


ODUCTION

efficient use of anaesthetic
aesthetist must have a clear
ical aspects of the

standing of basic concepts may avert
ssary accidents & near misses.



NTRODUCTION

world in measurable terms and
apply to all states of matter

naesthesiolgist deal with liquids &
under pressure at varying
ratures and volumes.

se inter-relationships are simple,
measurable and their understanding ensures a
safe outcome for the patient.




MEASUREMENT

(second)
nt (ampere)
kelvin)
ous intensity (candela)
t of substance (mole)




MEASUREMENT

ITS
celcius

ure (pascal
ure (bar)
(electron volt)

)

requency (hertz)
- volume ( liter)



MEASUREMENT

THE SI SYSTEM

I'ui‘e (std atmo
(calorie)
kilogram weight)



MEASUREMENT

atmosphere =
rie =4.18 ]
ogram weight = 9.81N

s / in2(PSI) -Atmospheric Pressure
PATM=14.7 PSI)



I Newton acting over 1m?



SSURE

Atmospheric pressure at sea



ESSURE

ressure on a syringe = 25N
area of 5x10~

travascular infusion



ESSURE

yringe, the pressure exerted is
of 120 mmHg (16Kpa)

— pressure can exceed
decreased protection



ESSURE

kg of patient mass supported on
of 100cm?

9.81)

SBP = 16kPa --- Risk of Ischemia



ESSURE

valves and expiratory valves

cuit exerts a force on the
ce is greater that the force



ND ABSOLUTE
PRESSURE

inder has a gauge pressure of
as oxygen at atmospheric

te Pressure = 138 bar



E PRESSURE

auge P + Atmospheric P
ore atmospheric P

el ures, gas cylinder
res and arteri od pressures are all

ressures



ESSURE

(air, nitrogen, oxygen)-Full
= 2000 PSI -Full cylinder

PSI-->165 L
remaining is proportional to pressure



ID FLOW

of fluid/ gas passing a point in



INAR FLOW

a steady manner with no eddies

centre
ow at the wa

onstant known as the resistance of the
s or tube

Poiseuille Equation



NAR FLOW

8ul



THESIA MACHINE

to flow is a function of the
s, the length of the pipe and
to the fourth power

Poiseuille’s |
TT has almost twice the resistance of an



ANESTHESIA MACHINE

Resistance  Resistance
factor relative to 8.0
0.410 104.9
0.198 50.6
0.063 16.0
0.026 6.6
0.012 3.2
0.007 1.7
0.004 1.0
0.002 06



ULENT FLOW

ber > 2000 = Turbulent Flow
ector/ Kinked ETT
elium reduces the density



LENT FLOW

property is density which is



TICAL FLOW

I a typical anesthetic gas has
umerical value as the

TT has a cri
9L /min = turbulent flow



ICAL FLOW

den51ty than Nitrous Oxide -

Inates



ICAL FLOW

onchi and smaller air passages
the trachea, the air flow



ENSION

gential force in Nm acting on a



ENSION

re in an arteriole tends to
so would reduce its radius
le in the wall maintains

f tension to radius is increased and
e across the wall is raised (La Place’s



CE TENSION

R ( wall of a sphere)

es surface tension lining the
ce tension variable

lveoli contract and
e as the alveoli distend



ACE TENSION

of a liquid, some of the forces of
molecules act in a direction

orces betwee ecules and the walls -
1IN a meniscus

concave meniscus
y — convex meniscus



nsion =

HESIA MACHINE

‘wall of the bag equals Pressure x



LLI PRINCIPLE

at a narrowing of a tube

ential energy in the form of
ic energy associated with

narrowing - increase in fluid velocity -
 in kinetic energy



LLI PRINCIPLE

ease in potential energy

s below atmospheric
as/fluid via the side hole

constriction ,_
le is a nebulizer and the oxygen mask



AS LAWS

al Gas Constant



YLES LAW

p,Vol/P
is available at atmospheric

der = 10L
te Pressure = 138 bar

e, volume = 1380L

V1 =DP2V2

13800kPa x 10L = 100kPa x 1380L



LES LAW

2ssure, Voolemp
heated



FECT GAS LAW

me, P oo Temp
101.325kPa



ABATIC CHANGE

aws describe the behaviour of a
the three variables (pressure,

apply, heat energy is
ed to be added or be taken from a gas
ate of a gas can also be altered without

Ing the gas to exchange heat energy with
its su oundings



ABATIC CHANGE

as can be altered without
to exchange heat energy with

e is turned on quickly, the pressure of
the connecting pipes and gauges rises



TIC CHANGE

compressed adiabatically and a
ith the associated risk of fire



LAW OF PARTIAL
PRESSURES

‘gases, the pressure exerted by
e as that which it would
ied the container



RO’S NUMBER

al volumes of gases at the same
e contain equal number of

ole of any gas occﬁpies 22.4L at STP



EATHING SYSTEMS

a)Open (non-rebreathing) * Simple face mask or nasal
es away from the face) *Bag-Valve-Mask system
es to allow either spontaneous or
ile preventing rebreathing b)Semi-Open
apleson / Bain) * Most efficient removal of CO2 for a given gas flow
en the "pop off" valve is nearest the source of the ventilatory power
ontaneous ventilation: Mapleson A -Controlled ventilation:
leson D *However, the "A" system is very inefficient (requires high
lows) to prevent rebreathing during controlled ventilation, while
D" system is reasonably efficient for both controlled and
ntaneous ventilation, so the "D" is preferred for most applications.
circuit is a coaxial Mapleson Dc)Semi Closed Circle System
nt gas uptake < fresh gas flow < minute ventilation *Some
) rebreathing of exhaled gas (following removal of CO2 b
absorber)d)Closed System * Gas inflow = Patient Uptake *If using
sidestream agent / CO2 analyzer, must route exhaust back into circuit
* Starting values-O2: 3-4 m]/ﬁg/min



RO’S NUMBER

s cylinder has 3.4kg of Nitrous

ccupies 22.4 x 3400 /44 = 1730L



GAS CONSTANT

olume and temp is constant

J

s that the pres
s gauge if the cylinder contains a gas




ICAL TEMP

temp above which a substance
led however much pressure is

al Pressure is
temp

pour pressure at the

temp for nitrous is 36.5 degrees - it is a
s if the temp is above 36.5



CAL TEMP

r oxygen is -119 degrees
oxygen into its liquid form



LUBILITY

is placed in a closed container,
eventually established at the
vapour of the liquid and
uid itself.

equilibrium state, the partial pressure
by the vapour is known as saturated
I pressure




LUBILITY

our Pressure
tes that at a particular temp,



LUBILITY

igh pressure on the solubility of
ularly relevant to deep sea
breathed under pressure
e tissues

turn to atmospheric pressure is made too
, the nitrogen comes out of solution as
bubbles in the joints and elsewhere



UBILITY

ility Coefficient is the volume of
es in one unit volume of the



UBILITY

icient is defined as the ratio of
stance present in one phase
er, the 2 phases being of
ilibrium



LUBILITY

ighest Ostwald Solubility
alothane is 2.3 and Nitrous is

arried away rapidly from the
conc of ether builds up more slowly in
oli --- slower induction of anesthesia



BILITY



OND GAS EFFECT

spiration of a gas mixture
us oxide, the N20O is absorbed

li has equalized with the ambient
ure, there is a net surplus of oxygen and
nolecules



ON HYPOXIA

n anesthetic using N20, the
r into the alveoli diluting the



LUBILITY

onstituent of tissue
d for measurements
st oil solubility have the

Oxide=1.4
lurane = 55
Desflurane = 18.7



LUBILITY

= lower MAC values

o interfere with the molecular
he long fatty acid at a critical
within the ne S

ment to the chain is loose and readily
le with Van der Waals forces



UBILITY



N AND OSMOSIS

process by which the molecules
ster through a layer such as

is more likely
ity in the lungs are decreased?



FFUSION

iffusing Capacity
leaves the alveoli is
of diffusion through the

osis, Asbestosis



MOLECULAR SIZE

states that the rate of diffusion of
 proportional to the square

e as possible to the nerve because
sion only allows limited penetration of the
o the tissues



OLARITY

| of the molarities of the solutes

of 278mosm/1 (Na 131, K

11, Ca 2, Lact

has an osmolarity of 300 >99% due to
HCO3. Plasma proteins account for 1



MOLARITY

ansfused hypotonic fluids - get
otic pressure gradient across
id diffuses into cells.

min and globu lve rise to an oncotic

re of 26mmHg

ed oncotic pressure - decreased
nt at the venous end - edema



OLARITY

oles per kg of water or clear

mp which affects volume



CAPACITY

apacity is defined as the amount
o raise the temp of 1kg of a
in. | per kg per kelvin

unt of heat required to
e temp of a given object by 1 kelvin.



CAPACITY

6 degrees

heat production 4 fold to
eat production is 80 W

min

eeded to increase temp by 1 degree .
at capacity = 3.5 x 70kg)



CAPACITY

11l need to shiver for 17 minutes
t required to do this



CAPACITY

apacity of blood = 3.6k]/kg/C
od at 5 degrees
in the patient



CAPACITY

= 216Kk]J (2x3.6x30)
Okg person = 245k]J/C
all by 1 degree



HE ANESTHESIA MACHINE

temperature [ °C)

0as phase
boiling pOiITI bOiling‘-/('SIE HITI)

liquid phase |
mefting point ~ melting " (water)

solid phase , | ' |
fice) : : :Iatem ;
latent | | hedt of .
hestof || vapon-
fusion | zation

hest energy (calories)




NESTHESIA MACHINE

in the tank as a liquid in
ith the N, O gas above it.

s from the tank, it is
boils off from the liquid

eat required for this phase transition is
from the cylinder which draws it from
ir around the tank

in the cylinder cooling



HESIA MACHINE

ressure go down as the gas



STHESIA MACHINE

the tank reflects the force of the
ing off every part of the wall

molecules as they
e off the surface divided by the surface
of the tank.

of each molecule reflects the thermal
7 of the molecule.



STHESIA MACHINE

is taken out of the nitrous tank
1zation.

ssac' s Law - pressure is inversely
to temperature when volume is



STHESIA MACHINE

rawn from the tank, both the
e drop over time.

ecause we are removing

mp drops because the released molecules
ir thermal energy with them - also
ibutes to the loss of pressure



ULATION



ULATION

CVP)/CO
ion - Resistance to flow is

1 blood pressure is measured
e auscultatory method
‘oscillometric method

ively



ULATION

rease in R and therefore a
to increase T

al Heart - Incr in R due to increased
so get an increase in T (Frank Starling).



ULATION



dily calibrated



ETRIC METHOD

ure waveform in an air filled
e arterial pulse

MAP which is the point

ximum oscilla |
ic and diastolic is inferred from the MAP



VE MONITORING

strain gauge that linearly
to electrical resistance



E MONITORING

movements of the diaphragm
in the resistance wire -
changes current flow -
on an oscilloscope

1ed and dis;






'MONITORING

an to “zero” the transducer?



VE MONITORING

ing the transducer tells the
ical resistance that should be



VE MONITORING

ter between the point that is
the transducer itself

red by the transducer

hes a net pressure in the blood vessel
e to this point



JIAC OUTPUT

for measuring cardiac output is
‘s Law to oxygen flow

w of oxygen out of the lungs = cardiac
X (Arterial oxygen content - Mixed
s oxygen content)



OXIMETRY

t = Concentration x
coefficient

vo diodes |
m, little absorption by oxyhemoglobin

, little absorption by
emoglobin



OXIMETRY

tes that the absorption of
en thickness of a solution of a
is the same as that of twice

ion of half the



OXIMETRY

states that each layer of equal
an equal fraction of radiation
it



OXIMETRY

e microprocessor



OXIMETRY

e waveform

t which represents the
e, venous blood, nail

atmg component which represents the
ion by arterial blood



OXIMETRY

tion that the tissue thickness is
oxyHb and deoxyHDb, the
s two simultaneous

e concentrations of
and deoxyHb



PULSE OXIMETRY

= HbC@ Spectéral charactgerlshcs X §b|00d

O
2
£
L]
=
2
&
=
S
D
il

E00 700 G000
Wavelength (nm)




PULSE OXIMETRY

inguish more that two types of

boxyHDb --- to the pulse
0 be 90% oxyHDb, 10%



RICAL SAFETY



ICAL SAFETY



ECTRICAL SAFETY

lon supplies electricity at very
substation where the voltage

and neutral. The neutral wire is
cted to earth at the substation

electric sockets in the hospital provide
connections to the live and neutral conductors
and also to a third conductor



ICAL SAFETY

r is connected to earth at the

ive wire at the hospital,
- completed through

y, through the earth and back to the
10N



"RICAL SAFETY

sensation on touching the live

nce of antistatic footwear and the floor
t 240kohms

is therefore less than TmA



"RICAL SAFETY

ing non standard footwear and
1 of saline on the floor while

! equipment, a higher

nt flows. *

ent of greater than TmA flows. A current

A would result in being unable to
e your hand from the equipment.



ICAL SAFETY

edence now occurs at the
ith the skin and the feet with
yund Skohms

Oohms x1000



"RICAL SAFETY

ter if the current passes
the ing repolarization - early

ve _of the EKG

alternating current of 50 Hz is more
ous than high frequency current of 1kHz
ter

ying myocardial disease



1 EQUIPMENT

iIng part that is accessible to the
etal case of an instrument, is
wire which becomes the
wire connected via the plug to the mains

socket

It occurs, a high current flows which
a protecting fuse and disconnects the



LASS 2

d equipment
are protected by 2 layers of
d insulation

wire 1S no



'CLASS 3

ered equipment
source located within the

I—gh the risk o ric shock may still be
, the particular risks associated with
ectricity are avoided



ATED PATIENT
CIRCUITS

ent requires electrical connections



TED PATIENT
CIRCUITS

directly by the mains and an isolated
ich is separated from the mains part by
ctrical barrier



ATIENT CIRCUIT

vide protection should a fault
ins part and to reduce flow of
ts in the patient circuit.



AGE CURRENT
STANDARDS

]l equipment is classified
aximum leakage current
icular applications

ay contact the heart
y. Indicates cardiac use and a floating
Leakage current should be less than



\GE CURRENT
STANDARDS

a floating circuit. Leakage

in a hospital is subjected to
ptance test will verity leakage

{s.




"RICAL SAFETY

nts flow in circuits
from the electrical source to

t density is the amount of current
per unit area



[RICAL SAFETY

voltage is about 120V

age voltage is there:
squares all the voltages and the takes the

potential driving energy



MEAN SQUARE

of the sine wave are squared,
are converted to positive

1S, a value is obtained
is related to the amplitude of the wave

root of this figure is the equivalent DC



\CROSHOC

through the t!

K

th burns and arrhythmias

horax
he chest wall

to the myocardium.

he current



10CK- FACTORS FOR
LECTROCUTION

ed and wet
e metal table, frequently

electrical devices.
electrical devices are exposed to spilled
s and operator abuses

sthetized patient is unable to respond or
withdraw from an electric shock



OSHOCK

urrent can we deliver to the
hetized patient?



CROSHOCK

ceive 150 volts with direct

esistance to flow is the skin
1ce of dry skin is 50000 ohms

t through dry skin is 150V /50 000 which
or 3 mA



ROSHOCK

ed to produce VF is SOmA

isk






OSHOCK

atient come into contact with 40



MACROSHOCK

Service
Entrance

Company

. ground . tral

Ground




CROSHOCK

al leads power the device

ects to the chassis of the
eaking current back to the

hassis is properly grounded, then

will flow through the ground wire

has very little resistance - current will be
high and a fuse will blow



MACROSHOCK

___Neutral

/

Broken Ground




CROSHOCK

electrocute the patient, no properly
monitoring device will complete a
tient and ground

lectrocautery unit is merely
a true ground

ROUNDING PATIENTS IS AN IMPORTANT
T OF ELECTRICAL SAFETY IN THE OR




CROSHOCK

st be designed so the the hot
short out with the chassis

grounded

d wires must

gularly inspected
should not be connected to potential

lation Monitors



SOLATION TRANSFORMER

onnection to
ound




SOLATION TRANSFORMER



ON TRANSFORMER

itor a line isolation transformer
ny connection between both



SOLATION TRANSFORMER



OLATION MONITOR

resistance of about 150 000 ohm’s

um current that can pass
1S TmA

the resistance detected by the Lim falls to
1an 75 000 ohm’s, a warning is signalled
uld the other line come into full contact
round, a current of 2mA could flow




OSHOCK

ts delivered directly to the
intracardiac electrodes or



OSHOCK

ty does the isolation
ide against microshock



ROSHOCK

ing if the resistance
nd either wire is less than



ROSHOCK

of a LIM, it takes two shorts to
devices, with both ground
ct a macroshock hazard



ROCAUTERY

= current flow per unit area

ing effect of the
ent

ge of direct cur or low frequent
ting current may cause physical

n, stimulate muscular contraction and
risk of VF



TROCAUTERY

ecome less as the frequency of
ses being small above 1 kHz

1 MHz. The burning and
at all frequencies



ROCAUTERY

equipment is used to pass a
requency ( 1Mhz) through
tting and coagulation by

of heating depends on the current



ROCAUTERY

ns - neutral or patient plate and

heating or burning
because of the small area

ning should occur at the neutral plate
the large surface area



TROCAUTERY

late is not properly applied, the
n be reduced so that burns can
where the plate is in

neutral plate is completely detached, the
t may return to the cautery unit via any
at which the patient is in contact with an
d metal object



ROCAUTERY

can reach a hazardous value
urgical current flows through
t have small cross sections



OCAUTERY

00 00- to 2000 000 Hz are used



TROCAUTERY

plate does not ground the
de to the electrocautery

plates should not be placed over
prosthesis



CITANCE

the ability of an object to hold

vof the amount of



RILLATOR

f an instrument in which
tored and then released in a



HING SYSTEMS

reathing)
or nasal cannula (CO2

alve-Mask sys Ambu®): uses 3
to allow either spontaneous or
ed ventilation while preventing

thing



HING SYSTEMS

apleson / Bain)
oval of CO2 for a given gas

ff" valve is nearest the
power

neous ventilation: Mapleson A
led ventilation: Mapleson D



ATHING SYSTEMS

"A" system is very inefficient
s flows) to prevent rebreathing

lled and spontaneous ventilation, so the
referred for most applications.

ircuit is a coaxial Mapleson D



'HING SYSTEMS

ircle System
< fresh gas flow < minute

- led gas (following
1 of CO2 by absorber



'HING SYSTEMS

values-O2: 3-4 ml/kg/min



BSORPTION

1on Granules

ave large surface area but
id “channeling”



BSORPTION

Ca(OH)2
H)2, Ba(OI—I)Z -More

rane) or compound A (sevoflurane)



ABSORPTION

emistry ¢CO2 + H20-->H2CO3
-->Na2CO3+2H20 + heat

tor (ethyl violet) to turn “violet”



