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Useof INFUSCALE

It is not permitted to make copies or to sell Infuscale. It is permissible, however to make copies
of the program disc to secure the data.

Liability

We endeavour to supply a perfect product but we cannot guarantee a perfect running of the soft-
ware under al conditions. Despite of an exact program validation we cannot guarantee the reach-
ing of a special purpose of use. Liability for any damage during use of this program is excluded
asfar aslawful.

Contact: Dr. Gerd Juhl, Kreckestr. 10, 80997 Munich, Germany. Email: gjuhl @infuscale.com
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1. Introduction

The Infuscale program serves for the exact evaluation of the delivery accuracy of infusion pumps
and controllers by the gravimetric method according to the international standard IEC601-2-24
(EN60601-2-24). It operates with electronic balances and runs on IBM compatible computers on
Windows 95, 98, ME, NT, 2000, XP and 7 operating systems.

INFUSCALE provides powerful features including:

- Acquisition of balance data and storage on file

- Storage of event markers

- Operation with Mettler-, Sartorius-, Ohaus-, Chyo-, Precisa-, and Kern balances

- Graphical and numerical display of dataand event marks

- Evaluation of data according to the specifications of the harmonized standard EN60601-
2-24 | IEC601-2-24 or to the user's own requirements

- Evaluation according to MDA Device Bulletin DB2003(02)

- Calculation of Trumpet Curves

- Calculation of the Constancy Index

- Graphical display of weight and flow curves

- Storage of graphics as BMP or JPG files and to the Clipboard

- Display of values as tables and test reports

- Screen printout, table printout, printout of test report

- Storage of test report as Microsoft Word and Excel file, and in the data file formats: TXT,
WMF, HTML and CSV.

- Storage of table as Excel datafile

INFUSCALE has been used since many years in testing a large number of different pumps with
different attributes demonstrating that it is areliable tool. Data files stored with prior versions of
INFUSCALE can be read and evaluated with the present version.

1.1 Enhancementstoversion 6.5

- Calculation of the modified trumpet curve and the constancy index
- Improved export to Microsoft Excel

- Improved entry of comments

- Improved setting of table print out parameters

- Storage of the name of the technician within the data file

- Optional operation of two balances on one PC.
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1.2. General Information on the Infusion Standard

In recent years work has been done by a working group of the VDE and IEC (International Elec-
trotechnical Committee) on a new international standard for pumps and controllers. This world-
wide recognised commission has completed the Norm IEC 601-2-24 ,, Particular requirements for
safety of infusion pumps and controllers®, First edition 1998-02. In the same year the standard
has been harmonised according to the European Directive on Medical Devices 93/42/EEC as
EN 60601-2-24.

As the graphics described in the above mentioned standards have to be part of any user manual
for infusion pumps, a measuring system is necessary that the fulfils those requirements.

The main task of INFUSCALE is to perform - together with the required hardware - and docu-
ment accuracy measurements of infusion pumps according to sections 50.102, 50.104 - 50.108 of
the standard. In addition INFUSCALE is useful during the development and the periodic safety
checks of infusion pumps.
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1.3. TheGravimetric M easurement Procedure

The gravimetric method is used in determining the accuracy of delivery of infusion pumps. Dur-
ing the measuring procedure the quantity of liquid delivered by the pump under test isweighed in
equal time intervals and transmitted to a computer, that stores it together with a timestring on a
datafile. In a second process the accuracy data are cal culated and documented.

influsion line compter

needle| o ia) Jine |

e

influsion purgp electrorie scales

Picture 1 — Measuring setup

The measuring setup (picture 1) is made according to IEC standard requirements (see pictures
104a and 104b of the standard). It consists of the pump with disposable accessories, an electronic
balance and the connected digital computer. The measuring is controlled and documented by
INFUSCALE. Depending on the type of pump (See chapter 50.102 - 50.108 of the standard) the
pump and the measuring devices are set and started. The pump delivers liquid (water for medical
use according to 1SO class I11) into the container located on the balance plate. The weight of the
container increases in proportion to the delivered volume and is in regular intervals transmitted
to the computer and stored on file. The menu option for performing this procedure is started by
clicking on “Data Acquisition” / “Measurement”.

Note: Nutrition pumps must be tested with the specified nutrition solution instead of water. Be-
fore starting measuring, the density of the nutrition solution must be determined and entered into
the respective field.

After the measuring is finished, the data can be analysed by calling up the menu item “Evalua-
tion”.

With pumps of group 50.102 the evaluation according to EN 60601-2-24 is very easy. You just
have to load the data file and click on key 102| . Prerequisite is a time interval of 30 seconds
between two data points and a duration of measurement of > 2 hours which is equivalent to at
least 241 measuring points.

With other pumps - i.e. pumps with bolus delivery or pumps with non continuous delivery char-
acteristics - an automatic analysis is not recommended. In those cases the user's analysis is sup-
ported by different optionsin the menu “Evaluation”.
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2. Installation

2.1. Equipment Requirements

- Electronic balance with RS232-interface (uni- or bidirectional).
- Picture 2 shows alist of balances supported by INFUSCALE.

- PC with Windows 95, 98, NT, 2000, XP or 7 operating system
- Colour Graphic Display of at least 800/600 pixel resolution.

- RS232 computer interface installed as COM1 .. COM4

- Printer installed on LPT1 or LPT2. All printers which are accepted by Windows can be
used.

- Connection line between computer and balances
- Accessories (container, cannula, oil)

2.2. Softwareinstallation

Insert the program-CD into the CD-drive.

Start the software installation with "Drive\Setup-E.EXE" in the "run" mode and press the OK
key. The installation routine transfers all program- and data files from CD to the computer and
creates an icon symbol on the desktop.
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2.3. Connecting the Balanceto the PC

The balance can be connected to any of the serial ports COM1 to COM4 of your computer. The
specific port is selected in the INFUSCALE setup procedure (see chapter 3). As COM1 is nor-
mally used for the mouse, we recommend the selection of COM2 for connecting the balance.

We recommend to start without using handshake, and the balance set to AUTO (continuous)
mode.

The following lines must at |east be connected between the balance and the specified COM-port.

1. GND
2. Dataline Baance = PC
3. Dataline PC = Baance

It could happen, that the connection of the datalinesisinitialy incorrect and that no data appear
on the computer screen. In this case most often it is sufficient to cross the lines 2 and 3. Please
check the settings of baudrate, parity, data bits and stopbits on balance and computer (see chapter
3). Set the handshake option of the electronic balance to OFF and the transmission mode to con-
tinuous (CONT or AUTO).
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2.4. Balance Settings

The next table gives an overview of balances supported by INFUSCALE.

Manufacturer Series Auto | Abfr | Default parameters
Mettler AE, AM, PM X X 2400 Bd, 7E1
Mettler SICS AB-S, AG, AT, AX, MT, X X 2400 Bd, 7E1

MX, PB-S, PG-S, PR, SB,
SG, SR, UMT, UMX

Sartorius AC, BA, BL,BP, LA, LC,| X X 9600 Bd, 7E1
LP, MC, RC, SC, CP

Ohaus GA GA110, GA160 X 4800 Bd, 7E1

Ohaus GT GT-Series X X 9600 Bd, 7E1

Chyo MJ-Series X 4800 Bd, 8N1

Precisa Series 300S X 9600 Bd, 7E1

Picture 2 - Balances and setting parameters

In column 3 and 4 the operation modes of the balances are marked.
»auto" stands for continuous data transmission from the electronic balance to the computer.
»abfr* stands for data transmission on request by the computer.

On some balances both transmission modes can be selected. INFUSCALE must be configured
according to the mode selected at the balance (see chapter 3)

Column 5 of picture 2 contains the default parameters preselected by the balance manufacturer
e.g. baudrate 9600 bd, word length 7 bit, 1 stop bit and even parity for Sartorius balances. In the
Setup screen these default parameters can be automatically taken over from an interna table by
pressing

Preset values

However any other value can be selected if necessary for proper communication. It is important
that the settings of computer and balance correspond.

The next chapters give additional information for specific balance setups.
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24.1. Mettler Analysis-Balance AE 100

integration time: step 2 = 3 sec (normal setting)
stability detector: step 2 (normal setting)

Datainterface option 011:

In accordance with the installation instructions for option 011 for the Mettler AE-Balance the
following settings have to be made:

Data transmission mode: send continuously

Baudrate: 2400 Baud

Data bits: 7

Stop bit: 1

Parity: parity enable, even parity
No protocol

Mark "Mettler" and "auto" in the Setup screen, and check the correspondence of the fixed pa
rameters between computer and balance interface (see chapter 3).

With the correct setting of the COM-parameters the balance is continuously sending data to the
PC. See next sequence for example:

S 0.00¢g <--- weight 0.0 grams
S 0.00 g
S 0.00 g
SD 0.5 ¢ <- 7.2 gramms put on bal ance, result not stable
SD 2.6 ¢
SD 4.8 ¢
SD 6.1 ¢
SD 6.7 ¢
SD 7.0 ¢
SD 7.1 g
SD 7.1 g
SD 7.2 g
SD 7.20 g
SD 7.20 g
SD 7.20 g
7.20 ¢ <---- result stable
7.20 g
7. g
7. g
7. g
7. g

Picture 3 - Datafrom a Mettler AE balance

During measuring INFUSCALE only accepts stable results.
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2.4.2. Mettler Precision Balance PM 4000
Please make the following settings in the sector "I-FACE" of the balance configuration register.

data transmission mode: "Cont" al values are transmitted automatically
Baudrate: 2400 (default)

Parity: E = even parity (default)

Data bits: 7

Stop hits: 1

Interval (pause): 0 sec

Cdlibration mark: AU =on (or off)

Mark "Mettler" and "auto" in the Setup screen, and check the correspondence of the fixed pa
rameters between computer and balance interface (see chapter 3).

2.4.3. Mettler-Balanceswith SICS Serial Interface
This section covers al balances of model types.
AB-S, AG, AT, AX, MT, MX, PB-S, PG-S, PR, SB, SG, SR, UMT, UMX

The following table gives an overview of port connections to the PC.

Balancetype Port PC-Connection

AB-S RS-232C Cable

AG LocaCAN Interface-Box with cable
AT RS-232C Cable

AX RS-232C Cable

MT RS-232C Cable

MX RS-232C Cable

PB-S RS-232C Cable

PG-S RS-232C Cable

PR LocalCAN Interface-Box with cable
SB RS-232C Cable

SG LocalCAN Interface-Box with cable
SR LocalCAN Interface-Box with cable
UMT RS-232C Cable

UMX RS-232C Cable

Picture 4 - Mettler balances with SICS Interface connection
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Balances with RS-232C port are connected according to the following scheme:

Balance-Pin 13 (white)

Balance-Pin 12 (brown) =

Balance-Pin 2 (green)

Pin 5 of 9 pol. PC-Plug
Pin 2 of 9 pol.PC-Plug
Pin 3 of 9 pol. PC-Plug
Connect Pin 1,7 and 8 of 9 pol. PC-plug

datafrom Balance
datato Balance

Picture 5 - Connection scheme

These balances can be operated in two different modes:

a) continuous data transmission to the computer:

The settings in sector “I-FACE” of the balance configuration register of the balance are:

Data output condition: CONT

Baudrate:

Parity:

Data bits:

Stop hits:
Handshake:

End of line mode:

2400 (default)

E = even parity (default)
7

1

OFF

CRLF

b) datatransmission on request by the computer:

Data output condition: ALL

Baudrate:

Data bits:

Stop hits:

Parity:
Handshake:

End of line mode:

The sdlection in the SETUP screen must be either "Mettler S*, "auto” or "Mettler S', "abfr".

2400 (default)

7

1

E = even parity (default)
OFF

CRLF
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2.4.4. SartoriusBalances

All Sartorius balances of types AC, BA, BL, BP, LA, LC, LP, MC, RC, SC, CP have a
RS-232C-port. They can be operated in two different modes:

a) continuous data transmission to the computer:

data output condition: auto without standstill

Baudrate: 9600 (default)

Data bits: 7

Stop hits: 1

Parity: E = even parity (default)

stopbits: 1

handshake: hardware handshake with 2 figures after CTS

b) datatransmission on request by the computer:

data output condition: without standstil

Baudrate: 9600 (default)

Data bits: 7

Stop hits: 1

Parity: E = even parity (default)

stop bits: 1

handshake: hardware handshake with 2 figures after CTS

In accordance with the balance configuration the setup of INFUSCALE must be either "Sarto-
rius’, "auto" or "Sartorius’, "abfr".
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3. Main Menu and Setup

After starting INFUSCALE the main menu appears on the screen. The options “Data Acquisi-
tion”, “Evaluation”, “ Setup” and “Help” can be selected from here.

Please click on Setup now:

ﬂlnfuscale 7.0

Data Acquisition  Evaluation  Setup | Help

Picture 6 - Main menue

At the very first call of the Setup routine, INFUSCALE tries to find an available serial port. If a
suitable port has been found, the Setup screen appears:

== x|
—baudrate —Balances——————— —Print
1200 = 2400 Balances hp deskjet 990c senes
Mettler
= 4500 {* 9600 Mettler S
Sartoriuz
-=G| 600  dpi
—data bits ~stop bits 3:3“3 2?‘ shir =
e
Wy 8 " 2 Chivo auto
Precisa auto )
~parity ——— COM-Port Kern rOptions
o = COM1 Lustom auto ¥ 0-Warning
 odd ¢ comz [~ Log [~ Check
" coms Preset values |
{* Equal " COM4 Par 3 4 2 3
' aut Win 93
—Timer calibration e LR
oo 100.00 % 00:00:00 Start ® o
|
ST  — . _stop_|
-5 Intarwal +5% 0 Set I 100,00 %
00:00:00  00:00:00  00:00:00 (] Durstion (min) [30 = [

Picture 7 — Setup Screen

If INFUSCALE has been installed on Windows 98 the checkbox ™ Win98  mugt be marked. In

case of Windows NT, 2000, XP or 7, this field remains empty. At next, the connected electronic
balance is set by clicking on its namein the list "Balances’'.
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A click on key

Preszet values

selects the preset values "Baudrate”, "Data bits", " Stop bits" and "Parity” of the highlighted bal-
ance according to the table in picture 2. In the frame "COM-Port" the computer port to which the
electronic balance is connected can be selected.

3.1. Termina

After clicking on

aVT100 compatible terminal screen opens.

This terminal observes the data coming in from the balance to the PC in "auto" mode. These raw
data can be recorded on file (extension "CAP") and played back afterwards.

The following functions are implemented:

Start: Start of data display

Stop: Stop of display

Capture: Entering the name of the capture file and start recording
Play: Open and play a capturefile

Exit: Terminal switch off.

On activating the capture function, a yellow light appears on the right side . Clicking on z|
switches recording on and off.

The seven green lights on the right side reflect the state of the port lines. Red means an active
State.
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3.2. Printer Setup

The printer setup can be made in frame "Print"

—Print

HF Desklet 970C Senes an
LPT1:

= 300 dpi
= v

Picture 8 - Printer setup window

by clicking on El . Thefield next to it shows the set printer resolution, which isin this exam-
ple 300 dpi.

3.3. Timer-Calibration

The internal timer controls data acquisition very accurately. Its setting normally does not need to
be changed. However, for calibration purposes, there is the possibility to accelerate or delay this
timer by 5% compared to the internal PC-Clock.

—Timer calibration
00| 100.00 % 00:00:00 Start
II IIIIIIIIIIIIIIIIIIIIIIII J IIIIIIIIIIIIIIIIIIIIIII . Stop
B Interval +5% 0 Set I 100.00 %
00:00:00 00:00:00  00:00:00 0 Durstion (mir) ﬂ

Picture 9 - Timer calibration window

The timer can be adjusted by moving the track bar to the right or to the left side. A key-click on
"Set" sets the new value. Clicking on 1o sets the timer to 100%.

Alternatively, an automatical timer calibration can be performed. The duration of this process is
determined by setting the time in the field next to "Duration (min)". The test starts after clicking
on "Start". In the green field the time difference between timer time and internal PC-time is con-
tinuously displayed in seconds. The deviation in percents is shown in the field above. When the
test has ended or been interrupted with "Stop™, the optimal timer value is displayed next to "Set".
Clicking on the Set-key sets the new value.
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3.4. Options

In frame "Options' the following selections can be made:

—Options
[v O-Warning
[ Log [ Check
Par 3 4 2 4
{* auto [~ win 98
i~ abfr

Picture 10

Log: During data acquisition an additional log fileis created. This file documents the
dataacquisition process in detail. Its extensionis".LOG".

OWarning: If this field is marked, an overwrite warning is displayed after starting the
measuring in DATA ACQUISITION/MEASUREMENT if the set filename al-
ready exists.

Check: If this field is marked, a horizontal scroll bar appears in table "Balances'. By
moving to the right, all other fields of this table can be viewed. They contain
the setting parameters of each balance.

Par: The 4 fields are related to the data format of the set balance.

Field 1: Number of balance type

Field 2: bal ance index

Field 3: First read digit of arecelved data string starting from left
Field 4: Number of read digits.

If balance [YS Y THINNNN is marked, the user can enter values into field 3
and 4 (see above). This allows the adaptation of already not supported balances
to INFUSCALE.

Win98 If INFUSCALE has been installed on Windows 98 this checkbox must be

marked. In case of Windows NT, 2000, XP or 7, thisfield remains empty.

Key |44 | leads back to the main menu.
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4. Infusion Pumpsaccording to EN 60601-2-24

The following chapters refer to the respective chapters of the standard EN 60601-2-24.

4.1. Volumetric Infusion Controllers, Volumetric Pumps and Syringe Pumps (50.102)

The following measuring conditions are defined in the standard:

Measuring inter- 30 sec
val:

Set delivery rate: The measuring must be made at the following set rates:

a)  Volumetric pumps and controllers:
- minimum adjustable rate, but at least 1 mL/h
- intermediate rate: 25 mL/h

b)  Syringe Pumps:
- minimum adjustable rate, but at least 1 mL/h
- intermediate rate: 5mL/h

Measuring time: More than 2 hours

For further details please refer to the standard or to picture 11. The evaluation with INFUSCALE
is described in chapter 6.1.2.

4.2. Drip Ratelnfusion Controllersand Drip Rate Infusion Pumps (50.103)

The standard does not recommend the gravimetric method, but a drip counting method.



INFUSCALE 7 Instructions for use 20

4.3. Infusion Pumpsfor Ambulatory Use Type 1 (50.104)

Ambulatory pumps with continuous delivery characteristics are concerned.

Measuring inter- 900 s=15min
val:

Set delivery rate: the measuring must be made at the following set rates :
- minimum adjustable rate
- intermediate rate specified as typical by the manufacturer

For further details please refer to the standard or to picture 11. The evaluation with INFUSCALE
is described in chapter 6.1.3.

4.4. Infusion Pumpsfor Ambulatory Use Type 2 (50.105)

Ambulatory pumps with non continuous delivery are concerned, i.e. repetitive delivery of equal
boli during the whole delivery period. The measuring must be made with 20 and subsequent 100
shot cycles at intermediate rate as specified by the manufacturer. Further details are described in
the standard and in picture 11. The evaluation with INFUSCALE is described in chapter 6.1.4.

4.5. Infusion Pumpsfor Ambulatory Use Type 3 (50.106)

Ambulatory Infusion and Syringe Pumps with Bolus Equipment are concerned (pumps that are
ableto deliver single, discrete boli)

The measuring must be made with 25 consecutive boli a the minimum setting either demanded
manually or by program. Further details are described in the standard and in picture 11. The
evaluation with INFUSCALE is described in chapter 6.2..

4.6. Infusion Pumpsfor Ambulatory Use Type 4 (50.107)

Combination of non continuous delivery and bolus delivery. Testing shall be done according to
subclauses 50.104, 50.105 and 50.106 of the standard as appropriate. Please refer to the standard
or to picture 11. The evaluation with INFUSCALE is described in chapters 6.1.3., 6.1.4. and 6.2..
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4.7. Infusion Pumpsfor Ambulatory Use Type 5 (50.108)

Only for parenteral nutrition or patient controlled infusion. Use subclause 50.102 to 50.106 of the
standard as appropriate. For further details please refer to the standard or to picture 11. The
evaluation with INFUSCALE is described in chapters 6.1.2., 6.1.3., 6.1.4. and 6.2..

Note: Nutrition pumps must be tested with the specified nutrition solution instead of water. Be-
fore starting measuring, the density of the nutrition solution must be determined and entered into
the respective field.

4.8. Other medical pumps

EN 60601-2-24 does not refer to implanted pumps or other pump systems in medical use. How-
ever INFUSCALE can be used for these pumps as well.

4.9. Overview of Infusion Pumps according to EN 60601-2-24

Sect. Type Min. | Intemed. | Intermed. Intermed. Intermed. | Bolus | Bolus | Measur.
rate rate rate Rate Rate min. | max. | Interval
>=1ml/h +100mmHg | -100mmHg | + container
0.5 m below
50.102 | Vol. Contr. X 25ml/h X 30s
50.102 | Vol. Pump X 25mi/h X X X X X 30s
50.102 | Syr. Pumpe X 5mi/h X X X X X 30s
50.103 | Drip Contr. X 20/min 1min
50.103 | Drip Pump X 20/min 1min
50.104 | Amb. Typel X X 15 min
50.105 | Amb. Type2 X
50.106 | Amb. Type3 X X
50.107 | Amb. Typed X X X X
50.108 | Amb. Type5 X X X X

Picture 11 - Set delivery rates according to IEC601-2-24, sections 50.102 - 50.108

4.10 Classification of Pumps

The British Health Ministery has published recommendations for users of medical infusion
pumps. These publications are based on technical evaluations, user assessments, incident report-
ing and on own evaluations. Device bulletin 2003(02) addresses problems in the use and selec-
tion of infusion systems and the training of users. It raises awareness of the nature of infusion
systems, their advantages and risks.
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Regarding clinical application, pumps have been divided into three major categories according to
the potential infusion risks. These categories A, B, and C are shown in the next table with alist
of the performance parameters critical to each. The categories have been selected on the principle
that, in general, the greater the potential risks associated with therapies, the higher the perform-
ance needed and the more important are the safety features.

Therapy Therapy description Patient group Performance data
Category
A Drugswith narrow therapeutic margin - | Any Good long-term accuracy
Drugs with short half-life (< 5 min) Any Good short-term accuracy
Any infusion given to neonates Neonates Repid darm after occlusion

Small occlusion bolus
Able to detect very smal air

embolus
Smadll flow rate increments
Good bolus accuracy
Rapid gtart-up time
B Drugs, other than those with a short | Any except neonates Good long-term accuracy
half-life (> 5 min) Alarm after occlusion
TPN Volume sensitiveexcept | Small occlusion bolus
Fluid maintenance neonates Able to detect small air em-
Transfusions bolus
Application of Diamorphin (long half | Any except neonates Small flow rateincrerments
life of metabolite) Bolus accuracy
C TPN Any except volume sensi- | Long-term accuracy
Fluid maintenance tive or neonates Alarm after occlusion
Transfusons Small occlusion bolus
Able to detect air embolus

Incremental flow rates

Therapy categories and performance parameters

Minute-to-minute variability of flow becomes very important where drugs with short half-lives
are being administered. The importance derives from the need to prevent undesirable fluctuation
of effect-site concentration of the drug. There is documented evidence that minute-to-minute
variability of flow can cause variation of physiological parameters and consequent difficultiesin
management, in both adults and neonates, where the half-life of the drug is short.

Short-term accuracy is expressed by the concept of constancy index. This is the shortest period
during the pump’s steady-state operation over which measurement of output consistently falls
within £10% of the mean rate. The data are derived from the flow tests performed over 24 hours
at Iml/h. Flow is recorded at 30 second intervals over the final 18 hour period. And the average
rate compared with flow over each short period.

The constancy index of the pump should be less than or equal to the haf-life of the drug used.
Syringe pumps have a shorter constancy index than volumetric pumpsi.e. alow constancy index
indicates good short-term flow rate accuracy.
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5. PerformingtheMeasuring

infusion line cormputer

needle

e

mfusion purg electronic scales

Picture 12 - Measuring setup

5.1. TheMeasuring Setup

The measuring setup consists of the following components:

- Balance with RS232 interface

- Windows computer with RS232 interface COM1 .. COM4
- connection line between computer and electronic balance
- liquid container

- silicon ail for the ail film

- cannula (G18 or G21)

The balance must be installed perfectly plain, in a vibration free environment and must be cali-
brated. The container of the infusion pump that is to be tested must be filled with water (corre-
sponding to 1SO class I11). The connected infusion line with a long cannula must be primed. In
the liquid container placed on the measuring plate, alittle amount of water isfilled in with an oil
film on the top (about 0.5 cm). This film reduces the evaporation of the water during the long
measuring period.

Thetip of the cannulais placed directly under the oil film, so that a continuous water pillar be-
tween the infusion container, the infusion line and the liquid container on the balance is main-
tained. Thus an influence of the measuring accuracy by the drop formation on the end of the can-
nulais prevented.
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5.2. DataAcquisition

Data acquisition is started by clicking on :

| Data Acquigition  Ewe

Simulation ! ‘

Esit

The following screen appears.

ﬂMeasurement o [=l |
Pump Ii |Sarturius [ ] Target |Crinfu7iMedata'Test.pmq
Technician R Meas. interv. 1 s
Serial no. R Evaporation l0.0000 mbh
Disposable B Density 0.9982 a/mil
Set flow rate 0.0000 mih Total time I_ min
Vuieighit Flovwey rate
0.5 Mieight Nifg] 010000 o5 _Rate Difmin] 0 00000
0.4 0.4~
0.2 0.2+
0.2 0.2
0.1 0.1+
o477 L e I B B S e L m
oo 0.5 10 15 o.n 04 1.0 14
Time[min] Tirmee [rmin]
30 II 100 300 I IDEIIZII IEDDDI Tirns
Start tire act tirme Mezas. tire Tirne diff. Everit ma. Evart tire
Indax Tirne string Wirei qht rean rate TMEan error wolurne Start
0 00:00.00,00 0.oa00on 0.0000 - 0.0000 l_ Tare Stop
Timer Intervall:
[Fz][Ee] e (2] [Fe] Fe] [32] (48] [e] [Me] Fe] [22] [F2] (5e] 0g COM1 2600 TE1 100.00 % | ﬁ Wl

Picture 13 - Measurement screen

5.2.1 Enteringdata
In the upper part of the screen the following parameters can be entered:

Pump: Name of the pump under test
Technician: Name of the technician performing the measuring
Serial no.: Seria number of the pump under test

Disposable: Used disposable
Set flow rate:  Set flow rate of the tested pump

Meas. Interval:  Timeinterval between two measuring points in seconds
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Evaporation: Evaporation ratein mL/h
Density Density of thetest fluid in g/mL
Total time: Measuring time in minutes (O or - = no time limitation)

When entering the parameters please regard the conditions, described in the IEC601-1-24 stan-
dard, and referenced in chapter 4 of this manual. By pressing TAB or ENTER the next field is
highlighted for input.

The shortest time interval is 1 second. Please note, that such a short time period will increase the
measuring error (see chapter 7).

Right to the "Pump" field the set balance is displayed.
Next to it isagreen light that changes to red, if a new datalineis transmitted to the PC.

The "Target”" field shows name and path of the INFUSCALE file to be stored. By clicking on this
field anew file name can be entered.

5.2.2. Control of Data Transfer
The area displayed on the lower |€eft part of the screen serves for measuring control.

Start time act time Meas. time Time diff. Ewert no. Eweri tirme
1601 751 1601 355 1601 355 0o0;00:04 1 0o;00;02
Index Tirne string ‘iz ghit rean rate riean error Winlurne

4 00:00:04,00 0.00000 0.0000 - 0.0000

[E][32] 2] (2] [32] (2] (2] (4] (48] [48] [32] (2] [32] [32] 0.0 COMT 2800 7E1

Picture 14 - Displayed values during data acquisition

On the bottom line the data received from the balance are shown in ASCII code. For instance
[32] represents the Space-letter, [48] stands for zero. Right to it the same data appear in normal
readable form. In "auto” mode these two fields allow checking whether correct data are transmit-
ted from the balance to the PC.
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5.2.3. Terminal
By clicking on

the screen of a VT100 compatible terminal appears. It allows the observe the incoming balance
data and the RS232-control signals. In mode "abfr" also the signals that are transmitted from the
PC to the balance are displayed.

o
L]
=

HE BB EEER

M+ + + + + + + + + +

Picture 15 - Terminal display during data acquisition

These raw data can be recorded on file (extension "CAP") and played back afterwards. On acti-
vating the capture function with | , a yellow light appears on the right side. Clicking on &
switches recording on and off.

The seven green lights on the right side reflect the state of the port lines. Red means an active
State.
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5.2.4. Start of measurement
When all parameters are entered, the measurement can be started by clicking on
Start

If the Tare option [ Tere Was been marked, the computer sends out a Tare-command which sets
the balance to zero.

Clicking on
Stop
stops the measurement.

Below the 7 file header lines, the created file contains in each line the time and the measured
weight (see next picture). Additionally, events that have been marked by pressing the blank key
on the PC keyboard, are stored in a separate line. The name of the technician is automatically
stored in the last line.

Example:
TI ME | NTERVAL (SEC): 30
SET FLOW RATE(M./H): 20. 0000
EVAPCRATION (M/ H): 0. 0000
DENSI TY (GM):  0.9982
NAME OF PUMP : Exanple 5
SERI AL NUMBER To-
DI SPOSABLE To-
13: 26: 33, 25 0. 00000
13:27: 03, 30 0. 02041
13:27: 33,29 0. 12840
13: 28: 03, 28 0. 28762
13: 28: 33, 27 0. 45998
13:29: 03, 26 0. 64032
13: 29: 33, 25 0. 80385
13: 30: 03, 29 0. 96463
13: 30: 33, 28 1.12811
13: 31: 03, 27 1.29109
13: 31: 33, 26 1. 44685
13:32: 03, 25 1. 59950
13:32: 33, 29 1.74942
13: 33: 03, 28 1. 90455
13: 33: 33, 27 2.06292
13: 34: 03, 26 2.23061
USWw.

Picture 16 — Infuscale datafile
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During the program run the following values are shown on the screen:

Upper line:

Starting time

Actual PC-time

Measuring time

Time difference between measuring time and starting time
Event number

Event time

SUuA~WNE

Middleline:

Index

Stored time string

Stored weight

Calculated mean flow rate since start of measurement (mean rate)
Percentage deviation of the mean flow rate in relation to the set delivery rate
Actua delivered volumein mL

SUuA~WNE

In the middle windows weight and flow rate are plotted in two graphs against time. By clicking
on the keys below, the number of data points shown can be set. E.g. if key 100 is pressed, 100
measuring points are displayed. When exceeding this number, the curveis scrolling to the left.
By clicking on "al" the maximum number of 10000 points can be seen.

When thekey 1ime| ispressed down, thetime format of the x-axis changes from minutesto
hh:mm:ss. 1 minute is displayed as 00:01:00.
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Measurement

Picture 17 — Data acquisition

=18l x

Pump I- |Sartolius | | Target IC:\.Infu?lHe\da‘la\Test.pmq

Technician Gerd Juhl Meas. interw. A &

Serial no. 1345799 Evaporation 0.0000 mlh

Disposable Density 09982 a/ml

Set flow rate 0.0000 mlh Total time min

Weight Flovy rate
‘iiight 'ifg] 1580 Fate Gifmih] 0
15.00 16.80
2 15000 14426

10.00 — 10000 —

5.00 4 5000

0.00 - o

T T T T -0.50 T T T T
oo 0.1 0z 0.z 0.4 0s 0.0 o 0z 0z 0.4 0.8
Time [min] Time [min]
I a0 100 I 300 I 1DDD| 1ZDDD| Tirne

Start tirne act time Mezs tirne Tirne diff Euerit no Euart tirne
70326 AT:02:47 7:02:47 o0:00:21

Index Time string. Weiaht meanrate  meanerror  Wolume Start

21 00:00:21,00 15 20000 27124557 15.8285 Stop
Timer Intervall:
IR BRI B2IE2E ¢ 158 COM1 9500 7E1 1000 = |@ 4
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5.2.5. Event marker

During measurement an event can be marked by pressing the blank key of the PC-keyboard. Such
an event is displayed in the control area (see 5.2.2.), and is stored in the INFUSCALE file.
Events are displayed on evaluation screens and tables.

5.2.6. Storage of Graphicson Fileand to Clipboard.

When the cursors is pointing on a graphic, a click on the right mouse key shows the following
pop-up menue:

LCopyToBRP
CopuT olPG
CopyT aClipboard

Clicking the left mouse key on one of the menue items stores the graphic on data file in either
BMP or JPG format, or copies it to the clipboard from where it can be easily transferred to other
programs e.g. Microsoft Word.

5.3. Simulation

The option "Simulation" does not perform a real data acquisition. It simulates the measuring by
using an aready existing INFUSCALE data file as data source instead of a balance. It can be
selected by clicking on "Data acqusition” and "Simulation":

| Data Acquigition  Ewe

Simulation !

Esit

The source file can be opened by clicking on the input area on the top left side. The further op-
eration isidentical to chapter 5.2.

By marking thefield ¥ =10 the speed of simulation can be increased 10 fold.
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6. Evaluation of the measured Data

To evaluate the measured data please return to the main menu and click on "Evaluation".

Mlnfuscale 7.0

Data Acquisition  Evaluation | Setup Help

The following screen appears.

===
filename Crinfufdie'data'B=p2 pmp ﬂ'l _
—EH 60601-2-24, 50

Technician l—

Stat. pumps .mzl

Amb. pumps 1 104
Pump
Serial no. Amb. pumps 2 105
Disposable

Amb. pumps 3
Set flow rate mih Py 106
Meas. interw. 5
Evaporation mlh
Density g/ml Trumpet Curve = | = |
Ho. of points
Total time min Bolus evaluation |_|

Picture 18 — Screen “Evaluation”’

At this moment, the keys on the right side can only be seen in outlines without a function. How-
ever if an INFUSCALE file is loaded by clicking on ﬁl their view changes to normal. In the

frame "EN 60601-2-24, 50" only those keys are activated, which lead to a reasonable evaluation
according to the IEC-standard. Thiswill be explained later in this chapter.
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For opening another file, please click on the field right to "filename". A selection window ap-
pears immediately in which the file can be marked and opened.

==
filename CinfufMedata'Bsp2.pmp ﬁ-l
—EH 60601-2-24, 50
12:50:19 58.10 353 ;I Technician I_
12:50:48  85.39 354 Stat. pumps 102
12:51:18  §§.58 355
12:51:48  E5.59 356
1z:52:19 59.08 357 Amb. pumps 1 104
puy mx o Pump  Rollnpumpe ]
12:55:45  39.36 360 Serial no. 12678 Amb. pumps 2 105|
12:5¢:19  90.06  IEL :
12 .54 .49 90.35 362 Disposable Schlauch Amb. pumps 3
12:55:18 3057 363 Setflowrate  30.0000 mih -pump e
12:55:459 9053 364
12:56:19 91,10 365 Meas. interw. 30 E]
12:56:48 91.32 366 )
12:57.18  S1.62 367 Evaporation 0.1200 mih
12:57:45 91.81 363 .
12:58:19 82.11 369 Lleg=v 0-9980 g/ml Trumpet Curve = | El
12:55:48 92.30 30 Ho. of points T2
12:5:18 8350 7L -
12:5:48 9279 W2 j Total time 186,00 min Bolus evaluation gl

g«

Picture 19 — File has been |oaded

The list on the left side contains the raw file data and the line index. In the center part of the
screen the file parameters, which have been entered before starting the measurement, are dis-

played.
The name of the technician can be entered if necessary.

into the program modules " Trumpet Curve" , "Modified Trumpet Curve and Constancy Index" or
"Bolus Evaluation”. The calculations are made without restrictions regarding the minimum dura-
tion of measurement (> 2 hours).

44 | leads back to the main menu.
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6.1. TheTrumpet Curve

6.1.1. TheMeaning of the Trumpet Curve according to EN 60601-2-24

In the trumpet curve the minimum and maximum deviation of the measured flow rate, which is
averaged in 5 respectively 6 different observation windows, is plotted against the set delivery rate
of the pump. The curve shows the mean flow rate deviation per time interval.

The trumpet curve is a useful information for the physician who has to decide whether a certain
infusion pump can be used together with an intended drug.

Special drugs with short elimination half life demand high standards concerning delivery conti-
nuity. If a remedy with an elimination half life of e.g. one minute is used, flow variations of
15%/minute will cause corresponding changes of the plasma level. Thus a predictable, constant
plasmalevel and arespective drug efficacy is hard to get.

Example:

Intravenous given insulin has an elimination half life of 15 minutes. Variations of the delivery
rate of + 15% in the average, during a period of 40 minutes will cause similar deviations in the
plasmalevel and, as aresult, unreliable efficacy.

6.1.2. Calculation of the Trumpet Curve according to EN 60601-2-24, 50.102

Click on key ﬂ , if itisactivated. Thisisthe case, if volumetric infusion controllers or syringe

pumps are to be evaluated (see chapter 4.1). The time interval has to be exactly 30 s and the dura-
tion of the measurement must be more than 2 hours.

After clicking, INFUSCALE evaluates the data according to section 50.102 of the IEC-standard.
For each observation period of 2,5, 11, 19 and 31 minutes the program cal cul ates the:

- minimum flow rate Q,»

- maximum flow rate Qy

- maximum negative deviation of mean flow rate E,.»

- maximum positive deviation of mean flow rate E,.

- percentage error A resp. B related to the set delivery rate.

These values are plotted as ,, Trumpet Curve.
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The next picture shows the Trumpet Curve of the second hour of example file BSP2.PMP.

ﬂTrumpet Curve second hour =1=] x|
r; |T Flow rate ChnfubsgidataBep2 pmp
Rate Qifmih] Time 1] 120 min
60.00 - Duration 120 min
feight 0.00 60,09 g
“wilurme 604504 ml
Rata 10.94 38 60 mih
S Set rate 00000 mih
iy - mean rats 3003252 |mih
Ermror 0.7 *
Time I Rate
T T T T T
i 20 40 60 20 100 120
Time [min]
Time
Trumpet Curve from minute 60.0-120.0 Evaluation | from hn. 0.0 to 1200
Devigtion [] indaw Qpmin Opmax  Epmin Epman
15 Tmin IBOTIT 31987 34076 66124
Tl & min 103384 (300016 |.2.3052 |3.0052
11min 207975 300708 06740 | D.2360
5 '\\ Epiian 1@min 207371 304801 D762 06004
i HMomin 208310 201025 05632 03413
7 _'_'_,_,—:—'—'_F =) = ; = -0
|| [ fe 0074 v} 209747 A 0.07
.5 Epmin
-10 <
z g 11 19 3
L —
=5 oot o N EFR
0l [ 3o al ol & & = & x|«

Picture 20 - Trumpet Curve of the second hour

In the window right to the flow rate graph the calculated values are displayed as numbers, e.g. the
maximum and minimum flow rates (38.60 resp. 10.94). The total error A (resp. B) is shown in
the window right to the Trumpet Curve (A=0.07 %).

Note the row of keys on the bottom |eft:

1[5 3] ]

These keys alow the setting of the deviation range of the Trumpet Curve. The standard setting is
+ 15 % deviation.

Key ' #]| onthe upper left side of the flow rate graph changes the scaling of the ordinate. When

this key is not pressed, the Y-range of the curve is identical to the range of Y-values of the data
file. When this key is pressed, the maximum Y of the curve is rounded to the next even value
above the maximum Y -value of the datafile.

Clicking on El calculates and displays the Trumpet Curve for the last hour.
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6.1.3. Calculation of the Trumpet Curve according to EN 60601-2-24, 50.104

Key 104| is activated when infusion pumps for ambulant use of type 1 are to be evaluated. (see

chapter 4.3). The measuring interval in this case is 15 minutes. The specifications of section
50.104 of the IEC-standard apply.

Clicking on this key opens the input area

™ from mirute [0 to  [200] il
The startup period T1 can be entered here.

Clicking on

=

terminates the time input. INFUSCALE evaluates the file data now and draws the respective
graphs. Each point of the flow rate curve over T1 represents the average of two data points as
required in the IEC standard. The observation periods of the trumpet curve calculated over T2 are
15, 60, 150, 330, 570 and 930 minutes.

gTrumpet Curve 1=l
I? IT Flow rate TODD_01 PRG
Rate Qifmih] Tirme 1} - 00 min
Duration 500 min
Wzight 0.0000 - 08227 g
0.2000 lurmee 08242 ml
U O O A O A <211 Rate oozl - 01831 |mih

Setrate (0000 mbh

mean rate 0.0999  mbh
01000 4 0.1ooo

Emar -0.10 %
___________________________________________________________ Time: | Fate
0.0301
0.0000
T T T T T
il 100 200 300 400 500
Time [min]
Time
Trurmpet Curve from minute 400 - 1560 Evaluation | from hiin. SO0 to 1460
Deviation [%] Wiindow Qpmin Opmax  Epmin Epmax
135 1Emin D006 DATDS  -60.545% |703066
104 60 min  (D0O7S D026 22240 25847

150 min  0.0078 D107 22240 1743
i Epmax 30 min 0.087F 0016 24694 16193
ET0min 00885 01013 15280 |1.3403

i
- e 0l Q30 min 0.0295 o.1001 -0.4531 0.0704
44 Epmin 0= 0.0093 A= 072
-0 4
R 15 G0 150 C’:SIIJ . 70 bz}

0l % 20 o alealggms I«

Picture 21 - Trumpet curve according to section 104
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6.1.4. Calculation of the Trumpet Curve according to EN 60601-2-24, 50.105

Key ﬂ is activated when infusion pumps for ambulant use of type 2 are to be evaluated. (see
chapter 4.4). The specifications of section 50.105 of the IEC-standard apply.

Clicking on this key opens the input area

T1 from minute ||] to |5|]|]| S= Mo mir 1—'|

The startup period T1 can be entered here as well as the measuring interval S.
Clicking on

=

terminates the input. INFUSCALE evaluates the file data now, calculates n (n = 30 minutes di-
vided by S), and draws the respective graphs. Each point of the flow rate curve over T1 repre-
sents the average of n data points as required in the IEC standard. The observation periods of the
trumpet curve calculated over T2 are 1S, 2S, 5S, 11S, 19S and 31S depending on the time inter-
va S.

ﬂTrumpet Curve &1l
= Flow rate =10, n=3 B00Test2.pmy
Rate Gifmih] Time 1] - 200 min
Duration 200 min
4000 4 Wigight 0000 |- 4930 g
“walume 49622 ml
koo Rate nEE1 - 1833 |mibh
L T T e e R T e e Setrate 15000 |mim
1.500 mean rate 14887 mlh
1000 4 Emar -0.76 %
"""""""""""""""""""""""""""""" G2 __Time_| Rate
0n.000 -
T T T
i 50 100 150 200
Time[min]
Time
Trumpet Curve from minute 200 - 1250 Evaluation | from hin. 200 to 1250
- ‘irudom Qpmin Opmax  Epmin Epmax
Dewigtion [%
1% 2] 10min  [1.0919 18734 272036 |34.3003
104 Epmax 0min (14636 16630 31602 103650
— S0min (14165 16200 65645 |3.0600
o R MOmin 14963 16783 02450 |5.2185
o —] 190 min 14969 18918 02075 |6.1196
’ HMOmin 14972 18680 01871 |4.5057
4 T o= 15200 A= 199
10 - Epmin
5 J0E0 8D 110 190 31
P e
=k e | =
0l 7 0] s olalegms I«

Picture 22 - Trumpet curve according to section 105
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6.1.5. Calculation of an optional Trumpet Curve

By clicking on :l INFUSCALE can calculate and draw a Trumpet Curve for any time range,

which is in the limits of the acquired data. The observation periods are 2, 5, 11, 19 and 31 min-
utes. The calculations are made according to section 102 of the standard, however, without re-
strictions regarding the minimum duration of measurement (> 2 hours).

The following input area opens immediately after clicking, in which the user can enter the de-
sired time range for calculation.

T4 from Mirute |§ to [1gs d—'l
Clicking on

=

terminates the input and starts the evaluation




INFUSCALE 7 Instructions for use 38

6.1.6 Modified Trumpet Curve and Constancy Index

Short-term accuracy is expressed by the concept of constancy index. The principle is that the
constancy index of the pump should be less than or equal to the half-life of the drug used.

The data from which the constancy index is calculated are derived from the flow tests performed
over 24 hours at 1ml/h. Flow is recorded at 30 second intervals over the final 18 hour period.
And the average rate is compared with flow over each observation window from 1,2,3,4,... 29,30
and 31 minutes. The constancy index is the shortest time period during the pump’s steady-state
operation over which measurement of output consistently falls within £10% of the mean rate.
The maximum positive and negative deviations of flow rate in each time window form the points
of the modified trumpet curve. In contrast to the classical trumpet curve according to EN 60601-
2-24, this curveis based on 31 observation intervals instead of 5 or 6.

Ml rrumpet Curve =18 =]
ET Flow rate Bp2 pmp
S — Time [ - 186 min
6000 Duration 186 min
Wizight 0,00 - 9170 g
“whlurme 933420 ml
Fate 084 - 3860 mlh
Setrate  30.0000 mbh
3.0
e sy o e o ey e oD g e oD e P e o g g L hean mte | 301122 |mlh
Emor 037 %
kol s iGN U A R o, o
_ Time | Rate
20.00
""""""""""""""""""""""""""""""""""""""""""" 1044
0.00
— — —— — .
50 100 150
Time[min]
Time
Modified Trumpet Curve from minute 0- 186 Evaluation | from hin. 0 to 186 &
AT e Window  Gpmin | Gpmax  Epmin | Epm:
15 T Tmin 223645 331361 -26.7296 10.2C
Epmax; :
; Imin 250699 (330861 -16.7482 10.2C
o I ' Imin 26773 (320857 110883 0545
\,\ 4min 276250 (325849 83699 2311
P e Smin 282663 122242 G163 TOIEW
5 | — e e - 4l | 5
|
o fo— —_—
| |1 [ T =037
) e
5 | //
17
10 /I
5l 21%4 S 6 7 8 B 10 1012 13 14 15 16 17 18 19 20 21 22 33 24 25 26 27 28 20 30 3
- L Bl
10| [75 30l 5ol ‘el ol e £ «

Picture 23 - Modified trumpet curve and constancy index

In this example the constancy index is 4 as shown in the upper edge of the trumpet curve.
Graphically the index is represented by a vertical broken line. In this example Epmax IS +8.2116%,
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6.1.7. Other Commands

6.1.7.1. Set Time Range
Time I
This key opens an input area for the readjustment of the time baseline (X-axis) of the graphics.

| hfnute Ih to |11'I:|—

Clicking on the key next to "Minute" sets the range back to a maximum.

6.1.7.2. Set Flow Rate Range
Rate

This key opens an input area for the readjustment of the range of flow rate (Y -axis) of the graph-
ics.

Clicking on the key next to "Rate" sets the range back to a maximum.

6.1.7.3. Zoom

Clicking on this key displays an enlarged area of the flow rate graph. To determine its position
and size please pull a rectangle with pressed left mouse key from the upper left corner to the
lower right corner of the enlarged graphic area you want to display.

6.1.7.4. Unzoom

2N

After clicking on this key, the origina graphic before zooming is displayed.



INFUSCALE 7 Instructions for use 40

6.1.7.5. Entering Comment lines

After clicking on this key the following window opens:
X
ﬂ

It contains 4 lines for entering comments, which are printed out in the graphic- as well asin the
test report printout.

1

2.
3.
4

Clicking on x| hides all comment lines. The OK-key below stores al lines into the comment
memory.

6.1.8. Data Output

6.1.8.1.  Printout of the Trumpet Curve

=

=]
After clicking this key a printout of the flow rate graph and the Trumpet Curve is made.

6.1.8.2. Screen Print

re

After clicking on this key, a screen print is made.
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6.1.8.3.

After clicking on this key, the file header, the comment lines, the single measured weight values
and the calculated flow rate values are displayed in three tables. The column "Error[%]" in table
3 shows the percentage error of flow rate in relation to the set delivery rate for each data point. In
columns Q1 - Q62 the mean flow rates are contained. At the end of table 3 the calculations ac-
cording to the standard are shown.

Table Output

ﬂTahle display

Pairts —|372 C:Mnfu7(0 e\data'Bsp2. pmp

Index | String Walue 2V ndex | Commert

1 MESSINTERVALL (SEC): 20 |1

2 FOERDERRATE (MLAH) - 30.00cC 2

5 VERDUNETUNG (MLH) - 0_1z0c 3

4 DICHTE P GAMLY) : 0.3933C 4

5 NAME DER FUMPE Bollex

E SERIENNUMMEER 12678

i EINMALARTIHEL -

_ =

B‘I I TECHNIEEELR Lﬂ El EI

Index: | Time (min) | Time (homes) [wieight [g)  |Rate [mib]  [Ervor (2] | &

u] 0.0 00:0Q0:00 Q. ooooo 0.o0oooan —-100.0 ]

1 .5 00:00:30 0_0%000 10.54164 -63_5

2 1.0 00:01:00 0O_37000 33_.78733 1.6

3 1.5 00:01:30 0O_5k4000 Z0_E&088 -31_.5

4 Z.0 00:0E:00 Q83000 34._393974 1&. &

5 2.5 00:0&:30 1.0zo0ooo 2296569 —-Z3.4

E 3.0 00:03:-00 1.33000 37.354E55 246

7 3.8 00:03:30 1_53000 24 _ 18810 -13_.4

5] 4.0 00:04:00 1_83000 36_15%Z214 Z0.6

g 4. 5 00:04:30 Z_0g000 30.1801E o.&

10 5.0 00:0&5:00 Z.34000 31.38E53 4.6

11 E.E 00:0&:-30 Z_&3000 34_ 58574 16.6

12 6.0 00:0&:-00 Z_54000 £5_370E0 -15_.4

13 6.5 00:06:30 3_15k000 37_354E55 248

14 7.0 00:07:00 3_325000 £4_1&310 -19.4 =

Te e _rlJ
|R0w 1 |COIumn pil | 0.0

Picture 24 - Table display Trumpet Curve

You can scroll through the table by pressing the left mouse key and move the mouse pointer up
and down the scroll bar. For printing table 3 please click on =] . A screen print can be made by

clicking on ﬂ . The table data can be stored in an Excdl file by clicking on
The keys El El are used for loading and storing the comment lines.
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6.1.8.4. Test Report
After clicking on this key, the INFUSCALE test report is displayed.

E’i Test report _ |3
BEE K > §5 BE | o]
=
Infuscale test report 172072001
filename : BspiZ.pmp
Measuring date : 941841991
Measuring time : 1l6:1z2:44
Technician HEE
Punp :  FRollenpumpe
Gerial no. : lzZevs
Lisposable 1 &chlauch
Meas. interwal : 30 sec
et flow rate : 30.0000 wmlih
Evaporation : 0.1200 nl/h
Lensity : 0.9930 g/ml
No. of points H 372
Duration : 186.00 min
Evaluation from minute 60.0 - 120.0
delivered wolume T 29,95 ml
nean flow rate : 29.895 nlsh
Flow rate error o -0.07 %
Trumpet Curve Lromn minute 0.0 - 1z0.0 LI

| 0 |Page1ofi

Picture 25 - Test report of trumpet curve evauation

Clicking on & prints out the test report. After clicking on [ the test report is stored on file in
TXT, WMF, HTML, CSV, RTF, or XLSformat. A data transfer to Microsoft Word and Excel is
easily possible.
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6.1.8.5. Storage of Graphicson Fileand to Clipboard.

When the cursors is pointing on a graphic, a click on the right mouse key shows the following
pOp-up Menue:

LCopyToBRP
CopuT olPG
CopyT aClipboard

Clicking the left mouse key on one of the menue items stores the graphic on data file in either
BMP or JPG format, or copiesit to the clipboard from where it can be easily transferred to other
programs e.g. Microsoft Word.

Note: Auxiliary lines are not stored.
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6.2. BolusEvaluation

6.2.1. Evaluation according to EN 60601-2-24, 50.106

After clicking on key 106| the screen EVALUATION is called up, which is suitable for the as-

sessment of pumps with bolus characteristics (section 50.106 of the standard). For this purpose
weight and flow rate are simultaneously calculated and displayed.

In the following example the data file BSP6.PMQ has been loaded in screen EVALUATION
before clicking on key ﬂl . The following graphic appears:

Ml Bolus evaluation =1=] x|
= IC Weight D: DateriNFUSCALIDATENBSFS PMQ
Wizight Wiifg] Tirne range 0183 min
A0.00 Time duration 185 min

---------------------------------------------------------- Mezasuring interval 10 e
40.00 f_/ Mo, of pointz 1111

Start weight 0.0000 a
30,00 End weight 44 7267 a
rin. weight 0.0000 a
20.00 rax. weight dd T2ET a
Wieight increase dd TEET g
10.00 — Increase of volume |44 3382 il

Time_| wisiaht | Rate |
0.0o — T ——
0 50 100 140
Time[min]
Trmel
!_3— [T Flow rate Set floow rate 0.0000 ril
in. fl at -0.2064 I
Rate Gifmih] min. flow rate il
rra. flow rate 1094785 mlh
rnean flow rate 14,5280 bt
rnean flow error - L]
0 no. of boli 9
b rnean bolus wolume 48320 ol
....................................................... s Relative span 100.0 %
1o0.0
50.0 -
0.2 o
oo e P e, & R e o e o e e R P e pe oo

M ajal 8l el @l

Picture 26 - Bolus evaluation

In the upper part the weight of the delivered liquid is displayed as a function of time with the
weight at the beginning of the measurement on the lower left side and in the upper right corner
the final value. On the right margin of the weight curve the minimum and the maximum values
are shown as numbers (0,000 bzw. 44,73).

The steps, which represent the delivery of limited liquid volumes (boli) with ahigh flow rate, can
be clearly identified. In this example atotal of 9 liquid boli have been delivered.

The lower part of the screen shows the flow rate curve. The steep increase of the flow rate during
aweight step and its decrease in the time between two boli can be seen very clearly.
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On the right margin of the flow rate curve the minimum and the maximum rates are shown as
numbers (-0,2 resp. 109,2).

Key | &]| onthe upper left side of the graphs changes the scaling of the ordinate. When this key

is not pressed, the Y-range of the curve is identical to the range of Y-values of the data file.
When this key is pressed, the maximum Y of the curve is rounded to the next even value above
the maximum Y -value of the datafile.

If key 1| is pressed, two dotted lines are drawn in the flow rate curve marking the minimum
and maximum flow rates.

Thelists on the right side of the screen display the calculated values as numbers.

6.2.2. BolusEvaluation with adjustable Time Range

By clicking on key El in screen "Evauation™ an INFUSCALE-file with adjustable time range

can be calculated and displayed. The following input area opens immediately after clicking, in
which the user can enter the desired time range for calculation.

T4 from Mirute |§ to [1gs d—'l
Clicking on

=

terminates the input and start the evaluation.
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6.2.3. Other Commands

6.2.3.1. Set Time Range

Time I
This key opens an input area for the readjustment of the time baseline (X-axis) of the graphics.

| hfnute Ih to |11'I:|—

Clicking on the key next to "Minute" sets the range back to maximum.

6.2.3.2. Set Weight Range

wigight |
This key opens an input area for the readjustment of the weight range (Y -axis) of the graphics.
Clicking on the key next to "Weight" sets the range back to maximum.

6.2.3.3. Set Flow Rate
Rate

This key opens an input area for the readjustment of the range of flow rate (Y -axis) of the graph-
ics.

Clicking on the key next to "Rate" sets the range back to a maximum.

6.2.3.4. Zoom

After clicking on this key an enlarged area of the flow rate graph can be displayed. To determine
its position and size please pull arectangle with pressed left mouse key from the upper left corner
to the lower right corner of the enlarged graphic area you want to display.

6.2.3.5. Unzoom

2N

After clicking this on key, the original graph before zooming is displayed.
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6.2.3.6. CurveMeasuring

After clicking on this key, the graphic curves can be measured. Holding the left mouse key
pressed, at first the left vertical line that indicates the lower measuring limit is drawn to the point
of curve where the calculation shall start. Then, in the same way, move the upper measuring limit
line.

INFUSCALE calculates al relevant values between these two borders and displays it in the two
listing areas at the right side of the screen.

Example:
ﬂBolus evaluation 18] x|
E iT Wieight [ DaterNFUSCALDATEMNBSPE PMG
Wisight 'Nifa] Wiz BAD W= 700 Tirne ramge 64.01-70.00 rnin
30.00 4 Tirne duration E.0 mir
Measuring interval 10 =]
Mo, of points 36
25.00 Start weight 147545 g
End weight 19 6850 a
+0.00 4 rnin. weight 147541 a
riax, weight 19,6850 =]
Wigight increase 49305 =]
15.00 Inerease of volume  |[4.9404 ral
Time | it | Rate |
—T T T T T T T T T T T
Go.0 65.0 Ton 5.0 s0.0
Time[min]
T|'me|
& Flowe rate Set flow rate 0.0000 rlih
in. fl at -0.1343 I
Rate Qifmih] ¥i= 640 x= 700 ALUEU SRS o i
rnax. flow rate 024081 mlh
rnean flow rate 49 4023 mlh
rnean flow error - L]
0 no. of bali 1
rnean bolus volume | 4.9404 ol
_________________________________________________________ Relative span 100.0 L]
100.0 -
50.0
Gi.0 65.0 Ton i | o =
: 2 |
Tk alae & @ ml 8«

Picture 27 - Bolus measuring

In this example at first an enlarged area of the graph based on file BSP6.PMQ between minute 60
and 80 was drawn after clicking on "Time". Then a measuring between minute 64,01 and 70,00
has been made. The upper list shows, that the mean flow rate between the two lines is
49,4039°mL/h. The bolus between the lines has a volume of 4.9404 mL. The maximum flow rate
between the vertical linesis 103,4081 mL/h, and 105,9 mL/h in the total displayed area.
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6.2.3.7. Entering Comment lines

After clicking on this key the following window opens:
X
ﬂ

It contains 4 lines for entering comments, which are printed out in the graphic- as well asin the
test report printout.

1

2.
3.
4

Clicking on x| hides all comment lines. The OK-key below stores al lines into the comment
memory.

6.2.4. Data Output

6.24.1.  Printout of the Graphs

&

After clicking on this key a printout of the two graphs (weight and flow rate) is made.

6.2.4.2. Screen Printout

re

After clicking on this key, a screen printout is made.
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6.24.3. TableOutput

After clicking on this key, the file header, the comment lines, the single measured weight values
and the calculated flow rate values are displayed in three tables. At the end of table 3 the evalua-
tion results are shown.

Tahle display ;Iilil
Fait: - |372 |CAInfu701 hdatahBisp2. pp
Index | String |Value | Inclex | Comment
1 MESSINTERVALL (SEC): 30 [
2 FOERDERTATE (ML/H) - 20.000 |2
& VERDUNSTUNG  {ML/H) : 0.1z00 ||3
4 LICHTE (G/ML) - 0.33380 || 4
5 NAME DER PUMPE H RBollen
5 SERIENNUMMEER H 12878
T EINMALARTIKEL : -
5] TECHNIEEER H - E E
| e |
Index | Time (min) Time (hms) |Weight [o)  |Rete[mit]  |Eror[3%)  |weight  |Rste 4
u] 0.0 EDD:DD:DD 0. 0000 o.oaoooo =-100.0 min freeees
1 0.5 0Q:00:30 O0.0%000 10.94144 -63.5 mirn
2 1.0 0Q:0l:00 O.z7000 3I.TEBTIZ R
3 1.5 00:01:30 O.54000 Z0.5R022 -31.5
4 2.0 00:0&:00 O.83000 3493974 166
3 Z.8 00:0&:30 1.0z000 ZEZ_3RERD -23.4
E 3.0 00:03:00 1.33000 37.39455 24 .6
T 3.5 00:03:-30 1.53000 Z4_18210 -19._.4
g 4.0 OQ:04:00 1.83000 IE.19214 Z0.&
g 4. 5 00:04:30 E.08000 I0.1201z 0.&
10 £E.0 0Q:0&:00 | E.34000 F1.32ELZ 4.8
11 5.8 00:0&:30 E.&3000 3493974 166
12 6.0 00:06:00 | E.854000 Z5.37050 -15_.4 -
| _l_I
|R|:|w |COIumn |Ce|| |

Picture 28 - Table display, Bolus evaluation

Y ou can scroll through the table by pressing the left mouse key and moving the mouse pointer up
and down the scroll bar. For printing out table 2 please click on [ . A screen print can be made

by clicking on ﬂ . The table data can be stored on an Excd file by clicking on
The keys El El are used for loading and storing the comment lines.
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6.2.4.4. Test Report

After clicking on this key, the INFUSCALE test report is displayed

E’i Test report mE
BEE W > |88 HES| oo

-
Infuzcale test report 172072001 _I
filename : Bepi.pmp
Meazuring date T 951671991
Measuring time : lg:l2:44
Technician HE
Punp :  Rollenpunpe
Gerial no. r 12878
Dizpaosable :  &chlauch
Measz, interwval : 30 =zec
Get £low rate r 30.0000 wlih
Evaporation : 0.1200 nl/h
Denzity r 0.9980 g/ml
No. of points : 372 e
Imiration : 186,00 nin
Evaluation from minute 0 - 186
Time interwal : 186.00 nin
No. of points : o 372
Weight range : 0.00000 - 92.79000 g
Weight increase D 92.79000 g
delivered wolume : 93,35 ml
Fange of flow rate : 10.94164 - 35. 59695 mlsh ;I

| 0 |Page1ofi

Picture 29 - Test report of bolus evaluation

Clicking on & prints out the test report. After clicking on [ the test report is stored on file in
TXT, WMF, HTML, CSV, RTF, or XLS format. A data transfer to Microsoft Word and Excdl is
easily possible.
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6.2.4.5. Storage of Graphicson Fileand to Clipboard.

When the cursors is pointing on a graphic, a click on the right mouse key shows the following
pOp-up Menue:

LCopyToBRP
CopuT olPG
CopyT aClipboard

Clicking the left mouse key on one of the menue items stores the graphic on data file in either
BMP or JPG format, or copiesit to the clipboard from where it can be easily transferred to other
programs e.g. Microsoft Word.

Note: Auxiliary lines are not stored.
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7. Measuring Accuracy

In this chapter we want to give you an overview about the influence of evaporation and the inter-
rogation error, which results from the communication and data processing between electronic
balance and computer. Other failures, like the cannula effect, that is based on the lift of the can-
nula, the influence of temperature and geographically latitude to the exactness of measuring are
not as important and will be neglected here.

7.1. Evaporation

The next two graphics show the effect of the evaporation:

S
r; iT Weight Chnfubsgidataverduns2 pmp

100, Weighe W] Kl= B4 ¥= 700 i (ehge il ity
Tirne duration 4035 min
Measuring interval 200 =]
Mo, of points a0y

0000 Start weight 3245300 g
End weight 201.7200 g
rin. weight 801.7800 a
rax. weight 9245300 a

8000 Weight increase AzeTS000 g

Imcrease of valume | -122 87132 ol

Time | Wizight | Rate |
77T 7 T T T T T T
] 1000 2000 3000 4000
Time[min]
Time
e Flow rate Set flow rate 0.0000 ril i
in. fl it -2.2841 1t
Rate Cifmih] Ki= 640 2= 70.0 UL b 4
-1.0000 — rnax, flow rate -1.4426 ol
rnzan flow rate -1 #2806 it
rnzan flow error - B
-1.5000 4 e of boli 0
rean bolus volume (0 ol
Relative span 100.0 L
2.0000 <
-2.5000

1] 1000 Tlr2nDeD[anin] 3000 4000 ilglﬂﬁﬂl

Picture 30 - Evaporation without ail film

In this picture the evaporation container was a bucket, containing 4 litres of water without an oil
film. Within 67 hours 122.75 mL water evaporated, which can be observed in the upper graphic
as falling weight curve. Respectively the evaporation curve below moves between —2.284 and
—1.443. Thisis equivalent to a mean evaporation rate of 1.83 mL/h.



INFUSCALE 7 Instructions for use 53

Ml Bolus evaluation =1=] x|
r; |T Weight CHnfubsgidata dunst2 pmp
Hiisight Wi [g] Kl= B4 ¥= 700 i (ehge b8 L
00001 Tirne duration a7 min
00050 Measuring interval E00 =]
’ Mo, of points 87
-0.0100 Start weight -0.0001 g
Ernd weight 00204 g
-00150 o rin. weight -0.0204 a
rax. weight -0.0001 a
B B e 00704 Wieight increase -0.0203 a
_o0as0 Increase of valume  -0.0203 il
Time | Wizight | Rate |
-0.0300 ——
] 200 400 GO0 a00
Time[min]
T|'me|
[ Flow rate Set flow rate 0.0000 ril i
in. fl it -0.0018 1t
Rate ifmih] W=B40  H2=70.0 LRk i)
0 0005 rna, flow rate -0.0006 mlh
T e b i o e e e 8 o ] e e et ] rrean flow rate 00014 ralih
rean flow arrar - B
00010 4 o, of bali 1]
mean bolus volume (0 il
Relative span 100.0 B4
-0.0015 |
-000Z0
R S X T A N B =
i 200 400 600 #00 —
Time(min] @\l @\I |ﬂ_@ | | |«|

Picture 31 - Evaporation with oil film

The volume of the container used for the next picture was about 100 mL with an oil film on the
liquid surface. Within 870 minutes only 0.02 mL of water evaporated. The equivalent mean
evaporation rate is 0.0014 mL/h.

The comparison of these pictures demonstrate, that evaporation can lead to large measuring er-
rors. Therefore, it is recommended to work always with an oil film, when the measuring has to be
very exact or during the measuring of pumps with low flow rates. Before this, the evaporation
rate has to be measured in afirst prospective run. This rate has to be entered into the program
before starting the measuring (see chapter 5.2.1.).
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7.2. Interrogation Error

Provided, the operation system has been set, as described in section 3.1, the timer error of the
computer is one to two orders of magnitude below the interrogation error and can, therefore, be
neglected.

7.2.1. Mettler Balance AE100 (Continuous Oper ation)

During continuous operation a data string is sent periodically to the computer by the Mettler bal-
ance AE100. The time distance between two data transmissions is maximally 440 ms. The inter-
rogation by the computer is done whenever the set time interval has run out, and is not synchro-
nised, so that the moment of interrogation may be delayed for a maximum of 440 ms. This means
that the computer takes a weight value that was applied maximally 440ms before the correct
moment of interrogation. With an average measuring interval of 30 sec the error is maximal
1.5%.

During the determination of the trumpet curve 4 to 62 measuring values are averaged. So the
error will be reduced to about 0.38%.

The next table (picture 23) shows the max. interrogation error and the average errors for the
smallest observation window p = 4 of the trumpet curve dependent from the time interval. The
shown maximum efrors are extreme values.

Timeinterval max. interrogation error Mean error (p=2 min)
1s 44% 11%
3s 14.6% 3.7%
6s 7.3% 1.8%

10s 4.4% 1.1%

30s 1.5% 0.38%
60s 0.73% 0.18%
100 s 0.44% 0.11%
300s 0.15% 0.04%
600 s 0.07% 0.02%
900 s 0.05% 0.01%

Picture 32 - - Maximum error dependent of the time interval, Mettler auto
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7.2.2. SartoriusBalance M C1 (automatic data transmission)

The Sartorius balance MCL1 transmits periodically a data string to the computer (Sartorius auto).
The time interval between two consecutive data transmissions is max. 220 ms. The interrogation
by the computer is done whenever the set time interval has run out and is not synchronised, so
that the moment of interrogation may be delayed by maximally 220 ms. This means that the
computer takes a weight value that was applied maximally 220 ms before the correct moment of
interrogation.

The next table (picture 24) shows the maximum interrogation error and the average errors for the
smallest observation window p = 4 of the trumpet curve dependent from the time interval.

Timeinterval Max. interrogation error mean error (p=2 min)
1s 22% 5.5%
3s 7.3% 1.8%
6s 3.6% 0.9%

10s 2.2% 0.6%
30s 0.73% 0.18%
60s 0.36% 0.09%
100 s 0.22% 0.06%
300s 0.07% 0.02%
600 s 0.04% 0.01%
900 s 0.02% 0.005%

Picture 33 - Maximum error dependent of the time interval, Sartorius auto
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7.2.3. SartoriusBalance MC1 (request mode)

In the request mode (Sartorius abfr) the Sartorius balance MCL1 is requested by the computer pe-
riodically after the timeinterval has run out. As response a data string is sent back to the com-
puter. The maximum measured error is 60 msin atest situation. In normal operation a maximal

error of 30 ms can be expected.

The next table (picture 25) shows that this mode is more accurate than the automatic data trans-

mission mode at least for measurements with short time intervals.

Timeinterval max. interrogation error mean error (p=2min)
1s 6% 1.5%
3s 2% 0.5%
6s 1% 0.25%
10s 0.6% 0.15%
30s 0.2% 0.05%
60s 0.1% 0.03%

100 s 0.06% 0.02%

300s 0.02% 0.005%
600 s 0.01% 0.002%
900 s 0.005% 0.001%

Picture 34 - Maximum error dependent of the time interval, Sartorius abfr
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8. Symbolsand Formula

T =  Total measuring time in minutes
T=t -t [min]
k = Number of measuring points
r =  Setdelivery rate [mL/h]
[ = Measuring index i = 1tok
At =  Timeinterval [min] between two consecutive measuring points
t; = Measuring time [min] at point i
p = Observation window index with p = 4, 10, 22, 38, 62
toi =  Observation window with

tp,i = ti+p -4 = p-At

W, =  Waeight [g] at the measuring point i corrected by the evaporation loss
d = Density of water = 0.998 [g/mL] at 20 °C
Q = Flowrate [mL/h] between two consecutive measuring points
60 - (W; - Wi.,)
Q=
d-At
W, = Weight [g] delivered during the observation window tp,i
Wp,i = Wi+p - Wi
W = Total weight [g] delivered during thetotal time T corrected by the evaporation
loss
W=W,-W,
Q =  Averageflowrate [mL/h] during thetotal time T
60 - W
Q= —
d-T
Qp, = Average flowrate [mL/h] during the observation window t,;
60 * Wp,l
Qp,i =
d * tp,l
Qpmax = Maximum Q,; [mL/h] for each observation window t,; and each value of p

mein

Minimum Q,; [mL/h] ] for each observation window t,; and each value of p
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Epmax = Highest positive deviation of Q.. for each p, expressed as percentage devia-
tion from the set rater.
meax -
Epmax= ————100%
r
Epmin = Highest negative deviation of Q. for each p, expressed as percentage devia-
tion from the set rater.
mein -
Epmin = * 100 %
r
A = Percentage total error of the average flow rate Q, related to the set rate r during
thetotal time .
Q-r

A= —-100%
r



