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Learning Objectives

Describe the historical 
development of 
negative and positive 
pressure ventilators

1

Review the progressive 
generations of modern-
day positive pressure 
ventilators

2

Describe the 
technological capacity 
ƻŦ ǘƻŘŀȅΩǎ  L/¦ 
ventilators

3

Predict the future 
direction of mechanical 
ventilation 

4





First know manual resuscitator: 1740

Simple bellows unit

Rate controller

I-time



First Negative Pressure Ventilators Mid/Late 1800s
Negative pressure was manually pumped in and out of the box

Robert M Kacmarek

Respiratory Care August 2011, 56 (8) 1170-1180; DOI: 

https://doi.org/10.4187/respcare.01420

Pressure gauge 



Chest rise observation

²ƻƛƭƭŜȊΩǎ 
Spirophone(Germany) 1876

Robert M Kacmarek

Respiratory Care August 2011, 56 (8) 1170-1180; DOI: 

https://doi.org/10.4187/respcare.01420



Grumman First successful ventilation of anesthetized rabbit 1910

spirometer

AARC Gallery

Tidal 
volume



5ǊŀƎŜǊΩǎ
Pulmotor, 1911

First resuscitation ventilator: Used for
near drowning, CO poisoning, 
high altitude sickness

Robert M Kacmarek

Respiratory Care August 2011, 56 (8) 1170-1180; DOI: 

https://doi.org/10.4187/respcare.01420



2024

Hamilton T-1 Transport Ventilator



Drinker and Shaw Iron Lung:1929

Permission Felix Kudshid RRT



Last of the Iron Lung:L



Major inventions late 1920s



Mechanical Ventilation 1920-1950

ǐConfined to the OR suite

ǐAnesthesia

ωRubber self-inflating bags

ωFlow inflating bags



1953 Polio Epidemic:
Changed the Trajectory of Mechanical 

Ventilation



Multi -person Negative Pressure Ventilator

Boston Children's Hospital

Robert M Kaczmarek

Respiratory Care August 2011, 56 (8) 1170-1180; DOI: 

https://doi.org/10.4187/respcare.01420



Rocking Bed Ventilation  

1957 

Christmas Card

Permission: Felix KHUSID RRT

Rocking bed:
Speed of bed movement =rate
Angle of bed movement =tidal volume



Pneumomotor Chest Cuirass with Rocking 
Bed 



Doubled as a canister vacuum cleaner 

Permission Dr. Jack Emerson



Clinical Endpoint/Ventilatory 
Parameters via Negative Pressure 

Ventilators
ǐClinical endpoint

ωSurvival!!

ǐVentilator parameters

ωSupplemental oxygen via cannula/tubing

ωNegative pressure adjusted via chest rise

ωNo ABGs/tidal volume measurement/artificial 

airway avaiable



Demise of Negative Pressure Ventilation

Problems with negative pressure exceeded benefits: Outcome poor compared to positive pressure 
ventilators utilized in Sweden and other parts of Europe:73% to 17% survival!!

Large, cumbersome

Difficult to avoid leakage

Cooling of body surface

Difficult to maintain consistent ventilation

Generally unable to consistently generate high pressure and maintain PEEP

Limited assess to patients

Pooling of blood in the thoracic/abdominal cavities



Kenny in 1st grade:J



Mechanical Ventilators

ǐ1st Generation ï Early 1960ôs thru mid 

1970ôs

ǐ2nd Generation ï Mid 1970ôs thru early 

1980ôs

ǐ3rd Generation ï Early 1980ôs thru mid 

1990ôs

ǐ4th Generation ï Mid 1990ôs thru 2010

ǐ5th Generation-current



First Generation

ǐControlled Mechanical Ventilation ONLY

ǐLimited monitoring

ǐNo alarms

ǐAll simple mechanical devices (pistons, rods, 
sednoids)

ǐFirst application of PEEP

ǐMachine variables(rate) had to be counted ï
could not be set

ǐI/E ratio fixed @ 1:2



Engstrom Ventilator-Weight 500 lbs!!!

First computers

Robert M Kaczmarek

Respiratory Care August 2011, 56 (8) 1170-1180; DOI: 

https://doi.org/10.4187/respcare.01420

Wheeled in via a cart



The Bird Mark 7 being used as a pressure ventilator
Set I-time for rate and flow for pressure.



Vietnam Conflict



Application of
PEEP -
Ashbaugh, Petty 1967
During Vietnam Conflict
Improved survival rate 
of injured combinations 

Baby 
Bottle PEEP

Pressure gauge



Common Vietnam Conflict Ventilators

Volume target Pressure target



Second Generation 1970-1980

Assist/ 
Control 

Ventilation

Simple 
monitoring

Basic 
alarms

External 
IMV at end 
of period

Demand 
valves

Integrated 
IMV or 
SIMV



Emerson 
Post-op
Ventilator

Dr. Jack Emerson



Personal Library

Humidification pot

Rate controller



Spirometer



Baby Bird-developed by Dr. Bird was responsible for saving >10,000 babies its first year

Personal Library



Puritan Bennett MA -1

Personal Library



Clinical Endpoints/Ventilatory 
Parameters

ǐNormal ABGs

ǐNo concern of airway pressure or VILI

ǐMinimal use of PEEP 5-8cm (external)

ǐNo waveforms

ǐOnly A/C mode

ǐMinimal patient triggered breaths

ǐMinimal alarms

ωHigh pressure alarm

ωDisconnect alarm



Typical Ventilator Settings

ǐCMV 10-15cc/kg/IBW x 10-20 3-5cm 

PEEP

ω500-1000cc x 15-30 100% 5cm 



Third Generations Ventilators

ǐMore complex

ωDiverse way to delivery gas

ǐAddition alarms 

ǐAbility to perform pressure and target 
ventilation with a single device

ǐDevelopment of IMV

ǐImplementation of ICU rounds

ǐBeginning to understand ventilator induced 
injury



Gill Ventilator
utilized magnetic 
weights

Personal Library



Mohaghan225 

Ventilator: 



Servo 900 B-first volume ventilator that could 
provide PCV and measure exhaled tidal volume

ǐPersonal Library
Professor Björn Jonson



IMV 

Revisor bag for patient
To obtain gas



Origin of ICU rounds

Me?


