

right shunting of blood. A right ventricular outflow tract

view revealed a bicuspid aortic valve, and continuous wave

Doppler ultrasound in the right ventricular inflow tract

view revealed tricuspid regurgitation and pulmonary

hypertension.

Conclusion Bedside echocardiography with color Dopp-

ler and continuous wave Doppler imaging can assist the

emergency physician and the critical care physician in the

diagnosis of ASD, VSD, bicuspid aortic valve, and pul-

monary hypertension in the Down syndrome patient who is

short of breath.
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Case report

A 41-year-old Cuban man with Down syndrome, and mental

retardation was brought to the Emergency Department by his

mother, who thought her son looked pale and believed he had

episodes of worsening shortness of breath over one day. The

patient’s mother reported that he had a congenital heart

abnormality but he had never had previous cardiac surgery.

He had no known history of deep venous thrombosis or

pulmonary embolism. His Emergency Department (ED)

vital signs were temperature 98�F, blood pressure

100/70 mmHg, respiratory rate 18 bpm, room air oxygen

saturation 100%. Electrocardiogram revealed normal sinus

rhythm with a heart rate of 70 bpm and inverted T waves in

both the inferior leads and in leads V1–V4. On physical

examination he was noted to be a very thin man in minimal

respiratory distress. He had a precordial holosystolic mur-

mur. His lungs were clear to auscultation. He had no leg

edema or tenderness to palpation. Portable chest X-ray

showed no focal consolidation or pleural effusion. CT scan

of the chest with and without intravenous contrast revealed

no pulmonary embolism, but showed enlargement of the

right atrium, right ventricle, and pulmonary arteries. Initial

laboratory studies revealed a BNP of 101 pg/mL and a

negative troponin I level.

Initial ED bedside echocardiography was performed (see

Video Clips S1, S2, S3, S4, and S5, available as supporting

information in the online version of this paper). Examina-

tion of the heart with a low frequency array cardiac probe in

the apical four-chamber view revealed right ventricular

hypertrophy and a combined atrial septal defect (ASD) and

ventricular septal defect (VSD) with no pericardial effusion

(Fig. 1; Video Clip S1). A color Doppler subcostal view

revealed a left-to-right shunt from the left ventricle to the

right atrium (Fig. 2; Video Clip S2). Right ventricular
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outflow tract view (RVOT) evaluation of the aortic valve

revealed a bicuspid aortic valve (Fig. 3; Video Clip S3).

Parasternal short axis view at the level of the papillary

muscles showed right ventricular pressure and volume

overload with a D-shaped left ventricle present during both

systole and diastole and a large dilated right ventricle (Fig. 4;

Video Clip S4). Color Doppler evaluation of the tricuspid

valve in the right ventricular inflow tract view (RVIT)

revealed tricuspid regurgitation (Fig. 5; Video Clip S5). In

addition, in the RVIT view (Fig. 6), continuous wave

Doppler revealed tricuspid regurgitation with a 2.76 m/s

regurgitant jet. Right ventricular systolic pressure (RVSP)

was estimated elevated at 45.4 mmHg (greater than

25 mmHg is abnormal) from this tricuspid regurgitant jet

velocity using the modified Bernoulli equation and com-

bining this with an estimate of the right atrial pressure (RAP)

[1]. Right ventricle systolic pressure (RVSP) = pressure

gradient between the RV and RA = 4 9 [tricuspid regur-

gitant Doppler jet velocity (meters/second)]2 ? right atrial

pressure (RAP) [1]. Right atrial pressure was estimated at

15 mmHg, as the patient had an inferior vena cava (IVC)

Fig. 1 ASD and VSD: apical four-chamber view

Fig. 2 ASD and VSD: color Doppler subcostal view

Fig. 3 Bicuspid aortic valve: RVOT view

Fig. 4 RV pressure and volume overload: parasternal short axis view
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diameter[2.1 cm and had less than 50% inspiratory collapse

of the IVC in the subcostal view of the IVC going into the

right atrium (Fig. 7) [1]. Using the modified Bernoulli

equation and RAP estimation using IVC inspiratory collapse

method recommended by the American Society of Echo-

cardiography [1]:

RVSP = [DP (between the RA and RV) ? RAP] (valid

with no pulmonic stenosis)

• DP may be calculated from the tricuspid regurgitant

(TR) jet velocity using the modified Bernoulli equation:

DP ¼ 4 � TR jet velocity ðVÞ½ �2

• RAP may be estimated with subcostal IVC

measurement and IVC inspiratory collapse:

RAP = 3 mmHg 0�5 mmHg rangeð Þ :
IVC � 2:1 cm and [ 50% IVC collapse

RAP = 15 mmHg 10�20 mmHg rangeð Þ :
IVC� 2:1 cm and\50% IVC collapse

In our patient:

RVSP ¼ 4V2 + RAP

¼ 4 � ð2:76 m/s)2 þ 15 mmHg

¼ 45:4 mmHg

The patient subsequently had a formal echocardiography

evaluation performed by the Cardiology department that

revealed a large inflow ventricular septal defect, prominent

septum primum atrial septal defect, and severe right

ventricular hypertrophy, flattening of the intraventricular

septum throughout the cardiac cycle, consistent with RV

pressure and volume overload. Also shown was a bicuspid

aortic valve with fusion of the right and non-coronary cusps.

No pericardial effusion was present. Both right and left atria

were enlarged. In addition, the formal Cardiology echo-

cardiogram revealed a tricuspid regurgitant jet of 2.8 m/s,

with estimated right atrial pressures of 10–15 mmHg

suggesting a RVSP of 41–46 mmHg. No pulmonic stenosis

was present. The patient was admitted to the hospital for

further evaluation by the Cardiology Department.

Discussion

Emergency and critical care physicians should always

consider the diagnosis of congenital heart disease in adult

Fig. 5 Tricuspid regurgitation: RVIT view-color Doppler

Fig. 6 Tricuspid regurgitation: RVIT view-CW Doppler

Fig. 7 Right atrial pressure estimation: IVC collapse-15 mmHg
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patients with Down syndrome with new onset shortness of

breath [1–4]. Down syndrome (trisomy 21) is the most

common autosomal chromosomal abnormality, affecting

13–22 of every 10,000 live births [5–7]. With life expec-

tancy for these patients having increased from 12 years

during the 1940s to 60 years currently, they are more fre-

quently seen in adult emergency departments [8, 9]. The

prevalence of congenital heart disease among Down syn-

drome patients is significant, reported in the literature as

23–58% [10–13]. Atrioventricular septal defects (ASVD,

also called endocardial cushion defects), which were found

in our patient, are among the most common [7, 10, 11]. The

pathogenesis of these defects is unknown, but overex-

pression of collagen type VI is thought to play a role [9,

14]. Notably, 66% of all patients with ASVD also have

Down syndrome, so this is an important association for

emergency physicians to recognize [10, 15]. Though our

patient was Hispanic, recent research has suggested that

Black infants with Down syndrome actually have the

highest risk of ASVD, four times that of Hispanic infants,

and twice that of Caucasian infants [10].

Once our patient had the diagnosis of pulmonary

embolism excluded with a negative CT scan of the chest,

bedside ED echocardiography was a useful tool to diagnose

his ASD, VSD, bicuspid aortic valve and pulmonary

hypertension, which facilitated cardiology evaluation and

admission. The majority of adults with significant con-

genital cardiac disease present to the Emergency Depart-

ment with symptoms related to cardiac arrhythmias,

congestive heart failure, syncope, aortic dissection, endo-

carditis and pulmonary hypertension [3]. Our patient had

shortness of breath, probably related to pulmonary hyper-

tension that resulted from a chronic left-to-right shunt

through his ASD and VSD. Our patient had elevated right

ventricular pressure and volume overload with a dilated

right ventricle with tricuspid regurgitation. Notably, ele-

vated right ventricular systolic pressure may be used to

estimate pulmonary artery systolic pressure (as no pul-

monic stenosis was present) [1]. Our Emergency Depart-

ment bedside estimate of RVSP, 45.4 mmHg, was close to

the formal Cardiology estimate of RVSP, 41–46 mmHg,

reinforcing the potential efficacy of ED bedside echocar-

diography for cardiac applications. However, fair to mod-

erate interrater reliability (kappa of 0.41) of emergency

physician performed versus cardiology performed echo-

cardiography evaluation of IVC inspiratory collapse in

non-intubated patients to estimate central venous pressure

has been reported [17]. Bedside echocardiography was a

useful diagnostic tool to help alter our patient’s manage-

ment by recognizing the structural cardiac defects and

obtaining formal Cardiology consultation. In addition, we

limited giving the patient intravenous fluids once we

recognized that he had pulmonary hypertension and ele-

vated right atrial pressure with increased intravascular

volume.

As many Down syndrome patients presenting to the

emergency department, particularly those not accompanied

by a parent or caregiver, may not be able to provide a

detailed history, thorough physical examination is crucial

for swift and appropriate diagnosis and disposition [16].

Bedside ED echocardiography may be a valuable addition

to the physical exam. In our patient, a holosystolic murmur

on cardiac exam provided a diagnostic clue that we were

able to quickly, effectively, and non-invasively investigate

further with echocardiography. Rapidly identifying an

adult patient with ASD, VSD, bicuspid aortic valve and

pulmonary hypertension in the Emergency Department or

Intensive Care Unit can expedite the important cardiology

and or cardiothoracic surgical consultation that the

majority of these patients will require.

Advanced echocardiography evaluation of patients for

congenital heart defects and pulmonary hypertension is an

operator-dependant modality and emergency and critical

care physician screening advanced echocardiography

should always be followed by formal Cardiology echo-

cardiography examination.

Conclusion

Bedside echocardiography with color Doppler and contin-

uous wave Doppler imaging can assist the emergency

physician and the critical care physician in the diagnosis of

ASD, VSD, bicuspid aortic valve and pulmonary hyper-

tension in the Down syndrome patient who is short of

breath.
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