OPERATING MANUAL




From Drager:
Circle Absorption System 7a (8 1S0)

OPERATING INSTRUCTIONS

important Notice

For correct and effective use of the ap-
pliarice, and to avoid hazards. we wouid
paint out the following:

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

2 The appliance is intended only for the
purpases specitied in ike Operating
Manual or for purposes confirmed in
writing by Driagerwerk AG.

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

4 Oniy original Drager spare pars
should be used for maintenance and
repairs. Repairs and maintenance,
and the replacement of spare parts
‘should anly be carried out by experts.

"5 We recommend having inspections .

and répair work carried out by the

Technical Customer Service of your
- Drager Branch or Agent.

Regular inspection is best ensured by

entering into an Inspection Service

Corntract with the Technical Custo-
-mer Sérvice of your Driiger Branch or

Agent. :

- & Responsibility for the reliable func-

fion of the appliance passes to the:

owner or operator in afl cases where
the appliance ‘has been inexpertiy

maintained or repaired by persons
not employed by tha Driger Organi-
sation or where it has begn used in a

. manner which does not conform to

the normal conditions of use.

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

We w‘ould aiso poim out that the natio-
nat recommendations, regulations ang
laws governing the usé of techmical
equtpment should be observed.

BR“GERWEF!K AG LUBECK
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Y-piece for mask and catheter con-
nection

Breathing mask

Unidirectional vaive

Changeover valve

Relief valve {adjustable between 5
and 40 mbar)

Inspiatory tube

Expiratory tube -

Respiratory pressure gauge
Driger-Volumeter®

Expiratory valve

Bacterial tilter

Mount for bacterial filter
Inspiratory valve

Mixed-gas connector at inspiratory
vaive

C(}, absorber

Circle system carriar

Locking screw

Threaded stem for securing anaes-
thesia timer, sphygmomanometer
and/or a holder for accommaodating
O, meter Oxycom™ 100 O

Hinged arm

Bod for mounting and adjusting
height of circle system

Mixed-gas connector ai circle sys-
tem carrier

Mixed-gas tube

Breathing bag {respiratory bag)
Anaasthetic filter set

Condenser

O, sensor

0, meter Oxycom® 100 D

a — Manual ventilation {cf. 3.1.2}
- Automatic ventilation with pressure jimit-
ation at circie system (cf. 3.1.3
~ Spontaneous breathing with Anaesthesia
Spiromat 656 (cf. 3.4):

b — Automatic ventitation with pressure reserve
of ung ventitator (cf. 3.1.4)

— Manual inflation (cf. 3.1.5)
— Closed system (cf. 3.3)

¢ — Spontanecus breathing, however nat with

Anaesthesia Spiromat

— Hapid venting and flushing of circle system,
however not at Anzesthesia Spiromat 656

{ct. 7.1 ’

f— 355

[
{340 mm with 1 absorber)

]

Fig. 2 Settings of changesver valve 4

Fig.

oyl

3 Dimensians of ¢ircle system 7a



1
intended Use

The circle system 7a (8 ISO, ct. foot-
note ' is a patient system deveioped for
anaesthetic apparatus. It is speciaily de-
signed as a partial rebreathing system
{semi-closed}, but can also be used asa
closed and semi-open system. The en-
visaged applications are spontanecus
breathing, manual ventilation or au-
tomatic ventilation.

An ancillary device makes it possible to
also use the circle system 7a for a dual-
hose iung ventilator such as the Drager
Anaesthesia Spiromat 656 (separate
routing of inspiratory and expiratory tub-
ing trom circle systern 7a to anaesthesia
tung ventitator; cf. Section 3 »Mode of
Operation and Definition of Terms«).

1] The circle system is also available with 1SC con-
nections under the designation «Circle system 8
150

3

Mode of Operation
and Definition of
Terms

Single hose system

For spontanecus breathing or manual
ventilation, the circle system 7a is pra-
vided with a breathing bag 23 which is
connacted to the breathing bag connec-
tion port 18.1 {cf. Fig. 15) of the circle
system carrier 16. In the case of manual
ventifation, handling can be improved
by placing corrugated tubing (ltem 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 bel-
lows of the ventilator. The patient’s in-
spiration and expiration take place via
the same hose 33 {¢f. Fig. 9). which con-
nects the ventifator to the circie system
{e. g. Yentilog).

Such arrangements wilt hereinafter be
referred to as a »single hose system-.

Dual hose system

The inspiratory and expiratory tubes of
the Anaesthesia Spiromat 656 are
routed separately thus germitting cer-
tain advantages in terms of operation
(cf. Operating Manual for Anaesthesia
Spiromat 856). A special adapter 34 (cf.
Section 3.4 -Use with Anassthesia
Spiromat~} is provided for the connect-
lon of such a dual-hose lung ventilator.
This adapter is attached 1o the breathing
bag connection port by means of a
marrually-operated .- gonnection and
separates the inspiratory branch from
the expiratory branch.in the circle sys-
tem by way of 2 special design (cf. Figs.
7. 10 and 11). This arrangement will
hereinafter by referred to as a ~dual
hose systom«,

2
Technical Data

Dimensions

Weight

Absorber volume

Resistance —

— inspiratory valve

— expiratory valve

— unidirectional valve
{for excess gas removal
in case of spontanecus
breathing at the end of
expiration

Max. expiratory resistance

Connection port diameter
for breathing tubes®)

Connection port diameter
for excess gas removaf*)

Volume of breathing bag
{cther sizes avaitable)

Breathing tube length
Mixed-gas connector

Max. leak rate with respect to
atmosphere (withaut Volumetar)

cf. Fig. 3
6.23 kg
1 litre in each case

< (1.5 mbar at 20 ¥/ min
< 0.5 mbar gt 20 |/min
< 1 mbar at 20 I/min

< 2 mbar at 10 I/min
23 mm (for circle system 7a)

27 mm (for circle system 7a}
231

Tm
M6 x 1.5

0.2 i/min at 40 mbar
{approx. G.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 performarnce of anaes-
thesia in a semi-closed system._ It per-
mits savings on gas and anaesthelic,
with the fresh gas tow per minute being
tess than the patient’s minute volume.
The O, component is however such that
the patient receives more O, than he
consumes. A provan vaiug for the fresh
gas flow is between 2 and 4 Vmin of
anaesthetic gas mixture.

3
Semi-ciosed System:
Spontaneous Breathing

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

Duat hose system:

In the case of spontaneous breathing
the fresh gas supplied via the mixed-
gas tube 22 during inspiration flows
through the CO, ahsarbar{s) 15, the in-

2
Expiration

Inspiration

Fig. 4 Functional schematic »Spontaneous breathing« as per 3.1.1 (single hose syslem}‘
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spirgtory vaive 13 and.the inspiratory
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 sodz lime
and inspiratory valve 13 and is a function
of the respective inspiratary flow. Given
a tlow of 20 I/mip the resistance is < 0.5
mbar.

Single-hase and duai-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 constartiy 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 fiow of 20 #/min)
into the breathing bag 23 untii the bag is
full and the expiratory pressure is suffi-
clent to open the low-resistance uni-
directional valve 3 {ct. 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
24 ¥ 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 expiratary 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 OUperation with Adapter for
Use with  Anaesthesia Spiromat«),

31.2
Semi-ciosed System:
Manual ventilation

Single-hose and dual-hose system:
Lever of changeover valve & facing ver-
ticaity upwards.

in the case of manual ventilation the gas
mixture consisting of fresh gas and the
gas exhated 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 pressire can be infinitely li-
mited between 5 and 40 mbar on the re-
lief valve 5. in this case any excess gas
escapes at the enitt of the inspiratory
period through the unidirectional valve
3 viaa the relief valve 5.

Expiration takes place spontaneousky
by reduction of the increased pressure
in the thorax. During the expiratory

periad the gas exhated flows, together

with the fresh gas being simultaneously

-commencement of

Expiration

Inspiration

Fig. 5 Functional schematic »Manual ventiiation- as per 3.1.2 {singfe hose system), 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 ventitation
the endexpiratory pressure is a function
of the fresh gas flow. the inspiratory
pressure limitation and the handiing of
the breathing bag 23. To enabie the pa-
tient to exhale to 0 mbar, the fresh gas
flow is fo be selected such that the brea-
thing bag is just sufficiently full at the
the inspiratory
period.

3.1.3

Semi-closed System:

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

Single-hese and dual-hose systemn:
Lever of changeover valve 4 facing ver-
ticatly upwards.

in the event of automatic ventilation with
pressure iimitation 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
aof the bellows of the anaesthesia tung
vertilator (Puimomat 19 or Anaesthesia
Spiromat) through the CO, absorber 15,
the inspiratory valve 13 and the inspirat-
ory tube 6 tothe patient. During inspira-
tion the patient aiso receives the fresh
gas suppiied to the circie system.

H the-inspiratory limit pressure {adjusta-

bile between 5§ and 40 mbar) set on the

retief valve § 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 anaes-
thesia lung ventitator at the end of the
expiratory period {ct. Operating Manual
of the anaesthesia lung ventilator in
question).

If. on the other hand. the pressure set at
the relief vatve 5 is reached, part of the
excess gas escapes from the circle sys-
tem at the end of the inspiratory period
via the relief valve 5 and the unidireg-
tignal valve 3. When this method is emp-
loyed the patient onily receives [in con-
trasl to ~Automatic Ventdation with
Pressure Reserve of Lung Ventilator«,
cf. 3.1.4) that ventitatory volume which
his lungs can take up inaccordance with
their compliance {up to the ingpiratory
pressure set on the relief valve 5).

if the setting of the refief valve § is too
iow, an excessive amount of anaesthetic
gas is discharged through the relief
valve 3 with the result that a vacuum is
generated, depending on the ventifator
used, duetoalack of velume. Asacheck
use is to be made of a respiratory pres-
sure gauge B or 28.

314

Semi-closed System;

Automatic (Controlled ‘or Assisted)
Ventitation 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 vantilator. It is grea-
ter than the respiratory pressure dis-
played by the respiratory pressure
gauge 8. 2B of the circle system. The dif-
ference between these two pressures is
the =pressure reserve«, which serves far
example i the case of obstructions to
overcome the increased breathing re-
sistance and maintain the ventilatory
volume at a constant level.



The entire ventitatory volume set at the
bellows of the ventilator is expelled. It
must however be remembered “that,
when the retief valve 5 is closed
{horizontal position of lever 4}, the max-
imum working pressure may become ef-
fective in the circle system in the case of
a smatli lung ot low-camptiance thorax,
if an excessive ventilatory volume or
high inspiration rate with leng inspira-
tion period is sef 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.

3.15
Semi-closed System;
Manual Inflation

Single-hose and dual-hose system:
tever of changeover vaive 4 horizontal.

The circle system can be completely
closed during manual ventilation for
purposes of brief manuat inflation ot the
patient's lungs. This setting must how-
ever be of a short-term nature, since ex-
cessive pressure may butld up in the cir-
cle system on account of the inflow of
fresh gas. As a check use is t0 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 systemn 7a can aiso he
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 exhaled into the open. This
does however only apply unrestrictedly

to a dual hose system (Anaesthesia

Spiromat) where the inspiratory branch
#Ad Bxpiratory branch are quite cleariy
separated (¢f. Fig. 7). In the case of 2
single hose system (e. g. Pulmomat 19.
breathing bag for sponianeous brea-
thing or manual ventilation, cf. 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: ¢f. Sec-
tion 4 »Special Notes«). As regards the
various potentiatl uses and setlings of
the changeover valve 4. the mode of op-
aration of the circle system in the semi-
apen sysiem corresponds to that of the
semi-ctosed 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 after
the induction phase corresponds to that
required by the patient (cf. Fig. 6}. incor-
rect assessment of the anaesthetic up-
take and the resultant supply of the vari-
ous gas and anaesthelic components
causes an increase or decrease in hoth
the concentration and the pressure_The

" pressure and O, conceniration must

therefore be measured.

For the wake-up period the sysiem is
opened.

- Explration

»
Inspiration

* Fig. B Funétignal schematic ~Closed system- as pes 3.3. also ~Manual infiation« asper 3.1.5

FERE

and »Automnatic ventilation with pressure reserve~ as per 3.1.4 (single hose system)

Before anaesthetic apparatus and a ven-
tilator or an anaesthesia lung ventitator
can be used to parform anaesthesia in a
ciosed system, they must comply with
certain prereguisites. Mandatory fea-
tures for exampie are the metering of
small fresh gas Hlows with sufficient ac-
curacy and an adequate degree of gas-
tightness in the low pressure system.
During all ventilation phases, the ven-
tilator must prevent gas from escaping
from the system. i the circle sysiem 72
is 10 be used as a closed system, we re-
commend priof 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 employing the dual-hose
adapter 34 for use with an Anaesthes.a
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 vaive 3—
as well as the fresh gas suppiy — 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 expiraticn phase remains primarily
in the system even in the case of sponta-
neous breathing, the lever of the chan-
geover 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
vaive 5, this ensures that manua! as-
sistance can be given af any time during
spontaneous breathing. The fresh gas
then flows — as with automatic ventila- -
tion — during the expiration phase via
the inspiratory tube 35 (Fig. 7}, which
teads from the Anaesthesia Spiromat to
the circie system, imo the Anaesthesia
Spiromat {cf. Fig. 7, expiration). Here it
is routed, fogether with the gas exhaled
by thie patient via the expiratory tuba 36
iFig. 77, through an internal bypass into
the breathing bag for spontanegus bre-
athing/manual ventilation or into the
beltows for automatic ventitation. In all
cases the excess gas is removed at the
end of expiration via a vaive in the An-
aesthesia Spiromat {¢f. operating ma-
riual for Anaesthesia Spiromat 656).

The lever setting =-vertically down-
wards«= 6f the changeover valve 4 has no
function whan the circle system 7 ais fit-
ted with an adapter and used in con-
junction with the Anagsthesia Spiromat
{cf. Section 7.1 »Rapid Venting and
Flushinig of Circle System 7ax}.



Exspiration

inspiration

Fiz. ¥ Functionai schematic -Automatic ventiation with adapier at Anaesthesia Sprromat

£56- as per 3.4 (dual hose system)

3.5
CO; Absorher
Mode of Operation

The task ot the seda lime {e. g. Driager-
sorb* 650 or 800} is to remove CO, from
the breathing gas by means of absorp-
tion. Drigersorb™ 650 is a granular soda
lime, whereas Drigersorh® 800 is a
spherical. solid substance consisting of
a mixture of roughly 80 % calcium hyd-
roxide, 5% sodium hydroxide ang 15 %
water. The CO, in the gas flowing
through the absdarber is chemically

Joai

Fig. 8 Circle system 73 on andesthetic apparatus, ready for spentaneous breathing, with re-

combined, with heat and water being
produced. The sodium hydroxide and
calcium hydroxide are caused to react,
whereby sodium carbonate and calcium
carbonate are formed. The process is ir-
reversible and thus the lime cannat be
regenerated following CO, absorption.

A CO, abserber is designed ta hald one
litre afsoda lime. One litre of Dragersorb

73

spiratory pressurs gauge Precom, Drager-Volumeter. O, meter Oxycom 160 D. Con-
necticn-of circle system to a Drager ejectar-type extraction systemn for excess anaest-

hetic. gas 27

absorbs roughly 110 litres of GO, leav-
ing a resic¢ual concentration {at the ab-
sorberautlet} 0f 0.5 vol.% CO,. These §i-
gures are based on a ventilatory volume
of 10/min {20 x 0.5 1) and 2 CO. concen-
tration of 4 vol.% in the gas mixture
routed inte the absarber {careful filling
of the absorber is a prerequisite).

Given continous operation and a CQ,
generation rate of 0.4 i/min on the part
of the patient, the service life of 1 litre ot
soda lime in a ciosed system wil be ap-
proximately 5 hours. With the above
data a usage period of some 4 hours is
recommended in order G guarantee a
certain safety margin.

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

Patient's minute volume + iresh-gas fiow

Patient's minute volume

The Drégersorb soda lime is provided
with an indicator which changes colour
from white to violet as the soda iime is
used. In line with this colour change, the
reaclion zone — as can be seen fraom the
formation of heat and the appearance of
condensate — slowly shifts towards the
top ot the lime {ayer. In the event of
non-utilization an atready used lime
charge may lose Hs viotet celouring
again. This colouring returns when the
lime is again exposed to CO,, but with
reducad intensity! Dragerwerk AG thus
recommends changing the soda lime at
least once a day.

_ Key to Figs. 7—11

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*

28 Inspection cap for O, sensor con-
nection

30 Condenser

31 O, sensor

32 O, meter Oxycom® 100 D

33 Hese connecting circle system 7a
and Ventilog

34 Adapter for Anaesthesia Spiromat*®
656

35 Hose connecting circle system 7z
and Anaesthesia Spiromat 656 {ex-
piration) o

36 Hose connecting cirele system 7a
and Anaesthesia Spiromat 656 {in-
spiration)

J7 Extraction eguipment for excess
anaesthetic gas at Anaesthesia
Spiromat 656

38 Hose connecting circie system 7a
and- Anaesthesia Spiromat 656 for
removal of excess anaesthetic gas
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Special Notes
ont the use of mandatory monitoring de-
vices and the aperation of other miscel-

laneous equipment {standard and ancil-
lary units),

4.1
Respiratory Pressure Gauge
Precom and Volumeter

The general use of a respiratory pres-
sure gauge 8 or 28 and a Volumeter 8 is
urgently recommended by Drigerwerk
AG. Should a breathing tube 6, 7 be-
come disconnected, air from the atmos-
phere wouid be sucked in viz the ex-
piratory valve 10 in the case of automatic
ventitation and the Volumeter 8 woulg
indicate the air intake. The volume
ransported by the ventitator during in-
spiration would escape via the discon-
nection {hetween the inspiratory and
expiratory valve) and not be supplied to
the patient. Thus the Volumeter display
would only simulate a ventilatroy val-
ume, Such an error can only be detected
by a respiratory pressure gauge.

tn addition lo a pressure display, the
Drager Precom respiratory pressure
gauge 28 (Figs. 8 and 9} is provided with
a warning device, which triggers an
acoustic glarm if the set alarm threshoid
is not reached. This threshold can be set
between +10and + 80 mbar and —10 and
=30 mbar {cf. Precom operating manu-
al).

‘In the svent of tube disconnection dur-
ing spontaneous breathing. the patient
would inhale air from the atmosphere
viaihe leak. The ait exhaled would either
Partiaily or completely escape into the
open depending on the location of the
disconnection. In such a case the Voi-
umeter 8 would indicate either nc or an
inadeguate volumetric flow and thus
call attention to the disconnection (cf.
Volumeter operating manual).

4.2
Oxygen Meter
Oxycom 100D

Bragerwerk AG recommends the use of
the Oxygen Mster Oxycom 103 I (32 in
Figs. 8 and 18) for monitoring the 0O,
cancentration. This device continuously
dispiays the O, content ¢f the inspirat-
ory gas mixture. The O, sensor 31 is. at-
tached to the ingpiratory valve 13 by way
ot a special inspection cap 29 and a
condenser 30. If an adjustable lower

afarm threshold is drapped beiow. the _

Oxycom 100 D gives an acoustic alarm
(cf. Oxycom 100 D operating manual),

By iocking trough the inspecticn cap 29 -

the correct functioning of the vaive dise
can be checked (see also chapter 8 and
10.2.4). - '

4.3
Remaoval of Excess
Anaesthetic Gas

A connection port is provided under-
neatr the unidirectionat vaive 3 for re-
moval of excess gas. Such excess-gas
removal is prescribed by the German
Employer's Liability insurance Associa-
tion to preciude the possibility of
operating-theatre personnel being en-
dangered by varicus anaesthetics.

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

@ Anaesthetic filter (for 8 haur's of op-
eration), of. brochure »Anaesthetic
Fitter 633«

® Ejector-type extraction system {to be
provided by the customer), cf.
operating manuais ~Cenirai Supply
Units« and - Anaesthstic Gas Extrac-
tion Coupiinge.

4.4
Bacterial Filter

The instatiation of a bacterial filter 11 {cf.
Fig. 1} in the circle system prevents bac-
teria from a possibly contaminated
breathing system from entaring the
sterile breathing tubes 6, 7 (of. alsa 7.3
on Page 12}, '

The bacterial filter is fitted in accor-
dance with Fig. 1 between the inspirat-
ary vaive 13 ol the cirgle system and the
inspiratory tube 8 using-a mount 12 {take
note of instructions given in operating
manua! »Bacterial Filter«).

45
CO, Enrichment

There are two possible ways of enrich-
ing the inspiratory gas with CO,. H the
anaesthetic apparatus is provided with a
CO, ancillary unit. CO, can be added tq
the fiow of fresh gas via the flowmetar
unit. Should such a unit not be avaiiatite,
an inspiratory €05 concentration can be
achieved in the circle system by remov-
ing the CO;, absorber 15. :

451
CO, Enrichment by CO, Supply

If 0, ts supplied via the fresh-gas flow
set on the anaesthetic apparatus, the
mixed-gas tube 22 must be connegted
agbove the absorber at the mixed-gas
connector 14 of the inspiratory vaive, it
€0, were 10 be supplied af the riixed-
@as - connector 21, the intentionaijy-

supplied CO, component would be
- chemically combined in the soda lime

and the temperature increased.

Betore connecting the mixed-gas tube
22 at the inspiratory valve 13. the fock
nut 14.1 {Figs. 15 and 16) must first be
unscrewed from the connector 14 and
attached to the connector 21 at the gir-
cle system carrier in order to seat the
connector 21,

'f CO; is supplied via the fresh-gas fiow.
it must be remembered that the resui-
tant increased CO, absorption rate per
unit time may cause a higher reaction
temperature in the soda lime than is
normaily the case when CQ, is produced
solely by the patient. Given a €O, ab-
sorplion rate of 0.4 I/min (correspond-
ing to the patient’s own production) and
a patient’s minute voiume of 10 I/min
with 4 vol % exhaled CO, in a ciosed
system, the temperature in the absorber
is a maxtmum of 55°C. reaching roughly
3FC in the mask under these condi-
tions. On account of the above-men-
tioned temperatures. an additional Sup-
piy of CO, in a closed system is not per-
missible. as otherwise the patient's
lrachea my be scorched!

In a semi-ciosed system. the fresh-gas
flow, which. with CQ, supply fram above
the absorber, is routed into the circle
systern. counteracts the generation of
heat for two reasons. On the one hang
the fresh gas has a lower temperature
than the gas in the circle system and on
the other it ensures that part of the over-
aft amount of CO, {CO, exhaled by the
patient + CO; supply) is removed with
the excess gas and does not therefore
nieed to be abisorbed by the soda lime.
The percentage reduction in the amount
of CO; is approximately as follows:

fresh-gas flow . 100

Patie’'s minute - | fresh-gas
volume T flow

Example:

Fresh-gas flow =~ 5 i/min

Patient’s minute volume = 10 i/min
2— 100 = 33%

10~-5

Reduction =

In order to avord increases in tempera-
ture the fresh-gas flow in a semi-closed
system should thus be set to an appro-
priately higher leve!, the greater the CO,
supply.

n a semi-open system {cf. 3.2) the sSLp-

. Ply of CO, presents no probiems as re-

gards generation of heat.

452
CQ, Enrichment by Remaoving
Absorber

Removal of the two absarbers 15 means
that the patient re-inhales the CQO,which
he produces. The resullant cumulation
oi CQ; in the circulating breathing-gas
mixture can be wutilized to stimulate
breathing activity. # must however be



remembered that the CO, concentration
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
smalier 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 7ain the care and mainte-
nance centre following disinfection or
sterilization. As regards equipping of
the circle system, attention is to be paid
te Section 4 »Speciat Notes«. When per-
forming assembly work, particular care
Is 10 be taken to ensure the following:

@ The presence of sealing rings at the
screw connections in the expiratory
branch [circle system carrier 16, re-
spiratery pressure gauge 8, 28, val-
umeter 9.

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

® The use of fresh soda lime.

Detaited information regarding assem-
bly work - following  disinfection or
sterilization is given in Section 9.5,

Following assermnbiy 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
tung ventitator to be used.

5.2

Connection to Anaesthetic
Apparatus or Anaesthesia
Lung Ventilator

521

Mixed-Gas Connector

The mixed-gas tube 22. by which the
fresh gas is routed into the circle Sys-
tem, can be attdched either at the mixed-
gas connector 21 {circle system carrigr)

or at the mixed-gas connector 14 {in-
spiratory valve). It it is connected to 21

4.6
Use of Trichioroethyiene
or Chloroform

important! {f use is made of soda lime,
the circle system may not be employed
to perform anaesthesia with trichioro-

{circle system carrier). the fresh gas is
humiditied and its temperature regu-
tated in the absorber. In the event of a
CQ; supply.the mixed-gas tube 22 must,
however, be atlached al the inspiratory
valve 14 (cf. Sections 45and 4.5.1 .C0,
Enrichment«}.  Copnection ta  the
anaesthetic apparatus or anaesthesia
lung ventilator is made at the mixed-gas
cutlet in accordance with the operating
manual for the anaesthetic apparatus or
anaesthesia lung ventilator to be used,

ethylene or chloroform, as otherwise to-
xic compounds form. Such anaesthetics
may thus only be used in the circle sys-
tem in the semi-gopen mode with or
without partial rebreathing foHowing
removal of the CQ, absorbers.

522
Connection of Breathing Bag or Ven-
titator

The following are optionally connected
to the breathing bbag connection port
16.1 {cf. Fig. 15) of the circle system gar-
riar:

@ the breathing bag, if anaesthesiaisto
be performed exciusively by way of
spontaneocus breathing and no ven-
tilator is to be connected.

19659

Fig. 8 Circle system 7aon anaesthietic apparatus Romutus BOO MY, ready for automatic venti-
iation. with Barolog, Spiroleg, ©, meter Oxycom 100 D, anaesthetic gas extraction and

ventilator Ventilog
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Fig. 10 Circle system 7 a on Anzesthesia Spiromat 656, ready for automatic ventilation. wat

Fig. 1t

ELTIE

respirafoty pressure gauge, Drager-Volumeter, O; meter Oxycom 1008 and dual
hose adapter (see Page 7 for kay)

for excess anaasthetic gas 37 (

i . . L
Circle system 7 a on Anaesthesia Spiromat 856 {rear view). with extraction equipment

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
vertilation and no ventilator is to be
connected.

& a corrugated hose for connectian to
a single-hose ventilator {e. g. Venti-
log) for spontaneous breathing, ma-
nual ventilation and automatic (con-
trofled 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
836 are such that the possibility of a
mix-up is precluded.

523
Connection of Equipment for Remaoval
of Excess Anaesthetic Gas

The wasle-gas connection port under-
neath the unidirectional valve 3 is used
for attaching the anaesthetic fiter set 24
with fresh anaesthetic filter (Fig. 1) or
linking up the ejector-type exiraction
system 27 by way of the hose 25, 26
{Fig. 8} ict. also 4.3).

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

5.2.4
Connection of Oxycom™ 100 D

The Oxycom 100D O, metar {32 in Figs.
Band 10) isattached by way of a connec-
tor on a plate, which is fastened eithar to
the threaded stem 18 {Fig. 11 or to tha in-
struments  -sphygmomanometerfana-
esthesia timer« [Figs. 8 ang 10). The in-
spection ¢ap 1L6{Figs. 15and i6)ofthe
inspiratory vaive 13is to be replaced by a
speciai cap 29 with appropriate
ihreaded copncetion for mounting the
O:sarsor 31 and a condenser 30 which
‘counieracts 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 sedted. The sensor cable is to be
connected to the O, meter (cf.

- Oxycorm 100 D operating manual).

5.2.5 -
Filfing of CO, absorbers

The performance of anaesthesia using
the circle system 7a presupposes the
use of CO,-absorbing soda iime in all
modes {(¢f. Mode of Operation — Sec-
tions 3,1 to 3 4).

Using a funnel, the absorbers 15 are fill-
ed as far asthe lower edge of the upper




absorber cover with soda lime fram the
soda-lime confainer or from the special
scda-lime filling unit Sorbator {cf. Fig.
12 and corresponding operating mant-
al). In order to achieve optimum filling,
the time is to be compacted by tapping
gently against the absorber jacket and

¥ i

Fig. 12 Absorber tilling unit Sorbatar®

6
Testing of Operational
Readiness

7
Anaesthesia

Prior to commencement of anaesthesia,
the operability of the circie system, the
anaesthelic apparatus and any ancillary
eguipment such as a ventifatar, Oxycom
100 D O, meter, Precom respiratery
pressure gauge etc. is {c be checked
and the devices switched on. The circle
system is to be set in accordance with
the respective mode of operation as de-
s¢ribed throughout Section 3.

important! When switching from one
mode of operation to arother (span-
taneous breathing, manuat ventilation,
automatic ventilation with pressure fimi-
tation at the circle system or automatic
ventilation with pressure reserve of the
lung ventilatar), the changeover valve 4
is to be set accordingly. In the event of
=manual ventilation« and »aulomatic

topping up the absorber several times if
necessary. Depending on the desired
application {cf. 7.2), either one or two
absorbers filed with fresh soda lime are
to be integrated into the circle system.
After attachment. the tapered connect-
ions are to be turned slightly exerting

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

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

Immediately prior to use, the user
shouid repeat the test as described un-

ventilation with pressure limitation at
the circle system-«, the refief valve § is to
be set in accordance with the com-
phance &f the patient's tungs.

Anaesthesia is delivered in accordance
with medicat and ¢linical requirements.,

As regards induction, it must be remem-
bared that the entire breathing system
{circle system, ventilator and patient)
does not yet contain the desited 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 tlow. In
the closed system induction is not pos-
sible.

As regards the wake-up period. the pa-
tient should discharge the anaesthetic

gentle pressure to ensure the firm, tight
seating of the absorbers in the circle
systern. Absorbers filled with fresh soda
lime, which are not imended for im-
madiate use. arg to be seated so as to be
airtight by means of a base 39 and a seai-
ing cap 40 (cf. Fig. 13).

5.26
Connectian 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 B30 (with 150
connections] require different brea-
thing tubes. Care is thus to be taken to
ensure thal the correct breathing tubes
are used for the respective circle sys-
tem,

The pertinemt regulations of the German
Employer’s Liability Insurance Associa-
tion or other national authorities as re-
gards the use of electricalty-conductive
and aristatic 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 dises in the inspi-
ration and expiration valve.

absorbed via the lungs as soon as pos-
sible. This can only be-achieved with an
appropriate concentration gradient be-
tween the patientand the breathing sys-
tem; this is to be bome in miad when
setting the fresh-gas flow made up from
the individua! gas components. In the
closed system a wake-up period is not
possible.

i a ventifator is being used, a switchisto
be made to »spontaneous/manual« at
the appropriate time for the wake-up
period and breathing is to be manuaily
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.



7.1 _
Rapid Venting and Flushing
of Circle System

Differing methods of operation are re-
guired for rapid venting of the circle sys-
fem 1o counteract tor 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 O, bypass of
the anaesthetic apparatus or anaes-
thesia iung ventifator:

® In the case of a single-hose sysiem
{anagesthetic apparatus with Put-
mamat 19 or cannection of the bhrea-
thing bag 23 to the breathing bag
connection port), the lever of the
changeover valve 4 is to be set such
that it faces verticaily downwards.
The pressure is then instantaneousty
reduced to roughly 0.8 mbar. As is
also the case with the gas occurring
during ftushing with the G, bypass,
the excess gas is routed via the uni-
directional valve 3 through the
angesthetic fiter 24 or inte the ejec-
tor-type extraction system 27 (cf.
Fig. 8).

® With a dual-hose sysiem {Anaes-
thesia Spiromat 656 with dual-hose
adapter 34} the inspiratory tube and
expiratory branch can only vented
and flushed by way of the Anaes-
thesia Spiromat itself. since the relief
vaive B cannot vent the avove-men-
tioned section of the circle systemn
due to the use of the dual-hase adap-
ter 34. The changeover lever ot the
Anaesthesia Spiromat is thus to be
set to »spontaneous/manuale«. As is
also the case with the gas cecurring
during flushing with the 03, bypass,
the excess gas is removed by way of
the waste-gas connection part of the
Anaesthesia Spiromat. in this case
the lever of the changeover vaive 4 at

the circle system remains in its
horizontal or vertically upwards posi-
ticn.

7.2
Handling and Monitoring
ot CO, Absorbers

7.2.1
Use of 1 Absorber

As regards handling two methods are
possibie. For GO, absorption. only one
absorber is used in the circie system. A
second absotrber fifled with fresh soda
fime is kept in readiness (cf. Fig. 13}
Once the soda fime in the absorber in
use has been cansumed, a switch is
made to the stand-by absorber This
should be done when the Drigersorb
650 soda lime. which is provided with a
catour indicator. is 50 % or at the latest
B€ % discoioured. The G0, penetration
rate is then roughly €.5-1 voi. % given a
patignt’s minute velume af 10/min (20 x
0.51). These figures are only a guide and
the infarmation given in Saction 7.2.2is
always to be observed!

7.22
Use of 2 Absorbers

Another methad guaranteeing im-

proved iime utilization is to provide the -

circle system with two series-connected
absorbers. Fig. 14 indicates the set-up
required:

A Both absorbers are filied with fresh
sada iime and instatled in the cirgle
system.

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

Fig. 14 CO; absorber set-up for 100% lime utilization

sidual absorption of the CQ, not ab-
sorbed by the lower absarber is as-
sumed Dy the upper absorber,

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

£ The treshly-filled absorber has been
re-installed as the upper absorter. to
enable the soda lime in the tower ab-
sorber to again be utilized to the tui.

Mote: The colour indicator in the
Dragersorb 650 or Dragerserb 800
shoutd only be used as a quide and the
discoloration is under no gircumstances
to be taken as a measure of the GO,
penetration rate. Moreover a warm ab-
sorber only indicates that an absorption
process is taking place. # does not give
any indication of the actual absorption
capacity.

7.3

Further Use of Circle
System without Previous
Disinfection or Sterilization

. following completion of anaesthesia.
it is only miended to change the brea-
thing tubes 8. 7. the Y-piece 1 and the
mask 2 or satheter connector with
catheler tor the next patient, Drager-
wark AG recommends the use of a bac-
terial titter 11 between the inspiratory
vaiva 13 and the inspiratory tube 6. 4. an
the other hand. the circle system is to be
protected against contamination. a bac-
teriat filter can atso be fitted between the
expiratory tube 7 and the expiratory
valive 10¢.

i 3 pacterial fitter 11 was used for the
previous anaesthesia. this is to be re-
piaced and sterilized provided that the
markings on the label still parmit
starilization {cf. usage instructions for
pacterial fillers).

The soda lime and anaesthetic filter can
be re-used provided they still have ade-
Juate azbsorption capacity, The circle
syslem is ready for re-use.

8
Shutdown

Following completion of anaesthesia.
the circle system ¢an =~ together with
those parts of the ventilator which come
into cantact with the patient's air — be
remaved from the anaesthetic ap-
paratus or anaesthesia lung ventilator
for cleaning, disinfection or steriliza-
tion. Used soda lime and used anaesthe-
tic filters (together with any bacterial fii-
ters which can no fonger be sterilized)
are to be disearded.






