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Regular readers of this column will be aware of my preference 
for high-frequency ventilation (HFV) for lung protection. Indeed, I 
have not routinely used conventional ventilation (CV) for over 15 
years. That being said, I realize there are many units that either 
do not have access to HFV or only use these modes as “rescue 
therapy.”

Years before HFV was available to me as a clinician, CV was 
the only option for my patients. Initially, only basic IMV ventilators 
were available, and it was not until the 1990s that patient synchro-
nized modes were introduced. Virtually all intubated babies were 
started at a respiratory rate of 40-60, peak inspiratory pressure 
(PIP) of 20, inspiratory time (Ti) of 0.4 seconds, and PEEP of 5. 
The rate was decreased before PIP; neither PEEP nor Ti was vir-
tually ever changed. Unfortunately, one size does not fit all.

The first of these modes was synchronized intermittent manda-
tory ventilation (SIMV). The first attempts at synchronization used 
abdominal sensors and did not work very well (in fact, we had 
no success with them whatsoever). Only when flow sensors ar-
rived on the scene did synchronization became reliable, and more 
modes quickly became available, such as assist-control (A/C) and 
then pressure support. (PS). A flow sensor inline allowed clini-
cians to monitor delivered tidal volumes (VT) and eventually led 
to volume-targeted ventilation, commonly referred to as volume 
guarantee (VG). As well, flow triggering became the norm, being 
much more sensitive than pressure triggering.

Historically, ventilation was adjusted based on the amount of 
chest excursion. Seeing how much volume was actually being de-
livered was a revelation. It was soon realized that high VTs were 
being delivered even at relatively low pressures, and “adequate” 
chest excursion was a crude estimate, often delivered very high 
(and damaging) VT. Before VG was introduced, volumes were tar-
geted manually, often at 5-6 ml/kg. While this volume is accept-
able in the older infant population, decreasing gestation age calls 
for decreasing VT since usable lung volume decreases and little 
volume is required to damage conducting airways. It was not long 
before the unit where I practice began using a fairly standard 4 
ml/kg target.

Twenty-five years after its introduction, SIMV is still used in some 
units. As I near retirement age, it occurs to me that it is also time 
for SIMV to be retired as a standard mode. As the rate increas-
es, the synchronicity of SIMV decreases. Once a rate of 40 is 
reached, there is little “window” time for the machine to synchro-
nize, and breath stacking may occur. A/C provides more stable VT 
(when VG is not used), decreases work of breathing, and better 
facilitates weaning. (1)

PS provides even better synchronization because the delivered 
breath is terminated based on flow. (1)Thus, the infant is afforded 
more control of their breathing, and the lung is better protected 
because it is the infant that decides when they’ve had enough VT. 
A caveat when switching to PS from A/C is that mean airway pres-
sure (MAP) is decreased. As a result, an increase in PEEP may 
be required to maintain optimal lung inflation. (2)

Using the VG adjunct provides the highest level of lung protec-
tion; however, this too comes with a caveat: the lung must be 
adequately recruited. If lung recruitment is only at 50%, then a 
“protective” VT of 4 ml/kg is really 8 ml/kg and is not protective 
at all. It has taken a long time for clinicians to recognize this and 
adjust PEEP levels accordingly. Nevertheless, “PEEPophobia” is 
still a widespread malady and is the antithesis to lung-protective 
ventilation in any mode.

In the extremely small/premature infant, it stands to reason that 
VT should also be small. If forced to use CV in this population, 
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I prefer to use 3 ml/kg, shorter Ti (when using A/C), and higher 
rates. Ti is adjusted using flow graphics to minimize breath holding 
at end inspiration. This, at least in theory, should reduce gas trap-
ping and volutrauma. Again, adequate functional residual capacity 
(FRC) must be maintained, and lower Ti and accompanying lower 
PIP required with lower VT may require higher PEEP. Longer Ti 
may be used with PS since the baby controls breath termination, 
and a longer Ti allows the baby to draw a larger breath if desired.

An important consideration when using ventilators with flow sen-
sors is the quality of the signal provided to the machine. Contacts 
on the flow sensor and/or the flow sensor cable can corrode or have 
poor connections, providing inaccurate measurements (a problem 
with hot wire anemometer sensors). Sensors may calibrate suc-
cessfully but still measure inaccurately. Water accumulation may 
also interfere with accurate flow measurement regardless of the 
device. Cables on hotwire anemometers should not be positioned 
dependently; similarly, pressure lines from a pneumotachometer 
should also be positioned in an upright orientation. Once again, 
the quality of the flow graphic is related to the quality of the signal. 
Be suspicious if a machine is consistently using full PIP to deliver 
the set VT, which may indicate a poor signal. If pressing the cable 
into the flow sensor results in lower PIP and a better flow graphic, 
it indicates either the flow sensor or the cable (or both) should be 
changed. Any signal dampening will also reduce trigger sensitivity, 
thus increasing work of breathing and asynchrony.

Even the most sophisticated ventilators can still be fooled by the 
accumulation of water in the circuit. Water sloshing back and forth 
can cause auto-triggering and should be suspected if an infant’s 
respiratory rate is consistently high.

Perhaps one of the most controversial lung-protective strategies 
is permissive hypercapnia. While widely used, what constitutes 
permissive hypercapnia is a matter of debate. PaCO2 of 45 -55 
mmHg is widely cited, but much higher levels are often allowed. 
Low CO2 is associated with reduced cerebral blood flow, while 

high CO2 results in cerebral vasodilation and may promote vessel 
leakage, resulting in brain injury. Hypercapnia also impairs cere-
bral blood flow regulation. (3)

Just how high or low PaCO2 must be to result in damage depends 
on several factors. Rapid changes in PaCO2 are inadvisable as 
it stands to reason reperfusion injury may result similar to that 
following hyperoxia. Gestational age likely also plays a part with 
more premature infants being more susceptible to injury, particu-
larly during the critical first 72 hours. For instance, a term or near-
term infant can rapidly drop their PaCO2 during a crying fit with 
no discernable effect. I have personally ventilated infants with 
severe compensated respiratory acidosis (PaCO2 > 80 mmHg) 
and regularly allow PaCO2 to rise into the 70s. This practice has 
not appeared to result in neurological sequelae based on rates of 
interventricular hemorrhage or periventricular leukomalacia. I be-
lieve the key here is a gradual increase in PaCO2, allowing for pH 
compensation and avoidance of high or low levels during the first 
week of life, particularly in the micro-prem. Nevertheless, severe 
hypercapnia has been linked to white matter injury, and clinicians 
should proceed with caution until the risk-benefit ratio is better 
established. There is no question that maintaining “normal” CO2 
levels by increasing mechanical ventilation results in further lung 
damage.

The current shift towards early extubation and non-invasive sup-
port (and avoidance of intubation entirely) is likely to result in im-
proved outcomes, particularly in units where HFV is not routinely 
used. As discussed in a previous column, this may not be the case 
in the sub-25-week gestation strata. (4)

In summary, if using CV in the premature population, lung dam-
age may be reduced by using low volumes with volume-targeted 
ventilation, using fully synchronous modes such as PS or A/C, 
optimizing PEEP, avoidance of over-ventilation/hypocapnia, judi-
cious permissive hypercapnia, and extubation at the earliest op-
portunity. As with any mode of respiratory support, avoidance of 
high FiO2 is also advisable.
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