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By the end of this lecture, the student will be able to
understand :

1. The hazards of the anesthesia workstation
(AWS)

2. The safety features developed to avoid
these hazards

3. The anesthesia machine obsolescence

4. Preuse checkout
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Anesthesia Machine (AM) Anesthesia Workstation
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AWS Components

. Anesthesia machine '
.Vaporizer(s) =
. Ventilator 1=

——

—

. Breathing system (patient circuit)
. Waste gas scavenging system

. Monitoring and alarm system

. Drug delivery systems

. Suction equipment

. Data management system
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AWS

»The traditional pneumatic anesthesia machine has evolved
iInto @ complex electrical, mechanical, and pneumatic
multicomponent workstation.

» AWS integrates most of the components necessary for
administration of anesthesia into one unit.

» Monitoring and control functions as well as alarms can be
integrated, and data displayed on a single or multiple
screens.

» Reduced external connections should reduce the likelihood
of misconnections, disconnections, or kinked connections.

» A certain amount of the preuse checking procedure can be
performed automatically.

»These workstations have built-in safeguards in case of
machine failure.



System Components

|. Electrical Components
II. Data Communication Ports
lll. Pneumatic System



Hazards of the Anesthesia Workstation



Analysis of Critical Incidents and Adverse
Outcomes

Human error > equipment failure

Misuse > pure failure

1ry anesthesia provider > ancillary staff
technicians, nurses)

BS (breathing system) > vaporizers >
ventilators > gas tanks or gas lines > AM itself
The use or better use of monitoring could have
prevented an adverse outcome

Problems are decreasing: 2000-2010 < 1990-2000

The outcomes are less severe than earlier
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Major Causes for Patient Injury from
Anesthesia Equipment

* Insufficient Oz supply to the
brain

* I[nsufficient CO2 removal

* Barotrauma (1TTPaw)

* Excessive anesthetic concentration
* Foreign matter injuring the airway



How to avoid critical
INcidents?

1. Monitors and alarms:

BS

t

2. Detailed education of caregivers and ancillary
staff (anesthesia technicians and nurses):

- safe use of equipment
- management of hazardous situations

3. Development and adoption of STANDARDS
4. Regular service of all equipment
5. Equipment should be updated as necessary
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A safety feature is designhed
* to prevent the occurrence of a
mistake
* to correct a mistake
 or to alert the anesthesia
provider to a condition with a high
risk.
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A chronology of the introduction of major safety
features for the anesthesia machine

Years feature

1950-1960
Pin index safety system for medical gas cylinders
Oxygen flush valve delivering >35 L/min
Temperature and flow compensated vaporizers
Oxygen supply failure alarm system
Oxygen failure protection device
Vaporizer interlock system
1960-1970
Ventilator pressure relief system
Check valve between vaporizer and fresh gas outlet
Gate-style cylinder yokes
Ascending-filling ventilator bellows
Single-agent vaporizers
Key index safety system for filling vaporizers
1970-1980
Ventilator low-pressure disconnect alarm
Machine-mounted pipeline pressure gauges
Diameter index safety system
Minimum oxygen flow
N,O/O, proportioning device
Recessed oxygen flush button
Pin index safety system for flowmeter modules
Oxygen analyzer
1980-1990
Antidisconnect fitting on fresh gas outlet
Commeon manifold for breathing circuit components
Volume disconnect alarm
Master switch on/off for machine/patient monitors
Airway pressure monitoring system
Cable management arm
Battery backup for power supply
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The flow arrangement of a basic two-gas anesthesia
machine
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Low pressure circuit
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N linde supply :
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Insufficient O2 supply to the
brain

* Hypoxic gas mixture (hypoxia

- Historical causes:
* Crossing of pipelines in the hospital supply system
* Inadvertent cross-connection of gas supply hoses to the AM
This follows either:
* New installation
* Repair of the pipelines
* Repair of the anesthesia system
* Replacement of supply hoses at the AM

- Errors incorrect couplings (various keyed couplings on wall outlets, AM
inlets & supply hoses are dedicated to specific gases).

- Disconnection of the FG hose during the use of a hanging bellows
ventilator

- The O2 flow control valve is turned off

- Malfunction of the fail-safe system

- Failure of the N20-0O2 proportioning system

- 02 leak in the machine’s low-P system

- A closed circuit with an inadequate O2 supply inflow rate

* Inadequate movement of the gas to and from the lungs (apnea)
T P,(alveolar pressure) — | venous return & cardiac output




Safety Measures

* Contents of the cylinder = O2

* Safety pins projecting from the yoke:
- Sheared offmmm) permit the attachment of a wrong

- Fallen out cylinder
e Gasket (seal): Accumulation of several gaskets on thg
inlet nipple of the yoke may compromise
never > 1 the safety potential of the pins

* Pipeline pressure gauge

* Cylinder pressure gauge
- If 2 cylinders of the same gas are open, the gauge will display
the higher pressure of the two
- In the event of a tight check valve in the yoke, the pressure at
the contents gauge may continue to display a reading even after
the cylinder has been removed from the yoke, thus indicating a
reserve O2 supply which does not exist




(A) An accumulation of gaskets jeopardizes the
Jﬁll Dg safety potential of the pins
LW
y/an\y i \
————— =
ey AN
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i [ I T
| ke
L
|| | ]|
= (B) Yokes without pins permit the attachment of

a wrong cylinder
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Storage Room

Alarm
O, | Connection
Ve . 3&

Bank Bank
I #1 #2 |
Nitrous Oxide Bank
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Liquid O, (cryogenic) storage tank.
Behind the large tank is a smaller
liquid O, tank. To the left of this are

two vaporizers
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pressure

7 bar i
7 bar relief valve

i

Albar ~ 4
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pressure
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pressure
controd system

@ '

pressure raising
vaparizer

A vacuum insulated evaporator (VIE] as used in hospitals with a high oxygen demand.
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Storage Room

D
A ]
N Q
] 2
\ __
II.| N20 Anesthesia
I Machine
$
e
)
Small cylinders (Size
E) 7 Oz
4
PISS

PISS= Pin Index Safety
System
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Cylinder types

i

6f(1.83m)

AF DF F AV HX J J L/HL

=
.
Oxygen Nitrous Enfonox Air  Carbon  Pin index Integral Handwheel Bullnose Finindex Handwheel
oxide dioxide side spindle (valve and valve valve valve side outlet
valve reaulator) omm——— s
28
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.

Cylinder supply system. This shows both the primary
and secondary supplies with switching mechanism.

Raafat Abdelazim
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DH.'!.I'QEI'I 4
pressure to clinical ~
relief valve areas bar

automatic switchover
control bax shut-off valve non-return
valves
Check
I:I —

—

/

isolation
valves

137

bar
CMVEN
cylinders

First evlinder bank Second cylinder bank

Oxygen cylinder manifald as used in smailer hospitals,
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O, may be stbred as a refrigerated liquid (Cryogenic O,) or as a
compressed gas. The portable liquid O, tank (left) can deliver
as much O, as the 38 compressed gas cylinders (right)
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or

Liquid O,

Wall

Pipeline

d
i
l Theate I
r 3
History Reserve

(Safety)
2 independent gas sources: (1) Pipeline (2)
Reserve cylinder



Wall connections

Chemetron Ohmeda

Oxequip

Puritan-Bennett Schrader




YELLOW
USA

AR DISS
GAS FITTING

GREEN ~

B %
02DISS

GAS FITTING

) @%
NeO DISS
GAS FITTING
VACUUM DISS

FITTING
WHITE —?

" The DISS is designed to
prevent misconnection of
the medical gases.

" The end of the hose for each
type of medical gas is
assigned a unique diameter
and thread that is used to
connect the pipeline gas
supplies to the anesthesia
machine
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Cylinder Yokes

Mechanical system for fitting

cylinders securely to the machine.

Components usually include:

1. Pins for the indexing system

2. Bodok seal - neoprene
(synthetic rubber) disk with
aluminium or brass ring -
generates airtight seal

3. Check valve to prevent
retrograde loss of gas on
cylinder disconnection

4. Filter - 34 micron - to prevent
dust entering and blocking
needle valves etc
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The Pin Index Safety
sttem (PISS)

* |t uses geométric features on the yoke to ensure
that pneumatic connections between a gas
cylinder and AM are not connected to the wrong
gas yoke.

* Each gas cylinder has a pin configuration to fit its
respective gas yol

- 0,:2-5 <>

- N,O: 3-5

- Air: 1-5 T
—CICI;Z: 1-6 %ﬁ)

- Heliox : 2-4




PISS

ALL PIN
POSITIONS
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Pressure gauges

Raafat Abdelazim
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Pressure gauges

him o
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Digital pressure
indicators

Yacuum gauge

—~ X
. L/min 0, flush
Suction ONIOFF

Alternative O; source

Vacuum regulator

Raafat Abdelazim

Pipeline pressures

Cylinder pressures
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S

’,J_

To Machine

Check Valve

~—

Valve Seat Check valve used in the connections of the diame-
ter index safety system. Top: The check valve has been
lifted off the valve seat by the pressure of the gas from the
wall supply. Bottom: The gas supply from the pipeline of

DISS Fitting the health care facility has been disconnected. The check
From Wall Supply valve has been closed by the pressure in the anesthesia
pipeline. This prevents loss of gas into the operating room.

Valve Seat

DISS Fitting

Closed to Wall Supply
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Nitrous Oxygen
Oxide (02)
(N,O)
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Fall-Sare System
(O2 pressure failure protection
device)

* Valves inserted in all gas lines
upstream of each of the
flowmeters except O2

* Controlled by O2 pressure NLO 0o

*102P— O O ;

* Close the respective gas line o= ~rLowweTer

(old) %_} ”I_‘-T%

* lP in the respective gas line Z &
( n eW) FLOW CONTROL FLOWVES\T;’ROL

* Will not prevent 102 conc <safe
levels —
* Drawbacks:
* Sensitive to P only, will not T
analyze the supplied gas e
* Closing Oz2 flow-control valve Its safety potential is
— 02 P will maintain all other overestimated
rgasines open — hypoxic (limited)

mMivErrra

VALVE
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he Oxygen Whistle Alarm

A reservoir is filled with O2 when the machine is
turned on. When the O2 pressure | < 30-35

psig, the gas in the reservoir W|II pass
through a clarinet-like ree SOl

Reservoir Lo X o .
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he Oxygen Flush Valve

Raafat Abdelazim

Ball Valve Retaining
Spring

Ball Valve \

Valve Seat —— |

40-50 PSIG

l

Pin

Ball Valve Retaining
Spring

Z

Ball Valve

Valve Seat %‘

Pin

o]

40-50 PSIG

To Machine Outlet

=

Flush Button

To Machine Outlet

Flush Button
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Oxygen Flush %

The O, flush (O, bypass, emergency O, bypass)
receives O, from the pipeline inlet or cylinder P
regulator and directs a high unmetered flow
directly to the common gas outlet.

It is commonly labeled “O,+"

On most AMs, the O, flush can be activated
regardless of whether the master switch is turned
ON or OFF.

The AWS requires that the O, flush be a single-

purpose, self-closing device operable with one
hand and designhed to minimize unintentional

rara@livation. 51
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No safety measure other than an OXYGEN
ANALYZER will reveal the hazard of the supply of
N20 into the O2 inlet of the AM
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ORM, Oxygen Ratio Monitor

* A set of linear
resistors inserted
between the 02 &
N20O flow-control (@)
valves & their
associated (T

flowmeters
* The Pl across the 2 L_II:”_LU
. . . LEAF SF'FIING
resistors is monitored CoaTiat
& transmitted via EF'ALM g cii

pilot lines to an

arrangement of

opposing diaphragms
* These diaphragms

Dline
FLOWMETER

N,O DIAPHRAGM 0, DIAPHRAGM

RESISTOR

It does not actively control the gas flow.
are linked together It will not sognd an.al_arm if @ hypoxic
gas mixture is administered when the

With, the capabilit.y of O2 piping system contains a gas other
closing a leaf-spring than 02

contact & actuating 53



ORMc, Oxygen Ratio Monitor
Controller

* North American
Drager ORMc not
only generates an
alarm but also
controls the N20 flow
automatically in Resistor -
response to the O2
flow
* Basic design: similar
to ORM with the N,0
. slave !
exception that a cortol —= I :
slave regulator is M.
additionally o no  oma® b,
controlled s ehamber
* Advantage:
automatically Ll |J
responding to 102 P
or operator error L‘i

* Disadvantage: the 54
oberator can’t

] i
flow meter flow meter

N,O (o8
diaphragm diaphragm




Mandatory Minimum Oxygen Flow

Some AMs require a minimum (50 to 250
mL/minute) flow of O, before other gases will flow.

This is preset by the manufacturer.

On some machines, the minimum flow may be
deleted at the user's request.

Some machines activate an alarm if the O, flow

goes below a certain minimum, even if no other
gases are being used.

The minimum flow is activated when the master
switch is turned ON.

On some machines, it is disabled when air is
used.



=M SLF SaRCKLIGHT
‘{.»_l' :.-11.-1.-'1 TCHED OFF BEFOID
REMOVING FROMNT COVES
MINIMUM PRE-SET FLOW OF O, INCORPORA .
- 4 pal ! il eh

O NOT FORCE O, | LOW "
A — x . - CONTROIL
d | TURN RIINIMUM i . Fl_f__':.m.l "_-":' UsE '|l.| :‘:k B
’ ] » Lo A ] AT

g
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Minimum Oxygen Ratio

AM is provided with a device to protect against an
operator-selected delivery of a mixture of O, and

N,O having an O, concentration < 25% O, (V/V)
By:

0 Mechanical Linkage

0 Electronic Linkage

0 Mechanical and pneumatic
Alarms:

Alarms are available on some AMs to alert the
operator that the O,: N,O flow ratio has | < a

preset value.




Datex-Ohmeda Link-25 Proportion Limiting

Control (Proportioning) System
A system that 702 flow when necessary to prevent delivery of a fresh

gas mixture with an O2 concentration of <25%

— =
final 3:1 flow ratio

F |
NEG O
flow metar flow meter
26 PSIG
MN-0O i | 'DE
T =
14 28
teeth teeth

The combination of the mechanical and pneumatic aspects of the
system yields the final oxygen concentration -



Proportioning Systems

Manufacturers have equipped newer machines with
proportioning systems in an attempt to prevent
delivery of a hypoxic mixture. Nitrous oxide and
oxygen are interfaced mechanically or
pneumatically so that the minimum oxygen
concentration at the common gas outlet is between
23% and 25%, depending on manufacturer

1.Datex-Ohmeda Link-25 Proportion Limiting
Control System

2.North American Drager Oxygen Ratio
Monitor Controller



Alternative Oxyge

When using an AM, there is always the possibility
that the electronics will fail.

Different machines deal with this problem in
different ways.

Some machines provide an alternative means to
administer O, . This is separate from the auxiliary
(courtesy) flowmeter.

If there is a mechanical total flow flowmeter, it can
be used to measure the delivered O,. Anesthesia

can.be administered with intravenous agents.



Touch-Coded O2 Flow-
Control Knob
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O2 Flowmeters Arranged in Tandem

*

TAccuracy
(deviation 3%

* | Diameter

_ lAccurac

* Condensation —» small (deviatiox
particles of dust or moisture 0%
may cause the float not to 0)

move freely
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Leaks at Flowmeter Tubes

Leak — same effect of | fresh gas flow (FGF) — | O2

o) ntration
| Possible sites of leak:
—8= LEAK

* Upper gasket of the O2
flowmeter tube
* Sealing screw
* The piping between
N=0 O O Oo flowmeter tube & the
manifold

e
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Leaks at Vaporizers

At the inlet & outlet
connections when
standard cagemount f> > i> e

fittings are used I
* At the filler plug A
(funnel)

* At the draining
device
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Any | of O2 % due to leaks at any of
the above-referenced points will be
recognized if an OXYGEN
ANALYZER is used in the breathing
system



Raafat Abdelazim




Raafat Abdelazim




Raafat Abdelazim

VOLUME
SENSOR

68



Oxygen Analyzer

* What design?
- Polarographic sensor (Clark Cell)
- Paramagnetic sensor
- Electrochemical sensor (galvanic fuel cell)

* How to calibrate?

- Using 02 % either:
* 21% (air): preferable

- The accuracy of an O2 analyzer is the greatest around the concentration which is
used for its calibration. The operator should be more concerned with a hypoxic

gas mixture.
- Using room air — | risk of an error in the calibration gas

* 100% (AM): Possibility of air entering the gas mixture exists —
calibration gas with < 100% 02

- Expose the sensor to a stable calibration media during the whole
period of calibration (45 sec).

* High & low O2 alarm limits. Low alarm limit always returns
to 30% when the unit is initially turned on.
* |t does not monitor the movement of gas to the patient

* Where to place?
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Location of O2 Sensor

Not%able (= FIO2)
L == ©

|

|
= e
g == I-:Zoza%gza |
e 1 | W Y

b 5 l;‘_] N Limited safet

F

G

2 i : (disconne%?g)n%)
Max. Sa%Ety* MO|Sthé‘A;‘J Q E

Y%,_condénsatio 1 e rrf
L-"‘L:__ L /J_J,J‘ I'_‘r_‘-—-' X /_ T AAAAANAAAAAAAAANA, ——
B % F/'? \
Frlhe Slightly T degree of
N O
C\J_P QE safety ; "t
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| or cessation of O, pipeline
pressure

| or cessation of O, cylinder
pressure

VWwrong gas supply into DISS
inlet

VwWrong gas supply toypkeinlet

Hypoxic O,-N.,O gas mixture
composed at flowmeters

O, flow controlvalve
inadvertently downrnward
adjustedor closed

Leak at O, flowmeter

Leak infresh gasline

Fresh gas hose disconnect

M., accumulation

Rate
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) '-I' I_" '_' |I
x
Y
i | Contral | i : i i | Fresh!
1 Central gas - i Reserve ! Internal ! ! - V Odygen! !
! . ! piping ! T ! 'Flnwrneters:vamnzer: | gas |
i supplies | system icyllnders: piping | : : flush : hcrsei
: «— Hospital Gas System —i= Anesthesia Machine el =

Breathing Circuit ————=

19

0,
analyzer

KEY
B Flow valve

Pressure
regulator

» lnidirectional
valve

& loww inspired oxygen concentration can result from problems ampwhere along the path from the central gas supplies to the
breathing circuit. The central or reserve oxygen supplies may be contarminated. Cross-connections I:dashecl X's] can occur within the
hospital’s central piping or the anesthesia machine internal piping. Oxygen flow may be disrupted owing to leaks, obstructions, or regular
failures. Air may be entrained into the breathing circuit. Note that the oxygen flush system bypasses the anesthesia machine's internal

piping, flowwmeters, and vaporizers.
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Standard Diameters in Millimeters for
Hose Connections (15, 19 & 22 mm)

153 22 19

2 1

. . " "'F-'._ =
Different diameters for ﬂf = © T et

hose terminals — | the === ) |*

l
te e
possibility of /Q;—Lﬁ [Jg‘ ]k
. . 1 .___,.-f"; x | f_.
misconnection 5 \N\. 227/ /Y E]L:_—__—-ﬁx.
e T
. . . eV 22 | - _'ilj
Misconnection — occlusion 227 :fg\? 22y Bl
in BS A ¥ 1:9:7'.
.Ir”' _:Illrli l 1
|
oo . Bl
.-"J | I Stondord diameter in mm
L for hose connection
[or Suction 5?35];'::.‘ I'"-,II".
| II I‘Ii
| | | |
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The Use of a Bellows or Self-Inflating
Resuscitation Bag for Checking Out the
Breathing System before Use

Observe: —
* Function of | & E valves o (; )

* System P gauge rl_ | l
| = ;a‘:ﬁ’
58 2%

* Movement of rebreathing

T Tt 0
)
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Connecting Points with a Potential for
Disconnects in Breathing Systems

Raafat Abdelazim
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Safety Potential in an Ascending
Ventilator Bellows Arrangement

Raafat Abdelazim
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Switching of Absorber Canisters

- - > EXHAUSTED R——
-

B ED 0 §
) 2 [ 7 B 2
=
O NG
Z v SN S sim g
B 1 el i 5 0 5 0 @ 0
3 s o o
B oy i / % enEad 5
" FRESH
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Malfunctioning of Scavenger Systems

APL Valve Ventilator Relief Valve

Raafat Abdelazim
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Anesthesia Machine Obsolescence

Absolute criteria:
1. Lack of essential safety features such as:

moOm>

02/N20 proportioning system
Oz failure safety device (‘‘fail--safe’’ system)
O2 supply failure alarm

. vaporizer interlock device

noninterchangeable, gas-specific pinindexed and
diameter-indexed safety systems for gas supplies.

2. Presence of unacceptable features such as:

A.
B.

C.

D.

measured flow vaporizers (e.qg., Copper Kettle)

more than one flow control knob for a single gas delivered
to the common gas outlet

vaporizer with a dial such that the concentration
increases when the dial is turned clockwise

connections in the scavenging system that are the same
(15 or 22mm diameter) as in the breathing system.

3. Adequate maintenance no longer possible




Relative criteria:
1. Lack of certain safety features such as
A. a manual/automatic bag/ventilator selector switch
B. a fluted O2 flow-control knob that is larger than the
other gas flow-control knobs
C. an 02 flush control that is protected from unintentional
activation
D. an antidisconnection device at the common gas outlet
E. an airway pressure alarm.
2. Problems with maintenance.
3. Potential for human error.
4. Inability to meet practice needs such as
A. accepting vaporizers for newer agents
B. ability to deliver low fresh gas flows (FGFs)
C. a ventilator that is not capable of safely ventilating the
lungs of the target patient population.




Design Features of New
Workstations

Modern anesthesia delivery
systems and workstations contain

pneumatic, mechanical, and
electronic components that are

extremely reliable so that
unexpected ‘pure’’ failure of

equipment is rare in a system that
has been well maintained and
properly checked before use.
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Approach in the design for increased
safety

Wherever possible, the design is
such that human error cannot
OCCUT.

[f human error cannot be
prevented, then the system is
designed to prevent such errors

from causina iniurv.

Should be equipped with
mohnitors and alarms.
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The Anesthesia Breathing System

The bag-ventilator selector switch (older design: 5 steps,
each step— error)

PEEP valve: integrated component of the BS or built into
the ventilator (older design: freestanding— mistakenly
placed into the inspiratory limb— complete obstruction)

Hoses and connections (new design | their number)
Fresh gas hose disconnection: prevented by:

2D LL

sabueyd ubisa

- Retaining devices
- Connection is not accessible

Filters and humidifiers can become blocked

Failure to remove the plastic wrapping from facemasks
or breathing circuits




Preventing fresh gas hose
Slisconnection

1. Certain North American %er anesthesia
machjnes have a sprin aded ar
! T TT VY

% il

15MM FRESH GAS OUTLET
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2. Certain Ohmeda anesthesia machines have a
locking connector which includes a coiled
spring, an L-shaped slot and a mating pin for this
purpose
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Safety Features

__[PIS
Pipeline Uqb
Cylinders — | c
[ Flexible color-code
Gas hoses
Connecto |
supp B rs —>
ly ONNEctio
Rutoma
- Preuse
etis )| AWS
Manual ut

Electr
ic

Battery

backup
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Unidirectional check
valve

Fail-safe valve

2" Stage O, Pressure

Regulator
Flowmeters
O, flush valve

ORM and proportioning
Systems
O, analyzer

O, supply failure alarm

Datex-Ohmeda Link-25
Proportion Limiting
Control System

* NAD ORMC (Sensitive

—Anéestheticvapor—

. Keyea Hller?

Vaporizer interlock
Anti-spill
mechanism
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Monitoring the Breathing System

* Perhaps the greatest advance in the
design of modern anesthesia gas
delivery systems has been the
iIncorporation of integrated
monitoring and prioritized alarm
systems.

* With appropriate monitors, alarm
threshold limits, and alarms enabled
and functioning, such monitoring
should detect most, but not all,

AI\I:\I"\V‘\I t"\lt'“l'l\m hrt\lrslnmr—




Monitoring the Breathing System

1. Pressure
a) P monitoring

b) Alarms: low P, continuing P, high P,
subatmospheric P

2. Volume (spirometry)

3. PerCO2

4. Respiratory gas composition
5. Gas flows



Pressure Monitoring

1. Mechanical analog P
gauge
2. Electronic display:
The pressure waves are
converted to electrical
impulses that are
analyzed by a
microcomputer.

If the user has altered
the manufacturer’s
original breathing circuit
configuration, the
system may fail to detect
certain cases of
abnormal Paw.
Monitoring of circuit

Antegrity,and correct
confiaduration ic eccential

1

g DISPLAY
PATIENT
BREATHING
— PRESSURE
/ TRANSDUCER

CIRCUIT

(CE L))

Patient\. — INTERFACE

e

BREATHING PRESSURE
L PILOT LINE

PANEL




Sensing Points for Pressure Alarms

A pressure monitor is not designed to warn of occlusion or
misconnections in the BS & should not be relied upon for that
purpose

Occlusion in the BS will be recognized by a respiratory flow
monitor located in@e@ limb, which measures VT, f & VM

(A) Will not recognize adverse P

. conditions or apnea in the event of an
occlusio the $shaded area
MVentilator

L7
7
7

s

fa
A
{//é/ 7 7

i
C (C) Respiratory meter measuring
(B) PreferaE;oI VE will reveal occlusion in the
breathing path
Problems: H20 gt gp
condensation &) @

94
Difficult




PIP Alarms

Paw
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High-Pressure Alarm

* In new AWS, threshold can be
adjusted by the user, with a default
setting of 40 cm H20

- The ability to set the high-P limit to
values of 60-65 cm H20 may be
necessary to permit adequate
ventilation of patients whose lungs have

LC (stiff)

* I[n some older models, it is not user-
adjustable & have a threshold of 65
Ccii"H20 — too high to detect an



Low-pressure Alarm (Low-pressure
Monitor)

* Sometimes have been called Disconnect Alarm (monitor). This
IS @ misnomer because it monitors P.

* An audible and visual alarm will be activated within 15
seconds when a minimum P threshold is not exceeded
within the circuit.

* This minimum P threshold should be adjusted to be just <
PIP so that any slight | will trigger the alarm (if not close to
PIP — a circuit leak or disconnect may go undetected).

* A small-diameter ETT (e.g., 3-mm) might be pulled out.
Because the tube has a high R (& P= RxF), the PT in the circuit
with each PPV may satisfy the low-P alarm threshold & the
disconnect may go undetected by P monitoring.

* Thus, NOT all disconnections can be detected with
pressure actuated disconnect alarms.



Breathing
Pressurs cm HOH

.‘Ir L T I I || 1 1 1
Alarm limits set correctly to within T - ‘
9 cm HsO of peak pressure Partial disconnaction

i &
EE
= O
o 2
@
o

Alarm limits set incorrectly =5 cm T _ _
H-O below peak pressure Partial disconnaction
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* Display:
- The circuit P waveform
- High- and low-pressure alarm thresholds

- The high-P alarm threshold can be adjusted by
the user

- The low-P alarm threshold can be:

1.

2.

3.
4.

Automatically enabled whenever the ventilator is
turned on (new AWS)

Bracketed automatically to the existing PIP by
pressing one button (auto limits) (new AWS)

Adjusted by the user (user-variable) (old models)

Provided by a limited choice of settings (manual set)
(e.qg., 8, 12, or 26 cm H20) (older models) - may limit
the monitor’s sensitivity to detect small decreases in
PIP — readjust the ventilator settings such that the PIP
just exceeds one of the available low-P alarm limits




Continuing Pressure Alarm

* When > 10 cm H20 > 15 sec

* Causes (gradual T in circuit P):

- Malfunction of the ventilator P-relief
valve (stuck closed)

- Waste gas scavenging system occlusion:
the rate of PT will depend on FGF rate



Subatmospheric Pressure Alarm

* Activated when P < -10 cm H20

° -
- -ve P barotrauma
- -ve P pulmonary edema

* May be the result of:
- Spontaneous respiratory efforts (under MV)
- Malfunctioning scavenging system

- A side-stream sampling respiratory gas analyzer or
capnography when FGF is inadequate

- A suction catheter is passed into the airway

- Suction is applied through the working channel of a
fiberscope



Spirometry/Volume Monitoring

e Exhaled VT & VM
* Location: near the E unidirectional valve

* Used to monitor:
- Ventilation
- Circuit integrity

* Circuit disconnect - low V1 alarm if appropriate
limits have been set

* |[n some older units the low-V alarm limit threshold
may not be user-adjustable (e.qg., fixed at 80 ml).

* Hanging bellows - disconnection may fail to
trigger a low VT alarm




* Because the spirometry sensor is usually placed
by the E valve at the CO2 absorber — it does not
measure the actual | or E V7. It measures VE + V
that has been compressed in the circle system
tubing during |

* High V1 alarm is also useful. In older AWS: T GF
entering the BS during | (when the BS is closed by
closing the ventilator P-relief valve) » TVT.

* This Tmay be due to:
- FGF
- TLE
- Through a hole in the bellows
This is particularly hazardous for the pediatric
patient




* Modern electronic AWS incorporate features
designed to ensure that the patient will
always receive the intended VT

* Automated checkout is performed to ensure
that there are no leaks and to measure the
C (compliance) of the BS

* FGD (fresh gas decoupling) ensures that
FGF (fresh gas flow) does not TVT

* A spirometer that senses GF (gas flow)
direction can alert to a situation of reversed
GF (incompetent E valve, leak in the BS
between the E valve and the spirometer)




Gas Composition in the Breathing
System

* O2 analyzer

* Capnography

* N20

* Anesthetic agents
* Nitrogen



Monitoring Gas Flows and Side
Stream Spirometry

* Side stream sampling (or diverting) gas
analyzers are used to monitor | & ET % of
CO2, 02, N20O & the anesthetic agent.

* Gas is sampled from an adaptor close to
the patient’s airway —-sampling tube
—ahalyzer —-BS or scavenging system

* The addition of Pitot tube flow sensors —
monitoring of P, F, V & respired gas
composition at the patient’s airway = side
stream spirometry




* VT and VM: | vs E — detection of a leak
distal to the airway adapter

I-E difference may be due to:
- Deflated TT (tracheal tube )cuff
- Poorly fitting LMA

* Loops:
- FIV
- P/V

* With appropriate alarm limits — greater
patient safety because it is less likely to be
deceived than are monitors whose sensors
are remote from the patient’s airway




* Rather than using the disposable Pitot tube F
(flow) sensor placed by the airway, many
AWSs use F sensors placed in the vicinity of
the | & E unidirectional valves in the circle
system.

* These sensors measure the F into the | [imb of
the circle system during | and the F from the E
limb during E.

* The output of these sensors is compared and a
difference may indicate a leak in the circuit.

* |In some AWSs, the sensors’ output is used to
correct VT for changes in FGF and other
aspects of ventilator control.




Alarms

* Problems with monitors or alarms:
- Absent
- Broken
- Disabled

- lgnhored

- Led to an inadequate response by the
caregiver




* Monitors should be:
- User friendly
- Automatically enabled when needed

- Have alarm thresholds easily bracketed to
orevailing “normal” conditions

- Intelligent (smart)

- Alarm signal should be appropriate in terms
of:
* Urgency
* Specificity
* Audibility (volume): should be tested & adjusted.

The silencing of audible alarms (because “false
alarms are annoying”) should be discouraged




Other Potential Problems: Fires from
Interactions of anesthetics with
desiccated absorbent

Sevoflurane - CO & flammable gases

Baralyme +:
- Sevoflurane —» >200 °C — fire
- Desflurane & Isoflurane — 100 °C

So, baralyme has been withdrawn from the market

Soda lime: lstrong base than baralyme —
lhazard

Less basic CO2 absorbents are now available;
e.g., Amsorb:

- No strong base (Na, K, or Ba hydroxides)

- It changes color from white to pink when desiccated



Preuse Checkout
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FDA
FDA anesthesia apparatus checkout recommeridations

This checkout, or a reasonable equivalent, should be conducted before the administration of anesthesia. These recommen-
dations are valid only for an anesthesia system that conforms to current and relevant standards and includes an ascend-
ing bellows ventilator and at least the following monitors: capnograph, pulse oximeter, oxygen analyzer, respiratory vol-
ume monitor (spirometer), and breathing system pressure monitor with high- and low-pressure alarms.

This is a guideline which users are encouraged to modify to accommodate differences in equipment design and variations in
local clinical practice. Such local modifications should have appropriate peer review. Users should refer to the operator’s
manual for the manufacturer’s specific procedures and precautions, especially the manufacturer’s low-pressure leak test

(step 5).

Emergency ventilation equipment
Step 1.2 Verify that backup ventilation equipment is available and functioning.
High-pressure system
Step 2.2 Check oxygen cvlinder supply.
a. Open oxygen cylinder and verify at least half full (about 1,000 psig, pounds per square inch gauge).
b. Close cylinder.
Step 3.2 Check central pipeline supplies.
a. Check that hoses are connected and pipeline gauges read ~50 psig.
Low-pressure system
Step 4.2 Check initial status of low-pressure system.
a. Close flow control valves and turn vaporizers off.
b. Check fill level and tighten vaporizers’ filler caps.
Step 5.2 Perform leak check of machine low pressure system.
a. Verify that the machine master switch and flow control valves are off.
b. Attach “suction bulb” to common (fresh) gas outlet.
c. Squeeze bulb repeatedly until fully collapsed.
d. Verify that bulb stays fully collapsed for at least 10 seconds.
e. Open one vaporizer at a time and repeat steps ¢ and d as above.
f.  Remove suction bulb and reconnect fresh gas hose.
Step 6.2 Turn on machine master switch and all other necessary electrical equipment.
Step 7.2 Test flowmeters.
a. Adjust flow of all gases through their full range, checking for smooth operation of floats and undamaged flowtubes.
b. Attempt to create a hypoxic oxygen/nitrous oxide mixture and verify correct changes in flow and/or alarm.




- - - FDA
Scavenger system
Step 8.2 Adjust and check scavenging system. 1993
a. Ensure proper connections between the scavenging system and both adjustable pressure-limiting (APL, pop-off)
valve and ventilator relief valve.
b. Adjust waste gas vacuum (if possible).
c. Fully open APL valve and occlude Y-piece.
d. With minimum oxygen flow, allow scavenger reservoir bag to collapse completely and verify that absorber pressure
gauge reads about zero.
e. With the oxygen flush activated, allow the scavenger reservoir bag to distend fully, and then verify that absorber
pressure gauge reads less than 10 cm H,0.

Breathing system fencmna MESBE LT
Step 9.2 Calibrate oxygen monitor. — \' R ﬁ’e}- ! e
a. EnsSUreThaTmonmor reads 21% in room air. OB e g 20
b. Verify low oxygen alarm is enabled and functioning. =+ N oa \f::r';z”vzf:?.
c. Reinstall sensor in circuit and flush breathing system with oxygen. it o i aiiagae BN
d. Verify that monitor now reads greater than 90%. ' ps o o o
Step 10. Check initial status of breathing system. R iy
a. Set selector switch to “Bag” mode. i Co Soon
Check that breathing circuit is complete, undamaged and unobstructed.  *° Lugs T

b
c. Verify that carbon dioxide absorber is adequate.
d. Install breathing circuit accessory equipment (e.g., humidifier, positive end expiratory pressure valve;) to be used
during the case.
Step 11. Perform leak check of the breathing system.
a. Setall gas flows to zero (or minimum).

b. Close APL (pop-off) valve and occlude Y-piece.

c. Pressurize breathing system to about 30 cm H,O with oxygen flush.
d. Ensure that pressure remains fixed for at least 10 seconds.

e. Open APL (pop-off) valve and ensure that pressure decreases.



FDA

Manual and automatic ventilation systems ' 1993
Step 12. Test ventilation systems and unidirectional valves.

a.
b
C.
d.
e
f.
g.
h.
[
j.
K.
l.

m.

Place a’second breathing bag on Y-piece.

Set appropriate ventilator parameters for next patient.

Switch to automatic ventilator (Ventilator) mode.

Turn ventilator on and fill bellows and breathing bag with oxygen flush.

Set oxygen flow to minimum and other gas flows to zero.

Verify that during inspiration bellows delivers appropriate tidal volume and that during expiration bellows fills
completely.

Set fresh gas to about 5 L/min.

Verify that ventilator bellows and simulated lungs fill and empty appropriately without sustained pressure at end
expiration.

Check for proper action of unidirectional valves.

Examine breathing circuit accessories to ensure proper function.

Turn ventilator off and switch to manual ventilation (Bag/APL mode).

Ventilate manually and assure inflation and deflation of artificial lungs and appropriate feel of system resistance and
compliance.

Remove second breathing bag from Y-piece.

Monitors
Step 13. Check, calibrate and/or set alarm limits of all monitors.

Capnometer

Pulse oximeter
Oxygen analyzer
Respiratory volume monitor (spirometer)
Pressure monitor with high and low airway alarms.
Final position
Step 14. Check final status of machine.

~oQoTp

Vaporizers off.

APL valve open.

Selector switch to “Bag.”

All flowmeters to zero.

Patient suction level adequate.
Breathing system ready to use.



# Leak check: Pressurize to 30 cmH O

g= Pre
Fresh Gas Flow with O, flush \ ssure Gauge
Set t —Fixed for at least 1 Switch valva Bag
et to zero g
Absorber

ﬁdequate\U—A]r’ —
E; Adjustable Pressure

. T djus

— ) Limiti
Pressure 3 e imiting Valve Close
disconnect alarm f

%— Reservoir bag \L
Inspiratory Valve Open after leak check

Volume disconnect alarm
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Expiratory Valve

-‘&?_@ Ventilator
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&
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‘&'*’.'"’" SHANIA B Ranctioning i A iy Complete, undamaged, unobstructed
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Steps
o1
: % .. ... % Potential Disconnect
Lungs
Manual pre-use checkout of the BS (Steps 9, 10 and 118
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ASA
2008
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Recommended Essential Steps in a Preanestbesia Checkout Procedure

TO BE COMPLETED DAILY, OR AFTER A MACHINE IS MOVED OR VAPORIZERS CHANGED

[tem to Be Completed

Responsible Party

[tem 1

[tem 2

[tem 3

[tem <

[tem 5

ltem &

[tem 7

[tem &

[tem 9

[tem 10

ltem 11

[tem 12

[tem 13

[tem 14
[tem 15

Verify auxiliary oxygen cylinder and manual
ventilation device (Ambu Bag) are available
and functioning

Verify patient suction is adequate to clear the
alrway

Turn on anesthesia delivery system and confirm
that AC power is available.

Verify availability of required monitors, inchading
alarms

Verify that pressure is adequate on the spare
oxygen cylinder mounted on the anesthesia
machine

Verify that the piped gas pressures are = 50 psig

Verify that vaporizers are adequately filled and, if
applicable, that the filler ports are tightly closed

Verify that there are no leaks in the gas supply
lines between the flow meters and the common
gas outlet

Test scavenging system function

Calibrate, or verfy calibration of, the oxygen
monitor and check the low-oxygen alarm

Verify carbon dioxide absorbent is fresh and
not exhausted

Perform breathing system pressure and leak
testng

Verify that gas flows propedy through the
breathing circuit during both inspiration
and exhalation

Document completion of checkout procedures

Confirm ventilator settings and evaluate readiness
to deliver anesthesia care (Anesthesia Time
Out)

Provider and technician

Provider and technician

Provider or technician

Provider or technician

Provider and technician

Provider and technician

Provider or technician

Provider or technician

Provider or technician

Provider or technician

Provider or technician

Provider and technician

Provider and technician

Provider and technician
Provider
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ASA
2008

Recommended Essential Steps in a Preanesthesia Checkout Procediire

TO BE COMPLETED PRIOR TO EACH PROCEDURE

subset of Items in the Daily Checklist to Be Completed

between Cases

Responsible Party

Item 2
Item 4
Item 7
Item 11

Item 12
Item 13

Ttem 14
Item 15

Verifv patient suction is adequate to clear
the airway

Verify availability of required monitors, including
alarms

Verify that vaporizers are adequately filled and if
applicable that the filler ports are tightly closed

Verify carbon dioxide absorbent is not exhausted

Breathing system pressure and leak testing

Verify that gas flows properly through the
breathing circuit during both inspiration and
exhalation

Document completion of checkout procedures

Confirm ventilator settings and evaluate readiness
to deliver anesthesia care (Anesthesia Time
Out)

Raafat Abdelazim

Provider and technician

Provider or technician

Provider

Provider or technician

Provider and technician
Provider and technician

Provider and technician
Provider
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Although the new electronic AWSs
provide an automated checkout,
some steps in the preuse checkout

must be performed by the user
because they cannot be automated.

It Is essential that the user understand

what these procedures are and
perform them correctly. For example,
the oxygen tank must be opened and
then closed for the tank pressure to

be measured.




Although an automated preuse checkout can
pressurize the BS, check for leaks, and measure
C, It cannot check for correct assembly of the BS
and possible misconnections of the hoses.

Thus, in the 2008 preuse checkout guidelines,
item 13 (‘"Verify that gas flows properly through
the breathing circuit during both | & E"’) Is an
essential step. A 3-L bag should be connected at
the Y-piece of the breathing circuit to simulate a
model lung. Squeezing and releasing the
reservoir bag in manual (bag) mode and
operation of the ventilator (in automatic mode)
should result in inflation and deflation of the
model lung and verify presence and correct
operation of the | & E unidirectional valves.




New Workstation Designs: New
Problems

* Some AWSs use FGD to ensure that changes in FGF do
not affect the desired (set) VT delivered to the patient’s
airway.

* With FGD, during the | phase of IPPV, only gas from the
piston chamber (Drager) or hanging bellows (Anestar)
Is delivered to the | limb of the circle system because
the decoupling valve closes to divert FG into the
reservoir bag.

* The FGD circuits differ from the traditional circle
system in function and therefore may be associated
with different problems, including detection of an air
entraining leak in the BS and failure of the FGD valve
resulting in failure to ventilate.




* The new AWSs incorporate many
more electronic systems than their
predecessors. These systems
sometimes fail and render the AWS
nonfunctional. The user must
understand how to proceed in the
event of a power loss.

* [n addition, the electrical systems are
sometimes the cause of a fire or
smoke condition




Thank you
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