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DPERATING INSTRUCTIONS

mportant Notice

or correct and effective use of the ap-
liance, and to avoid hazards, we would
oint out the following:

Any use of the appliance requires
precise knowledge and observation
of these operating instructions.

- The appliance is intended only for the
p; 2ses specified in the Operating
Manual or for purposes confirmed in
writing by Drégerwerk AG.

' The appliance should be inspected by
experts at regular time intervals. An
official report of the inspections
should be drawn up.

- Only original Dréger spare paris
should be used for malntenance and
repairs. Repairs and maintenance,
and the replacement of spare parts
should only be carried out by experts.

We recommend having inspections
and repair work carried out by the
Technical Customer Service of your
Dréger Branch or Agent,

Regular inspection is best ensured by
entering into an Inspection Service
C{  act with the Technical Custo-
mer Service of your Dréger Branch or
Agent,

Respansibility for the reliable func-
tion of the appliance passes to the
owner or operator in all cases where
the appliance has heen inexpertly
maintained or repaired by persons
not employed by the Driger Organi-
sation or where it has been used in a
manner which does not conform to
the normal conditions of use.

For reasons of safety, pressure redu-
cers should be overhauled at least
every 6 years.

/e would also point out that the natio-
al recommendations, regulations and
iws governing the use of technical
quipment should be cbserved.

DRAGERWERK AG LUBECK
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Y-piece for mask and catheter con-
nection

Breathing mask

Unidirectional valve

Changeover valve

Relief valve (adjustable between ¢
and 40 mbar)

Inspiratory tube

Expiratory tube -

Respiratory pressure gauge
Driager-Volumeter®

Expiratory valve

Bacterial fiiter

Mount for bacterial fifter
Inspiratory vaive

Mixed-gas connector at inspiratory
valve

CO, absorber

Circle system carrier

Locking screw

Threaded stem for securing anaes-
thesia timer, sphygmomanometer
and/ar a holder for accommodating
O, meter Oxycom® 100 D

Hinged arm

Rod for mounting and adjusting
height of circle system

Mixed-gas connector at circle sys-
tem carrier

Mixed-gas tube

Breathing bag {respiratory bag)
Anaesthetic filter set

Condenser

0O, sensor

0, meter Oxycom® 100 D

a — Manual ventilation (cf. 3.1.2)
ation at circle system {(cf, 3.1.3

Spiromat 656 (cf. 3.4),

of lung ventilator (cf. 3.1.4)
— Manual inflation (cf. 3.1.5)
— Closed systemn (cf. 3.3}

Anaesthesia Spiromat

(cf. 7.1

— Automatic ventilation with pressure limit-

— Spontaneaus breathing with Anaasthesia

b — Autornatic ventilation with pressure reserve

c ~ Spontaneous breathing, however not with

— Rapid venting and flushing of cirgle system,
howaver not at Anaesthesia Spiromat 636

(340 mm with 1 absorber)

Fig. 2 Settings of changeover valve 4

ar T

Fig. 3 Dimensions of gircle system 7a



|
intended Use

The circle system 7a (B IS0, cf. foot-
note 1 is a patient system developed for
anaesthetic apparatus. It is specially de-
signed as a partial rebreathing system
{semi-closed), but can also be used as a
closed and semi-open system. The en-
visaged applications are spontaneous
breathing, manual ventilation or au-
tomatic ventilation. '

An ancillary device makes it possible to
also use the circle system 7a for a dual-
hose lung ventitator such as the Dréger
Anaesthesia Spiromat 656 (separate
routing of inspiratory and expiratory tub-
ing from circle systam 7ato anaesthesia
lung ventilator; cf. Section 3 »Mode of
Operation and Definition of Termse«).

1} The circle system is also available with 1SQ con-
nections under the designation «Circle systam 8
180«

3

Mnde of Operation
a.«d Definition of
Terms

Single hose system

For spontanecus breathing or manual
ventilation, the circle system 7a is pro-
vided with a breathing bag 23 which is
connected to the breathing bag connec-
tion port 16.1 (cf. Fig. 15) of the circle
system carrier 16. In the case of manual
ventilation, handling can be improved
by placing corrugated tubing (Item 25 in
Fig. 21) between the breathing bag and
circle system carrier.

For purposes of automatic ventilation
with an anaesthesia lung ventilator, the
breathing bag 23 of the circle system is
generally replaced by the automatic bei-
lows of the ventilatar. The patient's in-
spiration and expiration take place via
the  me hose 33 (cf. Fig. 9), which con-
nects the ventilator to the circle system
(e. g. Ventilog).

Such arrangements will hereinafter be
referred to as a »single hose systeme.

Dual hose system

The inspiratory and expiratory tubes of
the Anaesthesia Spiromat 656 are
routed separately thus permitting cer-
tain advantages in terms of operation
(cf. Operating Manual for Anaesthesia
Spiromat 656). A special adapter 34 {cf.
Section 3.4 »Use with Anaesthesia
Spiromat«) is provided for the connect-
ion of such a dual-hose lung ventilator.
This adapter is attached to the breathing
bag connection port by means of a
manually-operated connection and
separates the inspiratory branch from
the expiratory branch in the circle sys-
tem by way of a special design (cf. Figs.
7. 10 and 11). This arrangement will
hereinafter by referred to as a »dual
hose systeme«,

2
Technical Data

Dimensions

Weight

Absarber volume

Resistance —

~ inspiratory valve

— expiratory valve

— unidirectional valve
(for excess gas removal
in case of spontaneaus

breathing at the end of
expiration

Max. expiratory resistance

Connecticn port diameter
for breathing tubes*)

Connection port diameter
for excess gas removal™)

Volume of breathing bag
{other sizes available)

Breathing tube length
Mixed-gas connector

Max. leak rate with respect to
atmosphere (without Volumeter)

cf. Fig. 3
6.23 kg

1 litre in each case

< 0.5 mbar at 20 I/min
< 0.5 mbar at 20 I/min
< 1 mbar at 20 I/min

< 2 mbar at ip I/min
23 mm (for circle system 7a)

27 mm (for circle system 7a)
231

im
M 16 x 1.5

0.2 I/min at 40 mbar
(approx. 0.05 I/min at 10 mbar)

3.1 -

Semi-closed System

(Partial Rebreathing System)
Mode of Operation

The circle system 7a is primarily in-
tended for the performance of anaes-
thesia In a semi-closed system. it per-
mits savings on gas and anaesthetic,
with the fresh gas flow per minuie being
less than the patient's minute volume.
The O, component is however such that
the patient receives more O, than he
consumes. A proven value for the fresh
gas flow is between 2 and 4 I/min of
anaesthetic gas mixture.

3.1.1
Semi-closed System:
Spontanecus Breathing

Single hose system: Lever of change-
over valve 4
facing vertically
downwards,
Lever of change-
over valve 4
facing vertically
upwards.

Dual hose system:

In the case of spontanecus breathing
the fresh gas supplied via the mixed-
gas tube 22 during Insplration flows
through the CO, absorber(s) 15, the in-

Expiration

Inspiration

arr

Fig. 4 Functional schematic »Spontaneous breathing» as per 3.1.1 (single hose system)
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tube 6 to the patient (cf. Fig. 4, inspira-
tion}. In addition, the gas mixture con-
sisting of fresh gas and the gas exhaled
by the patient is sucked in from the brea-
thing bag 23 and the CO, component
removed in the absorber 15. The in-
spiratory resistance occurring during
this process is caused by the soda lime
and inspiratory valve 13 and is a functian
of the respective inspiratory flow. Given
a flow of 20 I/min the resistance is < 0.5
mbar.

Single-hose and dual-hose systems dif-
fer in terms of expiration:

In the case of a single hose system the
gas exhaled flows, together with the
fresh gas being constantly fed in via the
mixed-gas tube 22, via the expiratory
tube 7 and the expiratory valve 10 (resis-
tance < 0.5 mbar with a flow of 20 {/min)}
into the breathing bag 23 until the bag is
full and the expiratory pressure is suffi~
cient to open the low-resistance uni-
directional valve 3 {cf. Fig. 4, expira-
tion). Thus, at the end of the expiratory
phase, any excess gas excapes via this
unidirectional valve 3. The expiratory
resistance caused by the equipment is
determined by this valve 3 (< 1 mbar at
20 [/min).

With a dual hose system, the use of the
dual hose adapter 34 (Figs. 7 and 10)
prevents removal of the excess gas via
the unidirectional valve 3 at the end of
the expiratory period. In this case the
gas is removed by way of a unidirec-
tional valve in the Anaesthesia Spiromat
(for further details see Section 3.4
»Mode of Operation with Adapter for
Use with Anaesthesia Spiromat«).

3.1.2
Semi-closed System:
Manual ventilation

Single-hose and dual-hose system:
Lever of changeaver valve 4 facing ver-
tically upwards.

In the case of manual ventilation the gas
mixture consisting of fresh gas and the
gas exhaled by the patient flows, during
the inspiratory period, out of the brea-
thing bag 23 through the CO, absorber
15, the inspiratory valve 13 and the in-
spiratory tube 6 to the patient. During
the inspiratory period the patient also
receives the fresh gas supplied to the
circle system (cf. Fig. 5, inspiration). The
respiratory pressure can be infinitely |i-
mited between 5 and 40 mbar on the re-
tief valve 5. In this case any excess gas
gscapes at the end of-the inspiratory
period through the unidirectional valve
3 via the relief valve 5.

Expiration takes place spontaneously
by reduction of the increased pressure
in the thorax. During the expiratory
period the gas exhaled flows, together
with the fresh gas being simultaneously

k) Te v s atye .
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Fig. 5 Functional schematic »Manual ventilation« as per 3.1.2 (single hose sysiem), also » Au-
tomatic ventilation with pressure limitation« as per 3.1.3 (single hose system}

fed in, into the breathing bag 23 (cf. Fig.
5, expiration}. With manual ventilation
the endexpiratory pressure is a function
of the fresh gas flow, the inspiratory
pressure limitation and the handling of
the breathing bag 23. To enable the pa-
tient to exhale to 0 mbar, the fresh gas
flow is to be selected such that the brea-
thing bag is just sufficiently full at the
commencement of the inspiratory
period.

3.1.3

Semi-closed System:

Automatic (Controlled or Assisted)
Ventilation with Pressure Limitation
at Circle System

Single-hose and dual-hose system:
Lever of changeover valve 4 facing ver-
tically upwards.

in the event of automatic ventilation with
pressure limitation at the circle system
7a, the gas mixture consisting of fresh
gas and the gas exhaled by the patient
flows during the inspiratory period out
of the bellows of the anaesthesia lung
ventitator (Pulmomat 19 or Anaesthesia
Spiromat) through the CQ, absorber 15,
the inspiratory vaive 13 and the inspirat-
ory tube § to the patient. During inspira-
tion the patient also receives the fresh
gas supplied to the circle system.

If the inspiratory limit pressure {adjusta-
ble between 5 and 40 mbar) set on the
retief valve 5 of the circle system 7a is
not attained, no gas escapes during the
inspiratory period. In such cases the ex-
cess gas only escapes from the anases-
thesia lung ventilator at the end of the
axpiratory period (cf, Operating Manuai
of the anaesthesia lung ventilator in
question).

If, on the other hand, the pressure set at
the relief valve 5 is reached, part of the
excess gas escapes from the circle sys-
tem at the end of the inspiratory periad
via the relief valve 5 and the unidirec-
tional valve 3. When this method isemp-
loyed the patient only receives (in con-
trast to »Automatic Ventilation with
Pressure Reserve of Lung Ventilatore,
cf. 3.1.4) that ventilatory volume which
his fungs can take up in accordance with
their compliance (up to the inspiratory
pressure set on the relief valve 5).

If the setting of the relief valve 5 is too
low, an excessive amount of anaesthetic
gas is discharged through the relief
valve 5 with the result that a vacuum is
generated, depending on the ventilator
used, due to a lack of volume. As a check
use is to be made of a respiratory pres-
sure gauge 8 or 28.

3.1.4

Semi-closed System:

Automatic (Controlled or Assisted)
Ventilation with Pressure Reserve
of Lung Ventilator

Single-hose and dual-hose system:
Lever of changeover valve 4 horizontal.

The pressure acting on the empty bel-
lows of a ventilator at the end of in-
spiratory phase is the maximum work-
ing pressure of the ventiiator. It is grea-
ter than the respiratory pressure dis-
played by the respiratory pressure
gauge 8, 28 of the circle system. The dif-
ference between these two pressures is
the »pressure reserve«, which serves for
example in the case of obstructions to
overcome the increased breathing re-
sistance and maintain the ventitatory
volume at a consiant level.
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bellows of the ventilator is expelled. It
must however be remembered that,
when the relief valve 5 is closed
(horizontal position of iever 4), the max-
imurm working pressure may become ef-
fective in the circle system in the case of
a small lung or low-comptiance thorax,
if an excessive ventilatory volume or
high inspiration rate with long inspira-
tion pericd is set or in the event that the
fresh gas flow is excessive. As a check
use is to be made of a respiratory press-
ure gauge 8 or 28.

315
Semi-closed System:
Manual Infiation

Single-hose and dual-hose system:
Lever of changeover valve 4 horizontal,

The circle system can be completely
closed during manual ventilation for
purposes of brief manual inflation of the
patient's lungs. This setting must how-
ever be of a short-term nature, since ex-
cl  ve pressure may build up in the cir-
cle system on account of the inflow of
fresh gas. As a check use is to be made
of a respiratory pressure gauge 8 or 28.

3.2
Semi-open System
Mode of Operation

Given an appropriately high fresh gas
flow, the circle system 7a can also be
used as a semi-open system. In such
cases the flow of gas is greater than or
equal to the patient's minute volume
with the result that the entire expiratory

volume is exnaiec into the open. This
does however only apply unrestrictedly
to a dual hose system (Anaesthesia
Spiromat) where the inspiratory branch
and expiratary branch are quite clearly
separated (cf. Fig. 7). In the case of a
single hose system {e. g. Pulmomat 19,
breathing bag for spontaneous brea-
thing or manual ventilation, ci. Figs. 4
and 5) part of the anaesthetic gas ex-
haled always remains in the circle sys-
tem (partial rebreathing). Thus, even in
the case ofa high fresh gas flow (greater
than the patient's minute volume), it is
advisable to leave the CO, absorber 15
in the circle system (exception: cf, Sec-
tion 4 »Special Notes«). As regards the
various potential uses and settings of
the changeover valve 4, the mode of op-
eration of the circle system in the semi-
open system corresponds to that of the
semi-closed system.

3.3
Closed System
Mode of Operation

Lever of changeover valve 4 in horizon-
tal position.

In a closed system the amount of fresh
gas supplied'to the circle system aiter
the induction phase corresponds to that
required by the patient {cf. Fig. 8). Incor-
rect assessment of the anaesthetic up-
take and the resultant supply of the vari-
ous gas and anaesthetic components
causes an increase or decrease in both
the concentration and the pressure. The
pressure and O, concentration must
therefore be measured.

For the wake-up period the system is
opened.

Expiration

Inspiration

Fig. 6 Functiona! schematic »Closed system« as per 3.3, also »Manua! inflation« as per 3.1.5

armn

and »Automatic ventilation with pressure reserve« as per 3.1.4 {single hose system)

Before anaesthetic apparatus and a ven-
tilator or an anaesthesia lung ventilator
can be used to perform anaesthesiain a
closed system, they must comply with
certain prerequisites. Mandatory fea-
tures for example are the metering of
small fresh gas flows with sufficient ac-
curacy and an adequate degree of gas-
tightness in the low pressure system.
During all ventilation phases, the ven-
tilatar must prevent gas from escaping
from the system. If the circle system 7a
is to be used as a closed system, we re-
commend prior consultation with the
appropriate equipment manufacturers.

3.4

Use with Anaesthesia
Spiromat

Mode of Operation

The mode of operation of the circie sys-
tem 7a when emplaying the dual-hose
adapter 34 for use with an Anaesthesia
Spiromat differs from a single hose sys-
tem on account of the following special
feature:

The relief valve 5 of the circle system 7a
and thus also the unidirectional valve 3—
as well as the fresh gas supply — are lo-
cated, due to the dual-hose adapter 34
(Fig. 7}, in the inspiratory branch. To en-
sure that the fresh gas flowing in during
the expiration phase remains primarily
in the system even in the case of sponta-
neous breathing, the lever of the chan-
geaver valve 4 is to be positioned verti-
cally upwards (in the same manner as
for manual ventilation, cf. 3.1.2).

Given an appropriate setting of the relief
valve 5, this ensures that manual as-
sistance can be given at any time during
spontaneous breathing. The fresh gas
then flows — as with automatic ventila-
tlon ~ during the expiration phase via
the inspiratory tube 35 (Fig. 7), which
leads from the Anaesthesia Spiromat to
the circle system, into the Anaesthesia
Spiromat (cf. Fig. 7, expiration). Here it
is routed, together with the gas exhaled
by the patient via the expiratory tube 36
(Fig. 7), through an internal bypass into
the breathing bag for spontaneous bre-
athing/manual ventilation or into the
bellows for automatic ventilation, In all
cases the excess gas is removed at the
end of expiration via a valve in the An-
aesthesia Spiromat (cf. operating ma-
nual for Anaesthesia Spiromat 656).

The lever setting »vertically down-
wards« of the changeover valve 4 hasno
function when the circle system 7a is fit-
ted with an adapter and used in con-
junction with the Anaesthesia Spiromat
(cf. Section 7.1 »Rapid Venting and
Flushing of Circle System 7a«).
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Inspiration
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Fig. 7 Functional schematic »Auviomatic ventilation with adapier at Anaesthesia Spiramat

656+« as per 3.4 (dual hose system)

3.5
CO, Absorber
Mode of Operation

The task of the soda lime (e. g. Drager-
sorb* 650 or 800) is to remove GO, from
the breathing gas by means of absorp-
tion. Dréagersorb® 650 is a granular soda
lime, whereas Drégersorb® 800 is a
spherical, solid substance consisting of
a mixture of roughly 80 % calcium hyd-
roxide, 5% sodium hydroxide and 15 %
water. The CO, in the gas flowing

through the absorber is chemicaily

Fig. 8

combined, with heat and water being
produced. The sodium hydroxide and
calgium hydroxide are caused to react,
whereby sodium carbonate and calcium
carbonate are farmed. The process is ir-
reversible and thus the lime cannot be
regenerated following CO, absorption.

A COy absorber is designed to hoid one
litre of soda lime. One litre of Dragersorb

I k]

Gircle system 7 a on anaesthetic apparatus, ready for spontaneous breathing, with re-

spiratory pressure gauge Precom, Driger-Volumeter, 0O, meter Oxycom 100 D. Con-
nection of eircle system to a Drager ejector-type extraction system for excess anaest-

hetic gas 27

absoros rougnly 110 iitres of CO, leav-
ing a residual concentration (at the ab-
sorber outlet) of 0.5 vol.% CO,. These fi-
gures are based on a ventilatory volume
of 101/ min (20 x 0.51) and a CO. concen-
tration of 4 vol.% in the gas mixture
routed into the absorber (careful filling
of the absorber Is a prerequisite).

Given continous operation and a CO,
generation rate of 0.4 1/min on the part
of the patient, the service life of 1 litre of
soda lime in a closed system wilt be ap-
proximately 5 hours. With the ahove
data a usage period of some 4 hours is
recommended in order to guarantee a
certain safety margin.

With a semi-closed system the following
equation can be used as a basis for de-
termining the approximate percentage
increase in service life:

Patient's minute volume + fresh-gas flow

Patient's minute volume

The Drégersorb soda lime is provided
with an indicator which changes colour
from white to violet as the soda lime is
used. in line with this colour change, the
reaction zone — as can be seen from the
formation of heat and the appearance of
condensate — slowly shifts towards the
top of the lime layer. In the event of
non-utilization an already used lime
charge may lose its violet colouring
again. This colouring returns when the
lime is again exposed to CO,, but with
reduced intensity! Dragerwerk AG thus
recommends changing the soda lime at
least once a day.

Key to Figs. 7-i1

9 Volumeter® 2000

25 Extraction hose for removal of ex-
cess anaesthetic gas

26 Extraction hose mount

27 Ejector-type extraction system for
excess anaesthetic gas

28 Respiratory pressure gauge Pre-
com®

29 Inspection cap for O, sensor con-
nection

30 Condenser

31 (O, sensor

32 O, meter Oxycom™ 100 D

33 Hose connecting circle system 7a
and Ventilog

34 Adapter for Anaesthesia Spiromat®
656

35 Hose connecting circle system 7a
and Anaesthesia Spiromat 656 (ex-
piration) ’

36 Hose connecting circle system 7a
and Anaesthesia Spiromat 856 {in-
spiration)

37 Extraction equipment for excess
anaesthetic gas at Anaesthesia
Spiromat 656

38 Hese connecting circle system 7a
and Anaesthesia Spiromat 656 for
removal of excess anaesthetic gas
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Special Notes

on the use of mandatory monitoring de-
vices and the operation of other miscel-
laneous equipment (standard and ancil-
fary units).

4.1
Respiratory Pressure Gauge
Precom and Volumeter

The general use of a respiratory pres-
Sure gauge B or 28 and a Volumeter 9 is
urgently recommended by Drigerwerk
AG. Should a breathing tube 6, 7 be-
come disconnected, air from the atmos-
phere would be sucked in via the ex-
piratory valve 10in the case of automatic
ventilation and the Volumeter 9 would
indicate the air intake. The volume
transported by the ventilator during in-
spiration would escape via the discon-
naction (between the inspiratory and
expiratory valve) and not be supplied to
th atient. Thus the Volumeter display
wuuld only simulate a ventilatroy vol-
ume. Such an error can only be detected
by a respiratory pressure gauge.

In addition to a pressure display, the
Drager Precom respiratory pressure
gauge 28 (Figs. 8 and 9) is provided with
a warning device, which triggers an
acoustic alarm if the set alarm threshold
is not reached. This threshold can be set
between +1Gand +80mbarand—-10and
~30 mbar (cf, Precom operating manu-
al).

In the event of tube disconnection dur-
ing spontanecus breathing, the patient
would inhale air from the atmosphere
viathe leak. The airexhaled would either
partiaily or completely escape into the
open depending on the location of the
disconnection. In such a case the Vol-
umeter 9 would indicate either no or an
ini guate volumetric flow and thus
call attention to the disconnection (cf.
Volumeter operating manual).

4.2
Oxygen Meter
Oxycom 100 D

Dréagerwerk AG recommends the use of
the Oxygen Meter Oxycom 100D (32 in
Figs. 8 and 10) for monitoring the O,
concentration. This device continuously
displays the O, coentent of the inspirat-
ory gas mixture. The O, sensor 31 is at-
tached to the inspiratory valve 13 by way
of a special inspection cap 29 and a
condenser 30. If an adjustable lower
alarm threshold is dropped below, the
Oxycom 100 D gives an acoustic alarm
(cf. Oxycom 100 D operating manual).

By looking trough the inspection cap 29
the correct functioning of the valve disc
can be checked (see also chapter 6 and
10.2.4).

Fl.emoval of Excess
Anaesthetic Gas

A connection port is provided under-
neath the unidirectional valve 3 for re-
maval of excess gas. Such excess-gas
removal is prescribed by the German
Employer's Liability Insurance Associa-
tion to preclude the possibility of
operating-theatre personnel being en-
dangered by various anaesthetics.

The following devices are available from
Drégerwerk AG for attachment to this
connection port:

@ Anaesthetic filter {for 8 hour's of op-
gration), cf. brochure »Anaesthetic
Filter 633«,

@ FEjector-type extraction system (to be
provided by the customer), cf.
operating manuals »Central Supply
Units« and »Anaesthetic Gas Extrac-
tion Coupling«.

4.4
Bacterial Filter

The installation of a bacterial filter 11 (cf.
Fig. 1) in the circle system prevents bac-
teria from a possibly contaminated
breathing system from entering the
sterile breathing tubes 6, 7 (cf. also 7.3
on Page 12).

The bacterial filter is fitted in accor-
dance with Fig. 1 between the inspirat-
ory valve 13 of the circle system and the
inspiratory tube 6 using a mount 12 (take
note of instructions given in operating
manual »Bacterial Filter«),

4.5
CO, Enrichment

There are two possible ways of enrich-
ing the inspiratory gas with CO,. If the
anaesthetic apparatus is provided with a
CO; anciflary unit, CO, can be added to
the flow of fresh gas via the Howmeter
unit. Should such a unit not be available,
aninspiratory CO, concentration can be
achieved in the circle system by remov-
ing the CO, absorber 15.

4.5.1
€O, Enrichment by CO, Supply

if GO, is supplied via the fresh-gas flow
set on the anaesthetic apparatus, the
mixed-gas tube 22 must be connected
above the absorber at the mixed-gas
connector 14 of the inspiratory valve, If
CO, were to be supplied at the mixed-
gas connector 21, the intentionatly-
supplied CO, component would be
chemically combined in the soda lime
and the ternperature increased.

Belore cannecting the mixed-gas tube
22 at the inspiratory valve 13, the lock
nut 14.1 (Figs. 15 and 16) must first be
unscrewed from the connector 14 and
attached to the connector 21 at the cir-
cle system carrier in order to seal the
connector 21.

If CO, is supplied via the fresh-gas flaw,
it must be remembered that the resui-
tant increased CO, absorption rate per
unit iime may cause a higher reaction
temperature in' the seda lime than is
normally the case when CQ, is produced
solely by the patient. Given a GO, ab-
sorption rate of 0.4 I/min (correspond-
ing to the patient's own production) and
a patient's minute volume of 10 I/min
with 4 vol.% exhaled CO, in a closed
system, the temperature in the absarber
is a maximum of 558°C, reaching roughly
33°C in the mask under these condi-
tions. On account of the above-men-
tioned temperatures, an additional sup-
ply of CO, in a closed system is not per-
missible, as otherwise the patient's
trachea my be scorchead!

In & semi-closed system, the fresh-gas
flow, which, with CO, supply from above
the absorber, is routed into the circle
system, counteracts the generation of
heat for two reasons. On the one hand
the fresh gas has a lower temperature
than the gas in the circle system and en
the other it ensures that part of the over-
all amount of CO, {CO, exhaled by the
patient + CO, supply) is removed with
the excess gas and does not therefore
need to be absorbed by the soda lime.
The percentage reduction in the amount
of GO, is approximately as follows:

Fresh-gas flow

- 100
Patient's minute |, fresh-gas
volume flow
Example:

Fresh-gas flow = 5 I/min
Patient’s minute volume = 10 I/min

Reduction =—2 . 100 = 33%
10+5

In order to aveid increases in tempera-
ture, the fresh-gas flow in a semi-closed
systemn should thus be set to an appro-
priately higher fevel, the greater the COo,
suppiy.

In a semi-open system {cf. 3.2) the 5up-
ply of CO, presents no probiems as re-
gards generation of heat.

4.5.2
CO; Enrichment by Removing
Absorber

Removal of the two absorbers 15 means
that the patient re-inhales the CO, which
he produces. The resultant cumulation
of GO, in the circulating breathing-gas
mixture can be utilized to stimulate
breathing activity. it must however be



may increase in an uncrontrolled man-
ner depending on the fresh-gas flow
rate and thus the proportion of excess
gas. In this case the CO, concentration
‘in the circle system will be higher, the
smaller the flow of fresh gas.

5

Preparations prior to
Performance of
Anaesthesia

5.1 _
Preparation of
Circle System

It is advisable to assemble and fit out the
circle system 7a in the care and mainta-
nance centre following disinfection or
sterilization. As regards equipping of
the circle system, attention is to be paid
to Section 4 »Special Notes«, When per-
forming assembly worlk, particular care
is to be taken to ensure the following:

® The prasence of sealing rings at the
screw connections in the expiratory
branch (circle system carrier 16, re-
spiratory pressure gauge B, 28, Val-
umeter 9}.

@ The use of intact valve discs 13.5,
10.2 (Fig. 15) in the inspiratory and
expiratory valve 13, 10.

@ The use of fresh soda lime.

Detailed information regarding assem-
bly work following disinfection or
sterilization is given in Section 9.5.

Following assembly the circle system is
mounted by way of the mounting hole in
the circle system carrier 16 on the stem
of the hinged arm 19 or the rod 20 of the
anaesthetic apparatus or anaesthesia
lung ventilator to be used.

5.2

Connection to Anaesthetic
Apparatus or Anaesthesia
Lung Ventilator

5.2.1 .
Mixed-Gas Connector

The mixed-gas tube 22, by which the
fresh gas is routed into the circle sys-
tem, can be attached gither at the mixed-
gas connector 21 (circle system carrier)
or at the mixed-gas connector 14 (in-
spiratory valve), If it is connected to 21

R

Use of Trichloroethylene
or Chloroform

Important! If use is made of soda lime,
the circle system may not be employed
to perform anaesthesia with trichloro-

(circle system carrier), the fresh gas is
humidified and its temperature regu-
lated in the absorber. In the event of a
CO, supply, the mixed-gas tube 22 must,
however, be attached at the inspiratory
valve 14 (cf. Sections 4.5 and 4.5.1 »COQ,
Enrichment«). Connection to the
anaesthetic apparatus or anaesthesia
lung ventilator is made at the mixed-gas
outlet in accordance with the operating
manial for the anaesthetic apparatus or
anaesthesia lung ventilator to be used.
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xic compounds form. Such anaesthetics
may thus only be used in the circle sys-
tem in the semi-open mode with or
without partial rebreathing following
removal of the CQ;, absorhers.

5.2.2
Connection of Breathing Bag ar Ven-
tilator

The following are optionally connected
to the breathing bbag connection port
16.1 (cf. Fig. 15} of the circle system car-
rier:

© the breathing bag, if anaesthesiais to
be performed exclusively by way of
spontanecus breathing and no ven-
tilator is to be connected,

Fig. 9

25 673

Circle system 7 a an anaesthetic apparatus Romulus 8D MV, ready for automatic venti-

lation, with Baroiog, Spirolog, O, meter Oxycom 100 D, anaesthetic gas extraction and

ventilaior Ventilog
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Fig. 10 Circle system 7a on Anaesthesia Spiromat 656, ready for automatic ventilation, with

ki

Fig. 11

10

respiratary pressure gauge, Dréager-Volumeter, O, meter Oxycom 100D and dual
hose adapter {see Page 7 for key)

Aay
Circle system 7 a on Anaesthesia Spiromat 656 (rear view), with extraction equipment
for excess anaesthetic gas 37 (see Page 7 for key)

@ a corrugated hose with connection
port and breathing bag, if anaes-
thesia is to be performed by way of
spontaneous breathing and manual
ventilation and no ventilator is to be
connected,

@ a corrugated hose for connection to
a single-hose ventilator (e. g. Venti-
log) for spontaneous breathing, ma-
nual ventilation and automatic (con-
trolled or assisted) ventilation,

© achange-over switch for connection
with a single-hose ventilator and a
corrugated hose with connection
sleeve and breathing bag,

@ a dual-hose adapter with two corru-
gated hoses for connection to the
Anaesthesia Spiromat 656. The con-
nections for the inspiratory und ex-
piratory tube for linking up the adap-
ter with the Anaesthesia Spiromat
656 are such that the possihility of a
mix-up is precluded.

52.3
Connection of Equipment for Removal
of Excess Anaesthelic Gas

The waste-gas connection port under-
neath the unidirectional valve 3 is used
for attaching the anaesthetic filter set 24
with fresh anaesthetic filter (Fig. 1) or
linking up the ejector-type extraction
system 27 by way of the hose 25, 26
(Fig. B} {cf. also 4.3).

I a ventilator is used, one of these de-
vices must likewise be connected to the
excess-gas outlet port of the ventilator
or this port is to be connected by way of
a Y-piece and corrugated hose with the
port aof valve 3 of the circle system.

524
Connection of Oxycom® 100 D

The Oxycom 100 D O, meter {32 in Figs.
8and 10)isattached by way of a connec-
toron a plate, which is fastened either to
the threaded stem 18 (Fig. 1} orto the in-
struments »sphygmomanometer/ana-
esthesia timer« {Figs. 8 and 10). The in-
spection cap 13.6 (Figs. 15and 16) ofthe
inspiratory valve 13is to be replaced by a
special cap 29 with appropriate
threaded conncetion for mounting the
0O, sensor 31 and a condenser 30 which
counteracts the formation of moisture
on the sensor diaphragm. The con-
denser, and on top of it the O, sensor,
are screwed onto this cap until they are
tightly seated. The sensor cable is to be
connected to the Q, meter (cf.
Oxycom 100 D operating manual),

525
Filling of CO, absorbers

The performance of anaesthesia using
the circle system 7a presupposes the
use of CO,-absorbing soda lime in all
modes {cf. Moge of Operation — Sec-
tions 3.1 to 3.4).

Using a funnel, the absorbers 15 are fill-
ed as far as the lower edge of the upper
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soda-lime container or from the special
soda-lime filling unit Sorbator (cf. Fig.
12 and corresponding operating manu-
al). In order to achieve optimum filling,
the lime is fo be compacied by tapping
gently against the absorber jacket and

Lt

Fig. 12 Absorber filling unit Sorbator®

J6 90

6
Testing of Operational
Readiness

7
Anaesthesia

Prior to commencement of anaesthesia,
the operability of the circle system, the
anaesthetic apparatus and any ancillary
equipment such as a ventilator, Oxycom
100 D O, meter, Precom respiratory
pressure gauge etc. is to be checked
and the devices switched on. The circle
system is to be set in accordance with
the respective mode of operation as de-
scribed throughout Section 3.

Important! When switching from one
mode of operation to another {spon-
taneous breathing, manual ventilation,
automatic ventilation with pressure lirmi-
tation at the circle system or automatic
ventilation with pressure reserve of the
lung ventilator), the changeover valve 4
is to be set accordingly. In the event of
smanual ventilation« and »automatic
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necessary. Depending on the desired
application (cf. 7.2}, either one or two
absorbers filled with fresh soda lime are
to be integrated into the circle system.
After attachment, the tapered connect-
ions are to be turned slightly exerting

a7

Fig. 13 CO, absorber with base 39 and seal-
ing cap 40

The functional test as per Section 10
performed following cleaning and disin-
fection (or sterilization) is a prerequisite
for use of the circle system with a pa-
tient.

Immedialely prior to use, the user
should repeat the test as described un-

ventilation with pressure limitation at
the circle system«, the relief valve 5 is to
bhe set in accordance with the com-
pliance of the patient's lungs.

Anaesthesia is delivered in accordance
with medical and clinical requirements.

As regards induction, it must be remem-
bered that the entire breathing system
(circle system, ventilator and patient}
does not yet contain the desired brea-
thing gas mixture. Flushing out of the in-
itially high nitrogen content can be ac-
celerated in the semi-closed system
with a relatively large fresh-gas flow. In
the closed system induction is not pos-
sible.

As regards the wake-up period, the pa-
tient should discharge the anaesthetic
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seating of the absorbers in the circle
system. Absorbers filled with fresh soda
lime, which are not intended for im-
mediate use, are to be sealed so as to be
airtight by means of a base 39 and a seal-
ing cap 40 (cf. Fig. 13).

5.2.6
Connection of Breathing Tubes

The circle system is to be equipped with
the breathing tubes 6, 7, the Y-piece 1
and the mask 2 required for the patient
or a catheter connector with catheter.
The circle system 7a and BiS0 (with ISO
connections) require different brea-
thing tubes. Care is thus to be taken to
ensure that the correct breathing tubes
are used for the respective circle sys-
tem.

The pertinent regulations of the German
Employer's Liability Insurance Associa-
tion or other national gutharities as re-
gards the use of electrically-conductive
and antistatic rubber or plastic parts to
preclude possible hazards arising from
electrostatic charging are to be ob-
served.

der 10.2 in order to check the opera-
tional readiness of the circle system.

From commencement of and during the
anaesthesia process a constant check
should be kept to observe the correct
functioning the valve discs in the inspi-
ration and expiration valve.

absorbed via the lungs as scon as pos-
sible. This can only be achieved with an
appropriate concentration gradient be-
tween the patient and the breathing sys-
tem; this is to be borne in mind when
setting the fresh-gas flow made up from
the individual gas components. In the
closed system a wake-up period is not
possible.

if a ventilator is being used, aswitchisto
be made ta »spontaneocus/manual« at
the appropriate time for the wake-up
period and breathing is to be manually
aided if necessary. The breathing bag
then gives the anaesthetist more control
over re-establishment of the patient's
own breathing. The ventilator is to be
disconnected.

11



7.1
Rapid Venting and Flushing
of Circle System

Differing methods of operation are re-
quired for rapid venting ofthe circle sys-
tem to counteract for example an exces-
sive build-up of pressure and for flush-
ing the circle system during the wake-up
period with the aid of the 0, bypass of
the anaesthetic apparaius or anaes-
thesia lung ventilator:

@ In the case of a single-hose system
{(anaesthetic apparatus with Ful-
momat 19 or connection of the brea-
thing bag 23 to the breathing bag
connection port), the lever of the
changeover valve 4 is to be set such
that it faces vertically downwards.
The pressure is then instantaneously
reduced to roughly 0.8 mbar. As is
also the case with the gas occurring
during flushing with the O, bypass,
the excess gas is routed via the uni-
directional valve 3 through the
anaesthetic filter 24 or into the ejec-
“ar-type exiraction system 27 {cf.
~ig. B).

@ With a dual-hose system {Anaes-
thesia Spiromat 656 with dual-hose
adapter 34) the inspiratory tube and
expiratory branch can only vented
and fiushed by way of the Anaes-
thesia Spiromat itself, since the relief
valve 5 cannot vent the avove-men-
tioned section of the circie system
due to the use of the dual-hose adap-
ter 34, The changeover lever of the
Anaesthesia Spiromat is thus fo be
set to »spontaneous/manuale. As is
also the case with the gas occurring
during flushing with the Oy bypass,
the excess gas is removed by way of
the waste-gas connection port of the
Anaesthesia Spiromat. In this case
the lever of the changeover valve 4 at

Hie LilvlS gyatolil
horizontal or vertically upwards posi-
tion.
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7.2
Handling and Monitoring
of CO, Absorbers

7.2.1
Use of 1 Absorber

As regards handling two methods are
passible. For CO, absorption, enly one
absorber is used in the circie system. A
second absorber filled with fresh soda
lime is kept in readiness (cf. Fig. 13).
Once the soda lime in the absorber in
use has been consumed, a switch is
madse to the stand-by absorber. This
should be done when the Drégersorb
650 soda lime, which is provided with a
colour indicator, is 50 % or at the latest
66 % discoloured. The CO, penetration
rate is then roughly 0.5-1 vol.% given a
patient's minute volume of 101/ min (20X
0.51), These figures are only a guide and
the information given in Section 7.2.2 is
always fo be observed!

7.2.2
Use of 2 Absorbers
Another method guaranteeing im-

proved lime utilization is to provide the
circle system with two series-connected
absorbers. Fig. 14 indicates the set-up
required:

A Both absorbers are filled with fresh
soda lime and installed in the circle
system.

B The lower absorber remains in the
circle system until the soda lime in it
has been completely used up. Re-

arvas

Fig. 14 CO, absorber sei-up for 100°% lime utilization
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sorbed by the lower absorber is as-
sumed by the upper absorber.

C The lower absorber has been re-
moved to empty out the used soda
lime and fill it with fresh sada lime.

D The freshly-filled absorber has been
re-installed as the upper absorber, o
enable the soda lime in the lower ab-
sorber to again be utilized to the full.

Note: The colour indicator in the
Dréagersorb 850 or Dragersorb 800
should only be used as a guide and the
discoloration is under no circumstances
to be taken as a measure of the CO;
penetration rate. Moreover a warm ab-
sorber only indicates that an absorption
process is taking place. It does not give
any indication of the actual absorption
capacity.

7.3

Further Use of Circle
System without Previous
Disinfection or Sterilization

If, following completion of anaesthesia,
it is only intended to change the brea-
thing tubes 6, 7, the Y-piece 1 and the
mask 2 or catheter connector with
catheter for the next patient, Dréger-
werlk AG recommends the use of a bac-
terial filter 11 between the inspiratory
valve 13 and the inspiratory tube 6.1f, on
the other hand, the circle system is to be
protected against contamination, a bac-
terlal filter can also be fitted between the
expiratory tube 7 and the expiraiory
valve 10.

If a bacterial filter 11 was used for the
previous anaesthesia, this is to be re-
placed and steritized provided that the
markings on the label stiil permit
sterilization (cf. usage instructions for
bacterial filters).

The soda lime and anaesthetic fiiter can
pe re-used provided they still have ade-
quate absorption capacity. The circle
system is ready for re-use.

8
Shutdown

Following completion of anaesthesia,
tie circle system can — together with
those paris of the ventilator which come
into contact with the patient's air — be
removed from the anaesthetic ap-
paratus or anaesthesia lung ventilator
for cleaning, disinfection or steriliza-
tion. Used sodd lime and used anaesthe-
tic filters (together with any bactertal fil-
ters which can no longer be sterilized)
are to be discarded.
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Cleaning, Disinfection,
Sterilization

For disinfection/sterilization purposes,
a brand new circle system 7a is to be
treated in the same manner as a used
one. On account of the numerous differ-
ent cleaning, disinfection and steriliza-
tion methods, only a rough outline can
be given here in addition to specific in-
formation on how to treat a circle sys-
tem. The specifications of the clean-
ing-agent and disinfectant manufactur-
ers must always be precisely adhered to,
in addition to the instructions concern-
ing special cleaning, disinfection and
sterilization procedures.

9.1
Disassembly of Circle Sys-
tem

@ All rubber parts (breathing tubes,
mask, breathing bag etc.} are to be
removed from the circle system.

® The respiratory pressure gauge 8, 28,
Volumeter 9 and sensor 31 of the
Oxycom 100 D O, meter are to be re-
moved and treated as stated in the
corresponding operating manuals.

@ If the circle system was used with an
Anaesthesia Spiromat 658, the cap
nut ot the dual-hose adapter 34 (Figs.
10 and 11) at the circle system carrier
is to be loosened and the adapter 34
removed vertically from the brea-
thing bag connection port. This
adapter is to be treated in the same
manner as all other metal parts of the
circle system.

@ The circle system is to be disassem-
bled as shown in Fig. 15.

@ The inspiratory valve 13 contains a
fiter 13.2 which is held in position by
means of a snap ring 13.1 (Fig. 16).
This filter prevents lime dust from be-

Key to Figs. 15 and 16

3 Unidirectional valve

4 Changeover valve

5 Relief valve

5.1 Cap screw
10.1 Expiratory valve housing
10.2 Valve disc
10.3 Inspection cap

10.4 Cap nut
13.1 Snap ring
13.2 Filter
13.3 inspiratory valve housing
13.4 Sealing ring
13.5 Valve disc

13.6 Inspection cap
13.7 Cap nut

14,1 Lock nut

15.1 Absorber base
15.2 Absorber jacket
15.3 Absorber cover
15.4 Clamping nut

16 Circle system carrier
16.1 Connection port for breathing bag

10.4

10.3 -

5.1
10.2

101
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Fig. 15 Circle system 7a disassembled for ¢cleaning purposes

BEREE

Fig. 16 Inspiratory valve completely disassembled
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ing passed to the patient with the
breathing gas via the inspiratory val-
ve. For cleaning purposes it can be
removed by pressing the snap ring
13.1 together. Drégerwerk AG re-
commends that this filter be re-in-
stalled together with the snap ring
prior to disinfection or sterilization to
prevent renewed contamination of
the interior. The same applies to seal-
ing rings.

important! During all cleaning, disinfec-
tion and sterilization work there is an in-
creased danger of circle system com-
panents being damaged! Damage to the
following components can resultin mal-
function or leaks:

— valve seat and guide pins at inspirat-
ory and explratory valve, absorber
and circle system carrier,

— outer and inner cone at inspiratory
valve,

- lower sealing surfaces at connectors

¢ gxpiratory valve, Volumeter and re-
piratory pressure gauge,

— tapered plug of changeover valve 4,
— breathing bag connection port when
a dual-hose adapter is being used,

- upper and lower sealing surface of

absorber jacket,

— valve seat of relief valve 5 in circle sys-
tem carrier,

— threaded connections at fresh-gas in-
lets at circie system carrier and in-
spiratory valve,

— upper rim of unidirectional valve 3.

If several circle system are being treated
at once, it must also be remembered that
the tapered plug of the changeover
valve 4 is ground-in in the valve seat of
the circle system carrier and thus notin-
terchangeable. Incorrect pairing wilk re-
sult in leaks!

9.2
Cleaning

Thorough cleaning is an absolute pre-
requisite  for successful disinfec-
tion/sterilization. The cleaning of ali cir-
cle system components should be
linked to preliminary disinfection. All
components illustrated in Figs. 15 and
16, as well as all rubber parts, can be
placed in liquid disinfectant paying at-
tention to the instructions given in Sec-
tion 9.4, After the prescribed exposure
time, they are to be thoroughly cleaned
in running water. The use of softened,
fully-demineralized or distiiled water is
recommended to prevent water spots.

After cleaning, the componenis are to
be dried so as to give the greatest possi-
bie protection against corrosion and the
growth of bacteria.

14
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cludes a variety of devices for facilitat-
ing cleaning, drying and disinfection:

— Drager fiushing unit 2M 8215 for brea-
thing tubes, breathing bags etc.

— Drager cleaning gun 2M 15138, espe-
cially for parts which are not readily
accessible such as tubes and cathe-
ters,

— Drager drying unit 2M 8220, espe-
cially for breathing tubes and Voli-
umeters,

— Dréger/Migle combi-system, com-
prising a disinfection unit for fully-au-
tomatic cleaning and disinfection and
an appropriately-matched drying
cabinet (Dréger Siccator),

- Drager Purfactor, for fully-automatic
washing, disinfection, rinsing and
drying of anaesthesia and surgical
accessories.

9.3
Disinfection and Sterilization

if permitted by the disinfection or
sterilization procedures employed fol-
lowing cleaning and drying, the parts of
the circle system illustrated in Figs. 15
and 16 are to be treated in sub-assembly
form or as complete units (cf. Section
9.5 for notes on assembly}. For purposes
of sterilization in superheated steam at
134°C in autoclaves, individual func-
tiona! elements such as the inspiratory
valve 13, expiratory valve 10, absorber
15, circle system carrier 16 with relief
valve 5, changeover valve 4 and uni-
directional valve 3 can be assembled for
example without adversely affecting the
sterilization process.

If disinfection or sterilization is to be
performed in an assembled condition,
the tapered piug of the changeover
valve 4 is always to be greased with
silicone grease prior to disinfection or

sterilization (cf. 9.5).

Disinfection in the Dréger Aseptor re-
guires that the individual tunctional
elements be fitted together and that the
circle system in the Aseptor be con-
nected to a suction tube. This ensures
that the interior of the circie system is
also effectively disinfected in the as-
sembled state.

Assembly prior to disinfection or
sterilization has the advantage that the
possibility of renewed contamination of
the interior following  disinfec-
tion/sterilization is reliably precluded.
Otherwise particular care must be taken
when assembling disinfected or
sterilized components. As regards as-
sembly work, the notes given in Section
9.5 are to be observed. Disinfection in
the Driiger Aseptor is to be performed in

T R T T RS RED TR

disinfection in the Aseplior-.

All parts illustrated in Figs. 15and 16, as
well as the dual-hose adapter can be
sterilized in superheated steam at
134°C.

9.4 .
Treatment of Rubber Parts

Rubber parts such as tubes, masks,
breathing bags and catheiers are 1o be
cleaned as described in Section 8.2. The
use of hard brushes or materials which
could damage the surface of the parts in
guestion is however to be avoided.

In the case of parts incorporating cuffs,
such as intubation catheters and brea-
thing masks, the cuff must be carefully
vented prior to cleaning and then resea-
led to prevent overstretching due to the
effect of heat and also the penetration of
liquid. On the other hand, prior to
sterilization in superheated steam, the
cuff is to be opened to prevent the cuft
from bursting when the autoclave is
evacuated.

Disinfectants containing phenol or
phenyl compounds destroy rubber
parts. It must also be remembered that if
rubber or latex parts have been treated
using disiniectants with a quaternary
ammonium base, subsequent steriliza-
tion in superheated steam will result in
damage. Thus, once selected. a pariicu-
far disinfection method should be
adhered to. Disinfection in the Dréger/
Miele combi-system, the Drager Purfac-
tar or the Drager Aseptor is eminently
suitable for all rubber and latex instru-
ments.

Sterilization in superheated steam at
120°C (glove programme) is also a pos-
sibility. Such sterilization in an auto-
clave does however always result in re-
vulcanisation and thus in accelerated
natural ageing. Moreover rubber parts
may harden in the course of their service
life due to the loss of softeners.

Exposure to ozone, such as that which
can occur with UV lamps, has an ad-
verse effect on rubber parts.

9.5
Assembly of Circle System

The circle system is assembled and fitt-
ad out in the reverse order to that emp-
loyed for stripping down and disassem-
bly. Attention is to be paid to possible
damage such as that listed under Sec-
tion 0.1. Immediate replacement of
damaged parts precludes the need for
time-consuming leak detection.



2 Set overall gas flow {U; and N;U) at
flow control valves of anaesthetic
apparatus for anaesthesia lung ven-
tilator to 10 I/min. The pressure may
be a minimum of 0 mbar and a max-
imum of 2 mbar (the pressure gauge
8, 2B reading is to be estimated). H the
pressure is clearly higher than that
stated above, the hole in the
changeover valve is to be checked for
a free cross-section. if necessary the
unidirectional valve 3 is to be re-
placed.fthe pressure is clearly lower
than that stated abave, the anaesthe-
tic-gas exiraction system is to be
checked. No vacuum -~ which opens
the valve — may he generaied at the
unidirectional valve 3. The Drager
ejector-type extraction system is
provided with vent holes in the mount
26 (Fig. B) of the extraction hose 25to
prevent such vacuum.

10.2.4
Functional Testing of Inspiratory
a  Expiratory Valves

@ The test set-up corresponds to that
for manual ventilation as per Fig. 5.

@ A breathing bag is attached to the
mask cone of the Y-piece 1.

@ Perform visual inspection as to pre-
sence and intactness of valve discs
{10.2 and 13.5 in Fig. 15) and check
whether all guide pins are present
and straight.

@ Fill circle system with O, until manual
breathing bag and bag at Y-piece are
inflated to roughly 5 mbar. Then
close O, flow control vaive.

® Perform manual ventilation, observe
valve disc: disc ininspiratory valve 13

ELES

Fig. 18
Connectian schematic tor the
tests as per 10.2.1, 10.2.2
10.2.3 and leak test | as per
10.3.1

16

SNCUIG LUTL O Gdring {alid Uiy Jui=
ing!) inspiration; disc in expiratory
valve 10 should lift off during (and
only during!) expiration.

& Observe Volumeter: even a slight
drop in volume during the inspiratory
phase indicates that the expiratory
valve is defective.

10.2.5
Final Test

Foilowing completion of the tests as per
10.2.1-10.2.4, the circle system is to be
made ready for actual anaesthesia.

@ Check all hose connections.

@ Check absorber charge.

@ |f applicable make connection to en-
visaged anaesthesia lung ventilator.

10.3
Testing of
Closed System

Test to ensure compliance with max-
imum requirements as regards free-
dom from leaks, in particular for use as
a closed sysiem

If the circle system is to be used as a
closed system, more exacting leak tests
must be performed. These tests presup-
pose a gas metering potential of 0.05
i/min. If the anaesthetic apparatus in
question cannot guarantee such meter-
ing, testing must be performed with the
aid of an appropriate test flowmeter
(range of measurement roughly
0.05-0.8 |/min) in the fresh-gas line to
the circle system. As described at the
beginning of Section 10.2, the circle sys-
tem should be fully equipped before
such testing is carried out.

10.3.1
Leak Test |
{set-up as per Fig. 18)

Leak test | is designed io test the overall
freedom from leaks of the circle system
at a pressure of 40 mbar with respect to
the atmosphere.
Permissible leakage rate:
0.4 I/min at 40 mbar
{approx. 0.1 I/min at 10 mbar)

It must be remembered that the leak
tests include the low-pressure system of
the anaesthetic apparatus or anaes-
thesia lung ventilator — i. e. the system
section from the mixed-gas tube back to
the flowmeter unit is also part of their
scope! Thus any leaks detected may
also be located in the low-pressure sys-
tem. A minor leak of 0.04 /min is per-
missible in the low-pressure system ata
pressure of 40 mbar and can be added to
the abovementioned permissible leak-

Gyt iatba Wittt eI ig Mt =00

the anaesthetic apparatus (0.45 I/min).
Test procedure:

@ Equip circle system with tubes as
shown in Fig. 18. The corrugated
hose to be connected for perfor-
mance of this test (in place of the
breathing bag) is attached fo the
mask cone of the T-piece.

® Turn tapered connections (inspiral-
ory valve/absorber, absarber/circle
system carrier} slightly exerting gen-
tle, vertical pressure. A small quantity
of silicone grease can be used if
necessary to improve sealing.

@ Slowly open O, flow control valve at
anaesthetic apparatus/anaesthesia
lung ventilator or test flowmeter and
fill circle system to a pressure of 40
mbar (read off on respiratory pres-
sure gauge).

@ Once the pressure has been attained,
determine leakage flow | by setting
the O, flow such that the pressure 40
mbar neither decreases nor in-
creases.

® lithe leakage flow s found to be less
than that permitted (0.45 [/min for
testing on anaesthetic apparatus or
0.4 I/min for testing using test
flowmeter), the circle system is suffi-
ciently leakproof. If, however, the
value established is greater than that
permitied, the cause of the leak is to
be sought and eliminated. The fol-
lowing are possible causes:

— defective or missing sealing rings,

— loose thread,

— damaged tapered connection be-
tween circle system carrier and ab-
sorber,

— leaking valve seat at changeover val-
ve,

— absorber jacket damaged at sealing
edges or cracked.

If the leak cannot be eliminated, the cir-
cle system is to be replaced. If elements
of the circle system are replaced, leak
test | must always be repeated.

10.3.2
Leak Test Il
{set-up as per Fig. 19}

Leak test ll is designed to test the seat of
the expiratory valve 18 for leaks at a
pressure of 40 mbar with respect to the
atmosphere.

Far all circle-system operating modes,
the permissible ieakage rate is 0.2 /min
at 40 mbar {(approx. 0.05 I/min at 10
mbar).

In view of the fact that the leakage rate
as per leak test | is included in the mea-
surements for this test, the permissible
leakage rate of 0.2 I/min is to be added
to the established leakage flow 1. The
sum total is then the permissible leak-
age fiow 1L
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@ Equip circle system with tubes as
shown in Fig. 19.

® Slowly open O, flow control valve at
anaesthetic apparatus/anaesthesia
lung ventilator ar test flowmeter and
fill circle system to a pressure of 40
mbar (can be read off on respiratory
pressure gauge).

@ When the pressure of 40 mbar has
been attained, determine leakage
flow Il by setting the O; flow such that
the pressure of 40 mbar neither de-
creases nor increases.

@ |If the leakage flow Il is found to be
less than that permitted {leakage flow
1 + 0.2 [/min), the expiratory valve is
sufficiently leakproof. If, however,
the leakage flow 1l established is gre-
ater than that permitted, the disc and
seat of the expiratory valve are to be
checked and the damaged paris re-
piaced if necessary. If the valve disc is
replaced, leak test [l is to be repeated.
If the entire expiratory valve is re-
placed, leak test | is also to be re-
peated.

10.3.3
Leak Test i
(set-up as per Fig. 20)

leak test 1l is designed to test the seat of
the inspiratory valve 13 for leaks at a
pressure of 40 mbar with respect to the
atmosphere.

For all circle-system operating modes,
the permissible leakage rate is 0.21/min
at 40 mbar (approx. 0.05 i/min at 10
mbar}.

as per leak test [l is inciuded in the mea-
surements for this test, the permissible
leakage rate of 0.2 I/min is to be added
to the established leakage flow Il. The
sum total is then the permissibie leak-
age flow lil.

Test procedure:

@ Equip circle system with tubes as
shown in Fig. 20.

@ Remove inspiratory valve 13 from ab-
sorber 15 and hold in vertical posi-
tion.

® Seal absorber 15 with sealing cap 40
(cf. Fig. 13). This is the difference in
set-ups between Figs. 19 and 20.

& Slowly apen O, flow control valve at
anaesthetic apparatus/anaesthesia
lung ventilator or test flowmeter and
fill circle system to a pressure of 40
mbar (can be read off on respiratory
pressure gauge 8, 28).

@ When the pressure has been at-
tained, determine leakage flow Il by
setting the O, flow such that the
pressure of 40 mbar neither de-
creases nor increases.

@ If the leakage flow !l is found o be
less than that permitted (leakage flow
Il + 0.21/min), the inspiratory valve is
sufficiently leakproof. Hf, however,
the leakage flow Il established is
greater than that permitted, the disc
and seat of the inspiratory valve are
to he checked and the damaged parts
replaced if necessary. lf the valve disc
is replaced, leak test lll is to be re-
peated. if the entire inspiratory valve
is replaced, leak tests | and 1 are also
to be repeated.

Testing of Relief Vaive

The procedure for this test is identical to
that described under Section 10.2.2.

10.3.5
Testing of Unidirectional Vaive
for Spontaneous Breathing

The procedure for this test isidentical to
that deseribed under Section 10.2.3.

10.3.6
Testing of Inspiratory
and Expiratory Valves

Leak tests [i and Il establish whether the
expiratory and inspiratory valves are
leakproof, but the test as per Section
10.2.4 must also be performed in order
te check their function.

10.3.7
Final Test

Perfarm final test as per Section 10.2.5.

10.4
Test Chart

The chart 10.4 on Page 18 gives a sum-
mary of the tests to be performed as per
Sections 10.2 and 10.3.

The operational readiness of the circle
system is to be tested in accordance
with Section 10.2 (Page 15) immediately
prior to its use with a patient.

Fig. 18 Connection schematic for leak test Il as per 10.3.2

REREL]

Fig. 20 Connection schematic for leak test Ill as per 10.3.3

A7 ran
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u.a
Test Chart

{Summary of Tests as per 10.2 and 10.3}

Establish operational readiness of gir-
cle system, test for mechanical dam-
age and completeness,

changeover valve »claseds

4

1

Test changeover valve, Volumeter,
tightness of connections and replace

Check valve disc and valve seat,
it necessary replace expiralory valve,

Chack valve disc and valve seat,
if applicable replace inspiratory valve,

> 2 mbar: check unidirectional valve
< 0 mbar: check vent holes in extract-

Repeat unidirectional valve test 10.2.3

yes no
No damage,
seals present
10.3.1 Fig. 18 ,
Leak test | Replace d.am.aged parts,
Determine leakage flow | at 40 mbar replace missing seals,
then leak test 1
[
Y
yes i ne
Leakage flow | = 0.45 i/min*)
or = 0.4{/min**)
10.3.2 Fig. 18 3 ") Testing on anaesthetic apparatus
**) Testing with test flowmeter
Leals test [1
Determine ieﬂkﬂgﬂ flow Il at 40 mbar fau]ty parts if necessary,
repeat leak test 1
[
Y
yes no
Leakage flow |l
= leakage flaw | + 0.2 min
10.3.3 Fig. 20 r 1
Leak Test Il
Determine leakage flow il at 40 mbar
repeat ieak tests | + |l
I
T
yes no
Leakage flow Il .
= ieakage flow Il + 0.2 min
10.2.2 Fig. 18 b
Relief valve test
at 10 I/ min,
changeogvervalve to »gauge pressurex repeat leak tests | + i + I
[
¥
yes no
Deviation = £ 15%
10._.4 Fig. 18 | 1
Unidirectional valve test
with 10 /min and anaesthetic extrac- Replace relief valve,
tion, repeat relief valve test 10.2.2
changeover valve ta »spontaneous«
! h 4
yes no
0 < Resistance < 2 mbar
10.3.60r10.24 !
Functional test of inspiratory and ex-
piratory valves. | i
Establish operational readiness of cir- and replace if necessary
cle system, simulation of ventilation : .
ion hose for free cross-section
i
yes 1 no

Circle system ready for use

18

Valve discs move properly

I

Determine cause, correct fault,
if necessary replace defective parts.
Repeat complete test




Maintenance,
inspection

To ensure that the circle system is al-
ways ready for use and fully operable, it
is to be subjected to maintenance work
by trained personnel at least once a
year. We recommend concluding a
maintenance agreement with the Tech-
nical Customer Service of Driagerwerk
AG, which ensures thorough, regular
testing with adjustment work and any
necessary spare part replacement. In
this respect, attention is drawn to the
Section »lmportant Notice« on Page 2.

Items nos. preceded by symbol (P) correspand o
ISO standard

Subject to alterations

24

Parts List

No.] Designation ggtr g:ﬂg Designation
— i M 23074 i
1—28| Circle system 7a 1 M 25690 Circle system 7a
— i i M 23023 : -
1-8| Circle system carrier 1 b M 24475 Circle system carrier
2 { Clamping screw 2 M 22169 Set of
clamping screws
3] valve stem "1 m22170 | valve stem
4 | Cap screw 1
5 | Unidirectional valve 1 M 24271 Unidirectional valve
6 | Lock nut 1
7 | Rubber disc ] M 14198 Lock nut
B8 | Sealing ring 10 M 22154 Set of sealing rings
9 | Sealing ring 5 M 22155 Set of sealing rings
10 | Sight glass 5 M 22171 Set of sight glasses
11 | Cap nut 2 M 22172 Set of cap nuts
12 | Valve disc 4 M 19265 Set of valve discs
14 | Ring 1 . .
15 | Fitter insert 1 M 22156 Set of filter inserts
6 | Lock nut 1
7 | Rubber disc 1
9 | Sealing ring 1
10 | Sight glass 1
11 | Cap nut 1 M 19603 Circle system
12 | Valve disc 1 P M 24469 inspiratory valve
14 | Ring 1
15 | Filter insert 1
16 | Valve housing 1
9 | Sealing ring 1
10 | Sight glass 1
11 | Cap nut 1 M 19617 Circle system
12 | Vvalve disc 1 P M24509 | expiratory valve
13 | Valve housing 1
18 | Absorber jacket 2 M 22157 Set of
absarber jackets
19 | Sealing ring 4 M 22158 Set of sealing rings
21 | Tightening nut 3 M 22159 Set of
tightening nuts
22 | Absorber base cap 1
23 | Absorber top cap ] M 22160 Set of absorher caps
17 | Absorber base 1
18 | Absorber jacket 1
19 | Sealing ring 2
20 | Cover, complete 1 M 13230 Absorber
21 | Tightening nut 3
22 | Absorber base cap. 1
23 | Absorber top cap 1
24 | Filler funnel 1 M 7700 Filler funnel
M 4147
25 | Corrugated hose 1 b g 25724 Corrugated hose
26 | Ring 10 M 22161 Set of rings
i M 9177 -
27 | Connection port 1 b M 25647 Connection port
28 | Breathing bag 23-2.3 1 M 12863 Breathing bag 23-2.3




—
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2 |

1
=10
9

Fig. 21 Individual parts of circle system 7a {cf. Parts List)

Note: The item nos. in Fig. 21 {and in the Paris List) are not
indentical with the item nos. in Figs. 1-16.

13

Order List
Designation Order Code
Circle system 7a M 23074
Circle system 8 - ISO P M 25690

BRUTE)
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annenhilfe

Ausfalterscheinung

Ursache

Beseitigung

Warnsignal ertdnt nicht

Batterien haben keine
ausreichende Spannung

Batterien falsch einge-
seizt

Alarmeinrichtung
defekt

Batteriewechsel
Batterien mit richtiger Pol-
folge einsetzen

Nachste Drager-Zweig-
niederlassung anrufen

Zeiger des Beatmungs-
druckmessers wird durch
die Lichtschranke blok-
kiert bzw. wird beim Ein-
stellen der Lichtschranke
mitgenommen

harter StoR hat den Zeiger
des Beatmungsdruck-
messers verbogen

Néchste Driger-Zweig-
niederfassung anrufen

Steliring zum Einstellen
der Lichtschranke hakt
oder I&Bt sich nur schwer
drehen

Gleitstift defelt

Nachste Uﬂmmm_.-Némmm-
niederiassung anrufen

Zweigniederlassungen
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s OPERATING MANUAL

linute Volumeter 3000




OPERATING INSTRUCTIONS

Important Notice

For correct and effective use of the ap-
pliance, and to avoid hazards, we would
paint out the following:

1

Any use of the appliance requires
precise knawledge and cbservation
of these operating instructions.

The appliance is intended onily for the
purposes specified in the Operating
Manual or for purposes confirmed in
writing by Dragerwerk AG.

The appliance should be inspected by
experts at regular time intervals. An
official report of the inspections
should be drawn up.

Only original Drdger spare parts

7" 1uld be used for maintenance and
“_pairs. Repairs and maintenance,

and the replacement of spare paris
should only be carried out by experts.

We recommend having inspections
and repair work carried out by the

Technical Customer Service of your
Dréger Branch or Agent.

Regular inspection is best ensured by
entering into an Inspection Service
Contract with the Technical Custo-
mer Service of your Drager Branch or
Agent.

Hesponsibility for the reliable func-
tion of the appliance passes to the
owner or operator in all cases where
the appliance has been inexpertly
maintained or repaired by persons
not employed by the Dréger Organi-
sation or where it has been used in a
manner which does not conform to
the normal conditions of use.

We would also point out that the natio-
nal recommendations, reguiations and
laws governing the use of technical
equipment should be observed.

DRAGERWERK AG LUBECK
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Intended Use

The Drager minute Volumeter 3000
shows the patient's respiratory minute
volume and tidal volume independent
of the gas compasition, and it thereby
appreciably simplifies the determina-
tion of respiratory values needed for the
record.

Application of Vaolumeter 3000

@ In assisted or controlied ventilation;
@ During anaesthesia;

amxm

Minute Volumeter 3000

Fig.1

@ Inthe determination of vital capacity;
@ To check spontaneous respiration
(e. g. during postoperative recovery}.

No heating is required for the Volume-
ter 3000.

It is resistant to corrosion in respect to
the usual inhalation anaesthetics (g. g.
Halothane, Enflurane, or Methoxy-
flurane).

Technical Data

Approvals

The Volumeter 3000 is exclusively
mechanical in operation and it is there-
fore explosion proof.

Measurement range
1 turn of large hand
1 turn of small hand

Necessary initial fiow

Max. permissible peak flow
Flow resistance

Heat stability

Connections
Air inlet (above)
Air autlet (below)

Weight (without heating)

Dimensions
Diameter/Length

1000 cm”
151

3.5 I/min

120 I/min

1 mbar at 80 I/min
up to 120°C

Male thread M 33x1
Union nut M 33x1
0.9 kg

80 @/90 mm
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The Veolumeter is connected to the ex-
piratory side of a ventilator orto a circle
system of an anaesthetic machine. The
expiratory air flows from top to bottom.

The Volumeter can be directly screwed
onto the Drager ventilators and
anaesthetic machines (Fig. 2).

an a7

in circle

Minute Volumeter 3000
system of anaesthetic machine

Uperaiional Use
Measurement of Minute Volume

When the left button is depressed (Fig.
3), atimer begins to run, which after one
minute will stop the hand of the volume-
ter. In this manner, the minute volume is
determined. When the left button is
pushed, a black spot will also simul-
tanecusly appear in the left aperture,
and after one minute, a btack disc will fill
the rectangular space, located below
the hand of the indicator.

|/

Fig. 3 Release of indicator hand for minute

volume

Measurement of Tidal Volume

When the right button is depressed (Fig.
4} a black spot will appear in the right
aperture and the tidal volume will be
measured.

To stop the indicator hand after a certain
number of respiratory cycles, the right
button is depressed half way. To restart
the Volumeter, the same button is
completely depressed,

Fig. 4 Release of indicator hand for tidal
valume



Measurement of Vital Capacity

{Special equipment 2M 18476 for the
minute Volumeter 3000 in a kit with ac-
cessories).

The accessory kit {Fig. 5) enables mea-
surement of vital capacity using a face
mask (Fig. 6} or a mouth piece (Fig. 7).

During postoperative recovery, the mi-
nute volume of a patient with an indwel-
ling endotracheal tube can be deter-
mined using the same special equip-
ment without further expenditure,

3555 . ’ A
Fig. 8 Measuring the vital capacity usinga Fig. 7 Measuring the vital capacity using a
face piece mouth piece

1 Minute Volumeter 3000 2M 18250
2 Face mask size 1 (large) M B3B3
3 Face mask size 2 (small M 8126
4 Head strap M B135
5 Valve 2M 2103
6 Mouth piece 2M 2353
7 Nose clamp A 5868
8 Corrugated hose with
connecting nozzie 2M 2346
consisting of: '
Gasket M 9257
Threaded connector 2M 2328
Corrugated hose M 12558
Union collar M 822§
Connecting nozzle 2M 2091
9 Hose for endotracheal tubes M 10071
10 Bag with 5 cardboard
: . mouth pieces 2M 2355
Fig.5 Drager Minute Volumeter 3000 with special equipment kit ™ 41 Cone shaped adapter 8400851
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Cleaning

The Volumeter is to be cleaned after
each day’s use. Run hot water from the
tap through the Volumeter measure-
ment chamber, the water flowing from
top to bottom, so that none of the water
can enter the bleed vents of the control
mechanism (Fig. B). Do notimmerse the
Volumeter in water.

Shake out the Volumeter manually (Fig.
9) and then dry it using the Dréiger
Volumeter Dryer 2M 14850 (Fig. 10} or

Fig. 8 Flushing out Volumeter

the Dréger Dryer 2M 8220. The connect-
ing nozzle 2M 13921 is to be used to at-
tach the Volumeter to the 2M 8220 Dryer.

Disinfection in the Dréger Aseptor

Clean and dry the Volumeter as de-
scribed before. Then attach it to the
holding screw in the Aseptor and it will
be disinfected with formaldehyde.

Autoclave Sterilization
Clean the Volumeter as described be-

JaE
Fig. 9 Shaking out remaining water

fore. It does not need to be dried.
Sterilize in an autoclave set to a glove
programme at 120°C.

dga73

Fig. 10 Drager Volumeter-Dryer 2 M 14850



Maintenance and Care

The bearings of the Volumeter's rotating
elements become accessible through 4
lateral bores; these bores are marked by
printed arrows. This makes it possible to
lubricate the bearings with a specially
suited lubricant »Oxigenoex S 4« (ap-
proved for fittings carrying oxygen).

A lubricating set 2M 18180 is supplied
with each Volumeter.

Lubrication must be carried out after
about 30 steam sterilisations or atleast
every 2 months (Fig. 11).

Note!
Only use pipette supplied with the kit to
avoid damage to the bearings.

Each bearing must be lubricated as fol-
lows:

@ Remove protective cover from
pipette and open lubricant bottle.

® Dip tip of pipette into iubricant and
suck one drop of »Oxigenoex S 4«
into pipette by pulling the pin up-
wards.

@ Insert pipette into one of the four
bores as far as it will go (bores indi-
cated by arrows on the side of the
Volumeter). Push the pin forward to
the stop whereby lubricant is pressed
into the hole.

Fig. 11

Lubrication of the bearings

Trouble Shooting

If the timer mechanism of the Volume-
ter 3000 does not start following
sterilization using superheated steam,
this is due to the small shafts sticking in
their bearings. This can be corrected by
giving the Volumeter & sharp turn
around its longitudinal axis.

When a new piece of tempered plate
glass hast to be put in, remove the re-
taining ring over the glass using a
pointed instrument (such as forceps} by
levering it out to the front. When the
Volumeter is tipped, the glass will fall
out.

When putting in a new glass:
@ Clean the dial face;

@ Clean the new glass before putting it
in;

@ Snap in the retaining ring.
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Description Designation Order-No.
Minute Volumeter 3000 Volumeter 3000 2 M 18250
Minute Volumeter 3000 i Volumeter 3000 in

in carrying case for measurement carrying case 2 M 18476

of vital capacity; complete with
2 face masks, valve, mouth piece
and connecting hoses

Spare and wearing parts

Tempered plate glass Glass E 9285
Retaining ring Retaining ring E 9284
Gasket Gaskets M 22154
{on upper connecting piece) {pack of 10}

Bag with cardboard mouth pieces; Bag mouthpiece 2M 2355

bag contains five pieces (belongs
to Volumeter in carrying case)

Lubrication-Set for Lubrication-Set 2M 18180
Volumeter 3000

Subject to alterations!
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