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Overview

Introduction

This manual covers all available analysis modules foPtireemalPhysiology
Platform System

This section of the manual covers the common functionality between all analysis
modules. The common functionality will not be discussed in detail in the individual
analysis sections unless there is a change from the normal operatiosetiihe
dialog.

Components

The components of the system will be this manual along with the analysis module
software on individual floppy disks, or all analysis modules on a sibg@-ROM
disk.

Analysis Attribute Dialogs

All analysis modules have a commaatigp dialog with specific attributes for the
type of analysis being set up.

The attributes dialog can be accessed during setup without the waveform window
being displayed. The attributes dialog can also be accessed during acquisition or
replay, and the weaeform window will be displayed with the most current waveform
data. To view the attributes dialog in Idle mode, selecittrébutes for that Input.

Displayed below is a typical Blood Pressure Attributes dialog.

Blood Pressure Analysis Attributes (CHN1 X|
St At | Adv Atiib | Offsets | Fres 4 | #|| Tupical Values | Addiional Channels | oK

Cancel
Minimum Pulse Height  [5.0  mmHg|| 5% of Pulse Apply
Systalic Validation Time I'I oa mSec 100150 mSec  Species:|  00g &I
Mon Detection Time IED— mSec B0 mSec [Setin P3 Setup : Group)
Percent Recovery I?D— 4 B0-75%

(-4 Trigger Chanel Iﬁ &

P3 Plus Analysis Modules Overview {1



Blood Pressure Standard Attributes Tab

The attributes dialog is organized as a tabbed dialog and will always have the
following selections:

il

Std Attrib are the standard attributes that are the most common
attributes that would need to be changed during acquisition or replay
for the specific analysis module.

Adv Attribl are advanced attributes that normally do not need to be
changed during the acquisition or replay mode. The attributes in this
tab require greater knowledge and understanding of how these
attributes affect the analysis module.

Adv Attrib2 or other named Tabs not listed belovare attributes that
are on a few specific analysis modules. This tab requires a great
understanding of how the attributes affect the analysis faodu

Marks allow the turning on and off of individual validation marks and
the cycle count. This helps afutter the validation marks on the

signal if certain validation marks are not needed. The marks are turned
on and off by the ofine menuFunctions - Validate F10.

Notesallow a user to select a predefined note or enter a free form text
note for the attribute change.

Precisionallows the user to specify how the derived parameters are
going to be reported.

Typical Valuesdisplays recommended values for a particular set of
criteria. This tab will be updated according to which tab on the left has
been selected. The values are for reference only, and the values in this
tab have no effg on the analysis.

Additional Channels will display all Inputs that have the same type of
analysis that the attributes can be applied to. Select all channels that
would need the attributes assigned to them and s&jgrdy or OK to
apply the attributes.

1 NOTE: Changes are not applied to attributes that require the

selection of a dependent channel for calculating data when using the
Additional Channels feature. This is done to ensure that the sample
rates dono6t hwlannglsthengune preper cdicoldtion of
parameter dat a. Exampl-ASrigggoul d be
Channel or Upstream Channel.

Standard Attributes

This tab in the Attributes dialog allows the user to set the most common attributes for
the signal malysis. This tab will have the attributes that are specific to the type of
analysis being donel-or most users, this will be the only area in which changes to

the analysis attributes will be needed.

Advanced Attributes

This tab in the dialog has analysittributes that are not normally changed. Common
to all analysis modules will be Low Pass Filter selection and High Pass Filter
selection. All other attributes in this dialog box are specific to the analysis module
and normally do not need adjustment.

2 T Overview
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Displayed below is a typic&lood Pressure Advanced Attribute 1dialog:

Blood Pressure Analysis Attributes (CHNI x|
Std At Adv A1 | Offsets | Res 4| ¥ || Typical Values | addiionsl Channels| | OK
Low Pazsz Filter Mone =] Mane Cancel
High Pass Filter Home | Hone Aply
Prirt |
¥ EP Epoch Charinel Enabled

Diff Pressure Chan lm A
Upstream Pres Chan lm [y
Pulze 'wave Diztance IW cr 10 ems
Pulze W ave Welocity Lnits m cm/Sec

Blood Pressure Advanced Attribute 1 Tab

Common to all analysis attributes will be:

1 Low Pass Filterallows the selection of the filter in hertz that
attenuate any frequencies higher than the frequency selected. This list
box will display the available frequencies for the specific sample rate
for the channel. Any filtering applied to the input only affects the data
going through the system, and only the uefi¢d data will be saved in
the raw data file.Nonewill disable the filter.

9 High Pass Filterallows the selection of the filter in hertz that
attenuates any frequency lower than the frequency selected (for
example, 3Hz simulate&/C coupling). This list box will display the
available frequencies for the specific sample rate for the channel. Any
filtering applied to the input only affects the data going through the
system, and only the unfiltered data will be saved in the raavfiat
Nonewill disable the filter.

In early versions of P3 Plus, before V3.20, an averaging filter was used, and this was
set in thenput Setup dialog and was specified in terms of the number of A/D

samples averaged. The following table illustratesdorrelation between averaging

filter points and cutoff frequencies. The table lists corner frequencies, in Hz, for
different averaging filters at different sample rates. Use this table to s¢leat a

Pass Filter(Note: Points Averagedin the table below would be thélter setting

in the Input Setup dialog).

Sample Rates
Points 100Hz [200Hz 250Hz 500Hz 1000Hz |2000Hz
Averaged
2 25 50 62 125 250 499
3 16 31 39 78 155 310
4 11 23 28 57 114 227
5 9 18 23 45 90 180
6 7 15 19 37 75 149
7 6 13 16 32 64 127
8 6 11 14 28 56 111
9 5 10 12 25 49 99

P3 Plus Analysis Modules

Overview 1 3



Caution:

TheLow Pass Filteris the preferred way of setting a filter. Thidter setting in the
Input Setup dialog should not be used; it must be set to a valde afsing both
filters will have an additive effect on the data.

TheFilter in thelnput Setup dialog should only be used for analysis modules tl
do not support theow Pass Filterin the Advancedittribute tab.

Marks

This tab in the dialog allows enabling or disabling validation mimkthe analysis.
This is useful if there are many marks close together and only a few validation marks
are of importance.

To enable or dable the validation marks during acquisition or replay, the user
would toggle thd-unctions - Validate F10 menu selection.

Displayed below is a typic&lood Pressure Markstab.

Elood Pressure Analysis Attributes (AoP, Input 1} [ x| I
Adv tib] | RespAtib Matks | Mo 4 | ¥| Topical Values | dditional Channels | — [E200
|:|:| v Syztolic Point LCancel
|:|:| V¥ Diastolic Point Apply
[ [ ] ¥ End Diastalic Fait Frirt |

|:|:| ¥ Percert Recovery Point
V¥ Mark Cycle Numbers

Blood Pressure Marks Tab

Each validation markhat is available for the analysis has the validation mark color
displayed next to a check box with a description. When the check box is checked,
the mark is enabled.

For theMark Cycle Numbers, this will display a cycle count of the waveform on
the graph screen. This number is the same as the derived paddomateil his will
assist in locating cycles from the raw data set to the derived data set.

Notes

This tab allows the user to enter aenfor the change that has occurred. This is used
in conjunction with thédudit Reason Codeq21 CFR Part 11 compliance).

Blood Pressure Analysis Attributes (AoP, Input 1) E I
Marks Mates | Precisionl LI_I Tupical Walues | Addditional Channels I 0k

LCancel

j Apply

Print

-

Type in or zelect a reazon

Blood Pressure Notes Tab

The user can either select one of the predefined reasons or enter a text message. This
entry is then ingged into the experimental log file along with the user who made the
change and the time that the note was entered.

4 q Overview
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Precision

This tab allows the user to define the precision at which all derived parameters will
be reported.

Blood Pressure Analysis Attributes {AoP, Input 1)

Marksl Mates Precision | L | >|
Precisionz Selected Precisions
0000, i ET 0000,
I J HR 0000,
Parameters Mum a0,
- -4 0000,
+dP4dt Rlnt 000,
pia x| fTTRE oooo
Add »> | Delete |

Blood Pressure Precision Tab

Typical Values

The Typical Valuestab of the attributes window is onlyraeference toal Anything
selected here will not affect or change anything. Likewise, anything deswrere
in the window will not affect the typical values section.

Typical Values | Addiional Channels |

Additional Channels

This displays all channels that are using the same type of analysis.

aK

LCancel

Apply

Prirt I

This tab will display the associated derived parameter along with its precision.

Select all channels that will use the same attribute settings as this channel. Then
select theOK or Apply button. This automatically sets the attributes in the selected

Select Al |

channels.
Blood Pressure Analysis Attributes (AoP, Input 1) E I
Std attib | v st | Respatrib| <[> ]| Typicalvalues Additional Channeks |
Minirmurn Pulze Height |5.D mnmHg Select Channels to Modify L
Systolic Validation Time [100 mSec E:PAP £l
Mon Detection Time IED mSec Print
Percent Recovery I?D #
(-4 Trigger Channel I 4ECG VI

Typical Additional Channels Tab

to
proper

ensur e

t hat

cal cul at i

t h
on

e s
of

In the above dialog, channel 5 also hasBlwd PressureAnalysis Module
assigned to it. By highlighting:PAP in Select Channels to Mdify, the attributes
used for the current channel will also be applied to that channel.

NOTE: Changes are not applied to attributes that require the selection of a
dependent channel for calculating data when using the Additional Channels feature.
Thisisd o n e
ensur e
Q-A Trigger Channel or Upstream Channel.

ample rates
parameter

P3 Plus Analysis Modules

Overview 1 5
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Channel Attributes

The analysis setup dialog can be selected during acquisition or replay from the
Statuswindow. When the attributes dialog is selected in this mode, a waveform
window will appear and allow the attributes to be changed graphically.

The dialog will display kattributes that can be changed during acquisition or

replay. The attributes that have a radio button next to them are the attributes that can
be changed graphically. When a radio button is presged, @tribute boxwill be
displayed on the area of the signal that is affected by the attribute change. Placing
the cursor in theed attribute boxarea causes the pointer to change. Pressing and
holding the left mouse button while moving the cursor will change the attribute.

When the mouse button is released, the selected attribute value will be updated in the
dialog.

The new attribute value is not applied until fqgply or OK button has been

pressed. At the time that the button has been pressed, the .L@dufidated with

the old attribute value, the new attribute value, the channel that the change occurred
on, and a time stamp of the change.

Displayed below is a typicédlood Pressuredialog with the waveform window:

Elood Pressure Analysis Attributes (AoP, Input 1) [ %]

Std ttib | v aibt | Respaib| 4| || Topical Values | addiienal Chanrels | i

% Minimum Pulse Height |5.D mmHg 5% of Pulse LCancel
Heart Riate (bpm

 Systolic Validation Time mSec || 100-180mSec o [ber) Spply

o =
' NonDetection Tine |28 miec || SOmSec 200-400 Frintt
I 400-600 New Data
70 il

Percent Recovery b4 50-75%
Recalculah
Q-4 Trigger Channel I AECG 'I P& e
M ""\.\F
K1 2

Attribute Dialog with Waveform Wiidv

Waveform Window

The waveform windoweontains a segment of the signal data with validation marks if
the analysis is triggering correctly. No waveform window will be displayed if there
are not enough points to display the signal.

There are two ways to change the attributes in this dialog:
1 Edit the value in the attribute window.

1 Resize theed attribute boxin the waveform window. For example, to
changeMinimum Pulse Height on the graphics window, follovhe
steps outlined below.
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1. Select theMinimum Pulse Height radio button in the attributes
window if not already selected.

2. Resize theed attribute boxusing one of the following methods:

1 Move the cursor into theed attributes boxand press the left
mouse btion. The cursor will jump to the top edge of the
attribute box and it will change to a double arrow. Keep
holding the left mouse button while moving the cursor to the
desired location. Release the mouse button anillithienum
Pulse Heightvalue will update.

1 Move the cursor to the top of tihed attributes boxand the
cursor will change to a double arrow. Press the left mouse
button and hold down while moving the cursor to the desired
location. Release the mouse button andviiémum Pulse
Height value will update.

If an attribute is not within the visible waveform window, or the attribute is set so
that the analysis is not triggering, the red attributes box associated with that attribute
will be set to the far left, far right, or at the zero lineh# signal in the waveform
window depending on which type of attribute is selected. The first and last
waveform in the window may not be completely analyzed because the analysis may
require the previous or next waveform to calculate marks.

The waveform widow buttons on the right have the following functions:

Button Description

OK Causes changes to be applied immediately to the analysis, and
closes the attributes window. Also updates the .LOG file with th
change and the time the change was made.

Apply Causes changes to be applied immediately to the analysis. Thg
attributes window stays open. Also updates the .LOG file with t
change and the time the change was made.

Print This prints the dialog to the default printer.

New Data Thiswill get the latest data and display the data in the waveforn
window. This is useful for verifying attribute changes on the da
currently going through the system.

Recalculate Causes changes to be maxidy to the waveforms displagen the
attributes windownot to the analysis. This is after a change to g
attribute.

Increases or decreases the number of logging points the graph
" ’{ screen contains.

Derived Parameters

Most analysis modules have derived parameters that can be enabled or disabled
through theP3 Setupmenu selection under tt&etupmenu. Once the P3 Setup
dialog is opened, right click on the analysis module and select Derived Parameters.

The Derived Parametersdialog has a check box for each derived parameter that has
anlnput with an analysis assigned to it.

Displayed below is a typic&erived Parametersdialog:
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Drerived Parameters ;I
Analysis Module: BP
For Channels:

Chanrnel 1 [AoP)

L]

Derived Parameters E I

— Derived Parameters——  — Standard Deviation: ——
Selectall | Selctal | Cancel |
[ Mum = [ Hum =
[w]Sps [ 15es
[W|Dia [1Dia
(vt ean [ Itean
[w|PH [1PH
[vHR [ HR
V| TTPE [CITTPK
[WET [CIET
v +dP At [ ]+dP/dt
[ -dP /dt oo [-dP/dt o
[v|%REC [ %REC
W] PN [CIMPRN
Vi =l | ooa |

Derived Parameters Dialog

The user can enable or disable all derived parameters for a spguifichy clicking
on theSelect Allbutton. This will toggle all check marks each time the mouse is
doubleclicked. The standard deviation derived parameters are calduateeing

the entire population.

NOTE: Due to file structures, the derived parameters can only be turned on or off
during the setup mode and not during acquisition or replay. If a derived parameter
was not enabled during acqitiisn, the data set can be replayed and the derived

parameter turned on for replay.
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Installation

Introduction

There are a few methods of installatfon the analysis modules, depending on
whether the modules are being installed frm®ervice Pack or full releaaad
whether the modules@being installed on a current system or a newly installed
system.

If the PonemalPhysiology Platform was delivered &VD-ROM, the analysis
modules will be a selection on the installation window.

Follow the procedures listed below for the typénstallation.

Installation Types

New Installation
Follow the procedure under ti&/D-ROM install.

Upgrade Installation
Back up any old copies and select the installation modules that need to be installed.

GLP Concern: P3 Plus Users nyaopt to perform a custom installation on only
preferred versions of the analysis modules on the system. Custom installation may
be a preferred option for Users who already have validated analysis modules on the
system and do not want to upgrade theséyaisamodules; upgrading will overwrite
validated analysis modules, and therefore, Users will be required to perform re
validation activities. Custom installation will allow Users to select which analysis
modules are installed on the system. B¥ID-ROM installations, seledustom
Installation and then select only the analysis modules that are to be installed.

Installation of Modules

DVD-ROM Install
1. Insert theDVD-ROM into theDVD-ROM drive.

2. If the Install program automatically displays the installation program,
go to Step 4, or if the installation program does not launch
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automatically, seled@ontrol Panel from the WindowsStart/Settings
menu. Then, from th€ontrol Panel window, selecAdd/Remove

Programs.

3. Using your mouse, click on the | nst
the proper setup files and automatically install the analysis modules
software.

Click onInstall Analysis Modulesto start the installation.

At the Welcomescreen, cliclon theNext button Type in aNameand
Company if not already specified. Both entries must be specified in
order to proceed. Click on tiext button.

6. TheChoose Destination Locatiordialog displays the default location
of C:\Ponemah Click on theNext button to use the defaulNOTE:
If the P3 Plus application has been installed in a different directory, the
analysis modules must be installed in that directory.

7. Select one of the following types of installations:
Typical - to install all analysis modules, and a demo data set.
Compact- to install all analysis modules, but not the demo data.

Custom - this allows selection of different components of the system to
be installed. Use this seleat to install only the analysis modules that
need to be installed.

8. Click on theNext button toStart Copying Files. The files will start to
be copied.

9. Follow the on screen directions until completed.
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Analysis Modules

RAW, BARO, TEMP and ACT

The RAW Electrical Mean analysis is designed to recacdraeasure any signal that
does not have a specific signal analysis. This includes signals that are generated
from any instrumentation supplying an analog output. Such instruments include
temperature probes, blood gas analyzers, and scHfese additbonal modules are
available and are identical in function to the RAW analysis. These modules include
Barometric (BARO), Temperature (TEMP) and Activity (ACT). The primary reason
for distinct names is to ease setup. This allows the user to easily idespigcific

RAW channel based on functio@therwise, the modules are identical except where
noted.

Every P3 Plus system has this analysis available.

The Attributes and Derived Parameters dialogs are accessed thro@tatives!
Input Setup configurationof thePPP3 Setupdialog, and are described below:

Attribute Window

The RAW Electrical Mean Attributes menu allows the User to modify the signal
analysis for different types of signals and different signal conditions.

Standard Attributes

oW s Avntes VL it D D %

Sttt | adv atib] | Noise | Marks 4| » || Tupical Values | addiional Channels | 0K
on M Cancel
100 M Species: Dog

n.o MA, [Setin P23 Setup : Group) Print

Area Units volts zec v NA
Trigger Direction Dizable - M,

RAWEIlectrical Mean Standard Attributes Tab

The standard attributes allow setting the most common attributes that would need to
be changed during acquisition or replay.

P3 Plus Analysis Modules
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Attribute Description

Threshold Specifies the threshold that the incoming signal musscros
before the analysis will trigger and track the maximum anq
minimum value from the previous threshold level. The sig
must go above and below this level before the derived
parameter®&max, Rmin, Period, BPM, andArea are
updated.

TheThreshold Leveldoes not function if th&rigger
Direction is disabled.

Dead Time This is the amount of time that the analysis does not look
threshold once the analysis module has been triggered. 1
Dead Timedoes not function if th&rigger Direction is

disabled.

Area Baseline This is the reference line in which area is calculated to. T|
Area Baselinedoes not function if th&rigger Direction is
disabled.

Area Units This selects the units that theeais reported in. The choice]
are:

1  msec- for units * milliseconds
1 sec- for units * seconds
min - for units * minutes

9 hr i for units * hours

Trigger Direction Specifies the direction of the slope for which the analysis
trackRmax, Rmin, Period, andBPM. If Trigger Direction
is disabledthese derived parameters will contain 0, which
invalid data. Thdvlean derived parameter will produce a
mean for the entire Logging Period.

Valid choices are:

1 Disabledisables th&rigger Direction. A
RAW cycle will be generated every seco
permitting all derived parameters to be
reported.

1 Rising specifies that the slope must be
going in the positive direction when the
Threshold Levelis met.

9 Falling specifies that the slope must be
going in the negative direction when the
Threshold Levelis met.

Advanced Attributes

This tab contains functions that normally do not need to be changed during the
acquisition or replay process.
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R By Ascowes CNLipo ) DI %

Stdptrin AdvAtib] | Maise | Marks | > || TupicalValues | addiional Channels | oK
Low Pass Filter MHaone - Mone Cancel
High Pass Filter Mone A Mone

Pritit

Advanced Attributes 1 Tab

Attribute Description
Low Pass Filter This selects a Low Pass Filter frequency in Hertz. filtés
attenuates frequencies higher than the selected value.
High Pass Filter This selects a High Pass Filter frequency in Hertz. This ty
of filter removes a DC component from the input signal.

Typical Values
The typical values cannot be specifleete. They are specific to the application.

Noise Attributes
Enable Noise Detectiorattribute enables/disables all controls in the Noise Tab.

RAW Analysis Attributes (CHNI, Input 1) Py
Std Attrib | Adv Atib1 Moise ]Marks‘ || TwpicalValues | Additional Charnels 0K
[+ Enable Noiss Detection Enabled Camze!
[+ Enable Rail Detection Enabled
Minimum Signal Value |-1000 volts -1000 volts w
Maxdmum Signal Value |1000 volts 1000 volts
Min Good Data Time |10 s 10s
Attribute Description
Enable Noise Detection |Determines if noise detection will be used to determinedadg
marks
Enable Rail Detection If Rail detection is enabled, any railed data, positive or neg

encountered when analyzing data, shall be bracketed by B
Data Marks such that the railed data falls within the Bad D
start and end marks. The Relileck shall be performed on
unfiltered samples.

Minimum Signal Value If any filtered samples fall below the Min Signal Value or ris
above the Max Signal Value they shall be bracketed by Ba
Maximum Signal Value  |Data Marks.

Minimum Good Data Time |WhenNoise detection is enabled and a range of data is
analyzed, any bad data marks that have less than or equa
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Min Good Data Time of good data between them shall be
combined into a single bad data region.

Marks (Validation)

The Marks dialog allowaurning on and off the validation marks for threshold and
the cycle numbers that are placed on the signal during processing. This also allows
the turning off and on of the cycle number that is placed on a graph page.

Displayed below is the Raw ElectricalddnMarks tab:

RAW Analysis Attributes (CHNL, Inp_ P
Adv Atio] | Maise  Marks | Nates | 4| » | Typical Values | additional Channets | oK
| | ™ Threshold Mark Cancel
v Mark Cycle Nurnber
Print
Marks Tab

Selectingvalidate from the Functions menu causes the validation marks to display
on primary graphs.

The validation mark and its meaning is listed below:

Color Meaning

Black Threshold Mark

Derived Parameters

The derivedharameters selected in this dialog will be calculated and the results will
be placed in the derivation files and thelim® text screens during acquisition or
replay.

Displayed below is thBerived Parameterssection for the Raw Electrical Mean
analysis mdule.

The output is identical for all modules with the exception of the names for the
derived parameters. Derived parameters will be preceded by the first letter of the
module. For example, the Mean derived parameter for a BARO channel will be
B_Mean. The only exception will be Period which will be abbreviated to Per due to
a character limit (example, B_Per).

Name Definition

Num NUM is the number assigned to the cycle when using a
Threshold. When running in a logging mode other than 1
epoch, the last cycle number will be reported.
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Mean MEAN is the sum of all the A/D samples that occurred for|
cycle divided by the number of those samples.

Rmax The maximum value that occurred withirycle.
Rmin The minimum value that occurred within a cycle.
Per Period ThePeriod is the amount of time (in milliseconds) betweer|

validation marks

BPM Beats per minute is computed in cycles per minute and is
reciprocal of the time interval for thoycle multiplied by 60.
BPM = (1/period)* 60

Area Area is calculated over a cycle between the signal and the
Area Baseline The Area is reported in the selectaga
Units.
TA Total Activity parameter integrates the input over the enti
logging perial.
NPMN NPMN averages the input over the entire logging period.
Calibration

A typical calibration cannot be given here. The calibration is application specific
and depends on the instrumentation being used.

On-line Screens and Functions

The following isan example of a Primary graph displaying the raw analog format of
the input signal.

-Page: 1 - primary - 4 Seconds - 0.4 Seconds/Div
Functiong

sla/al|

180,00 mmHe

AN

— Walidation Marks —

0.00 mmHg

Zd 00:06: 25 00-06-26 on:06: 27

RAW Electrical Mean Validation Marks
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In the above figure, the input signal is displayed with the validation tick marks and
their meanings. The validati marks identify where the threshold criteria is met.

Presentation Signals

Below is a list of presentation signals that are available for the RAW Analysis
Module:

Signal Description

Input This is the input signal (after applying any software filters)
Derivative This will display the derivative of the signal.

Activity This is the instantaneous value of the TA parameter.

Data Review

The Data Review related features of the Raw Electrical Mean Analysis Module listed
here are accessible when the analgsisiule is used with P3 Plus Version 4.20 or
greater. The analysis specific portion of Data Review centers around the marks that
the User is permitted to display, insert, and delete and how the User is permitted to
move them.

Displaying Marks and Cycle Numbers

The marks and cycle numbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in the Analysis Attributes dialog. The Analysis
Attributes dialog is accessed through the right click mehnalyze.

Mark Operations

TheThreshold mark is the only mark supported by RBARO, TEMP, and ACT

and defines a RAW cycle.

Inserting Marks

A Threshold mark may be inserted by right clicking at the point of insertion in the
Review window. The popp menu that is displayed will providiee option to insert
a RAW cycle.

Insert RAW Cycle

Inserts a RAW cycle. When a RAW cycle is inserted, it is assigned a sequential
cycle number and subsequent cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mouse cupsathe mark to be deleted and
bringing up the right click menu.

Moving Marks

Moving the Threshold mark follows the standard rules used in Data Review.
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Calculations

The calculations of derived parameters are identical to those performed during
acquisition ad replay

Logging Mark

The logging mark for a RAW cycle is the Threshold Mark. The time at the logging
mark is the time used to report a cycle
mar k falls within a | ogging cludediatheral , t
logging interval.

0
h

End of Cycle

The start of a RAW cycle is at the point after the previous Threshold mark. The end
of a RAW cycle occurs one nano second after the Threshold mark.

Attributes in Review

The following table describes the effeofschanging RAW attributes in Review.
Please refer to the Review manual for details on the effects of each attribute type.

Attribute Effect On Review

Threshold Signal Interpretation

Dead Time Signal Interpretation

Area Baseline Calculation

Area Units Calculation

Trigger Direction Signal Interpretation

High Pass Filter Signal Conditioning, Calculation, Redraw
Low Pass Filter Signal Conditioning, Calculation, Redraw
Marks and cycle numbers Redraw

Precision Precision

Averaging in Review

Thefollowing table lists the averaging method used for each derived parameter.
Please refer to the Review manual for details on each averaging method. For derived
parameters that use Analysis as their averaging method, refer to the Derived
Parameter sectidior details.

The NPMN and TA parameters are not reported as an average of beat data instead
the portion of the signal that lies within the logging interval is averaged

Derived Parameter Averaging
Num Recent
Mean Mean
RMax Mean
RMin Mean
Period Mean
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BPM Harmonic M

ean

Area Mean

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

Rmax, Rmin, Period, BPM, and/or Area n
responding (all zeroes or incorrect values

TheThreshold Levelis not properly set.
The input signal must go above and belo
theThreshold Levelin order to report the
Rmax, Rmin, Period, andBPM values. If
the input signal is a DC level, the User my
disablethe Trigger Direction, and disable
theRmax, Rmin, Period, andBPM derived
parameters.

fi xiw.DER or .DRXx list view instead of a
number

The derived number is too large for the fig
A n x dvas placed here, so that a truncate
number would not be displayed.
NOTE: The fAx0o wil.l
9.9999e+15 irthe ODBC connection. This
\value represents invalid data.
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Blood Pressure

The Blood Pressure analysis can analyze any pressure from the circulatory system
and can derive, on a betatbeat basis, values for the cardiac cycle.

NOTE: Even though the Blod@ressure Analysis Module can be used on a Left
Ventricular Pressure, it is highly recommended that the Left Ventricular Pressure
Analysis Module be used when analyzing left ventricular pressure from the heart.
This will assure that the pressure is anafjzorrectly due to the different waveform
morphology.

Attribute Window

The Blood Pressurattributes window allows you to modify the signal analysis for
different types of blood pressure signals and signal conditions. If an anatgsige
in theAttributes dialog is performed migycle, then the attribute change will not
take effect until the following cycle. If only examining one cycle, and a change in
the Attributes dialog is made, then the user must stop replay and restay iapl
order to see the attribute change take effect on the analysis of the cycle.

Standard Attributes

Bleod Pressure Analysis Attributes (CHNI, Input 1) &2

Std Atib | Ay At | Offsets | Mais 4| » || Tupical Values | sddiianal Channels | aK

Cancel

Minimurm Pulze Height  |5.0 mmHg 5% of Pulze

Systolic Validation Time [100 mSec 100-150 mSec  Species:|  00d _ Prnt
Mon Detection Time a0 mSec Bl mSec [Set it P2 Setup : Group)
Percent Recovery 70 X 50-75%

-4 Trigger Channel A,

Blood Pressure Standard Attributes Tab

The standard attributes allow setting the most common attributes that would need to
be changed duringcquisition or replay.
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IAttribute

Description

Minimum Pulse Height

Sets the minimum developed pressure that must be achie
before the analysis will detect and validate a cardiac cycle
TheMinimum Pulse Height is useful for preventing the
analysis from triggering on artifacts.

Systolic Validation Time

Specifies the period, in milliseconds, a valid peak must be
held before the cardiac cycle is terminated.

This value helps the system determine the correct gystol
pressure.

Non Detection Time

Specifies the period, in milliseconds,d#ad timethat the
analysis does not look for a pulse pressure. This is used
move the peak analysis past the dicrotic notch.

Percent Recovery

Defines aPercent Recovery Poinfrom the developed pulse
pressure. Th&REC derived parameter reports the amoui|
of time it takes to reach this pressure.

Q-A Trigger Channel

Permits the selection of an ECG channel for the calculatig
the QA Interval. If no ECG channels are set this control

is disabled. ECG channels must be set up prior to using
attribute.

Advanced Attributes

Low Pass Filter
High Pass Filter

Diff Pressure Chan

Std Attt Adv AT | Offsets | Moic 4 | #|| Tupical Values | addiional Channels |

Mane - Mers Cancel
MHane A MHane

| -
Upstream Pres Chan l—_| Ha,
Pulse ‘wave Distance ’W cm
Pulse Wave Yelocity Units ’m cm/Sec

ak

Pririt

10 cms

Blood Pressure Advanced Attribute Tab

The Advanced attributes allow selection of attributes which are not commonly
changed during acquisitiorr ceplay.

Attribute

Description

Low Pass Filter

Selection of Low Pass filter in hertz.

High Pass Filter

Selection of High Pass filter in hertz.

BP Epoch Channel

When theRespiration from Blood Pressureoption has been
installed, the Blood Pressure channel can update the logg
buffer when in beat mode either by the cardiac cycle (che
box enabled) or by respiratory cycle (check box disabled)

Diff Pressure Chan

This list box allows the selection othannel that can be ust
to subtract another channel from the input. The only effed
that this has is for display. To display the difference, the
Presentationfield in aPrimary graph must be set iff .
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Upstream Pres Chan

Sets the upstream pressuhagnel for calculating Pulse
Wave Velocity. This drop down list will display all BP
channels within a single group that are sampled at the sal
sampling rate.

Pulse Wave Distance

User defined distance (in cm) used in the calculation of P
Wave Velociy. The default setting is 10cm.

Pulse Wave Velocity Unitg

The unit for thePulse Wave VelocityPWV) derived
parameteare user selectable and can be specifiethdSec
or m/Sec.

Offsets
Blood Pressure Analysis Attributes (CHN1, Input 1) B
Std Attrib] Adv Attib1 Dffsets l Mois 4 | ¥|| Typicalvalues | Addibonal Channels] oK
[ Barometric Adjust Dizabled Cancel
& N, Aol
i 760 TGO Print
mmHg mmHg

Implant Preszure Offzet

Offset |0 mmHg 0
|

Offsets Tab

The Offsets tab allows the designatiorbafometric channels, barometric values and
implant offset values to be used for compensating pressures from the BP analysis.

Barometric Adjust

This check box enables the correction for barometric pres|
This is used for certain telemetry systems ttmahot
compensate for barometric pressure internally. The corre
factor is applied by using a RAW channel as the input. Th
pressure offset is in kilopascals.

NOTE: If the system is being used with the OpenART or
Digital acquisition engines, do notheck this box. If the
system is being used with the JET acquisition engine,
check the box and choose the channel associated with th
eAPR-1 as the Barometric Channel.

Barometric Chan

This list box will display the available RAW inputs that col
be usedor the offset adjustment and is only used when th
Barometric Adjust check box is enabled.

Barometric Value

User defined value that can be used to account for pressu
offset when not continuously monitoring barometric press
using the eAPRL.

Barometric Units

User selectable units for barometric pressure. Can define
mmHg or hectopascals.

Implant Pressure Offset

Allows the entry of an implant offset that will be used to
adjust the pressure output of the BP analysis. This may b
manually typedn by the user or physically measured by
selecting the Measure button. Performing an acquisition

P3 Plus Analysis Modules
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allow the user to Measure the pressure offset from the
implant.

Find, Save and Purge are used in conjunction with the JE
interface and will be disabldflany other acquisition
interface is selected. The pressure offset may be $avied
protocol file upon selecting the Save button. Trsssure
valueis stored in the PressureCalibration.ini file. The Fing
button allows the user to recall the vaiiered for a specific
transmitter and @rge allows the user to remove this offset
form the ini file.

This feature is also disabled in review mode.

*Refer to the JET manual (MU00257) for additional information regarding
Barometric channel setup and pe® offsets when using the Jacketed External
Telemetry system (JET).

Noise
Bleod Pressure Analysis Attributes (CHNI, Input 1) 29
Adv ttib1 | Offsets Noise | Marks 41+ TopicalValues | Addiional Channels | oK
Cancel
[V Enable Noise Detection Enabled
[v Enable Rail Detection Enabled T
nn
Minimum Signal Value |-50 volts -50 volts
Maximum Signal Value |500 volts 500 volts
Minimum Heart Rate {20 bpm 20bpm
Maxdimum Heart Fate  |300 bpm 300 bpm
Min Good Data Time |10 8 10s
Noise Tab
This tab is used to exclude déitam analysis which igletermined to be noise by the
end user.
Attribute Description

Enable Noise Detection | Enables the NoisBetection attributes

Enable Rail Detection If Rail detection is enabled, any railed data, positive or
negative, encountered when analyzing data, shall be brac
by Bad Data Marks such that the railed data falls within th
Bad Data start and end marK$e Rail check shall be
performed on unfiltered samples.

Minimum Signal Value User defined thresholidr determining the minimum value
for acceptable data. Data that falls below this threshold w
be considered noise and bracketed by Bad Data Marks.

Maximum Signal Value [ User defined threshold for determining the maximum valu
for acceptable data. Data that exceeds this threshold will
considered noise and bracketed by Bad Data Marks.

Minimum Heart Rate User defined threshold for determining thenimium HR for
acceptable data. Data that falls below this threshold will
considered noise and bracketed by Bad Data Marks.

Maximum Heart Rate User defined threshold for determining the maxintd/for
acceptable data. Data that exceeds this threstibblden
considered noise and bracketed by Bad Data Marks.
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Minimum Good Data Tim¢ Provides the user the ability to mark data as bad between
Bad Data Mark regions if the time between the regions is
than the value specified. If the time is less thvduat is
specified the, the Bad Data Mark region will appear as on|
contiguous segment.

Typical Values

The table contains typical values for different heart rates. Use these values as
guidelines for dirst time setup. Under different situations, values above or below
the typical values will have to be used.

Heart Rate Attribute Setting Units
40-600 (All) Minimum Pulse Height 5% of Pulse mmHg
Percent Recovery 50-75 %
Q-A Trigger Channel NA NA
40-200(Dog and Systolic Validation Time | 100-150 mSec
Monkey)
Non-Detection Time 50 mSec
200400 (Rat) Systolic Validation Time | 50-100 mSec
Non-Detection Time 25 mSec
400-600 (Mouse) Systolic Validation Time | 20-50 mSec
Non-Detection Time 20 mSec

Marks (Validation)

TheBlood Pressureanalysis displays validation tick marks for each cardiac cycle.
Each cardiac cycle should have only one set of validation marks. These marks verify
that the system is analyzing the blood pressure signal correctly. dfitherore than

one set of validation marks per cardiac cycle, correct the problem by changing the
analysis attributes.

The validation marks and their meanings are listed below:

Color Meaning
Black Systolic Point
Blue Diastolic Point
Cyan End DiastolicPoint
Green Percent Recovery Point
Yellow Max Slope Point

Derived Parameters

Derived parameters are selected by bringing upgméved Parametersdialog box.
This is done by right clicking on the analysis module inRBeSetupdialog. The
derived paameters selected in this dialog box will be calculated, and the results will
be placed in the derivation files and thelim® text screens during acquisition or
replay.

"Name Definition
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Num

The number of the cardiac cycle. This number will appearprinsary
graph page when validation marks are turned on and the cycle nun
are enabledWhen running in a logging mode other than 1 epoch, tl
last cycle number will be reported.

Sys

The systolic pressure is the maximum pressure that occurs during
cardiac cycle.

Dia

The diastolic pressure is the minimum pressure that occurs during
cardiac cycle.

Mean

The mean blood pressure is the area under the pressure curve for
cardiac cycle.

PH

The pulse height is the difference betweensystolic pressure and thq
diastolic pressure for a cardiac cycle.

HR

The heart rate is computed in bep&s-minute. It is calculated by
taking the reciprocal of the time interval for the cardiac cycle multip|
by 60. Note: When running in a loggingte other than 1 epoch, sum
the cycles in seconds in the logging period, divide by the number o
cycles, take the reciprocal, and multiply the value by 60.

TTPK

Time to peak is the time from the rise of the systolic pressure to thq
peak pressure. Thelua is reported in milliseconds.

ET

Ejection time is the time from the rise of the systolic pressure to the
point of-dP/dt. The time value is reported in milliseconds.

+dP/dt

+dP/dt is the maximum positive value of the first derivative of the
pressureghat occurs during the cardiac cycle.

-dP/dt

-dP/dt is the maximum negative value of the first derivative of the
pressure that occurs during a cardiac cycle.

%REC

The %REC is the amount of time it takes the pressure to recover fr
the rise of the systolic pressure to Bercent Recoverypoint. The
time is in milliseconds.

NPMN'

The NPMN is the noipulsatile mean pressure reported for a logging
period. Thisparameter is reported even if no pulse pressure exists.

Q-A

The QA Interval is the time in milliseconds from the start of the Q
wave, in the ECG trigger channel, to the start of the systolic pressy
rise.

RNum

Now available only in the BPR module. &h anal ysi s w
selected during acquisition an

Rint

Now available only in the BPR
selected during acquisition an

RBpm

Now availableo nl 'y i n the BPR modul e.
selected during acquisition an

Mean2

An alternate representation for Mean calculated as (Systolic + 2 *
Diastolic)/3.

PTT

Pulse Transit TiméPTT) s the timebetwea theprior systolictime of
the upstream channel and the systolic time of the selebtethel This
time is reported in ms.

PWV

Pulse Wave Velocity (PW\Vis thevelocity calculated by using the
Pulse Wave Distance (PWD) and Pulse Transit Time (PPWV is
calculated asPulse Wave Velocity = Pulse Wave Distance / Pulse
Transit Time

IBIs

Inter-beat-interval systolic is the time in ms between the systolic
marks of the current cycle and previous cycle
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IBIms

Inter-Beat Interval maximum slope is the time (ms) between the
current average maximum slope and the previous average

maximum slope.

IBled Inter-Beat Interval end diastolic is the time (ms) between the
current end diastolic mark and the previous end diastolic mark.

+dP/dt This is the value of the pressure derivative at the Maximum Slope
mark.

Count The number of cycles within a logging interval or a data reduction

interval.
In Beat (epoch) mode, Count =1

"These parameters are available when enabled irNiv-BPR100W option To

configurethese parameters, a dedicated channel must be configured and the analysis

set to BPR.Please see PNMBPR100W foradditional information.

Calibration

The recommended catition of the system for a Blood Pressure signal depends on
the area where the Blood Pressure signal is measured. The following chart displays
typical calibration values for @.00Volt A/D range.

Area High Calibration Value Actual mVv
Arterial pressure 100 mmHg °800-1200 mV
Pulmonary pressure 20.0 mmHg ©15002500 mV

Central venous pressure | 30.0 mmHg

025003500 mV

Left ventricular pressure | 100 mmHg

28001200 mV

On-Line Screens and Functions

The following is an example of a Primary graph displaying the raw analog format of

an aorta blood pressure signal along with its differential.
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.Page: 1 - primary - 4 Seconds - 0.2 Secondsz/Div

Functions

§|@\| Q| .,%| ﬂl Systolic

Validation .
18000 mmbe T TpK 0‘ Time Non Detection

. || A/Sys } TimeHR 4"
o F\ ™ N
]

¥—Dia

" +dP/dt

‘TMinimum
—— Pulse Height

30.00 mmHg
100000

dPidt

ET >

-1000.00

000725 000726 000726 000727 000725

Blood Pressure Key Marks

In the above figure, thBlood Pressureis displayed with validation tick marks and
their meanings. The validation marks identify Bysstolic PressureDiastolic
Pressure and the¥oRecovenypoint.

The image below defines the measurement-éf Qterval.

.Page: 1 - primary - 4 Seconds - 0.2 Seconds/Div

Functions
S|K[al#| v
18000 mmHcg
ABP
80,00 mmHg,
1.00 m*
L] —0aA

ECG |

-1.00 m*
710 00:07:10 00:07:11 00:07:12 00:07:12 00:07:13

Blood Pressure €A Interval Mark

Presentation Signals

Below is a list of presentation signals that are available for the BP Analysis Module:

Signal Description
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Pressure

This istheoriginal pressure signalter applying any softwar
filters.

Derivative This will display the derivative of the pressure signal.

Mean This will display the mean pressure updated at every card
cycle.

Heart Rate This will display the heart rate updated at every cardiac cy

Difference This will display thedifference between this input signal, a

an input signal selected in the Advanced Attributeqaéter
available pressure signalsfhe analysis module will subtra
the current blood pressure signal from the signal selected
the list box and makéné resulting signal available to be
graphed.

Data Review

The Data Review related features of the Blood Pressure Analysis Module listed here
are accessible when the analysis module is used with P3 Plus Version 4.10 or greater

and if th

e

¢ license dilenmuppodrts DatalReview. nThe analysis

specific portion of Data Review centers around the marks that the User is permitted
to display, insert, and delete and how the User is permitted to move them.

Displaying Marks and Cycle Numbers

The marks andycle numbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in the Analysis Attributes dialog. The Analysis
Attributes dialog is accessed through the right click mehnalyze.

Mark Operations

Blood Pressure markseadivided into two types, marks that always exist when a

valid cycle is found (Diastolic, End Diastolic, and Systolic) and marks that may or
may not exist, depending on the signal morphology (Percent Recovery).

Inserting Marks

Marks are inserted by riglaticking at the point of insertion in the Review window.

The popup menu that is displayed will provide the option to insert marks as
appropriate. The list of marks available for insertion will depend on the marks
adjacent to the point of insertion; segrmorphology is not considered.

Insert BP Cycle

Inserts an entire Blood Pressure cycle, Diastolic, End Diastolic, Systolic, and Percent

Recovery, if applicable. This set of marks may be inserted between a Percent

Recovery Mark and a Diastolic Mark. IfRercent Recovery Mark is not present, the

cycle may be inserted between a Systolic Mark and a Diastolic Mark. When a Blood
Pressure cycle is inserted, it is assigned a sequential cycle number and subsequent
cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mouse cursor on the mark to be deleted and

bringing

up

the right click menu.

A Bl

individually. They are linked to the Systolic Mark. To delete these marks, the entire
cyclemust be deleted; the cursor is positioned on the Systolic Mark and the right
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mouse button is clicked to delete the marks. One of the selections in the pop
menu will permit deletion of all the marks in the cycle.

Moving Marks

Moving of the Diastolic ath End Diastolic and Systolic Marks follow the standard
rules used in Data Review. There are special considerations when dealing with the
Percent Recovery Mark. The Percent Recovery Mark is a calculated mark; its
position is dependent on the systolic anaktolic levels and cannot be adjusted by

the user. If the user changes the position of either the Diastolic or Systolic Marks,
the Percent Recovery Mark will be recalculated.

Calculations

The calculations of derived parameters are identical to thogamed during
acquisition and replay, with the exception of +dP/dt atiRldt. For nofpulsatile
parameters, the start point is the point after the previous log time. The end point is
the point at which the line is logged.

The-dP/dt parameter is obtaihérom the data between the peak and the end of the
peak detection time. In Replay, it is obtained from the data between the point that
clears Minimum Pulse Height to the end of peak detection time (Parameters affected
are-dP/dt and ET).

In Review, +dP/tis obtained from the data between the end diastolic point and the
systolic point. In Replay, it is obtained from the data between two successive end of
peak detection times (Parameters affeetididt).

Logging Mark

The logging mark for a Blood Pressurgrle is the Systolic Mark. The time at the

l ogging mark is the time used to report
End of Cycle

The end of a Blood Pressure cycle occurs one sample prior to the next cycles
diastolic mark. When BP and ECG data are brought istoeiv, the ECG channel
should be used as the epoch channel to ensure that related cycles are kept together.

Attributes in Review

The following table describes the effects of changing BP attributes in Review.
Please refer to the Review manual for detailste effects of each attribute type.

Attribute Effect On Review

Minimum Pulse Height Signal Interpretation

Systolic Validation Time Signal Interpretation

Non Detection Time Signal Interpretation

Percent Recovery Calculation, Redraw

QA Trigger Channel Calculation

High Pass Filter Signal Conditioning, Calculation, Redraw
Low Pass Filter Signal Conditioning, Calculation, Redraw
Barometric Adjust Signal Conditioning, Calculation, Redraw
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Barometric Channel

Signal Conditioning, Calculation, Redraw

Diff Pressure Chan

Signal Conditioning, Calculation, Redraw

BP Epoch Channel None
Marks and cycle numbers Redraw
Precision Precision
Pulse Wave Distance Calculation
Upstream Pressure Channel | Calculation
Pulse Wave Velocity units Calculation

EnableNoise Detection

Signal Interpretation

Minimum Signal Value

Signal Interpretation

Maximum Signal Value

Signal Interpretation

Maximum Heart Rate

Signal Interpretation

Minimum Heart Rate

Signal Interpretation

Minimum Good Data Time

Signal Interpretation

Averaging in Review

The following table lists the averaging method used for each derived parameter.

Please refer to the Review manual for details on each averaging method. For derived

parameters that use Analysis as their averaging method, referDerikied

Parameter section for details.

Derived Parameter Averaging

Num Recent

Sys Mean

Dia Mean

Mean Mean

PH Mean

HR Harmonic Mean

TTPK Mean

ET Mean

+dP/dt Mean

-dP/dt Mean

%REC Mean

NPMN Analysis

Q-A Mean

RNum Not available. Must beonfigured as a separatg
BPR channel in order to utilize Review.
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Rint Not available. Must be configured as a separ:
BPR channel in order to utilize Review.

RBpm Not available. Must be configured as a separ:
BPR channel in order to utilize Review.

Mean2 Mean

PTT (Pulse Transit Time) Mean

PWV (Pulse Wave Velocity] Mean

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

Heart Rate is doubled

The analysis is triggering on the dicrotic notch. This can
rectified by lengthening th8ystolic Validation Time and
Non-Detection Timevalues. Refer to the chart Bfpical
Valuesfor a specific heart rate range.

Heart Rate is halved

The analysis ipausing too long for the specified heart rate
The problem can be rectified by shortening $ystolic
Validation Time andNon-Detection Timevalues. Refer to
the chart ofTypical Valuesfor a specific heart rate.

All Derived Parameters ar|
reportingzero

TheMinimum Pulse Height may be set too high for the
specified signal. Lower thdinimum Pulse Height.

Heart Rate is out of range|
(very high)

The analysis may be triggering on noise. The two solutio
for this are:

1) Increase th#linimum Pulse Height to a value of 10% of
pulse pressure.

2) Increase theow Pass Filter(in theAdv Attrib tab) to
remove the noise or artifact. Select a lower value in the li
box.

fi xiw.DER or .DRx
window instead of a numb

The derived number is too large for the e | dx. dvas A n
placed here, so that a truncated number would not be
displayed.

Cannot find the analysis
module in theénput Setup
dialog

The analysis software may have been installed in the wro
directory. Renstall the software for this analysiShe
destination directory must be the same directory as the P
Plus software.

To verify that the analysis has been installed correctly, se
theProduct Information option of theHelp menu.

Analysis does not trigger
(No marks)

Reduce the sample rate2501000Hz (A/D Sample Rate
under Acquisition menu).

0O or fixo r €

PWV

No upstreanpressurehannelavailable for theselected
channel.

Cycles that have 0 Pulse Transit Time (PTT) reported.

Pulse Transit Time
(PTT) and Pulse Wave
Velocity (PWV) report 0

in replay

No cycles exist between th

and a segment start time.
Applicable when "Analysis Reset across Time Breaks (Re]
only)" option is selected in Application Configuration.
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Pulse Transit Time No cycles exist bet ween th
(PTT) and Pulse Wave and a segment start or a bad data mark end.

Velocity (PWV) report
Axo in revi

INI File Settings

When the analysis module is loaded in the application the first time, the analysis
module updates the PPP3.INI file with default settings irjBh@od Pressure]

section of the file. The user may change these settings if the range of the values for a
spedfic attribute needs to be changed.

The ranges listed here only affect the values that the dialog will accept. The ranges
also validate the attribute values before they are used. If the attribute values are out
of range, a default value will replace that of range value.

The table below lists the default settings and section of the .INI file:

Entry Name Description

Minimum Pulse Height(low) This sets the minimum allowable value for
Minimum Pulse Height. The default value is|
0.

Minimum PulseHeight(high) This sets the maximum allowable value for
Minimum Pulse Height. The default value is|
100.

Systolic Validation Time(low) This sets the minimum allowable value for

Systolic Validation Timein milliseconds.
The default value is 0.

Systolic Vdidation Time(high) This sets the maximum allowable value for
Systolic Validation Time in milliseconds.
The default value is 5000.

Non Detection Time(low) This sets the minimum allowable value for
Non Detection Timein milliseconds. The
default value i9.

Non Detection Time(high) This sets the maximum allowable value for
Non Detection Timein milliseconds. The
default value is 1000.

Percent Recovery(low) This sets the minimum allowable value for
Percent Recoveryin percent. The default
value is 0.

Percent Recovery(high) This sets the maximum allowable value for
Percent Recoveryin percent. The default
value is 100.

Pulse Wave Distance(low) This sts the lowest value that the Pulse Wa
Distance can be set to. The default value is

Pulse Wave Btance(high) This sets the highest value that the Pulse W.
Distance can be set to. The default value is
1000.

Minimum Signal Value(low) This sets the lowest value that the Minimum
Signal Value can be set to. The default valu
is -500.

Minimum SignalValueigh) This sets thénighestvalue that théMinimum
Signal Valuecan be set to. The default valug
is 500.
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Maximum Signal Valudbw) This sets thdowestvalue that thé/laximum
Signal Valuecan be set to. The default valug
is 0.

Maximum SignalValue(igh) This sets thenighestvalue that théMlaximum
Signal Valuecan be set to. The default valug
is 200Q

Minimum Heart Ratdow) This sets thdowestvalue that théMinimum
Heart Ratecan be set to. The default value i
0.

Minimum Heart Ratéhigh) This sets thénighestvalue that théviinimum
Heart Ratecan be set to. The default value i
1000

Maximum Heart Ratéow) This sets thdowestvalue that théMaximum
Heart Ratecan be set to. The default value i
0.

Maximum Heart Ratéhigh) This sets thénighestvalue that théMaximum
Heart Ratecan be set to. The default value i
2000

Minimum Good Data Timgow) This sets thdowestvalue that théMinimum
Good Data Timean be set to. The default
value is0.

Minimum Good Data Tinigh) This sets thenighestvalue that théMinimum
Good Data Timean be set to. The default
value is100Q
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Blood Pressure Respiration

The Blood Pressurgespiratioranalysis can analyze any pressure from the
circulatory system and can derive, on a hedieat basis,espiratiorvalues fomthe
cardiac cycle.In order for the BPR analysis to function properigRchannel
needs to beonfigured and the BPR chanmeust be associatemdth theacquiredBP
channel

Attribute Window

The Blood PressurRespiratiorattributes window allows you to modify the signal
analysis for different types of blood pressure signals and signal conditions. If an
analysis change in thtributes dialog is performed midycle, then thettribute
change will not take effect until the following cycle. If only examining one cycle,
and a change in thattributes dialog is made, then the user must stop replay and
restart replay in order to see the attribute change take effect on the anathsi
cycle (not necessary when post processing data in Review)

Standard Attributes

Blood Pressure Respiration Analysis Attributes (CHMZ, Input 2)

St Attib | ady Attib1 | Marks | Notes 4| || Typical Values | addiional Channels | oK

* Minimum Pulse Height  |5.0 mmHg || 5% of Pulze Cancel
" Preszsure Drop 5.0 mmHg || 5% of Pulze Species: Dog
" Respiration Smoothing 2000 mSec 2000 mSec [Setin P3 Setup : Group) Frint

BF Charnel TCHWT - T,

Blood Pressure Respiration Attributes Tab

The Respiration Attributes tab is used to calculate respiration from the blood
pressure signal. It can only be used if BBRet in the license file.

Below are the respiration attributes that are derived from the blood pressure signal:

Attribute Description

Minimum Pulse Height Sets the minimum developed pressure that must be achie
before the analysis will detect and date a cycle. The
Minimum Pulse Heightis useful for preventing the analysij
from triggering on small variations in the signal.

Pressure Drop This setting is used to set the minimum level by which the
signal must fall, relative to its recent maximum, tfoe
analysis to identify a cycle. This setting is useful in
eliminating false triggering on small variations in the signa

Respiration Smoothing This sets the duration over which data derived from the bl
pressure signal is smoothed to yield the irasipn signal.
This should be set to approximately % of a respiration cyc|
If this parameter is set too small, the respiration signal will
appear jagged. Ifitis set too large, the respiration signal
appear washed out, and the pulse heightdiidual cycles
will become smaller.
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BP Channel This associates the proper BP channel with the BPR charj
These two channels must be configured in the same grou
no BP channel is associated with the BPR channel, the
analysis will not trigger.

NOTE: The BP channel must be sampledatfaster thathe
BPR sample rate.

NOTE: If using BP version 4.50 or earlier, the BP Channe|
drop down box will not list any BP channels.

Advanced Attributes

Blood Pressure Respiration Analysis Attributes (Resp, Input 1)

Std Attib Adv Atrib] | Marks | Motes 4] ¥ || Typical Values | addiional Channels | OK

Mo advanced attibutes in BPR

Print

Blood Pressure Respiration Advanced Attribute Tab

Thereare no Advanced Attributes for the BPR analysis madule

NOTE: The BPR channel is not automatically reanalyzed when a reanalysis is
performed on the BP channel.

Typical Values

The table contains typical values for different heart rates. Use these values as
guidelines for dirst time setup. Under different situations, values above or below
the typical values will have to be used.

Species Attribute Setting Units
(All) Dog, Morkey, Rat, | Minimum Pulse Height 5% of Pulse mmHg
and Mouse Pressure Drop 5% of Pulse mmHg

Respiration Smoothing 2000 mSec
BP Channel NA NA

Marks (Validation)

TheBlood PressureRespiration analysis displays validation tick marks for each
respirationcycle. Each cycle should have only one set of validation marks. These
marks verify that the system is analyzing the blood presssmratiornsignal

correctly. If there is more than one set of validation marks per cardiac cycle, correct
the problem byhanging the analysis attributes.

The validation marks and their meanings are listed below:

Color Meaning

Black Max Volume Mark
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Derived Parameters

Derived parameters are selected by bringing upgméved Parametersdialog box.
This is done by right clicking on the analysis module inRBeSetupdialog

(Channel Input Setup)The derived parameters selected in this dialog box will be
calculated, and the results will be placed in the derivation files and tlieedext
screens during acquisition or replay.

Name Definition
RNum The RNum is the cycle number of each complete respiration wavef]
RInt The RInt is the time, in milliseconds, over which a full respiration

waveform is detected.

RBpm Respiration rate ibreathsperminute.

On-Line Screens and Functions

The following is an example of a Primary graph displaying the raw analog format of
a blood pressure signal along witte respiration presentation signal.

EEPage 2 (primary2): 8.000 Sec (= 10 Samples/Pixel) E@|z|
File Edit Options

5|B| ala|m @] «

[ei7mnie[ 79 81 83 85 87 89 91 93 94 96 97, 99 103 105 108 114 117 119 122 124

ee Al UR UL KR ARNANIRRRRRNARARRLARRRARRATR

a0 1

Resp \/\

0 [f9.196  73.082

ET: 0000:00:46.501 4| -

Detta Time: 16 501

@

Blood Pressure Respiration Key Marks

In the abee figure, theBlood PressureRespiration signalis displayed with
validation tick marks and their meanings. The validation mark idestife Max
Volume Mark point.

Presentation Signals

Below is a list of presentation signals that are available foBBeAnalysis

Module:
Signal Description
Respiration This will display the calculated respiration signal.

Data Review

The Data Review related features of the Blood PredgespirationAnalysis

Module listed here are accessible when the analysis module is used with P3 Plus
Version4l0 or greater and if the customer 6s
Review. The analysis specific portion of Data Review centers around the marks that
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the User is permitted to display, insert, and delete and how the User is permitted to
move them.

Displaying Marks and Cycle Numbers

The marks and cycle numbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in tAmalysis Attributes dialog. The Analysis
Attributes dialog is accessed through the right click mehAnalyze.

Mark Operations

Marks are divided into two types, marks that always exist when a valid cycle is
found (Diastolic, End Diastolic, and Systolig)damarks that may or may not exist,
depending on the signal morphology (Percent Recov@PR has only a single
mark (Max Volume Mark) that exists when a valid cycle is found.

Inserting Marks

Marks are inserted by right clicking at the point of insertiothe Review window.
The popup menu that is displayed will provide the option to insert marks as
appropriate.

Insert BPR Cycle

Inserts an entire Blood PressiRespiratiorcycle, with the associated Max Volume
Mark. Thismarkmay be insertedt any pint along the waveformWhen a Blood
Pressurdrespiratiorcycle is inserted, it is assigned a sequential cycle number and
subsequent cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mouse cursor on the mark to be deldted
bringing up the right click menuwhen deletinghese marks, the entire cyald@l be
deleted; the cursor is positioned on kax Volume Markand the right mouse
button is clicked to delete the mark.

Moving Marks
Moving the Max VolumeMarks follow the standard rules used in Data Review.
Max Volume Mark cannot be dragged past another Max Volume Mark.

Calculations

The calculations of derived parameters are identical to those performed during
acquisition and replay, with the exceptiof RBpm(see Averaging in Review)For
nortpulsatile parameters, the start point is the point after the previous log time. The
end point is the point at which the line is logged.

Logging Mark

The logging mark for a Blood PressiRespiratiorcycle is he Max VolumeMark.
The time at the |l ogging mark is the ti me

End of Cycle

The end of a Blood Pressurespiratiorcycle occurs one sample prior to the next
cyclesMax Volume Mark.
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Attributes in Review

The following &ble describes the effects of changindRB#tributes in Review.

Please refer to the Review manual for details on the effects of each attribute ty

Attribute

Effect On Review

Minimum Pulse Height

Signal Conditioning, Calculation, Signal
Interpretationand Redraw

Pressure Drop

Signal Conditioning, Calculation, Signal
Interpretation, and Redraw

RespiratiorSmoothing

Signal Conditioning, Calculation, and Redr|

BP Channel

Signal Conditioning, Calculation, Signal
Interpretation, and Redraw

Marks andcycle numbers

Signal Conditioning, Calculation, and Redr|

Precision

Signal Conditioning, Calculation, Redraw,
Precision

Reanalyze Only No attribute
change

Signal Conditioning, Calculation, and Redr|

Averaging in Review

The following table listshe averaging method used for each derived parameter.
Please refer to the Review manual for details on each averaging method. For derived

parameters that use Analysis as their averaging method, refer to the Derived

Parameter section for details.

Derived Parameter Averaging
RNum Recent

Rint Mean

RBpm Harmonic Mean

Troubleshooting

pe.

Use the following table to assist in troubleshooting the analydiss includes issues
that may exist in the BP analysis module whitday affectthe BPR module:

Problem Solution

Heart Rate is doubled The analysis is triggering on the dicrotic notch. This can |l
rectified by lengthening th8ystolic Validation Time and
Non-Detection Timevalues. Refer to the chart Bfpical
Valuesfor a specific heart rate range.

Heat Rate is halved The analysis is pausing too long for the specified heart raf
The problem can be rectified by shortening Slystolic
Validation Time andNon-Detection Timevalues. Refer to
the chart ofTypical Valuesfor a specific heart rate.

All Derived Parameters ail TheMinimum Pulse Height may be set too high for the
reporting zero specified signal. Lower thidinimum Pulse Height.
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Heart Rate is out of range|
(very high)

The analysis may be triggering on noise. The two solutio
for this are:

1) Increase th#linimum Pulse Height to a value of 10% of
pulse pressure.

2) Increase theow Pass Filter(in the Adv Attrib tab) to
remove the noise or artifact. Select a lower value in the li
box.

fi xiw.DER or .DRx
window instead of a numb

Thede i ved number i s t owdsar
placed here, so that a truncated number would not be
displayed.

Cannot find the analysis
module in thénput Setup
dialog

The analysis software may have been installed in the wro
directory. Re-install the software for this analysis. The
destination directory must be the same directory as the P
Plus software.

To verify that the analysis has been installed correctly, se
the Product Information option of theHelp menu.

Analysis does ndrigger
(No marks)

Reduce the sample rate to 2B000Hz (A/D Sample Rate
under Acquisition menu).

INI File Settings

When the analysis module is loaded in the application the first time, the analysis

module updates the PPP3.INI file with default settingfe [Blood Pressure
Respiration] section of the file. The user may change these settingsriitiges of
the values for a specific attributeeds to be changed.

The ranges listed here only affect the values that the dialog will accept. The ranges
also validate the attribute values before they are used. If the attribute values are out

of range, a default value will replace the out of range value.

The table below lists the default settings and section of the .INI file:

Entry Name

Description

RespMinimum Pulse Height(low) [ This sets the minimum allowable value for

respirationMinimum Pulse Height. The
default is 0.

Resp Minimum Pulse Height(high) | This sets the maximum allowable value for

respirationMinimum Pulse Height. The
default value is 100.

Resp Pressure Drop(low)

This sets the minimum allowable value for
Respiratory Pressure Drop The default
value is 0.

Resp Pressure Drop(high)

This sets the maximum allowable value for
Respiratory Pressure Drop The default
value is 100.

RespSmoothing(low)

This sets the minimum allowable value for
Respiratory Smoothingin milliseconds. The
default value is 6.

Resp Smoothing(high)

This sets the maximum allowable value for
Respiratory Smoothingin milliseconds. The
default value is 10000.
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Left Ventricular Pressure

The Left Ventricular Pressurgnalysis Module analyzes the left ventricular pressure
from the heart. The analysis calculates the common parameters that are associated
with left ventricubr pressure on a bettbeat basis.

Attribute Window

The Left Ventricular Pressure dialog allows you to modify the signal analysis for
different types of left ventricular pressure signals and different signal conditions.

Standard Attributes

Left Ventricular Pressure Analysis Attributes (CHNL, Input 1) &2
Std Attrib | Ady At | Moise | Marks | || Tupieal Values | Additional Channels | oK
Minimum Pulze Height |5.0 mmHg 5% of Pulze
*% Prezzure Drop 20 E4 25% of Pulze Cancel
dP/dt A 400 romHg dimmHg  Peces | Dog
dPAdtE 50.0 mmHg SOmmHg  [Setin F3 Setup : Group) Print
dP/dtC £0.0 mmHg B0mmHg
dR/dt D 70.0 mmHg 70mmHg
Relaxation Time 1 60 iz B0
Relaxation Time 2 70 % 0%
Tau Duration 40 mSec 40mSec
Tau Method Pressure - Pressure
ECG Channel Ha

Left Ventricular Pressure Standard Attributes Tab

The standard attributes allow setting the most common attributes that would need to
be changed during acquisition or replay.

Attribute Description

Minimum Pulse Height Sets the minimum developed pressure thatsignal must
achieve before the analysis will detect and validate a card
cycle. TheMinimum Pulse Height prevents the analysis
from triggering on artifacts.

% Pressure Drop Defines how far th&ystolicpressure must drop before the
cardiac cycle will terminate. The pressure used in
determining the percentage is the difference fronSystolic
pressure to thBlinimum pressure.

dP/dt (A, B, C, and D) Defines four pressure levels that the dP/dt wilshmpled at
during the systolic period.

Relaxation Time 1, 2 Defines levels in the derivative signal at which relaxation
times will be reported. A relaxation period begins
when-dP/dy,ax occurs, and ends when the derivative sig

reads zero. For exampié Relaxation Timeis set to 60%,
then the system will report how long it took (in millisecond
for the derivative to rise by 60% edP/djax -

Tau Duration Defines the duration over whidfau is to be calculated,
starting atdP/dy,aox - Tau Duration is measured in
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milliseconds. Three methods are used for calculating Tal
Pressure dP/dt, andDevPressure

Pressure:

Tau is calculated as the negative inverse of the slope of t
regression line of the natural logarithm of Left Ventricular
Pressure veus time.

dP/dt:
Tau is calculated as the negative inverse of the slope of t
regression line of the natural logarithm-dP/dt versus time.

DevPressure:

Tau is calculated as the negative inverse of the slope of t
regression line of the natural logleft ventricular pressure
the previous end diastolic level versus time.

Tau Method

Defines which two values are used in the calculatiofiaof.
Use different methods for different conditions. Each meth
passes the data into the formula that calesl#te linear line
equation using the least square method. The three availa
methods are: Pressure, dP/dt, and DevPressure.

ECG Channel

Permits the selection of an ECG channel for the calculatio
the QA Interval. If no ECG channels are set ups ttontrol
is inactivated. ECG channels must be set up prior to usin
this attribute.

Advanced Attributes

The Advanced attributes allow selection of attributes which are not commonly
changed during acquisition or replay.

Left Ventricular Pressure Analysis Attributes (CHNL, Input 1)

Sidip AdvAtibl | Naise | Marks < | > || TopiealValues | Addiional Channels |

[
Ok
Low Pass Filter Im Hz Mone ol
High Pasz Filter «| Hz Mone
[~ Barometric Adjust Disabled
B arometric Chan 2CHNZ - NA Print
Diff Pressure Chan (S
b aximum Heart Rate IF bpri 00 bpm
LVP Offsat 0 mmHg O mmHg
DervativeWindow [0 ms Oms
LYP End 950 0z 95 %

Left Ventricular Pressurddvanced Attributes Tab

Attribute

Description

Low Pass Filter

Selection of Low Pass filter in hertz.

High Pass Filter

Selection of High Pass filter in hertz.
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Barometric Adjust

This check box enables the correction for barometric pres|
This is usedor certain telemetry systems that do not
compensate for barometric pressure internally. The corre
factor is applied by using a raw electrical mean channel a:
input. The pressure offset is in kilopascals.

NOTE: If the system is being used witlthe OpenART or
Digital acquisition engines, do not check this box. If the
system is being used with the JET acquisition engine,
check the box and choose the channel associated with th
eAPR-1 as the Barometric Channel.

Barometric Chan

This list box will display the available RAW inputs that col
be used for the offset adjustment and is only used when
Barometric Adjust check box is enabled.

Diff Pressure Chan

This list box allows the selection of a channel that can be
to subtract another channel from the input. The only effed
that this has is for display. To display the difference, the
Presentationfield in aPrimary graph must be set iff .

MaximumHeart Rate

This attribute is used to assist the analysis in the rejection
noise, to ensure that large rapid signal fluctuations due to
noise are not marked as cardiac cycles. Maximum Heart
should be set higher than the highest expected heart rate

LVP Offset

This attribute is used when negative LVP values are pres{
during the experiment. When an LVP offset value is enter
it will be applied to the entire channel and will calculate th
derived parameters accordingly. The default LVP offset is
zero.

NOTE: this offset is applied to the entire dataset and canr
be applied to sections of the data. If only specific sections
require an offset, it is recommended to use the Parser
functionality (see Data Parser in the Review manual,
MUO00196).

Derivatve Window

The Derivative Window defines the range of samples ove
whi ¢ h t heevative/sRriakis cdlculated. This windo
acts as a smoothing function for the derivative by calculat
across a larger range. Using a value of Oms will provide tf
derivative between two consecutive points, whereas enter
largervaluemayprovide the derivative across non
consecutive points.

Ex: If sampling at 1000 Hzhetime between consecutive
points is Ins. By choosing a Deritive Window of 2ms, the
derivativewill be calculated across every other point.
NOTE: The default value of 0Oms will provide the derivative
functionality seen in previous versions.

LVP End

The LVP End attribute controls the placement of the LVP
Mark. The mark is placed at the pointeva the derivative
signal rises DbdpP/dIMAXVP End?o

Typical Values

Use these values as guidelines fdirg time setup. Under different situations,
values above or below the typical values will have to be used.

Attribute Setting Units
Minimum Pulse Height 5% of Pulse mmHg
% Pressure Drop 25% of Pulse %
dP/dt A 40 mmHg
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dP/dt B 50 mmHg
dP/dt C 60 mmHg
dP/dt D 70 mmHg
Relaxation Time 1 60 %
Relaxation Time 2 70 %
Tau Duration 40 mSec
Tau Method Pressure NA

Noise Attributes

Enable Noise Detectioattributeenables/disables all controls in the Noise Tab.

e

Left Ventricular Pressure Analysis Attributes (CHNL, Input 1)

W Enable Moise Detection

I [¥ Enable Rail Detection

Min Good Data Time {10 5

Stdattib | advatribt Moise | Marks 4 | || Typical Values | additional Channels |

tinimum Signal Value |-50 valts Rl

M asirurn Signal Yalue 500 valts 500

0K

Cancel
Enabled

Enabled

P |

Pritt

10%

Noise Attributes Tab

Attribute

Description

Enable Noise Detection

Determines if noise detection will be used to determine baq
marks

Enable Rail Detection

If Rail detection is enabled, any railed data, positive or neg
encountered when analyzing data, shall be bracketed by B
Data Marks such that the railed data falls within the Bad D
start and end marks. The Rail check shall be performed on
unfiltered samfes.

Minimum Signal Value

Maximum Signal Value

If any filtered samples fall below the Min Signal Value or rig
above the Max Signal Value they shall be bracketed by Ba
Data Marks.

Minimum Good Data Time

When Noisadetection is enabled and a range of data is
analyzed, any bad data marks that have less than or equa
Min Good Data Time of good data between them shall be

combined into a single bad data region.

Marks (Validation)

TheLeft Ventricular Pressure analysis displays validation tick marks for each
cardiac cycle. Each cardiac cycle should have only one set of validation marks.

These marks verify that the system is analyzing the left ventricular pressure signal
correctly. If there is more than one séwalidation marks per cardiac cycle, correct

the problem by changing the analysis attributes.
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Left Vientricular Pressure Analysis Attributes (CHNI, Input 1) £2

Adv Attib | Noise  Marks | Notes | 4| »|| TypicalValues | addtional Channets | oK

Cancel
[¥ End Diastalic Point
v +dP/dt Q
v Systolic: Point Pririt

|

|

|

I W -dPAdt
I W % Recovery 1

I W % Recovery 2

I W LvP End

v tdark Cycle Mumbers

The validation marks and their meanings are listed below:

Color Meaning

Black Left Ventricular End Diastolic Point
Blue Systolic Point

Green -dP/dt

Cyan % Recovery 1

Red % Recovery 2

Magenta +dP/dt

Yellow Left Ventricular Pressure End Poin

Derived Parameters

Derived parameters are selected by bringing uptréved Parametersdialog box.

This is done by right clicking on the analysis module inRBeSetupdialog. The

derived parameters selected in this dialog box will be calculated, and the results will
be placed in the derivation files and thelim® text screens during acquisition or
replay.

Name Definition

Num The number of the cardiac cycl&his number will appear on a prima
graph page when validation marks are turned on and the cycle nun
are enabledWhen running in a logging mode other than 1 epoch, tl
last cycle number will be reported.

Sys The systolic pressure is the maximpnessure that occurs during the
cardiac cycle.

LVEDP The left ventricular end diastolic pressure is the pressure at the las
crossing of the differentiated pressure during the rise to the systolig
period.

Min The minimum pressure during the cardigcle. Not defined over a
specific cycle. Min is calculated over the period of time that the
logging period takes place.

TTI TensionTime Index is the area under the left ventricular pressure
during the ejection phase of the contraction. This is tegation
between the LVEDP point andP/dj;x -

DP Developed pressure is the difference between the systolic pressur
the left ventricular end diastolic pressure (SWAEDP). 1

P3 Plus Analysis Modules Analysis Modules 1 43



HR

The heart rate is computed in bep&s-minute. It is calculated by
taking the reciprocal of the time interval for the cardiac cycle multip|
by 60. Note: When running in a logging rate other than 1 epoch, s
the cycles in seconds in the logging period, divide by the number o
cycles, take the reciprocal, and multiphe value by 60.

+dP/dt

+dP/dt is the maximum positive value of the first derivative of the
pressure that occurs during the cardiac cycle.

-dP/dt

-dP/dt is the maximum negative value of the first derivative of the
pressure that occurs during the cardigcle.

Cl

Contractility index is +dP/dt divided by the pressure at that point.

RT1, RT2

The Relaxation Time is the time period fredP/dt to the time specifie
by theRelaxation Time attribute.

The time is reported in milliseconds.

dP (A, B, C, and
D)

These parameters report the value of dP/dt at the pressure levels
specified indP/dt A, dP/dt B, dP/dt C, anddP/dt D (in the attributes
window). These values will not be reported accurately if these preg
values are set too close to the Pressure Threshold Value (Minimun|
Pulse Height). The dP/dt (A, B, C, and D) pressure settings in the
attribute dialog under thstd Attributes tab should at least be set to ¢
value 20 units above that of tMinimum Pulse Height value.

NPMN

The nonpulsatile mean pressure reported for a logging period. Thi
parameter is still reported even if no pulse pressure exists.

The QA Interval is the time in milliseconds from the start of the Q
wave, in the ECG trigger channel, to the start of the systolic pressuy
rise (LVEDP)

IVT

The time in milliseconds from the start of the systolic pressure rise
(LVEDP) to the maximum slope of tlsystolic pressure rise (+dP/dt)

TTI-T

LVEDP to-dP/dt. The time is in milliseconds.

Tau

Tau is the time constant isovolumic left ventricular pressure decay.
reported in milliseconds, and can be defined as described in the
Attributes window sectio.

Period

The duration of the current cycle time, in milliseconds.

EMw

Electromechanical window (EMw) reports the time, in ms, between
LVP6s end mark (where the LVP
ECGOs ewade. of T

EMw = (LVP Endmark)i (ECG Tend mark)

The associated ECG cycle shall be identified by the ECG Channel
attribute.

The associated ECG cycle shall be identified as the ECG cycle with
which the current LVP cycle's logging mark falls.

Count

The number of cycles within a logging interval or a data reduction
interval

In Beat mode, Count =1

Calibration

The recommended calibration for the system for a Left Ventricular Pressure signal
depends on the accuracy level that the derived parameters will be reported in. In

mostcases, the Left Ventricul@ressureralues can be reported to a whole number

(for example, 100mmHg). In other cases, the Left Ventricular Pressure may need to
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be accurate to 1/10 of a mmHg (100.0mmHg). The following chart shows typical
calibration valuse:

)Accuracy  [High Calibration Value Actual mVv

0000 100mmHg ©800-1200 mV
000.0 100.0mmHg 215002500 mV

On-Line Screens and Functions

Below is a Primary graph displaying the raw analog format of a typical left
ventricular pressure signal with its digitally generated differential. The validation
tick marks also are displayed on the waveform.

ms Page: 5 - LVP - 1 Seconds - 0.1 Seconds/Div (test_replay)

Functions
8| R| Q%[ |E|
15000 mmHy
+dPfdt — %Recl
LVEDF —» j
<«—%Rec2
L P
Sys
0,00 minHg ——— N
2500.00
-dPfdt
Deriyv
-2500.00 ;
00:07:55 00:07:56 00:07:56 00:07:56

Left Ventricular Pressure Key Marks

In the above figure, thieeft Ventricular Pressure is displayed with the validation
tick marks. These marks identify theft Ventricular End Diastolic Pressure,
Systolic Pressure, Recoveriaad-dP/dt

Presentation Signals

Below is a list of presentation signals that are available for the LVP Analysis

Module:
Signal Description
Pressure This istheoriginal pressure signalfter applying any softwar
filters.
Derivative This will display the derivative of the pressure signal.
Heart Rate This will display the heart rate updated at every cardiac cy
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Difference This will display the difference between this input signal, g
an input signal selected in the Advanced Attributes tab (ot
available pressure signals). The analysis module will sub
the current blood pressure signal from the signal selected
the list box and make the resulting signal available to be
graphed.

Data Review

The Data Review related features of the Left Ventricular Pressure Analysis Module
are accessible when the analysis module is used with P3 Plus Version 4.10 or
greater. The analysgpecific portion of Data Review centers on the marks that the
User is permitted to display, insert, and delete and how the User is permitted to move
them.

Displaying Marks and Cycle Numbers

The marks and cycle numbers displayed in a Review window chamenebatrolled
through the Marks Tab in the attribute dialog accessed via the Analyze selection in
the Right click menu.

Mark Operations

Left Ventricular Pressure marks are divided into two types, marks that always exist
when a valid cycle is found (End Bimlic, Systolic, Min Slope) and marks that may
or may not exist, depending on the signal morphology (Recovery 1, Recovery 2).

NOTE: +dP/dt was added in LVP Version 4.30 for use with P3 Plus 4.40. If the

LVP analysis module is used with an earlier vergibR3 Plus, this mark will not

function and its check box in the marks tab will be disabled. If a marks section that
was created with an earlier version of the LVP module is loaded, the marks
information will be converted to support +dP/dt. When cotingta large file, a

redraw may be necessary to see the +dP/dt mark. The mark is updated as the derived
parameters are calculated.

Inserting Marks

Marks are inserted by right clicking at the point of insertion in the Review window.
The popup menu thats displayed will provide the option to insert marks as
appropriate. The list of marks available for insertion will depend on the marks
adjacent to the point of insertion; signal morphology is not considered.

Insert LVP Cycle

Inserts an entire Left Ventridar Pressure cycle: End Diastolic, Systolic, Min Slope,
and Recoveries, if applicable. This set of marks may be inserted between the second
Recovery Mark and an End Diastolic Mark. If a Recovery Mark is not present, the
cycle may be inserted betweeMin Slope Mark and an End Diastolic Mark. When

a Left Ventricular Pressure cycle is inserted, it is assigned a sequential cycle number
and subsequent cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mouse cursor on thie tmée deleted and
bringing up the right c¢click menu. A Lef
be deleted individually. They are linked to the Systolic Mark. To delete these

46 1 Analysis Modules P3 Plus Analysis Modules



marks, the entire cycle must be deleted; the cursor is positionde &@ystolic Mark
and the right mouse button is clicked to delete the marks. One of the selections in
the popup menu will permit deletion of all the marks in the cycle.

Moving Marks

Moving of the End Diastolic, Systolic, and Min Slope marks follow thedsied

rules used in Data Review. The Recovery marks are calculated marks; their
positions are dependent on the Min Slope value and cannot be adjusted by the user.
If the user changes the position of the Min Slope Mark, the Recovery marks will be
recalcuated.

The Min Slope Mark may be moved past the Recovery marks.

Calculations

The calculations of derived parameters are identical to those performed during
acquisition and replay, with the exception of Min. For-paitsatile parameters, the
start point ighe point after the previous log time. The end point is the point at which
the line is logged.

In Review the Min parameter is calculated between the Min Slope mark and the
following cycleds LVEDP mar k. I n Repl ay
previous cycles Min Slope and the current cycles LVEDP point.

Logging Mark

The logging mark for a Left Ventricular Pressure cycle is the Systolic Mark. The

time at the | ogging mark is the time use
cycl eibsg!l mggk falls within a |l ogging int
included in the logging interval.

End of Cycle

The end of an LVP cycle occurs one nanosecond prior to the next cycles LVEDP
mark. For the last cycle in a data segment, the loggingttinmeanosecond is used.

When LVP and ECG data are brought into Review, the ECG channel should be used
as the epoch channel to ensure that related cycles are kept together.
Attributes in Review

The following table describes the effects of changing LVPhaiteis in Review.
Please refer to the Review manual for details on the effects of each attribute type.

Attribute Effect On Review
Minimum Pulse Height Signal Interpretation
% Pressure Drop Signal Interpretation
Relaxation Time 1 Calculation, Redraw
Relaxation Time 2 Calculation, Redraw
dP/dt A Calculation

dP/dt B Calculation

dP/dt C Calculation

dP/dt D Calculation
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QA Trigger Channel Calculation

Tau Duration Calculation

Tau Method Calculation

High Pass Filter Signal Conditioning, Calculatioedraw
Low Pass Filter Signal Conditioning, Calculation, Redraw
Barometric Adjust Signal Conditioning, Calculation, Redraw
Barometric Channel Signal Conditioning, Calculation, Redraw
Diff Pressure Chan Signal Conditioning, Calculation, Redraw
MaximumHeart Rate Signal Interpretation

LVP Offset Signal ConditioningCalculation, Redraw
Derivative Window Signal Conditioning, Calculation, Redraw
Marks and cycle numbers Redraw

Precision Precision

Averaging in Review

The following table lists thaveraging method used for each derived parameter.

Please refer to the Review manual for details on each averaging method. For derived
parameters that use Analysis as their averaging method, refer to the Derived
Parameter section for details.

Derived Para meter Averaging
Num Recent
Sys Mean
LVEDP Mean

Min Mean

TTI Mean

DP Mean

HR Harmonic Mean
+dP/dt Mean
-dP/dt Mean

Cl Mean
RT1 Mean
RT2 Mean
dP-A Mean
dP-B Mean
dP-C Mean
dP-D Mean
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NPMN Analysis
Q-A Mean
IVT Mean
TTI-T Mean
Tau Mean
Period Mean

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

Heart Rate is doubled

The analysis is triggering on an artifact. Increase the
Minimum Pulse Height and/or the% Pressure Drop. Refer
to the chart offypical Analysis Attribute Settings for
typical values.

All Derived Parameters ar
reporting zero

TheMinimum Pulse Height may be set too high for the
specified signal. Lower thiinimum Pulse Height.

Heart Rate is out of range|
(very high)

The analysis may be triggering on noise. The two solutio

for this are:

1. Increase thdlinimum Pulse Height to a value of 10%
of pulse pressure.

2. Increase th&ow Pass Filter(in the Adv Attribl tab) to
eliminate noise on the signal. Selecbaér value in the
list box.

Tau is negative or very
large

The method being used to calculate Tau influences the vg
that are reported. When the Pressure vs. Time method is|
used, this field may report values that do not exist. This
occurs when the pssure goes to zero, because the natura
of zero is undefined and the system will return an infinite
value for this reading. If this occurs, use another method
Tau.

fi xiw.DER or .DRx
window instead of a numb

The derived numberistoolargeforh e f i r dvas.
placed here, so that a truncated number would not be
displayed.

Cannot find the analysis
module in thdnput Setup
dialog

The analysis software may have been installed in the wro
directory. Reinstall the software for thignalysis. The
destination directory must be the same directory as the P
Plus software.

To verify that the analysis has been installed correctly, se
theProduct Information option of theHelp menu.

Algorithm does not trigger
(No marks)

Reduce the saphe rate to 250Hz, or increase thew Pass
Filter in theAdv Attribl tab. Select a lower value in the lis
box.

INI File Settings

When the analysis module is loaded in the application the first time, the analysis
module updates the PPP3.INI file withfalelt settings in th¢Left Ventricular
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Pressure]section of the file. The user may change these settings if the range of the
values for a specific attribig@eeds to be changed.

The ranges listed here only affect the values that the dialog will acEeptranges
also validate the attribute values before they are used. If the attribute values are out
of range, a default value will replace the out of range value.

The table below lists the default settings and section of the .INI file:

Entry Name

Description

Minimum Pulse Height(low)

This sets the minimum allowable value for
Minimum Pulse Height. The default value is
5.

Minimum Pulse Height(high)

This sets the maximum allowable value for
Minimum Pulse Height. The default value is
100.

dP/dt A(low) This sets the minimum allowable value for
dP/dt A in mmHg. The default value is 20.
dP/dt A(high) This sets the maximum allowable value for

dP/dt A in mmHg. The default value is 100.

dP/dt B(low)

This sets the minimum allowable value for
dP/dt B in mmHg. The default value is 20.

dP/dt B(high)

This sets the maximum allowable value for
dP/dt B in mmHg. The default value is 100.

dP/dt C(low) This sets the minimum allowable value for
dP/dt Cin mmHg. The default value is 20.
dP/dt C(high) This sets th maximum allowable value for

dP/dt Cin mmHg. The default value is 100.

dP/dt D(low)

This sets the minimum allowable value for
dP/dt D in mmHg. The default value is 20.

dP/dt D(high)

This sets the maximum allowable value for
dP/dt D in mmHg. The default value is 100.

Percentage Pressure Drop(low)

This sets the minimum allowable value fér
Pressure Drop The default value is 10.

Percentage Pressure Drop(high)

This sets the maximum allowable value %6r
Pressure Drop The defaulivalue is 80.

Relaxation Time 1(low)

This sets the minimum allowable value for
Relaxation Time 1in percent. The default
value is 30.

Relaxation Time 1(high)

This sets the maximum allowable value for
Relaxation Time 1in percent. The default
value is 9.

Relaxation Time 2(low)

This sets the minimum allowable value for
Relaxation Time 2in percent. The default
value is 30.

Relaxation Time 2(high)

This sets the maximum allowable value for
Relaxation Time 2in percent. The default
value is 90.

TauDuration(low)

This sets the minimum allowable value for
Tau duration in milliseconds. The default
value isb.

Tau Duration(high)

This sets the maximum allowable value for
Tau duration in milliseconds. The default
value is 99.
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Maximum Heart Rate(low) This sets the minimum allowable value for
Maximum Heart Rate. The default value is
2000.

Maximum Heart Rate(high) This sets the maximum allowable value for
Maximum Heart Rate. The default value is
2000.

LVP Offset(low) This sets the minimum allowable val for
LVP Offset. The default value i500.

LVP Offset(high) This sets the maximum allowable value for
LVP Offset. The default value is 500.

Derivation Window(low) This sets the minimum allowable value for
Derivative Window in milliseconds The
default value is 0.

Derivation Window(high) This sets the maximum allowable value for
Derivative Window in milliseconds The
default value is 40.

Reset Time This sets the amount of time, in milliseconds
where the analysis will reset if a noise spike
causes the analysis to stop triggering.

Tau Duration(low) This sets the minimum allowable value for
Tau Duration in milliseconds The default
value is 5.

Tau Duration(high) This sets the maximum allowable value for
Tau Duration in milliseconds Thedefault
value is 99.

P3 Plus Analysis Modules Analysis Modules { 51






Systemic Blood Flow

The Systemic Blood Flownalysis Module analyzes systemic blood flow from the
circulatory system. The analysis calculates the common parameters that are
associated with a blodtbw on a beato-beat basis.

Attribute Window

The Systemic Blood Flow dialog allows you to modify the signal analysis for
different types of blood flow signals and different signal conditions.

Standard Attributes

Systemic Blood Flow Analysis Attributes (SBE, Input 3) E|
Std Atrb | A Attib1 | Marks | Notes ¢ | »| Typical Values | Additional Channels | oK.
Miniruirn Flow 20 vol/Sec Mone Cancel
Peak *alidation Time |40 mSec MNaohe Species: Dog
Mon Detection Time |40 mSec Mone (Setin P3 Setup : Group) Print

|50 Flow Dizable - Dizable
Flawy Units vol/Sec - vol/Sec

Systemic Blood Flow Standard Attribst€ab

The standard attributes allow setting the most common attributes that would need to
be changed during acquisition or replay.

Attribute Description

Minimum Flow Sets the level that the flow must achieve before the analy
validates the flow for theardiac cycle.

Peak Validation Time The period, in milliseconds, over which a peak is validateq
The peak is validated if the signal level at the peak is not
exceeded over the validation period. Once a peak is
validated, the cardiac cycle terminates.

Non Detection Time Sets the length afead timen milliseconds that the signal is
not analyzed for maximum and minimum flow values. Thi
used to eliminate double triggering on noise.

Iso Flow Eliminates drift common to certain types of electromagnet
flow meters. When this field is enabled, the analysis will
sample a new Isfiow point on the upstroke of the flow, use
this value as a new zero point, and subtract this value fror|
derived parametetdEAN , FMAX , andFMIN . This value
is reported athelSO derived parameter.

Flow Units Specifies the units of flow being measured so that the sys
calculates the volume correctly. The choices are:

vol/Sec: volume per second
vol/Min: volume per minute
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Advanced Attributes

The Advanced Attributes fdystemic Blood Flow are the Low and High Pass Filter
selectionsas well as channel selectiior determining which signals will be used in

calculating Total Peripheral Resistance
Systemic Blood Flow Analysis Attributes (SBF, Input 3)

Sttt Adv Al | Marks | Mates < | ¥ | Typical Values | addiional Charrels |

Lows Pass Filter MNaore - Maone
High Pazsz Filer More - Mone

Svstemic Prezzure Chan| 1:MaF - Mone

¥ Monitor Venous Pressure Dizabled

Venous Pressure Chan | 20vP = OmmHg

[Mone far Yenous Pressure Chat)

X
oK
Cancel

Print

Systemic Blood Flow Advanced Attributes 1 Tab

The Advanced Attributes 1 tab allows the selection of attributes that would less

likely need tabe changed during acquisitiamplayor review

Attribute Description

Low Pass Filter

Selection of Low Pass filter in hertz.

High Pass Filter

Selection ohigh pass filter in hertz.

Systemic Pressure Chan | Allows the selection of a BP channel to be used in the
calculation of Total Peripheral Resistance. The BP chann
must be in the same Group as the SBF channel and the B
SBF channels must be sampledhe same rate.

(check box)

Monitor Venous Pressure| Determines whether the software will monitor venous
pressure continuously or allow the user to type in a fixed
value to represent venous pressure.

If the box is checked, drop down listboxwill allow the

selection of a BP channel for continuous monitoring. If th
box is uncheckedhe user will be allowed to manually type
a fixed value to represent venous pressure.

Venous Pressure Chan

Allows the selection of a BP channel for continuous
monitoring of venous pressure which is used to calculate
Total Peripheral Resistance. The BP channel must be in
same Group as the SBF channel and the BP and SBF ch
must be sampled at the same (ateownabovein Advanced
Attributes 1 Tap.

Venous Pregse

Allows a fixed value to be typed in which represent venou
pressure. This value would be used in the calculation of 1

Peripheral Resistance.

Typical Values

The table contains typical valubased on speciedJse these values as guidelines
for a first time setup Since various species are used, no typical values exist for this

analysis module.

Marks (Validation)

The Systemic Blood Flowanalysis displays validation tick marks for each cardiac
cycle. Each aaiac cycle should have only one set of validation marks. These
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marks verify that the system is analyzing the systemic blood flow signal correctly. If
there is more than one set of validation marks per cardiac cycle, correct the problem
by changing theraalysis attributes.

The validation mark and its meaning is listed below:

Color Meaning

Black Iso Level Mark

Derived Parameters

Derived parameters are selected by bringing upgméved Parametersdialog box.

This is done by right clicking on the analysis module inRBeSetupdialog. The

derived parameters selected in this dialog box will be calculated, and the results will
be placed in the derivation files and thelim® text screens duringquisition or

replay.
Name Definition

Num The number of the cardiac cycle. This number will appear on a pri
graph page when validation marks are turned on and the cycle nurj
are enabledWhen running in a logging mode other than 1 epoch, t
last cycle number will be reported.

Mean The integrated level of the flow for the cardiac cycle.

FMax Maximum Flow that occurred for a cardiac cycle.

Fmin Minimum Flow that occurred for a cardiagcle.

(0] Cardiac Output is the mean flow normalizedrtb/Min. Note: When
running in a logging mode other than 1 epoch, the CO value will be
calculated from the averaged mean flow value.

SV Stroke Volume is the mean flow normalizedb/Sec times the
Period. Note: When running in a logging mode other than 1 epoch
SV value will be calculated from the averaged mean flow and aver:
cycle duration.

+dQ +dQ is the maximum positive value of the first derivative of the flow
that occurs during theacdiac cycle.

Iso The value of flow during the rapid up rise of the flow signal.

TPR Total Peripheral Resistantecalculated astPR = (P1- P2)/CQ P1is
the Non Pulsatile Mean (NPMN) from the Systemic Pressure Chan
and P2 is the value from the Maus Pressure attribute (either fixed o
NPMN if continuously monitored). CO is the cardiac output param
from the SBF channel.

NPMN The nonpulsatile mean calculated over the complete logging interv

Calibration

The recommended calibration for the system for a Systemic Blood Flow signal
depends on the type of instrumentation and the species that the signal is coming
from. Doppler systems report flow in units of cm/sec, while electromagnetic flow
meters can repofiow in mL/sec,mL/min, I/sec, or I/min.

On-Line Screens and Functions

Below is an example of a Primary graph displaying the raw analog format of an
aortic blood flow and derivative signal.
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Systemic Blood Flow Key Marks

In the above figure, the aorti¢ded flow and derivative signal are displayed along
with a validation tick mark. The validation mark identifies a single cardiac cycle that
has been detected.

Presentation Signals

Below is a list of presentation signals that are available for the SBiy#ésal

Module:
Signal Description
Flow This is the original flow signal after applying any software
filters.
Derivative This will display the derivative of the flow signal.

Data Review

The Data Review related features of 8ystemicBlood Flow Analysis Module

|l isted here are accessible when the cust
Review. The analysis specific portion of Data Review centers around the marks that

the User is permitted to display, insert, and delete and hewser is permitted to

move them.

Displaying Marks and Cycle Numbers

The marks and cycle numbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in the Analysis Attributes dialog. The Analysis
Attributes dialog isaccessed through the right click menanalyze.
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Mark Operations

SystemicBlood Flow supportene Mark This mark is the I1so Level Mark

Inserting Marks

Marks are inserted by right clicking at the point of insertion in the Review window.
The popup menuhat is displayed will provide the option to insert marks as
appropriate. With th&ystemicBlood Flow module, only the insertion of a cycle is
permitted. Upon insertion, the Iso Level Mark will be displayed

Insert SBF Cycle

Insert BF Cycle, will insertan entireSystemicBlood Flow cycle, including théso
Level Mark. When aSystemicBlood Flow cycle is inserted, it is assigned a
sequential cycle number and subsequent cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mse cursor on the mark to be deleted and

bringing up the right click menu. 8y st emi ¢ Bl ood Hdkedwo cycl e
thelso Level Mark Deleting this mark will delete the entire cycle. Positioning the

cursor over théso Level Markwill provide the option to delete the entireaby from

the right click menu.

Moving Marks

Moving of thelso Level Markfollowsthe standard rules used in Data Reviéhe
user shall be able to move tls® LevelMark betweeriwo Iso Level Marks.

Calculations

The calclations of derived parameters are identical to those performed during
acquisition ad replay,with the exception of how a cycle is determined. In
acquisition and replay, 8BF cycle is the pointrom the termination othe Peak
Validation Time of thegrevious cycle to the termination of the Peak Validation Time
of current cycle. In Reviewode acycleis from the current cyclédso Level mark

to the next cycledlso Level mark.

Logging Mark

The logging mark for a Coronary Blood Flow cycle is theLevel Mark The time

at the |l ogging mark is the time used to
End of Cycle

The end of &ystemicBlood Flow cycle occurs one sample prior to the next cycles

Iso Level Mark.

Attributes in Review

The following table describeake effects of changingBF attributes in Review.
Please refer to the Review manual for details on the effects of each attribute type.

Attribute Effect On Review
Minimum Flow Signal Interpretation
Peak Validation Time Signal Interpretation
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Non Detection Time

Signal Interpretation

Iso Flow Calculation
Systemic Pressure Channel Calculation
Venous Pressure Channel Calculation
Flow Unit Calculation

High Pass Filter

Signal Conditioning, Calculation, Redraw

Low Pass Filter

Signal ConditioningCalculation, Redraw

Marks and Cycle Numbers Redraw
Precision Precision
Monitor Venous Pressure Calculation
Venous Pressure Calculation

Averaging in Review

The following table lists the averaging method used for each derived parameter.
Please refeto the Review manual for details on each averaging method. For derived
parameters that use Analysis as their averaging method, refer to the Derived
Parameter section for details.

Derived Parameter Averaging

Num Recent

FMax Mean

FMin Mean

(6{0) AnalysisDefine
SV Mean

+dQ Mean

Iso Mean

TPR Analysis Define
Mean Mean

NPMN Analysis Define

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

All Derived Parameters ar
reporting zero

TheMinimum Flow may be set too high for the specified
signal.

FMax reads low

The analysis may be triggering on an artifact. Verify that 1
Minimum Flow value is correct.
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fi xid.DER or .DRx The derived number is too large for the field. @navas
window instead of a numiy placed here, so that a truncated number would not be
displayed.

Cannot find the analysis | The analysis software may have been installed in the wro
module in thednput Setup [ directory. Reinstall the software for this analysis. The

dialog desthation directory must be the same directory as the P3
Plus software.

To verify that the analysis has been installed correctly, se
theProduct Information option of theHelp menu.

INI File Settings

When the analysis module is loaded in the applicatierfirst time, the analysis

module updates the PPP3.INI file with default settings iffSlystemic Blood Flow]
section of the file. The user may change these settings if the range of the values for a

specific attribute needs to be changed.

The rangesisted here only affect the values that the dialog will accept. The ranges
also validate the attribute values before they are used. If the attribute values are out

of range, a default value will replace the out of range value.

The table below lists th@efault settings and section of the .INI file:

Entry Name

Description

Minimum Flow(low)

This sets the minimum allowable value for
Minimum Flow . The default value is .1.

Minimum Flow(high)

This sets the maximum allowable value for
Minimum Flow . The defalt value is 100.

Peak Validation Time(low)

This sets the minimum allowable value for
Peak Validation Timein milliseconds. The
default value is 0.

Peak Validation Time(high)

This sets the maximum allowable value for
Peak Validation Timein milliseconds. The
default value is 500.

Non Detection Time(low)

This sets the minimum allowable value for
Non Detection Timein milliseconds. The
default value is 0.

Non Detection Time(high)

This sets the maximum allowable value for
Non Detection Time in milliseconds. The
default value is 500.

Mean Venous Pressure(low)

This sets the minimum allowable value for
Mean Venous Pressure. The default value i

Mean Venous Pressure(high)

This sets the maximum allowable value for
Mean Venous Pressur&he default value is
5000.
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Coronary Blood Flow

The Coronary Blood Flownalysis Module analyzes coronary blood flow from the
circulatory system. The analysis calculates the common parameters that are
associated with blood flow on a beatin-beat basis. The Coronary Blood Flow
Analysis Module can be used in conjunction with the Left Ventricular Pressure
analysis for timing information. The timing information allows flow and volume to
be calculated during the systoéiad diastolic periods of the cardiac cycle.

Attribute Window

The Coronary Blood Flow dialog allows you to modify the signal analysis for
different types of signal conditions.

Standard Attributes

Coronary Blood Flow (CHN1, Input 1)

Sid At | Adv Atib1 | Maks | Notes ¢ | || TypicalValues | adiionsl Chanels |

%

(K I
N

Cancel

Apply |

Systale End Adjustment |4D mSec 40mSec

Unitz of Flow

I\-'DVSBC - |

Trigger Channel

Species: D
vol/Ses e
[Setin P3 Setup : Group)

Frirt |

| vl M

Coronary Blood Flow Standard Attributes Tab

The standardttributes allow setting the most common attributes that would need to
be changed during acquisition or replay.

Attribute

Description

Systole End Adjustment | Defines the location of the end of systolic relative to LVP
dp/dt.

Specifies thaunits of flow being measured so that the syst¢
calculates the volume correctly. The choices are:
vol/Sec: volume per second
vol/Min: volume per minute
Specifies which input channel (performing Left Ventricular
Pressure analysis) willbused as a trigger source. When
using a trigger signal, the analysis relies on the logic of th
Left Ventricular Pressure analysis to process the timing
information.
WARNING: No analysis will be performed if a trigger
channel is not selected.

Units of Flow

Trigger Channel

Advanced Attributes

The only Advanced Attributes for Coronary Blood Flow are the Low and High Pass
Filter selections. Refer tAdvanced Attributesn the Analysis Attribute Dialogs
section for more information.

P3 Plus Analysis Modules

Analysis Modules { 61



Typical Values

Use these values as guidelines fdirst time setup. Under different situations
values above or below the typical values will have to be used.

Attribute Setting Units
Systole End Adjustment | 40 mSec
Units of Flow vol/Sec vol/Sec
Trigger Channel NA Must be an
LVP defined
channel

Marks (Validation)

The Coronary Blood Flow analysis displays validation tick marks for each cardiac
cycle. Each cardiac cycle should have only one set of validation marks. These
marks verify that the system is analyzing the coronary blood flow signal correctly. If
there is more than one setvalidation marks per cardiac cycle, correct the problem
by changing the analysis attributes.

The validation marks and their meanings are listed below:

Color Meaning
Blue End Systolic Point
Black End Diastolic Point

Derived Parameters

Derived parameters are selected by bringing uptréved Parametersdialog box.

This is done by right clicking on the analysis module inRBeSetupdialog. The

derived parameters selected in this dialog box will be calculated, and the results will
beplaced in the derivation files and the-lime text screens during acquisition or

replay.

Name Definition

Num The number of the cardiac cycle. This number will appear on a pril
graph page when validation marks are turned on and the cycle nun
areenabled.When running in a logging mode other than 1 epoch, tf
last cycle number will be reported@he SD parameter will always
report 0.

Mean The integrated level of the flow for the cardiac cycle.

FMax Maximum Flow that occurred for a cardiac cycle

FMin Minimum Flow that occurred for a cardiac cycle.

CO Cardiac Output is the mean flow normalizedrib/Min. Note: When
running in a logging mode other than 1 epoch, the CO value will be
calculated from the averaged mean flow valliee SD parametewill
always report 0.

SV Stroke Volume is the mean flow normalizedhib/Sec times the
period. Note: When running in a logging mode other than 1 epoch,
SV value will be calculated from the averaged mean flow and avers
cycle duration.

+dQ +dQ isthe maximum positive value of the first derivative of the flow
that occurs during the cardiac cycle.
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SFlw Flow during systolic part of cardiac cycle.

DFlw Flow during diastolic part of cardiac cycle.

Svol Volume during the systolic part of the card@cle.

DVol Volume during the diastolic part of the cardiac cycle.

-Flow Any negative flow that occurred during the cardiac cycle.

TVol Total Volume is the sum of Systolic Volume and Diastolic Volume:
SVol + DVol.

NPMN The nonpulsatile mean calculadeover the complete logging interval.
The SD parameter will always report 0.

Calibration

The recommended calibration for the system for a Coronary Blood Flow signal

depends on the type of instrumentation, and the species that the signal is coming
from. Doppler systems report flow in units of cm/sec, while electromagnetic flow

meters can report flow imL/sec,mL/min, I/sec, or I/min.

On-Line Screens and Functions

The following is an example of a Primary graph displaying the raw analog format of

a coronay blood flow with the left ventricular pressure signal.

150

LVP

-10

-plimal_l,l -15econd M=l =
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Left Ventricular Pressure inimum dPdt
ML

]

2ERE LWP Derivative
drde
;SSDD Coronary Flow End Diastalic |  End Systolic
—
End Systole Adjustment
e —

N

Flow \ﬁ/’\
Systolic Flow Diastolic Flow

-10

00:00:14 00:00: 14 00:00: 14 00:00:15 00:00:15 00:00:15

Coronary Blood Flow Key Marks

In the

above figure, the Coronary Blood Flow is displayed along with validation tick

marks used from the Left Ventricular Pressure analysis. Thealiation marks
identify the End Diastolic point and the End Systolic point.
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Presentation Signals

Below is a list of presentation signals that are available for the CBF Analysis

Module:
Signal Description
Flow This is the original flow signal after apjhg any software
filters.
Derivative This will display the derivative of the flow signal.

Data Review

The Data Review related features of the Coronary Blood Flow Analysis Module

|l isted here are accessi bl e suppatsiDatahe cust
Review. The analysis specific portion of Data Review centers around the marks that

the User is permitted to display, insert, and delete and how the User is permitted to
move them.

Displaying Marks and Cycle Numbers

The marks and cycleumbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in the Analysis Attributes dialog. The Analysis
Attributes dialog is accessed through the right click mehnalyze.

Mark Operations

Coronary Blood Flowsupportswo Marks, End Systolic Point and End Diastolic
Point.

Inserting Marks

Marks are inserted by right clicking at the point of insertion in the Review window.
The popup menu that is displayed will provide the option to insert marks as
appropriate.With the Coronary Blood Flow module, only the insertion of a cycle is
permitted Both the End Systolic Point and End Diastolic Point marks will be
inserted using this function.

Insert CBF Cycle

Insert CBF Cycle, will inseran entireCoronary Blood Flow cycle, ithading the

End Systolic Point and End Diastolic Point marK#is set of marks may be inserted
betweerthe EndSystolic Point of a cycle and the EBdastolic Point of the next
cycle When aCoronary Blood Floweycle is inserted, it is assigned a seqiabnt
cycle number and subsequent cycle numbers are incremented.

Deleting Marks

Marks are deleted by positioning the mouse cursor on the mark to be deleted and
bringing up the right click menu. Boronary Blood Flowe y ¢ | e 6 ae linkadr k s
to theEnd SystolicPoint mark. Deleting this mark will deletéhe entire cycle
Positioning the cursor over the End Systolic Point will provide the option to delete
the entire cycldrom the right click menuDeletion of the End Diastolic Point mark

is not permited.
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Moving Marks

Moving of theEnd Systolic Point and Erdiastolic Point markdollow the standard
rules used in Data Reviewl.he user shall be able to move the End Systolic Point
Mark between End Diastolic Point of previous cycle and End Diastolid Bbin
current cycle Likewise, theuser shall be able to move the End Diastolic Point Mark
between End Systolic Point of current cycle and End Systolic Point of next cycle.

Calculations

The calculations of derived parameters are identical to those pedfolumiag

acquisition and replayyith the exception of how a cycle is determinédl.

acquisition and replay, a CBF cycletlie point wherghe LVP Min Pulse Height is
reached for the current cycle to the point where LVP Min Pulse Height is reached for
the next cycleln review mode, a cyclis from the End Diastolic éint of current

cycle to the End Diastolicdnt of next cycle.

Logging Mark

The logging mark for &oronary Blood Floveycle is theEnd Systolic Point nark.
The time at the logging markish e t i me used to report a

End of Cycle

The end of &oronary Blood Floveycle occurs one sample prior to the next cycles
End Dastolic Pointmark

Attributes in Review

The following table describes the effects of chan@iif attribues in Review.
Please refer to the Review manual for details on the effects of each attribute type.

Attribute Effect On Review

Systole End Adjustment Signal Interpretation

Units of Flow Calculation

Trigger Channel Signal Interpretation

High Pass Filter Signal Conditioning, Calculation, Redraw
Low Pass Filter Signal Conditioning, Calculation, Redraw
Marks and Cycle Numbers Redraw

Averaging in Review

The following table lists the averaging method used for each derived parameter.
Please refer to thediew manual for details on each averaging method. For derived
parameters that use Analysis as their averaging method, refer to the Derived
Parameter section for details.

Derived Parameter Averaging
Num Recent
FMax Mean
FMin Mean
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CcoO Analysis Define
SV Mean
+dQ Mean
SFlw Mean
DFlw Mean
Svol Mean
DVol Mean
-Flow Mean
TVol Mean
NPMN Analysis Define

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

All Derived Parameters ar
reporting zero

TheTrigger Channel does not have a valid Left Ventriculal
Pressure channel or the Left Ventricular Pressure channe
not being analyzed correctly.

FMax reads low

The analysis may be triggering on artifact. Verify that the
Trigger Channel has a Left Ventricular Pressure channel 4

fi xiw.DER or .DRx
window instead of a numb

The derived number i sx da®o
placed here, so that a truncated number would not be
displayed.

Cannot find the analysis
module in theénput Setup
dialog

The analysis software may have been installed in the wro
directory. Renstall the software for this analysis. The
destination directory must be the same directory as the P
Plus software.

To verify that the analysis has been instlcorrectly, select
theProduct Information option of theHelp menu.

INI File Settings

When the analysis module is loaded in the application the first time, the analysis
module updates the PPP3.INI file with default settings ifj@oeonary Blood
Flow] section of the file. The user may change these settings if the range of the
values for a specific attribute needs to be changed.

The ranges listed here only affect the values that the dialog will accept. The ranges
valulesfore they are used. If the attribute values are out

also validate the attribute

of range, a default value will replace the out of range value.

The table below lists the default settings and section of the .INI file:

"Entry Name

Description
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Systole End Adjustment(low) This sets the minimum allowable value for
Systole End Adjustment The default value i

0.

Systole End Adjustment(high) This sets the maximum allowable value for
Systole End Adjustment The default value i
1000.
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Electrocardiogram Rate Only

The ECG Rate OnlAnalysis Module derives the heart rate and tHe Riterval
from valid Lead Il ECG complexes. The analysis module can be used with other
ECG leads, as long as distinct R waves can be detected.

Attribute Window

The Electocardiogram Rate Only attributes dialog allows you to modify the signal
analysis for different electrocardiogram signal conditions.

Standard Attributes

ECG Rate Only Analysis Attributes {ECG, Input 4)

Std Attib |ﬂdv At I tarks I Mate 4 I M| Typical Walues IAdditionaI Ehannelsl

LCancel

Heart R ate [bpm
i/t Threshald |30.0 i S e 15-150mY/See [bpr] Apply

Minimurn B-R Interval |2?D mSec 270mSes ’200-400 Print
400-500

ECG Rate Only Standard Attributes Tab

The standard attributes allow setting the most common attsilg would need to
be changed during acquisition or replay.

Attribute Description

dV/dt Threshold Sets thdriggering levelof theR wave. The
derivative must pass the dV/dt threshold
value before the system will validate that
cardiac cycle. The units are in
millivolts/second.

Minimum R-R Interval Sets the minimum time value between
cardiac cycles. This helps to prevent the
analyss from triggering on elevated S wav
or large P waves. The units are in
milliseconds.

Advanced Attributes

The only Advanced Attributes for ECG Rate Only are the Low and High Pass Filter
selections. Refer tAdvanced Attributesn the Analysis Attribute Dialogsection
for more information.

Typical Values

The table contains typical values for different heart rates. Use these values as
guidelines for dirst time setup. Under different situations, values above or below
the typical values will have to be used.

"Heart Rate Attribute Setting Units

|| 40-600 (An) dvdt Threshold 15150 mV/Sec
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40-200 Minimum R-R Interval 270 mSec
200400 Minimum R-R Interval 135 mSec
400600 Minimum R-R Interval 90 mSec

Marks (Validation)

TheECG Rate Only analysis displays a validation tick mark for each cardiac cycle.
Each cardiac cycle should have only one validation mark. This mark verifies that the
system is analyzing the electrocardiogram signal correctly. If there is more than one
validation markper cardiac cycle, correct the problem by changing the analysis
attributes. This tab also gives you the option of enabling the mark cycle number
function via a check box.

The validation mark and its meaning is listed below:

Color Meaning
Black QRS Mark

Derived Parameters

Derived parameters are selected by bringing upgméved Parametersdialog box.
This is done by right clicking on the analysis module inRBeSetupdialog. The
derived parameters selected in this dialog box will be calculatedhandsults will
be placed in the derivation files and thelime text screens during acquisition or
replay.

Name Definition

Num The number of the cardiac cycle. This number will appear on a pri
graph page when validation marks are turned on ancytie numbers
are enabledWhen running in a logging mode other than 1 epoch, t
last cycle number will be reported.

RR-1 The time interval in milliseconds from ofewaveto the nexR wave.

HR The heart rate is computed in bep&-minute and is th reciprocal of
the RRI for the cardiac cycle multiplied by 6Mote: When running i
a logging rate other than 1 epoch, sum the cycles in seconds in the
logging period, divide by the number of cycles, take the reciprocal,
multiply the value by 60.

Calibration

The recommended calibration for the system for an ECG signal depends on the
amplifier instrumentation that the system is connected to.

The ECG Rate Only algorithm must be calibrated with two digits of precision. For
example, if the amplifier has a 1mV calibration signal,Hingh Cal in the
calibration menu must be set to 1.00mV.

There are two methods for calibrating the ECG channee fif$t is a constant DC

level applied to the channel. The second method is an ECG pulsed calibration. The
pulse cannot be less than 100millisecond. The system automatically determines if
this is a DC or pulsed signal.
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On-Line Screens and Functions

Thefollowing is an example of a Primary graph displaying an ECG signal and its
derivative.

.Page: 1 - primary - 4 Seconds - 0.4 Seconds/Div
Functions

S|&|e#|

1.00 m*

<«<—R-Rinterval | — —j

ECG i |

=100 m*
150.00

Minimum R-R Interval ‘4 .y

A dV/dt Threshold
it T 2 ‘r .nT'

00:07:11 000711 amoy12 000713

-1a0.00

ECG Key Marks

In the above figure, the ECG is displayed with validation tick marks labeling-fhe R
Interval, Minimum RR Interval, andhe dV/dt Threshold.

Presentation Signals

Below is a list of presentation signals that are available foE@@®ROAnNalysis
Module:

Signal Description
ECG This is the original ECG waveform after applying any
software filters
Derivative* This will display the derivative of thECGsignal.
Heart Rat& This will display the heart rate updated at every cardiac cy

*ECGRO is not currently supported in Review.

Troubleshooting

Use the following table to assist in troubleshootingahalysis:

Problem Solution

Heart Rate is doubled, ThedV/dt Threshold level may be set too low. Adjust the
tripled, or very high height of thedV/dt Threshold value such that the derivative
exceeds the threshold only at the QRS complex.

Heart Rate i®rratic or The dV/dt Threshold may be set too high. Adjust the heig
drops to zero of thedV/dt Threshold value such that the derivative exces
the threshold only at the QRS complex.
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All derived values are zer

Adjust the height of the dV/dt Thresholdlue such that the
derivative exceeds the threshold only at the QRS comple

Cannot find the analysis
module in thdnput Setup
dialog

The analysis software may have been installed in the wro
directory. Reinstall the software for this analysis. The
destination directory must be the same directory as the P
Plus software.

To verify that the analysis has been installed correctly, se
the Product Information option of theHelp menu.

fi xiw.DER or .DRx
window instead of a numb

The derivednumbdrs t oo | ar g e x fwasr
placed here, so that a truncated number would not be
displayed.

INI File Settings

When the analysis module is loaded in the application the first time, the analysis

module updates the PPP3.INI file with defaultiags in the]ECG Rate Only]

section of the file. The user may change these settings if the range of the values for a

specific attribute needs to be changed.

The ranges listed here only affect the values that the dialog will accept. The ranges
also validate the attribute values before they are used. If the attribute values are out

of range, a default value will replace the out of range value.

The table below lists the default settings and section of the .INI file:

Entry Name Description

dVvdt Threshold(low) This sets the minimum allowable value for
dV/dt Threshold. The default value isL000.

dVvdt Threshold(high) This sets the maximum allowable value for

dVv/dt Threshold. The default value is 1000.

Min RR Interval(low)

This sets the minimum allowable value for
Minimum R -R Interval in milliseconds. The
default value is 1.

Min RR Interval(high)

This sets the maximum allowable value for
Minimum R -R Interval in milliseconds. The
default value is 5000.
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Electrocardiogram with Multilead Analysis

The ElectrocardiograrAnalysis Module analyzes ECG complexes. The analysis
calculates derived parameters from the input signal on adsbatt basis. The
detection ocomplexes is controlled by attributes that are set by the user.

Attribute Window

The Electrocardiogram attributes dialog allows you to modify the signal analysis for
different types of electrocardiograms and the optional multilead analysis for different
signal conditions.

Standard Attributes

ECG Analysis Attributes (ECG, Input 4)

X

StdAttib | adv atib? | Adv arib2 | N4 | ¥] Typical Values | additional Channels | aK

GRS Direction Positive = Positive Cancel

Max A Height 5.0 B Species: Dog

Min B Height 0.25 0. 28m [Setin P23 Setup : Group) -

R &rhythmia'width  [B0 B0mSec w

tax QT Interval am 300mSec

T *indow from 5 52 S0mS ex

T ‘windaw from R a0 80mSec

PuwindowfomB  [181 180m3 ec

5T Measure 20 20mSec

ECG Standard Attributes Tab

The standard attributes allow setting the most common attributes that would need to
be changed during acquisition or replay.

Attribute Description
QRS Direction Determines the directiatmat the analysis will search for the|
wave. The selections are Positive or Negative.
Max R Height If the peak of the R wave, measured from thedlsztric
level, exceeds this value, this beat will be marked invalid.
Min R Height Specifies a minimurthreshold that the R wave must excee

relative to iseelectric, in order to be considered a valid R
wave. This attributes ensures that the analysis does not
falsely trigger on low level noise artifact.

R Arrhythmia Width If the width of the signal frorthe beginning of the Q wave t

the beginning of the S wave exceeds the R Arrhythmia Wi
the associated beat will be marked invalid.

Max QT Interval After the analysis has determined the location of the end
the T wave, it will accept it as a valideeof T provided the

QT interval (measured from the beginning of the Q wave f{
the end of the T wave) does not exceed the Max QT Inter

T Window from S These two parameters define the region in which the anal
T Window from R will look for an end ofT. The analysis will scan the portion
of the signato the right of the T Window froma®dto the
left of the T window from RT Window from S uses S end.

P Window From R Defines the region where the analysis will look for the
beginning of the P wave.
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ST Measure The number of milliseconds after the end of the S wave, 4
which the ST elevation is measured.

WARNING: If the Intra Cardiac setting is enabled, it is important to correctly set

the P Window from R settingf the PWindow from R is set totarge or too small,

the analysis may mistriggeFor example, if the P Window from R is too small, the
analysis may mark some of the P waves as R waves. If the P Window from R is too
large, the P wave may be marked where the T wave of the previousscipdated.

Advanced Attributes 1

ECG Analysis Attributes (ECG, Input 4)

X
Stdatib Adv Attib1 | ady Atz | N4 | v TypicalValues | Addtional Channeis |
Low Pass Filter 30.0 - |Hz Mone Cancel
High Pazz Filter Mone «|Hz Mione
High 5T Segment v Dizabled
ORS Detection Theshold [40° % 40 Print
P Placemant ﬁ.J—. 4 ?I)ﬁ 4
T Placement ﬁh 3 ﬁl)ﬁ 3
Alternate End of T m 0 m 0
Peak Sensitivity 1an 100
Peak Identification o 100

ECG Advanced Attributes 1 Tab

The Advanced Attributes 1 tab allows the selection of attributes that would less
likely need to be changed during acquisition or replay.

Attribute Description
Low Pass Filter Selection olow Pass filter in hertz.
High Pass Filter Selection of high pass filter in hertz.
High ST Segment This attribute may be used in the case of a signal in whicH

T wave runs into the QRS complex resulting in a high ST
segment. This attribute should éeabled only if the analysi
is incorrectly marking the T wave.

QRS Detection Threshold| Derivative values from previous cycles are used to calcula
and aids in the identifying R waves

P Placement This attribute permits the user to shift the P mark towéne
peak or away from the peak of the P wave. A lower value
(slider towards the left) moves the P mark away from the
peak. The effect of this attribute is more pronounced on R
waves that exhibit a gradual rise from the baseline.

T Placement This attibute permits the user to shift the T mark towards
peak or away from the peak of the T wave. A lower value|
(slider towards the left) moves the T mark away from the
peak. The effect of this attribute is more pronounced on T
waves that exhibit a gradiuzturn to the baseline.

Alternate End of T The alternate end of T attribute permits the algorithm to
search beyond the first potential end of T for another end
further in the complex. A lower value (slider towards the |
causes the analysis $elect the first end of T that it finds. A
higher value (slider towards the right), utilizes a more
aggressive search for an alternate end of T. This attributg
useful when dealing with complexes in which the T wave,
after the peak, does not returntie baseline smoothly, but
shows a second peak.
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Peak Sensitivity

When dealing with extremely small P or T waves, the ana
may not identify the end of T or beginning of P, in such ca
the Peak Sensitivityattribute may help in correctly validatin
the signal. The default sensitivity level is 100, reducing th
attribute permits greater sensitivity with 0 being maximum
sensitivity. Adjust this parameter in steps of 25.

This parameter should be used in conjunction with Peak
Identification. PealSensitivity controls the elimination of
small peaks when identifying T and P peaks. Peak
Identification controls the thresholds used to identify poter|
T and P peaks. If small peaks are not identified, Peak
Sensitivity should be lowered. If the prebi persists after
Peak Sensitivity is lowered to 0, Peak Identification shoulg
lowered as well.

Peak Identification

This attribute appears in the dialog box only if the followin
entry is found in the [ECG] section in the PPP3.INI file:

Peak Sensitivit=1

See Peak Sensitivity for details.

Default value = 10Qmatches performance in ECG 4.4(
Minimum value =0 (most sensitive)

Maximum value =100 (least sensitive)

Advanced Attributes 2

ECG Analysis Attributes (MA, Input 1)

Std At | Adv Atrib]  Adv Attib2 | N 4| ¥|  Typical Values | additional Channels |
Check for Inv B Cemea]
T Direction Bath v
P Direction Positive =
Baze Recovery Threshold (50 k4 It
F awirumn Heart Rate 300 bpri
Intra Cardiac r
wide 0 Wave
[Tem Factar EOO ms
OTck HR 75 bpm
QATck 1ACF ]

ECG Advanced Attributes 2 Tab

The Advanced Attributes 2 tab allowse selection of attributes that would less
likely need to be changed during acquisition or replay.

Attribute

Description

Check for Inv R

Check for inverted R waves. When this check box is enalf
the analysis will flag any beats that have inverted R wave
invalid. R waves are expected to peak in the same directi
as thedVdt Threshold polarity. i.e. Ifdvdt Threshold is
positive we expect positive R waves and negative R wave
would be considered to be inverted. If a signal has a very
pronounced Q wave the analysis may mistake the Q wavg
an inverted R, this can be prevented by disallihgck for
InvR.

T Direction

This attribute directs the analysis to look for a T wave that
either exclusivelyositive, exclusivelyNegative or Both
(either positive, negative, or-directional). In most cases a
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setting ofBoth should work, and the analysis will deténe
the nature of the T wavePositiveandNegativesettings may
be used to help the analysis along when dealing with
troublesome data.

P Direction

This attribute directs the analysis to look for a P wave that
either exclusivelyPositive, exclusivelyNegative or Both
(either positive, negative, or-directional). In most cases a
setting ofBoth should work, and the analysis will determing
the nature of the P wavéositiveandNegativesettings may
be used to help the analysis along when dealitly wi
troublesome data

Base Recovery Threshold

When a disturbance is seen on lgeding or lagging edge of
theR wave, the analysis may mark ®Qeor S wave at the
point of the disturbance. This attribute may be used to
prevent the analysis from lookingrftheQ orS wave until
after the disturbance.

The number in the edit field represents the percentage of
leading edge of the R wave by which the signal metsirn
(from the R peak) before the analysis will look for @erS
wave. If this value iset to O (default), the analysis will star
looking for theQ or S wavefrom the level of the R pealf it
is set to 70, the signal will have to recover by 70% of the H
height before the analysis starts looking for@herS wave.

Maximum Heart Rate

This attribute is used to assist the analysis in the rejection
noise, to ensure that large rapid signal fluctuations due to
noise are not marked as cardiac cyclesximum Heart

Rate should be set higher than the highest expected heart

Intra Cardia

This checkbox is used to enable processing of ECG signg
which exhibit rapid changes in the P wave such that the
derivative of the P wave exceeds the dVdt threshold.
Enabling this checkox prevents the analysis from marking
the P wave as the R wave.

When this check box is disabled, ECG cycles are reported
reaching the beginning of S of the following cycle.

When this check box is enabled, ECG cycles that are folld
by a high derivative P wave are reported on reaching the
beginning of S of the fadiwing cycle. Cycles that do not
have a high P wave derivative are reported P window fron
milliseconds after crossing the dvdt Threshold. When
multilead analysis is being performed, the data for the
previous cycle will be reported when the first S ia group is
found. The default value when opening older protocol file
disabled.

Wide Q Wave

This sets how the Q wave will be detected. The Q wave
detection has been improved and the user can use the ne
way, or the original way of detecting Q wavé&hen
enabledthe new detection is used. Whdisabled the
original detection is used. The defaultlisabled

QT cm Factor

Matsunaga correction factor. This sets the RR value in nj
used in the correction factor. Thisfaultvalue is based on &
HR of 100 beats per minute.

QTck HR

King correction factor for HR. Used in the calculation of
QTck.

QTck IACF

Individual animal correction factor (King) used in calculati
QTck.
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Noise

ECG Analysis Attributes (CHNI, Input 1)

|22
Acv Attib | Adv b2 Noise | Paci ¢ | ¥| Tupical Values | Additional Channels | oK.
[¥ Enable Noise Detection Enabled Cancel
[v Enable Fai Detection Enabled
Mirirurn Signal Valoe  |-10 vols -10 volts Frint

b awimum Signal ' alue ,'ID— volts 10 valts
Min Good Data Time ,'ID— E 10s
BadData Threshold  [100 100
Winimum Heart R ate |2D— bprm 15

ECG Noise Tab

The Noise Tab contairadtributes that are used to identify noisy data. On identifying
noisy data, Bad Data Marks will be placed to span the noisy sections

Attribute Description

Enable Noise Detection | Allows the attributes to be edited and used by the softwal

Enable RaiDetection If Rail detection is enabled, any railed data, positive or
negative, encountered when analyzing data, shall be
bracketed by Bad Data Marks such that the railed data fe
within the Bad Data start and end marks. The Rail check
shall be performedn unfiltered samples.

Minimum Signal Value If any filtered samples fall below the Min Signal Value or 1
above the Max Signal Value they shall be bracketed by B
Maximum Signal Value  |Data Marks.

Minimum Good Data Time [WhenNoisedetection is enabled and a range of data is
analyzed, any bad data marks that have less than or equz
the Min Good Data Time of good data between them shal
combined into a single bad data region.

Bad Data Threshold This edit box specifies a noitevel. When the level set in
this box is exceeded, the data will be interpreted as noist
Bad Data Marks will be inserted to remove the section of
data from analysis.

Minimum Heart Rate Heart rates detected by the analysis that fall below the Ig
specified will be treated as noise and Bad Data Marks wil
inserted to remove the data from analysis.

Min Good Data Time This is a Review only feature. If multiple Bad Data Mark|
exist in the file and are separated by less than the time
specified in thevindow, the analysis will combine the

sections to create one contiguous Bad Data Mark sectiof
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Pacing

ECG Analysis Attributes (CHN1, Input 1)

Adv Attib2 | Moise  Pacing | Marks | 41 »| Tepical Values | addiional Channels |

Cancel
Enable Spike detection r

il

Max Pacing Spike Width |8 s =
ik

Auta Detect Spikes ™

Pacing Spike Channel ZCHMZ -

ECG Pacing Tab

The Pacing tab allows the software to identify pacing spikes in the ECG signal and
remove them from analysis based on spike widthyospecifying an external pacing
spike channel.

Attribute Description

EnableSpikeDetection
Max Pacing Spike Width

Allows the attributes to be edited and used by the softwar

Used to remove the pacing spike from the analysis and
eliminate thepossibility of the spike being marked as an R
wave. This attribute should be set to a value, in milliseso
wider than the pacing spike but shorter than the QRS
complex. If the value is shorter than the duration of the s
the spike will be markedsaan R wave. If the value is sebto|
wide, QRS complexes will not be analyzed.

This feature is used whétnable Spike Detectiois enabled.

Determines whether an external pacing spike channel is U
or whether the analysis monitdree ECG channel for pacing
spikes.

This box liss all channels set to RAW analysis. When usi
an external channel to monitor the pacing spike, set the
analysis of the spike channel to RAW in the P3 Input Sety
menu. Additionally, te attributes for this channel must be
to properly identify the spike by using the Trigger Directio
attribute. Tle software will use this channel to identify the
spike and remove it from the associated ECG channel.

This feature is used when Auto Dett&pikes is disabled.

Auto Detect Spikes

Pacing Spike Channel

Typical Values

The table contains typical values for different heart rags®d on species selection

in the P3 Setup Group Tab. Selection of a species will automatically update these
values in the attributes dialog. When usirgpacies other than those listed, choose a
species designation based on similar. Hise these values as guidelines feirst

time setup. Under different situations, values above or below the typical values will
have to be used.

Standard Attribute | Typical Value- | Typical Value- | Typical Value- | Typical Value-
Dog Monkey Rat Mouse
HR=40-200 HR=120-180 HR=300-480 HR=400-600
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R Direction Positive Positive Positive Positive
Max R Height 5mV 5mV 5mV 5mV

Min R Height 0.25mV 0.25mV 0.25mV 0.25mV
R ArrhythmiaWidth | 80mSec 80mSec 80mSec 80mSec
Max QT Interval 300mSec 300mSec 150mSec 100mSec
T Window from S 50mSec 50mSec 25mSec 10mSec
T Window from R | 80mSec 80mSec 40mSec 20mSec
P Window from R | 180mSec 180mSec 100mSec 70mSec
ST Measure 20mSec 20mSec 20mSec 20mSec

Marks (Validation)

The ECG analysis displays validation tick marks for each cardiac cycle. Each
cardiac cycle should have only one set of validation marks. These marks verify that
the system is analyzing the ECG signal correctly. If there e ith@n one set of
validation marks per cardiac cycle, correct the problem by changing the analysis
attributes.

The validation marks and their meanings are listed below:

Color Meaning
Black Q Wave
Blue R Wave
Green End of S Wave
Red End of T Wave
Cyan Beginning of P Wave
Magenta End of P Wave
Yellow Beginning of S Wave
Gray T Peak

Derived Parameters

Derived parameters are selected by bringing upgméved Parametersdialog box.

This is done by right clicking on the analysis module inRB&etupdialog. The

derived parameters selected in this dialog box will be calculated, and the results will
be placed in the derivation files and thelim® text screens during acquisition or
replay.

In order for the ECG analysis to accurately calculateraport the multlead
parameters, all channels which are enabled with the ECG analysis should be
validating the signal correctly. Otherwise, this might lead to errors in the reported
parameter values.

Name Definition

Num The number of the cardiac cycl@his number will appear on a prima
graph page when validation marks are turned on and the cycle nun
are enabledWhen running in a logging mode other than 1 epoch, tl|
last cycle number will be reported.

RR-1 Time interval in milliseconds fromne R wave to the next R wave.
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HR The heart rate is computed in bepés-minute and is the reciprocal of
the RRI for the cardiac cycle multiplied by 6Mote: When running i
a logging rate other than 1 epoch, sum the cycles in seconds in the
loggingperiod, divide by the number of cycles, take the reciprocal,
multiply the value by 60.

R-H Height of the R wave from the Isglectric level, in millivolts.

P-H Height of the P wave from the lsdectric level, in millivolts.

T-H Highest poinbetween the end of the S wave and the end of the T W
relative to the Iselectric point.

T-HN Lowest point between the end of the S wave and the end of the T
relative to the Iselectric point.

ST-I Time interval in milliseconds from the S wawednd of the following T
wave.

ST-E The ST elevation, measur@8T Measuré milliseconds after the S
wave, from the Iselectric level.

QRS Time interval of the QRS complex, from the Q wave to the S wave,
measured in milliseconds.

PRI PR interval meased from the start of the P wave to the beginning o
the Q wave, in milliseconds.

QT- QT interval measured from the Q wave to the end of the following
wave, in milliseconds.

QAT Q Alpha T is the time interval from the Q wave to the peak of the
following T wave in milliseconds.

QTcb The corrected QT interval, usi
interval divided by the square root of theRR seconds. The
corrected QT is reported in milliseconds.

When running in a multiple epoch loggimnate, or second logging rate|
the averaged value will be calculated off of the averaged RiRue.

QTcf The corrected QT interval, wusi
QT interval divided by the cube root of the R seconds. The
corrected @ is reported in milliseconds.

When running in a multiple epoch logging rate, or second logging r
the averaged value will be calculated off of the averaged RiRue.

QTcv The corrected QT interval, wusi
as:

QT Intervali 0.087 * (RR Interval 1)

Where the RR Interval and the QT Interval are in seconds. The
resultant corrected QT is reported in milliseconds.

When running in a multiple epoch logging rate, or second logging r
the averaged value will be calated off of the averaged RRvalue.

EQTS* Extended QT in a single lead. The longest QT interval in any of thg
recorded leads in a single group.

EQTSc* The channel from which the longest QT Interval was obtained, in tt
current group. This is the ahnel from which the EQTS parameter w
reported.Note: When running in a logging mode other than 1 epoc
the averaged value will be reported as the channel that was reportg
most in the logging period. diedof two or more channels will report
the lowest numbered channel.

EQTM* Extended QT for multileads. The QT Interval measured from the fi

occurrence of the Q wave to the last occurrence of the T wave acr(
recorded leads in a single group.

80 T Analysis Modules

P3 Plus Analysis Modules



EQTMcs*

The channel from which the first Q wimind, in the current group.
This is the Q used to report the EQTM paramebémte: When running
in a logging mode other than 1 epoch, the averaged value will be
reported as the channel that was reported most in the logging perid
diedof two or mae channels will report the lowest numbered chann

EQTMce*

The channel from which the last T was found, in the current group.
This is the T used to report the EQTM paramebdéote: When running
in a logging mode other than 1 epoch, the averaged value will be

reported as the channel that was reported most in the logging perid
&iedof two or more channels will report the lowest numbered chanr,

QTD*

QT Dispersion, whik is the longest QT interval measured in any
recorded lead minus the shortest QT measure in any recorded leag
single group.

QTMc*

The channel from which the shortest QT interval was found, in the
current group.Note: When running in a logging modther than 1
epoch, the averaged value will be reported as the channel that was
reported most in the logging period. &edof two or more channels
will report the lowest numbered channel.

QR

QR interval measured from the Q wave to the following Reyav
milliseconds.

QRSA

QR amplitude in the lowest point on the Q wave to the peak of the
wave. This is calculated as R wave value minus the lowest point
between the Q and R marks.

MxdV

Maximum derivative of the R wave.

Area of the T wave frorthe Iseelectric levelcalculated from the S en
mark to the point prior to the T end mark

PCt

The number of valid P waves encountered in the logging pehote:
When running in a logging mode other than 1 epoch, the averaged
will be the numbebf counts over the logging period.

TCt

The number of valid T waves encountered in the logging peflude:
When running in a logging mode other than 1 epoch, the averaged
will be the number of counts over the logging period.

QTCt*

QT count, thevumber of channels in a group from which the EQTS,
EQTM, and QTD parameters are calculatdhte: When running in a
logging mode other than 1 epoch, the averaged value will be the
smallest number obtained from the lines of data that are used.

BAD

The rumber of arrhythmic beats detected during a specified logging
period. This counter does not count missing T waves as BMdde:
When running in a logging mode other than 1 epoch, the averaged
will be the number of counts over the logging period.

GW

The Good Wave counter counts the total number of complete
complexes detected during the logging period. A complex is consi
to be complete when the Q, P, and T waves are deteldi®é: When
running in a logging mode other than 1 epoch, the geeraalue will
be the number of counts over the logging period.

TW

The total number of good and bad complexes that were detected d
a logging period. The sum of the BAD and GW does not necessar
equal the TW, since the system can analyze a coreplax if there are
no end of T waves detectetllote: When running in a logging mode
other than 1 epoch, the averaged value will be the number of coun
over the logging period.

QATN

Reports the time, in milliseconds, between the Q wave and the low
point between the end of S and the end of T wave.
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PWdth Pwidth)

Reports the time, in milliseconds, between the start and end of the
wave.

Tpel

This parameter reports the time in milliseconds between the peak (¢
T wave and the end of the T wave. Tgeak of the T is identified as t
greatest deflection from the lsectric level between the end of S an
the End of T and is marked with the T peak mark.

This parameter reports the signal value at the peak of the T wave
relative to the Iselectrcc level. The peak of the T is identified as the
greatest deflection from the lsdectric level between the end of S an
the End of T and is marked with the T peak mark.

Match

Used specifically with Template Analysis. Reports the percentage
cycles that match a template in a given logging period.

Pmatch

Used specifically with Template Analysis. Reports the average de(
of match for the P Region for cycles within the logging interval.

Qmatch

Used specifically with Template Analysis. Reportsdkierage degree
of match for the Q Region for cycles within the logging interval.

Smatch

Used specifically with Template Analysis. Reports the average de
of match for the S Region for cycles within the logging interval.

Tmatch

Used specifically witifemplate Analysis. Reports the average degi|
of match for the T Region for cycles within the logging interval.

Noise

This parameter reports an approximation of the noise level in the E
cycle. The value reported is the RMS value of the derivative betw
the 2 R marks after excluding the following regions:

10% of the signal following the start R mark
10% of the signal prior to the end R mark
10% of the signal around the 2 largest derivative peaks

If a derivative greater than 3 times the largest @R$vative is
encountered, T and P regions will not be removed.

QT cm

The corrected QT interval, usi
QTcm = log(QTcm Factor) * QT/ log(RR)vhereRR is expressed in
mSec)

QTck

The corrected QT interval QIsin
Beta*(HRinQTck HRO) .

Count

The number of cycles within a logging interval or a data reduction
interval

In Beat mode, Count =1

*Available onlywhen performingnultilead analysis

Calibration

The recommended calibration for the system for an ECG signal depends on the
amplifier instrumentation that is connected to the system.

There are two methods for calibrating the ECG channel. The first is a constant DC
level applied to the chaeh The second method is an ECG pulsed calibration. The
pulse cannot be less than 100millseconds. The system automatically recognizes if

this is a DC or pulsed signal.

On-Line Screens and Functions
The following is an example of a Primary graph dispigyan ECG signal and its

derivative.
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ECG Key Marks

In the above figure, the Electrocardiogram signal is displayed along with its
validation tick marks. The validation marks identify QBRd ofS, End of T, and
Beginning of P.

Presentation Signals

Below is a list of presentation signals that are available for the ECG Analysis

Module:
Signal Description
ECG This is the original ECG waveform after applying any
software filtersand spike removal algorithms (if spike
detection is enabled)
Derivative This will display the derivative of the ECG signal.
Heart Rat& This will display the heart rate updated at every cardiac cy
Spiker This is the original ECG waveform after applying any
software filters.If spike detection is enablethis
presentation signal will include the spikes.

*Presentation signals not available in Review.

Data Review

The Data Review related features of the ECG analysis module listed here are
accessible when the analysis module is used with P3 Plus Versioor4yf€ater and
if the customerdés current |icense file s
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portion of Data Review centers around the marks that the User is permitted to
display, insert, and delete and how the User is permitted to move them.

Displaying Marks and Cycle Numbers

The marks and cycle numbers displayed in a Review Graph Page Display Pane are
controlled through the Marks Tab in the Analysis Attributes dialog. The Analysis
Attributes dialog is accessed through the right click nieAnalyze

Mark Operations

ECG marks are divided into two types, marks that always exist when a valid cycle is
found (Q, R, Sstart, Send) and marks that may or may not exist, depending on the
signal quality and morphology (Pstart, Pend, Teamtl Tpeak The R mak may

exist by itself (Arrhythmic R mark) to indicate a bad cycle.

Inserting Marks

Marks are inserted by right clicking at the point of insertion in the Review window.
The popup menu that is displayed will provide the option to insert marks as
appropriate The list of marks available for insertion will depend on the marks
adjacent to the point of insertion, signal morphology is not considered.

Insert QRS

Inserts QRSsSe. This set of marks may be inserted at any location except between a
Ps, Pe, andnywhere within a set of QRSsSe marks. When a QRS is inserted, it is
assigned a sequential cycle number and subsequent cycle nhumbers are incremented.

Insert Arrhythmic R

An Arrhythmic R may be inserted between two ECG cycles, but not within a cycle.

An ECG cycle is composed of PsPeQRSsSeTe. The PsPe and Te marks may not be
present. The first and last marks present in a cycle represent the limits prior to and
after which the Arrhythmic R may be inserted.

Insert P Start (P3 Plus 4.30 and earlier)

This sekction will be available if an insert is attempted at the start of a cycle and P
Start is not present for the cycle.

Insert P End (P3 Plus 4.30 and earlier)

This selection will be available if an insert is attempted to the left of a Q mark and a
P End is ot present in the current cycle.

Insert T End

This selection will be available if an insert is attempted to the right of an S End mark
and a T End is not present for the current cyateP3 Plus 4.40 and later Tp is
added along with Te.

Insert S End

This selection will be available if an insert is attempted to the right of an S Start
mark and an S End mark is not present for the current cycle. The only location
where an S Start is present without an S Emaly be at the end of the review file
depending o how much of the next cycle is available
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Insert Pse

This selection will be available if an insert is attempted at the start of a cycle and P
marks are not present for the cycle.

Deleting Marks

Marks are deleted by positioning the mouse cursor on the tmék deleted and
bringing up the right click menu. Ps, Pe, Tp and Te may be deleted in this fashion.
Q, Ss, and Se marks cannot be deleted individually. They are linked to an R wave.
To delete these marks, the entire cycle must be deleted; the isypsasitioned on

the R wave and the right mouse button is clicked to delete the marks. One of the
selections in the popup menu will permit deletion of all the marks in the cycle,
including any Ps, Pe, Tp, Te marks associated with the R wave.

In P3 Plus 40 or greater, deleting either of the P wave marks will delete both P
wave marks. Deleting Tend will delete the T peak mark as well.

Moving Marks

Moving Ps, Pe, Q, R, Ss, Se, Tp and Te marks follow the standard rules used in Data
Review. One exception P3 Plus versions 4.40 and greater is the interaction

between the T marks and the subsequent cycles P marks. The T marks can be moved
past the P and vice versa.

Calculations

The calculations of all derived parameters are identical to those perforniegl dur
acquisition and replay modes with one exception, P height. During acquisition and
replay mode, the P direction is determined by the shape of the P wave relative to the
T-P segment. During Data Review, the P direction is based on the shape of the P
wave relative to the points at which the P start and P end are marked. In both cases,
the P height is calculated as the distance of the highest/lowest point from-the Iso
electric line, depending on whether the P direction is positive or negative. If the P
start and P end marks are not placed correctly, the P direction determined by Data
Review may be different from the P direction determined during acquisition and
replay modes.

Logging Mark
The logging mark for an ECG cycle is the R wave mark. The tinfedbgging
mark is the time used to report a cycl eb

End of Cycle

The end of an ECG cycle follows the R wave@y®6 of the interval between the
current cycles R wave and the following R wave. When BP and ECG data are
brought into Reviewthe ECG channel should be used as the epoch channel to ensure
that related cycles are kept together.

Attributes in Review

The following table describes the effects of changing ECG attributes on Review.
Please refer to the Review manual for details ereffects of each type of attribute

change.
Attribute Effect On Review
QRS Direction Signal Interpretation
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Max R Height

Signal Interpretation

Min R Height

Signal Interpretation

R Arrhythmia Width

Signal Interpretation

Max QT Interval

Signalinterpretation

T window from S and
window from R

Signal Interpretation

P Window from R

Signal Interpretation

ST Measure

Calculation

Check for Inverted R

Signal Interpretation

Alternate End of T

Signal Interpretation

T Placement

Signalinterpretation

P Placement

Signal Interpretation

Low Pass Filter

Signal Conditioning, Calculation, Redraw

High Pass Filter

Signal Conditioning, Calculation, Redraw

High ST Segment

None

QRS Detection
Threshold

Signal Interpretation

Peak Sensitivity

Signal Interpretation

Peak Identification

Signal Interpretation

T Direction

Signal Interpretation

P Direction

Signal Interpretation

Base Recovery
Threshold

Signal Interpretation

Maximum Heart Rate

Signal Interpretation

Intra Cardiac

Signallnterpretation

Wide Q Wave Signal Interpretation
QTcm Calculation
QTck Calculation

Bad Data Threshold

Signal Interpretation

Minimum Heart Rate

Signal Interpretation

Min Good Data Time

Signal Interpretation

Pacing attributes None
Marks and cycle Redraw
numbers

Precision Precision
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Averaging in Review

The following table lists the averaging method used for each derived parameter.
Please refer to the Review manual for details on each averaging method. For derived
parameters that use Analysis Bsit averaging method, refer to the Derived

Parameter section for details.

Derived Parameter Averaging
Num Recent
RR-I Mean

HR Harmonic Mean
R-H Mean

P-H Mean

T-H Mean
T-HN Mean

ST-I Mean

ST-E Mean

QRS Mean

PRI Mean

QT-I Mean

QAT Mean
QTcb Analysis
QTcf Analysis
QTcv Analysis
EQTS Mean
EQTSc Max Times
EQTM Mean
EQTMcs Max Times
EQTMce Max Times
QTD Mean
QTMc Max Times
QR Mean
QRSA Mean
MxdV Mean

T-A Mean

PCt Sum

TCt Sum

QTCt Min
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BAD Sum
GW Sum
T™W Sum
QATN Mean
Pwdth Mean
Tpel Mean
T-P Mean
Match Mean
Pmatch Mean
Qmatch Mean
Smatch Mean
Tmatch Mean
Noise Mean
QT cm Analysis
QTck Analysis

Troubleshooting

Use the following table to assist in troubleshooting the analysis:

Problem

Solution

A complex isincorrectly
marked as an arrhythmia

Verify R Arrhythmia Width is wide enough to
accommodate the QRS complex. Ensureltat R Height
setting is large enough to accommodate the R wave.

Start of P wave not marke|

Ensure thaP Window from R extends beyonthe P wave.

End of T wave not markedq
correctly

Ensure that th& Window from S and theT Window from

R correctly define the region in which the end of T is
expected. Ensure thistax QT Interval extends beyond the
T wave.

Algorithm does not trigge
(No marks)

Reduce the sample rate to 2B000Hz (Calibration A/D
Setup).

The R waves are marked
with a single mark, and
nothing else is marked

Is Max R Height too low?
IsR Arrhythmia Width too small?

Is Check for Inv R enabled and does the data exhibargé
Q wave?

T mark is not displayed

Ensure that th#lax QT Interval extends beyond the end o
the T wave. Th& window from R should encompass the H
wave. TheTl window from S should end prior to the start o
the T wave and be close to the Iso eled&iel.

T mark is not displayed
even though the T windo
are set correctly

CheckT Direction.

P mark is not displayed

Verify that theP window from R extends beyond the
beginning of the P wave. If the P mark does not appear,
check theP Direction attribute.
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