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8.19 BaroReflex Analysis

Baroreflex is a fast, built-in blood pressure control system that helps keep arterial pressure stable from
beat to beat. It works through stretch-sensitive baroreceptors in the carotid sinus and aortic arch, which
signal the brainstem to adjust heart rate, vascular tone, and autonomic outflow when blood pressure
rises or falls.

In LabScribe, baroreflex analysis is used to quantify how strongly the cardiovascular system responds to
these pressure changes. Common outputs include beat-to-beat baroreflex sensitivity, sequence-based
slopes, and spectral transfer measures that describe the relationship between blood pressure and RR
interval..

The BaroReflex Advanced Analysis Module requires a separate license. The first time you select
BaroReflex, you will be asked for a username and a serial number. Contact iWorx Systems for more
information.

This document includes a step by step tutorial for using most of the features of the BaroReflex Advanced
Analysis Module,as well as a more detailed Reference section that covers the material in the tutorial,
and adds additional context and detail. To use the step by step guide, you will need a recording with at
least one arterial or ventricular blood pressure channel. This can be from any mammalian species. In
order to use the online analysis part of the module, you will need to be recording these parameters as
you proceed through the tutorial. This file can then be saved and used in the offline analysis tutorial.

BaroReflex Analysis: Step by Step

The BaroReflex Calculations dialog allows sophisticated analysis of recorded blood pressure data.

1)

2)
3)

Open the recording from the online analysis or another file with previously recorded arterial or ventricular
blood pressure data.
Navigate to the section you want to analyze

Choose Baro Reflex from the Advanced menu to open the offline BaroReflex Calculations dialog. The

panels of this dialog can be resized by moving the mouse cursor over the boundaries until a double-headed
arrow appears, and dragging the boundaries to resize the panels.

4)

Familiarize yourself with the BaroReflex Calculations dialog.

* Across the top of the dialog, in the channel display area, is the blood pressure channel from the
recording and a computed derivative used to identify cycles and derivative functions.

* The tabbed configuration dialogs are on the left below the recordings.

* An XY graph window on the right displays the Blood Pressure Graph, showing the selected
segments, and other graphs.

* Between the configuration dialogs and the XY graph window is the Sequences Selected list, an
editable list of the cycles that can be displayed and analyzed.

* The Data Table is located on the lower part of the dialog.
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Using the 2 cursors, select a region to analyse

each beat is measured and can be used to plot again the

SBP.

3) Choose Analysis duration,

1. Selection between the cursors
2. Current Block
3. Complete File

4) Set the limits for the rate.

20 : <= Rate <= 500 :

Use Derivative for Detecting Cycles

5) Choose if derivatives should be used for detecting cycles, this is useful since it removes any DC
changes in the BP values and provides a more reliable cycle detection.
6) At the bottom of the settings panel, is an option to set the cycle detection sensitivity.

Cycle Detection Threshold Sensitivity 2

Calculate

-

-

Status: Spectrum and Sequence Ca

Settings Results Sequence Sequences
Type Selected
Pressure Channel  Arterial Pressure ~ 240~
BP Down
Aux Channel None v
Ansiyze z
20 | <= Rate <= 500
200~
Use Derivative for Detecting Cycles
Sequences
Mimimum Beats Per Sequence 3 - | beats I’a 1807
E
Maximum Beats Per Sequence 6 | beats E
2 180+
lag 1 = beats 8
— [
Minimum BP Variation 1 = mmHg =
—_— g 140-
Minimum RR Variation 1 5| ms <
Maximum RR Variation 200 = ms 120
Spectral
Resampling Frequency 2Hz 100~
VLF 001 5 - 004 5 Hz
LF 004 2 - 0152 Hz &
HF 0155 - 04 2 Hz
o o 60—
(urla Natartinn Thrachnld Sancitivity 2 - b ' “‘3 ' U‘G ' 0‘9 ' 1‘2 ' 1‘5 ' 1‘8 ' 2‘1 2‘4
v Time (s)
Calculate  Status: Spectrum and Sequence Calculations for 252 sequences done
Sel ‘ Time ‘nn‘ HR ‘Systolic‘slope (ms/mmHg) Slopc(bpm/mmHg)‘ dP ‘ dRR ‘dHR ‘#Bcats‘AuxMean‘
units s ms bpm mmHg ms/mmHg bpm/mmHg mmHg ms  bpm # #
1 1636 540 111 211 12.581 -2.459 28 400 72 3 0.000
2 26.24 530 113 201 19.148 -3.404 35 1000 -155 3 0.000
Copy Export Algorithms Table Options Load Template Save Template oK
Setup Settings Results
Pressure Channel  Arterial Pressure ~
1) Choose the Pressure Channel-specific
Aux Channel None ~
2) Choose any Auxillary Channel that you may want to
analyze. The mean value for the Auxillary Channel for Analyze Current Bock
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BaroReflex Sequences Setup

Seguences

Mimimum Beats Per Sequence 3 ~ | beats

Maximum Beats Per Sequence 6 ~| beats

Lag 1 . beats
Minimum BP Variation 1 2| mmHg
Minimum RR Variation 1 > ms

Maximum RR Variation 200 - ms

1) Choose the minimum and maximum beats in a sequence.

2) The Lag between the SDP beats and the RR ( or HR)

3) The minimum BP variation.

4) The minimum and maximum RR variation between consecutive beats in an sequence

BaroReflex Spectrum Setup
Spectral

Resampling Frequency 2Hz

VLF 001 2 - 004 2 Hz

LF 004 5 - 015 5 Hz

HF 015 2 - 04 2 Hz

1) Choose the resampling frequency for calculating the power spectrum of the BP and RR data.
2) Choose the frequency bands for the VLF, LF and HF.

Click the Calculate button above the Data Table to update all settings. Click Calculate whenever settings are
updated.
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Analyzing Sequences

Sequence
Type

BP Up

BP Down

Sequences
Selected
@851
@s1:59
@su70
Bs194
@s1145
@s81:154
@817
@s1:179
381193
@e81:201
@ei:226
Bsi1:234
@s81:250
@s81:273
@e1:3232
@si1:336
BB1:347
@581:423
@s81:430
B5B1:445
Be81452
B81:460
Bei484
B5B1:496
@81:503
@s1:516
@B1:523

Arterial Pressure (mmHg)

240

220~

SN

120+

7

7

7

100+

When the Calculate button is clicked, LabScribe will analyze the data, and display the found sequences.

The sequences are grouped into 2 sections,

1.

BP Up: BP and RR increasing and HR decreasing

2. BP Down: BP and RR decreasing and HR increasing
The left list box, shows the BP Up and the BP Down

The right list box, shows the segments for each group. Clicking on an item in the list box, will select that
sequence. The raw blood pressure data corresponding to that sequence is shown in the graph,

The results of the calculation and parameters about the current selection are displayed in the Results Tab,

next to the settings tab.
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Settings Results

Selection Start: 2011-08-01 00:05:36.040

Baro Reflex Spectrum Analysis

| IVLF |LF IHF
IMean Sxx 524.917 |91.2221 [81.7174
[Mean Syy |28622.4 |6873.94 [26978.3
IMean Gain |6.11718 |7.06536 [20.5968
IMean Phase (rad) -0.35995 [0.537646 |0.935085
IMean Coherence |0.711459 |0.577139 |0.83721
[Number of Bins |4 14 |32
|Number of Bins above Coherence Threshold |4 |9 |29

[Mean Gain Coherent Bins 6.11718 [8.72051 [20.8232
IMean Phase Coherent Bins (rad) |-0.35995 |0.804418 |0.961627

Baro Reflex Sequences

|Tota| Number of Beats ’E
|Number of Up Sequences @
|Number of Down Sequences ’E

Information about the current selected sequence is also shown in the Results tab.

Selected Sequence Details

‘Type ‘EIP Up
‘Number ‘1 1
‘Number of Beats ‘3

‘slope ms_per_mmhg ‘23_145

‘slnpe bpm_per_mmhg ‘—4.53804

'SBP 201.287, 208.172, 205.737
RR 1480, 640, 580
HR 1125, 93 75, 103 448

Graph Options

Clicking on the graph menu button at the left hand bottom of the graph pulls up the Graph
Menu.



The menu can be used to view different graphs and to
export the data.

View BP Graph

This is the graph currently being shown. This displays

the BP data for the current selected segment.
View BP vs RR Graph

View BP vs HR Graph

The View BP vs RR graph and view BP vs HR graphs

are similar. They display each sequence as a set of
points along with the fitted line for that sequence.

The up sequences are displayed in Red, the down
sequences are displayed in Blue. The current selected
segment is displayed in Black.
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View BP Graph

View BP vs RR Graph
View BP vs HR Graph
View BP vs AUX Graph
View FFT Graph

View FFT Gain Graph
Copy Graph

Export Sequence data
Export Beat data

Set Y axis Scale

AutoScale the Y axis

860~
840~
820~
800~
780~
760~
740~
720~
700-
680~
660~
640~
620~
00—
530~
560-
540-
520+
500-
480~
460~
440

" 180 185 190 185 200 205 210
E Arterial Pressure (mmHg)

RR (ms)
HR (bpm)

140~
e
1304
125
120
1
1o
105
100
o5
o0~
85
80-
75

70—

185 180 195 200 205 210
Arterial Pressure (mmHg)
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View BP vs Aux Graph

If an Auxiliary channel has been selected, the mean value of the Auxiliary channel for each beat is
calculated and this can be plotted against the SBP value

47
46-
45-
44
43-
42-
41-

K
39-
3.8
37-
36
35
3.4
3.3
32
3.1-

-
20-
28-

Cardiac Cutput

180 185 190 195 200 205 210
v Arterial Pressure (mmHg)



View FFT Graph
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The normalized power spectrum for the SBP (green) and the RR(blue) values, is displayed.

FPower Mormalized

1.
0.9-

08
07-
06
05
04-
03
02-
01

o

Bt

View FFT Gain Graph

02

SN
0.4 06 08

Hz

Plots the Gain function for the different bands

Gain

45 -
42 5—
40-
37 5
35
32 57
30-
27 5
25
22 5
20
17 .5
18—
12.5-
107
7.5
.|

25—
g

0.1

0.5
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Copy Graph

Copies the current XY graph to the clipboard. It can then be pasted into the journal or an external application.

Export Sequence Data

Exports the data for the found sequences as a csv file for further analysis if needed.

Export Beats Data
Exports the beat data for all the found beats as a csv file for further analysis if needed.

Results

The results of the analysis are displayed in 2 places.
The Results tab displays overview results for the sequences and the spectrum analysis data.
The Data table at the bottom of the dialog box displays the calculated data for each sequence

Data Table
* Sel | Time ‘ RR ‘ HR ‘Systolic‘Slope {ms/mmHg) | Slope (bpmfmmHg}‘ dP | dRR ‘dHR |#Beats‘Au)( Mean‘
units As ms bpm mmHg ms/mmHg bpm/mmHg mmHg ms bpm |# #
1 217.72 490 122 190 5.346 -1.277 46 250 -57 |3 4,361
2 222.09 470 128 179 5177 -1.364 2.7 150 -3.8 3 4485
3 22792 480 125 185 11.464 -2.722 34 450 -99 3 4,029
4 24306 510 118 198 12.898 -2.740 7.1 950 -16.0 3 4022
5 27444 480 125 185 17.302 -3.860 3.2 600 -125 3 4121
6 279.62 480 125 187 13.523 -3.047 4.1 550 -11.7 3 4.008
7 289.42 500 120 191 17.440 -3.779 2.5 450 -9.2 3 3.896
8 294,23 480 125 195 21.654 -3.871 46 1350 -225 3 3792
9 30279 490 122 193 18.345 -3.328 4.1 1100 -19.0 3 3.936
Offline Calculations Options Dial... X
Parameters to Display
There are six buttons beneath the Data Table: Copy, Export, Algorithms, Time(sec)
Table Options, Load Template, and Save Template. E:::::E’:fel(bpm)
1) Click the asterisk at the upper left of the Data Table to display two gr;[:ifms/mqu)
options: Autosize and Copy Selection. Autosize will optimize the size Slope (bpm/mmHg)
of the Data Table boxes, and Copy Selection copies any selected Data BE:I: :L\ESS“'E
Table cells to the clipboard. Delta HR

2) Click Copy to copy all the calculated data in the Data Table to the bl Lemaleey
i Aux Channel Mean
clipboard.

3) Click the Export button to export the data as a tab (*.txt) or comma
(*.csv) separated text file. The currently displayed XY graph can be
exported as a Portable Network Graphics (*.png) or JPEG (*.jpg) image.

4) Click Algorithms to display the mathematical definitions of the
parameters included in the Data Table.

Display Time from Selection Start

(0]4 Cancel
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5) Click Table Options to open the Offline Calculations Options Dialog, which lists the functions from
which the Data Table parameters can be chosen. All functions are described in the BaroReflex
Analysis Measurements section below.

6) Click Load Template or Save Template to display a dialog allowing you to name and save a specific
configuration for future use or to load a previously saved template.

7) click OK to close the analysis.

BaroReflex Analysis Measurements

Seq # Number of the Sequence
Time Time at the start of Sequence
RR Interval Peak to Peak interval in msec
Heart Rate(bpm) Heart rate at start of Sequence

Systolic Pressure

Systolic pressure at start of the sequence

Slope (ms/mmHg)

Slope of the fitted line for RR vs SBP for the segment

Slope (bpm/mmHg)

Slope of the fitted line for HR vs SBP for the segment

Delta Pressure

average change in systolic pressure across the beats in the sequence

Delta RR average change in RR across the beats in the sequence
Delta HR average change in heart rate across the beats in the sequence
Num Beats in Seq  number of beats in the sequence

Aux Channel Mean 'Mean of the selected Auxilary channel during that beat

10
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