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Calibration of the PhysioTel Digital LAERsus a Pneumotach requires acquisition of both respiratory signals in a
synchronized manner. It also requires calibration of the pneumotach signal versus a reference. This technical note
will documentthe steps requiredor acquiring signals sintaneously and provide grocessfor calibrating the
pneumotach and the implant.

BACKGROUND

The respiratory impedance channel of the PhyioTel Digital L11R is intended to be calibrated after the animal has
fully recovered from surgical implantation of the devid&hen notcalibrated, he raw impedance gnhal from the

L11R implant can be used to calculate respiration rate and looattverespiratoryvolumecharges from

baseline. If more precise data is desired teasure and calculate respiratory volume and volume geanthe

raw impedance signal must be calibrated to a source of known flow rate and volume.

EQUIPMENT NEEDED

Configuration ofthe PhysioTel Digital L11R implant requires a desktop computePeitemah 5.32r greater
installed. This technical note does not cover details of PhysioTel Digital hardware and implant configuration. For
additional information on this please see tRenemah manual d¢TD configuration page on the DSI Support
Center The following additional equipment is needed to perform device calibration.

DSI P/N Description

6002029001 Respiratory Mask (Ddigig)

or or

600-2030-:001 Respiratory Helmet (NHP) (with spare neck seals as p/s2680:001)

600-130%00x Pneumotach of proper flow range for your species (See Flow Range Determination)

276-0944001 Hans Rudolf Pneumotach Amplifier
PNMP3R7002XS| ACQ7708JSB (2 Slot) Acquisition Interface Kit

or or
PNMP3R7002 ACQ7708JSB (6 Slot) Acquisition Interface Kit
13771504 ABDC 4 amplifier for ACQ7700

271-0401-001* Quad04 Sync Counter board for ACQ 7700 Interf&8pare PCI slot is needed in PC
2740030002 Sync @ble for synchronizing ACQ 7700 Interface with Sync board

600-1260-:001 Mass Flowmeter for calibration verification
601-2200-:001 DSI Bias flow 200V (Optiorgahot needed if another constant flow source is available)
or or

601-2200-:002 DSl Bias flok00V (Optionat, not needed if another constant flow source is available)
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Flow Range Determination

Proper pneumotach selection dependsarpwhat species and size of animal you are using and

whether or not a heating unit is required. Please reference the below table.

Animal Size| Flow Range (L/min) | Pneumotach Model with heater] Pneumotach Model without heater
2-5 kg 0¢35 600-1303001 600-1303002
5-20 kg 0¢ 160 600-1305001 600-1305002

CALIBRATIORONSIDERATIONS

Calibrating the L11R is gpart process.

- Partl: Calibrate Pneumotadio known flow source.
- Part2: Calibratd.11R tdPneumotach

No need to have the animal nearby when calibrating Bmeumotachin 1% calibration step.

CONNECTING HARDWARE

Connect all necessary equipment

- Plug the ACQ 7700 and the Hans Rudolph Pneumotach Amipliiex power source.
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Connect the Sync cable from the ACQ7700 to the Sync Card connector on the PC.

- Connect the ACQ 77Q0SB cable to an open USB port on the PC
/I

-

Connect thePneumotach tubing to the Hans Rudolph Pneumotach Amplifier on the Flow side.
Connect theanalogFlow Out to the first available connection on the ACQ 7700 ABDC/amp.

Make sure all hardware is connected and powered on before launching Ponemah software.
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PART 1CALIBRATING THENEUMOTACH

In the first part of calibrationthe pneumotachmust be calibrated to a source of known, constant flow. This can be
a DSI Bias Flownit or a compressed air tank with a regulator that can be controlled.

A two-point calibration is performed consisting of a low and a high valie typical lowcalibration reference is
no (zero) flow. The typical high calibraticeference is a constargositive flowfrom an air tank, or a constant
negative flow (vacuum) from a bias flow supphs with any calibration one must take care to assure that the
calibration covershe expected range of use duriagplication.

To verifyhighflow rate, connect the Mass Flowmettr power andto the flow source
TheFlowmeteris directional: Bsure the flow is in the correct direction when connecting the Flowmeter.

DSl » 119 14th St. NW Suite 100 St. Paul, MN 55112 ™
T:+1(651) 481 7400 » F: 41 (651) 481 7404 » Toll free: 1 (800) 262 9687
www.datasci.com » information@datasci.com

Copyright Data Sciences International



Technical Note Page5 of 16 L11R CalibratioRev. @

Open thePonemahsoftwareandunder the Options; ApplicationConfigurationrmenumake sure the acquisition
interface is set tcACQ770 USK; PhysioTel Digith

1. Go tothe Hardwareg 7700Amplifier Setup nenu.

e
File Setup Study SEND [Hardware] Acquisition Replay Options Tools Help
LRI LR2 LR3 LR4 ‘ a b c 7700 Amplifier Setup... |

APR Configuration...
Edit Configuration...
Select Implants...
Diagnostics...

Channel Configuration...
Video Cenfiguration...

2. Inthe ABD&@ Amplifier Tab, select the Configuration stab.
Note: Double click in a box to modify a value
a. Inthe examplea low flow of 0 L/min and a high flow of 10 L/min will be used.
b. For channel Aled the Low Unit to a value of 0 and the High Unit to a value of 10.

1 7700 Modules =

ABDC4 ]

"General Configuration | Descriptions |

Al | 5.0086 =y 5 0 10 L/min
A2 | 00053 =5 5 =5 v
A3 | 0.0067 5 5 5 5 v
A4 | 0.0052 =5y 5 533 V'
‘ |2
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c. Set the Units to/min. If flow is measured in mL/sec, set the Units to mL/sec.

P

-

3 7700 Modules =

ABDC-4 |

'General Configuration ] Descriptions I

= T [ e (22 (=
Value Low Cal  HighCal = Low Unit | High Unit | Units
Al | 5.0094 5 5 0 | 10 [Umn
A2 | 0005 5 5 5 [ 5 v |
A3 0.008 -5 5 5 | 5 \
ﬁ TSR — = e
< [»]
Close | Help |
3.

Low Cal This will be the voltage that corresponds with the Low Unit. Have the potagh open to air

(no flow). Double click the Low Cal box amake sure measurement is set to Average. The measurement
GAYS A& NBO2YYSy RS Reasuii DONGATSee &Y IR¥Mre thgd 53¢ced i Wa
measurementompletes the window will close and tla@erage voltage will be entered automatically.

7

~

& 7700 Modules

[=]
ABDC4 | e
~Measure Settings
" Current  Minimum

General  Corfiguration lDescr " Maximum @ Average

[ Time: ’T second(s)
(===l 1
Yalue | LowCal 0K I Cancel

| 50891 | 5

Al 5 [ 0 10 L/min
A2 | 00052 5 5 | 5 5 Vv
A3 | 0.0083 5 5 | 5 5 v
A4 | 00052 5 | 5 | % 5 v
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4. High Cak This will be the voltage thaberesponds with the High UnitConnect the pneumotach to the
flow sourceand make sure air is flowing at the known rate. Double click the High Cal boxadedsure
YSFadNBYSyd Aa asSid G2 ! gSNI 3So CKS YSI daemNiX Sy G GAY
5h bh¢ aSonsedtie 5 Yboridmeasurement completes the window will @osgevoltage will
be entered automatically.

& 7700 Modules =]
ABDC-4 l ﬁ— Measure
Measure Settings
" Current € Minimurn

General  Configuration ]Descriptionsl " Maximum & Average

| | L/_ | I_ﬁ Time:| 5  second(s]

K W iy D - B

Vae | LowCal  HighCal Cancel
A1 | 99502 | 00718 | 03523 [ 0 10 [ Limin
m2|000% | 5 | 5 | 5 | 5 | V |
A3 | 0.0064 5 | 5 5 | 5 | Vv
A 000 [ 5 [ 5 5 5 |V
Al [ ]

Close ‘ Help |

5. Valuec verify @alibration. Once calibration is completed it can be verified by turning the bias flow source
on/off and viewing the calibrated signal value in the Value column. With bias flow off the value should be
close to 0, and with the bias flow on the value shdwédat the high flow rate (in the example it is
10L/min). Calibration of the pneumotach is completeselect Close to close the window.

7

& 7700 Modules (==l

ABDC |
'General Configuration I Descriptions |

L, =

Value LowCal HighCal LowUnit HighUnit — Units

Al @ 00718 | 03523 | O | 10 | Umin |
A2 | 00057 5 | 5 5 | 5 | V
A3 | 0.0074 5 | 5 | & | 5 | Vv
A4 | 00035 5 | 5 S S AT,

F'S
v

Close I Help |

6. Inthe main Ponemah window select Fji€ave As to savegiprotocol. This will allow naming of the
LINP(G202t a2 AG Oly 06S Sraixte ARSYOGATASR fFGSNI 2y AT
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PART 2CALIBRATING THE L11R

In the second part of calibratiaime L11R implant is sampled simultaneously with pneumotach attached to a
mask (dog) or helmet (primate). The two signalstaesm compared in the Ponemah software to complete
calibration. Calibrating theL11R impedance channegdrsus a pneumotachssumeshe userhas followed part 1 of
the calibration technical note to set up and calibratee pneumotachand configuredthe Ponemaltsoftware in
such a way that it may be used in a symehized manner with the L11iRplant (using a pneumotach interface
connectedto ACQ7700USBynchronized to the PhysiollBigital CLC

Ensure the desired L11R implant is turned on and configured. For additional inforraatRitysioTel Digital
implant configuratiorplease see the Ponemah manualforD configuration pagan the DSI Support Center

1. Configure the channels @hannel Input Setup

a. In Ponemah gto Setupc P3 Setumand select Channel Input Setup.

b. Set the pneumotach channel to analysis type of PAF. In the exampis thiannel 1 with a label

of Al.

c. Setthe L11R respiratory channel to analysis type of PVO. In the example this is channel 4.
d. Labelother channels asidicated and disable unused channels.
e. Setthe Pneumotach channel to a different group than the implant channels. In the example

pneumotach is Group A while the implant is Group B.

PPP3 Setup - Channel Input Setup
PPP3 Setup Channel Input Setup
_ltzhanr;el I”Sp ut Setup Input |Anary5i5 | Label | Units |Gr\oup | Pracision o
G ate Setup 1-(A1) PAF | Pneumo Limin | A 00.00 £
roups
Events 2 - (1035256 - Pressure) BP BP mmHg B 00.00
Digital Display Setup 3-(1035256 - ECG) ECG ECG my B 00.00
é‘l arm Se’f”tpl brotocol Heag 141035256 - Respirction) PO |Resp ohms  |B 00.00
perimental Protocol Hea -
Print RAW Data Setup 5 - (1035256 - Temperature) TEMP Temp C B 00.00
Data Reduction Setup 6 - (1035256 - Activity) ACT Act Counts B 00.00
Variability Analysis 7 DIS
Graph Setup 3 DIS
Binary Data Convert
Settings I Dis
Remote Connection 10 DI
Data Parser Setup 11 DIS
12 DIS
13 DIS
14 DIS
15 DIS
16 DIS il
Analysis Attributes Derived Parameters
QK | Cancel Apphy
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2. Check PAF analysis settings.
a. Highlight the pneumotach channel setas®PAl yR a St SO0 WwW! ylteara ! GAGNRO
of page.
b. Inthe Std Attrib tab Bsure that the Primaryi§nal is set to Flow and that the Input Flow Units
are set to the unit that was used during the pneumotach calibration in part 1.

Pulmonary Air Flow Analysis Attributes (Pneumo, Input1)

Std Attib | ady anib1 | RIP | Noise ¢ | »|| Typical Values | addtional Channels |

Cancel

Minimum Flow 3 L/min 258 ml/sec 0
Primary Signal Flow v Flow Species: Dog Print
Input Flow Units L/min v mi/Sec (Setin P3 Setup : Group)

Secondary Channel  |None v N
Percent Relaxation |70 70%

None v N

N

c. Inthe Adv Attibl tabthere are no filters applied by default. A low pass and high pass filter may
be applied to help filter noise. See the Appendix for pneumotach filtering recommendations.
d. Select OK to close.

-
Pulronary Air Flow Analysis Attributes (Pneumo, Input1) |E|
“Stdatrb AdvAts! [RIP | Noise 4| » || TypicalValues | addtional Channels | oK

Cancel
Low Pass Filter  |50.0 hd None
High Pass Filter m Mare Pririt
o 70
¥ Irevert Imput Signal No
Aol Reset Event ’m Mare

3. Check PVO analysis settings.
a. Inthe Channellnput S dzLJs KAIKE AIKG GKS [ mmw AYLISRIyOS OKI
PGONROdzSEAQ odzitGz2y 2y o62dGG2Y 2F LI 3ASO
b. Inthe Std Attrib tab ensure that the Calculated Flow Units is set to the unit that was used during
the pneumotach calibration in part 1.

Pulmonary Volume Analysis Attributes (CHN4, Input 4)
Std Attrib | ady stibl | Moise | Impede 4| ¥ || Typical Values | Additional Channels |
ak
Cancel
(¢ Minimum Yolume ]1 0 ml 10.00 ml Apply
Apnea Yolume 10 Zof TWe | 10%of TVe  Species: Dog =
i
Apnea Max Flow 120 % of PEF | 20% of PEF  [Setin P3 Setup : Group)

Max Volurme Diff 150 % B0%
Max IT+ET {30 seconds | A0 sec

Calculated Flow Urits {1/Min - mifSec
Percent Relaxation 1?0 4 0%

[

I
x
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-

c. Inthe Adv Attrib1 takfilters may be applied to help filter noise. See the Appendix for L11R
implant filtering recommendations.
d. Select OK to close.

Pulmonary Volume Analysis Attributes (Resp, Input 4)

St b Adv Atiis] | Noise | Imped: <[ >

Low Pass Filter

[ Irwert Input Signal

Aol Reset Event |None -

MNane A
High Pasz Fiter  |MNone -

Smoathing Filter |70 tax BPR

Typical Values | Addiional Channels |

None
None
70
No

MNane

Ok

[ o |
[ ]

Frint

4. Inthe P3 Setup Menu select Graph Setup to configure graph pages.
a. Enable a graph page for tmespiratory channels and set up with desired signal presentation. In

the example both the pneumotach channel and impedance channel are shown with a flow and a
volume presentation.

b. Once graph page is configured, select OK to close the P3 Setup.

PPP3 Setup - Graph Setup

- PPP3 Setup

Template Setup
Groups

Events

Digital Display Setup
Alarm Setup
Experimental Protocel Head
Print RAW Data Setup
Data Reduction Setup
Variability Analysis
Graph Setup

Binary Data Convert
Settings

Remote Connection
SEND

Data Parser Setup

Channel Input Setup

— Graph Setup

™ Black Background
Page 1 I Page 2] Page 3] Page 4] Page 5 | Page 6] Page 7 | Page 8 | Page 9] Page 10| Page 11 ] Pagtﬂ_’[
~I¥ Enable Page

Tpe [Pimay ] Label [ Time [32 Seconds ?i:/':::g:‘n\’ﬁew
Ilnpm IPresemation |Labe| [Unﬂ anw High lCoIor |{
2 1-(Pneumo) || Flow | Pneumo |L/min i7-267.3 1336.22 1 !] ‘ ‘
7 ‘1 - (Pneumo) Vyolume :Png{mo L :-1364: ;15?5,-1 || ! ‘
¥ ||4- (Resp) ;Flow 7’;L11R :}!_/min 1264 13.0482 | -]7\E
V |4-(Resp) | Volume L11R L 33.359 49443 | W ||
[l | | ‘ I
7 B
x| | -
C il
[l | .
7 |
Update Labels e |
oK | Cancel | ool

5. From themain Ponemah menu select Fg&ave to save recent changes to the Protocol.
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6. Verify sample rates.

a. From the main Ponemah window select Acquisitio/D Sample Rate
b. Setthe Primary sample rate to either 500Hz or 1000Hz. Set the Secondary rate to 50Hz.
c. Clckinthe boxes undeRateto set as Primary or Seconddoy each channel as indicated.
d. Click OK to close the window. Save the protocol changes usingJaile.
A/D Sample Rate
e o Sample Rates [samples/second)
Al: Primary Primary: 500 -
1035256 - Pressure Primary
1035256 - ECG Primary Secomday. 60 s
1035256 - Respiration Secondary
1035256 - Temperature Secondary Agaregate Rate
1035256 - Activity Secondary b =i 100000
Current: 1650
Primary Channels: 3
Secondary Channels: 3
oK | Cancel

7. Begin acquisition.

a.

Select the Acquisition menu and choose Data Set Name. Thadlevillnaming of the data file so
it can be easily identified later on if needed. It can be helpful to use the subject name and the
G2NR WOIftAONI GA2YQ®

Selectthe Acquisitionmenu and choos&tart Acquisition to begin the data collection.

8. Ponemah will beig data colletion and the graph page witlegin to display incoming data

a.

The data collection for the calibration periogay be collected for as long or short as desired,;
however, for calibration purposea maximumdata segmentof 5 consecutive nmutes mg be

used.

It is grongly recommended to only calibrate during periods when the impedance signal baseline
is consistent and bad data marks are not present.

Prior to calibration it is recommended to acclimate the animals to the mask (dog) or helmet
(primate) so that they are relaxed during the data collectidrhe data will preferably beith the
animal in a posture representative the posture which thewill be in during a normal data
collection.
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9. Put on the mask (for dog) or helmet (for primate) amdit until the animal is relaxed and the data being
collected is stable and relatively clean. Idedlgnemah will bédentifying and triggering cyclder both
the pneumotach chnnel and the impedance channel as in the example.

10. Data collection can be run as long as desired, but should AAMeEAST Sfbod breaths within a 5
minute segment When enough data has been collected, select Functi@tep Acquisition.

11. Calculate and applyatibrationsin Review Mode.
a. From main PonemaWwindow select File Open Review File and seleabe calibration file. Load

all channels
b. Inthe graph page right click on PAF channel (pneumotach) and select Analyze. Verify cycles are

triggering. If notadjust settings as needed Std Attrib.

DSI » 119 14th St. NW Suite 100 St. Paul, MN 55112 ™
T:+1(651) 481 7400 » F: +1 (651) 481 7404 » Toll free: 1 (800) 262 5687
www.datasci.com » information@datasci.com

Copyright Data Sciences International



