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Introduction to Merlin

Merlin is a new computer-controlled Small Animal Ventilator designed specifically
to fulfil the needs of the Small Animal Practitioner. With Merlin, patients from 50g
up to 70Kg can be accurately ventilated. There is no requirement for a
pressurised gas supply and Merlin will ventilate patients with room air or with gas
delivered from a standard anaesthetic machine. The driving pressure for
ventilation is produced by a very precisely controlled pneumatic piston, which has
unrivalled accuracy. This means that if you select an input volume of 100 mls to
be given over 1.5 seconds then exactly 100 mis will be delivered to the patient in
exactly 1.5 seconds.

Merlin also has a very clear liquid crystal display (LCD) screen with status
information on all the selected values as well as measured values. Because
Merlin can monitor the pressure of the patient’s airway and knows the exact
volume of gas being delivered, Merlin can calculate and display the compliance
of the patient under ventilation. This is a unique feature not found on previous
Veterinary ventilators.

Merlin can be used in a rebreathing or non-rebreathing configuration.
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Features of Merlin

Inspiratory volume can be set accurately in terms of flow rate or absolute
volume.
Inspiratory and expiratory times can be set to within a tenth of a second.
The Maximum Airway Pressure control prevents over-inflation or allows
Merlin to be run as a pressure-cycled device.
An inspiratory assist mode and the ability to finely control the inspiratory-
assist threshold settings allows patients to be safely weaned from ventilation.
80-character clear backlit LCD screen shows the following
“ Tidal Volume

Minute Volume

I:E ratio

Respiratory rate

Measured airway pressure

Measured system compliance

Causes of Alarm conditions
Clear 7-segment LED’s show the precise settings of entered values
Two pressure monitors show independently the airway pressure in the
inspiratory and expiratory limb of the anaesthetic circuit.
Patient disconnect detection and warning
Over-pressure detect warning
Blocked inlet, detect warning.
Clear audible and visual alarms for fault conditions
All gas connections via standard 22mm stainless steel tapered fittings
Fail-safe. In event of electricity supply interruption all valves remain open
allowing manual continuation of IPPV.
Requires a single mains inlet.
Overall size 450mm x 350mm x 200mm
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A brief over-view of how Merlin works

Merlin is a positive pressure ventilation system that generates it's own driving
gas pressure by means of a precision-controlled piston. The piston acts like a
large syringe and is controlled by a stepper motor driven from a microprocessor.
The use of a digital system to control the piston position means that extreme
accuracy can be attained. At low volumes Merlin can deliver volumes to within
1/32 ml. At larger volumes accuracy is to within 1/8 ml.

At the start of every inspiratory phase Merlin checks to make sure the chamber is
returned to the starting position. If it is not, then the chamber is withdrawn until it
is at the starting position and then inspiration begins. At the start of the
inspiratory phase the following readings are taken: Tidal volume, inspiratory time
and expiratory time. These are then used for the subsequent inspiratory and
expiratory phases with Merlin calculating the exact speed and volume of the
chamber emptying/filling in these two phases. Therefore changing any of these
three controls once inspiration has begun will have no effect until the next
inspiratory cycle. During the inspiratory cycle the airway pressure is checked
continuously and compared with the setting of the Maximum Airway pressure
control. If the measured airway pressure exceeds this setting then the inspiration
phase is terminated. Gas flow and the generation of the driving pressure is
controlled by means of two specially designed air valves. These valves sit in their
respective positions shown below.

To Patient Inlet valve configuration as seen
from above

<— PR s

DU «—» To/from
,\ chamber

v
4

Inlet Control Valve

Gas-In Port

Because the inlet valve does not contain an integral non-return valve in the
patient delivery limb it is possible for gas to be drawn from the patient back into
the ventilator chamber. A non-return valve is not fitted to Merlin because a single
type would not suit all animal sizes and greater versatility is offered if the non-
return valve is changeable outside of the ventilator. However, A NON-RETURN
VALVE MUST BE FITTED IN THE DELIVERY LIMB TO THE PA TIENT.
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The inlet valve is open for the minimum of time. It is only necessary to be open
for as long as it takes to fill the ventilation chamber. At other times it is closed
thereby allowing the reservoir bag to fill with gas from the anaesthetic machine.
This reduces the requirement on the incoming gas flow rate and prevents any
gas entering the patient during the expiratory period.

From Patient | Exhaust valve configuration as
seen from above

Exhaust control
valve

Gas-Out Port |

Because of the arrangement of the valves and inlet ports it is easy to connect
Merlin as a ventilator in a rebreathing or a non-rebreathing configuration. See the
section on Anaesthetic Apparatus configuration for a more detailed explanation.

Merlin therefore behaves like a precisely controlled piston or syringe with the
ability to be accurately controlled to deliver all three modes of ventilation namely
volume-cycling, time-cycling and pressure-cycling.
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Merlin Front Panel Controls and Switches
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Expiratory time control setting - seconds

Maximum Airway Pressure control setting (cm H,O)
Assist Threshold control setting ( -cm H,0)

Flow Rate / Volume selector switch

Assist Mode ON / OFF selector switch

LED indicator for expiratory port pressure (cm H,0)
LED indicator for inspiratory port pressure (cm H,0)
Ventilate Mode Stop/Run selector switch

Alarm reset switch — non-latching, momentary action only
Alarm Flashing LED indicator

Main Status LCD screen
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Gas Port Connections

16 14
17 15
14 Gas-In port. See text for connection details
15 Gas-Out port. See text for connection details
16 Patient gas delivery limb. Fit non-return valve for normal function.
17 Patient gas exhaust limb.

Notes on the controls and how to use them

Rotary controls

Flow Rate / Volume control

This control effectively sets the tidal volume to be delivered to the patient. This is
a dominant control in the sense that altering any other control will not change the
setting of this control. To set the tidal volume in mls set the ‘Set Tidal Volume’
switch to Volume Mls. Volumes up to 45 mis can be set in 1ml increments.
Volumes between 45 and 120 mls can be set in 5 ml increments and volumes
above 120 mls can be set in 10 ml increments. The minimum volume is 1ml and
the maximum allowable volume is 800 mls. Note that when the ventilator is in
pressure-cycling mode the display above this control will only show flow rates,
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irrespective of the setting of the ‘Set Tidal Volume’ switch. This is because a set
volume is meaningless in the pressure-cycling mode.

When the ‘Set Tidal Volume’ switch is set to Flow Rate L/min then this control
displays the flow rate in litres per minute that will be delivered to the patient. The
maximum flow rate allowed is 25.0 litres per minute and the minimum flow rate is
0.1 litres per minute or 100mls per minute. Flow rates may be set in 0.1 litre
increments up to 3.5 litres. Above 3.5 litres per minute the flow rate may be set in
0.5 litre/minute increments.

Inspiratory Time control.

Use this control to set the desired inspiratory time for your patient. (See the
section on Estimating the inspiratory and expiratory times). This control allows
the inspiratory time to be set in 0.1-second increments up to 9.1 seconds. When
the ventilator is in volume-cycling mode changing the inspiratory time setting will
change the effective flow rate of gas delivered to the patient. When the ventilator
is in time-cycling mode changing the inspiratory time will change the volume of
gas delivered to the patient. The Inspiratory Time control is not a dominant
control in the sense that the ventilator may over-ride your setting if it will exceed
the capabilities of the ventilator. For example, suppose you wish to select a flow
rate of 15.0 litres per minute and an inspiratory time of 3.5 seconds then this
would exceed the volume of the chamber since it represents a volume of 875
mls. You will find in this instance that the ventilator will not allow you to set the
inspiratory time above 2.9 seconds, with a resultant Tidal Volume of 725 mis.
The Inspiratory Time control is also used to put the ventilator into the pressure-
cycling mode. When the control is turned fully clockwise the LED’s above the
control change to PL to indicate the ventilator is now Pressure Limited in a
pressure-cycling mode. This setting forces the Flow Rate/Volume control to show
only flow rates. The reason for these two changes is that setting an inspiratory
time and inspiratory volume is meaningless in a pressure-cycling mode since the
inspiratory time and volume will only be determined when the target pressure has
been reached. Merlin knows this and will record the time and volume so that the
status screen values are correct after the inspiratory phase is finished.

Expiratory Time control.

Use this control to set the desired expiratory time for your patient. (See the
section on Estimating the inspiratory and expiratory times). This control allows
the expiratory time to be set in 0.1-second increments up to 9.1 seconds in the
same manner as the inspiratory time control. Like the inspiratory time control this
is not a dominant control and the ventilator will over-ride your settings if they
exceed the capabilities of the machine. For example you may set a tidal volume
of 500 mls and an expiratory time of 1.0 second. This would not be allowed
because this would require the ventilator to fill at a rate of 30 Litres/minute, which
it cannot do. Therefore the expiratory time will be restricted to times of 1.2
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seconds and greater. When the ventilator is set to pressure-cycling mode, the
minimum inspiratory time will be limited by the maximum filling speed of the
ventilator. After a ventilation stroke Merlin will attempt to meet the set expiratory
time. If the expiratory time is set too low then Merlin refills at maximum speed
and then displays the actual expiratory time above the Expiratory Time knob. The
true respiration rate is then calculated and displayed on the status screen.

Maximum Airway Pressure

This control sets the maximum measured airway pressure that is allowed during
the inspiratory phase. The control is calibrated in centimetres of water pressure
and the maximum allowed value is 60 cm H,O. The minimum allowed setting is 1
cm H,O pressure and the setting increments are 1 cm H,O pressure. In volume-
cycling and time-cycling modes ventilation will be prematurely halted if this
setting is reached and the alarm will sound together with a warning message. In
pressure-cycling mode reaching this pressure will cause the inspiratory phase to
end normally and the expiratory phase to begin without any warnings or alarm
conditions. Similar to the volume control this is a dominant control and its setting
will not be changed by any other control setting.

Assist Threshold

This control is used to set the inspiratory effort required to trigger an assisted
breath. The units are in negative centimetres of water pressure with a range of
between -1 and —10. (See the section on Setting the Inspiratory Assist threshold).
This is a dominant control whose value is not altered by any other control setting.

Control Switches
Ventilate Mode

This switch controls totally whether the ventilator is running or not and over-rides
all other settings including Inspiratory Assist mode when it is set to OFF.

OFF:

The ventilator will not run under any circumstances while this switch is OFF.

In this setting the ventilator can be set to the desired values and parameters prior
to starting IPPV. The main LCD screen shows the results of all the settings and
the individual rotary controls will show their settings in the LED’s above each
one. The pressure sensors are still active and so any pressure changes will be
reflected on the main status screen and the bargraph displays.

RUN:
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Setting this switch to RUN will normally begin the inspiratory phase. However if
the Assist Mode switch is set to ON then there may be a delay whilst the
ventilator waits for the patient to take a breath. While in this position all the
controls and the main screen will be updated as normal.

Anaesthetic apparatus configuration

Merlin has been designed for use with standard anaesthetic and vaporiser
circuits without placing too many demands upon them. Because Merlin produces
its own driving force there is no need for a separate pressurised gas supply and
high flow rates of 25L/minute are generated by Merlin not the anaesthetic
machine. In most instances all that is required is that the anaesthetic machine
deliver a flow rate slightly above the minute volume requirement of Merlin and
that a reservoir bag is fitted between the anaesthetic machine and Merlin (see
the section on Limitations when used in a non-rebreathing circuit). Then, when
gas is used to fill the ventilation chamber inside Merlin during the expiratory
period, gas is drawn from the reservoir bag. Merlin becomes most efficient when
used in a rebreathing circuit configuration because then gas in-flow rates can be
kept very low.

Gas connections must be made as indicated on the front panel to ensure that the
flow of gas through Merlin is correct.

To improve versatility of Merlin there are NO non-return valves used in any of the
internal pipework. In order for the ventilation of a patient to be successfully
carried out it will in most instances be necessary to fit a single non-return (one-
way) valve to the gas port that goes to the patient. This is all that is needed to
ensure the correct passage of gas with no rebreathing.

In a non-rebreathing configuration the Gas-Out port is connected to the operating
room scavenging system. In a rebreathing configuration it is necessary to fit the
reservoir bag between the Gas-Out port and the Gas-In port. See the
accompanying diagrams for a clearer explanation.

Breathing Circuit Configurations
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Standard Configuration for Non-rebreathing Circuit
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Standard Configuration for Rebreathing Circuit
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This ensures that the flow of gas to and from the patient is correct and that the
patient cannot exhale gas back into the ventilator.

Note again that a one-way valve is required for normal function. Also note that
the position of the reservoir bag may vary. However, the bag position must be
such that an excess FGF (Incoming gas) from the anesthetic machine will flow in
to the bag whilst the Inlet Port to Merlin is closed. To test this, remove the pipe
feeding the Gas Inlet port and close it by placing your hand over the end.
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Flow gas from the anaesthetic machine. Does the reservoir bag fill? If not then
the position of the bag in the circuit must be changed.

Ventilation cycling methods

There are three main ways in which a ventilator can be cycled. These are -
Pressure cycling, time cycling and volume cycling.

The cycling method is really an expression of how the ventilator switches from
the inspiratory phase to the expiratory phase. In pressure cycling the change
occurs when a pre-set airway pressure is reached. In time cycling a fixed flow
rate is given for a set time at the end of which the inspiratory phase ends. In
volume cycling a fixed volume is delivered and once delivered the inspiratory
phase ends.

Merlin allows any one of these three cycling modes to be used depending on the
settings adopted.

Volume Cycling

This is the most common form of ventilator cycling and the easiest to translate to
normal respiration. The ventilator is set up to deliver a fixed volume of gas over a
selected inspiratory time. For example you may choose to ventilate a Labrador
with 300mls over 1.0 second inspiratory time. (Note that the expiratory time
setting on Merlin has no effect on the inspiratory volume). To adjust the depth of
respiration the selected volume is altered without changing the inspiratory time.

Time Cycling

In this mode a flow rate is selected and the inspiratory time adjusted to achieve
the required volume. Using our Labrador as an example we may select a flow
rate of 18L/min for one second. This still gives an input volume of 300mls
(18000/60 x 1) over one second. However, in this instance to change the volume
delivered the inspiratory time may be altered. Setting the inspiratory time to 2.0
seconds will result in an inspiratory volume of 600mls (18000/60 x 2). Fortunately
with Merlin you do not need to do the mathematics in your head. All flow-rates
and inspiratory times are automatically converted to a tidal volume and displayed
on the main LCD screen. You can also see that with Time cycling the delivered
volume can be changed by altering the flow rate. Setting the flow rate to
12.0L/min with an inspiratory time of 1.0 second will give an inspiratory volume of
200mls.

Pressure Cycling
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In this mode gas is delivered until a pre-determined pressure is reached
irrespective of the volume delivered and the time over which the gas is delivered.
Taken to its ultimate this suggests an unlimited supply of gas since gas must be
delivered until the pressure is achieved. In practical terms Merlin is able to
function as a pressure cycled device in most instances unless there is a
significant gas leakage. This is because Merlin can only deliver a maximum of
800mls in a single stroke. If the pressure has not been reached during this time
then an error message will appear on the screen saying “TARGET P NOT
REACHED” and the alarm will sound until the next inspiratory phase begins.
Varying the target pressure will alter the volume of gas delivered to the patient
but due to the non-linear rise in chest compliance, simply doubling the pressure
will NOT double the volume delivered. The actual relationship between the target
pressure and the volume delivered is complex and not predictable and will vary
from one individual to another.

Pressure cycling is useful in some smaller animals where a tight-fitting ET tube is
not possible e.g. birds and small reptiles. Leaks are compensated for (volume is
not the controlling factor) and the need to repeatedly alter the volume due to
patient movement is eliminated. Enter Pressure Cycling mode by turning the
Inspiratory time knob fully clockwise until the letters PL appear above it.

Selecting an operating Mode

Unless you are an experienced anaesthetist then the best operating mode to
select is either volume cycling or time cycling. Volume cycling is closest to what
everyone can easily envisage in terms of normal respiration and may be the best
starting point for most users. Time cycling mat suit some anaesthetists used to
thinking in terms of delivering set flow rates based on body size.

Estimating the inspiratory volume

Whether you are using volume cycling or time cycling it is still necessary to have
an estimate of the patients tidal volume for setup purposes.

In mammals the inspiratory volume is roughly proportional to body weight and is
generally accepted to be about 10 times the body weight in mls. Therefore a
30kg Labrador will have a predicted tidal volume of 30 x 10 = 300 mls.

Estimating the inspiratory and expiratory time

Taking the 30kg Labrador as our continuing example then at rest we would
expect a respiratory rate of 15-20 breaths per minute. 15 breaths per minute is a
respiratory cycle time of 60/15 seconds = 4 seconds. We begin with an I:E ratio
of 1:2 so the inspiratory time is 4/(1+2) = 1.3 seconds and the expiratory time is
4 - 1.3 = 2.7 seconds. In practice we may find that the inspiratory time is a little
long and we might reduce it to 1.0 second. To maintain the same breathing rate
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we would change the expiratory time to 3 seconds or leave it at 2.7 for an
effective breathing rate of 16 breaths per minute.

Setting the safe maximum inspiratory pressure

Even when Merlin is not operating in the pressure cycled mode the inspiratory
pressure control can be used to prevent accidental lung over-inflation since it
sets a maximum level that is allowable. Once this pressure is reached the
inspiratory and expiratory valves will open and the inspiratory phase will stop.
The ventilator will return to the start position and begin the cycle again. The
warning LED above the ALARM reset switch will flash and the screen display will
be replaced by the message “MAX P EXCEEDED”. Press the reset switch once
to acknowledge this message and reset the screen output. It can be useful to set
the maximum pressure to a value of about 5-10cm above the normal pressures
observed for that animal. For example when ventilating a normal 5kg cat the
normal pressures required for ventilation are about 15-20cm H,O pressure. In
this instance set the Maximum Airway Pressure control to 25cm H,O pressure.

What the screen shows and why

The main 80-character screen has two functions. One is to display all the patient
parameters and the other is to display error messages when they arise. The two
screens look quite different. When status information is being displayed the
whole screen is full of text whereas only one or two lines are used for error
messages.

Normal Status screen output.

Tidal Volume: Line 1.

This normally displays the tidal volume to be displaced on the next inspiratory
cycle. When Set Tidal Volume is set to Volume Mls then the display mirrors the
value above the volume control. When Set Tidal Volume is set to Flow Rate
L/min the tidal volume displayed is the volume computed from the flow rate and
the inspiratory time. A special case arises when the inspiratory control is set to
PL in which case the volume displayed is the volume displaced on the previous
inspiratory cycle.

Minute Volume: Line 2

This is the product of the tidal volume and the number of breaths per minute.
When the ventilator is Pressure cycling the minute volume is calculated from the
last inspiratory cycle’s time and volume, otherwise it is simply based on the
current settings. The value will immediately be updated if the inspiratory,
expiratory times or the volume is changed.
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AP=X/Y: Line 3, Left-hand side.

The value displayed here is the maximum airway pressure value measured
during the inspiratory cycle. The value shown is in centimetres of water pressure
or cm H,0. (See the appendix for a conversion to other pressure
measurements). At the start of every inspiratory cycle this value is zeroed ready
for the next set of measurements. Checking this value at the end of the
inspiratory cycle will tell you the maximum pressure that was reached. If Merlin
is pressure cycling and fails to reach the target pressure this can be a guide to
setting the Maximum pressure next time. The Y value is the value of the Airway
Pressure measured during Expiration and therefore measures any PEEP set in
the circuit. When used with our adjustable PEEP valve the valve is adjusted to
obtain PEEP values of between 2 and 20 cmH20. Note also that this value may
indicate unintentional PEEP, such as sticking expiratory valve of backpressure in
the scavenge circuit.

I:E : Line 3, Right-hand side.

The value displayed here is a ratio of the inspiratory time to the expiratory time. If
the expiratory time is greater than the inspiratory time then the ratio will be based
on the inspiratory time and displayed as 1: XX. If the inspiratory time is greater
than the expiratory time then the ratio will be based on the expiratory time and
displayed as XX:1. In volume-cycling and time-cycling modes the I:E ratio is
instantly calculated based on the inspiratory and expiratory control settings. In
pressure-cycling mode the I.E ratio is based on the last measured inspiratory
time and the current setting of the expiratory control.

Comp: Line 4, Left-hand side.

The value displayed here is the calculated compliance of the animal being
ventilated. Strictly it is the compliance of the whole anaesthetic circuit connected
to the ventilator but in most instances this will be dominated by the compliance of
the patient. Compliance is the volume change per unit of pressure change and is
a measure of the elasticity of a patient’s chest. If the inspiratory volume is small
and the pressure rise is great then the patient’s chest is said to have a low
compliance because the volume/pressure ratio is small. Therefore the greater the
compliance the more elastic is the chest, expanding to increase its volume
without a large pressure increase.

R.Rate: Line 4, Right-hand side.

This is a display of the computed respiratory rate. In time-cycling and volume-
cycling modes this is simply calculated from the inspiratory and expiratory times.
In pressure-cycling mode the inspiratory time is taken as the duration of last
measured inspiratory phase.
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Error Message Screen Output

There are 4 basic error messages, which appear as a single line output on line 2
of the display.

1)

2)

3)

4)

LOW INSP PRESSURE!

If the maximum pressure measured during the inspiratory phase is
3cm Hy0 or less, then the ventilator alarms to indicate the low
breathing pressure measured and presents the above error message.
At the same time, the Alarm LED will flash and the alarm beeper will
sound. At the beginning of the next inspiratory cycle the alarm beeper
is silenced but the error message and flashing Alarm LED remain until
the reset button is pushed. Note that ventilation is not interrupted by
this error but normal screen output is prevented until the error has
been acknowledged.

MAX PRESS EXCEEDED.

This error message occurs because the maximum measured airway
pressure exceeded the pre-set Maximum Airway Pressure control
setting. This is intended to alert the user to the fact that an over-
pressure situation occurred. As soon as the pre-set maximum pressure
is reached the expiratory valve is opened and inspiration is terminated.
Again, ventilation is not interrupted by this error but the user must reset
the alarm to return to normal screen output.

TARGET P NOT REACHED.

This error message is seen during pressure-cycling mode when the
ventilator reaches the end of its inspiratory stroke and the pre-set
target pressure has not been reached. In this instance there is a
danger of the patient being under-ventilated hence the error message.
The Max P reading on the screen will show the maximum pressure that
was reached during the last inspiratory phase. The reset switch will
need to be pushed to restore the normal screen to view this. The target
pressure may need to be adjusted. If the target pressure is not reached
then this may indicate serious leaks in the system, which should be
attended to. Ventilation is not interrupted by this error but the user
must reset the alarm to return to normal screen output.

INLET IS BLOCKED

This error message is seen when the pressure measured at the Gas-In
port falls below —30 cm H,O. This indicates that there is insufficient gas
to fill the ventilator chamber and that proper ventilation cannot
continue. In this instance all ventilation is suspended until the Alarm
reset switch is pushed. When the reset switch is pushed the ventilator
will attempt to resume ventilation but unless the cause has been
rectified the error message will be repeated. When this message
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appears check the gas flow from the anaesthetic machine to a) verify
that there is still gas being delivered and that the gas bottle has not run
out, and b) that the gas flow rate is sufficient to fill the reservoir bag
between refilling of the ventilator chamber. This is a possible likely
cause with short expiratory times and high inspiratory flow rates.

After an Inlet Blocked Message check the action of the One Way
valves to and from the patient. The excess negative pressure can
be sufficient to invert one or other of these valve S. Restore them
to normal function by blowing sharply through them in the
direction indicated. This will put the valve flap b ack into the
correct position.

Limitations when used in a non-rebreathing circuit

As described above, Merlin will perform most efficiently when used in a
rebreathing circuit. This is because gas is continuously recycled and only a small
amount of fresh gas needs to be added to the system.

When Merlin is used in a non-rebreathing circuit the critical point is the delivery of
gas to the unit during the inspiratory phase. In this phase gas from the
anaesthetic machine fills the reservoir bag between the anesthetic machine and
the Gas In port. The gas in this reservoir bag will be drawn into Merlin during the
expiratory phase. If the I.E ratio is set to less than 1:1, that is the expiratory time
is at least as long as the inspiratory time, then only half the inspiratory flow rate
need be delivered by the anaesthetic machine because the bag will fill up during
inspiration AND gas is delivered during expiration. If there is insufficient gas in
the reservoir bag then Merlin will report a BLOCKED INLET and the alarm will
sound. Some adjustment may be needed to ensure that there is sufficient gas
being delivered to support ventilation. This is easily achieved by setting the
incoming gas flow rate to slightly above the Minute Volume being delivered to the
patient.

Ventilating your first patient with Merlin

Connect Merlin as described in the earlier section on Anaesthetic apparatus
configuration. For now assume a standard connection with volume cycling mode
selected and a non-rebreathing circuit. Decide on an inspiratory time and volume
as described in the earlier sections. Make sure that the ventilation Assist Mode is
set to OFF and that the Set Tidal Volume switch is set to Volume mis. Dial in the
required tidal volume in mls and set the inspiratory and expiratory times. Set the
Maximum Airway Pressure to a safe level for the animal you are about to
ventilate and make sure there is a non-return valve somewhere in the circuit
delivering gas to the patient. Ensure that the anaesthetic circuit is delivering gas
and that the flow rate of the incoming gas at least matches the minute volume of
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the patient as displayed on line 2 of the main display or is at least half of the
inspiratory phase flow rate.

When this has been done and you are ready to begin IPPV set the Ventilate
Mode switch to Run. Merlin will immediately start delivering gas to the patient
and you will notice the following:

The Max P reading on the screen will start to increase as the pressure in the
chest rises.

Merlin will calculate and display the compliance on the screen based on the
tidal volume and the pressure change.

The bargraph displays on either side of the unit will register the pressure
measured in both limbs of the patient delivery system. In normal operation
both bargraph measurements will be identical. If there is any functional
blockage of the expiratory limb this will show as a reduced pressure reading
on the Expiratory Port Pressure bargraph.

At the end of the inspiratory phase you will hear the exhaust valve and inlet
valves open and the patient will exhale though the expiratory limb. The chamber
will then refill with gas from the reservoir bag before closing the valve between
the incoming gas and the patient delivery limb (inlet valve). At the end of the
expiratory period the exhaust valve will also close and a new inspiratory phase
will begin. This process will continue indefinitely until either the Ventilation Mode
switch is set to Stop or the ventilator detects a fault condition (see the section on
Error Message Screen Qutput).

Using the Inspiratory Assist Mode.

The Inspiratory assist mode can be used with any type of ventilation cycling
method. In Inspiratory assist mode the ventilator waits between respiratory cycles
for the patient to make an inspiratory effort. When an inspiratory effort is detected
the ventilator proceeds with a normal ventilation cycle. In this way the ventilator is
tuned into the normal spontaneous breathing pattern of the patient thus
facilitating a simple weaning from the dependence of the ventilator. The
maximum wait-time between inspiratory cycles is set by the total inspiratory and
expiratory control values and this is multiplied by a factor of three. Hence if the
inspiratory time is 1.0 second and the expiratory time is 2.0 seconds then the
total wait-time is 9.0 seconds = (1.0 + 2.0) x 3. If the patient does not make an
inspiratory effort within this time that matches the setting of the Assist threshold
control then an inspiratory cycle automatically begins. In pressure-cycling mode
the inspiratory time is not set but measured from the last inspiratory phase. In
that instance this inspiratory time will be used to calculate the total delay time
before the next breath. To use the inspiratory assist mode set the Assist Mode
switch to ON at any time.
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Setting the Inspiratory Assist Threshold.

The Assist Threshold control can be set to anything between -1 and -10 cm of
water pressure. This is a negative value and is the target negative pressure that
the patient needs to achieve to initiate an inspiratory cycle. The lower the value
then the less inspiratory effort is required. At —10cm H,0 Assist Threshold setting
a marked effort is required to trigger the ventilator whereas at —1 cm H,O only a
modest inspiratory effort from the patient will trigger the ventilator.

To start weaning a patient from the ventilator set the trigger value to a low setting
so that the ventilator quickly adjusts to the patient’s normal rhythm. Then
increase the Assist Threshold value so that the patient needs to make a greater
inspiratory effort as the degree of anaesthesia lightens. Once spontaneous
breathing is re-established the Ventilator Mode switch can be set to Stop and the
patient can breathe normally without the aid of the ventilator.

The Rule of Six

A good rule of thumb when weaning a patient from the ventilator is to use The
Rule of Six.

The procedure is as follows:

Start the Assist Mode at a setting of 1

Watch the patient and the ventilator to check that the patient is initiating
the breath (negative dip on the inspiratory bargraph).

Wait until the patient has triggered 6 consecutive breaths with no
mandatory breaths delivered by the ventilator.

Then increase the Assist value to 2.

Wait until the patient has triggered 6 consecutive breaths.

Then increase the Assist value to 3.

Continue increasing the Assist value until the patient has initiated 6
consecutive breaths at level 6.

The Run button can now be turned to Stop as the patient has sufficient
respiratory drive to breathe on its own.

Keep watching the patient to ensure that this spontaneous respiration is
maintained.
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Appendix A.
Common conversions for measuring pressure.

ATMOSPHERIC PRESSURE = 760mm Hg (mercury)
=101.3 kPa

1013 millibars

1033 cm Water.

=15 psi.

10 cm Water = 1kPa

1 cm Water = 1 millibar

10 millibars = 1kPa

13.6 cm Water = 10mm Hg

As a guide the safe maximum intra-thoracic pressure that can be tolerated by a
healthy lung (in a closed chest) is of the order of 5-6kPa or 50 to 60cm water
before damage occurs. Most cats & dogs are adequately ventilated at 15 to 20
cm water-pressure.

Please note that when the chest is open the maximum pressure is much
reduced, as there is no counteracting force to oppose the distension of the lung
tissue. Much care must be taken when ventilating a patient with an effective open
chest.

Park Mode.

When Merlin is to be sent in the post either for service or repair it is essential that
the ventilator chamber is set to park mode to prevent damage occurring during
transit. To set the chamber to park mode do the following.

Turn the unit OFF at the mains switch at the back of the unit.

Set the MODE switch to ON and hold down the RESET switch.

Keep the RESET switch held down whilst turning the machine back ON.
Once the “PRODUCED IN THE UK BY VETRONIC SERVICES” screen has
disappeared you may release the reset switch.

PwbdE

When the chamber has been parked the screen will show

“‘PARKED”
‘“NOW TURN OFF".

Turn the unit off at the mains switch and package for transit.

If for any reason the unit is turned on again after this then the chamber will need
to be re-parked before packaging.
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Merlin Leak Testing procedure
It is a good idea to perform a leak test on Merlin every day before it is used. This
is a simple procedure and only takes a couple of minutes.

The leak test on Merlin can be performed quickly and easily without any special
equipment, just a short length of 22mm tubing. The leak test will test all the
internal connections of Merlin and the effectiveness of the inspiratory and
expiratory valve. If you perform a whole system leak test when Merlin is
connected to an anaesthetic machine and patient circuit and discover a leak, run
this test on Merlin to eliminate it as a cause of leaks.

The leak test as described is a very severe test and will detect leaks as low as
2mls per second.

Procedure: Remove any connections to the Gas In and Gas Out pipes.

Set Insp control to PL (fully clock-wise)
Set Flow/TV control to 0.1

Set Exp control to 9.0

Set Max Airway Pressure to 57

Turn Assist mode OFF

Connect a single short piece of 22mm hose between the To-Patient and the
From-Patient ports

Set the machine to RUN.
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Merlin will deliver gas at 0.1L (100ml/min), which is just over 1ml/second.

This is very slow and if there is even a tiny leak it will not get to 57cm pressure.
Note, that this tests for any leaks in the Inspiratory valve, Expiratory

valve, Merlin chamber and internal connecting pipes.

When the pressure reaches 57cm, Merlin will stop the Inspiratory phase and
return to its resting position. The screen will show the delivered volume in mls.
Repeat the test 3 or 4 times and make sure the results are consistent. To test for
valves that begin leaking with prolonged use, run this test for at least 3 hours. If
at any point a leak develops and the pressure cannot be reached an Alarm
screen will appear - "TARGET PRESSURE NOT REACHED" . If the pressure
measured does not even reach 4cm then the alarm message LOW INSP
PRESSURE will be displayed instead. The machine does not need to be
attended during the test as the Error screen will not clear unless the Reset switch
is pressed. If Merlin fails this leak test consult your Merlin supplier for advice.

Merlin cleaning and disinfection

Periodically and specifically after use with animals known or suspected of having
contagious respiratory disease it will be required to thoroughly clean Merlin and
its associated tubing.

All tubing external to Merlin should be removed and cleaned with a suitable
disinfectant. We recommend the use of a product called F10 for cleaning of
Merlin as well as the external tubing. F10 is a very safe product and residue will
cause no harm if it is inhaled, should any residue remain. In fact F10 is intended
for use as a nebulising agent across a range of species. This procedure has
been validated using an independent laboratory and details of the validation
procedure can be obtained on request.

To clean the internal structure of Merlin, follow the set of instructions below:

The Merlin ventilator is put in continuous fast run mode by the following settings:
Flow: 25.0L/min

Inspiratory time: PL (pressure cycling mode)

Expiratory time : 2.0 seconds

MWPL: Greater than 10

Assist: not used - make sure the Assist mode is OFF

Use a weak rubber band to permanently hold the Alarm in Reset as shown.
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Fit a right-angled 22mm connector to the Gas-In port of Merlin and angle it at
about 45 degrees. Fit a one-way valve on the To-Patient port of Merlin. No other
connections are necessary or required.

Set Merlin to Run so that the ventilator cycles continuously. Spray a 2-second
burst of F10 into the open green connector on the return stroke of the piston.
This is when the piston is filling with gas and sucking air from the Gas-In port. Do
this at least 6 times. This will allow F10 aerosol to be pulled directly into Merlin
and leave a small pool of F10 in the green connector.

Now, leave Merlin running in this continuous mode for 15 minutes at which time
repeat the above procedure by spraying in a further 6, 2-second bursts of F10.
Allow the ventilator to run continuously for a further 30 minutes or until the pool of
F10 in the green connector has gone, whichever is the longer
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Disinfection is then complete.

F10 is a safe compound suitable for inhalation and nebulising of animals.
Therefore any residue or remains of F10 will have no deleterious effect on any
animals subsequently ventilated with Merlin.
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For other products and consumables see our web page

www.vetronic.co.uk
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