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Abstract

Purpose In order to establish guidelines for the preparation

of the Dräger Fabius GSTM premium anesthetic workstation

for malignant hyperthermia-susceptible patients, the authors

evaluated the effect of the workstation’s exchangeable and

autoclavable components on the washout of isoflurane.

Methods A Dräger Fabius GSTM workstation was primed

with 1.5% isoflurane, and exchangeable components were

replaced as follows: Group 1: no replacement (control);

Group 2: autoclaved ventilator diaphragm and ventilator

hose; Group 3: flushed ventilator diaphragm and ventilator

hose; Group 4: autoclaved compact breathing system. The

fresh gas flow (FGF) was set at 10 L � min-1, and the

concentration of isoflurane in the inspiratory limb of the

circle breathing circuit was recorded every minute until an

endpoint of 5.0 parts per million (ppm) was achieved, at

which time the FGF was reduced to 3 L � min-1. Six

experiments were conducted in each of the four groups.

Results The time to achieve an isoflurane concentration

of 5.0 ppm decreased in the following order: Group 1

(151 ± 17 min) [ Group 3 (137 ± 7 min) [ Group 4

(122 ± 11 min) [ Group 2 (42 ± 6 min) (P \ 0.01 vs

control). Isoflurane concentration increased approximately

fivefold when the FGF was reduced to 3 L � min-1.

Conclusion Anesthetic washout from the Dräger Fabius

GSTM is relatively slow. Although washout was accelerated

when the Dräger Fabius GSTM was equipped with auto-

claved components, the reduction in washout time may be

less than that required for this technique to be accepted

into clinical practice. A dedicated vapor-free workstation

may be preferable for rapid turnover between cases.

Résumé

Objectif Les auteurs ont évalué l’effet des composants

échangeables et autoclavables du poste de travail anes-

thésique Dräger Fabius GSTM premium sur l’élimination

d’isoflurane afin d’élaborer des lignes directrices pour la

préparation du poste lors de la prise en charge de patients

susceptibles de souffrir d’hyperthermie maligne.

Méthode Un poste de travail Dräger Fabius GSTM a été

préparé avec de l’isoflurane 1,5 %, et les composants

échangeables ont été remplacés comme suit : Groupe 1 :

aucun remplacement (témoin) ; Groupe 2 : autoclavage du

diaphragme et du tuyau du ventilateur ; Groupe 3 :

vidange du diaphragme et du tuyau du ventilateur ; Groupe

4 : autoclavage du système de ventilation compact.

Le débit de gaz frais (DGF) a été établi à 10 L�min-1, et la

concentration d’isoflurane dans la partie inspiratoire du

circuit anesthésique a été enregistrée chaque minute jus-

qu’à l’obtention d’un seuil de 5,0 parties par million

(ppm), moment auquel le DGF a été réduit à 3 L�min-1. Six
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expériences ont été réalisées dans chacun des quatre

groupes.

Résultats Le temps nécessaire à l’obtention d’une con-

centration d’isoflurane de 5,0 ppm a diminué dans l’ordre

suivant : Groupe 1 (151 ± 17 min) [ Groupe 3 (137 ±

7 min) [ Groupe 4 (122 ± 11 min) [ Groupe 2 (42 ±

6 min) (P \ 0,01 vs témoin). La concentration d’isoflurane

a approximativement quintuplé lorsque le DGF était réduit

à 3 L�min-1.

Conclusion L’élimination de l’anesthésique du poste de

travail Dräger Fabius GSTM est relativement lent. Bien que

l’élimination ait été accélérée lorsque le Dräger Fabius

GSTM était équipé de composants autoclavables, la

réduction du temps d’élimination pourrait néanmoins être

moindre que ce qui est requis pour que cette technique soit

acceptée dans la pratique clinique. Un poste de travail

spécifique sans vapeur pourrait constituer une solution

préférable pour un changement rapide entre les cas.

Malignant hyperthermia (MH), a potentially fatal disorder

of skeletal muscle metabolism, can be triggered in sus-

ceptible patients by exposure to volatile anesthetics.

Guidelines for the preparation of anesthesia delivery sys-

tems for MH-susceptible patients include flushing the

delivery system with vapor-free fresh gas in order to avoid

exposing the patient to even trace concentrations of anes-

thetic vapor. Whereas older style anesthesia delivery

systems could be effectively flushed in 10 min at high fresh

gas flow (FGF), the current generation of anesthetic

workstations can require considerably more time, perhaps

owing in part to the complexity and composition of their

internal breathing circuitry.1–3 For example, the time nee-

ded to effectively flush the Dräger PrimusTM anesthetic

workstation (Dräger, Lübeck, Germany) exceeded 1 h,3

which could result in considerable delays to the surgical

schedule. These studies also showed that certain internal

rubber or plastic components can act as reservoirs for

volatile anesthetics, and that autoclaving these components

greatly speeds anesthetic washout.3 Accordingly, when

providing anesthetic care for the MH-susceptible patient,

the workstation equipped with autoclaved components can

be a cost-effective alternative to a dedicated vapor-free

delivery system.3

The Dräger Fabius GSTM premium anesthetic worksta-

tion (Dräger, Lübeck, Germany) is currently marketed

worldwide. Guidelines for the preparation of this work-

station for MH-susceptible patients are lacking. While the

Dräger Fabius GSTM and the Dräger PrimusTM share cer-

tain characteristics, their internal breathing circuitries are

not identical, consequently, their washout profiles may

differ. We sought to evaluate the effect of the workstation’s

exchangeable and autoclavable components (ventilator

diaphragm, ventilator hose, and compact breathing system)

on the washout of isoflurane.

Methods

The Dräger Fabius GSTM workstation was equipped with a

1.8-m long disposable circle breathing circuit (BOMImed,

Winnipeg, MB, Canada) and a model lung. To simulate

clinically relevant volatile anesthetic exposure, the work-

station and circle breathing circuit were primed for 2 h

with 1.5% isoflurane in air using a FGF of 3 L � min-1.

During priming, the model lung was ventilated with a tidal

volume of 500 mL and a rate of 15 breaths per min. At

completion of priming, the workstation was set at the

‘‘stand-by’’ mode and the FGF was discontinued. After

that, the vaporizer was removed; the carbon dioxide

absorber canister, circle breathing circuit, model lung, and

reservoir bag were replaced with components that had

never been exposed to volatile anesthetics; and fresh Am-

sorb� (Armstrong Medical, Coleraine, Northern Ireland)

was placed in the carbon dioxide absorber canister.

To determine the effect of the workstation’s exchange-

able components (the ventilator diaphragm, ventilator hose,

and the compact breathing system) on the washout of

isoflurane, six experiments were conducted in each of the

following groups:

Group 1: None of the workstation’s exchangeable

components was replaced (control group).

Group 2: The ventilator diaphragm and ventilator hose

were removed and were replaced with components that

had been autoclaved at 132�C for 10 min.

Group 3: As an additional control for Group 2, the

ventilator diaphragm and ventilator hose were removed,

were air-blown thoroughly with a forced-air gun, and

were reattached without being autoclaved.

Group 4: The compact breathing system was removed

and was replaced with one that had been autoclaved at

132�C for 10 min.

Immediately afterward, the FGF was set at 10 L � min-1

and ventilation was restarted using the same tidal volume

and respiratory rate as for the priming phase. A calibrated

Miran SapphIRe 205B Series Portable Ambient Air Ana-

lyzerTM (Thermo Fisher Scientific Inc., Waltham, MA,

USA) was used to measure the concentration of isoflurane

in the inspiratory limb of the circle breathing circuit every

minute until an endpoint of 5.0 parts per million (ppm) was

achieved. This device has an accuracy of ±5% and a

sensitivity of 0.1 ppm. Before each experiment, a zero

calibration was performed in an environment free of

volatile agent. The washout time for isoflurane was defined

as the time from initiating a FGF of 10 L � min-1 until a
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concentration of 5.0 ppm was achieved in the inspiratory

limb of the circle breathing circuit (early washout phase).

When the isoflurane concentration reached 5.0 ppm, the

FGF was reduced to 3 L � min-1, and the recording con-

tinued for one hour or until the isoflurane concentration

again reached 5.0 ppm, whichever came first (late washout

phase). All experiments were conducted on a single

workstation that had never been in clinical use.

Statistical analysis

Data are expressed as mean ± SD. One-way ANOVA and

Dunnett’s post hoc test were used to compare washout

times for isoflurane. P \ 0.05 was considered statistically

significant.

Results

Early washout phase

Isoflurane concentration in the inspiratory limb of the circle

breathing circuit decreased exponentially during the early

washout phase in all groups (Fig. 1). Washout times are

summarized in the Table 1. In Group 1 (control), isoflurane

concentration decreased to 5.0 ppm after 151 ± 17 min of

washout. In Group 2, replacing the ventilator diaphragm

and ventilator hose with autoclaved components acceler-

ated the washout of isoflurane approximately fourfold. The

time to achieve an isoflurane concentration of 5.0 ppm was

significantly shorter in Group 2 (42 ± 6 min) compared

with the control group (P \ 0.01). In Group 3, flushing the

ventilator diaphragm and ventilator hose with forced air did

not achieve as rapid a washout compared with using au-

toclaved components. The washout time in Group 3

(137 ± 7 min) did not differ significantly compared with

control. Similarly, using an autoclaved compact breathing

system in Group 4 only moderately accelerated the early

washout phase (122 ± 11 min) compared with control

(P \ 0.01).

Late washout phase

A rebound increase in isoflurane concentration was

observed when the FGF was reduced to 3 L � min-1 (late

washout phase) in all groups (Table 1, Fig. 2). Group 2

showed the largest rebound, reaching 46 ± 6 ppm

(P \ 0.01 compared with control). During the late washout

phase, the isoflurane concentration did not return to

5.0 ppm or less in any group.

Discussion

The results show that the washout of isoflurane from the

Dräger Fabius GSTM premium is relatively slow when

compared with other current-generation anesthesia work-

stations.1–3 The washout time needed to achieve an

isoflurane concentration of 5.0 ppm in the breathing circuit

of the Dräger Fabius GSTM is more than double that reported

for the Dräger PrimusTM workstation.3 The use of autoclaved

ventilator components accelerated the washout of isoflurane

fourfold but did not achieve as rapid a washout as that

observed in the Dräger PrimusTM workstation.3

A factor influencing washout time is the absorption and

subsequent release of volatile anesthetics from rubber and

plastic components that comprise the workstation’s internal

circuitry.4 Factors affecting the rate of absorption include

the solubility of the anesthetic, its concentration, and the

duration of exposure,5–7 all of which were standardized in

this study. Anesthetic solubility in rubber, including sili-

cone, exceeds that in most plastics.8–10 The breathing

system circuitry internal to the Dräger Fabius GSTM

workstation comprises silicone and is probably a site of

considerable anesthetic absorption. Whereas flushing is

effective in removing volatile anesthetics from latex and

polysulfone tubing, only autoclaving has been found to be

effective in removing volatile anesthetics from silicone.8

This is consistent with our observation that autoclaving, but

not forced air flushing, accelerated the washout of isoflu-

rane. Slow washout, despite the use of an autoclaved

ventilator diaphragm and ventilator hose, may be attributed

Fig. 1 Early washout profiles for isoflurane in the Dräger Fabius

GSTM anesthetic workstation. Data are mean ± SD, ppm parts per

million
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in part to anesthetic absorption by non-exchangeable

components.

Another factor influencing washout may be fresh gas

decoupling,11 a mechanism that is utilized in the Dräger

Fabius GSTM to prevent the dependency of tidal volume on

FGF. During the inspiratory phase of positive pressure

ventilation, the ventilator and the inspiratory part of the

internal circuitry are decoupled from the fresh gas, which

passes to the reservoir bag via the carbon dioxide absorber

and is subsequently fed in expiration, together with the

stored volume, directly into the breathing system via a non-

return valve (fresh gas decoupling valve). Accordingly, the

inspiratory limb of the internal breathing system circuitry is

flushed only intermittently during the respiratory cycle,

suggesting that it might act as a reservoir for volatile

anesthetics.

Replacing the compact breathing system of the Dräger

Fabius GSTM had little effect on the washout of isoflurane.

Replacing the compact breathing system is cumbersome

and time consuming and involves removing and reattach-

ing the fresh gas tubing, ventilator hose, waste gas outlet

port, flexible arm and re-breathing bag, pressure sensor,

pressure gauge, oxygen sensor, flow sensor, adjustable

pressure limiting bypass valve, and positive end-expiratory

pressure hoses. Even with practice, this procedure took

more than 10 min to complete.

In previous studies, the endpoint for anesthetic washout

has been variable, ranging from 1 to 10 ppm.1,12,13 These

results reflect the fact that the minimum concentration of

volatile anesthetic needed to trigger an MH reaction in

humans is unknown. We chose an end-point concentration

of 5.0 ppm because evidence suggests that MH-susceptible

swine do not develop MH when exposed to an anesthetic

concentration of 5.0 ppm (Denise Wedel MD, Mayo

Clinic, Rochester, Minnesota, October 2, 2006, personal

communication).

To simulate the clinical situation, we reduced the FGF to

3 L � min-1 after the early washout phase. The resulting

rebound increase in isoflurane concentration was greatest

when the ventilator diaphragm and ventilator hose were

replaced with autoclaved components. This may be

attributed in part to the shorter time required to flush the

workstation in these studies, allowing non-exchangeable

internal components that had become saturated with anes-

thetic vapor during priming to subsequently release a

greater amount of isoflurane into the circuitry when the

FGF was reduced. This supports the notion that volatile

anesthetics are absorbed by various workstation compo-

nents and subsequently released into the breathing

circuitry. To avoid unintentional exposure of the MH-sus-

ceptible patient to anesthetic concentrations greater than

5.0 ppm, we recommend maintaining the FGF at the level

used to flush the workstation for the duration of anesthesia.

Isoflurane washout time took as long as 50 min, even

with the use of an autoclaved ventilator diaphragm and

ventilator hose. A washout period of this duration may not

be acceptable for most clinical situations, particularly when

Table 1 Washout times (early washout phase) and maximum rebound concentrations (late washout phase) in the Dräger Fabius GSTM premium

Group

(n = 6 experiments per group)

Early washout phase

Washout time (min)

Late washout phase

Maximum concentration (ppm)

Group 1: control 151 ± 17 (122–172) 20 ± 5 (9–26)

Group 2: autoclaved ventilator diaphragm and hose 42 ± 6* (34–51) 46 ± 6* (35–54)

Group 3: flushed ventilator diaphragm and hose 137 ± 7 (127–148) 20 ± 3 (15–23)

Group 4: autoclaved compact breathing system 122 ± 11* (111–134) 19 ± 3 (14–26)

The isoflurane washout time was defined as the time from initiating a FGF of 10 L � min-1 until a concentration of 5.0 ppm was achieved in the

inspiratory limb of the circle breathing circuit (early washout phase). Data are mean ± SD (range). * P \ 0.01 compared with Group 1, ppm
parts per million

Fig. 2 Late washout profiles for isoflurane in the Dräger Fabius

GSTM anesthetic workstation. When the FGF was reduced from

10–3 L � min-1 (late washout phase), a four- to tenfold increase in the

concentration of isoflurane in the inspiratory limb of the breathing

circuit was observed. Data are mean ± SD, ppm parts per million
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rapid turnover between cases is required. Using a dedicated

vapor-free anesthetic workstation may be indicated in such

situations, although replacing the workstation during the

surgical schedule is itself time consuming. When time

permits, the ventilator diaphragm and ventilator tubing can

be replaced with autoclaved components, and the work-

station can be flushed using a FGF of 10 L � min-1 for

50 min. These components can be stocked specifically for

use with MH-susceptible patients and autoclaved after each

use. It is often difficult to justify the cost of a vapor-free

workstation given the infrequency of their use. At our

institution, it is estimated that a dedicated vapor-free

workstation requires 50 h of labor per year for regular

maintenance and annual servicing. Given their relative

costs, using autoclaved components is an economical

alternative to a dedicated MH anesthetic workstation.

A limitation of the study is that only one volatile an-

esthetic was analyzed. The washout of sevoflurane was

nearly identical to that of isoflurane in the Dräger Pri-

musTM workstation,2 although it cannot be assumed that

the same findings apply to the Dräger FabiusTM

workstation.

A clear understanding of the washout characteristics of

the anesthesia workstation is required to avoid uninten-

tional exposure of the MH-susceptible patient to volatile

anesthetics. This study highlights that the washout of

volatile anesthetic agent varies depending on the anesthesia

delivery system. Guidelines for the preparation of current-

generation anesthetic workstations for the MH-susceptible

patients must be specific for the workstation. It is incum-

bent on manufacturers to consider factors influencing

volatile anesthetic washout in the design and manufacture

of anesthetic workstations.
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