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(Abstract \

Early recognition of shock in children is crucial for optimal outcome but is not always obvious. Clinical experience, gut feel-
ing, and careful and repeated interpretation of the vital parameters are essential to recognize and effectively treat the various
forms of shock.

The clinical signs and symptoms of shock in newborns and children are often more subtle compared to adults. Recurring,
avoidable factors for optimal outcome include failure of health care workers to recognize shock at the time of presentation.
Children are able to compensate a shock state for longer periods than adults resulting in a sudden, sometimes irreversible, car-
diopulmonary collapse. Different forms of shock, their therapy, and frequent errors are depicted and illustrated with practical
examples.

Inappropriate volume for fluid resuscitation (usually too little for children with sepsis or hypovolemic shock, but possibly too
much for those with cardiogenic shock also Failure to reconsider possible causes of shock for children who are getting worse
or not improving, Failure to recognize and treat obstructive shock.

The management of children with shock is challenging. Some pitfalls include, Failure to recognize nonspecific signs of com-
pensated shock (ie, unexplained tachycardia, abnormal mental status, or poor skin perfusion) could be due to Inadequate
monitoring of response to treatment

\Keywords: Shock in children; Cardiac failure; Volume expanders; Anaphylaxis; Arrythmia )

Introduction
Shock: is a condition characterized by a significant reduction in
tissue perfusion, resulting in decreased tissue oxygen delivery

The Pathophysiology of Shock
Shock is characterized by a relative imbalance between the de-
livery of oxygen and metabolic substrates and the metabolic

[1]. demands of the cells and tissues of the body. While the shock
e Compensated shock: The body compensate for dimin- state most commonly occurs in the setting of decreased oxygen
ished perfusion and SBP is maintained within the normal delivery, it is certainly feasible that excessive metabolic de-
range by tachycardia and peripheral vasoconstriction (cool mands could produce a similar pathologic state. However, the
skin and decreased peripheral pulses) [2]. body’s compensatory mechanisms are able to adjust to meet
*  Hypotensive shock: Compensatory mechanisms are over- even incredibly high metabolic demand, so that a state of shock
whelmed. Heart rate is markedly elevated, and hypoten- will usually only occur in the setting of decreased oxygen and
sion develops. substrate delivery [4].
e Irreversible shock: Bradycardia and blood pressure be-
comes very low, irreversible organ damage and death. (2) Under resting conditions, with normal distribution of cardiac
output, oxygen delivery (DO2) is more than adequate to meet
the total oxygen requirements of the tissues needed to maintain
aerobic metabolism, referred to as oxygen and VO2 result in
a mathematical coupling of measurement errors in the shared
variables resulting in false correlation between oxygen deliv-
ery and consumption.
In order to avoid potential mathematical coupling, oxygen con-
*  Cardiogenic shock sumption and delivery should be determined independent of
e Obstructive shock [3] each other.
Copyright © All rights are reserved by Said Eldeib* 1

Classification of shock
*  Hypovolemic shock

* Distributive shock

*  Septic shock

*  Anaphylaxis

*  Neurogenic shock
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Studies in which VO2 was directly measured (rather than
calculated) have largely disproved this pathologic supply de-
pendency hypothesis. Regardless, during the shock state, the
body’s compensatory mechanisms, as well as our therapeutic
efforts, are largely directed at optimizing the balance between
oxygen delivery and consumption [5].

Common Features

Early

e Tachycardia

*  Compromised organ perfusion

e Skin: cool, clammy, pale, or mottled
e Brain: drowsy, lethargy.

*  Kidneys: Oliguria.

e Lactic acidosis

e Late: hypotension [6]

Rapid Assessment

Pediatric Assessment Triangle (PAT)

Appearance:

e (Poor tone, unfocused gaze, weak cry, decreased respon-
siveness to caretakers or painful procedures) may be indi-
cators of decreased cerebral perfusion. (7)

Breathing:

e Depressed respiration due to depressed mental status.

e Respiratory distress:

e Obstructive shock (Tension pneumothorax, Cardiac tam-
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Obstructive

Distriutive

ponade, and Massive pulmonary embolism)

e Cardiogenic shock: Ductal-dependent congenital heart
disease [8-10].

Circulation:

e Poor perfusion

e Skin temperature, mottled or cool.

e Capillary refill > 2 seconds suggests shock.

e Flash capillary refill (<1 second) may be present.

e Heart rate: Tachycardia

e Decreased intensity of distal pulses in comparison to cen-
tral pulses

e Bounding pulses may be present. [11-13]

Physical examination
**Vital signs: Respiratory rate, Heart rate, Temperature, Blood
pressure

Chest
e Stridor, wheezing, or abnormal breath sounds: anaphy-
laxis.

e Crackles may have a pneumonia (septic shock) or heart
failure (cardiogenic shock)

e Asymmetric breath sounds: tension pneumothorax [14-
17]

CVS

e Distended neck veins in heart failure, or cardiac tampon-
ade or tension pneumo- or hemothorax.

I Signs and symptoms of shock I

[ History of trauma I

ves §

*Nn

- Hemorrhagic shock

- Obstructive shock (tension
pneumothorax, cardiac tamponade)

- Cardiogenic shock (myocardial injury)

- Neurogenic shock (spinal cord injury)

History of fluid loss:
= Vomiting

Diarrhea

Polyuria (as in DKA)

Hematemesis

Hematochezia

Yes §

v No

Hypowvolemic shock:
- Gastroenteritis
- DKA
- Third space losses (as in bowel
obstruction or toxins such as iron)

= Nontraumatic hemorrhage (as with GI bleaeding)

Fever

Hypothermia
ImMmunocompromise

Yes

No

[ Septic shock I I Abnormal cardiac exam I

T

Yes +

*No

Cardiogenic shock:

- Arrhythmia

- Congenital heart diseas
Myocarditis
Cardiomyopathy
Ingestion (such as calc

Nontraumatic cardiac tamponade

-

Exposure to allergen
Wheezing
Urticarna

um channel blocker)

Yes §

¥ mNo

Other causes:

pneumothorax
- Massive pulmonary
embolus

= Nontraumatic tension

- Adrenal insufficiency
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0 minutes

Recognize decreased mental status and perfusion.
Begin high flow O3 and establish IV/IO access according to PALS.

v

5 minutes

If no hepatomegaly or rales/crackles then push 20 mL/kg isotonic saline boluses and
reassess after each bolus up to 60 mL/kg until improved perfusion, Stop for rales,
crackles, or hepatomegaly. Correct hypoglycemia and hypocalcemia. Begin antibiotics.

15 minutes

T
Fluid refractory shock?

v

Begin peripheral IV/I0 inotrope infusion, preferably epinephrine 0.05 to 0.3 microg/kg/minute.
Use atropine/ketamine IV/10/IM if needed for central vein or airway access.

v

Titrate epinephrine 0.05 to 0.3 microg/kg/minute for cold shock
(if epinephrine not available, titrate central dopamine 5 to 9 microg/kg/minute).

Titrate central norepinephrine from 0.05 microg/kg/minute and upward to reverse warm shock
(if norepinephrine not available, titrate central dopamine 210 micreg/kg/minute).

60 minutes

e Murmurs or a gallop rhythm: heart failure and cardiogenic
shock.

e Muffled heart tones: cardiac tamponade.

Pulse differential: coarctation of the aorta [18,19]

Abdomen

*  Hepatomegaly: heart failure, cardiogenic shock.

e Abnormal skin findings:

e Urticaria or facial edema suggests anaphylaxis.

e Purpura can be seen with septic shock.

* Bruises and/or abrasions may be noted with trauma
[20,21].

Approach to the classification of undifferentiated shock in chil-

dren [22]

Sepsis definitions:

*  Sepsis: SIRS in the presence of suspected or proven infec-
tion [23].

*  Systemic inflammatory response syndrome (SIRS):

The presence of at least 2 of the following 4 criteria, one of

which must be abnormal temperature or leucocyte count:

1. Core temperature of >38.5°C or <36°C.

2. Leucocyte count elevated or depressed for age

3. Tachycardia, or bradycardia

4. Mean respiratory rate increased or decreased from

normal [24-27]

»  Septic shock: Sepsis and cardiovascular organ dysfunction
(28]

Septic shock: initial resuscitation (first hour)

e In the first hour of resuscitation, the goals are to maintain:
Airway, breathing and Circulation [29]

*  Obtain vascular access (IV or intraosseous [IO]) within 5
minutes

»  Start appropriate fluid resuscitation within 30 minutes

*  Begin broad-spectrum antibiotics within 60 minutes

*  For patients with fluid-refractory shock, initiate peripheral
or central inotropic infusion within 60 minutes [30-33]

Airway and breathing:

e 100 percent oxygen, titrated to avoid SpO2 >97 percent.

*  Rapid sequence intubation (RSI) if needed to protect the
airway, [34,35]

Common used inotropes:
1- Epinephrine (adrenaline)- (0 05 to 0 1 meg/kg/minute up to

I

Catecholamine-resistant shock?

1.5 mcg/kg/minute)

e The most common used inotrope, used in septic shock,
anaphylactic shock, asystolic arrest.

e S/E: Constriction of renal and splanchnic vesssels,
Tachyarrhythmias, Hyperglycaemia [36]

2- Norepinephrine (noradrenaline):(0.01 - 0.1 mcg/kg/minute)

up to 1 — 2 meg/kg/min

e Used alone in septic shock or with epinephrine in cases of
resistant shock requiring high dose epinephrine

*  S/E: Bradycardia, reducing tissue perfusion [37]

3- Dopamine: 3-20mcg/kg/min

e Used n septic shock if epinephrine and epinephrine not
available

e S/E: tachyarrhythmias, and pulmonary vasoconstriction

e It can give prepherally in small dose if central line not
available [37-39]

Less commonly used inotropes

4-Dobutamine: 5-20mcg/kg/min

e Used in cardiogenic shock

e S/E: Tachyarrhythmia, hypotension due to peripheral va-
sodilatation (39)

5-Milrinone: 0.25-1mcg/kg/min

e Used in cardiogenic shock or low cardiac output state fol-
lowing cardiopulmonary bypass

e S/E: Arrhythmias, Hypotension, thrombocytopenia [40].

6-Vasopressin: 0.02—0.09U/kg/h

e Used in in children with septic shock who require high-
dose catecholamines

*  Side effects: splanchnic and peripheral ischaemia due to
severe vasoconstriction [41].

laboratory studies for children with sepsis and septic shock:
Rapid blood glucose

Arterial or venous blood gas

Complete blood count with differential

Blood lactate

Blood urea nitrogen and serum creatinine

serum electrolytes

LFT

PT, INR and APTT

Fihrinng?n and D-dimer
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10. Blood culture urine culture cstf culture
11. Other cultures as indicated by clinical findings
12. Inflammatory biomarkers (eg, C-reactive protein,

procalcitonin) [42-44]

Goal-targeted therapy for septic shock [45]
Therapeutic endpoints of septic shock:

1. Quality of central and peripheral pulses (strong, dis-
tal pulses equal to central pulses)

2. Skin perfusion (warm, with capillary refill <2 sec-
onds)

3. Mental status (normal mental status) [46]

4. Urine output (>1 mL/kg/hour)

5. Blood pressure (systolic pressure at least fifth percen-

tile for age): 60 mmHg <1 month of age, 70 mmHg + [2 x age
in years] in children 1 month to 10 years of age, 90 mmHg in
children 10 years of age or older) [47]

6. Normal serum lactate (eg, <2 mmol/L)

1. Emerging Issues

Multisystem inflammatory syndrome in children (MIS-C) was
defined by the Centers for Disease Control and Prevention in
2020 as a patient younger than 21 years of age with fever for
more than 24 hours, laboratory evidence of inflammation and
multisystem organ involvement without alternative plausible
diagnosis, and a recent or current SARS-CoV-2 infection.84,85
Consider the diagnosis in patients with a Kawasaki-like illness,
toxic shock syndrome, or macrophage activation syndrome.
Hypotension was present in 80% of MIS-C cases reported as
of October 2020, and 60% to 80% of patients required ICU
admission due to shock requiring vasopressor support [47].

Obtain a C-reactive protein, erythrocyte sedimentation rate,
D-dimer, fibrinogen, procalcitonin, lactate dehydrogenase,
and SARS-Cov-2 antibody or antigen screening as part of the
workup.

Treatment includes immune-suppression under the guidance of
specialists, including cardiology, infectious disease, and rheu-
matology. Reported complications are coronary artery aneu-
rysms in 10% to 20% of cases, coagulopathy abnormalities,
and a 1% to 2% mortality.85 ECLS has been used for a min-
iscule number of COVID-19 or MIS-C patients with varying
levels of success, but there are insufficient data to determine
its efficacy [48].

2. Disposition

Almost all pediatric shock patients require admission, usually
to the PICU. Septic pediatric patients should be transferred to a
tertiary care center with pediatric intensivists.

In the case of resolved anaphylactic shock, otherwise healthy
patients who remain symptom free can be discharged after
observation, although a specific disposition time has not been
clearly established. One hour of observation incurs a 5% chance
of biphasic reaction out-of-hospital, while six hours of obser-
vation may reduce that risk to 3%.86 Disposition also should
consider the child’s family, transportation needs, and the abil-
ity for the family to accommodate specific pediatric needs [48].
While free-standing and critical access EDs have provided
easier access to care, pediatric patient transfers have been in-
creasing over time.1 To that end, having specialized pediatric
transport systems in place has been shown to improve safety,
decrease unplanned adverse events, and lower mortality.87-89

Ensuring that the transport team 1s composed of a physician,
well-experienced nurses, paramedics, and possibly respiratory
therapists, and that transport vehicles are equipped with all es-
sential equipment is vital. It also is important to understand that
during transport, patients are at increased risk for hypothermia
and hypoglycemia; thus, having IV access is imperative [49].

Management of hypovolemic shock:

Goal:

Restore circulating volume and tissue perfusion, correct

the cause

e Assess airway, administer oxygen and Establish IV access

e Fluid bolus of 20ml/kg isotonic fluid given over 5-10 min-
utes, continue fluid boluses until perfusion improves or
hepatomegaly develops [49]

e In case of shock refractory to fluids, should be evaluated
for ongoing blood loss or other causes of shock.

e Correct hypoglycemia and electrolytes disturbance if pres-
ent [49]

e Vasoactive medications have no place in the treatment of
isolated hypovolemic shock [50]

Management of cardiogenic shock:

e Assess airway, administer oxygen/mechanical ventilation,
IV access

e Asmaller isotonic crystalloid fluid bolus of 5 to 10 mL/kg,
over 10 to 20 minutes

e Treatment with dobutamine or phosphodiesterase enzyme
inhibitors can improve myocardial contractility and re-
duce systemic vascular resistance (afterload)

e Cardiac arrhythmias (eg, supraventricular or ventricular
tachycardia) should be addressed prior to fluid resuscita-
tion [51]

Management of anaphylactic shock:

e The first and most important therapy in anaphylaxis is
epinephrine. There are NO absolute contraindications to
epinephrine in the setting of anaphylaxis.

e Airway: Immediate intubation if evidence of impending
airway obstruction from angioedema. Intubation can be
difficult and should be performed by the most experienced
clinician available or by anesthesia doctor, give 100%
oxygen.

*  IM epinephrine (1 mg/mL preparation = 1:1000 solution):
Epinephrine 0.01 mL/kg should be injected intramuscu-
larly in the mid-outer thigh. injection can be repeated in
5 to 15 minutes (or more frequently). If no response after
three injections prepares IV epinephrine for infusion.

e Place patient in recumbent position, if tolerated, and el-
evate lower extremities.

e Normal saline rapid bolus: 20 mL/kg.

*  Albuterol: For bronchospasm resistant to IM epinephrine,
give albuterol 0.15 mg/kg (minimum dose: 2.5 mg) in 3
mL saline inhaled via nebulizer. Repeat, as needed.

* HI antihistamine: Consider giving diphenhydramine 1
mg/kg (max 40 mg) IV.

*  Glucocorticoid: Consider giving methylprednisolone 1
mg/kg (max 125 mg) IV [52].

Management of neurogenic shock:

e Intravenous fluids, and pharmacologic vasopressors as
needed.

e Bradycardia caused by cervical spinal cord or high tho-
racic spinal cord disruption may require external pacing or
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administration of atropine.

Correct hypothermia,

Observe and prevent DVT (due to peripheral pooling of
blood) [53]

Management of obstructive shock:

Assess airway, administer oxygen/mechanical ventilation,
IV access [53]

Causes of obstructive shock (eg, tension pneumothorax,
cardiac tamponade, hemothorax, pulmonary embolism, or
ductal-dependent congenital heart defects) require specific
interventions to relieve the obstruction to blood flow [53].

Conclusion
The management of children with shock is challenging. Some
pitfalls include:

If peripheral line is difficult, don’t waste time in multiple
trials, don’t try for central line insertion, just insert intraos-
seous access.

Failure to recognize nonspecific signs of compensated
shock (ie, unexplained tachycardia, abnormal mental sta-
tus, or poor skin perfusion)

Inadequate monitoring of response to treatment
Inappropriate volume for fluid resuscitation (usually too
little for children with sepsis or hypovolemic shock, but
possibly too much for those with cardiogenic shock)
Failure to reconsider possible causes of shock for children
who are getting worse or not improving.
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