Korean Journal of Pediatrics Vol. 48, No. 12, 2005

zote] AAH #7184

Agojsta o sho)st sobnhetaal

at
|

M4

=
S

Mechanical Ventilation of the Children

June Dong Park, M.D.

failure

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Mechanical ventilation in children has some differences compared to in neonates or in adults. The
indication of mechanical ventilation can be classified into two groups, hypercapnic respiratory failure
and hypoxemic respiratory failure. The strategies of mechanical ventilation should be different in
these two groups. In hypercapnic respiratory failure, volume target ventilation with constant flow is
favorable and pressure target ventilation with constant pressure is preferred in hypoxemic respiratory
failure. For oxygenation, fraction of inspired oxygen(FiO:) and mean airway pressure(MAP) can be
adjusted. MAP is more important than FiO2. Positive end expiratory pressure(PEEP) is the most po-
tent determinant of MAP. The optimal relationship of FiO, and PEEP is PEEP =FiO;x20. For venti-
lation, minute volume of ventilation(MV) product of tidal volume(TV) and ventilation frequency is
the most important factor. TV has an maximum value up to 15 mL/kg to avoid the volutrauma, so
ventilation frequency is more important. The time constant(TC) in children is usually 0.15-0.2. Ade-
quate inspiratory time is 3TC, and expiratory time should be more than 5TC. In some severe respi-
ratory failure, to get 8TC for one cycle is impossible because of higher frequency. In such case,
permissive hypercapnia can be considered. The strategy of mechanical ventilation should be adjusted
gradually even in the same patient according to the status of the patient. Mechanical ventilators and
ventilation modes are progressing with advances in engineering. But the most important thing in
mechanical ventilation is profound understanding about the basic pulmonary mechanics and classic
ventilation modes. (Korean ] Pediatr 2005;48:1310-1316)
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Table 1. Hypercapnic Respiratory Failure in Pediatric Patients
Mechanism Example
Inadequate central drive Neonate : apnea and bradycardia of prematurity, maternal drug intoxication, birth

asphyxia, intrav

entricular hemorrhage

Childhood : head trauma, meningoencephalitis, drug intoxication, near—drowning

Inadequate muscle performance

Neonate : phrenic nerve palsy, spinal cord injury, spinal muscular atrophy

Childhood : muscular dystrophy, myasthenia gravis, Guillain-Barre syndrome

Thoracic or pulmonary restrictive disease Congenital skeletal

Airway obstruction

anomaly, pulmonary fibrosis

Neonate : laryngotracheomalacia, choanal atresia

Childhood : bronchial asthma, foreign body aspiration

Table 2. Mechanisms of Hypoxemia

Mechanism

Distinguishing attribute

Inadequate FiO;"
Hypoventilation

Right-to-left shunt
Ventilation—perfusion mismatch
Incomplete diffusion equilibrium

Low barometric pressure and/or FiO,

High PaCO,"

Relatively little improvement with supplemental oxygen
Good response to supplemental oxygen

Good response to supplemental oxygen

“FiO; : fraction of inspired oxygen,

TPaCOy : carbon dioxide partial pressure of arterial blood
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Table 3. Indications for Positive Pressure Ventilation, Continuous Distending Pressure, or Both

Absolute

Relative

Inadequate alveolar ventilation
Apnea
PaCO," >50-55 mmHg(in the absence of chronic hypercapnia)
Impending hypoventilation
Increasing PaCOy"
Vital capacity <15 mL/kg
Dead space/tidal volume ratio >0.6
Failure of arterial oxygenation
Cyanosis with Fi0," =06
PaO.;" <70 mmHg with FiO." >0.6
Other indices of severely impaired oxygenation
AaDO,* >300 mmHg with FiO,"=1.0
Qs/Qt" >15%

Secure control of ventilatory pattern and function
Intracranial hypertension
Circulatory insufficiency
Decrease metabolic cost of breathing
Chronic respiratory failure
Circulatory insufficiency

"PaCOs : carbon dioxide partial pressure of arterial blood, 'FiO;: fraction of inspired oxygen, TPaO;:oxygen partial pressure of
arterial blood, *AaDO;: alveolar arterial oxygen difference, 'Qs/Qt : shunt ratio
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Table 4. Goals and Complications of Assisted Mechanical Ventilation

Goals to achieve Complications to avoid

Improve alveolar ventilation and avoid significant hypercapnia  Hyperventilation and decreased cerebral blood flow

and respiratory acidosis

Reduce V/Q mismatch and maintenance of normal hemoglobin
saturation

Reexpand atelectasis or collapsed lung segments

Hypoxemic tissue injury
Oxygen toxicity to the lungs or other organs
Alveolar overdistention
Pulmonary hypoperfusion
Reduced venous return/cardiac output
Volutrauma to alveolar structures
Suppressed ventilatory drive
Respiratory muscle disuse atrophy
Increased upper airway resistance(i.e., subglottic edema/stenosis)

Reduced work of breathing and eliminate respiratory
muscle fatigue

Equation of Motion

Conditional variable

pressure
tidal wolume
inspiratony flow
minute vertilation
time, ete

volume )
Pressure = compliance * resistance x flow

v
Control variable

L : |

Pressure Yolume Flow
Rectangular  Exponential Ramp Sinusoidal Rectangular Sinusoidd Ramp Exponential

ILrL|A ~ ||JL Y ANAK

| | |
l

Phase variable

v

y

¥

v

Triggering wvariable

(start inspiration)

Limiting variable

(sustain inspiration)

Cycling variable

{end inspiration)

Baseline variahle
(sustain FR.C)

Fig. 1. Control scheme of mechanical ventilator has three groups of variables. One of them
is control variable, another is phase variable, and the other is conditional variable. Me-
chanical ventilation mode is defined as specific set of these three variables.
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