TurIonls

VENTILATOR AND ITS WORKING PRINCIPLES




INTRODUCTION (Define)

Definition: A mechanical ventilator is a machine that assists

or replaces spontaneous breathing by delivering O2-rich air

into the lungs and removing COZ2.

Purpose: Used in cases of respiratory failure, surgery, or

critical illnesses to sustain life.

Importance: Essential in ICUs, emergencies, and long-term

care; helps maintain gas exchange when natural breathing is

insufficient.

Mechanical ventilator

blows air, or air with increased
Endotracheal tube goes  oxygen, through tubes into
through patient's mouth the patient’s airways
and into the windpipe

Nasogastric tube goes
through patient’s nose
and into the stomach

Air flowing to the patient
passes through a humidifier,
which warms and moistens

Exhaled air flowing
away from the patient
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History of Ventilators

* Early Developments: Iron lung (1920s-1930s) used negative pressure to assist breathing
during polio epidemics.

« Shift to Positive Pressure: 1950s onward, with advancements during the polio crisis; modern
ventilators evolved from anesthesia machines.

* Key Milestones: 1960s - Volume-controlled ventilators; 1970s - Microprocessor integration for
precise control; Today - Portable and smart ventilators with Al features.

* Evolution: From bulky negative-pressure devices to compact positive-pressure systems for

invasive and noninvasive use.



Types of Ventilators PN

@ Mechanical ventilator

* Invasive Ventilators I

* Noninvasive Ventilators

@ Endotracheal tube

* Transport Ventilators

* Home Ventilators

© Air flowing
to the patient

* Classification by Function:
— Volume-cycled,
— pressure-cycled
— time-cycled

@ Exhaled air flowing
away from the patient



Components of a Ventilator o

Gas Source
Breathing Circuit
Control System
Monitors and Alarms

Power Supply

Humidifier

Support arm
Inspiratory port with filter
Active humidifier

Inspiratory line with watertrap
Y-piece

Expiratory line with watertrap
Expiratory port

Flexible connector
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Proximal flow-pressure sensor
Nebuliser
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Fig - A mechanical ventilator for intensive care, with the external circuit
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Working Principle - Overview

TUTIONS

* Basic Mechanism: Ventilators use positive pressure to inflate lungs (inspiration) and allow
passive deflation (expiration).

* Pressure Gradient: Air flows from high pressure (ventilator) to low pressure (lungs); based on
airway resistance and lung compliance.

e Cycle: Inspiration phase delivers breath; expiration phase vents COZ2.

 Key Equation: Pressure = Flow x Resistance + Volume / Compliance.



Working Principle - Overview

Mechanical ventilator Ventilators work by delivering oxygen directly to the lungs. They can also be
programmed to pump out carbon dioxide for patients who are unable to exhale
on their own.

The patient’s

heart rate, Ventilators are set to pump air into the lungs

IeEp=IChitale, a certain number of times per minute.

and blood :

pressure are / ) ,

monitored V4 ' Positive air

constantly. £ /’/ & pressure is
/ / maintained to

i/ help prevent

oxygen small air sacs

supply (alveali) in the

d intubation flow sensor lungs from

tube P collapsing.

— \ 1y,
. Y

A mixture of air

and pure oxygen is
pumped through inspiratory
the tube. flow

The air is warmed

humidifier and humidified.

inflatable cuff
secures tube trachea © Encyclopaedia Britannica, Inc.
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Positive Pressure Ventilation

TUTIONS

How It Works: Ventilator pushes air into lungs via positive pressure, unlike natural negative-

pressure breathing.

Phases:
— Inspiration: Constant pressure or volume until set limit.

— Expiration: Valve opens, lungs recoil passively.

Advantages: Precise control of oxygen delivery and CO2 removal.

Risks: Barotrauma if pressure too high



Modes of Ventilation

TUTIONS

* Volume-Controlled: Delivers fixed tidal volume; pressure

varies.

* Pressure-Controlled: Delivers fixed pressure; volume Ventilation

varies based on lung compliance. . o
Control Mode Spontaneous Mode

* Assist-Control: Patient-triggered breaths with full support. |, - - T Pt

Control Control Support

e SIMV (Synchronized Intermittent Mandatory

Ventilation): Mix of mandatory and spontaneous breaths.

* CPAP/PSV: Continuous pressure for noninvasive support.



Design Thinking - Define Stage YOS

Purpose: Clearly define the problem to guide

= Learn about users e
innovation in ventilator design. o though testing g
/f///fr._v“\\ //f”Testf‘creaTenew R ::\
Problem Statement: Patients with respiratory failure ,’,’g;%ggfg;iﬁj:g gg; 0 dessfortheproiect N

need reliable, safe, and adaptable breathing support to

prevent hypoxia and hypercapnia.

L) L
Learn from I !

Key Elements: User needs (e.g., portability for home \‘ \Ei‘mmispikj
use), constraints (cost, ease of use), and empathy N
B redefine the problem _ - .

mapping for patients/doctors.
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Design Thinking - Ideate Stage e

Purpose: Brainstorm diverse ideas without judgment

e Learn about users s

to innovate ventilator solutions. e through esting e
/f///fr._v“\\ //,”Testf‘createnew R :\\
Techniques: Mind mapping, sketching, group sessions. ;’;’jj%ﬁg‘ﬁ;iﬁ;mi'rﬁ: 7 easortheproect N\

Ideas Generated: Portable battery-powered units, Al-

@ﬂ>

monitored modes, low-cost DIY designs using 3D

Learn from
printing, noninvasive hybrids. 5 Ay pa,rkff H
Focus: Quantity over quality; e.g., integrate sensors for R

real-time adjustments or modular components for

easy maintenance.
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Monitoring, Alarms, and Complications D

* Monitoring: Tracks tidal volume, peak pressure, PEEP,

FiO2, and patient synchrony.

e Alarms: For high/low pressure, disconnection, apnea,

or low battery.
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« Common Complications: Ventilator-associated l I -
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pneumonia, barotrauma, volutrauma, oxygen toxicity.

* Prevention: Regular checks, humidification, and

weaning protocols.




Applications and Importance WS

 Clinical Uses: ARDS, COVID-19, post-surgery, trauma,

Acute Respiratory Distress Syndrome (ARDS)
Alveolar Changes

chronic respiratory diseases. Alveolus n

Healthy alveolus Acute Lung Injury

« Importance: Saves lives by supporting vital functions;

enables other treatments during critical care.

e
* Future Trends: Al integration for predictive | ;rﬁ

adjustments, telemonitoring, and eco-friendly designs.

e Global Impact: Crucial in pandemics; over 100,000 NSRS PR tvncs o

Increased endothelial
permeability

units used worldwide during peaks.




S U M MA RY ryr/§/v3

Ventilators assist breathing by delivering oxygen and removing CO2 using positive pressure.

Key components include gas sources, circuits, controls, and monitors.

Working principle relies on pressure gradients for inspiration and passive expiration.

Design Thinking: Define focuses on problem clarity; Ideate generates innovative ideas for better

ventilators.

Essential in critical care, with modes like volume- and pressure-controlled for tailored support.
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