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. Aim of Test

The AnaConDa System is a new device for applying anesthetic agent to the patient. This test shall examine
the influence of this system on the behavior of ventilators under different breathing pattern. Additionally the
resulting anesthetic agent concentration at different localizations shall be recorded.

Il. Examination

The test subject shall be tested according to the test plan in chapter VIl in this document. For comparison
two different ventilators are used. While ventilating a lung model with different settings, the values of airway
pressure, flow and concentration of anesthetic agent at different localizations are recorded.

G[1tingen, 06/16/04

f é,,gﬂ/uéa:

Karl Cornelius-Lorenz
TIM GmbH
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I1l. Administrative data

Identification of the test house:

Company: Technologie Institut Medizin GmbH
Address: BChistralJe 4, 37073 G[itingen, Germany
Tester: Ulf Kahmann, Diana Kauffhold
Responsible person: Karl Cornelius-Lorenz

Organizational items

Reference No: 06/04

Receipt of test subject: 03/25/04
Begin of test: 03/26/04
End of test: 05/19/04
Date of report: 06/16/04

Applicant s details:

Applicant[s name: Hudson RCI AB
Address: P.O. Box 711, 194 27, Upplands V[sby, Sweden
Contact person: Roger Hedberg

Test subject:

Model: AnaConDa™ with syringe
Manufacturer: Hudson RCI AB, Sweden
Reference No.: REF 26000

Lot SSP20020507-1

Related documents:

AnaConDa technical information
AnaConDa instruction leaflet
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V. Test equipment

Test lung:

#1

Type:
Manufacturer:
Model:

Breathing Circuit:
Type:

Length:

y- piece:
Manufacturer:
Part number:

Elastic test lung with spontaneous breathing
TIM GmbH, Blhlstrasse 4, 37073 G[itingen
PTL-BIiB with PCU-CC

Patient circuit, Adult, single use, O 22mm,
disposable, standard corrugated dual tube
1.6m

straight

Datex-Ohmeda

8570106

Breathing Filter/HME (when not using AnaConDa):

Type:
Manufacturer:
Reference no.:

Endotracheal tube:
Type:

Inner diameter:
Manufacturer:

Part number:

Infusion pump

Type:
Manufacturer:
Part number:

Humid-Vent Filter Compact
Gibeck AB, Sweden
REF 19402

EDGAR-Tube

10.0 mm

Willy R(sch AG, Germany
111480

Combimat 2000
D[ring, Munich, Germany
1001140954

Flow, Airway Pressure and Anesthetic Agent Measuring device:

Monitoring System
Type:
Manufacturer:

SN:

Integrated Module
Type:
SN :

S/5
Datex-Ohmeda Division Instrumentarium Corp, Helsinki. Finland
4799400 and M0019PN2450061

M-CAIOVX..01. (Module for Spirometry and AA)
4212161

With additional PC and recording Software Datex-Ohmeda S/5 Collect Version 4.0 connected via RS 232.
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Ventilators:

#1

Type:
Manufacturer:
Distributor:
SN.:

#2

Type:
Manufacturer:
SN.:

#3

Type:
Manufacturer:
SN.:

Centiva/5

Salvia Lifetec GmbH & Co. KG, Kronberg, Germany

Datex-Ohmeda Inc., Madison, USA

17030433

EVITA4

Drlger AG, L[beck, Germany

ARPE-0128

Servo ventilator 300
Siemens-Elema AB, Sweden

07952

V. Test conditions

Gas supply for Ventilators:

Type:
Pressure:

Electrical supply:

Line supply:

wall supply for O2 and Air

5-6 bar

227-228V pc 50 Hz

Environmental conditions:

Temperature:
Pressure:

22 - 24[C

990 01033 hPa
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VI. Test setup

Infusionpump

Bay-in-Bottle

5 Controlled Valve
Alr ——

02 ——
Ventilator
AnaConDa
L
ExieiiH Datex-Ohmeda . )
S/ Monitor Climatic Chamber 37°C
PC = E—— P

T

Spirarmetry & A4 Modul *

Patient Simulator

For testing the AnaConDa system a patient simulator connected to different ventilators is used. The patient
simulator consists of a bag-in-bottle system with a compliance of about 35 mL/mbar. The [bottlelis connected to
a computer controlled cylinder-piston unit for simulating spontaneous breathing as well. During expiration the
controlled valve opens to atmosphere to release the pressure inside the bottlel] The hagllis connected via an
endotracheal tube to the humidity generator which ensures the humidification of the [@éxpiredair in a
physiological range. To avoid water condensation both the bag-in-bottle system and the humidity generator are
located in a climatic chamber.

Measuring System

The parameters flow, airway pressure and anesthetic agent concentration are measured with the spirometry and
gas module from Datex-Ohmeda integrated in the S/5 Monitor. The appropriate flow sensor and pressure line
are placed between humidity generator and inlet/outlet of the patient simulator inside the climatic chamber. The
sampling line for measuring the anesthetic agent concentration can be placed either at localization 1 (inside bag:
[alveolearl) or at localization 2 (AnaConda luer lock connector) or at the localization 3 (outlet of the ventilator).
The measured data are recorded with a connected PC via serial interface and the Datex-Ohmeda software S/5
Collect. The sampling rate was set to 25 Hz.

Infusion Pump

The set rate of the used infusion pump is only valid, when using the appropriate syringe. For the used
AnaConbDa syringe the infusion rate was determined to 80% of infusion pump set rate.

The tests were only performed with isoflurane as anesthetic agent.

Tim. Experts in ventilation
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m ANACONDA

VII. Tests
Comparison of Ventilator behavior with and without AnaConDa

Settings
Infusion rate of Isoflurane on infusion pump: 0.8 mL/h
AC stands for AnaConDa

Item Ventilator Settings Test Lung
Settings
Mode Vt Pinsp Rate Flow |PEEP LLE PS Vt  Rate
[mL] [mbar] [1/min] [L/min] | [mbar] [mbar] |[mL] [1/min]
1 VCV 360 - 14 15 5 1:1 - - -
2 VCV 700 - 7 30 5 1:1 - - -
3 VCV 1000 - 10 60 5 1:2 - - -
4 PCV - 12 20 - 5 1:1 - - -
5 PCV - 16 15 - 5 1:1 - - -
6 PCV - 16 15 - 10 1:2 - - -
7 PCV - 16 15 - 15 1:2 - - -
8 PCV - 25 10 - 5 1:2 - - -
9 CPAP/PS - - - - 5 - 5 500 15
10 CPAP/PS - - - - 5 - 5 800 12
11 CPAP/PS - - - - 5 - 15 700 15
12 | SIMV-VC 700 - 5 30 5 1:4 5 500 20
13 | BIPAP/BiLevel - 15 10 - 5 1:15 400 20
14 | APRV - 20 5 - 5 81 - 400 20
Table 1.1

Ventilator Readings
Ventilator: Centiva/5

Item without AC with AC
Vt [mL] Pmax [hPa] | PEEP [hPa] | Vt[mL] Pmax [hPa] | PEEP [hPa]
1 370 17 5 368 17 5
2 675 27 5 675 27 5
3 973 37 5 978 37 5
4 391 17 5 397 17 5
5 583 21 5 560 21 5
6 645 26 10 630 26 10
7 778 31 15 774 31 15
8 1095 30 4 1090 30 4
9 515 12 4 515 12 4
10 | 824 12 4 818 12 4
11 | 746 21 4 741 21 4
12 | 636/410 28 4 635/416 | 29 4
13 | 850/474 21 4 840/490 21 4
14 1291/431 |26 4 1276/429 | 26 4

Tim. Experts in ventilation
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Ventilator: EVITA 4

Item without AC with AC
Vt [mL] Pmax [hPa] | PEEP [hPa] | Vt[mL] Pmax [hPa] | PEEP [hPa]
1 373 17 5 375 17 5
2 752 27 5 749 27 5
3 1080 38 5 1060 38 5
4 428 18 5 427 18 5
5 608 22 5 602 22 5
6 692 27 10 683 27 10
7 807 31 15 799 31 15
8 1130 30 5 1110 30 5
9 547 11 5 539 10 5
10 |981 11 5 995 11 5
11 | 762 21 5 754 21 5
12 | 638/442 29 5 632/443 28 5
13 | 988/481 22 4 949/467 |21 5
14 | 1320/494 |28 4 1280/491 28 4

Waveforms see Appendix.
Valuation of test results: Ventilator behavior

These results show, that there is no influence of the AnaConDa system with an infusion rate of 0.8 mL/h on the
flow and pressure sensors of both examined ventilators. The deviation in volume and pressure reading with and
without the AnaConDa system is smaller than 4% for volume and only +/- 1 hPa for pressure, which is in the
range of the measuring accuracy. Comparing the recorded curves for flow and pressure at different ventilation
modes with and without AnaConDa system integrated, no difference can be seen These facts indicate, that the
AnaConda system can be used with the examined ventilators under different ventilation situations without any
influence on the respiratory mechanics.

Tim. Experts in ventilation
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Influence of different breathing pattern on alveolear anesthetic agent concentration
Infusion rate: 0.8mL/h

Item Ventilator Settings Test Lung Centiva/5 EVITA 4
Settings

Mode Vt |Pinsp Rate | Flow PEEP ILE PS Vit Rate Viext  AA Viext  AA
[mL] | [mbar] [1/min] [L/min] [mbar] [mbar] [mL] | [1/min] [mL] [%] [mL] [%]
1 VCV 360 - 14 15 5 1:1 - - - 370 0.66 370 0.68
2 VCV 700 - 7 30 5 1:1 - - - 720 0.39 690 0.38
3 VCV 1000 - 10 60 5 1:2 - - - 965 0.17 960 0.16
4 PCV - 12 20 - 5 1:1 - - - 380 0.49 355 0.51
5 PCV - 16 15 - 5 1:1 - - - 530 0.41 530 0.43
6 PCV - 16 15 - 10 1:2 - - - 495 0.37 555 0.33
7 PCV - 16 15 - 15 1:2 - - - 570 0.35 610 0.27
8 PCV - 25 10 - 5 1:2 - - - 850 0.21 850 0.21
9 CPAP/PS - - - - 5 - 5 500 15 505 0.43 495 0.47
10 CPAP/PS - - - - 5 - 5 800 12 775 0.33 790 0.32
11 CPAP/PS - - - - 5 - 15 700 15 695 0.23 695 0.23
12 SIMV-VC 700 - 5 30 5 1:4 5 500 20 0.28 0.33
13 BIPAP/BiLevel - 15 10 - 5 1:15 400 20 0.24 0.30
14 APRV - 20 5 - 5 81 - 400 20 0.18 0.18

Valuation of test results: Breathing pattern influence on alveolar anesthetic agent concentration

The alveolear anesthetic agent concentration varies from 0.2% to 0.7% depending on the used ventilation mode with different parameter settings
and breathing pattern. The values of the anesthetic agent concentration at the same ventilator and test lung settings are nearly independent from
the used ventilator. The highest concentration can be seen with the smallest tidal volume and the low concentration values correspond to high tidal
volume.

Tim. Experts in ventilation
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Influence of different parameters on alveolear anesthetic agent concentration
General:

Ventilator:  Centiva/5
Settings, if not specified:

Mode: VCV
FiO2: 40%
Rate : 10/min
Flow: 35L/min
Ppeak: 35 mbar
I.E: 1:2
Vit : 500mL
1. AA Conc. alv = f(Vt) alv. AAConc. =f(\)
Vt [mL] Peep [mbar] Conc [%] 07
350 26 0.61 0.6 4
500 21 0.46 = 05.
700 16 0.31 é '
1000 8 0.16 S 041

303

2

0.2 -
0.1
0 T T T T
0 200 400 800 1000
Vit [mL]
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2. AA Conc. alv = f(Flow)
av. AAConc. =f(How)
Flow [L/min] Peep [mbar] Conc [%] 06
20 24 0.49 '
30 22 0.48 - 03 - ’ Y
40 20 0.47 é, 04
(6]
503
o
} 0.2
01
0 T T T T T
15 2 0 . 4 45
How [Umin]
3. AA Conc. alv = f(Ppeak) av. AACoc =f(Reek)
Ppeak [mbar] Peep [mbar] Conc [%] 06
20 3 0.48 <05 —_— "
30 15 0.46 <04
40 30 0.45 )
§ 031
} 02
01
0 T T T T T
15 2 5 D ) i) 45
Fpeek [rer]
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4. AA Conc. alv = f(Rate)

Rate [1/min] Peep [mbar]

10 22
15 22
20 22

5. AA Conc. alv = f(Texp)

Texp [s] Peep [mbar]
4 22
3 22
2 22

Conc [%]
0.46
0.35
0.31

Conc [%]
0.44
0.40
0.45

alv. AAConc. =f(Rate)

’\\

10 15 20
Rate [1/min]

25

o
o

alv. AA Conc. = f(Texp)

o
o

o
~

<

AA Conc. [%.
o
w

o
[\

o
'_\

o

3.5 4 4.5
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Valuation of test results: Influence of ventilation parameters on alveolear AA concentration

In this test it was tried to vary only one setting parameter at a time and maintaining the other ones at a fixed
value. This procedure shows which of the parameters has the highest influence on the alveolear anesthetic
agent concentration. Looking at the graphics it is obvious, that the tidal volume has the highest influence. Due to
the principle of the AnaConDa system this is not surprising, because we see a similarly influence of tidal volume
on the water loss when using a HME. The peak pressure, different low flows and the expiration time seemed to
have no or only a small influence on the alveolear anesthetic agent concentration. Other studies show a not
negligible influence of high flows on the concentration. This was not examined in this test.

Influence of Vt on alveolear anesthetic agent concentration at different modes

"alv." anesthetic conc.as a function of Vtin VCV
Inf. Rate =0.8 mL/h

0.8

0.7

0.6 1

05

—e—EVITA 4
0.4

\ —m— Centiva/5
03

0.2 1

0.1

0 200 400 600 800 1000 1200
Vt [mL]
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m ANACONDA

"alv." anesthetic agent conc. as a function of Vt in PCV
Inf. Rate =0.8 mL/h

038

0.7

0.6

05
\.\ —e—EVITA 4
0.4

—@— Centiva/5

03

02

0.1

0 100 200 300 400 500 600 700 800 900
Vit [mL]

"alv."anesthetic agent conc. as a function of Vt in CPAP/PS
Inf.Rate =0.8 mL/h

038

0.7

0.6

0.5

—e—EVITA 4
0.4
—@— Centiva/5

03

02

0.1

0 100 200 300 400 500 600 700 800 900
Vit [mL]
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Valuation of test results: Influence of Vt on alveolear AA concentration at different modes

In this test the obvious influence of tidal volume on the alveolear anesthetic agent concentration was examined
under different ventilation modes and with both ventilators. Ventilator independent the high influence of tidal
volume on the concentration can be seen in all modes. The decrease of the concentration is about 0.7% per liter
increasing tidal volume in all modes. But this value is likely only valid for the used infusion rate and the used test
equipment.

Anesthetic agent concentration corresponding to flow at different localizations
Ventilator settings and test lung settings see in table 1.1 page 8.

1. Mode VCV

Conc.Alv.; Inf.-Rate: 0.8mL/h; Centiva/5 VCV: f7 Vt700

o o
o o
fo°)
o)

o
~

I~
)
o

Conc. [%]
o
w
EF
o
Flow [L/min]

o O
N
<\
.
<\
o AN
O O o

-80
0 T T T T T T T '100
146 148 150 152 154 156 158 160 162
Time [s] —— Isoflurane
—— Flow
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Conc.AnaConDa; Inf.-Rate: 0.8mL/h; Centiva/5 VCV: f7 Vt700
0.6 80
- 60
0.5
- 40
/1 /T =)
— 04 20 £
S, £
S [ NSRRI o bt R W AT
: L [ Y ] [ 3
/ S
0.1 Y V
- -80
O T T T T T T T '100
729 731 733 735 737 739 741 743 745
Time [s] —— Isoflurane
— Flow
Conc. Alv.; Inf.-Rate: 0.8mL/h;EVITA 4 VCV: f7; Vt700
0.6 80
0.5 - 60
- 40 =
g 0.4 WWHWW 20 E
o 0.3 o e 0o =
g /’* /-'W* >
- -20 ©
O 02 2
/ \/ 40
0.1 - L 60
0 T T T T T T T '80
161 163 165 167 169 171 173 175 177
Time [s] — Isoflurane
—— Flow
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Conc. [%]

0.6
0.5
0.4
0.3
0.2
0.1

Conc.AnaConDa; Inf.-Rate: 0.8 mL/h; EVITA4 VCV: f7; t700

/A

N
o
Flow [L/min]

726

— Isoflurane
—— Flow
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2. Mode PCV
Conc.Alv.; Inf.-Rate: 0.8mL/h; Centiva/5 PCV: f10 PEEP5 Pinsp16
0.6 100
05 - 80
P W AP ) ST PY Sy 0 T
< 04 e L
P AN |\ 20 S
5 0 3
O 02 1 f - 20 2
- -40
0.1 V/ vV - -60
O T T T T T '80
200 202 204 206 208 210
Time [s] —Isoflurane
—— Flow
Conc.AnaConDa; Inf.-Rate: 0.8mL/h; Centiva PCV f10 PEEP5 Pinspl16
0.6 100
05 [ 80
fal A
—_ c
9 0.4 M 40 £
S 03 20 3
N e L W N A B
O 02 AN oy 20 2
o |/ o
' % V - -60
0 T T T T T ‘80
854 856 858 860 862 864
. —— Isoflurane
Time [s] —— Flow
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Conc.Alv.; Inf.-Rate: 0.8mL/h; EVITA 4 PCV: f10; PEEP5; Pinsp16
0.6 100
0.5 h k 80
A e A et e Moty
— 0.4 i 40 ©
£ \ \ 20 §
; —
@]
O 02 - 20 T
-40
0.1 V V U _60
0 ‘ ‘ ‘ -80
214 219 224 229
Time [s] —— Isoflurane
——Flow
Conc.AnaConDa; Inf.Rate: 0.8mL/h; EVITA 4 PCV: f10; PEEP5; Pinsp16
0.6 100
- 80
0.5 -
- 60
— 0.4 A AN 40 €
§ AW o £
8’ 0.3 - ) 4
o) 2
S 02 S [ 20 c
w h_l\_/m,r\.\/ V 0
0.1
- -60
0 \ \ \ -80
868 873 878 883
Time [s] —Isoflurane
—— Flow
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3. Mode Spontaneous Breathing with Pressure Support

Conc. Alv.; Inf.-Rate: 0.8mL/h; Centiva CPAP/PS: f15; Vt500; PS5
0.7 60
0.6 A A 40
. 0.5 A \d\/ - 20 =
= 04 [ A T
; —
S s . Y =
o Y =
S | / / 5
0.2 \/ / -40 W
0.1 -60
O T T T T T '80
97 98 99 100 101 102 103 104
Time [s] —— Isoflurane
— Flow
Conc. AnaConDa; Inf.Rate: 0.8 mL/h; Centiva/5 CPAP/PS: f15; Vt500; PS5
0.7 60
0.6 - /\A /\,\ - 40
0.5 20 —
—_ c
FE, 0.4 V—J_/_/—/\'\ J—’__r’_r/r/#\\ \ "\ =i () é
_ . v Y :
o e
S 0.3 1 x\\h --20 2
O o
0.2 V -40 W
0.1 -60
0 -80
681 682 683 684 685 686 687 688 689
Time [s] —— Isoflurane
— Flow
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Conc.Alv.; Inf.-Rate: 0.8mL/h; EVITA4 CPAP/PS: f15; Vt500; PS5

0.7 60
0.6 40
0 . 5 f\/}\_ m n\{f" Ny M MA‘—'"\I'" m nlv_ 20 E!
él WWW AnAL A W lé
" 0.4 T ML | v 0 :
O =
5 0.3 - --20 2
O o
0.2 - - -40 W
0.1 -60
0 -80
135 137 139 141 143 145 147 149
. —Isofl
Time [s] isoflrane
Conc.AnaConDa; Inf.-Rate: 0.8mL/h; EVITA 4 CPAP/PS: f15; Vt500; PS5
0.7 60
0.6 40
0.5 LA hZaN L 20 —
S =
g 0.3 If -20 =
S \\ 3
0o U/ / /AN U
0.1 - - -60
0 -80
735 737 739 741 743 745 747
. — Isoflurane
Time [s] —— Flow

more figures concerning anesthetic agent concentration at different localizations in the appendix

Valuation of test results: Anesthetic agent concentration at different measuring points

The anesthetic agent concentration over time looks very different at different localizations. In the simulated
alveolear region the concentration over time is nearly constant in the steady state situation. The concentration
curve over time at the AnaConda measuring point looks quite different. You can see a good correlation between
the flow and the concentration curve. During the inspiratory flow phase the concentration decreases due to the
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fact, that the flow flushes out the agent from the AnaConda system. During the expiratory flow phase the flow
transports the agent from the airways back into the AnaConda system and together with the infusion of the agent
in the expiratory phase, the agent concentration at this localization increases. It seemed to be, that the
concentration behaves in inverse proportion to the integrated flow, which is the transported gas volume.

Alveolear anesthetic agent concentration over time at different infusion rates

used ventilator: Servo 300

Settings
Mode: VCV

FiO2: 30%

alv. Isofluran concentration, VCV, Vt=500 mL, MV=5L/min, insp. Flow=0.5 L/s

2.00

1.80

1.60 -

1.40 -

120 — Inf.Rate=0.8 mL/h
1.00 —— Inf.Rate = 1.6 mL/h

Inf.Rate = 3.2 mL/h

Concentr. [%]

0.80 -

0.60 -

0.40 —

0.20 ¥

0.00 + ‘ ‘ ‘
0 50 100 150 200

Time [min]

Alveolear anesthetic agent concentration over time at different tidal volumes

used ventilator: Servo 300
Settings

Mode: VCV

FiO2: 30%
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