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Insufficient circulating blood volume or oxygen-carrying capacity (anemua).

Poor heart muscle function (myocardial dysfunction).

Anatomical abnormalities of the heart and great vessels (cyanotic and acyanotic CHD).

Abnormal heart rhythms (tachyarrhythmia or bradyarrhythmia).
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Hypoxia

Hypoxia is the failure of oxygenation at the tissue level, when oxygen delivery 1s impaired or tissues
are unable to use oxygen effectively. Hypoxia must be differentiated from hypoxemia, which is a de-
crease 1n the partial pressure of oxygen in the blood. Hypoxia may not present in infants with a degree
of low oxygen tension (hypoxemia) or low hemoglobin saturation (desaturation) when those factors
can be compensated for by increasing cardiac output. The components of oxygen delivery are shown

in Figure 4.1.
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Figure 4.1. Components that determine

oxygen delivery to the tissues.



Lactate
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Shock is an unstable cardiovascular state in which cardiac output cannot meet the oxygen and

energy requirements of vital organs, leading to deteriorating organ function. Shock 1s a medical

emergency. Infants in shock require immediate stabilization, including cardiorespiratory support

and management with medications, based on underlying physiology.




ACoRN Cardiovascular Sequence

ACoRN Cardiovascular Sequence

Cardiovascular
[0 Pale, mottled, grey*
O Weak pulses or low blood pressure*
O Cyanosis unresponsive to 02
O Failed CCHD screen
O Heart rate > 220 bpm

Yes

( Cardiovascular )

]

Level of Risk

QA

| O complete the Clinical Assessment of Circulation Tablel

|
| I ! l
[ O shock

O Cyanosis
unresponsive
to oxygen admin

l - l J

O Consider IV
access and

volume
expansion

O Cireulatory
instability without
shock

O Failed CCHD O HR > 220 bpm
screen

[ Record 12-lead
ECG
O Vascular access

[ Hyperoxia test
[ Consider
vascular access

[ Hyperoxia test

O Intubate if not
[ Vascular access

already intubated
and optimize
ventilation

O Vvascular access

O volume expansion
with 0.9% Nacl
over 5to 10
minutes

|

[ Review focused history and physical
exam

O Chest radiograph, blood gas, CBCD

[ Establish working diagnosis

[ Obtain immediate consult

l !

O suspected cyanotic O svT
heart disease [0 Other arrhythmia

O cardiogenic? ’

O Distributive?
(suspected
sepsis)

O Hypovolemic? ,

¥

Consider:

O volume
expansion

O PRBC transfusion

Consider in consultation:
[ Volume expansion
[ Inotropes

Consider in consultation:
O Prostaglandin E1
O Inotropes

[ Consider prostaglandin

E1 in consultation

O Treat in consultation
only

Abbreviations: bpm - beats per minute, CBCD - complete blood count and differential, CCHD - critical congenital heart disease, ECG - electrocardiogram,
HR - heart rate, IV - intravenous, NaCl- normal saline, 02 - oxygen, PRBC - packed red blood cells, SVT - supraventricular tachycardia




Alerting Signs

Cardiovascular

O Pale, mottled, grey*

0 Weak pulses or low blood pressure*
O Cyanosis unresponsive to 02

O Failed CCHD screen

O Heart rate > 220 bpm
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Healthy lung (alveoli well Alveoli poorly inflated, room Alveoli poorly inflated, on
inflated), room air, blood air, blood past the alveolus is supplemental oxygen, blood past
past the alveolus is red. cyanotic (purple-blue). the alveolus is red.

Figure 4.2. Differentiating cyanosis of cardiac and respiratory origins.

A: In cyanosis of respiratory origin
,all of the blood pumped by the right ventricle goes through the lungs before
being pumped by the lett ventricle to the body.




Blood passing
through the lungs
becomes oxygenated

Blood bypassing

the lungs does not
become oxygenated \

Cyanosis due to
mixing of oxygenated
and oxygen-depleted blood

Figure 4.2.B: In cyanosis of cardiac origin, the SpO2 level depends on the proportion of

oxygenated blood versus deoxygenated blood.




Suspicion of cyanosis requires confirmation by pulse oximetry.

Assessing skin colour is challenging and made more difficult by factors such as lighting, temperature,

and infant skin tone. Appearing ‘dusky’ or ‘not pink’ are key signs of central cyanosis but can be missed.
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Examples of lesions detectable using pulse oximetry screening

Most consistently cyanotic
* Hypoplastic left heart syndrome
» Pulmonary atresia with intact ventricular septum
+ Total anomalous pulmonary venous return
Tetralogy of Fallot
Transposition of the great arteries
Tricuspid atresia

Truncus arteriosus

May be cyanotic
» Coarctation of the aorta
Double outlet right ventricle
Ebstein’s anomaly

Interrupted aortic arch

Defects with single ventricle physiology
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Check oxygen saturations in the
right hand and either foot of
all newborns between 24-36 hrs of age

90-94% in right hand and foot
OR >3% difference between
right hand and foot is
BORDERLINE

Repeat screen in 1 hour

90-94% in right hand and foot
OR >3% difference between
right hand and foot is
BORDERLINE

Repeat screen in 1 hour

90-94% in right hand and foot
OR >3% difference between
right hand and foot is
BORDERLINE

Figure 4.3. How to perform a CCHD screen.
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Tone, activity, and alertness
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Critical perfusion
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Pulses
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When a diminished femoral pulse is found, confirmation (by a second individual or a repeated

attempt) 1s strongly recommended.




Blood pressure
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Capillary refill time (CRT)

'CRT 4xulas 6 920

Oley e o8] ¢ a0 ) Lid 4ili 5§ (gl 1) 2y i L L L glia Gy
A daudae 4l 4y ) (S 000 000

o ¢ 0N chma 5 S e s 0 4l 3 ) S CRT ey gle) i

250

z e a5 (4l 4 D)€ (adfic 4li 40 | ) CRT Jlaie 4S 20 2
(o2038 J 5k Dlia )aiSs




While a CRT of greater than 3 to 4 sec is a reliable sign of circulatory deterioration, a normal

CRT test should not, by itself, be relied upon to rule out serious illness.




Skin temperature
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Cool feet and hands and peripheral cyanosis (acrocyanosis) are common during transition and

can be caused by sluggish peripheral circulation, peripheral vasomotor instability, or cold stress.




Heart rate
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Urine output
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Organization of Care
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Shock
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An infant with signs of shock is critically ill by definition, and the management of shock 1s a

medical emergency. When shock is suspected, immediate supportive measures must be instituted,

regardless of cause.




Circulatory instability without shock
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Cyanosis unresponsive to O?2
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How are differing degrees of desaturation tolerated?

Table 4.2.
How are differing degrees of desaturation tolerated?

5p02 Degree of desaturation

Mild to moderate Usually well tolerated

65% to 75% Marked Less well tolerated, especially when infants are
unwell or anemic

Severe Poorly tolerated




Failed CCHD screen
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Heart rate greater than 220 bpm
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Most inpatient newborns with new onset SVT can tolerate a HR of up to 250 bpm for several
hours, allowing time for consultation before initiating medical treatment. Without treatment, a
sustained tachyarrhythmia eventually progresses to heart failure. Outpatient infants with SVT

generally have signs of decompensation at time of presentation to hospital.
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Response: Shock
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Response: Circulatory instability

without shock
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Response: Cyanosis
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Response: Cyanosis
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Response: Cyanosis
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Response : Failed CCHD screen
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Response: Heart rate greater than 220 bpm
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Next Steps
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Next Steps: Focused history
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Next Steps: Focused history
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Next Steps: Focused physical examination
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Next Steps: Focused physical examination
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Next Steps: Focused physical examination
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Next Steps: Diagnostic tests




Next Steps: Diagnostic tests,
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Next Steps: Diagnostic tests,

Normal chest radiograph:
Normal heart size, shape, and
position, normal superior
mediastinum and vascular
markings, and stomach in the

normal position.




Next Steps: Diagnostic tests,

Abnormal chest radiograph:
Enlarged  heart, ‘egg-shaped’,
narrow mediastinum (due to the
anterior/posterior relationship of
the great vessels) and increased
rascular markings. The stomach 1s
not visible in this image of an in-
fant with transposition of the great
arteries (TGA). This cardiac shape
1s commonly referred to as ‘egg on

a string’.




Next Steps: Diagnostic tests
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Next Steps: Diagnostic tests,

5 ) o ey a8 e 22U 15 (G als Gnslsa Jley ik e
el i aia Gl GBS saa 3L (o« (0.65 1 0.45 ey 2y S silaa
123l 5 i by il

Al g g S od Ao cadly ala s s K]

A e 60 S 9 G g (A GRSl e e s s A2

e il e (a0 gt 2 0.65 ) AYL Cu S silaa) el L
(San A )58 i pat) j0 390 ame g Gl GRS 5 4% ) S5 s 4
A0 8 ) sl 5 ST A Hlan ol




Specific Diagnosis and Management




Specific Diagnosis and Management,
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Specific Diagnosis and Management
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Table 4.3.

Key features to differentiate common causes of tachycardia

Sinus tachycardia

Supraventricular
tachycardia (SVT)

Atrial flutter

HR < 220 bpm

HR 220 to 300 bpm

Atrial rate 300 to 500 bpm (ventric-
ular rate usually < 220)

Gradual onset and
cessation

Sudden onset and
cessation

HR varies with atrioventricular con-
duction block (can decrease by half
suddenly if 1:1 becomes 2:1 block)

Preserved beat-to-beat
variability

No beat-to-beat variability

No atrial beat-to-beat variability

Narrow QRS

Narrow QRS in approxi-
mately 90% of cases

Narrow QRS

P waves precede each

QRS

P wave relationship to QRS
complex is variable.

P waves are often not vis-
ible during supraventricular
tachycardia

P waves with sawtooth pattern

are better seen in the inferior and
right precordial leads on a 12-lead
electrocardiogram

Atrioventricular conduction is variable
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