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Definition

• A more modern and correct name for an anesthesia machine is an 
anesthesia delivery system.

• The job of the first anesthesia machines was to supply a mixture of 
anesthetizing and life-sustaining gases to the patient.

• A modern anesthesia delivery system performs these functions

and also ventilates the patient and provides a number of monitoring 
functions.                                                                                            
The most important purpose is to help the anesthesiologist keep the 
patient alive, safe, and adequately anesthetized.

• Anesthesia machines have become rather standardized. 

• Currently there are two major manufacturers in the United States: 
Drager and Datex-Ohmeda.



Aim

• Leaving out the safety features and monitors, the 
anesthesia machine is divided into three sections:

1. A gas delivery system that supplies at its outlet a 
defined mixture of gases chosen by the anesthesiologist

2. The patient breathing system, which includes the 
patient breathing circuit, absorber head,ventilator, and 
often gas pressure and flow monitors

3. A scavenger system that collects excess gas and 
expels the gas outside the hospital,reducing the 
exposure of operating room personnel to anesthetic 
gases



Gases delivery

• Oxygen (O2) and nitrous oxide (N2O) are available on 
almost every anesthesia machine. 

• Most Commonly the third gas is air, but it can also be 
helium (He), heliox (a mixture of He and O2), or nitrogen 
(N2). If the third gas does not contain O2 (as do air and     
heliox), it is possible to deliver a (dangerous) hypoxic 
mixture to the patient.

• Usually the gas source for anesthesia machines in 
hospitals is from a centralized wall or pipeline supply. An 
emergency backup supply of gases is stored in tanks 
called E-cylinders attached to the rear of the anesthesia 
machine. These tanks should be checked daily to ensure 
that they contain an adequate backup supply in case of 
pipeline failure.



E Size Compressed Gas Cylinders IN U.K

Cylinder Characteristics Oxygen Nitrous Oxide Carbon Dioxide Air

Color-(shoulder) Black-white 

(green in us) 

Blue Gray   Gray 

(Black/White )  

yellow in us

State Gas Liquid and gas Liquid and gas Gas

Contents (L) 625 1590 1590 625

Empty Weight (kg) 5.90 5.90 5.90 5.90

Full Weight (kg) 6.76 8.80 8.90

Pressure Full (psig) 2000 750 838 1800



Cylinder Characteristics Helium Entonox (o2+n2o) Heliox(o2+helim)

Color-shoulder brown Blue-(white+blue) Black-(white+brown)

State Gas Gas Gas

Contents (L) - - 600

Pressure Full (bar) 137 137 137



Anesthesia machine in U.S



Gas Supply

Wall Connection

Check Valve

Regulator

Pressure Gauge



Second-Stage Reducing Device

• Located just upstream of the flow control 

valves

• Receives gas from the pipeline inlet or the 

cylinder reducing device and reduces it 

further to 26 psig for N2O and 14 psig for 

O2

• Purpose is to eliminate fluctuations in 

pressure supplied to the flow indicators 

caused by fluctuations in pipeline pressure



Vacuum Insulator liquid oxygen 

tank



Statistics

• Mishaps account for only about 2% of cases in the American Society 
of Anesthesiologists' (ASA) Closed Claims Project database . 

• The breathing circuit was the most common single source of injury 
(39%); nearly all incidents were related to misconnects or 
disconnects.

• A misconnect was defined as a nonfunctional and unconventional 
configuration of breathing circuit components or attachments. In 
decreasing frequency, other causes involved vaporizers (21%), 
ventilators (17%), and oxygen supply (11%). 

• Other more basic components of the anesthesia machine were 
responsible in only 7% of cases.

• It should be noted that all malpractice claims involving the 
anesthesia machine, oxygen supply tanks or lines, and ventilators 
took place before 1990; claims involving breathing circuits and 
vaporizers continued to occur after 1990. 



Safety

• Different machine manufacturers have different 
ways of protecting the patient from hypoxic 
mixtures. 

• The Drager’s ORMC (oxygen ratio monitor and 
controller) senses the oxygen flow rate and 
controls N2O flow pneumatically. 

• Datex-Ohmeda’s Link-25 system mechanically 
linksthe O2 and N2O flow knobs to ensure that 
the proportion of N2O to O2 remains in a safe 
range as the N2O flow is increased.



O2    function in anesthesia machine

• Contributes to the fresh gas flow

• Provides gas for the O2 flush

• Powers the low O2 alarm

• Controls the flow of nitrous oxide

• Powers the fail-safe valves

• Is the driving gas for the ventilator



O2 Supply Safety Features

• Fail Safe Valve

– Interface between Oxygen and Nitrous Oxide

– Minimum Oxygen conc. is 23-25%

– Decreases proportionally or shuts off all other 

gases if Oxygen supply pressure drops

• Datex-Ohmeda-pressure sensor shut-off

– threshold

• Drager-oxygen failure protection device

– proportioning



Safety features of modern anesthesia machines

• Color-coded pressure gauges

• Color-coded flowmeters

• The O2 flowmeter controlled by a single touch-coded knob

• O2 is the last gas to be added to the mixture

• Airway pressures and FiO2 monitoring

• N2O is cut off when the O2 pressure is low

• O2 and N2O have ratio controller

• Pin index safety system for cylinders

• DISS or NIST for pipelines

• Alarm and N2O shutoff for failure of O2 supply

• Ventilator disconnection alarm

• At least one O2 cylinder on the machine



Safety
• All wall-supply gas connectors are keyed so only the O2 supply hose can 

be plugged into the O2 connector on the wall, the N2O hose into the N2O 
outlet, and so on. This is known as a Diameter-Index-Safety-System (DISS).

• The gas cylinders are keyed using a Pin-Index-Safety-System (PISS—no 
kidding) so that only the correct tank can be attached to the corresponding 
yolk on the anesthesia machine, assuming that the pins have not been 
sheared off!

• These safety systems should be backed up by a monitor that measures the 
delivered concentration of oxygen in a mixed gas. It is this monitor that is 
most critical in preventing delivery of a hypoxic gas mixture.

• Requiring the O2 knob to be in the same relative position on all anesthesia 
machines decreases the risk of the anesthesiologist turning the wrong knob.

• In the United States the O2 flowmeter must always be on the right, closest 
to the point of egress into the common gas manifold, just proximal to the 
anesthesia vaporizers. With the O2 flowmeter in that position, most leaks 
will tend to selectively lose gases other than O2. 

• This configuration is least likely to deliver a hypoxic gas mixture. Again, the 
best way to detect a hypoxic gas mixture is through use of an oxygen 
analyzer.



Flowmeter Knobs

• Same order as 
flowmeters

• Same colors

• Oxygen feels different; 
fluted, larger, projects out 
beyond others



O2 Supply Safety Features

– Flowmeters

• Arranged in a 
specific order-oxygen 
is last

– Minimizes chance of 
hypoxic mixture*

*The safest configuration exists when oxygen is in the downstream

Position.(Eger,Hylton RR, Irwin RH, et al:  Anesthetic FlowMeter

Sequence--A Cause for Hypoxia.  Anesthesiology 24:396, 1963.)



DISS

• Series  of increasing and decreasing diameters in 

the components of the connections

• Specific  diameters act in a key-like fashion, so the 

fittings within the gas service "family" (suction & 

evacuation included) will connect only with their 

own "family members"



Diameter Index Safety System



PISS

• Each type of gas cylinder has a 
specific arrangement of protruding 
pins on the yoke hanger that must 
seat in the matching depressions on 
the cylinder head 



PIN-INDEX SAFETY SYSTEM



Scavengers
• Except in a close-circuit situation, gas is always entering and leaving the 

anesthesia breathing circuit. The exhaust gas is a mixture of expired gas from 
the patient and excess fresh gas that exceeded the patient’s needs but 
contains anesthetic agent.

• To reduce exposure of operating room personnel to trace amounts of 
anesthetic agents, it is considered appropriate to capture and expel this 
anesthetic-laden gas from the operating room environment. 

• The device used to transfer this gas safely from the breathing circuit into the 
hospital vacuum system is called a scavenger. Because of the periodicity of 
breathing, gas exits the breathing circuit in puffs.

• The scavenger provides a reservoir for the exhaust gas until the exhaust or

vacuum system, which works at a constant flow rate, can dispose of the gas. 
The scavenger must also prevent excess suction or an occlusion from 
affecting the patient breathing circuit. It does this by providing both positive 
and negative relief valves. Thus, if the vacuum system fails or is adjusted to 
too low a rate, back pressure exits through a positive-pressure relief valve. 
(Granted it contaminates the operating room, but that problem is minimal 
compared to blowing the patient’s lungs up like a balloon.) 

• If the vacuum is adjusted too high, a negative-pressure relief valve allows room 
air to mix with the exhaust gas, preventing buildup of more than a 2.5 mm Hg 
suction at the breathing circuit.



Scavengers 



Methods of scavenging
Passive scavenging. 

• Tubes from the expiratory valve of the 
patient circuit lead to outside.

• Advantage 
– Cheap to install. 

• Disadvantage.
– Ineffective. 

– High expiratory resistance. 

– Can obstruct expiration. 

– Not acceptable now. 



Methods of scavenging

Passive with adsorption

• The tube from the expiratory valve now goes to a 
canister of activated carbon.

• Advantage. 
– Effective adsorption of halogenated hydrocarbon 

anesthetics. 

– Simple and portable; fills the gap when moving the 
machine with the patient connected. 

• Disadvantage 
– High resistance. 

– Needs frequent changing

– Will not adsorb N2O 



Methods of scavenging
Active scavenging

• A central vacuum draws the gases away 

from the expiratory valve. The suction flow 

must be at least 30 L/min.

• Advantages.

– Very effective (now really the only acceptable 

method)

– Minimal resistance to breathing

• Disadvantage 

– Fairly expensive to install (a reasonable 

system is around $3000). 



CO2 absorber

• Function- makes rebreathing 
possible, thus conserving gases and 
volatile agents, decreasing OR 
pollution, and avoiding hazards of 
carbon dioxide rebreathing. Soda 
lime- Activator is NaOH or KOH. 
Silica and kieselguhr added 
as hardeners. Indicators for 
SodasorbTM (such as ethyl violet) 
are colorless when fresh, and purple 
when exhausted, because . of pH 
changes in the granules Develop a 
carbon dioxide absorber

• Exhaled gases pass through a 
chamber containing carbon dioxide 
absorbents

• Two type of absorbents that can 
remove carbon dioxide

– Soda lime

– Baralyme

• Generate water and heat



Checking Anesthesia Machines

8 Categories of check:

– Emergency ventilation equipment

– High-Pressure system

– Low-Pressure system

– Scavenging system

– Breathing system

– Manual and automatic ventilation system

– Monitors

– Final Position



FDA checklist
• Verify backup ventilation equipment is available

• Check oxygen cylinder supply

• Check central pipeline supplies

• Check initial status of low pressure system

• Perform leak check of machine low pressure system

• Turn on machine master switch and all necessary 
electrical equipment

• Test flowmeters

• Adjust and check scavenging system

• Calibrate O2 monitor

• Check initial status of breathing system

• Perform leak check of the breathing system

• Test ventilation systems and unidirectional valves

• Check, calibrate and/or set alarm limits of all 
monitors

• Check final status of machine



• (each morning and any time bags or tubes are 
changed)

– Close pop-off valve.

– Occlude breathing tube by placing thumb over ET tube 
connection port.

– Pressurize circuit to 30cm H2O by using 3L/min O2 flow to fill 
bag.

– Turn off O2 flow and watch the pressure gauge for pressure loss.

– Turn on vaporizer (no O2 flow) and watch for drop in pressure.

– At any point, if pressure loss is detected, increase O2 flow slowly 
until pressure holds steady.

**** FLOW ON O2 METER = RATE OF LEAK *****

– Confirm that leakage does not exceed 300ml/min.

– If leak is >300ml/min the leak needs to be addressed.

– Open pop-off valve and confirm release of pressure.

Positive Pressure Circuit Test





Vaporizers



Vaporizers:

• It’s a device that is used for adding 

clinically useful concentrations of 

anesthetic vapor to a stream of carrier 

gas.

• There are two types of vaporizers:

- Plenum vaporizers

- Draw over vaporizers



Drawover Vaporizer



Plenum Vaporizers:



Vaporizers:

• The driving force of the stream of carrier 

gas is positive pressure from the flow 

meters in plenum vaporizers.

• The driving force of the carrier gas in the 

draw over vaporizers is the negative 

pressure created by the patient’s 

respiration.



Flow Independence:

• Our aim is achieving a gas emerging from the 
vaporizer which percentage of anesthetic 
vapor is controlled by adjustment of the 
splitting ratio and is independent of the fresh 
gas flow rate.

• This is achieved by obtaining a large surface 
area for vaporization within the vaporizing 
chamber either by metal strips or fabric wicks.

• An alternative method is bubbling the gas 
through the liquid anesthetic agent.



Wicks



Bimetallic strip



Vaporizer Position:

• On the anesthetic machine the vaporizer should be 
placed between the flow meter and the emergency 
oxygen flush control.

• The vaporizer control knob is standardized to turn off in a 
clock wise direction.

• When the vaporizer is turned off, both inlet and outlet 
ports are closed to avoid contamination of gas from the 
flow meters.

• Interlock devices to stop the concurrent 
use of two vaporisers.



Care of Vaporizers:

• It is recommended that the vaporizer is 
drained and refilled at regular intervals to 
prevent accumulation of preservatives in 
the vaporizing chamber.

• Calibrated vaporizers are only filled with 
appropriate anesthetic agent.

• Regular servicing of vaporizers and 
calibration by refractometers or 
anesthetic gas monitors.



Anesthesia Breathing Systems

Properties of the ideal breathing system 

• Simple and safe to use 

• Delivers the intended inspired gas mixture 

• Permits spontaneous, manual and controlled 
ventilation in all size groups 

• Efficient, requiring low fresh gas flow rate 

• Protects the patient from barotraumas 

• Compact and lightweight in design 

• Permits easy removal of waste exhaled gases 

• Easy to maintain with minimal running cost 



Circle system

The essential features of the circle absorber are: 

(a) CO2 absorber canister 

(b) breathing bag 

(c) unidirectional inspiratory 

(d) expiratory  valves, 

(e) fresh gas supply

(f) and pressure-relief valve 

The absorber is connected to the patient via corrugated hoses and a Y-piece  
attached to the inspiratory and expiratory valves (Vi and Ve).

The position of the breathing bag and pressure-relief valve may vary in relation 
to the absorber, but the above is a common and satisfactory arrangement.





Types of circle System
:

1Closed systems: the pressure-relief valve is closed so that no gas escapes from the 

system. O2 flows into the system to replace that consumed by the patient, and exhaled CO2 is 
absorbed by the soda lime.

The advantage of closed systems is that anaesthetic and O2 consumption, and atmospheric 
pollution, is minimised.

The disadvantages are:

(a) The system is inherently unstable, in that if the fresh gas flow is not matched exactly to the 
patient's O2 consumption, the system will over-fill or empty, and the patient will be unable to 
breathe.
(b) The fresh gas flow rate is usually too small to allow use of a precision, out of circuit vaporiser.

2Semi-closed systems: the pressure relief valve is opened, allowing excess 
gas to escape from the system. This allows higher fresh gas flow rates to be used.

The advantages of semi-closed systems are:

(a) The system is more stable in that, if the system fills to capacity, the excess gas is simply lost 
via the pressure-relief valve.
(b) The higher flow rates allow use of a precision, out of circuit vaporiser.

The disadvantage is increased anaesthetic and O2 consumption and atmospheric pollution.



Classification of Mapleson breathing systems

Class

Location of 

fresh gas 

inlet

Valve 

location

Reservoir 

bag

Corrugate

d tubing

Examples & 

comment

A Near the bag
Near the 

patient
Present Present Magill, Lack

B
Near to the 

patient

Near the 

patient
Present Present Obsolete

C
Near to the 

patient

Near the 

patient
Present absent

Water’s to-

&-fro

D
Near to the 

patient

Away 

from the 

patient

Present Present Bain

E
Near to the 

patient

Away 

from the 

patient

absent Present
Ayre’s 

T-piece

F
Near to the 

patient
absent Present Present

Jackson 

Rees







Mapleson breathing systems
• Relative efficiency of rebreathing 

among various Mapleson circuits

• Mapleson A is most efficient during 

spontaneous ventilation. It is worst for 

controlled ventilation.

• Mapleson D is most efficient during 

controlled ventilation

Spontaneous 

ventilation
A>DFE>CB

Controlled ventilation DFE>BC>A



Components of the circle system

Adjustable pressure limiting valve (Pop-off valve)
• A valve which allows exhaled waste gases and fresh gas flows 

to leave the breathing system when the pressure within the 
breathing system exceeds the valve’s opening pressure. 

• Also called as; Pop-off valve, Exhaust valve, Scavenger valve, 
Relief valve, Expiratory valve, Over-spill valve etc. 

• It is a one way, adjustable, spring-loaded valve. 

• The spring adjusts the pressure required to open the valve. 

• The patient may be exposed to excessive positive pressure if 
the valve is closed for prolonged period 

• Some designs have a safety mechanism, allowing the relief 
valve open when a pressure within the breathing circuit 
reaches about 60 cmH2O. 



Components of the circle system
Rebreathing (Reservoir) bag
• The rebreathing (reservoir) bag is an important 

component of most breathing systems. 
• It is made of antistatic rubber or plastic. 
• Volumes of 0.5, 1, 2, 3 and 5 liters are commonly 

used for small patients, and 15, 20 and 30 liters are 
used for large patients

• It accommodates fresh gas flow during expiration 
acting as a reservoir available for use of the 
following inspiration. 

• It acts as a monitor of the patient’s ventilatory 
pattern, but is inaccurate for assessing the tidal 
volume. 

• It can be used to assist or control the ventilation. 



Ventilator



Ventilator functions

• Maintain oxygen 
and anesthetic 
agent delivery

• Exhale carbon 
dioxide 



Positive pressure ventilator

• Positive pressure is created by 
the ventilator so that the tidal 
volume of gases will be pushed 
into the lungs

• Bag in bottle ventilator (Bellows) 
is driven by O2 or Air

• Required an endotrachael tube

• The concentrations of oxygen 
and anesthetic agents can be 
administered by gas analyzers.



The advantages of ascending bellows

• Indicates disconnection 
or leak
– Bellows collapses to an 

empty position

• Indicates inadequate 
fresh gas flow

• Generate a little PEEP of 
2-4 cmH2O



Bellows assembly

• Outer plastic canister
– Gas inside the canister is drive 

gas

– Drive gas is used to impress 
breathing gas to the patient

– Drive gas is insolated from the 
breathing gas by the bellows

• Inner corrugated bellows
– Contains the gas to be delivery 

to the patient

– Connect directly to the 
breathing circuit or by a hose 
to the breathing circuit



The workflow of the bellows assembly

• Inhalation
– Ventilator moves 

breathing gas to the 
patient by positive 
drive gas

• Exhalation
– Ventilator releases 

the positive drive 
gas to atmosphere



Volume control mode

• A certain volume is delivered to 
the patient

• Be often used in the operating 
rooms

• Change in the compliance of 
lungs or chest wall could not 
decrease delivered volume

• Excessively high pressure may 
result in trauma to the lungs



Volume-controlled ventilation (VCV)

• Volume is delivered 
at a constant flow 

• Volume is kept 
constant 

• Peak inspiratory 
pressure is allowed to 
vary according to the 
patient's compliance 
and airway resistance

• Rate and volume are 
adjusted   

Paw

Flow



Ventilator settings in volume control mode

• Ventilatory rate 

• I:E ratio

• Tidal volume

• Inspiratory pause time

• Pressure limited



Discrepancy between set and delivered 

volumes

• Contributing factors
– Large compression volume of the circle 

system 

– Leaks around uncuffed endotracheal tubes 

– Effects of fresh gas flow on delivered tidal 
volume 

– Compliance and leak from the breathing 
circuit

– Mechanical difficulty of setting a small 
tidal volume using an adult bellows 
assembly 



Pressure control mode

• A breath is delivered to the patient to 
a certain preset peak pressure

• Be more and more used in the 
operating rooms today

• Change in the compliance of lungs 
or chest wall could decrease 
delivered volume

• Prevent excessively high pressure 
by setting pressure so that the 
machine will not excess



Pressure-controlled ventilator (PCV) 

• The flow generated varies; high at 
first to produce the set pressure 
early in inspiration, and less later in 
inspiration to maintain this pressure 
through the inspiratory time 

• Allows inspired volume to vary (with 
changes in compliance and airway 
resistance) 

• Target pressure and rate are 
adjusted 

• Increased TV at a lower PIP 

Paw

Flow



Volume monitoring

• Measure and display two 
values
– Tidal Volume (Vt) 

– Expired Minute Volume (Ve)

• The displayed values may be 
different to volume setting
– Because of the compliance losses

– Because of fresh gases gains

• The sensor contains a heater
– To prevent condensation in the 

sensor cartridge 



Reverse flow alarm and sensor location

• Reverse flow will damage and 
stick exhalation check valve

• It can be used with
– Sensor is placed at the distal position of 

the expiratory limb

• It cannot be used with
– Sensor is placed at the proximal end of Y 

piece connector

– Because reverse flow alarm will activate 
for each breath



Apnea alarm

• Apnea alarm is decided by two factors
– Threshold volume (be automatic adjusted by the 

setting level of tidal volume)

– Threshold timer (depend on the apnea time 
setting)

• When the first power on
– Threshold flow is not being sensed (volume 

monitor standby)

– Apnea alarm is not active

– When the ventilator senses a sufficient volume, 
start the timer to control apnea alarm



Modes for spontaneous ventilation for weaning 

patients in ICU

• Modes include
– Synchronized intermittent mandatory 

ventilation (SIMV)

– Pressure support ventilation (PSV)

– Continuous positive airway pressure 
(CPAP)

– Airway pressure release ventilation 
(APRV) 



SIMV mode

• Synchronized intermittent 
mandatory ventilation

• Preset mandatory breaths

• Negative pressure or inspiratory 
flow in the trigger window results 
in a synchronized mandatory 
breath 

• Allows spontaneous breaths

• If no effort to breathe during a 
cycle, a mandatory breath, at the 
end of the trigger window, will be 
delivered



PSV mode

• Pressure support 
ventilation

• Assists each spontaneous 
breath with a preset 
pressure

• Used to support 
spontaneously breathing 
patient only

• If no attempt to breathe, the 
apnea alarm will be appears, 
and a preset backup mode 
(PCV) will be activated



PEEP

• Increase the gas distribution in the 
lungs throughout pulmonary system

• Decrease the possibility of atelectasis 
within the lung tissue



Pressure monitoring

• One kind of integrated ventilator monitors

• Continuously monitor airway pressures in 
the patient circuit

• Generate alarm

• May manage airway pressures automatically

• Pressure sensor is located at the patient 
circuit, and the transducer is located in the 
machine

• Many types of the airway pressure

– High pressure

– Low pressure

– Sub-atmosphere pressure

– Sustained pressure



High pressure

• If the pressure in the circuit is equal or 
greater than the inspiratory pressure 
setting, the ventilator will
– Trigger alarm

– Automatically return to the expiration phase



Low pressure

• If the pressure in the circuit is 
lower than the inspiratory pressure 
setting, the ventilator will trigger 
alarm

• The lowest setting is not less than 
4 mmHg due to the ascending 
bellows designation



Sub-atmosphere pressure

• The alarm will occur if the 
ventilator senses a pressure of  -10 
mmHg or less



Sustained pressure

• Sustained pressure is ½ of the high 
pressure setting

• If maintain 30 seconds will generate 
alarm



MOINTORING OF O2 

CONCENTRATION IN THE 

BREATHING CIRCUIT



Fuel cell (Galvanic) O2 monitoring

• Measure and display the concentration 
of inspired O2

• Oxygenation gradually consumes the 
electrode inside the sensor

• Slow response time due to membrane 
diffusion

• It must be calibrated

– Periodical calibration

– Occasional calibration when the 
sensor is replaced

– Calibrated at 21% in room air

– Calibrated at 100% O2 condition



Paramagnetic (Pauling) O2 monitoring

• Rapid response 
making it possible 
to analysis 
inspired and 
expired O2 
concentration on a 
breath-to-breath 
basis 

• Very accurate and 
highly sensitive

• Service free



•Anesthesia 

Monitors



Non-invasive monitoring

• Definition

– Monitoring procedures or modalities that do 

not involve breaching of the skin and/or 

mucosa



Advantages

• Indicated for all patients

• Do not require sophisticated equipment

• Easy to set up

• Absence of major complications



Limitations

• Low data reliability in sick patients
• Pulse oximetry, Non-invasive blood pressure

• Unable to obtain sophisticated data
• Cardiac output



Non-invasive Blood Pressure

Ohm’s law

BP = CO x SVR

Why monitor BP?

Provides data for interpretation/therapeutic 
decisions

Important for determining organ perfusion (MAP 
most important)

MAP is generally closer to diastolic pressure because 
diastole represents about two thirds of the cardiac 
cycle when the mean heart rate is close to 60/min. 

MAP = DBP + (SBP -DBP)/3

MAP = [SBP + (DBP x 2)]/3.



B.P PHYSIOLOGY
• The SBP is determined by

– Stroke volume

– The velocity of left ventricular ejection (an indirect 
indicator of left ventricular contractile force)

– Systemic arterial resistance

– The distensibility of the aortic and arterial walls

– The viscosity of blood

– The left ventricular preload (end-diastolic volume)

• The DBP is affected by
– Blood viscosity

– Arterial distensibility

– Systemic resistance

– The length of the cardiac cycle 



B.P PHYSIOLOGY
Pulse pressure is the difference between systolic and 

diastolic pressure. 

• An increased pulse pressure may be the result of 

– Increased stroke volume or ejection velocity and is 
common during fever

– Exercise 

– Anemia 

– Hyperthyroidism  

– Bradycardia (increased stroke volume)

– Aortic regurgitation 

– Arterial stiffening, which is most noticeable after the 
age of 50 to 60 years.

• A decrease in pulse pressure may indicate an 

– Increase in vascular resistance

– Decreased stroke volume

– Decreased intravascular volume 



Non-invasive Blood Pressure

Methods:

1-Ausculatory

2-Oscillometric

3-Palpation.

4-Tonometry



NIBP - Complications

Too frequent inflations 

extremity edema

nerve paresthesias

compartment syndrome

petechial haemorrhge

Skin irritation



NON INVASIVE CARDIAC OUTPUT 

(PiCCo)
• Pulse Contour Cardiac Output 

• A combination of transpulmonary thermodilution 
and arterial pulse contour analysis. 

• Able to a) assess cardiac function 

• b) assess volume status 

• c) evaluate treatment eg. Inotropes

• Advantages:
• Accuracy and speed of measurements 

• Measurement of  lung volumes and pulmonary 
oedema 

• Less invasive 

• Easy to insert 

• Reduced risk of insertion 



Indications
• Shock, loss of C.O or B.P. 

• Cardiac insufficiency 

• ARDS 

• Major cardiac, abdo., ortho surgery 

• Acute multitrauma, burns 

• Transplant surgery 

• Cardiac Function&Output/ Index:

• Cardiac Output  = Amount of blood ejected from the left 
ventricle in one minute. 

• Cardiac Output / Index displayed in PiCCO is the mean value 
of the last 12 seconds. 

• This reflects the state of the myocardium and its contractility 
ie. the inotropic state of the heart. 

• Can be used to assess the need for and use of inotropic 
therapy. 

CFI = 4.5 – 6.5 l/min

• Cardiac Index = 3 – 5 l/min/m2



Electrocardiography

A standard ECG waveform



Electrocardiography
• It provides information on

Heart rate
Atrial, ventricular

Rhythm

Status of myocardial oxygenation
ST segment analysis

Myocardial diseases

• It also provides non-cardiac information
Electrolyte disturbance

Serum Potassium level affects the ECG in a predictable and 
dose related manner

Drug toxicity
Digitalis, Tricyclic antidepressant, Anti-cholinesterase…..



Problems

1-Incorrect placement of the electrode.

2-Muscular activity can produce artifact.

3-Absence of diathermy plate can cause 

burns at the site of electrode.

4- Electrical interference .



Pulse oximeter

1. Non invasive measurement of arterial blood 

oxygenation

2. Gives a continuous display of 

plethysmographic wave form of pulse and O2

saturation

3. Detects hypoxia BEFORE patient becomes 

clinically cyanosed





Pulse Oximetry

Components:

1-A probe: has Light-emitting diodes 

(LEDs) that produce red and infrared 

light frequencies(660nm and 960nm) on 

one side ,the other side sensitive 

photodetector.

2-The case: houses the microprocessor.

No user calibration is needed.



Pulse Oximetry

• Mechanism of action:

– The basis of pulse oximetry depends on its 

ability to measure the saturation of the arterial 

blood by analysis of infrared absorption of 

vascular bed throughout the whole pulsatile 

pulse cycle.

This is based on Beer-Lambert law



Pulse Oximetry

• Beer’s law is the relation between the light 

absorbed and the concentration of solute 

in the solution.

• Lambert’s law is the relation between the 

light absorption and the thickness of the 

absorbing layer.



continued

• Oxygenated blood and deoxygenated 

blood absorb different light sources

– Oxyhemoglobin absorbs more infrared 

light(960nm)

– Reduced hemoglobin absorbs more red 

light(660nm)

– The ratio of absorption at red and infrared is 

analyzed by microprocessor to provide Spo2.



continued

• Normal PaO2 is 80-100 mmHg

– Normally

• 80-100 mm Hg corresponds  to 95-100% SpO2

• 60 mm Hg corresponds to 90% SpO2

• 40 mm Hg corresponds to 75% SpO2



Pulse Oximetry
• Problems:

1-Below 70%, reading are extrapolated.

2-Sources of error

Poor peripheral pulsatile blood flow

Bad positioning  

Ambient light    

Shivering

Abnormal Hb

Dye

Venous pulsation

3-Can cause pressure sores.

4-It does not give any indication of a patient’s ability to eleminate CO2.

Readings NOT affected by e.g.

– Anaemia

– Jaundice

– Dark skin



Capnograph

Definition :an instrument used in 

anesthesia, intensive care, and respiratory 

therapy to produce a capnogram, a tracing 

that shows the concentration of carbon 

dioxide in each exhaled breath. It is used 

to monitor the adequacy of mechanical 

ventilation. Also called capnogram.

http://medical-dictionary.thefreedictionary.com/capnogram


Capnographs

• USES:

1-To diagnose oesophageal intubation.

2- To diagnose malignant hyperthermia

3-To diagnose lung embolism.

4-As a disconnection alarm.



TYPES OF CAPNOGRAPH





Infrared Absorption

• MAIN STREAM ANALYZER

• The sample chamber is positioned within 

the patient’s gas line.

• Increasing dead space.

• No need for a sample tube.

• No time delay in gas deliver



COMPARISON

Main-streamSide-stream

YesYesDisconnection

NoYesSampling leak

NoYesCalibration

someNoSensor damage

NoYesMultiple gas analysis

NoYesOn non-intubated pt’



End tidal CO2 PHASES

• I: inspiration

• II: expiratory upstroke

• III: expiratory plateau

• IV: inspiratory 
downstroke



End tidal CO2

- different waveforms
• Breathing efforts

• Cardiac oscillations



End tidal CO2

- esophageal intubation







CLINICAL IMPLICATIONS

Decreased end-tidal 

CO2

Increased end-tidal 

CO2

HyperventilationHypoventilation

Different types of PERebreathing

HypoperfusionSepsis

HypothermiaMalignant 

hyperthermia

Hypotensionhyperthermia

HypometabolismHypermetabolism



Monitoring
• TEMPERATURE

Multiple 
temperature 
monitors are 
usually placed 
once the patient 
is anesthetized.

– Bladder or rectal, taken 
to represent an average body 
temperature or shell temp.

– Esophageal, represent core 
temperature

– Pulmonary artery (blood) 
temperatures 

– Nasopharyngeal and tympanic 
probes may be most reflective 
of brain temperature. 

– Myocardial temperature is 
often measured directly during 
CPB.



Monitoring
• BIS MONITOR       

(bispectral index)
– useful in assessing anesthetic 

depth during  surgery and BIS 

mointor is a number from 100 

(awake)to 0 (deeply anesthesized) 

as below. It identifes different 

patterns of  EEG  produced by 

different depth of anesthesia.



Invasive monitoring

Overview

a. Arterial line

b. Central venous pressure

c. Pulmonary artery catheter



Arterial line
• Invasive (intra-arterial) blood pressure (IBP) 

monitoring is a commonly used technique in the 

Intensive Care Unit (ICU) and is also often used 

in the operating theatre. 

• The technique involves the insertion of a 

catheter into a suitable artery and then 

displaying the measured pressure wave on a 

monitor. 

• The most common reason for using intra-arterial 

blood pressure monitoring is to gain a ‘beat-to-

beat’ record of a patient’s blood pressure.



Advantages of IBP monitoring
• Continuous ‘beat-to-beat’ blood pressure monitoring is 

useful in patients who are 

– likely to display sudden changes in blood pressure 

(e.g. vascular surgery), 

– in whom close control of blood pressure is required 

(e.g. head injured patients), 

– in patients receiving drugs to maintain the blood 

pressure (e.g. patients receiving inotropes such as 

epinephrine).

• The technique allows accurate blood pressure readings 

at low pressures, for example in shocked patients or the 

patient with arrhythmias.

• The trauma of repeated cuff inflations is avoided in 

patients who are likely to need close blood pressure 

monitoring for a long period of time e.g. ICU patients.



Disadvantages of IBP 

monitoring
• The arterial cannula is a potential focus of infection, although arterial 

lines become infected far less frequently than venous lines, 

especially central venous lines.

• The arterial catheter can lead to local thrombosis which may result 

in emboli travelling down the limb or occasionally arterial occlusion –

this is rare if the catheter is kept flushed with saline and an 

appropriate vessel is chosen. 

• Any drug inadvertently administered into the arterial line may form 

crystals and cause catastrophic ischaemia of the limb. 

• The insertion of an intra-arterial blood pressure monitoring system 

can be difficult and time consuming. 

• The monitoring equipments are expensive when compared to non 

invasive methods of blood pressure monitoring.



Setting up an arterial line

• Equipment

– Pressure bag

– Collapsible 0.9% 500cc Normal saline bag with
air expelled

– Pressure transducer and infusion set

– Cannula

– + heparin (1-2 units /ml)



Steps

1. Set up the pressure measurement system and
pressurized the bag to 300 mmHg

2. Cannulate an artery

3. Connect to the pressure measurement system

4. Fix the cannula securely

5. Zeroing the transducer

6. Fix the transducer at the heart level

7. Start measurement



Components and principles of 

IBP monitoring
• The components of an intra-arterial 

monitoring system can be considered in 

three main parts:

1. The measuring apparatus

2. The transducer

3. The monitor





The measuring apparatus
Intra-arterial cannula

• The arterial system is accessed using a short, narrow, parallel sided 
cannula to reduce the risk of arterial thrombus formation. 

• The risk of arterial thrombus formation is directly proportional to the 
diameter of the cannula, hence small-diameter cannulas are used 
(20-22g).  

• The radial artery is the most commonly used site of insertion as it 
usually has a good collateral circulation and is easily accessible.

Fluid filled tubing

• This is attached to the arterial cannula, and provides a column of 
non-compressible, bubble free fluid between the arterial blood and 
the pressure transducer. 

• Ideally, the tubing should be short, wide and non-compliant (stiff)

• The arterial line is also connected to a flushing system consisting of 
a 500ml bag of saline pressurised to 300 mmHg via a flushing 
device.

• 500IU heparin is added to this fluid. 

• The flush system provides a slow but continual flushing of the 
system at a rate of approximately 4-5ml per hour.



Arterial line





Possible Information gained from 

a pressure waveform

Systolic, diastolic, mean pressure and heart 

rate

• Myocardial contractility ( slope of the 

upstroke) 

• Peripheral vascular resistance (slope of 

diastolic runoff)

• Stroke volume (area under the pulse 

pressure curve)

• Cardiac output (SV x HR)



How accurate?

• Depend on the setup

– Use correct tubing

– Bubbles free (tips)

– Tight connections

– Zero calibration 

– Level of transducer



Indications
• Patient factors

– Patient with severe sepsis or shock

– Cardiac diseases such as unstable angina, recent AMI,
current congestive heart failure or cardiac arrhythmias
or on pacemaker

• Surgical considerations

– Cardiac surgery

– Major surgery on aorta or carotid artery

– Neurosurgery such as craniotomy or aneurysm clipping

– Major surgery with expected blood loss more than 1
blood volume



Indications (Cont’d)

• Anaesthetic considerations

– Controlled hypotensive techniques

– Inability to measure blood pressure non-

invasively

– Frequent blood sampling required during

and after operation



Absolute Contraindications

• 1. AV shunt for dialysis

• 2. Absence of collateral circulation

• “a positive Allen's test is not an absolute 

contraindication”

• 3. Severe Reynaud's disease

• 4. Berger's disease

• 5. Wegener's granulomatosis

• 6. Infection at the chosen site



Accuracy of IBP monitoring

• The accuracy of intra-arterial monitoring is 

affected by several important physical 

principles –

• The oscillation 

• Natural frequency

• Damping and resonance of the 

system



Damping
• The amount of damping inherent in a system 

can be described by the damping coefficient 
(D)

– A system with a D value greater than 1 describes a 
system that is over-damped, will not oscillate freely, 
that takes a long time to initially move away from and 
to return to its resting point, but does not oscillate (a 
high friction pendulum). 

– A D value less than 1 and approaching 0 describes a 
system that is under-damped, that oscillates freely, 
moving rapidly away from its resting point and back 
again, but tends to overshoot and then oscillate 
around the resting point (a low friction pendulum). 

– A D value of exactly 1 is known as critical damping.

• D chosen for physiological measuring systems 
such as IBP monitoring equipment lies between 
0.6 and 0.7 – it is known as optimal damping



• The damping co-efficient will 
be around 0.7, which provides 
the best balance between 
speed of response and 
accuracy.

• The damping coefficient is 
<0.7. This system will be 
quick to respond but will tend 
to overshoot and oscillate 
around its resting point, over-
reading SBP and under-
reading DBP.

• The damping coefficient is >1. 
This system will not oscillate 
freely and detail such as the 
dicrotic notch will be lost. It 
will not overshoot but will tend 
to under-read SBP and over-
read DBP. It will be slow to 
respond to change due to the 



• Underdamping, most 
often in the form of systolic 
overshoot must be 
suspected in 

– patients with hypertension

– atherosclerosis

– vasoconstriction

– aortic regurgitation

– hyperdynamic states such 
as fever 

– A heart rate greater than 
150/min may also cause 
systolic overshoot 10ب



• An Overdamped-appearing 

waveform can also be the 

result of 

– Aortic stenosis

– Vasodilatation 

– Low cardiac output states such 

as cardiogenic shock, sepsis, or 

severe hypovolemia

• In order to determine if the 

waveform is a result of an 

over-damped system or is an 

accurate reflection of a 

patient’s status, the dynamic 

response characteristics must 

be tested. 
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Common site

Radial Artery:

• Commonly cannulated

• Superficial location…collateral flow

• 5%  incomplete palmar arches & 

lack collateral flow



Allen’s test

• determines adequacy of ulnar collateral 
circulation

• pt makes tight fistocclude radial & ulnar 
by manual compressionpt relaxes 
handpressure released over 
ulnarassess return of normal coloration

• <5 seconds  adequate collateral flow.

• 5-10 seconds  equivocal test.

• >10 seconds  inadequate collateral 
circltn.



• Ulnar Artery:

– more difficult

– deeper & more tortuous

• Brachial Artery:

– large and easily identifiable in 
antecubital fossa

– no collateral flow

– near elbowcatheter kinking

Other sites



• Femoral Artery:

– good site for cannulation

– large size

– ease of cannulation

– low risk of ischemic sequelae

– trauma & burn pts

– higher incidence of infection

– aseptic necrosis of femoral head in 
child



• Axillary Artery:

– surrounded by axillary plexusnerve 

damage from hematoma/traumatic 

cannulation

– lt side preferred  lower incidence of 

embolization to carotid artery

• Dorsalis Pedis & Post Tibial Arteries:

– some distance from aortadistorted 

waveforms

– small size makes cannulation difficult 

with a higher incidence of ischemic 

sequelae



Dicrotic Notch

• Generated by the closure of the aortic 

valve

• Denotes the beginning of diastole



Arterial wave

As BP is measured farther into 

periphery:

• The anacrotic and dicrotic 

notches disappear

• The waveform appears narrower

• The systolic and pulse pressure 

increase

• The upstroke becomes steeper

• The diastolic pressure decrease



Complications

1.Blood loss due to disconnection

2.Arterial thrombosis

3.Infection

4.Haematoma formation

5.True and false aneurysm formation

6.Distal and central embolisation



• Factors associated with increased rate of 
complications:

• Prolonged cannulation

• Hyperlipidemia

• Repeated insertion attempts

• Female gender

• Extracorporeal circulation

• Use of vasopressors



• Factors increasing incidence of arterial 
thrombosis:

• Duration of catheterization

• Increased catheter size

• Catheter type: Teflon > polypropylene

• Proximal emboli

• Prolonged shock

• Pre-existing peripheral vascular disease



Central venous 

catheterization

1. Assessment of preload in patients with
hypovolaemia / septic shock / valvular problems /
congestive heart failure

2. Assessment of right ventricular dysfunction 
associated with severe lung disease, pulmonary 
hypertension, cardiac tamponade

3. Craniotomy in the sitting position

4. Major surgery with expected blood loss >1 blood 
volume

5. Difficult intravenous access



CVP Waveforms



Contraindication.

• No absolute contraindication. 

• Avoid sites of sepsis.

• Apical emphysema contraindication 

infra or supraclavicular approaches 

to subclavian vein.

• Carotid artery aneurysm.

• Coagulopathy



9/27/2017

Site Selection

Site Pro’s Con’s 

Subclavian  Large vessel 

 Can tolerate 
high flow 

 Dressing easy 
to maintain 

 Less 
restrictive for 
patient 

 Lowest sepsis 
rate 

 Close to lung 
apex, risk of 
pneumothorax 

 Close to 
subclavian 
artery 

 Hard to control 
bleeding 
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Site Selection

Site Pro’s Con’s 

Internal 
Jugular 

 Large vessel 

 Easily located 

 Easy access 

 Short, straight 
path to 
superior vena 
cava 

 Decreased risk 
of 
pneumothorax 

 Uncomfortable 
for patient 

 Difficult to 
maintain 
dressing 

 Close to 
carotid artery 

 Easily 
contaminated 
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Site Selection

Site Pro’s Con’s 

Femoral  Easy access 

 Large vessel 

 Good access 
during 
resuscitation 

 Decreased 
mobility 

 Increased risk 
of thrombosis, 
phlebitis & 
infection 

 Easily 
contaminated 

 Close to 
femoral artery 

 Dressing 
difficult to 
maintain 

 

 



Choice of Site
Subclavian IJ Femoral

Success Rate 90-95% 90-99% 90-95%

Arterial puncture 0.5-1% 10% 5-10%

Pneumothorax 1-5% 0-0.2% 0

Infectious rate Lowest Intermediate Highest

Access during 

cardiac arrest

2nd 3rd 1st

Side of body 

preference

Left: angle of 

subclavian vein

Right: avoid 

thoracic duct

None

Coagulopathy 

present

3rd 2nd 1st

Hypovolemia 

present

1st: vein 

supported by 

fibrous sheath

3th: vein collapses 2nd

Pacemaker 2nd 1st 3rd



Complications

• Immediate

– Hemothorax

– Pneumothorax

– Arterial puncture

– Nerve Injury

– Dysrhythmias

– Catheter malplacement

– Embolus

– Cardiac tamponade



Complications

• Delayed

– Dysrhythmias

– Catheter malplacement

– Vessel erosion

– Embolus

– Cardiac tamponade 

– Catheter related infection

– Thrombosis



Pulmonary Artery Catheter



Pulmonary Artery Pressure 

Monitoring

• Indications

– Major procedures with large fluid shifts 

and/or blood loss in pts with CAD

– Pts with recent MI or unstable angina

– Pts with poor LV function (CHF)

– Pts in shock or with multiple organ failure

– Massive trauma



• Indications, continued…

– Pts with right heart failure, COPD, Pulm Htn, or 

PE

– Pts requiring high levels of PEEP

– Hemodynamically unstable pts requiring 

inotropes 

– Pts undergoing surgery of the aorta or 

requiring X-clamp of aorta

– Pts undergoing liver transplant/with massive 

ascites undergoing major surgery



• Contraindications:

Absolute

• Tricuspid or Pulmonary valve stenosis

• RA or RV masses

• Tetralogy of Fallot

– Relative

• Severe arrhythmias

• Coagulopathy

• Newly inserted pacemaker wires



Technique of insertion

1. Choose the site of line insertion

2. Position the patient- should support and head 
down and turn to opposite side for IJV and 
SCV cannulation, 

3. Sterilise the area with aseptic solution and 
create a sterile field

4. Local the vein with seeker needle

5. Use Seldinger technique to cannulate the vein 
with the swan sheath

6. Fix the swan sheath securely by stitches

7. The PAFC is flushed with saline through each 
of its ports and the balloon at the tip tested



Complications

• Similar to that of CVP insertion

• Additional complications are:

1. Arrhythmogenesis,

2. Thrombosis and embolism, 

3. Pulmonary infarction or haemorrhage, 

4. Endocarditis, 

5. Perforation of atrium, ventricle and 

pulmonary artery, 

6.      Intracardiac knotting





Normal Intracardiac 

Pressures



•Regional 

Anesthesia



SPINAL ANESTHESIA



SPINAL NEEDLES



Epidural Anesthesia -

Technique
Epidural Needles
• The epidural needle is typically 16-18G, 8cm long with surface 

markings at 1cm intervals. 

• The Crawford needle with a straight needle allowing slightly easier 

insertion of catheter but with a greater risk of dural puncture.

• The more commonly used Tuohy needle whose curved end pushes 

the dura away after penetrating the ligamentum flavum





Epidural Anesthesia -

Technique
Epidural Catheters
• Epidural catheters are used for intra-operative anesthesia or 

postoperative analgesia.

• Epidural catheters are designed to pass through the lumen of the 

needle, are generally 25 gauge, and have either a single end-hole or 

a number of side holes at the distal end. 

• After advancing the catheter through the needle to the desired 

depth, the needle is removed leaving the catheter in place.

• The catheter is then secured along the back with tape.



Epidural Catheter



Epidural Anesthesia -

Technique
• Midline, paramedian, and prone approaches can all be used.

• After positioning, draping and preparing patient using sterile 

techniques, local anesthetic is applied subcutaneously

• The needle is advanced until a “pops” is felt, as the needle 

penetrates the ligamentum flavum, stopped short of entering the 

dura

• To ensure the dura has not been penetrated, one commonly used 

technique is “loss of resistance“



Epidural Anesthesia -

Technique
Loss of Resistance technique:
• The needle is advanced with stylet in place until increased tissue 

resistance indicates that the interspinous ligament is entered.

• The stylet is removed and replaced with a glass syringe containing 

about 2mL of fluid or air.

• If needle tip is in ligament, gentle pressure on syringe is met by 

resistance. Then the needle is slowly advanced until the tip of the 

needle just enters the epidural space and there is a loss of 

resistance to gentle pressure on the syringe and injection is easy.



Epidural Anesthesia -

Technique



Electrical nerve stimulation



The stimulator

Many types, with the following

functions :

• Exact amplitude ranges are selectable 
between 0 and 1 mA (or 5 mA). The 
device displays the actual current.

• Pulse durations of 0.1, 0.3 or 1.0 msec are 
selectable.

• The pulse frequency can be set to between 
1-2 Hz.



Types of nerve fibers

• Class    Function                        Chronaxie

• Aa          Motor                                 0.05–0.1 ms

• Ab          Touch, pressure

• Ag          Touch

• Ad          Pain, temperature                  0.150 ms

• B            Sympathetic nervous 

system

• C            Sympathetic nervous

system, pain,temperature         0.4 ms



Mechanism of nerve stimulator

• At a given current, the electrical current 

required to trigger muscle contractions 

correlates with the distance of the tip of 

the needle to the nerve. That means that 

the closer the needle is to the nerve, the 

lower the electrical current that is required 

to induce contractions or sensory 

responses



The Needles used with nerve 

stimulator



The Needles

• We use stimulation needles that are completely insulated, except for 
a small area on the tip. 

• They are fully coated and therefore have no sharp edges. This type 
of needle is call monopolar or unipolar. The electrical current has a 
very small exit opening. Because of this, the electrical field is  
bundled and generates higher current density at the tip of the 
needle. The higher the current density at the tip of the needle, the 
lower is the current required for stimulation. As the needle 
approaches the nerve, the current required for depolarisation

drops.

• If the tip slips past the nerve, this value starts rising again just as 
rapidly. This method makes it possible to localise the nerve exactly 
while keeping the risk of injury at a minimum. 



•AIRWAY 

EQUIPMENTS



Equipment for Advanced Airway 

Management:• ● Airways

• ● Laryngoscope

• ● ETT

• ● Stylet

• ● LMA,ILMA,Combitube

• ● Anesthetic machine / 
Breathing system 

• ● Self-inflating bag

• ● Monitoring : Pulse 
Oximeter, Capnograph

• ● Local infiltration, 
spray

• ● Oxygen Sources

-Wall oxygen

-Cylinder Oxygen

• ● Vacuum suction

• ● Oxygen delivery system 
for a spontaneously 
breathing pt.

• ● Oxygenation & 
Ventilation systems for a 
patient requiring 
ventilatory assistance:



Oral & Nasal Airways
• Oropharyngeal(Guedel): Rigid plastic, Variety of sizes, 

Curve to fit soft palate , Wide channel inside and blunt 
pharyngeal end.      Sizing: corner of mouth to tip of 
earlobe or angle of jaw.

• Nasopharyngeal: Soft hollow plastic,better tolerated than 
oral, Sizing: tip of nose to angle of the jaw or the tip of 
the ear.and stander  SIZES 6 for adult female and 7 for 
male,



Technique:
• The airway is inserted 

upside down and 
rotated through 180 
degree as it passes 
back (adults)

• Inserted directly 
without rotation in 
children to reduce risk 
of trauma and 
bleeding.



Indications:

Oral
• Help maintain an open 

airway in an 
unresponsive patient who 
is not intubated.

• Help maintain  airway 
with no gag reflex who is 
being ventilated with a 
bag-valve-mask or other 
positive-pressure device.

• As bite block after 
insertion of ETT.

Nasal
• To aid in maintaining an 

open airway when use of 
an oral airway is 
contraindicated or 
impossible.

• Trismus(spasm of the 
muscles

• Biting

• Clenched jaws or teeth



Advantages:

Oral

• Positions the toungue 

forward and away 

from the back of the 

throat

• Easily placed

Nasal

• provide an open 

airway

• Tolerated by 

responsive patients

• Does not require 

mouth to be open



Disadvantages:

Oral

• Does not protect from 
aspiration

• May induce vomiting if 
used in a responsive or 
semi-responsive with a 
gag reflex

• Contraindications in
Responsive patient

Nasal

• Does not protect from 
aspiration

• Improper technique may 
result in sever bleeding

• Resulting epistaxis may 
be difficult to control

• Suctioning though device 
is difficult

• Some times precipitate 
laryngospasm stimulate 
gag reflex & vomiting

• Contraindications in
Sever craniofacial trauma 
and with Patient 
intolerance

:



Face Mask

• Anesthetic face 
mask can be made 
of transparent 
plastic or silicon 
rubber

• Most have air-filled 
cuff around the rim 
to distribute 
pressure evenly 
over the patient’s 
face and achieve an 
air-tight seal



Face Mask Technique

• The upper part of a 
correctly sized mask 
should lie over the bridge
of the nose while lower
cuff is in the cleft between 
the chin and lower lip

• Finger pressure should 
be placed on the bony 
mandible and not on the 
soft tissues

• Jaw thrust and head tilt 
allow ventilation to patient 
by supporting the base of 
the toungue which may 
obstruct the airway



Advantages:

• Provides a mean for delivery of an oxygen 
enriched mixture to the patient

• Conveys a sense of compliance of 
patient’s lungs to Manual Ventilation 
operator

• Provide a means of immediate ventilatory 
support

• Can be used with spontaneously breathing 
patient as well as non breathing patient 



Disadvantages:

• Requires practice to use effectively

• Delivery of inadequate tidal volume

• Rescuer fatigue

• Gastric distention



Mask Ventilation

• Technique

• Downward 

displacement of mask 

with thumb and index 

finger

• Upward traction of 

remaining fingers 

upward

• Fingers on bony 

mandible

• Fifth digit at angle 

displacing mandible 

anteriorly

Induction of anesthesia 

produces upper airway 

relaxation and possible 

collapse



Mask Ventilation

• Oral airway

• Two-handed technique



Laryngeal Mask

Is a device for 
supporting and 
maintaining the 
airway without 
tracheal intubation

• Standard LMA

• Proseal

• Intubating 
LMA(fastrach)

• Copra 

• Armoured-flexible



Insertion technique
• Leading edge should be wrinkle free

• Lubricate only the back side of the cuff

• Ensure adequate deep anesthesia

• Sniffing position head

• Grip like pencil and Use index finger to guide the cuff and  inserted 
blindly in the midline with concavity forward

along hard palate down to hypopharynx until 

resistant felt that when reach upper esophagus .

• Then inflate the cuff

• When correctly placed, the black vertical line on the posterior aspect 
of the  tube should always face directly backward, toward the head of 
the patient

• Remove once patient awake and opening mouth on command



Indications:

• In place of a face mask or endotracheal 

tube for spont. breathing.

• For controlled breathing as long as 

inflation pressure not more 20-30cm h2o

• To aid in the management of the difficult 

airway(ILMA can be used as guide for ETT 

or fibroptic intubation. 



Contraindications:

• The LMA does not provide an airtight seal 

of the airway and thus does not protect 

against gastric regurgitation and 

pulmonary aspiration

• When controlled ventilation is likely to 

require a high inflation pressure of more 

than 30 h2o.



complication

• Possibility of regurgitation and pulmonary 
aspiration.

• Oral and pharyngeal mucosa injury during 
insertion of the LMA.

• LARYNGOSPASM  and coughing (may occur in 
lightly anesthetized patient and smokers.

• Negative pressure pulmonary edema after 
improper placement in spontaneously breathing 
patient.

• The failure to function properly in the presence 
of local pharyngeal or laryngeal disease.

• The need for neck extension in the patient with 
cervical spine disorder.



Laryngeal masks Sizes

Cuff volumeWtPat. sizeSize

2-4<6.5Infant1

Up to 106.5-20Child2

Up to 1520-30Child2.5

Up to 20>30Small Adult3

Up to 30<70Normal Adult4

Up to 30>70Large Adult5



Esophageal–Tracheal Combitube 

Design
• Longer blue tube has 

occluded distal tip that 
forces gas to exit through a 
series of side perforations

• The shorter clear tube has 
an open tip and no side 
perforations

• Usually inserted blindly
through mouth until the two 
black rings on shaft lie 
between the upper and 
lower teeth.

• Has two inflatable cuffs

• A100 ml proximal cuff and 
a 15 ml distal cuff



• The distal cuff come into esophagus 

in 95% of times so the ventilation 

through the longer blue tube will force 

gas out of side perforations & into 

larynx,& the shorter can be use for 

gastric decompression



Indications:

• Patient in whom intubation has been 

unsuccessful and ventilation is difficult.

• Difficult face mask fit or LMA fit(absence of 

teeth, beards)

• Untrained care provider for laryngoscpe 

visualizes intubation.



Contraindications:

 Patients with intact gag reflexes

• Patients with known esophageal pathology

• patients under 4 feet (newly Combitube™ SA 

(small adult)

 Patient known to have ingested a causaic 

substance.

 Patient suspected upper airway obstruction due 

to laryngeal foreign body or pathology



Tracheal Tubes

Oral and nasal endotreachal 

tubes

• Cuffed or non 
cuffed inflation 
system

• Made of polyvinyl 
chloride

• Insert to larynx 
with laryngoscope 

• Variety of sizes 
and types



Sniffing position for Optimal intubation 
condition:

•Extension of Head on Neck (A) &

•Flexion of Neck on Trunk (B)
•Aligns oral, pharyngeal & laryngeal axes along 
line of vision



Types of Endotracheal Tubes

• Preformed

• Flexo-metallic

• Double-lumen



Indications:

• Inability of the patient to protect his own 

airway due to the absence of protective 

reflexes(eg coma respiratory and cardiac 

arrest)

• Anesthesia for surgery

• Inability to rescue and ventilate with less 

invasive methods

• Prolonged ventilatory support required

• Impending respiratory failure as severe 

asthma or inhalational injury.



Advantages:

• Secure airways

• Reduce risk of aspiration

• Ensures delivery of a high concentration 
of oxygen

• Permits suctioning of trachea

• Provides a route for drugs 
administration in emergency situation

• Ensure delivery of selected tidal volume 
to maintain lung inflation



Disadvantages:

• Considerable training and experience 

required

• Special equipment needed

• Bypasses physiologic function of upper 

airway (warming filtering humidifying of 

inhaled air

• Requires direct visualization of vocal 

cords.



Rigid Laryngoscopes

Parts

• Blade with flange and 
light bulb

• Handle with battery 
inside

• Electrical contact

Types

• Macintosh

• Miller

• Wisconsin blade



Rigid 

Laryngoscopes & 

INTUBATION

Technique:
• Laryngoscope is held with left 

hand with the mouth of patients 
opened widely

• The blade is introduced into the 
right side of the oropharynx with 
care to avoid the teeth

• The tongue is swept to the left 
and up into the floor of the 
pharynx by the blade flange

• The tip of the curve blade is 
usually inserted into vallecula
and the straight blade part 
covers the epiglottis

• With handle raised up the 
mandible that would exposed 
vocal cords



Verification Of Correct Tube 

Placement
• Symmetric Chest Movement

• Symmetric Breath Sounds

• End tidal Carbon Dioxide

- Greater Than 30 For 3-5 Breaths

• Condensation Of Water In The tube

• Palpation Of Cuff In Suprasternal Notch

• Fiberoptic Bronchoscopy



Suspicion of esophageal intubation:

• Poor or no chest movement

• Cyanosis within 5-10 mins

• Failure of oxygenation

• Increasing abdominal distension

• No fogging through tube

• NO capnogram



Oral tracheal tube Size

Cut lengthInternal 

diameter

Age

123.5Full-term infant

12+age/24+age/4Child

20-22

21-23

6.5-7.5

7.5-9.0

Adult

Female

Male



Complications

A-During intubation:

1.Laryngospasm.  

2.Laceration.

3.Bruising of lips or tongue.

4.Damage to teeth.

5.Aspiration.

6.Endobronchial or esophageal intubation.

7.Epistaxis.



Complications

B- Post-extubation:

1.laryngospasm,sore throat, stridor.

2.Long-term intubation may result in tracheal 

Stenosis, tracheomalacia, tracheal 

ulceration.



Criteria for Extubation

A. Fully awake and can protect his/her airway.

B. Head of the bed should be elevated at least 
5 sec.

C. Oropharyngeal secretions should be 
suctioned

D. Supplemental oxygen should be provided.

E. Emergency airway devices should be 
available.



Flexible Fiberoptic 

Bronchoscopes
Parts

• Eyepiece and 

Direction control 

unit

• Flexible insertion 

tube cord with 

objective lens , 

suction channel and 

light source bundle

• light source

• Suction port





Cricothyrotomy

• When Can’t intubate-can’t ventilate 

Scenario

• A temporary life saving measure until 

Fiber-optic Intubation /or 

Tracheostomy ready

• Connected to Transtracheal Jet 

Ventilation adoptor



Cricothyrotomy- Procedure



Tracheostomy

• Classic Tracheostomy is done by specially 

trained people

• Percutaneous Tracheostomy is becoming 

popular and similar in principle to 

Cricothyrotomy except for the site (2nd and 

3rd tracheal rings) and Tracheostomy 

Tube



Tracheostomy Procedure



TYPES OF TRACHEOSTOMY 

TUBES

• CUFLESS 

TUBES

• CUFFED TUBES



SPEECH WITH TRACHEOTOMY 

(PASSY-MUIR VALVES)

• For mechanically 

dependent 

patients that may 

tolerate cuff 

deflation

• For unable to 

close the tube 

outlet with finger 

(quadriplegia)



FINITO


