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Section 1: Using the Lightning MultiMonitor - An Introduction

General features of the Lightning MultiMonitor
The Vetronic Lightning MultiMonitor is a fully configurable patient monitor that can expand as
your monitoring requirements increase. Optional modules can be fitted in any combination and
viewed on a clear, touch-screen Colour Quarter VGA display. With the free accompanying
software all of this data can be simultaneously displayed on a standard IBM-compatible PC or
laptop using the included USB cable link or an optional wireless link. All data is displayed on the
remote PC in real time. Using the PC software suite, data can be recorded, events marked and
alarms used for each patient. Also, due to the modular nature of the technology used, more
than one patient can be monitored at any one time allowing simultaneous monitoring of patients
in ICU/HDU, anaesthetised patients and patients in recovery. With the optional Bluetooth(TM)
module, all patient data can be viewed on a remote PC without the need for any connecting
wires, meaning you can now have accurate patient-side monitoring as well as accurate
centralised monitoring for all your patients.
The PC software suite consists of two powerful programs, VitalMonitor and VitalStore.
The VitalMonitor program is used for monitoring and recording all incoming patient (or
patients) data, configuration of the monitoring screen for all attached patients and configuration
of alarm options. Vital Monitor saves trace data for the following modules, allowing you to look
back at real waveforms for any recording:
ECG, Pulse-Oximetry, Invasive Blood Pressure, Breath Data (CO2, O2, N2O, Anaesthetic
Agent).
The VitalStore program is used to view, measure and print all recorded data. With timestamped recording, recorded data can be viewed in relation to any known event. Events can be
automatically inserted in the file (e.g. alarm conditions) or manually inserted into the data (e.g.
anaesthetic agent concentration changed). Data can be viewed at any time after it has been
recorded, even while you are still monitoring and recording from that patient.
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Turning the Lightning Monitor ON and OFF

Lightning Monitor Back Panel
6

5
4

3

2

1

Back Panel Features
1
USB Cable Port
2
USB Data Stick Port
3
ON/OFF Switch
4
Power Supply fuse
5
DC Power Supply/Charger input
6
Beep Volume control knob

ON
The Lightning unit is turned on using the ON/OFF switch located on the rear panel of the
monitor.
When the monitor is turned on the display is activated, three beeps are heard and then the unit
is ready to use. All user settings are recorded as soon as any changes are made and held in
the unit's own non-volatile memory. These values are read in from the non-volatile memory
each time the unit is turned on.
OFF
The monitor can be turned off at any time by turning the switch at the rear of the unit to OFF. It
is strongly recommended that all recordings being made to the USB stick are stopped before
the unit is turned OFF, so that data loss does not occur. The USB Stick module has a feature
that means files being recorded are secured every 5 minutes. If the monitor is turned off without
stopping a USB Stick recording then a maximum of up to 5 minutes of data may be lost.
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When the unit is turned on with a USB stick present in the USB port an immediate check will be
made of the attached USB stick. If the USB check is successful a small icon will appear in the
top status area and the text 'DISK OK' will be shown momentarily in the top left hand screen
area.
Mains Power and Charging the Batteries
The Lightning MultiMonitor is fitted with internal, high energy Lithium Polymer rechargeable
batteries. These batteries are fixed within the unit and are not removable. The batteries can be
re-charged at any time by plugging in the mains charger and power supply provided. Use only
the supplied charger as other chargers with different voltages and current capabilities may
damage the unit. When the mains charger is plugged in the red LED at the front of the
Lightning unit will flash, come on and remain on until charging is complete. When charging is
complete the LED will go off. To charge the batteries from fully discharged takes approximately
8 hours. During charging the unit can be used as normal. The unit may be operated without the
mains power and with different modules will have a varying operating life as indicated below:
•
•

Fully fitted with PHASEIN, Pulse-Ox, IBP, Temperature, ECG: 5 hours
Fitted with ECG only: 8 hours

The LED may flash to indicate different states:
Flashing at once per second – Charge timeout or charging error.
If this is due to a charge timeout, disconnect and re-connect the charger and the LED will revert
to always on. If it is a battery fault, the flashing LED will return and in this instance you should
contact your Vetronic Services representative or distributor.
LED off – Unit fully charged or Power unit not connected.
Low Battery indication
When the battery voltage is low and recharging is required a message will appear in the top
status line. This will alternate with any other message that may be displayed.
Two battery-related messages may appear:
"BATTERY LOW" at which point all functions of the unit will remain normal but charging is
necessary.
"BATTERY CRITICAL" if this message appears then the functions of the monitors may be
affected and the unit will soon turn off unless the mains charger is plugged in.
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Screen Regions
The Lightning MultiMonitor screen is split into a number of regions. The top line of the display
has an area on the left hand side for status information. This status information may be related
to the USB stick , the USB cable, the Bluetooth module, Battery status, ECG recording time or
any error messages that occur during normal use. On the right hand side of the top line is a real
time clock with date information. This time and date information is used to time-stamp any
recorded data and should be kept accurate. See "Setting the time and date" in the General
Setup section.
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1: Status Line – Displays status information on connection, USB stick and battery levels
2: Time & Date
3: ECG Numerical Data Region
4: PHASEIN Numerical Data Region
5: Pulse Ox Numerical Data Region
6: IBP Numerical Data Region (Trace minimised)
7: NIBP Numerical Data Region
8: Temperature Numerical Data Region
9: Pulse Ox Trace Region
10: PHASEIN Trace Region
11: ECG Trace Region
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Traces are displayed in the main central region of the screen. This occupies roughly 80% of the
width of the screen and 75% of the height of the screen, with the top edge situated just below
the status line and the left edge to the left hand side of the screen. Traces are auto-sizing so
that if a trace is removed or added the relative heights of the monitored signals are all
preserved.
The remaining right hand side of the screen is where the numerical data relating to the trace to
its left is displayed.
The remaining lower portion of the screen is where the numerical data for the Temperature
module, NIBP Module and non- CO2 data of the Phasein module are displayed. It is also the
area where numerical data from minimised traces is displayed. Data in this lower portion of the
screen is identified by a legend directly above the numerical information.
Display of Monitored Data
Each type of monitored parameter can be divided functionally into two regions- a trace region
and a numerical region.
A trace region always has its associated numerical region placed to its right. There are traces
displayed for ECG, Pulse-Oximetry, Capnography and Invasive Blood Pressure. There are no
traces for NIBP, temperature or expired gases other than CO2. For these parameters there are
fixed numerical regions at the bottom of the screen.
Trace region: This is where the continuous data is displayed from left to right. Touching this
region brings up a menu of options that allows you to configure how the trace data is displayed
- speed, size etc
Numerical region: This area displays the measured numerical data such as heart rate.
Touching this region brings up a menu of alarm options for that module.
Any trace for a module can be minimised. This means that the trace region is removed and the
numerical region is moved to the bottom of the screen. Whilst minimised, all numerical data is
continuously updated and alarms are still functional. When any trace is minimised the remaining
traces are adjusted to fill the screen. There must be at least one trace on the screen at all
times. If the unit is fitted with many options it may not be possible to minimise all the traces at
once.
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Optional Modules
The following modules can be fitted either singly or in any combination to the Lightning unit.
ECG Modules
6-Lead
This is a 6-lead, fully diagnostic ECG module that allows the viewing and recording of animal
ECG's with heart rates ranging from 10 bpm up to 600bpm. ECG data can be saved on to a
USB stick or recorded on a PC using the supplied USB cable. Recorded ECG data can be
analysed, saved, printed, faxed or e-mailed using the VitalMonitor/VitalStore software suite.
Alarms can be set for upper and lower heart rates on both the hand-held unit and the PC
software.
Single Channel
This is a single-lead monitoring ECG module suitable for long-term non-diagnostic monitoring of
animal ECG’s with heart rates ranging from 10 bpm up to 600bpm. All recorded data is still at
diagnostic quality and can be saved to the USB stick or displayed on the PC.
Filter
An optional filter is fitted to all ECG modules to enable noise-free monitoring during anaesthesia
or intensive care where base-line noise may be a problem. Accessed through the SETUP menu
shown when any trace is touched, the filter will remove most mains and muscle tremor noise.

Pulse-Oximetry Module
The Pulse-Oximetry module is based on the Nonin Pulse-Oximeter system and is a veterinary
specific module designed for use on animal patients. The module will monitor heart rates up to
450bpm and can be used with a transmission probe or a reflectance probe. There is no
adaptive or automatic gain control of the displayed data meaning that a weak small pulse
appears small on the screen compared to a strong large pulse, allowing the anaesthetist to
judge changes in pulse strength. A confidence level is indicated by an on-screen value in the
numerical data region.
'A' indicates a good pulse with a reliable saturation value.
'B' indicates a weak pulse with a saturation value that is varying outside normal fluctuation
ranges.

PHASEIN Breath Monitor
The PHASEIN(TM) Breath monitor is a sidestream monitor capable of monitoring inspired and
expired levels of: CO2, N2O and Anaesthetic agent. A mainstream version capable of
monitoring Oxygen levels is also available. This requires a 9W D-Sub connector to be fitted
instead of the standard Nomoline port. Please specify when ordering if this option is required.
Anaesthetic agents supported are: Halothane, Enflurane, Isoflurane, Sevoflurane and
Desflurane. Different options of the PHASEIN Breath Monitor are supported:
CO2 only (ISA or IRMA CO2),
CO2/N20/AGENT (ISA/IRMA AX+)
CO2/O2/N2O/AGENT (ISA OR).
The capnogram or CO2 trace is displayed on the Lightning unit. Units are selectable as % or
mmHg. There are alarm options for High and Low End-Tidal CO2, High Inspired CO2, Apnoea,
Low Oxygen, High N20 and High Agent levels. When the mainstream option is used, different
adaptors are available for animals under 5kg to minimise dead space.
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Invasive Blood Pressure
The Lightning monitor supports either one or two channels of invasive blood pressure.
The Invasive Blood Pressure (IBP) module is a veterinary specific module capable of
monitoring blood pressures in the range of -40mmHg to 300mmHg in either a Pulsatile or Static
mode. In Pulsatile (normal) mode the trace is displayed along with Systolic, Diastolic and Mean
Arterial Pressures. The measured pulse rate is also displayed.
In Static mode the pressure trace is displayed along with the current pressure. Static mode
allows monitoring of e.g. CVP, CSF pressure and Intra-bladder pressure. The IBP module uses
the Utah Medical disposable manometers. Heart rate values of up to 600 are supported and
alarms can be used for High and Low heart rates, High Systolic pressure and Low Systolic
pressure.
Temperature Module
The temperature module is a dual temperature module collecting data from two independent
sensors. Data is displayed as an absolute temperature in either Centigrade or Fahrenheit as
well as a delta value showing the temperature difference between the two sensors. Alarms can
be set for High and Low temperature thresholds for each sensor.
NIBP Module
The NIBP module is an Oscillometric Non-Invasive Blood Pressure Module designed
specifically for the veterinary market. The module will support blood pressure measurements in
animals from around 1kg upwards. The module is suitable for use in horses. In use the module
provides Systolic, Diastolic and Mean Arterial pressure measurements as well as heart rate.
Measurements can be user-initiated or set to a default automatic measurement mode with
variable intervals between measurements. Trend data is available on the Lightning monitor to
allow retrospective viewing of serial measurements.
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Lightning Monitor RHS Panel Connections

Invasive Blood
Pressure Connector

NIBP Hose
Connector

Pulse-Oximeter
Connector

Lightning Monitor LHS Panel Connections

T1 Temperature
Connector

T2 Temperature
Connector
ECG
Connector
Nomoline Connector for
Sidestream Sampling
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GENERAL SETUP - Configuring the setup of the main unit
General setup features for the unit are accessed by touching the screen anywhere in a trace
region to reveal a TRACE menu. Choose the SETUP option at the bottom left of this resulting
menu. Selecting this option allows access to the General Setup screen. In here you can
configure general features for the unit.
ALARM BEEP: This option turns the alarm beeps ON or OFF. When set to ON, each alarm
condition will be accompanied by an audible alarm. Audible alarms sound every 15 seconds
whilst the alarm is active.
INVERT VIDEO: This option inverts the viewing colours and presents a light background to the
data. Set as preferred.
BEEP: This option allows the source of the monitoring beep to be selected. The options are:
NONE - all monitoring beeps are turned off
ECG HR - beeps sound on each detected ECG complex
CO2 RESP - beeps sound on each detected breath using the PHASEIN breath sensor
IBP1 HR - beeps sound on each detected pulse from the invasive blood pressure
monitor channel 1
IBP2 HR - beeps sound on each detected pulse from the invasive blood pressure
monitor channel 2
P-OX HR - beeps sound on each detected pulse from the Pulse-Oximeter module.
DATA O/P: This option controls the way data is recorded or sent to a nearby PC. There are
three options:
NONE: The data is not made available for any external or attached devices.
CABLE: All monitoring data for the modules is sent to the attached USB cable. Using
the VitalMonitor software programme this data can be viewed and recorded. See the
section on "Using the VitalMonitor Software" for more details.
RADIO: All monitoring data is sent to a nearby PC using the internal Bluetooth Module.
Note, this is an optional module and may not be fitted on every unit. The nearby PC will
need a Vetronic Services Wireless Receiver attached to be able to receive and decode
the transmitted data. Using the VitalMonitor software programme this data can be
viewed and recorded. See the section on "Using the VitalMonitor Software" for more
details.
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Setting the Time and Date
The Lightning MultiMonitor uses the in-built time and date functions to time-stamp ECG
recordings made on the USB stick. It is important that this information is correct.
To alter the time or date touch the top right of the screen where the time and date is displayed.
A menu appears with the current Date and Time values shown. Use the UP & DOWN menu
options to set the correct time and date. Then press DONE. The new time and date is saved.
Pressing the CANCEL button will exit without any of the changes being made.
Using Alarms in the Lightning MultiMonitor unit
All alarms follow a general pattern. To access alarms for a given module or parameter touch
the numerical data region for that parameter. For example, to access the alarms for the IBP
module, touch the screen over the numerical data region for IBP.
In the ALARM SETUP menu, any single alarm has three associated parameters which are UP,
DOWN and ENABLED/DISABLED.
Pressing the UP button increases the alarm parameter until the maximum value for that
parameter is reached or, if it is a "Low" alarm, it reaches the value of the associated "High”
alarm. This prevents a Low alarm value being set higher than its associated High alarm value
and vice versa.
Pressing the DOWN button decreases the alarm parameter until the minimum value for that
parameter is reached, or if it is a "High" alarm, it reaches the value of the associated Low
alarm.
Pressing the DISABLED/ENABLED button toggles the alarm between being inactive or active
respectively.
Once alarm conditions have been set they are saved to non-volatile memory so that all settings
are remembered when the unit is powered OFF.
Alarm Indication
If an alarm condition occurs then a number of indicators will alert you to the alarm:
1) An audible alarm will sound with a repeat rate of once every 15 seconds.
2) A small Alarm Information area is highlighted at the top of the screen showing the cause of
the alarm.
3) The numerical data region for the alarm will be shown in RED so that it stands out.
The PHASEIN alarm messages are different from the rest. In addition to the audible alarm and
Alarm Information, the relevant PHASEIN alarm message will be displayed in the CO2
Numerical Data Area. This alarm message will alternate with the normal Gases Table so that
gas concentrations can still be viewed. If there are more than one PHASEIN error message
then each message will appear in turn in the Gases Table area.
Once an alarm is activated it can be cleared and silenced in the following manner
Self-clearing - if the condition that caused the alarm ceases to meet the alarm condition then
the alarm will self-clear. For example if a High Heart rate alarm is set to 100bpm and the
measured rate reaches 101 bpm or more then the alarm will be activated. If the heart rate
subsides to 99 bpm or less then the alarm will cease.
Silencing an Alarm
Use the SETUP menu to turn ALARM BEEP to OFF. Visual warnings will still appear in the top
Alarm Information area.
Note: Alarms are de-activated for the first 60 seconds after switch-on to prevent false triggering
during setup and stabilisation of monitors.
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The Lightning ECG Module
ECG Diagnostic Module - General
The Lightning MultiMonitor Diagnostic ECG Module is a 6-lead fully isolated diagnostic ECG
module for the recording of ECG data from animals.
4 marked and coded ECG cables connect to the patient and the electrocardiogram is displayed
on the display screen of the hand-held unit and additionally on an associated PC. The handheld unit may be connected to the PC via a standard USB cable (supplied) or via the optional
Bluetooth module.
See Also:
Viewing 6-LEAD ECG Data in the VitalMonitor Software section

ECG Diagnostic Module - Obtaining an ECG
Connect the 4 patient cables to the animal using the following convention:
UK/European Cables
Red: Right Fore
Yellow: Left Fore
Green: Left Hind
Black: Right Hind
USA Cables
White: Right Fore
Black: Left Fore
Red: Left Hind
Green: Right Hind
Make sure that the ECG trace is displayed on the MultiMonitor screen. The ECG trace will
always appear as the top trace on the LCD screen. If the ECG trace is minimised, touch the
screen over the ECG data region and select ADD TRACE. This will re-instate the ECG trace as
the top trace.
The ECG trace Setup can be accessed by touching the screen anywhere in the trace region. A
menu appears with the options to change the size, shift and sweep speed of the signal on
screen.
INCR GAIN (x): Increases the size of the ECG trace on the screen. The x indicates the
current level of gain. Gain levels run from 0 (smallest) to 7 (largest)
DECR GAIN (x): Decreases the size of the ECG trace on the screen.
SHIFT UP (x): Shifts the ECG trace up the screen. The level of applied Shift is indicated
by x. Values of shift run from 0 (no shift) to 8 (maximum shift)
SHIFT DOWN (x): Shifts the ECG trace down the screen
XX MM/S: The TRACE OPTIONS header shows the current speed of the selected
trace.
Use the two speed buttons to select a new sweep speed. If two traces are selected that
have the same sweep speed then their sweep will be synchronised.

Note: Changing the gain and shift of the ECG trace does not affect the recorded data in any
way and will be recorded at full speed and full height.
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When you touch the trace region for the ECG module some other options are also available in
the configuration menu:
REMOVE TRACE: Selecting this option removes the trace from the screen. The numerical
region is also moved to the bottom of the screen.
NO DISK or REC: START - If there is no USB Stick inserted in the USB port then the words NO
DISK appear. If a stick has been inserted in the USB port and the stick has passed the
initialisation test sequence then the words REC: START will appear. Pressing REC: START at
any time will begin recording the current ECG to the USB stick. See "Recording the ECG data
using a USB stick".
SETUP: Selecting this option, which appears whichever trace is selected, opens another menu
to allow general setup of the unit. See “Configuring the setup of the main unit"
EXIT: Exits the menu, saving any changes that have been made

ECG Module - Recording the ECG data using a USB stick
Data can be recorded at any time using an approved USB stick. Vetronic Services supplies
approved USB sticks with each ECG module and it is highly recommended that these USB
sticks be used for all your ECG data recording. Whenever a USB stick is inserted into the USB
port of the Lightning MultiMonitor it is checked for its integrity and speed. If the USB stick fails
either the integrity or speed test then the USB stick cannot be used and the reason for failure
will be written in the upper status area. Reasons for failing the tests are commonly:
1) High content of fragmented data. Either de-fragment the USB stick on a PC or re-format the
USB stick. See "ECG Module-Formatting the USB Stick".
2) USB stick too slow. This can occur with older sticks or with very large sticks where access to
the File Allocation table is too slow. Try re-formatting the USB stick.
3) Faulty USB stick.
To record an ECG on the USB stick, insert the USB stick into Lightning MultiMonitor.
The status area (See "Screen Regions") shows that a USB stick has been found ("Disk OK").
The USB stick is then ready for use.
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ECG Module - Starting to Record an ECG
To record an ECG touch the ECG trace and the ECG menu will appear. Press the REC: START
button to start recording the ECG. The light on the USB stick will be seen to flicker as data is
recorded. Additionally the text "RECORDING" will appear periodically in the upper left status
area. ECG data occupies approximately 10Mb per hour and other than the size of the USB stick
there is no restriction made on the length of an individual ECG recording. However, for long
recordings it is recommended that these are made directly on an attached laptop or computer.
ECG data is periodically made secure on the USB stick during recordings at intervals of
approximately 5 minutes. This means that in the event of battery exhaustion or unexpected
shutdown of the unit, recorded USB data is guaranteed secure up to the last 5 minutes of data.
However, DO NOT REMOVE the USB stick whilst data is being recorded. This will cause the
USB module to stop responding and data on the USB stick may be corrupted, with subsequent
loss of data. If the USB stick is removed during a recording the unit may need to be powered
down and restarted to re-enable the USB port.

ECG Module - Stop Recording an ECG
To stop recording an ECG open the ECG menu option by touching the ECG trace and then
pressing the REC: STOP button.
All ECG recordings are date and time stamped so that when imported into the Lightning
software their exact time of recording is known.
This recorded data can then be imported into the Lightning software via the Import routine. See
the section “Importing Data into the VitalStore software” in the Lightning software manual.

ECG Module - Setting & using alarms in the ECG Module
There are two alarms associated with the ECG module. These are a High Heart Rate alarm and
a Low Heart Rate alarm. To change the alarms, touch the numerical data region for the ECG. A
menu appears that has three options next to HI HR and LO HR. These options are:
UP: Increases the value at which the alarm will sound.
DOWN: decreases the value at which the alarm will sound.
DISABLED/ENABLED: Shows the status of the alarm. When ENABLED, the alarm will sound
whenever the associated parameter is out of range.
For more information on alarm functions see the section on "Using Alarms in the Lightning
MultiMonitor unit"
ECG Module - changing the displayed lead
By default at turn-on the displayed lead is Lead II. This can be changed to either Lead I or Lead
III by using the SETUP menu. Touch the ECG trace and then select SETUP from the pop-up
menu. On the left-hand side use the ECGLEAD: button to change the displayed lead. Then
press Exit. The lead type is shown on the left of the ECG trace as I, II or III.
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The Lightning MultiMonitor Pulse-Oximetry Module
Pulse-Oximeter Module - General
The Lightning Pulse-Oximetry module uses Nonin veterinary Pulse-Oximeter technology and
can be used with Nonin sensors or Nonin-compatible sensors.
Two sensors are commonly used: a Transmission sensor and a Reflectance sensor.
Transmission sensors are typically placed on the tongue or ear, whilst Reflectance sensors can
be placed under the base of the tail, in the ear against the medial wall or against gingivae/nasal
septum.
Sensors connect to the unit via a 9-Way Male D-Type connector. Extension cables are available
to enable further spacing between the monitor and the patient. Only Nonin-compatible
extension cables should be used. The Pulse-Oximeter module will monitor the pulse rate and
oxygen saturation levels of patients with heart rates in the range of 10 - 450 bpm. Sensors may
be connected or disconnected while the unit is powered ON without any problems.

Obtaining a Plethysmogram or Pulse Trace
Patient Connection
Connect the probe to the unit either directly or through the extension cable. The red LED should
become lit on the probe when connected. When using a Transmission probe, place the probe
across a bed of vascular tissue such as the tongue, ear, vulval or prepucial folds. The probe
should hold itself in place and should not be held fully open once in position. With a Reflectance
probe, place the probe so that it lies over vascular tissue with some dense material such as
bone or cartilage beneath the vessels. The dense material improves the amount of signal
returned through the vessels, thereby improving the signal quality. Suitable sites are the medial
wall of the ear canal, the ventral aspect of the proximal tail, or in larger animals the nasal
septum. Hold the probe in place with a swab or cotton wool ball.
Validation of the trace information
The Pulse-Oximeter module evaluates the information obtained from the sensor and assigns a
level of credibility to it. This level is displayed as the characters A or B below the % sign in the
numerical region. These codes have the following meaning.
A - Good pulse strength, reliable signal and values
B - Moderate pulse strength, interpret signal and values with caution
In addition, the pulse waveform of Plethysmogram is not displayed until a valid pulse and
saturation has been detected. This means that there is a slight delay between placing the probe
and obtaining a trace and value. During this time the trace will be a flat line and the saturation
and pulse rate values will be shown as "--".
Scaling of the Plethysmogram
There is no automatic scaling of the plethysmogram. This means that if the trace height falls by
50% then the signal strength has fallen by 50%. This also means that for very strong signals
the top of the waveform may be flattened, indicating the signal has reached maximum size.
Viewing the Plethysmogram
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Make sure the Pulse-Ox trace is visible in the monitor window. If the trace is minimised, click on
the numerical region labelled "SPO2" and then select "ADD TRACE". A line will be seen moving
from left to right across the screen and the numerical region will display --% and -- BPM until a
valid pulse is detected.
Once a pulse is detected the saturation and pulse rate values, together with the confidence
level will appear in the numerical data region. This typically takes between 5 and 10 seconds.
Trace and Alarm options
The Trace options can be viewed by touching the screen anywhere within the region of the
Pulse-Oximeter trace. The Alarm options can be viewed by touching the screen in the Pulse-Ox
numerical data region.
The Trace options are:
INCR GAIN (x): Increases the size of the Pulse-Ox trace on the screen. The x indicates the
current level of gain. Gain levels run from 0 (smallest) to 7 (largest)
DECR GAIN (x): Decreases the size of the Pulse-Ox trace on the screen.
SHIFT UP (x): Shifts the Pulse-Ox trace up the screen. The level of applied Shift is indicated by
x. Values of shift run from 0 (no shift) to 8 (maximum shift)
SHIFT DOWN (x): Shifts the Pulse-Ox trace down the screen
XX MM/S: The TRACE OPTIONS header shows the current speed of the selected trace.
Use the two speed buttons to select a new sweep speed. If two traces are selected that have
the same sweep speed then their sweep will be synchronised.
TRACE:LINE This option toggles the display between showing a line or a filled trace for the
plethysmogram.
REMOVE TRACE: Removes the trace window from the screen and places the numerical data
region at the bottom of the screen.
SETUP: Enters the general setup features for the unit
EXIT: Exits the menu, saving any changes that have been made
The Alarm options for the Pulse-Oximeter module follow the same general pattern as described
in the section "Using Alarms in the Lightning MultiMonitor unit"
Touch the Pulse-Ox numerical data region. There are 3 alarm options, a high heart rate alarm,
a low heart rate alarm and a low saturation alarm. Change the values of any of these options by
pressing the associated UP or DOWN button. Then change the status of the alarm to
ENABLED by toggling the DISABLED/ENABLED button. Press EXIT when done. The alarm
options are saved to non-volatile memory and will be remembered after a power-down.
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The PHASEIN Breath Monitor Module
The Phasein Breath Monitor module can use 3 types of Phasein sensor. These may be internal
ISA modules, external ISA modules or external IRMA modules.
All ISA units are sidestream modules and all IRMA units are mainstream units.
IRMA units - Mainstream only
Important Note:
The PHASEIN mainstream multi-gas probe is intended to be
connected to a patient breathing circuit for monitoring of
inspired/expired gases of patients in intensive care, anaesthesia and
emergency care. It is not intended to be used as the only means of
monitoring a patient. It shall always be used in combination with other
vital signs monitoring devices and/or professional human judgements
of patient condition. The PHASEIN multi-gas analyser is intended to be used by trained and
authorised veterinary professionals only. It is not intended to be used in outdoor transport
applications such as in cars or in aircrafts.
PHASEIN Setup
Snap the PHASEIN sensor head on top of the PHASEIN airway adaptor. It will click into
place when properly seated
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A green LED indicates that the PHASEIN sensor is ready to use

Connect the PHASEIN/Airway adaptor 15mm male connector to the breathing circuit

Connect the PHASEIN/Airway adaptor 15mm female connector to the patient’s
endotracheal tube
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Intended Use
The PHASEIN main stream multi-gas probe is intended to be connected to other medical
devices for display of real time and derived monitoring of CO2, N2O and the anaesthetic agents
Halothane, Isoflurane, Enflurane, Sevoflurane and Desflurane.
It is intended to be connected to a patient breathing circuit for monitoring of inspired/expired
gases during anaesthesia, recovery and respiratory care. It may be used in the operating suite,
intensive care unit, patient room and emergency settings for adult, paediatric and infant
patients.
It is NOT intended to be used as the only means of monitoring a patient. It shall always be used
in combination with other vital signs monitoring devices and/or professional human judgements
of patient condition. The PHASEIN probe is intended to be used by trained and authorised
health care professionals.
General Description
The IRMA breath monitor unit is a small cube-shaped unit housing a replaceable Airway
Adaptor and Oxygen sensor. The main housing for the unit has an LED in one corner which
indicates the status of the sensor. These states are described in detail in the section " IRMA
Status & Error Messages" The IRMA unit connects to the Lightning MultiMonitor unit via a 9Way Female D Type connector. When the unit is connected or the Lightning unit powered ON,
the IRMA device runs through a self-test sequence. This is indicated by the LED on the main
housing changing alternately through GREEN, RED, BLUE a number of times. Once the
initialisation sequence is complete the LED stays GREEN. If the IRMA unit has the capability of
detecting anaesthetic agents then the LED will turn BLUE in the presence of these agents.
IRMA units may be connected/disconnected while the unit is turned ON without any problems.

The IRMA breath monitor is a monitor capable of measuring several components of the inspired
and expired breath of patients. The different options, available as different IRMA units are:
IRMA CO2:
IRMA AX+:

This unit can monitor CO2only
This unit can monitor CO2, N2O, Primary and Secondary agents with agent I.D.

Depending on which IRMA unit is plugged in to the Lightning monitor, different values will be
reported on the screen.
The IRMA AX+ unit will be described here, as this unit offers all the possible options of CO2,
N2O and Anaesthetic Agent.

Calibration, self-test and reset
The IRMA unit is self-calibrating and does not require scheduled calibration on a monthly or
even annual basis. Calibration is achieved in a number of ways but must be done while the unit
is plugged in and powered ON.
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ALL CALIBRATION MUST BE DONE WITH THE UNIT IN FREE AIR AND NOT WHILST
CONNECTED IN A PATIENT CIRCUIT
CO2, Nitrous and Agent Calibration (Zero reference calibration)
These can all be reset by means of the RESET command from the Lightning MultiMonitor unit,
or from the Windows software when connected by a USB cable.
Only perform this function when asked to do so by the Windows program or when indicated by
the following conditions:
1) A repeated “Gas Concentration out of Range” error message that appears when
measuring room air and is not cleared by disconnecting and re-connecting the IRMA
device.
2) Incorrectly reported high Inspiratory CO2 concentrations
ALL CALIBRATION MUST BE DONE WITH THE UNIT IN FREE AIR AND NOT WHILST
CONNECTED IN A PATIENT CIRCUIT
To RESET the IRMA device, touch the screen over the numerical data region for the Inspired
and Expired CO2 . In the menu box that appears, touch the "RESET IRMA" button. A long beep
confirms that a Reset has been performed.
Display of Measured Values
THE IRMA monitor will continuously display and update the numerical and trace information for
the patient. The trace region shows the capnogram as either a line or filled trace (see
"Changing the Capnogram appearance "). The main numerical data region associated with the
trace shows the inspired and expired values of CO2. The larger figure represents the expired
value and the smaller figure below it shows the inspired value. The third value to the right and
below the legend "RR" is the respiratory rate in breaths per minute. If a period of apnoea occurs
then the "RR" is replaced with "AP", indicating apnoea. In addition the numbers below the "AP"
now represent the number of seconds since the last breath.
Changing the Capnogram appearance
The capnogram can be changed in a number of ways. Touch the screen anywhere within the
trace region to bring up the options menu for the capnograph. The options follow the same
pattern as all trace menus with some slight differences.
The Trace options are:
INCR GAIN (x): Increases the size of the Capnogram on the screen. The value of x indicates
the GAIN level. Only levels 4 and 5 are allowed for CO2 traces.
DECR GAIN (x): Decreases the size of the Capnogram on the screen.
SHIFT UP/DOWN : The Capnograph trace cannot be shifted. These options are not available
XX MM/S: The TRACE OPTIONS header shows the current speed of the selected trace.
Use the two speed buttons to select a new sweep speed.
TRACE: LINE or TRACE: FILL This option toggles the display between showing a line or a
filled trace for the Capnogram.
REMOVE TRACE: Removes the trace window from the screen and places the numerical data
region at the bottom of the screen.
SETUP: Enters the general setup features for the unit
EXIT: Exits the menu, saving any changes that have been made
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Changing the CO2 units
The units for CO2 measurement can be displayed in either mmHg or as a percentage value. To
change the units, touch the numerical data region for the inspired and expired CO2 values. The
lower left hand button of the resulting menu allows a toggle between CO2: PERCENT and
CO2: MM HG
Setting the Alarm Values for CO2, Apnoea and Respiratory Rates
The alarm values for CO2 monitoring can be set by touching the numerical data region for
inspired and expired CO2 values. The following Alarm options are then available:
A High End-Tidal CO2 value
A Low End-Tidal CO2value
A High Inspired CO2value
Pressing the “MOREN” button reveals 3 further options
An Apnoea time Alarm
A High Respiratory Rate Alarm
A Low Respiratory Rate Alarm
In all cases use the UP and DOWN buttons to set the value required. Then to make an alarm
active, touch the ENABLED/DISABLED button so that it says ENABLED.
When done press EXIT to leave the menu and save all your settings.
Oxygen, Nitrous and Agent Values
The inspired and expired values for Oxygen, Nitrous Oxide and Anaesthetic Agent are all
displayed in a small table (Gas Table) on the lower portion of the screen. There is no trace
associated with these gases on the Lightning monitor and so this table position is fixed at the
bottom of the screen (These trace options are available in the Windows software).
Data values for each of the three gases is continuously shown in the table. If a value is not
measured or is out of range the table value will be represented by "--"
Alarm options for Oxygen, Nitrous and Anaesthetic Agent
Alarms can be set for the following situations:
A low Oxygen percentage for inspired gas
A high Nitrous oxide percentage for inspired gas
A high Agent percentage for inspired gas
In all cases use the UP and DOWN buttons to set the value required. Then to make an alarm
active, touch the ENABLED/DISABLED button so that it says ENABLED.
When done press EXIT to leave the menu and save all your settings.
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Selecting the Anaesthetic Agent
The PHASEIN OR and PHASEIN AX+ can be used to monitor the inspired and expired
concentrations of 5 anaesthetic agents. The following options are available
NO AGENT
HALOTHANE
ENFLURANE
ISOFLURANE
SEVOFLURANE
DESFLURANE
The agent being monitored is indicated by the letters next to the lower line of the Gases Table
at the bottom of the screen.
Except for older IRMA units, the agent is automatically updated by the module itself as all units
now have automatic agent identification. This makes it unnecessary to explicitly set the agent in
use.
The following abbreviations are used:
-HA
EN
IS
SV
DS

NO AGENT
HALOTHANE
ENFLURANE
ISOFLURANE
SEVOFLURANE
DESFLURANE

To change the agent being monitored the IRMA unit MUST be connected to the Lightning
Monitor.
When the button for the agent is changed the agent being monitored will change and be
indicated by a change in the gas abbreviation on the Gas Table.
The other option in the Alarm Setup for the Gases is the RESET IRMA option. See the earlier
section " CO2, Nitrous and Agent Calibration" for more information.
PHASEIN Status and Error messages
The status of the IRMA probe is indicated by the colour of the LED located on the sensor head.
The LED is used to signal the following conditions:
Steady Green light
Steady Blue Light
Steady Red Light
Blinking Red Light
Blinking green light

System OK
System OK AND Anaesthetic Agent present
Sensor Error
Check Airway Adaptor
Zeroing in progress

There are a number of error messages associated with IRMA that may appear on the screen.
An error message is shown by a flashing message that intermittently replaces the Gas Table
information at the bottom of the screen. The words IRMA ERROR appear above the Gas Table
area and the error message is displayed below this. Each message has an Error Code
associated with it. If two or more errors occur simultaneously then each error is shown in
sequence. Use the table below for a full explanation of the Error Codes.
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APNEOA
Time interval between breaths exceeds the Apnoea alarm setting and the alarm is ENABLED
REPLACE O2 SENSOR
Code 01
The Oxygen Sensor on the PHASEIN probe is depleted and needs replacing
CHECK AIRWAY ADAPTOR
The Airway Adaptor is reporting a fault:
Code 31: The Infra-Red signal level is too low. Replace the Adaptor
Code 32: There is no Adaptor connected
Code 34: Oxygen port failure – the port is clogged or blocked
GAS CONC. OUT OF RANGE
At least one of the measured gas concentrations is out of range.
Code 41:
CO2 measurement is outside of the specified range (0-10%)
Code 42:
N2O measurement is outside of the specified range (0-100%)
Code 44:
At least one agent measurement is outside of the specified range
Code 48:
O2 measurement is outside of the specified range (0-100%)
Code 416:
The internal temperature is outside of the specified range (10-50 C)
Code 432:
The ambient pressure is outside of the specified range (70-120 kPa)
Code 464:
Negative Gas concentrations calculated. Zero reference calibration of IR
measurement may be required.
Code 4128: Agent I.D and concentration are unreliable. Recalibrate sensor.
Recalibrate the sensor according to the instructions in the section entitled “CO2, Nitrous and
Agent Calibration (Zero reference calibration)”
GAS SENSOR ERROR
There is a fault with the operation of the PHASEIN Sensor
Code 20:
There is an internal software error in the PHASEIN. Restart the sensor.
Code 22:
There is a hardware error with the sensor. Replace the PHASEIN sensor.
Code 24:
Motor failure. The motor speed is out of bounds
Code 28:
The factory calibration information is lost or missing. Contact your supplier.
ROOM AIR CALIBRATION REQUIRED.
Code 70
The oxygen sensor needs re-calibrating using room air. Remove and then
replace the airway adaptor whilst the adaptor is in room air.
Preventative Maintenance - IRMA
1) Oxygen Sensor Replacement: Replace the oxygen sensor every four months or whenever the
oxygen readings are questionable.
0
2) Oxygen Sensors for replacement should be stored in a cold environment (+2 to +8 C)
3) Replace the oxygen sensor by using a screwdriver and turn in a counter-clockwise direction.
Remove the depleted sensor and carefully screw in the new oxygen sensor. DO NOT
OVERTIGHTEN.
4) Oxygen sensors contain chemical substances and should be disposed of in the same manner as
batteries.
5) Do not leave depleted oxygen sensors mounted in the PHASEIN probe, even if the probe is not in
use
6) Be sure to perform a room-air calibration of the oxygen measurement after replacing the oxygen
sensor.
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Warnings & precautions when using the IRMA probe
•

•
•
•

•
•
•
•
•
•
•

The PHASEIN probe must not be used with flammable anaesthetic agents
Disposable PHASEIN airway adaptors shall not be reused. Used disposable airway adaptors shall be
disposed of in accordance with local regulations for medical waste
Use only PHASEIN manufactured oxygen sensor cells. Depleted oxygen sensors shall be disposed of in
accordance with local regulations for batteries.
Do not use the PHASEIN Adult/Paediatric airway adaptor with animals less than 5kg as the adaptor adds
6ml dead space to the patient circuit
Do not use the PHASEIN Infant airway adaptor with animals over 5kg as this may cause excessive flow
resistance.
Measurements can be affected by mobile and RF communications equipment. It should be assured that the
PHASEIN probe is used in the electromagnetic environment specified.
Never sterilise or immerse the PHASEIN probe in liquid
The PHASEIN oxygen sensor cell and PHASEIN airway adaptors are non-sterile devices. Do not autoclave
the devices as this will damage them
Do not apply tension to the probe cable
Do not operate the PHASEIN probe outside the specified operating temperature environment
Do not leave depleted oxygen sensors mounted in the PHASEIN probe, even if the probe is not in use.
Do not place the PHASEIN airway adaptor between the ET tube and an elbow, as this may allow patient
secretions to block the adaptor windows.

•

To keep secretions and moisture from pooling on the windows or oxygen sensor port, always position the
PHASEIN airway adaptor with its windows in a vertical position and the PHASEIN oxygen sensor pointing
upwards.

•

Do not use the PHASEIN airway adaptor with nebulised medications as this may affect the light
transmission of the airway adaptor windows.

•

Do not try to open the oxygen sensor assembly. The oxygen sensor is a disposable product and contains a
caustic electrolyte and lead.
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•

The PHASEIN probe is intended only as an adjunct in patient assessment. It must be used in conjunction
with other assessments of clinical signs and symptoms.

•

Incorrect probe zero calibration will result in false gas readings

Cleaning
The PHASEIN sensor can be cleaned using a cloth moistened with ethanol or isopropyl alcohol
Technical Specification
For full technical information on the PHASEIN probe see Appendix A at the end of this
document
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The ISA Breath Monitoring Module
The ISA Breath Monitoring Module may be fitted as an internal or an external module.
Internal Modules
The internal module is available in CO2 (CO2-only) and AX+ (CO2 and Agent) versions.
Internal modules are the standard presentation of gas monitoring in the Lightning unit. The
Nomoline connection is to be found on the left hand side of the monitor when viewed from the
front.
External Modules
The external module is a plug-in module that fits into the same socket as the IRMA module.
These units can be inter-changed and the software will detect the presence of each unit. Only
one unit can be used at a time. It is not possible to have an ISA unit and an IRMA unit running
at the same time on one Lightning unit.
The ISA module comes in a number of different types. There is a CO2-only module (ISA CO2),
a CO2/Agent module (ISA AX+) and a CO2/Agent/Oxygen module (ISA OR+).
Only ISA CO2 and ISA AX+ units can be fitted internally. The ISA OR unit must be supplied as
an external module.

All units use a Nomoline sampling line for gas collection and have a waste gas port at the rear
for returning sampled gas to the patient circuit.
General Use
The gas monitoring module will remain inactive and in a low power state until a Nomoline is
plugged into the CO2 port of the module. On insertion of the Nomoline the clear plastic around
the connector will be lit by a green LED indicating that all is well and that the unit is ready to
use. If for any reason this LED is red then an error has occurred and the fault will be reported
on the main screen.
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As with all Sidestream sampling systems, the working life of the Nomoline can be greatly
extended if sampling connection takes gas from the upper side of the airway connection. This
prevents water vapour that condenses, running into the Nomoline.
The sampled gas from the ISA unit must be returned to the patient circuit or scavenged so that
anaesthetic gases are not allowed to escape into the room. With internally fitted modules a
waste port is provided at the rear of the monitor.
Pre-use check
Before connecting the Nomoline to the patient circuit, perform the following pre-use check:
•
•
•
•
•

Connect the sampling line to the ISA gas inlet connector (LEGI)
Check that the LEGI shows a steady green light, indicating that the system is OK
For ISA OR+ modules check that the reading on the monitor is correct (21%)
Breathe into the sampling line and check that valid waveforms and values are displayed
on the Lightning main screen.
Occlude the sampling line and wait 10 seconds, until the occlusion alarm is displayed
and the LEGI shows a flashing red light

Calibration
The ISA modules are all self-calibrating. At turn-on, or insertion of a Nomoline sampling line,
the unit will perform a self-calibration. For modules that have been running continuously during
any monitoring session then an internal automatic calibration occurs at approximately 3 hour
intervals.
There is no need or indeed any procedure that the user can perform for module calibration.
During calibration, the input to the analyser is switched from the sampling line to room air. This
means there is no need to disconnect the sampling line from the patient circuit during the
automatic calibration period.
LED’s and Alarms
The status of the module is indicated by the colour and format of the LED on the LEGI
Indication
Steady green light
Blinking green light
Steady blue light
Steady red light
Blinking red light

Status
System OK
Zeroing in progress
Anaesthetic agent present (ISA AX+ and OR+ only)
Sensor error
Check Sampling line

Alarms follow the same pattern as with the IRMA module and the user is referred to that section
for all settings and enabling of ISA alarms. There are two specific ISA-related errors that will be
seen.
1) When an ISA unit is connected and the Nomoline is not attached, or is removed a code
32 error will be seen on the screen: CHECK NOMOLINE CONNECTION.
2) If a Nomoline becomes blocked then the LED at the connection point will flash red and
the screen will report a code 31 error and display the text CHECK NOMOLINE
CONNECTION. The same error will be seen if the exit port for gas scavenging on the
back of the unit becomes blocked.
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ISA usage and information
•
•
•
•
•
•
•
•

The ISA Sidestream gas analyser is intended for use by authorized and trained
medical personnel only.
Use only approved Nomoline sensors with the ISA analyser
The ISA Sidestream analyser must not be used with flammable anaesthetic agents
Do not use the ISA Sidestream gas analyser with metered-dose inhalers or
nebulised medications as this may clog the bacterial filter
Do not autoclave any part of the Nomoline sampling line
Never sterilise or immerse the ISA Sidestream gas analyser in liquid
ISA Sidestream gas analysers are not designed for MRI environments
Exhaust gases should be returned to the patient circuit or a scavenging system
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The Invasive Blood Pressure (IBP) Module
IBP Module - General
The Invasive Blood Pressure module is a dual function module that can monitor pulsatile
pressure waves such as an arterial pressure wave or static pressure values such as central
venous pressure or urinary bladder pressures. The IBP module uses connectors compatible
with the DPT-200/DPT-400 disposable transducers manufactured by Utah Medical. However
the actual IBP module will work with any Blood Pressure Module conforming to the uniform
standard for Blood Pressure Transducers. In part the standard encompasses the following:
Excitation +/- 5v to +/- 10v
Output 5uV/V/mm Hg
Connections: +5v, -5v, Sig+, Sig-.
The DPT-200 and the DPT-400 transducers are identical in form and function.
There may be one or two IBP channels fitted to the Lightning Monitor, identified as IBP1 and
IBP2. These two channels behave identically but independently of each other.
Changing between Pulse and Static Mode
To change the mode of pressure monitoring touch the screen anywhere in the trace region and
select the "SETUP" option. The current IBP mode is indicated by the third button down on the
right. Pressing this button will toggle the mode between "PULSE" and "STATIC". Select
whichever option you require and then press "EXIT" to quit the menu and save your changes.
Zero-ing the IBP monitor
Once the transducer has been attached to the cable and that in turn attached to the Lightning
Monitor, it should be placed at the level of the heart of the patient to be monitored and then
zeroed. To zero the IBP input, the trace for IBP must be showing on the screen. If it is
minimised, touch the IBP numerical data region at the bottom of the screen and then touch
"ADD TRACE". Touch the IBP trace region to bring up the trace options for IBP. The IBP ZERO
button is immediately above the "SETUP" button. If the blood pressure transducer is not
connected, or not recognised the button will say IBP ERROR. If the transducer is connected
and recognised, the button will say "IBP ZERO". Pressing the IBP ZERO button will zero the
IBP trace to the current pressure input.
A zero value needs to be obtained when monitoring in pulse or static mode.

Arterial Blood Pressure Monitoring
The DPT-200 IBP transducer is connected via an extension cable to the Lightning Monitor
through the 8-way connector on the lower right hand side of the monitor. The DPT-200
transducer is a 3cc/hour constant flow transducer that requires the incoming line of fluid to have
a pressure that exceeds the pressure of the input side. This is normally most easily achieved by
having the fluid bag held within an inflatable cuff that can be inflated to pressures of 300mmHg
for arterial blood pressure monitoring.
Connect the transducer, ensure the fluid from the fluid reservoir is flowing through the
transducer by pulling on the small tab and then zero the instrument.
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The input side of the transducer can now be connected to the patient arterial line. A pulse
waveform will now be visible on the IBP trace. This waveform can be adjusted via the trace
options menu that is shown when the IBP trace is touched. The trace menu options for IBP are:
INCR GAIN (x): Increases the size of the Pressure trace on the screen. The x indicates the
current level of gain. Gain levels run from 0 (smallest) to 7 (largest)
DECR GAIN (x): Decreases the size of the Pressure Trace on the screen.
SHIFT UP (x): Shifts the Pressure trace up the screen. The level of applied Shift is indicated by
x. Values of shift run from 0 (no shift) to 8 (maximum shift)
SHIFT DOWN: Shifts the Pressure Trace down the screen
XX MM/S: The TRACE OPTIONS header shows the current speed of the selected trace.
Use the two speed buttons to select a new sweep speed.
IBP: ZERO or IBP: ERROR - see "Zero-ing the IBP monitor” above
REMOVE TRACE: Removes the trace window from the screen and places the numerical data
region at the bottom of the screen.
SETUP: Enters the general setup features for the unit
EXIT: Exits the menu, saving any changes that have been made
Viewing the IBP values
The numerical data region to the right hand side of the IBP trace region has four fields.
The top field in large figures is for the Mean Arterial Pressure. The field immediately below this
in slightly smaller figures is the Systolic Arterial Pressure and to the right of this is the Diastolic
pressure field. The field to the right of the pressure measurements is the heart rate as shown
by the legend "HR" and gives the measured heart rate in beats per minute.
Setting the IBP Alarm Limits
The IBP alarm limits can be set by touching the IBP numerical data region to bring up the
ALARM SETUP menu for IBP. There are 4 settable alarm limits:
High Heart Rate in bpm
Low Heart Rate in bpm
High Systolic Pressure in mmHg
Low Systolic Pressure in mmHg
Change the values of any of these options by pressing the associated UP or DOWN button.
Then change the status of the alarm to ENABLED by toggling the DISABLED/ENABLED button.
Press EXIT when done. The alarm options are then saved to non-volatile memory and will be
remembered after a power-down.
Setting the IBP Boundary Markers
When the IBP trace is displayed on the screen, pre-set boundary markers can be placed to
enable rapid assessment of the IBP waveform. These markers take the form of a dashed line of
constant height running across the screen. An upper and a lower marker can be set for each
IBP channel. To change or set the boundary markers touch the IBP trace and then choose
SETUP. The button in the lower left-hand corner is marked IBP MARKERS. Touch this button
to enter the IBP MARKER SETUP screen. Adjust the marker values using the UP/DOWN
buttons and then press EXIT when done.
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The Dual Temperature Module
Dual Temperature Module - General
The Dual Temperature module is a temperature monitoring module that can simultaneously
monitor the temperature of two different temperature sensors (T1 & T2), indicating their
respective temperatures and the temperature difference between them, referred to as the Delta
value.
Temperatures can be monitored in degrees Celsius or degrees Fahrenheit and are displayed
on a constant table positioned in the bottom left hand corner of the screen. There is no trace
available for temperature data on the Lightning Monitor. Traces for all parameters (T1, T2 and
Delta) are however available on the Windows software in the VitalMonitor program. Alarms are
available for T1 and T2 on the Lightning Monitor and for T1, T2 and Delta on the Windows
software.
The Temperature Numerical Data Region
The Numerical Data Region for the temperature sensors is located in the bottom left hand
corner of the screen. The identifying legend above this region will read TEMP (C), when the
units are Centigrade and TEMP (F) when the units are Fahrenheit. If a temperature sensor is
not connected then its respective value and the Delta value will appear as "--". Otherwise,
temperature values are displayed to one decimal place.
Changing Between Centigrade and Fahrenheit Display
The units for temperature display can be changed at any time by touching the temperature
numerical data region to display the setup menu for Temperature. The button in the lower left
hand corner shows the currently selected units. Touching this button causes the units to toggle
between Fahrenheit and Centigrade. Press the "EXIT" button once the selection has been
made.
Setting the Alarm Options for the Temperature Module
The alarm options for the two temperature sensors can be selected by touching the
temperature numerical data region to display the setup menu for Temperature. Alarm limits may
be set for the following:
High T1 in degrees C or degrees F
Low T1 in degrees C or degrees F
High T2 in degrees C or degrees F
Low T2 in degrees C or degrees F
Change the values of any of these options by pressing the associated UP or DOWN button.
Then change the status of the alarm to ENABLED by toggling the DISABLED/ENABLED button.
Press EXIT when done. The alarm options are then saved to non-volatile memory and will be
remembered after a power-down.
Note that alarm limits need only be set in one temperature unit, as a conversion is automatically
made between units if the units are changed by the user.
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The NIBP Module

General features of the Oscillometric Module
The Oscillometric module is a Veterinary-specific Non Invasive Blood Pressure module that
uses the principle of oscillometry to measure a patient’s blood pressure. By means of an
inflatable cuff, placed on a limb or tail, the blood pressure is determined by an automatic inflate
and deflate process, controlled by the Lightning unit. The Oscillometric principle requires that
the pressure in the cuff be taken to a value greater than the patient’s systolic blood pressure to
temporarily halt blood flow. The pressure is slowly released and the changes in pulse
waveform, associated with the onset of arterial and then venous flow, are detected. An internal
algorithm translates the measured points to a Systolic, Diastolic and Mean arterial pressure.
These values are then displayed on the NIBP screen along with the patient’s heart rate.
Readings may be taken automatically at a pre-determined interval or manually when required.
Elements of the NIBP Display

The NIBP display consists of a fixed region of the screen in the lower left corner. The
organisation of the numerical data is the same as for the IBP data. The largest value shown is
the Mean Arterial Pressure. Below that there are 2 values separated by a '/' The first is the
Systolic value and the second is the Diastolic value. The heart rate is also shown on the lower
part of the region following the 'HR' legend.
A small bargraph scale represents a manometer and the pressure value of the manometer is
shown at the top. All values are in mmHg.
The manometer shows the real time pressure in the patient cuff and is intended as an aid
during measurements to visualise inflation and deflation characteristics. Rapid deflation is
usually associated with a loose or leaking cuff.
NIBP Setup and control
Touching the NIBP data region brings up a new menu for NIBP setup and control. This menu
allows the selection of cuff size range, selection of Automatic mode, setting of alarms and
viewing of trends. It is also the menu used to Start and Stop a blood pressure measurement.
Starting a Blood Pressure measurement
Touch the large blue "START" button to initiate a blood pressure measurement. The cuff will be
inflated and the menu will close. The progress of the measurement is shown in the manometer
on the main screen.
A blood pressure measurement can be started at any time, even in Automatic mode.
Stopping a Blood Pressure measurement
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Touch the NIBP data region and then touch the large blue "STOP" button to stop a
measurement. The measurement will immediately be abandoned and the text "BP Reading
Cancelled" will be shown in the top left status region of the screen.
Automatic Mode
Touch the button here to turn Automatic Mode ON or OFF. In Automatic Mode the chosen
Auto-Interval will be used as the timing between successive measurements.
Auto-Interval
Use the UP/DOWN buttons to set the interval between automatic readings in minutes. The
interval only applies when Automatic Mode is set to ON
Cuff Size
The NIBP module has two veterinary specific algorithms tailored for two ranges of animals. For
animals needing a cuff size of between 1and 3 a more sensitive algorithm is used. To choose
the appropriate cuff size range touch the button to the right of the CUFF SIZE text. This will
toggle the text in the button between “1-3” and “4+”
Alarms
Alarms can be set for High and Low Systolic pressures and High and Low Mean Arterial
Pressures. Setting alarms for High and Low Diastolic pressures is not an available option. Use
the UP and DOWN buttons to set the required alarm level. Note that a High alarm level can not
be set below a Low alarm level and the menu will prevent you from doing this. To enable an
alarm touch the button to the far right of the appropriate alarm to set this to ON. Touch it again
to set it back to OFF. Once all of the alarm options have been set, touch the EXIT button to
save the settings and return to the main screen.
Trends
Measurement trends can be viewed using the Trends button. Touching this button opens a new
window with a graph of all measurements since the Trends values were last cleared. Up to 64
recordings can be viewed and the memory operates on a first-in first-out principle so that the
memory always holds the latest 64 recordings. To clear the Trend graph screen of all its data,
press and hold the CLEAR button for 3 seconds until the Trends window disappears.

Using the Lightning NIBP Module in practice
Cuff Selection and placement
Before a measurement can be taken the cuff size must first be selected. The cuff size is based
on the circumference of the patient’s limb: The cuff width should be approximately 40% of the
limb circumference. Because an animal’s leg is roughly a cylinder it is easier to use the
relationship that the width of the cuff should be 25% bigger than the width of the limb at the
point where the measurement is to be taken. In practice, place the cuff length-ways against the
leg or tail. If the cuff covers the full width of the leg with about a quarter left over, that is the
correct cuff size. The cuff should never extend over a joint.
Plug the long black hose into the connector at the side of the unit so that it clicks into place. If
difficulty is experienced in fitting the connector, make sure that the metal tab on the panel
connector is pushed down. Connect the appropriate sized cuff to the push-fit luer connector at
the end of the black hose. Wrap the cuff around the limb making sure that the Artery Marker is
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reasonably close to the artery. When wrapped around the patient limb the marker line on the
cuff must fall between the range marker. It may be necessary to shave the animal fur if there is
trouble obtaining blood pressure measurements. The cuff should be at the level of the heart for
proper measurement accuracy. When the cuff is below heart level, measurement results may
be higher than comparative results obtained at heart level. When the cuff is above heart level,
measurement results may be lower.
Use the area just above the hock, carpus or the base of the tail
In the Lightning NIBP Monitor, there are two measurement methods based on cuff size. For the
smaller cuff sizes of 1-3, the inflation rate, maximum pressure and deflation rate are different
from those used with cuff sizes of 4 and larger. When changing cuff sizes, be sure to set the
correct range in the “SETTINGS” options.
How
a.
b.
c.
d.
e.
f.

to ensure best results are achieved
Ensure the correct cuff size has been selected
Ensure the cuff is applied firmly before inflation begins
Ensure the appropriate cuff size selection is made in the SETTINGS menu
Reduce limb/tail movement during the measurement phase
Try wetting the fur, particularly on the smaller animals. In rare cases shaving of the fur
may be required.
If problems are experienced, try a different measurement position

Mode Selection - Automatic or Manual
The NIBP module can be run in two modes, manual mode where all blood pressure
measurements are initiated by the user, or Automatic mode where blood pressure
measurements occur at fixed time intervals. These intervals can be set by the user.
Manual operation
To select manual operation, touch the MANUAL button at the bottom left-hand side of the
screen. If this is not already selected it will turn from black text to a black button with white text.
The START button below it will also become highlighted. At this point a measurement will only
be started when the highlighted START button is touched. Once started, a measurement can
be cancelled at any time by pressing the STOP button. Cancelling a measurement will result in
the message “BP Reading cancelled” appearing in the status bar until a new measurement is
begun.
Automatic operation
To select automatic operation, touch the AUTO button at the bottom right hand side of the
screen. If this is not already selected it will turn from black text to a black button with white text.
The SKIP button below it may also become highlighted, or if the time since the last
measurement has exceeded the automatic interval period, a new measurement will begin. In
that case the STOP button will be highlighted. Once started, a measurement can be cancelled
at any time by pressing the STOP button. Cancelling a measurement will result in the message
“BP Reading cancelled” appearing in the status bar until a new measurement is begun.
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Taking a measurement – the process
Once the cuff has been chosen and fitted, the appropriate cuff size selected in the SETTINGS
menu and the operating Mode selected, a measurement can begin. In non-automatic mode,
press the START button and in automatic mode, either press the START button or wait for the
interval time to elapse.
Once a measurement has begun, the pump can be heard inflating the cuff and the manometer
will show the pressure rise in the cuff. At the same time the cuff pressure value above the
manometer will display the actual cuff pressure in mmHg. The cuff will be inflated to a preset
maximum pressure. If the unit has been used to take readings from an animal, it will ‘learn’ the
appropriate value to inflate the cuff to, based on the previous systolic reading. If the unit has
just been turned on then the cuff will be inflated to 160mmHg on the first reading. Thereafter
the cuff will be inflated to the previous systolic pressure plus 30mmHg.
Once the target pressure has been reached the deflate process will begin. The pressure is
reduced linearly in the cuff at approximately 3mmHg per second, whilst the unit “listens” for
pulse signals in the artery and thence the cuff. These signals are strongest at around the
systolic pressure and weakest at around the diastolic pressure. Care should therefore be taken
not to knock or disturb the connecting hose during a measurement as this will be seen as
external noise and may cause the failure of the measurement. The manometer and cuff
pressure reading will show the deflation process and the small solenoids in side the Lightning
unit will be heard clicking on and off during the deflate process. At the end of the deflate
process the cuff pressure will be released and there will be two long beeps from the unit
signifying a successful reading. If for any reason a blood pressure measurement could not be
taken, the status bar will show the cause of the reading failure. For a full explanation of any
reported messages see the section “Reported screen messages” later in this manual.
Reported screen messages
There are a number of messages that may be reported on the screen in the status box. The
messages and their meanings are listed here:
"BP Reading OK (n)"
This message appears after a successful measurement has been taken. The number, n, in the
parentheses represents the number of readings taken in the current series of readings. This
number is set to zero when the trend memory is cleared.
"Weak or no signal"
The unit has been unable to detect a signal.
Check the following:
That the cuff is in the correct position
The patient
That the cuff is properly tightened
That there is not excessive hair on the limb Try dampening with water if the coat is very
thick
That the correct size cuff is being used
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"Artifact/Erratic signal"
There has been too much artifact or noise seen during the measurement. This is normally due
to patient movement or an undersized cuff. Check the following:
That there is not excessive patient movement
That the cuff is in the correct position
That the correct size cuff is being used
"Retry count exceeded"
The unit has attempted to take a reading but has been unsuccessful despite several attempts at
inflate and deflate.
Check the following:
That the cuff is properly tightened
That there is not excessive patient movement
That the cuff is in the correct position
That the correct size cuff is being used
That there is not excessive hair on the limb Try dampening with water if the coat is very
thick
"Measurement timed out"
During an attempt to take a reading the time waiting for a signal has exceeded the maximum
expected.
Check the following:
That the cuff is properly tightened
That there is not excessive patient movement
That the cuff is in the correct position
That the correct size cuff is being used
That there is not excessive hair on the limb Try dampening with water if the coat is very
thick
"Pneumatic Blockage"
The unit has detected excessive pressure during inflate which suggests that the hose is
blocked.
Check the following:
That the hose is fully inserted into the connector on the side of the unit
That the hose has no sharp bends or is pinched
That the patient is not lying on the cuff
That the cuff is in the correct position
"BP Reading cancelled"
The user has cancelled the blood pressure reading. The unit is now ready to take a reading
"Inflate timeout-Air leak"
The unit has taken too long to inflate the cuff. Check the following:
That the hose is connected to the system and the cuff
That the cuff is properly tightened
That the cuff is in the correct position
That the correct size cuff is being used
That the cuff is not leaking air
That the hose connections are not damaged or loose
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"Safety Timeout"
The cuff pressure has remained above 10mmHg for more than 180 consecutive seconds. This
is a safety feature to prevent limb ischaemia. Remove the cuff and wait at least 60 seconds
before re-applying. It is also necessary to reset the unit by turning the power OFF for 10
seconds and then turning the unit back ON
Also check:
That the cuff is in the correct position
That there is not excessive patient movement
"Cuff Overpressure"
The cuff pressure has exceeded 300mmHg. Check the following before attempting another
reading:
That the correct size cuff is being used
That the hose has no sharp bends or is pinched
That the patient is not lying on the cuff
That the cuff is in the correct position

"EC91 Call technical support"
"Transducer out of range""
"ADC out of range"
"EEPROM Failure. Try recalibration"
All of the above indicate an internal fault. Call your supplier or distributor to report the fault. The
unit may need to be returned to the manufacturer for servicing.
Warnings & Precautions
Please read the following information carefully. The information contained below relates to all
users of the Lightning blood pressure module incorporating the NIBP (Oscillometric) unit.
This module is for veterinary use only. DO NOT use on human patients.
DO NOT use this device when Oscillometric pulses may be altered by other devices or
techniques.
DO NOT use in the presence of flammable anaesthetics; this could cause an explosion.
DO NOT attach the cuff to a limb being used for IV infusions as the cuff inflation can block the
infusion, potentially causing harm to the patient.
If the blood pressure cuff is on the same limb as a pulse-oximeter probe, the oxygen saturation
results will be altered when the cuff occludes the artery.
To obtain accurate blood pressure readings, the cuff must be the correct size, and also be
correctly fitted to the patient. Incorrect size or incorrect fitting may result in incorrect readings.
When a cuff is to be positioned on a patient for an extended length of time, be sure to
occasionally check the limb for proper circulation.
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Appendix A : PHASEIN Technical Specification
Probes & Accessories

Unit conversions
The gas concentration is reported in units of volume percent. The measurement of Co2, N2O
and anaesthetic agents (e.g. all gases measured by the PHASEIN probe) will always show the
actual partial pressure at the current humidity level.
Conversions between CO2 expressed as a percentage and CO2 expressed as mm Hg are
performed using the current atmospheric pressure as measured by PHASEIN.
The formula for the conversion is given by:
CO2 in mmHg = CO2 % x Current Atmospheric Pressure x (750/1000)
Example: 5.0%CO2 at 1013mbar

= (5/100) x 1013 x (750/1000)
= 38mmHg
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PHASEIN Specifications
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EMC
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The Lightning MultiMonitor is manufactured in the United Kingdom by

Vetronic Services LTD
12 Henley’s Business Park
Manor Road
Abbotskerswell
Newton Abbot
Devon
TQ12 5NF
United Kingdom
Tel
Fax

+44 (0) 1626 365505
+44 (0)870 129 4705

Enquiries@vetronic.co.uk
www.vetronic.co.uk
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