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MURMURS

» Approximately 80% of children ages 3-4 may have a murmur

* 61% of murmurs referred to specidalist are innocent (no
cardiac pathology)

* Less than 1% of all murmurs result from congenital heart
disease

» Most common reason for referral to pediatric cardiologist




ASE SCENARIO:

ANDREW
=
At the one year check-up of {
a patienf ygu have fol!oveed ' f {;_
since birth, you detect a 2/6 f - ¥
sysfolic murmur af the, LLS 4
that you had not previously .';\

detected before.

The blood pressure and
pulses are hormail.
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ASE SCENARIO:
ANDREW

He has gained weight and l ’ L
has grown well. ko - F

How do you decide if this
is innocent,

and what do you tell the
parentse

i WHAT IS A MURMUR?

» Sounds produced by vibrations caused by turbulent blood
flow through the heart

» Can also be caused by normal blood flow through normal
structures (innocent)

« Can be intensified by anything that decreases cardiac
output

* Anemia
+ Fever




h MURMURS

Systolic murmurs have only a few possible causes:

* Blood flow across an outflow tract (pulmonary or
aorta)

*VSD {venftricular septal defect)

« Atrioventricular valve regurgitation (AVV)

+» Patent ductus arteriosus (PDA)

* Benign (innocent)
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BLOOD FLOW ACROSS AN OUTFLOW TRACT
EXAMPLE: TETRALOGY OF FALLOT

Narrowed
righl
venlricular
oulllow Iract

Normal righ!
venlricular

oulflow Iracl

size | (pulmonary
{pulmonary oulflow)
outflow)

SEPTAL DEFECTS
EXAMPLE: VENTRICULAR SEPTAL DEFECT

Asrl Aartn
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ATRIOVENTRICULAR VALVE
REGURGITATION
EXAMPLE: MITRAL REGURGITATION

Normal heart
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PATENT DUCTUS ARTERIOSUS

Patant ductus
n_l_‘larm

Pribmaon
artery

DESCRIBING MURMURS

Grades Timing

« 1-6 - Can occur early, middle, lale in
+ 1is barely audible systole

- 3is loud but no thrill o Holosystollc

* 4isloud and has palpable thrill

« 6 is audible wilhout stethoscope

1 3 or above consldered Quality
pathologle Ul Harsh

~N




DESCRIBING MURMURS

Timing
t. Syslolic ejection murmurs -

2. Holosystolic murmur
84 52

3. Decrescendo systolic murmur
Devrescendo musmur
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AUSCULTATION

First Heart Sound - 51
« Left lower sternal border
+ Caused by closure of milral and tricuspid valves
+ Normally a single sound

O Clicks

-

S
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AUSCULTATION

Second Heart Sound - 52
¢ Left upper slernal border
« Closure of gorlic and pulmonic valves
« Split $2 - should splitinto 2 componenls wilh inspiraiion
* A2 —closure of aorlic vaive
* P2~ closure of pulmonic valve

- Occurs because inspiralion brings more blood inlo lhe righl venlricle, RV ejeclion is
prolonged and pulmonary valve closes laler

U Loud, single 52
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PALPATION
o Active Precordivm
Can be pathologic or benign
[; Discrepant Brachial and Femoral Pulses
Compare right brachial and femoral
0 Thrill
N
MURMURS - HISTORY
Familly History
© Sudden cardiac death at young age (suspiclous Idents, d ings)
C Congenital heart disease
Prenatal/Maternal History
0 Advanced maternal age
O Dlabetes mellitus
] Exposure to teratogens or alcohol during pregnancy
o1 Mat I infection (e.g. Rubella)
] ™~
HISTORY
Infants

T Poor weight galn

O Poor or brief feedings

0 Dlaphoresls with feeding

i} Tachypnea or Increased work of breathing

0 Color changes

O Chromosomal abnormalifies/congeniltal anomalles




HISTORY

Older children

T Chest pain

U Syncope

O Exercise intolerance
: Rheumatic fever

~
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TO PEDIATRIC MURMURS

Syndromic features

Age

Family History

Evaluation of feeding and growth
Rheumatic fever

~
HISTORY - SAFER APPROACH

BENIGN, “INNOCENT" MURMURS

« "Slill's murmur*

« Brief, vibralory quality, grade 1-3, low-pilched

« Best heard with bell of stelhoscope @ LLSB

« Typical age 2-6, but not exclusively

« Loudest in supine, diminishes in intensity with sitting or standing
« Pulmonary flow murmur

* Loudest wilh inspiralion and supine, diminishes wilh standing and Valsalva
« Supraclavicular flow murmur

+ Loud insupine, diminishes wilh neck hyperexlension
* Venous hum

« Disappears with head "looking down” position




BENIGN, "INNOCENT" MURMURS

Considered benign if 4 criteria met:
I.  Absence of abnormal physical exam findings
II. Negative review of systems
ll. Negative history and family history
IV. Auscultation findings consistent with innocent murmur
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BACK TO ANDREW...

2/6 syslolic murmur

Normal BP and perfusion

Thriving well

Negative histary and review of systems

Louder in supine position, diminishes upon standing

Whal is your diagnosis?

Innocent murmur of childhood

MURMURS THAT WARRANT
REFERRAL

O Presence of first-degree relative with sudden cardlac death at young
age or congenital heart disease

1 Cyanotic patients or Impalred perfusion
71 Neonates with symptoms

O Harsh murmurs, > grade 3

O Trisomy 21/maltormation syndromes

0 Falled neonatal screen




7 Kids
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PALPITATIONS

« Subjective feeling of abnormal heartbeat or “racing”
* Most causes are benign

» Although cardiac dysrhythmias are frequently the
underlying etiology of palpitations in adults, same is not true
for children

» Incidence of dysrhythmias is 0.5 per 1,000 pediatric ED visit
{50% of those are sinus tachycardia}

10



HISTORY

HPI
O Parental report of “fussiness” In infants
0 Young chlld: "heart is pounding” or "beeping" or c/o chest paln

Onset and duration of symptoms

o Rapid, sudden resolution

Associated symptoms
1] Dizzlness, syncope, shoriness of brealh, chest pain
O Fever or gastrolntestinal lliness

N
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N

PALPITATIONS - HISTORY

Famlly History
0 Sudden cardlac death at young age (suspicious accidents)

Dletary & Soclal History

« Evaluate for food/substances that can explain palpitations
« Caffelne
« Dietary supplemenis
= lllicil drugs {cocaine, amphetamines)

PHYSICAL EXAM

O Murmur or other abnormal heart sounds
0 Hepatomegaly

1 Wheezing

O Jugular veln distension

O Perlpheral edema

O Deafness

N
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N
CARDIAC CAUSES OF PALPITATIONS
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» Sinus tachycardia « Bradycardia
« Tachydysrhythmias P ALRBIOCK
ST » Sinus pauses
» PVC/PAC » Cardiomyopathies
« A-flutter
« Ao * Myocarditis
B « Mitral valve prolapse
« Repaired congenital heart
disease
- \‘
NON-CARDIAC CAUSES OF
PALPITATIONS
* Electrolyte imbalances * Stress
* Asthma « Fever
« Hyperthyroidism * Medications/Drugs
* Anxiety/Panic attacks = Dietary Substances

— <
PALPITATIONS

Real question:
Are symptoms caused by arrhythmia or normail (sinus) rhythm?

Diagnostic tools
*«EKG
* Holter
« Event monitors

12
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NORMAL ACTIVATION
SEQUENCE

— <
RHYTHM ANALYSIS

How are the P and QRS related?

Who leads?
Who follows?2

13



NORMAL (SINUS) RHYTHM

|+ P wave precedes every QRS

I« QRS complex follows every P

i « Moma P wavs axs

’ (020" or uprightiri leads | and aVF)
i

2 e At N Nt Nt Nota N
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R R R
1 ! i |

This is nomndl respiratory variation

» P wave precedes every QRS

SINUS ARRHYTHMIA * QRS complex follows every P

« Normal P wave axis
- Rate varies

« Early. abnormal P waves

ATRIAI- ECTOPY « Narow QRS complex

(PAC) » Not usually pathologic in normal
hearts

14
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‘ +—RR——<«—— 2XRR -
N i

+ Early, wide QRS complex
« Compensatory pause common

« Not usually pathologic in normal
hearts

)
PRAVENTRICULAR TACHYCARDIA
(SVT)
* Most common pediatric Rate
tachyarrhythmia O Infant: 220-300bpm
+ Incidence as high as 1in 250 ' Small children: >220bpm
« 50% of pediatric cases occur in 0 Older children: >180bpm
infancy
* Most patients have structurally
normal hearts
~
SVT

Usually narow complex
* P waves are abnormal (if recognizable)

_Sutdén ontet pf VT

__,JW_,,_J ‘/\_,_«j 1"‘*?'11/‘ \M/ (\,’\}/\JL\;’J l¢
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SVT - PRESENTATION

Infants
.1 lnrltable, fussy, or feeding poorly
1 CHF {dlaphoresls, pallor, resp distress) If eplsode has been
unireated x severat hours
T History of not behaving per usual x 1-2 days

Children
Ui Palpitations, racing, neck pounding, short of breath, dizzy

+ CHF is rare

N
SVT - MECHANISM

1. AV Nodal Reentrant Tachycardia [AVRNT}
«+ Re-enlry occurs wilhin AV node ey
« No accessory pathway
» Most common SVT in aduits '
-

2. AV Reenlrant Tachycardla {AVRT} % '
* Re-enliy uses accessory pathway
* Most common SVT in children
= WPW is one type

3. Atrlal tachycardla
= Acddilional ectopic focus {not SA
nodsa)

PATIENT SCENARIO: DYLAN

Dylanis a 14-year old male who presents to the ED complaining of
palpitations and dizziness. He has no past medical hislory of note,

A 12 lead ECG demonslrates a narow-complex tachycardia with
retrograde P waves:




SVT - TREATMENT

Cardloversion

» Synchronized cardioversion if unstable
« Adenosine if stable
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SVT - TREATMENT

Prevention with drugs
« digoxin, propranolol, flecainide, amiodarone

Radiofrequency ablation
« >90% success rate

WOLFF-PARKINSON-WHITE SYNDROME

Dylanis hemodynamically stable and receives a dose of IV adenosine.
He reverts to normalsinus rhythm. The 12-lead EKG shows this:

LU Y » Shorened PR interval
. s T + Delta waves
* Prolonged QRS
A LU
LY I
. £ 1N
Wi A

17



Dylanis referred lo a pedialric
cardiologist.

In Ihe cath lab, he s found to have an
accessory pathway with boih
antegrade and refrograde properties
and undergoes successful
radiofrequency ablation,

LONG QT SYNDROME

» LQTS predisposes to ventricular tachycardia
» QT varies with rate but not age

+ Rate correction= QTc = QT /A[RR)

« QTc normally < 450-470msec

When HR is less than 78 bpm, if the QT interval is

less than half of the RR, it is normal

1/28/2020
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h CALCULATING THE CORRECTED QT

Slep 1
QTinlerval = 13
boxes,

Mulliply by 14 =
0.52 seconds

| RR interval

B v [

Normal QTc before

q puberty = < 440 msec.

After puberty:
Female < 480 msec
Male < 470 msec

Slep 2

RR inlerval = 25
boxes.

Mulliply by 14 =
1 seconds

Slep 3 Slapd

Calculale ihe 0.52

square rool of RR |

Inierval =0.52 or 520 msec
vi=1 PROLONGED

19



LONG QT SYNDROME

Long QT causes
« Long QT syndrome {Na or K channel mutation) - #1 cause
« Drug effect (Cisapride, Erythromycin, sotalol) - #2 cause
« crediblemeds.org
» Low Mg*, Low K*, Low Ca-
» CNS injury

1/28/2020

= N
PALPITATIONS THAT WARRANT

REFERRAL

o Abnormal EKG
* WPW, Long QIT, SVT

0 Frequent PAC or PVC

O Frequent symptoms suggesting SVT
* Paroxysmal resolution
*HR > 200bpm

£ Kids

20
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7 Kids
V <]
CHEST PAIN
« Second to heart murmur for referral to pediatric cardiologist
* One of most common reasons for unscheduled primary
care and emergency visits
« Accounts for > 650,000 visits per year in patients 10-21 years
» Cardiac vs. non-cardiac
T

PATIENT SCENARIO: KRISTEN

12 year old female ¢/o chest pain x 5 days
» Pain in left upper sternal border

+ Sharp and stabbing

* 5/10 in intensity

* Increases with deep breathing

* Lasts 1 minute

« No recent history of fever, cough, exercise intolerance,
palpitations, dizziness, or syncope.

21



PATIENT SCENARIO: KRISTEN

* Exam: no signs of inflammation over sternum or rib
cage

« Palpitation: mild-to-moderate tenderness over left
2nd and 3 costochondral junctions

« Says that pain during physical exam is similar o pain
she has experienced x last 5 days (reproducible)

» Cardiovascular and organ system exam normall.

1/28/2020

PATIENT SCENARIO: KRISTEN

What is the most likely cause of this child’s chesf pain?
What will you recommend for her?

Does she need referral to a pediatric cardiologist?

Sources of Chest
Pain in Kids
Pulmonary (7%)

Gastrointestinal (3%)
Anxiety (1%)

Cardiac
(1%)

22



Myseuloiheietsl

* Costechondrtis/costosternal syndrenve

® Tichre ypndrose

® Nomipedific or ifiopathic chest-wall pain
o Slipping rib syndrome

o Teawems ind meselt shiam=avirast sy
» Xiphoid pain (nigheinialgia)

o Sidkle ecll vase-cediusive erisis
Pulmonary or Airway-related

* Bronchial ssthma

» Exercise-induced oF cough variont asthma
o Branchutis

« Pulmonary ermbotism
* Arute chest tyndrome

NONCARDIAC SOURCES OF

CHEST PAIN

Gastrointesting!

» Gastroesophageal refius Disesse

» Escphagesl pasm

» Peptic uloer disease

o Drug-induced esophageisigastntis
o Cholecytitis

Msczilameous

* Panic disprder

» Hyperventilation

» Breasl-celatzd conditions

» Herpes roster

» Spinal cord a1 nerve 1oot compression
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CARDIAC SOURCES OF CHEST

tnRammatany: Precardidis, Mvocardite
» lrdectioe: vinmes, hacriry

.
syndrome

Inevenscrs Myt Desmsnd 3¢ Dexrepscd Soppby

« Cardurmpgativy: dilatrd o Mypeetsopher

§ LVOT sisinection: soMic shmi, subm be REGOHS,
Suprzesiven 3l stenonrs

o Aribyomun

Corimins Ariemy Avarmalilay

» Comqrtats ALCARA, MLEA foim Sight qamgmry
W comatary Fatla

o Asyernd] Kewaun) darew postse gl Ufie
el s operaton, #ve Riss piennane).
ATt (emary sttEaT b (e e
D

SLE, Droha dsesse ¥

PAIN

~

« precipitating,
actors (exerlion)

» mitigating
factors

HISTORY

Description Past Medical History Surgical History
« duration = Asthma » Chest surgery
* onset « Sickle cell disease « Abdominal
uleegicn - Kawasaki disease surgery

’ quolnly « Cardiac disease

* severity .

« radiation » Hypercholesteremia

23
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EVALUATION OF CHEST PAIN IN

KIDS
Ches) X-ray ECG
0 Cardlomegaly * Rate
« Bony lesions * Rhythm
 Airways + Signs of ischemia, pericardilis,

» Lung parenchymal disease chamber hypertrophy

+ Pleural lesions

Ty
HISTORY
Family history History of frauma
0 Sudden cardiac death in young O Drug abuse
person T Psychological stress
0 Suspicious events
0 Arrhythmias I
A r thi Genetic disorders
ardiomyopa
omyop es. O Marfan
0 Hypercholesteremia
G Turner
7 Ehlers-Danlos
~
PHYSICAL EXAM
0 Dysmorphlc features 0 Distant heart sounds
0 Hyperdynamic precordium 0 Abnormal loud second heart
0 Iregular heart beats sound
0 Systolle clicks
» Peripheral pulses 3 Murmurs
- Chesl inspection d Gallops
+ Reproducible chest pain 0 Absent femoral pulses
N

24
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TREATMENT OF NONCARDIAC

CHEST PAIN

*Reassurance and education
*Rest
* Analgesia

1/28/2020

PATIENT SCENARIO: KRISTEN

What is the most likely cause of this child's chest pain?
Costochondritis, characterized by reproducible
tenderness on palpation of the chest
What will you recommend for her?
Reassurance that condition is self-limiting,
warm compress, NSAIDs if severe pain
Does she need referral to a pediatric cardiologist?
No

~
CHEST PAIN THAT WARRANTS

REFERRAL

0 Exertional chest paln

0 Abnormal cardlac findings

O Chest paln with palpltations

0 ECG abnormadilitles

0 Slgnlficant famlly history of arrhythmlas, sudden death, or genetic disorders
D History of cardlac surgery or Interventions

0 History of Kawasakl disease

O First-deg) latives with hyperchol

25



# Kids
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i Kids

SYNCOPE

- Transient loss of consciousness and inability to maintain
posture due to transient global cerebral hypoperfusion

« Rapid onset, short duration, spontaneous complete
recovery

« 15% of children will have syncope by age 18
« Girls more common than boys, peak incidence age 15-19

26
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CLASSIFICATIONS OF SYNCOPE IN
CHILDREN
Classes Underlying Diseases
Neurally-medialed ({78%) Vasovagal syncope
Postural fachycardla syndrome {POTS)
Oilhostatle hypolension
Situational syncope
Carotid sinus syndrome
Cardiac Syncope (2%) Arhyihmla
Structural cardiac or cardlomyopathy
Unexplalned (20%)
~
HISTORY
Event History
U1 Onset of symptoms In Infancy or
early childhoo:
Speak directly to an

O Occurring during exerclse

» Not to be confusad with posi-
exerfional syncope

0 Palpltations or chest pain before
or during syncopal eplsode

U Bladder/bowel Incontinence
C Degree of amnesia

* Longer period of amnesin corelates fo

higher mk of cardiac eliology

EYEWITNESS lo the
event whenever
possible.

Family History
0 Hypertrophic cardiomyopathy

O Pacemaker/Implanted cardioverter defibrillator
1 Channelopathies (Long QT, Brugada Syndrome)
LI Sudden cardiac death/suspicious events

HISTORY

™~

27



1/28/2020

Y
PHYSICAL EXAM
- Normal exam in most cases
C Murmur
0 Evidence of heart failure
Ny
EKG
o Ventricular hypertrophy
00 Ventricular pre-excitation
O Long QT interval
0O Abnormal T waves
0 Heart block
» May be normal
N
SYNCOPE THAT WARRANTS

REFERRAL

o Concerning history related to event

0 Abnormal EKG

[ Chest Pain or palpitations before or during syncope
O Occurring during exercise

0 Concerning family history (early sudden death,
hyperirophic cardiomyopathy, Long QT)

11 Suspected or identlfied cardiac disease

28



1/28/2020

~

REFERENCES

208 CH " ty i [T 632311558
1564 huips fdcs crg/ 10 1016, sib 2018 09 019

Doshi A R (2018) Imocent Heant Murmir Currus, £0(12), €3689 ot 10 7758 cueus 1689

Mcoonnell M E. Adhns. S B, & Hanon.D W (1999) Heart Murmurs m Pechatnc Patints hen Do You Refer? merican Farmdy Physrcian, 2,558 Retneved front

B v b s bk B b s e i1 T ARV R TRt 484 B
Mukoa, P, & Ramesh, # (3017) i hild Healib 27(2) 90-92 hups den-

o e Ve ) oy s 231 £ A

Rl B S M I Lt

Renchen. B 12014) provid tefer? 29,700-702
Revera, R F. Chambers, P, & Ceresnak, 5 R (2011) Evelvation of Chukdy n [ 130) 278-268 g
o Mt U vk AL e

Zhang, Q. Zhu, L Wang, C. DU Z, W, X, Tlan, H. Jin, H (2013). Moleh e Mt Yl v yhdhs o sl G ey b
W, I V0l gt g 1 0T BAROM 3000

29



