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Agenda

Review murmurs and 
when referral to a 
pediatric cardiologist is 
indicated

1
Review chest pain 

2
Review 
Dizziness/syncope/POTS

3
Understand the better 
outcomes in children with 
complex congenital heart 
disease and important 
pearls to know when 
seeing these patients in 
your practice.

4



Murmurs

• The most frequent cause for referral to a pediatric cardiologist.
• Most children will have a murmur at some point in their life.
• Most murmurs are transient and of no clinical concern. 
• Despite the above many PCPs lack the experience and confidence 

to distinguish innocent from pathologic.
• There is also the cultural anxiety of “missing” something that haunts 

us all. 



Murmur

• Produced by perturbation in blood flow usually due to pressure 
gradients or velocity changes which is then transmitted through the 
chest wall.

• Most murmurs are innocent; however, 37% of murmurs in infants 
are diagnosed with congenital heart disease and 2.4% of infants 
with a murmur have a critical lesion.

• After infancy, most murmurs are innocent and usually disappear by 
adulthood. 



Murmurs in Infants

• OB and Family history are very important
• Maternal exposure to teratogenic medications (lithium, cellcept, 

ACE inhibitors, retinoic acid or vitamin A derivatives) 
• Maternal exposure to NSAIDS during the third trimester is 

associated with premature closure of the ductus arteriosus which 
can then result in fetal hydrops, PPHN, and RV failure. 

• Maternal Diabetes Mellitus (especially preexisting)
• Maternal Obesity



Murmurs beyond infancy

• Family history is very important (CHD, genetic 
syndromes)

• Genetic syndromes (Trisomy 21, Williams syndrome, 
Turners syndrome, Marfans….)

• Signs and symptoms are very important and can 
separate out the innocent vs pathologic murmurs 



Physical Exam in the infant

• VS and general exam are very important (other minor anomalies)
• 3 or more minor anomalies have a 90% chance of an underlying 

major anomaly, including structural heart disease
• CV exam focuses on any evidence of cyanosis, palpation of 

brachial and femoral pulses, precordial activity, abdominal exam for 
HSM and auscultation. 



Critical CHD screen 

• Positive - The oxygen saturation is below 90% in the right hand OR 
feet during 3 consecutive measurements separated by 1 hour.

• Positive - The oxygen saturation is below 95% and above 90% in 
the right hand AND feet OR more that a 3% difference between the 
right hand and feet saturation during 3 consecutive measurements 
separated by 1 hour.

• Negative - The oxygen saturation is above 95% in the right hand 
OR feet AND less than a 3% difference between the right hand and 
feet saturation at any point during 3 consecutive measurements 
separated by 1 hour.

•





Asymptomatic infant    
with heart murmur

Diastolic

Refer to pediatric 
cardiologist

Systolic

Murmur quality suggests
Pathology or other signs of CVD

Murmur quality suggestive of 
innocent murmur.

No other signs of CVD

PE suggestive of genetic syndrome 
or first degree relative with CHD

Wait 24 hours.
Murmur persists?

No.
No referral needed.

Murmur persists.
OP cardiology consultation



Physical exam in the older child

• In older children the probability of a murmur being the first sign of 
congenital heart disease is low. 

• In addition to all the steps taken in examining the infant the PE in 
older child should involve listening in multiple positions as well as 
dynamic testing.





Common innocent murmurs in children

• Stills murmur
• Pulmonary ejection/flow murmur
• Venous hum



Abnormal heart sounds

• Fixed split S2 – ASD
• S3 – conditions with ventricular dysfunction yet can also be a 

normal finding
• S4 – conditions with decreased ventricular compliance 

(cardiomyopathies, heart failure) AKA – gallop
• Thrills – VSDs (small), aortic and pulmonary valve stenosis
• Clicks – usually with aortic or pulmonic stenosis.  Mid-systolic click 

is associated with MVP. 



New murmur in an asymptomatic 2–18-year-old

Diastolic murmur?
Grade 3/6?

Abnormal heart sounds?
Click or Rub?

No.
F/u at next health maintenance visit.

Murmur still heard?

Yes.
Refer to Pediatric Cardiologist

No. 
Reassurance.

Yes. 
Continue to reassure vs referral.



Chest Pain
• One of the most common reasons for referral to a pediatric 

cardiologist.
• Often driven by parental anxiety due to the high morbidity and 

mortality associated with CP in the adult population. 
• A review of a decade of pediatric cardiology chest pain referrals at 

Boston Children’s Hospital (approximately 18,000 patient years) 
revealed that only 1% (n = 3700) of the patients had a cardiac 
etiology for their chest pain and that no patient discharged from the 
clinic with a diagnosis of noncardiac chest pain died because of a 
cardiac condition over an average follow-up period of 4.4 years 
(range: 0.5–10.4 years).



Reassuring S&S in the history

• Robust Exercise Tolerance
• Nonexertional chest pain
• Reproduction of CP with palpation
• Increased pain with inspiration
• Pain with food intake
• Pain that changes locations within or across the chest



Red Flags 

• Family History of Sudden Death
• H/O CHD or heart transplant
• H/O Syncope with exertion
• H/O Palpitations
• Chest pain with exertion
• Abnormal ECG







Appropriate Use Criteria

• Developed to promote effective patient care, better clinical 
outcomes, and improve resource utilization.

• Established multiple algorithms for several cardiac symptoms where 
the appropriate use of echocardiography was considered 
appropriate, may be appropriate or rarely appropriate. 





Diagnostic yield of OP pediatric echocardiograms

• Non-exertional chest pain or syncope, distant family history of cardiovascular 
disease, and vague palpitations represent situations in which echocardiograms 
are highly unlikely to aid in medical management.

• Cost analysis using the model of cardiology consultation rather than direct 
primary care echocardiogram ordering estimated a 19.6% reduction in medical 
costs for the most common indication, murmur.



Syncope

• Frequent reason for referral to pediatric cardiology.
• Parents are typically concern about sudden cardiac death
• Common with peak incidence in 9-14 year old and then 15-19 year 

olds. 
• Usually neurocardiogenic, aka vasovagal syncope. 
• Typically includes prodromal symptoms like N/V, dizziness, 

lightheadedness and blurry vision before the syncopal event. 
• Often have a history of poor hydration and exertion in hot weather. 



Red flags for syncope

• No prodromal symptoms
• Syncope during exertion
• Family history of sudden unexplained death
• Abnormal ECG – in particular QT abnormalities
• Systolic murmur that intensifies with Valsalva maneuver or stand 

from squat.



Orthostatic Intolerance 
and POTS



Orthostatic Intolerance

• Dizziness
• Lightheadedness
• Headaches
• Fatigue
• Heart Racing

• Difficulty concentrating
• Amplified Pain 
• Nausea
• Syncope
• Difficulty sleeping



POTS

Heart rate > 120 
bpm with 

standing or an 
increase of 40 

bpm with 
standing or on 

tilt test. 

Quality of life 
impactedDaily SymptomsMore severe 

version



What causes POTS

• Increased tendency for venous pooling (bluish discoloration and 
swelling in lower extremities when upright)

• This causes less blood flow to the heart and then less to the brain 
resulting in dizziness and lightheadedness. 

• The body responds by making adrenaline to get more blood to the 
brain.

• This over production of adrenaline leads to other symptoms: heart 
racing, fatigue, headaches, poor concentration, difficulty sleeping 
and GI symptoms





What causes POTS

• Increased tendency for venous pooling (bluish discoloration and 
swelling in lower extremities when upright)

• This causes less blood flow to the heart and then less to the brain 
resulting in dizziness and lightheadedness. 

• The body responds by making adrenaline to get more blood to the 
brain.

• This over production of adrenaline leads to other symptoms: heart 
racing, fatigue, headaches, poor concentration, difficulty sleeping 
and GI symptoms



POTS and syncope

With the increased 
adrenaline there is a 
mixed signaling that 
occurs which we all 
know as vasovagal 
syncope.  The brain 

senses the increased 
adrenaline and 

responds with a drop in 
HR and BP resulting in 

syncope. 

It’s important to stress 
that the patient WILL 

REGAIN 
CONSCIOUSNESS 

once supine. 

Seems to be more 
common in patients with 

hypermobility 
syndrome, adolescents, 

and in patients that 
have experienced some 
event associated with 
stress and a trigger to 
the immune system.  



Treatment
Patient education is essential 

Patient must pay attention to dizziness which is specific for 
orthostatic intolerance and can be a way to measure improvement.

Patient must improve their blood volume by increasing salt and 
water intake (a minimum or 64 to 72 oz of water a day.)

Intake MUST be front loaded starting as soon as they wake up.

3-5000 mg of sodium daily



Increasing sodium intake
Doesn’t have to be just chips 

and crackers

Fluids with added electrolytes

High in sodium foods that are 
low in carbs such as breakfast 
meats, pickles, and salted nuts. 

Salt tablets can also be an 
option. 



Treatment

EXERCISE is crucial
Exercise increases 
muscle tone which 

increases blood 
return.

Exercise increases 
blood volume.

Exercise may need 
the help of a physical 

therapist or trainer 
with knowledge 

POTS. 

Vit D and Iron 
(Ferritin) have been 

shown to be 
beneficial when low.

Compression socks 



Counterpressure Maneuvers







Medications that hurt

Medications that dry you 
out (diuretics, 

antihistamines)
Medications that lower your 

blood pressure. 

Stimulants for ADHD can 
help with brain fog but can 
also be counterproductive 
because of the side effects 
of raising your heart rate 

and drying you out.

The pro and cons need to 
weighed for each individual 

patient. 



Medications to help with symptoms

• Fludrocortisone can help increase blood volume.
• Betablockers can help decrease the effects of adrenaline.
• Midodrine helps prevent blood pooling.
• All of these are only helpful if the nonpharmacologic measures are 

taken. 



POTS and Anxiety

• Anxiety if not a cause of POTS but can certainly exacerbate the 
symptoms

• Treating the anxiety is important. 
• Cognitive behavior therapy has been shown to be very beneficial in 

these patients. 





The Care of Children with CHD in the Primary 
Medical Home

• CHD is the most common birth anomaly.
• More patients are surviving. 
• Patients with CHD have complex health care needs that often need 

to be coordinated by the PCP.





Palliation

To palliate a disease is to treat it partially and insofar as possible, but not 
cure it completely. Palliation cloaks a disease.





Tetralogy of Fallot



Single Ventricle

• In the US the mortality rate for congenital heart disease patients have 
substantially decreased, as much as 40% over the last 4 decades.

• Mortality in children has decreased by 31% and the age at death generally has 
moved steadily toward older age; now 76% of deaths occur in adulthood.

• Severe CHD patients, a group to which SV patients belong, have a prevalence 
of 1.76 per 1000 children with a live birth prevalence of 35 per 100,000.

• SV patients 10 year survival was 79% before 1990 but now with improved 
preoperative and postoperative management is estimated to be 95-98%.



Single ventricle

Tricuspid atresia HLHS





Fontan procedure

• First performed in 1968.
• Staged to improve saturations w/o increasing the 

volume load on the heart.



Palliation for Single ventricle - Fontan



Questions the PCP should ask the pediatric 
cardiology team?



Is this a systemic RV or LV?



Associated with decreased survival in Fontan patients

Single ventricle is morphologic right ventricle.

Heterotaxia syndromes

Increased pulmonary artery pressures.

AV valve dysfunction.

Decreased ventricular function.





What are acceptable sats in this patient?



Normal sats for a single ventricle patient

• 80s usually in the initial first stage after birth.  These patients have a 
high level of care with home monitoring so everyone is watching 
them.

• 80s generally after the second stage.
• Most single ventricles after the Fontan (third stage) will have near 

normal sats. There are exceptions. 



Are their vitals normal?



Do you have a copy of their baseline ECG?



A 10 yo single ventricle presents with history of 
increased fatigue, poor color. Mother brings him to 

the local ER and his heart rate is 136 bpm.









Signs and symptoms of Fontan failure

• Increased fatigue
• Palpitations
• Shortness of breath
• Anorexia
• Diarrhea

• Weight loss or weight gain
• Increasing cyanosis
• New onset seizures
• fever of unknown origin
• Tia or stroke
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Thank you
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