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Why are we talking of ped vent?

Developmental aspects of breathing
Developmental physiology
Ventilation during induction
Ventilation during maintenance
OLV
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Critical adverse events



Developmental aspects of breathing control

● Breathing starts in utero (end first trimester) and is influenced in utero 
by pCO2 and pO2

● At birth, minute ventilation at any pCO2 is higher in neonates and 
infants compared with adults

● Hypoxia leads to ventilatory depression up to 6 months of age
● Immature breathing control manifests as apneas



Small airways, big problems



Developmental physiology of airways

● Supraglottic airway small and 
soft 

● The critical closing pressure of 
the pharynx during quiet, 
unimpeded inspiration is smaller
both than the upstream, 
atmospheric pressure and the 
downstream pressure within the 
large airways (snoring)

● Obstructive apneas occur as a 
physiological phenomenon in 
normal young infants with up to 
3 obstructive events/hour

• Pharyngeal walls depend on 
muscles and head position

• Airways from larynx down are 
stabilized with cartilagineous
scaffold



The fewer alveoli and interstitial septa of 
immature lungs offer considerably less
suspension forces, such that forced
expiration and coughing readily lead to 
peripheral airway collapse in babies.

During early childhood, continued
alveolarization by the formation of new 
alveolar septa increases the fine interstitial
network suspending collapsible airways



● Thoracic spine lengthens by 50% during the first 5 years
● Chest volume grows from an original 6% of its final volume at birth

to 30% at 5 years and 50% of the final thoracic space at 10 years
of age

● Chest wall stiffens in the first 2 years of age (acquisition of 
standing posture)

● There is a sternal downshift of the more horizontally positioned ribs
of the infant into a slanting position in the older child





● In the first year of life, the chest wall is nearly three times as
compliant as the lung

● The compliant chest wall offers less resistance to the lung's inward
recoil. 

● As this moves the lungs toward or below the closing volume, that
is, the volume at which atelectasis ensues, the infant actively
defends its FRC, mainly by sustained tonic diaphragmatic activity 
during the entire respiratory cycle.

● This is associated with an increased work of breathing.
● Any increase in respiratory frequency will increase dead 

space/tidal volume ratio



With growth we observe

● Reduction in airway resistance (Raw) with increasing height
● Lung compliance (Clung) increases rapidly with increasing height
● Specific lung compliance,  that is, lung compliance related to the 

functional residual capacity (FRC),  reduces during early infancy and 
remains relatively constant with increasing body length from up to 5 
years of age

● FRC increases by a magnitude of 40 times from 80 to 3000 mL in adults
● Pressure-volume curves change with age



Infants Adults
FRC (ml/kg) 27-30 30-34
Residual volume 20 25-30
Tidal volume 6-8 5-7
Dead-space volume 2-2.5 2.2
Alveolar ventilation 100-150 60
VA/FRC 4-5 1-2

VA per unit of lung volume is higher than in adults:
→ higher metabolic rate (twice the adult), VO2
→ smaller lung volume





Mask ventilation



What to consider during induction

1. Upper airway obstruction: 

Frequent  problem due to child anatomy —> smaller airways, physiological 
tonsillar and adenoidal hypertrophy

Various head positions and maneuvers help maintain airway patency 
during induction

Young children are particularly susceptible 

Watch out for gastric distension during bag ventilation —> best use APL 
valve with < 20 cmH2O



Mask ventilation





Mask ventilation



Apnoeic
oxygenation



 Historically, uncuffed tracheal tubes were preferred in children up to the 
approximate age of 8–10 years. 

 The lack of a cuff allowed for a greater internal diameter, which
translated into lower resistance and decreased work of breathing
during spontaneous ventilation, and greater ease of suctioning
secretions.

 There was also a concern for increased incidence of subglottic injury for 
cuffed tubes, that has been disporven with modern low-pressure cuffs

 The use of cuffed tubes in children is associated with a decreased
incidence of postintubation stridor

Cuffed or uncuffed tubes?



RSII is often more challenging in pediatric patients when compared
to adults because infants and small children have relatively higher
oxygen consumption rates, reduced functional residual capacity
(FRC), and elevated closing volumes, and thus will develop
oxyhemoglobin desaturation more quickly during periods of apnea.

Rapid sequence induction and intubation

Many pediatric anesthesiologists perform a “modified” 
rapid‐sequence induction

Gentle facemask ventilation is performed using low inflation pressures 
(<10–15 cmH2O) until enough time has elapsed for complete 
neuromuscular blockade to be established



What to consider during induction

2. Respiratory drive loss: 

Inhalational induction —> volatile anesthetics significantly suppress minute 
ventilation only at doses around and above 1 MAC 

Intravenous induction with propofol —> difficult to predict effect on the 
respiratory drive even at low doses. At induction doses it invariably 
determines apnea 

Propofol induces skeletal muscle relaxation by central inhibition of motor
pathways and by sodium channel blockade in the muscular sarcolemma



3. Rapid hypoxemia

All anaesthetics (volatile and intravenous except ketamine) reduce 
respiratory muscle activity and tone, starting with the glossopharyngeal 
muscles, involving then the intercostal muscles and finally the diaphragm. 
This leads to a reduction in FRC and a lower tolerance to apneic periods. 

What to consider during induction



Pressure or Volume Controlled Ventilation?

1. VCV
2. PCV

From a historical perspective, pediatric anesthetists prefer
pressure controlled ventilation (PCV) for the fear of high peak
pressures in VCV
No data on outcomes are available for VCV against PCV 

Ventilation during maintenance 



PCV appears the preferred ventilation mode if relevant airway leakage is
potentially present, for example, during ventilation via an uncuffed
endotracheal tube or a laryngeal mask or during lung separation.

VCV can be an advantage in situations when changes in respiratory 
system compliance (CRS) are expected, for example, in case of 
capnoperitoneum or re-positioning.

Ventilation during maintenance 



● What about adaptive modes of ventilation such as PRVC?

● In theory combines the advantages of each without magnifying their disadvantages.

● Advantages:

• Square pressure waveform favours early and sustained lung unit recruitment
• Mean airway pressure is as high as with PCV
• Pressure is minimised for any given prescribed tidal volume
• A minute volume is guaranteed, preserving a degree of control over PaCO2

● Disadvantages:

• A variable patient effort may lead to a highly variable tidal volume

Ventilation during maintenance 





Ventilation during maintenance 

What ventilation parameters to choose?

1. Vt 

No association between Vt and mortality was found when Vt was
dichotomized at 7, 8, 10, or 12 mL/kg. A comparison of patients ventilated
with Vt <7 mL/kg and >10 mL/kg or >12 mL/kg and Vt <8 mL/kg and >10 
mL/kg or >12 mL/kg also showed no association between Vt and 
mortality.



Settings of pediatric ventilation are hardly supported by any scientific
evidence, and therefore, VT should be close to the physiological range 
(5–8 mL/kg IBW)
Based on the available pediatric data, it may be argued that targeting a 
Vt between 6 and 10 mL/kg IBW is justifiable for pediatric ventilation but
that Vt > 10 mL/kg should be avoided

In healthy neonates, the average tidal volume is 4 – 6 ml/ kg with a 
minute ventilation aiming at 0.2–0.3 L/min/kg.

Ventilation during maintenance 



2.RR
The clinician may be encouraged to adjust RR toward a lower limit as high 
RRs can increase dead space.
Consideration of the time constant of the respiratory system
(Tau = CRS · RRS) may be of help in this regard.

The setting of an appropriate inspiratory to expiratory ratio can be based
on the expiratory flow profile.

Ventilation during maintenance 



3.PEEP
The optimal level of PEEP maintains tidal ventilation on the steep slope of 
the P/V curve and thus preserves FRC and respiratory system compliance 
without compromising the haemodynamic function

Ventilation during maintenance 



4. FiO2
The oxygen consumption of spontaneously breathing children under the 
age of 3 years depends on body surface area and heart rate: 130 to 190 
ml/(min · m2). In children > 3 years, the oxygen consumption slightly
decreases to about 160 ml/(min · m2) with gender being a significant
factor as well.
While increasing FIO2  increases oxygen reserve and tolerance to 
hypoventilation, it also accelerates pulmonary derecruitment and masks
worsening V/Q mismatch.

Ventilation during maintenance 



Flow
In order to maximize the benefits of the rebreathing system of the AWS, 
the fresh gas flow should be as low as possible. 
Minimal flow anesthesia (<0.5 L/min) mainly bears the advantages of an 
economic and ecological use of volatile agents.

Ventilation during maintenance 



Modern anesthesia machines have the capability to measure airway
pressures, volumes, and flows using spirometry combined with 
pneumotachygraph technology; however, in most cases these parameters
are not measured at the patient airway but at some point proximal to all the 
connections of the circle breathing system. This configuration introduces the 
potential for significant error in measurement of pressures and tidal volumes, 
particularly in small patients weighing less than 5–10 kg with tidal volumes <100 
mL, because of the compression volume of the circle system. In other words, 
the average plastic disposable circle system has a compliance volume loss of 
1–3 mL per cmH2O of pressure during inspiration; as much as 60 mL tidal
volume is delivered not to the patient but rather to the circle system.

Be careful!



Dead Space

Dead space, when using a circle anesthesia circuit to provide conventional ventilation, is
any portion of the breathing circuit or lungs where there is bidirectional gas flow without gas 
exchange.
In a healthy, intubated infant ventilated using a circle anesthesia system, total dead space
includes the volume in the circuit distal to the Y-piece, the tracheobronchial tree distal to 
the endotracheal tube, and any alveoli in Zone 1.

The clinical significance of increasing the dead space to tidal volume ratio (Vd/Vt) is an 
exponential increase in the PaCO2 as Vd/Vt increases, or an exponential increase in minute 
ventilation required to maintain a normal PaCO2.
Increased dead space also increases the gradient between endtidal and arterial carbon 
dioxide measurements such that endtidal CO2 monitoring is a less reliable predictor of 
PaCO2 as dead space increases



Dead Space





● As a rule of thumb, if dead space is more than 1/3 of the TV, CO2 will
rise steeply

● Cutting the ET tube has been used for years but for a 3.5 ET a one-cm 
reduction avoids only 0.1 ml dead space

● Humidifiers are required

Dead Space



OLV in kids

Fibroscope diameter/BB diameter/ET ID

• Fbs consider OD

• ETT  consider ID
For efficacious pass: ODB/IDTT < 0.9
To have residual ventilation: ODB/IDTT < 0.7
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