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> The term Res pf ra tOf'y distress is often used to indicate signs and symptoms of
abnormal respiratory pattern.

» A child with nasal flaring, tachypnea, chest wall retractions, stridor, grunting, dyspnea, and
wheezing is often judged as having respiratory distress.

> ResPIr'atory failure is defined as inability of the lungs to provide sufficient oxygen
(hypoxic respiratory failure) or remove carbon dioxide (ventilatory failure) to meet metabolic
demands.

» Respiratory distress can occur in patients without respiratory disease, and respiratory
failure can occur in patients without respiratory distress.




» 1. Tachypnea

» 2. Retractions

» 3. Cyanosis

» 4. Tachycardia

» 5.Position:"Sniff" & "Tripod”
» 5. Altered mental status

a. Agitation and irritability
b. Lethargy and decreased responsiveness



Table 71-2

Examples of Anatomic Sites of Lesions

Causing Respiratory Failure

LUMNG RESPIRATORY PUMP
CEMTRAL AlRWVANY
COBSTRLMCTHCNM THORACIC CAGE

Choamnal atresia

Tonsillocadenoidal hypertrophng

Retropharyngeal/pertonsillar
abscess

Laryngomalacia

Epiglottitis

Vocal cord paralysis

Laryngotracheitis

Subglottic stenosis

VWascular ringfpulmonary sling

Padiastinal mMmass

Foreign-body aspiration

Obhstructive slesp apmiea

PERIPHERAL AdRW AN
OBSTRILUMCTHIM

Actihma

Brondhsolitis
For=ign-body aspiration
Scoiration pneurmonia
Cystic ibrosis

x, -Auntitrypsin deficiency

AILVEOQLAR-INTERSTITIAL

DISEASE

Lobar pnieumonia

Scute respiratory distress
syndromedhyalime meambrane
dissass

Interstitial pneumonia

Hydrocarbon pnaumonia

Fulmomnary hemorrhages
hremosidercosis

Eyphoscoliosis

Diaphragmatic hemia

Flail chest

Eventration of diaphragm

Sephyxaating thoracic
dystrophy

Frune-belly syndrome

Cermatomyositis

Ahdominal distentiomn

BRAIMMSTER

Arnold-Chiari mabformation

Central hypowventilation
symdrome

CINS depressants

Trauma

Increased intracranial pressura

ChS imfections

SPIMAL CORDy

Trawrma

Transwverse myelitis
Spinal muscular atrophny
Folicomyeltis
Tumorfabscess

MNEUROMUUSCILILAR

Fhranic merve injury

Birth trauma

Infamt boobulisrm
Guillaimn-Barre syndrome
PFuscular dystrophy
Fyasthenia grawvis
Organophosphate poisoning

Table 71-3

Nonpulmon
Listrass

EXAMPLE(S)

MECHAMISM(S)

Cardiovascular

Central
NETVoUusS
system

Metabaolic

Renal

Sepsis

Left-to-right shunt
Congestive heart
failure

Cardiogenic shock

Increased intracranial
pressura

Encephalitis

Meurogenic pulmonary
edema

Toxic encephalopathy

Diabetic ketoacidosis
Organic acidemia
Hyperammonemia

Renal tubular aadosis

Hypertension

Toxic shock syndrome
Meningococcemia

T Fulmonary blood/water
content

Metabolic acidosis

Baroreceptor stimulation

Stimulation of brainstem
respiratory centers

Stimulation of centra
and penpheral
chemoreceptors

Stimulation of centra
and penpheral
chemoreceptors

Left ventricular
dysfunction —

ncreased pulmonary
blood/water content

Cytokine stimulation of
respiratory centers

Baroreceptor stimulation
from shiock

Metabolic acidosis




Position

L !

4§

“Tripod” position

Sniffing Position



Localization of respiratory distress by physical findings

Uppear airway obstruction |

Sniffing position: neck s flexed with head extended to open Sinsay

Masal flaring: also seen with lower alrway disease
Prolonged inspiration

Retractions: supraclawvicular, suprastermal
Abmormal woelce: hoarsemness, hot potato wobkce
Stridor

Barking cough

Transmitted upper ainsay sounds (stertor])

Lower airway diseasea

Eetractions: intercostal, suboostal

Masal flaring: also seen with upper aimway obstruction

Prolonged expiration

Wheezing: intrathorackc airway obstruction

Grunting: may Indicate sewvere respiratory distress or severe pain from an intreabdominal process
Eales (crackles)

PFleural rub

Bronchoghony
Pulsus paradoxus: caused by severe lower airway obstruction or cardiac mamponasde

Cardiac disease

Galkop

Cardiac murmur

Rales (crackles)

Jwgular venous distemntion
Hepatomegaly

Feripheral or periocrbital edema

Fulsus parado=us: caused by @Ardiac tampanads: oF severe lower almasay obstruction

Ceantral nervous system

abmormal respiratory pattern {Cheyne-Stokes, or atasic)
Metabolic

Kussmsal respirations




Control Dystunction

Respiratory

Distress Lowi pH
{(high CO,)

fort Decreased or normal effort



Mechanical Dysfunction

Respiratory

Distress Lowi pH
(high CO,)

Low C

Increased effort

Dyspnea

Rib cage distortion

Accessory muscle recruitment
Nasal flaring

Adventitious breath sounds



ReSpII'CITOI'y Muscle Dysfunction
Distress

Low pH
(high COy)

Low O,

Increased (ineffective) effort

Dyspnea
Nasal flaring

~
.

ment

ds



Characteristic clinical findings of restrictive
and obstructive lung disease in infants and
children

Obstructive Disease

finding

RR
INS time
Ex time

Accessory
muscles

Restrictive
Disease

Increased
Reduced
Reduced

Inspiratory

Extrathoracic

tor Tor NI
Prolonged
Unchanged

Inspiratory

Intrethoracic

NI or T
Unchanged
prolonged
Ins & EX




Characteristic clinical findings of restrictive
and obstructive lung disease in infants and

children(con)
finding Restrictive Obstructive Disease
Disease : : ;
Extrathoracic  intrethoracic

Chest retractions Present Present Often present
Breathing effort Shallow Nl or { Nl or {
Auscultatory findings  Crackles, Ins stridor Exp wheezing

grunting
Lung Xray

YLV alveolar  Normal T lung volume

densities
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Early rise in ICP results in stimulation of respiratory centers, leading to increases in the rate
(tachypnea) and depth (hyperpnea) of respiration.

Cerebral hemispheric and midbrain lesions often result in hyperpnea as well as tachypnea.
Pathology affecting the pons and medulla manifests as irregular breathing patterns such as:
apneustic breathing (prolonged inspiration with brief expiratory periods),

Cheyne-Stokes breathing (alternate periods of rapid and slow breathing), and

irregular, ineffective breathing or apnea.

Bradycardia and apnea may be caused by CNS-depressant medications, poisoning, prolonged
hypoxia, trauma, or infection.
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Clinical Examination

Pulse oximetry

Capnography (A-a) O2 gradient
Blood Gas
AssessmePao2/Fio2 rationt of Oxygenation and Ventilation Deficits
A-ao2 gradient

Pao2/Fio2 ratio

Pao2/Pao?2

Oxygenation index (OI)

Ventilation index (VI)
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Causes and troubleshooting erroneous pulse oximetry readings

Problem and potential arrors Solution

Inadequate waveform

Malposition of probe Reposition probe, alternate site I
Maotion artifact Reposition probe, alternate site I
Hypoperfusion Reposition probe, alternate site, warming I
Hypothermia Use ear or forehead probe, warming
Skin plgment I Measure arterial blood gas

Falsely normal or elevated oximetry reading
Carboxyhemoglobin (eq, carbon monoxide poisoning) Co-oximetry
High levels of glycohemaoglobin Alc Measure arterial blood gas I
Methemoglobin, sulfrremoglobin® Multiwavelength co-oximetry (metHb), blochemical analysis (sulfHb) I
Amblent light Remowve ambbent light source
Skin plgment Measure arterial blood gas

Falsely low oximetry reading

Inadequate waveform I Reposition probe, alternate site

Methemoglobin™ I Multiwavelength co-oximetry

Sulfhemoglobin® Biochemical analysis I

Sickbe hemoglobin and inherted forms of abnormal hemoglobin Measure HbS and abnormal Hb levels I

Severe anemia Measure arterial blood gas I

Venous pulsations or congestion I Loosen probe, reposition patient or probe, measure arteral blood gas I

Amblent light Remowe ambient light source I

Mall polish Remowve polish or change site I
I

Wital dyes Usually transient, measure arterial blood gas




Diagnostic studies for evaluation of acute respiratory distress

EtCO» measuremant

Electrocardiogram

Point-of-care ultrasound

Confirmation of successful endotracheal intubation

Moninvasive monitoring of ventilation in intubated and non-
intubated patlents

Roninvasive monitoring for sedation In children

Clinkcal suspicion of cardiac disease (eq, cardiac murmur, gallop,
differential pulses or blood pressure between upper and lower
extremities)

Clinical suspiclan of pulmonary pathology (eg, pneumonia, pleural
effusion, preumathaorax, or hemothorax), heart fallure (can assess

myocardial function and presence of pulmonary edema), or
percardial tamponade

Test Indications Comments
Bedside testing
Pulse oximetry All patients with respiratory distress Erroneous readings may occur with improper probe application, poor

waveform readings, or certaln medical conditions. Refer to UpToDate
content on causes of erroneous pulse oximetry readings.

Measurable in non-intubated and intubated patients.

Typically combined with chest radbograph to assess heart size and
pulmaonary vasculature in order to determine need for
echocardiography.

To be performed by an appropriately tralned and experienced
provider. Other uses inclede confirmation of endotracheal tube

placement, blood volume status, and presence of Intra-abdominal or
pelvic fuld.




Laboratory testing

Arterial or venous blood gas

Electrolytes, blood urea
nitragen, creatinine

Glucose

Ammonia

Carboxyhemoglobin
cooximetry

Methemoglobin cooximetry

D-dimer

For arterial sample only, determine Pa0  for calculation of
physiologic measures of oxygenation (eg, A-a gradient, Pa0 4 /Fi0 4
ratio)

Correlate pCO ; with EECO- measurements

Measure pH and correlate with venous pH

Fatlents with metabolic acidosis

Altered mental status, diabetic ketoacdosis

Altered mental status and other findings suggestive of urea cycle
defects

Smoke inhalation

Altered mental status, headache, vomiting, and possible exposure to
carbon monoxide (eg, blocked furnace flue)

Cyanosis in the presence of a normal P03 on arterlal blood gas

Exposure to agents known to cause methemoglobinemia (eg,
nitrites, benzocaine, anlline dyes) or young infants with severe
dehydration

Clinical findings suggestive of pulmonary embolus (&g, low

oxygenation, pheuritic chest pain, wedge-shaped infiltrate on chest
radiograph, and predisposing condition [eg, sickle cell disease,

thrombotic condition])

EtCO 5, pulse oximetry, and venous blood gases may be used as
less Invasive methods for angoing monitoring of oxygenation,
ventilation, and acld-base status If they correlate with arterial blood
gas measurements.

Assesses for the presence of an anbkon gap and renal dysfunction.

Pulse oximetry Is falsely elevated in the presence of
carboxyhemoglobin.

Oxygen saturation by cooximetry identifies the presence of an
abnormal hemoghobin If specific measure of methemoglobin is not

avallable. Methemoglobinemia causes falsely normal or elevated
pulse oximetry readings.

Pulmonary embolus is a rare cause of resplratory distress in
children.

Imaging Is Indicated for patients with moderate to high clinical

probability. For recommended studies, refer to UpTaDate topics on
iImaging for venous thromboembolism in children.




Imaging

Lateral neck radiograph

Chiest radiograph

Forced expiratory or bilateral
decubltus chest radiograph

Unilataral decubltus chast
radiogrzph

Echocardiography (including
bedside ultrasonagraphy)

Abdominal radiographs
(supine and wpright or cross-

table lateral)
CT or MRI of the head

Clinical findings suggestive of epiglottitis, retropharyngeal abscess,
or Ingasted forelgn body

All children wikh skgnificant resplratory distress and those with focal
lung findings

Suspected forelgn body aspiration

Assess whether lung opacity s due to parenchymal disease or
effushan

Identify cardiac tamponade; assess cardiac function and presence of
structural heart disease

Significant abdominal tenderness andjor distension with concem for
intestinal abstruction or perforation

Clinical findings suggestive of increased Intracranial pressure or
inkracranial mass lesion

Croup can usually be diagnosed clinically without a radiograph.

Hyperaeration noted on the side with the bronchial forelgn body.

Loculated effusions and very large effusions may not show evidence
of layesing.

Other testing (eq, ultrasound, upper gastrolntestinal contrast study,
abdominal CT or MRI) may akso be indicated depending upon clinical

findings and likely etiokogles.




» Oxygen Administration

» Airway Adjuncts

» Inhaled Gases

» Positive-Pressure Respiratory Support



Table 89.8 | Approximate Oxygen Delivery According
to Device and Flow Rates in Infants and

Older Children

DEVICE FLOW (L/min) Fio, DELIVERED
Nasal cannula 0.1-6 0.21-0.4
Simple face mask 5-10 0.4-0.6
Partial rebreather 6-15 0.55-0.7
Non-rebreather 6-15 0.7-0.95
Venturi mask 5-10 0.25-0.5
Hood/tent 7-12 0.21-1.0
High-flow systems 1-40 0.21-1.0




» Airway Adjuncts Maintenance of a patent airway is a critical step in maintaining
adequate oxygenation and ventilation.

» Artificial pharyngeal airways may be useful in patients with oropharyngeal or
nasopharyngeal airway obstruction and in those with neuromuscular weakness in
whom inherent extrathoracic airway resistance contributes to respiratory compromise.

» Oropharyngeal airway

» Nasopharyngeal airway



» |Inhaled Gases Helium-oxygen mixture (heliox) is useful in overcoming
airway obstruction and improving ventilation. Helium is much less dense
and slightly more viscous than nitrogen. When substituted for nitrogen,
helium helps maintain laminar flow across an obstructed airway,
decreases airway resistance, and improves ventilation.

» Inhaled nitric oxide (iINO) is a powerful inhaled pulmonary vasodilator.



» Positive airway pressure helps with aeration of partially atelectatic or filled alveoli, prevention of
alveolar collapse at end-exhalation, and increase in functional residual capacity (FRC).

» These actions improve pulmonary compliance and hypoxemia, as well as decrease intrapulmonary shunt.
In addition, positive pressure ventilation is useful in preventing collapse of extrathoracic airways .

Improving compliance and overcoming airway resistance also improves tidal volume and therefore
ventilation

» High-flow nasal cannula
» CPAP
» BiPAP

» Endotracheal Intubation and Mechanical Ventilation




Common high-flow nasal cannula oxygen

delivery circuits [1-3]

Unenclosed individual components

Oxygen and air blender
(FiO2 0.21 to 1.0)

Water for
inhalation

L_L.

Flow meter
(up to 70 L/min) Heated

delivery

Humidifier and
heater

Temperature
sensor

High flow
nasal cannula

Enclosed individual components

Water for
inhalation

FiO2 reading
Flow rate (%)
readin

(lom Temperature
reading (°C)

Oxygen Circuit to
tu ,gng patient
Air tubing )

High flow
nasal cannula




Management of life-threatening causes of acute respiratory compromise in childremn

Condition

Foreign body with acute airway
ohstnecton

Maneuwver

Back blows/chest thrnests (=1 year of age)

Abdorminal thrusts (=1 year of age)

Manual removal with fII'Il;EF SWeEep

Laryngoscopy and removal with Magill forceps

Meedle cricothyrobomy

Comments

Maneuwers should only be used for patients who are unable to
phonate.

Maneuvers should only be used for patients who are unable o
phonates.

Perform this maneuver only when a foreign body is wisible in the
oropharyms.

For patients withh complete obstruction not rapidly relieved by the
abowve actions and who hawve a supraglottic foreign body, this
procedure is a temporizing measure that can provide coosgenation
buk not wentilation.

LEr",'I'IgCEpaEI‘I‘I':"

Positive pressure with a ventilation bag and tight-fitting mask

Additional measures swch as rapld sequence intubation or nesdle
cricothyrotomy may be necessary if laryngospasm persists despite
bag-mask ventilation.

Soft tisswe upper airway
obsoruction £

Head tiltfchin Nft

Jaw thrust
Masopharyngeal airvay
Gropharyngeal alrway

Axvodd In patients wiho may hawve cervical spine injury.
Usa for patients who may hawve cervical spineg injury.
Usa for conscious or unconsclous patient.

Use anmly bm am unconschous patient.

Respiratory failure™

Bag-mask wentilation

High-flow nasal cannula®

Moninvasive wentilation &

Endotracheal intubation ¥

Suspect upper airway obstruction if unable to wentilate with proper
size equipment and technigue.

Use for spontaneously breathing patients with hyposxemic
respiratory failure without hypercarbia.

Use for spontaneously breathing patients with hypoxemic or
hypercarbic respiratory fallure. Contraindicated in children with
upper airway disease, high risk for aspiration, or emodynamic
instakbility.

Use for patient in respiratory fallure reguiring more than a few
minutes of bag-mask wentilation, those with impending airaay
compromise (&g, thermal burns, severe epiglottitis, or alnway
trauma), and/or those who are unconscious or hawve altered mental
status with an absent gag reflex. In a patient with an ainway that is
manageable with bag-mask or oninvasive wentilation, ceest
compressions and vascular access shouwld be prioritized ower
inbubation.

Tension pnewmothorac

Meeadle thoracenbesis

Fatients will reguire chest tube or pigtail placement following
emergency decompraession.

Cardiac tampanade

Pericardiccentesis *

Use ultrasound guidance wienever avallable.




Rapid overview: Emergency management of anaphylaxis in infants and children*
]

Diagnosis is made clinically:

The most common signs and symptoms are cutaneous {eg, sudden onset of generalized wrticaria, angloedema, flushing, pruritus). Howewer, 10 to 20% of patients have no
skin findings.

Danger signs: Rapld progression of symptoms, evidence of respiratory distress (eg, stridor, wheezing, dyspnea, increased work of breathing, retractions,
persistent cough, cyanosis), signs of poor perfusion, abdominal pain, vomiting, dysrhythmia, hypotension, coliapse.

Acute managemant:

The first amd most important therapy in anaphylaxis is epineghrine. There are HD absolute contraindicatlons to epinephrine in the setting of anaphylaxis.

Alrway: Immediate intubation if evidence of impending airyay obstrection from angioedema. Delay may lead o complete obstruction. Intubation can be diffiouit and
should be performed by the most experenced dinkcian avallable. Cricothyrobomy may be necessary.

IM eplnephrine {1 mg/mL preparation): Epinephring 0.01 mg/kg should be injected intramuscularly in the mid-outer thigh. For large children (=50 kq), the maximum
i 0.5 myg per dose. If there s no response or the response ks Inadeguate, the injection can be repeated in 5 to 15 minutes {or more frequently ). If epinephrine is injected
promptly 1M, patients respond to one, two, or at most, three injectons. If signs of poor perfusion are present or symptoms are not responding to epinephrine injections,
prepare IV epinephrine for infusion (see below).

Place patient in recumbent position, If tolerated, and elevate lower extremities. I
Oxygen: Give & to 10 Liminute via facemask or up to 100% oxygen, as needed. I

Mormal saline rapld bolus: Treat poor perfusion with mpid infusion of 20 mL kg. Re-evaluate and repeat fluid boluses {20 mLfkg), as needed. Massive flukd shifts with
severe loss of intravascular volume can ooour. Monitor urine output.

Albuteral: For bronchospasm resistant to IM epinephrine, give albuterol 0,15 mg/kg (minimum dose: 2.% mg) in 3 mL saline inhaled wia nebulizer. Repeat, as nesded. I

H1 antihistamine: Consider giving diphenhydramine 1 mg/kg (max 50 mg IV, over 5 minutes) or cetirizine (children aged & months to 5 years can recelve 2.5 mg IV,
those & to 11 years of age can receive 5 or 10 mg 1V, owver 2 minutes).

HZ antihistamine: Consider giving famotidine 0.25 mg/kg (ma=z 20 mg) IV, ower at least 2 minukes. I
Glucocorticold: Conskder giving methylprednisolone 1 mgfkg (max 125 mg) IV I

Manitoring: Continuous noninvasive kemodynamic monitoring and pulse oximetry moenitoring should be performed. Urine cutput showld be monitored in patients receiving
IV fluid resuscitation for severe hypotension or shock.

Treatment of refractory symptoms:

Epinephrine infusion®: In patients with inadequate response to IM epineghrine and IV saline, give epinephrine continuous infusion at 0.1 to 1 mog/kg/minute, titrated to
effect.

Vasopressors 1: patients may reguire large amounts of IV crystallold to maintain blood pressure. Some patients may require a second vasopressor (in addition to
epinephrine). All vasopressors should be given by infusion pump, with the doses titrated continuously according to blood pressure and cardiac rate/function monitored
continuowsly and oxygenation monibored by pulse aximetry.







