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Discussion of the benefits of protective breathing strategies 
in the OR and the way they should be realized has intensified 
markedly in recent years. Studies have shown that many 
patients benefit from protective ventilator settings during 
surgery and that the outcome can be improved - and 
not only for patients with an increased risk of pulmonary 
complications.*

A wide range of parameters for mechanical ventilation 
have been investigated. Some of them have proven to be 
effective, while the evidence for others is not so clear. 
However, recommendations based on the latest data are 
available.

Background information to the following recommendations 
and the topics of perioperative spontaneous breathing and 
the complexity of anesthesia workstations is given in our 
clinical white paper (click here).

Current recommendations for protective ventilation in the OR:
 1. Tidal volume: 6-8 ml per kg ideal body weight
 2. PEEP: 2-5 cm H2O for normal-weight patients
 3. Driving pressure: if possible <16 cm H2O
 4. FiO2: low if possible, around 0.4
 5. Recruitment: no standard recruitment

At present the discussion surrounding perioperative 
protective ventilation focuses on the parameters of 
mechanical ventilation. Yet two very interesting factors are 
given little attention. Firstly, intraoperative spontaneous 

breathing can help alleviate the negative aspects of 
mechanical ventilation.* Secondly, any concept can only 
exert its beneficial effects if it is implemented consistently. 

Anesthesia care providers‘ complex workstations and the 
large number of distractions that occur during a single case 
can adversely affect patient care and hinder the consistent 
application of such concepts. Here medical technology has 
to support protective mechanical ventilation by providing 
intelligent technical solutions, enable and promote 
spontaneous breathing, and reduce the complexity of the 
anesthesia workstation to the minimum.

Technology Insights 
for protective ventilation and spontaneous breathing in the OR

Protective ventilation in the OR poses major challenges for 
anesthesia workstations. Dräger works closely with clinicians and 
nursing staff around the world to understand the precise needs and 
requirements for protective ventilation in the OR.

Below we describe some of the latest ventilation technologies 
in our anesthesia workstations regarding protective ventilation 
strategies.

Below we describe some technical solutions that promote 
intraoperative protective ventilation with Dräger anesthesia 
machines.
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*  Please see our clinical whitepaper for reference citations.

https://www.draeger.com/Library/Content/spontaneous-breathing-210x260-wp-9101957-en-us-1802-1-K4.pdf
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the O2 flush will not influence the ventilation pressures and 
tidal volumes applied during mechanical ventilation. In the 
Fabius® family and Apollo®, fresh gas decoupling is realized 
by a valve between the fresh gas feed and the ventilator. This 
valve ensures that during inspiration fresh gas is guided into 
the reservoir (bag) and in the next expiration is guided out 
of the bag together with additional fresh gas into the piston 
cylinder.

The Perseus® A500, with the TurboVent 2 ventilator, does 
not need a fresh gas decoupling valve to correctly apply the 
ventilation pressures and tidal volumes independent of the 
fresh gas flow and the use of the O2 flush. However, the 
same effect is still achieved. In these products, ventilation 
is controlled by parameters including changes in the blower 
speed. Adaptation to changes in the fresh gas flow is 
extremely rapid, even during inspiration. A very fast control 
circuit adapts aspects including blower speed to enable the 
application of pressure and flow (which is decoupled from 
fresh gas) even without such a valve.

For more information about Dräger ventilator technology 
please click here.

Default settings for ventilation and fresh gas 
The Apollo® and Perseus® A500 pre-set the values for the 
ventilation parameters, such as tidal volume and breathing 
frequency, if the patient‘s height and ideal body weight are 
entered when the operation begins. The corresponding 
ventilation settings are calculated from this entered data. 
In a standard configuration, the basis for the calculation 
can be adjusted to the hospital values. This is beneficial 
in particular with protective ventilation strategies, since 
the recommendations for low tidal volumes per kg of body 
weight always refer to ideal body weight.

Breathing system resistances
In the blower-driven Perseus® A500, the circulation reduces 
the resistances that arise due to the breathing system, which 
facilitates spontaneous breathing and reduces the required 
effort of breathing. With this system, the patient can 
breathe spontaneously at any time, both at the inspiratory 
pressure and at the PEEP (CPAP) level. During expiration, 
the E-Vent and E-Vent plus piston-driven ventilators in the 
Fabius® family and Apollo® synchronize themselves with the 
expiration flow and actively support the patient‘s expiration 
by means of a controlled ventilator piston return.

SUPPORTING TECHNOLOGY FOR PERIOPERATIVE 
PROTECTIVE VENTILATION, PROMOTION OF 
SPONTANEOUS BREATHING, AND REDUCTION  
OF THE COGNITIVE WORKLOAD

Reliable and precise application of  
ventilation pressure and tidal volume
The electrically powered ventilators - especially the piston-
driven ventilator E-Vent/E-Vent plus - which are installed 
in Dräger anesthesia machines, enable extremely precise 
tidal volume dosing. Even in the unlikely event of a defect 
throughout the flow measurement, controlled ventilation 
can still be performed.

In addition, all Dräger anesthesia machines have compliance 
compensation. In this context, compliance means the ability 
of the ventilation hose to stretch and take up part of the dosed 
volume when ventilation pressures are applied. Advanced 
ventilators are able to compensate for the compliance of the 
breathing system by delivering sufficient additional volume 
with each breath to ensure that the patient actually receives 
the set volume. Dräger anesthesia machines determine the 
compliance of the breathing system during the self-test or 
the leak test.

Furthermore, the CO2 absorber in all current Dräger 
anesthesia machines is located in the low pressure part of 
the breathing systems between the bag and the ventilator. 
This reduces the compressible volume during inspiration, 
which improves system compliance and enables the best 
possible ventilation performance. 

In order to ensure precise application of the ventilation 
pressures and the tidal volume, all current Dräger anesthesia 
machines also feature fresh gas decoupling. Unlike fresh 
gas compensation, fresh gas decoupling offers the security 
that changes to the fresh gas settings or the operation of 

Gas Flow Diagram for Apollo®

https://www.draeger.com/Library/Content/vent-tech-210x297-ti-9105172-en-us-1801-1-K2.pdf


However, as with pressure-controlled ventilation, this is 
applied with decelerating inspiratory flow. The anesthesia 
machine ventilates the patient as in pressure-controlled 
mode, whereby the lowest possible inspiratory pressure 
is automatically selected with which the set tidal volume 
can be applied. In particular, in operations during which 
changes in lung compliance occur (e.g. during laparoscopic 
interventions), this form of ventilation with the Dräger 
Apollo® and Perseus® A500 ensures the desired tidal 
volume accompanied by the minimum inspiratory ventilation 
pressures and minimum driving pressures. When using the 
AutoFlow volume-control mode, it is important to limit the 
inspiratory pressure with the aid of the „Pmax“ setting.

Airway Pressure Release Ventilation (APRV)
In the light of the discussion on the significance and design 
of protective ventilation strategies in the OR, it appears 
expedient that in particular patients who enter the OR 
from the intensive care unit should - wherever possible - 
continue to receive the ventilation regime that was already 
being applied. Especially for critical patients ventilated in 
the ICU using APRV, it appears to be desirable, or even 
necessary, to continue this form of ventilation in the OR. 
The blower technology in the Perseus® A500 is ideally 
suited for maintaining the long Phigh phases when the patient 
can breathe spontaneously, and for ensuring short, precise 
release phases.

Simple to use
A standardized concept for use in all departments and for 
all devices helps to increase operational safety and reduces 
the need for training and induction courses. Furthermore, 
Dräger anesthesia machines are equipped with various 
assistance systems for minimizing the required user 
interactions with the device and preparing and presenting 
the available data in a readily comprehensible form so that 
users can better focus their attention on the patient and 
their cognitive workload is reduced.

One of them is the Low Flow Wizard with its qualitative 
„traffic-light“ display of the efficiency of fresh gas use. If 
the fresh gas setting is more than a defined level above the 
current gas consumption, the Low Flow Wizard indicates 
„Too high“ (yellow). Below this value the fresh gas use is 
„Efficient“ (green). If the gas consumption is higher than the 
set fresh gas flow, this results in a fresh gas „Too low“ (red), 
which then also triggers an alarm. The gas consumption 

is calculated from patient uptake, any 
circuit leakage occurring, and the 
volume of CO2 taken up by the CO2 
absorber.

Automatic xMAC monitoring means that the Apollo® and 
Perseus® A500 can offer a safety function preventing an 
unintentional drop in the level of anesthesia / concentration 
of volatile anesthetic agent. The expiratory anesthetic 
gas concentration and N2O concentration derived from 
sidestream measuring close to the patient and the patient‘s 

Synchronization and support for spontaneous breathing
The current anesthesia machines offer the option of 
synchronizing mechanical ventilation with the patient‘s 
spontaneous breathing. In order to support the patient‘s 
spontaneous breathing using additional pressure so an 
adequate tidal volume is achieved and breathing effort is 
reduced, all Dräger anesthesia machines offer the option of 
adding Pressure Support to mandatory ventilation modes, 
and a separate Pressure Support ventilation mode. When 
it comes to synchronization and Pressure Support, a very 
sensitive trigger which can be adjusted to the individual 
patient, coupled with the fast reactions of the electric 
ventilators E-Vent, E-Vent Plus and especially TurboVent 
2, ensure rapid and synchronous Pressure Support for 
spontaneous breathing patients. The rate at which the 
pressure rises can be adapted using slope adjustment to 
take account of the individual lung mechanics.

Synchronization and reaction times of modern ventilator 
technologies, especially the TurboVent 2 blower, correspond 
to the performance of intensive care ventilators.

PEEP (CPAP) is maintained during the expiration phases.
In systems with blower-driven ventilators, spontaneous 
breathing by the patient is possible at all times and in 
all ventilation modes, independent of the activation of 
synchronization, both at inspiratory pressure and at PEEP 
(CPAP) level.

Volume control – AutoFlow
Recent studies have shown that low tidal volumes are a 
key part of protective ventilation strategies1. Tidal volumes 
can be harmful, above all in conjunction with reduced lung 
compliance, because this results in high driving pressures. 
Tidal volume appears not to be the sole determinant of 
protective versus harmful operation. It is only in combination 
with lung compliance that pressures occur which can be 
harmful. High pressures, therefore, should be avoided, but 
at the same time tidal volumes must be applied that enable 
sufficient ventilation. One approach is the Volume Control 
AutoFlow ventilation mode which combines the advantages 
of volume-controlled and pressure-controlled ventilation 
(available on the  Dräger Apollo® and Perseus® A500). Just 
as in the classical volume-controlled ventilation mode, the 
tidal volume can be set to the desired value.
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Pressure Support 
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age are used to calculate age-corrected xMAC values. The 
monitoring function is automatically activated as soon as 
the expiratory xMAC reaches a value of approx. 0.3 (A). 
After activation, an alarm limit adjusts itself automatically at 
a value approx. 70% of the current expiratory xMAC level. 
However, the alarm limit adjusts itself only to rising xMAC 
values. As soon as the expiratory xMAC value falls below 
the alarm limit (B), the message „Low MAC“ is generated.
By confirming the question „Low MAC OK?“ users can 
cancel the alarm message (C). Cancelling the alarm in 
this manner adjusts the automatic xMAC monitoring such 
that during an intentional further reduction in the depth of 
anesthesia, e.g. for emergence from anesthesia, the alarm 
is not triggered again.
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Operating principle behind the "Low MAC" alarm
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Not all products, features, or services are for sale in all countries.
Mentioned Trademarks are only registered in certain countries and not necessarily in the country  
in which this material is released. Go to www.draeger.com/trademarks to find the current status.
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