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Brief History Lesson

"Many children, especially those prematurely born, 
die from inability to expand their lungs sufficiently 
when they take their first breath. I have no doubt 
that in many of those cases, lives could be saved 
by starting the respiration artificially.“ – Alexander 

Graham Bell



Why do we ventilate neonates?

´Oxygenation 
´Co2 elimination
´Overwhelming Work of Breathing
´Apnea (Poor Respiratory Drive)

´RDS (HMD) primary reason initial 
intervention is needed

´BPD (CLD) primary reason secondary 
intervention is needed



How did we get 
here?

´ First infant mechanical ventilators 
have been documented as early as 
1800’s  



Negative 
Pressure
1889: Egon Braun & Alexander 

Graham Bell

1929:  Drinker and Shaw

Early 1950’s Bloxsom air lock 
(Similar to the Iron Lung)



Continuous Mandatory Ventilation

´ 1950’s and 60’s showed the use of CMV, but were disappointing with initial 
outcomes

´ 1971: Gregory and Colleagues used CPAP for RDS with dramatic 
improvement in outcomes



Intermittent Mandatory Ventilation

´ 1971: Started from T-piece resuscitator
´ Reduced the need to paralyze neonates
´ Ventilators from 1971-1995 operated on IMV principles



Today’s Ventilator

´ After 3 decades following the advent of the microprocessor, improvements 
to the neonatal ventilator include:

´ Patient trigger ventilation
´ Vt monitoring at the proximal airway
´ New Vent modes

“While a tremendous amount of resources have gone into …these 
devices…have these advances actually improved outcomes for Neonates?



Conventional Vent Modes Today

PC-CMV

1
VC-CMV
(includes volume 
targeted)

2
PC-IMV

3
VC-IMV
(includes volume 
targeted)

4
CSV
(includes any 
spontaneous mode)

5

Preferred RC Journal Nomenclature



CMV   v.   IMV

´ From 1996-2000  multiple studies conducted show “Less Vt variability, shorter 
weaning times, lower WOB, better blood gas values and vital signs than 
IMV.

´ 2008: Cochrane meta-analysis (Greenough)

No significant differences in morbidity or mortality



Pressure    vs.    Volume

´ 2007 (Baraldi):  Short term exposure to volutrauma initiates lung 
inflammation in premature infants even after only a few minutes of manual 
resuscitation

´ As few as 3 over-distending breaths at birth compromised the therapeutic 
effect of subsequent surfactant in an animal model of prematurity

´ 2010: Cochrane review of 12 RCTs compared volume  vs. pressure
´ Volume showed a reduction in combined outcome of death or chronic 

lung disease
´ Pneumothorax

´ Vent days
´ Grade 3-4 IVH



CSV  (Pressure/Volume Support)

Pros:
Useful with infants that have high 
airway resistance ie. BPD who are 
prone to gas trapping
Nicks et al:  CSV vs IMV

Lower airway pressure

Improved Vt and compliance
Weaned and extubated quicker

Decreases WOB
Allows for more natural breathing

(Sigh breaths)

Cons:

Olsen et al:    CSV vs IMV

Increased RR and Mve

Required higher MAP

“PSV as a stand-alone mode, even when 
combined with volume guarantee, may 
place the patient at a greater risk (for) 
developing atelectasis.” -Diblasi



HFOV
´ A 2010 Cochrane review of over 3200 total patients with the use of

elective HFOV vs conventional ventilation showed no difference in:
´ Death or BPD at 36 weeks corrected age

´ Death or grade 3-4 IVH
´ Death, severe neurologic adverse event, or BPD at 36 weeks corrected

´ However when used early HFOV(within 4 hours) showed a reduction in:
´ Death

´ BPD
´ Air leaks

´ ROP

´ Peacock et al. Reported improved PFT in survivors randomly assigned to HFOV 
vs Conventional ventilation at 11 and 14 years of age



HFJV

´ Must be used in conjunction with conventional vent to deliver PEEP, entrain     
gas and provide intermittent sigh breaths (recruitment)

´ Primary use for Pulmonary Interstitial Emphysema
Associated with lower mortality and quicker time to resolution of PIE – Kezler

1998 Meta Analysis:  HFJV was associated with less BPD at 36 weeks corrected in 
survivors

These HFV studies need to be repeated against the routine use of VC ventilation 



NCPAP
´ 2013 Fischer:  Analyzed RCT’s published in peer reviewed journals and 

found Strategies aimed at avoiding (intubation) in infants <30 weeks’ GA 
have a small but significant beneficial impact on preventing BPD.  

´ Columbia Medical Center neonatal intensive care unit has one of the 
lowest rates of bronchopulmonary dysplasia in the world: between 4% and 
8% versus the national average of 24% to 30% - Jen-Tien Wung



Neurally Adjusted Ventilatory Assist
(NAVA)

´ NAVA uses electrical activity of the diaphragm to determine the timing and 
magnitude of the inspiratory pressure delivered.

´ Lower peak pressure and O2 requirements using NAVA compared to CMV 
in neonates less than 1500 grams. – Stein 2012

´ “In our population of infants weighing <5 kg who underwent cardiac 
bypass surgery…NIV-NAVA mode allows good synchronization after 
extubation…a better reduction of the work of breathing by this mode 
compared with nasal CPAP” - Resp Care  Feb. 2015



Nasal HFOV

´ 2014: a Canadian network of four neonatal units published the largest series 
of NHFOV-treated neonates so far.

´ This uncontrolled study involved 52 neonates for a total of 79 instances of 
NHFOV. 

´ These patients were given NHFOV predominantly because of hypoxemic 
spells and/or gas exchange derangement.

´ Results:   The number of spells decreased within the first 6 hours of NHFOV 
and that 58% of patients were successfully transitioned to conventional NIV 
after a period of NHFOV. Need for oxygen and PaCO2 also improved.



APRV

´ Many case reports with success

´ APRV is primarily used as a rescue ventilation mode in children. Neonatal 
evidence is limited; however, the present (report) indicates that APRV is 
feasible in very low birth weight infants.  Gupta et al



HFPV  (VDR)

´ Case studies of use: (Rizkalla et al)

´ Significant reductions in OI

´ Lower airway pressures
´ Reduction in PCo2   



Liquid Lung Ventilation
´ 1996:  Ten infants received partial liquid ventilation for 24 to 76 hours. 
´ Within one hour:

Arterial oxygen tension increased by 138 percent 
Dynamic compliance increased by 61 percent; 
Mean oxygenation index was reduced from 49 to 17

´ There were no adverse events clearly attributable to partial liquid 
ventilation. 

´ Infants were weaned from partial liquid to gas ventilation without 
complications. 

´ Eight infants survived to 36 weeks' corrected gestational age.

´ “Partial liquid ventilation leads to clinical improvement and survival in some 
infants with severe respiratory distress syndrome who are not predicted to 
survive.”
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