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Why are we discussing this?
• Threat of pandemic respiratory illness/failure has resulted in a number of solutions (e.g., 

ventilator stockpiling, single ventilator to support > 1 patient, & triage)
• Due to the predicted number of ventilated patients with COVID-19 associated lung injury and 

ARDS, we need to prepare for off-label use of GE anesthesia devices for ICU ventilation
• Anesthesia devices are complex systems an are designed/intended to be fully 

attended/monitored devices
• Require a clinician at the device nonstop to ensure the proper use and continuous 

monitoring of the anesthesia device 



Before Using the Device for the First 
Time: 

• Machine will have to be ”checked out” (defer to anesthesia or RT)
• Flush/Purge machine of residual gases
• Always have backup ambu bag and alternate O2 source available 



Length of Use and Daily Checkout
• Anesthesia devices are NOT intended for long-term ventilation use

• Need to be rebooted/restarted everyday (q24hours) to ensure proper calibration, accuracy, and performance
• “Please do checkout” general message will appear q24 hours
• The accuracy of volume delivery will be affected if not checked out q24 hours

• To do:
• Q24hours: turned GE anesthesia device off/on and perform full check out 
• If performing the checkout during ventilation, place patient on ambu-bag and manually ventilate them while 

checkout is performed by second provider

• Disclaimer: Aiysis GE ventilators will shut down (stop ventilation) if they run for 49 days consecutively without reboot



Demonstrate Machine 
Checkout
Here is a video of how to perform a machine checkout on a GE  Avance CS2 Anesthesia Machine: 
https://www.youtube.com/watch?v=fUfUItwvwB8. We use GE Aiysis C52 but the steps are essentially the same!

Best advice is to turn the machine on and then follow the prompts on the interface! Super easy and intuitive J

Don’t forget to check for an alternate O2 source (O2 cylinder) and emergency resuscitation equipment (ambu bag)!

https://www.youtube.com/watch%3Fv=fUfUItwvwB8




Auxiliary 
Oxygen and 
Suction



Oxygen Flush
• High flow (70LPM) 100% oxygen (bypasses vaporizer)

• Can be used to fill bellows but if pushed during inspiration can cause 
BAROTRAUMA



Flushing/Purging Machine of 
Residual Gases

• Before using the machine, flush the whole machine of anesthetic gases (requires the 
machine to be powered ON)
• Residual anesthetic gases in the circuit to prevent the risk of medication interactions
• Risk of malignant hyperthermia if the patient is susceptible to inhaled anesthetic 

agents à even a small amount of agent can trigger this risk
• Recommended to disconnect/remove the vaporizers and any other unnecessary 

connections (e.g., N20) before use of the device



Different Parts of an 
Anesthesia Ventilator

• Power ON/OFF 
button

• Valves (expiratory 
and inspiratory)

• Bag vs. vent switch
• Auxiliary O2 flow 

meter
• Vaporizers
• O2 tanks
• Fio2 (turn up to 

100%)

• Bag arm with bag 
from circuit

• Gas sampling
• O2 flush button
• Co2 absorber 

cannister
• Pressure gauges 

(atmosphere vs. 
cylinder)

• Bellows/Bellows 
housing

• Suction hookup, 
tubing, and 
cannister

• Monitor
• APL valve (think of 

this like a PEEP 
valve)

Helpful Guide to Aisys C52 GE Ventilator: 
http://etherweb.bwh.harvard.edu/education/PHILIP/AisysCS2ParticipantGu
ide.pdf

http://etherweb.bwh.harvard.edu/education/PHILIP/AisysCS2ParticipantGuide.pdf
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Demonstrate: How to 
Hook Up a Circuit 



CO2 Absorber
• Need to eliminate CO2 in exhaled gas to prevent hypercapnia

• Soda lime is a key element in a rebreathing circuit and inappropriate use can be harmful or even lethal

• Failure to change the CO2 absorber when depleted will result in an increased inspired CO2 (FiCO2)àcauses rebreathing, excess CO2, and 
insufficient oxygenation

• Lack of moisture increases sodalime exhaustion

• When to change sodasorb CO2 cannister:
• INCREASED FiCO2 (detected by capnography) à most reliable 
• Color change (White Violet): going by color can be deceiving because fully exhausted violet cannister will begin to turn back to white once 

ALL the CO2 absorption granules are depleted
• Lack of heat
• Clinical signs
• Harness of granules
• Time in function



Detecting Amsorb
Exhaustion

• Most reliable method: measuring inspired CO2 
(FiCO2)
• FiCO2 > 5 (change cannister! Machine alarm 

will be set to alarm for high FiCO2 until you 
change cannister)

• Indicator color change (not as reliable)



Demonstrate How to 
Change a CO2 Cannister





Ventilation Alarms
• Due to the audio alert levels (volume) may not be adequate for the ICU environment and do not alerts via the hospital nurse call alarm 

system

• Always have backup ambu with alternate oxygen source (O2 cylinder) when trying to troubleshoot any alarm! Also know how to turn 
up FiO2 up to 100%! 

• Always enable all alarms!

• Turning off machine (for checkout) RESETS every alarm to default-->WILL NEED TO RECONFIGURE ALARM SETTINGS AFTER EACH 
CHECKOUT

• High- and Low-pressure alarms:
• High airway pressure alarms: worsening pulmonary compliance, increase in Vt, obstruction in breathing circuit
• Low pressure alarms: improvement in compliance, decrease in Vt, or leak
• Other alarms: High PEEP, High PIP, negative pressure, low oxygen supply pressure

• Disconnect alarms are the most important and must always be activated and are caused by the following…
• Low Peak inspiratory pressures
• Low exhaled Vt
• Low exhaled EtCO2

• Power supply problems or loss of power: backup battery for 30-45 minutes and then will automatically turn off

• Large leaksà patient unable to obtain enough oxygenation or allow for CO2 clearance 
• How to check for leaks: circuit check, bellows do not reach the top of the housing at the end of the expiratory cycle. 



High vs. Low 
Pressure 
Alarms

• Never turn off the alarms!
• Alarm silence button pauses alarm for 2mins
• Asses the patient NOT the alarm!
• Low Pressure: circuit leaks, airway leaks,

chest tube leaks, patient disconnected
• High Pressure: coughing, biting tube, fighting 

ventilator, secretions.mucus in airway, 
reduced lung compliance, water in the
circuit, kink





Ventilator 
Alarms 
(Continued)



Alarm Priorities: Look at the Color



Setting Alarm Limits: Enable all Alarms & 
Turning Machine OFF Resets ALL Alarms!



Use Environment/Transport

• Anesthesia devices are NOT intended or designed to function while moving
• Not to be used during transport
• You can unplug device but battery backup if fully charged will only last 30-40 minutes



Reprocessing and Cross-
Contamination
• Always place Heat-Moisture Exchange Filter (HMEF) at the patient’s Y-piece 
• Place a viral/bacterial filter on the expiratory limb at the connection to the anesthesia 

machine 
• If filter is only used, reduce fresh gas flow to 1-2L/min to preserve humidity
• Follow filter guidelines for replacement timeline/frequency (q24 hours à replace with 

machine check to keep it consistent!)
• Discard breathing circuits after each patient
• https://www.apsf.org/faq-on-anesthesia-machine-use-protection-and-decontamination-

during-the-covid-19-pandemic/#gas

https://www.apsf.org/faq-on-anesthesia-machine-use-protection-and-decontamination-during-the-covid-19-pandemic/


Protect the Anesthesia Machine! Place HMEF 
at Y-Piece!
• Heat and moisture exchange filters 
(HMEFs) preserve airway humidity and are
designed so that sampled gas is filtered 
before it enters the gas analyzer 
• Aisys CS2 Software VII models return
sample gas to Patient Circuit



Circle System One-Way Valves

• These valves are simple discs, which rise and fall depending on the 
direction of gas flow



Bag to Vent (BTV)

• Anesthesia devices are not automatically configured to begin mechanical ventilation when a case is started

• ”Bag mode” position: device is not providing any ventilation support to the patient. The gas is flowing; however, the 
clinician must manually provide ventilation using the equipped bag
• APL valve (adjustable pressure limiting knob) determines the amount of pressure the patient is receiving

• Too low may result in no flow delivered to the patient 
• Too high APL setting can result in barotrauma

• Mechanical ventilation begins by moving the switch to the Vent position

• Device bellows provide a visual indicator of ventilation status. If the bellows are not rising and falling, there is no 
ventilation being provided. 



Bag to Vent 
Switch

APL Valve



Selecting a 
Ventilation Mode

• Push the ventilation mode switch to the right to 
begin positive pressure ventilation with default 
parameters

• Push the switch to the left to allow spontaneous 
ventilation or manual positive pressure ventilation 
(PPV) using the reservoir bag 

• Adjust the APL valve to obtain satisfactory 
pressure for manual PPV









Default Gas Flows and Ventilator 
Settings



Ventilator Basics



PCV vs. VCV





One Ventilator to Ventilate 
More than One Patient?



PCV > VCV with Multi-Patient Single 
Ventilator
• Review of how we normally choose between VCV vs. PCV:

• VCV: Advantage is delivery of a guaranteed tidal volume (disadvantage is lack of control over peak pressure).
• PCV: Advantage is guaranteed limitation of the peak pressure (disadvantage is lack of control over tidal volume).

• Once we start splitting a ventilator between multiple patients, this debate largely evaporates.  Using a volume-cycled mode has numerous, major disadvantages:
• Worst of both worlds: No control over the Vt of any patient and their maximal airway pressure.  
• Introduce the possibility of deleterious interactions between patients.  For example, let’s suppose Patient A’s endotracheal tube gets kinked.  This will cause Patient B to receive 

dangerously large tidal volumes! 
• Patients sharing the ventilator must have similar size, similar FiO2 and similar PEEP requirements. 

• Using a pressure-cycled mode solves these problems:
• Retain control over the maximal airway pressure and the driving pressure.  We cannot deliver a guarantee Vt to any patient, but that is no different from having any patient on 

PCV.  Ability to control and limit the driving pressure may allow this strategy to be reasonably lung-protective.1
• Deleterious interactions between patients are avoided using a pressure-cycled mode.  For example, if Patient A’s endotracheal tube gets kinked in a pressure-cycled mode, then 

Patient A will receive a reduced tidal volume.  However, this will have no impact on Patient B. 
• Patients sharing the ventilator don’t have to have a similar size.  Larger patients will tend to have a greater absolute compliance, so they will receive larger breaths. 



Basic Setup to Split a Single Ventilator

• First off, watch this video to get an idea:
• https://www.youtube.com/watch?v=uClq978oohY&feature=youtu.be&fbclid=IwAR1p

F4Hx_kAA_AJngrXf73rJu1687EZcH2TJYFWz-
nPDpjb7FlSP0p7GBG4&fbclid=IwAR3mZwpTK_Uf8IEgHg6A_zoVwYCHrMlo3FEZz5fV1f
J6qXXgHkUvVR-HoWQ

• https://www.youtube.com/watch?time_continue=99&v=NER2h9STy7Q&feature=em
b_title
• https://emcrit.org/pulmcrit/split-ventilators/
• https://jamanetwork.com/journals/jama/fullarticle/2763485

https://www.youtube.com/watch%3Fv=uClq978oohY&feature=youtu.be&fbclid=IwAR1pF4Hx_kAA_AJngrXf73rJu1687EZcH2TJYFWz-nPDpjb7FlSP0p7GBG4&fbclid=IwAR3mZwpTK_Uf8IEgHg6A_zoVwYCHrMlo3FEZz5fV1fJ6qXXgHkUvVR-HoWQ
https://www.youtube.com/watch%3Ftime_continue=99&v=NER2h9STy7Q&feature=emb_title
https://emcrit.org/pulmcrit/split-ventilators/
https://jamanetwork.com/journals/jama/fullarticle/2763485


Basic Setup to Split a Single Ventilator

• Multiple patients (2-4, possibly 6) attached to a single ventilator. The patients don’t need to be the same size, but 
ideally, they should have roughly similar severity of lung injury (e.g. similar PEEP and FiO2 requirements)

• PCV with a high PEEP (noting that patients with COVID-19 seem to be highly PEEP-responsive) and a low driving pressure 
(to achieve lung protection). For example, a setting of 30 cm / 18 cm might be reasonable for many patients.

• The ventilator trigger is locked out, to prevent patients from triggering breaths.

• Patients NEED to be deeply sedated-->paralyzed to render them passive on the ventilator

• Ventilation efficacy of each patient can be tracked using an end-tidal CO2 monitor placed in-line with their own 
endotracheal tube
• In a shortage of etCO2 sensors, it might be possible to use a single sensor and rotate it between patients to spot-

check the pCO2 of each patient sequentially)

• Permissive hypercapnia will need to be anticipated and managed

• Viral filters should be used to prevent cross-contamination of pathogens between different patients.



Bigger Picture: 5 Ventilators to Provide 
Personalized Setting to 20 Patients

• Patients must be matched based on relative severity of lung injury (PEEP and FiO2 
requirements)

• Imagine that we set up five ventilators:
• Ventilator 1: Mild injury settings (FiO2 50%, PEEP 10 cm, Peak pressure 20 cm)
• Ventilator 2: Moderate injury settings (FiO2 60%, PEEP 14 cm, Peak pressure 26 cm)
• Ventilator 3: High injury setting (FiO2 80%, PEEP 18 cm, Peak pressure 30 cm)
• Ventilator 4: Refractory hypoxemia settings (FiO2 100%, PEEP 22 cm, peak pressure 35 

cm).
• Ventilator 5: Salvage settings (FiO2 100%, PEEP 22 cm, peak pressure 35 cm, inverse ratio 

ventilation with inspiratory time >> expiratory time).



Possible 
Checklist?



BIPAP vs. CPAP?
• Reasons to avoid BiPAP: 

• In a multicenter cohort of 302 patients with MERS coronavirus, 92% of patients treated 
with BiPAP failed this modality and required intubation In the

• FLORALI trial of ARDS patients (with mostly pneumonia of various etiologies), patients 
randomized to BiPAP did worse compared to patients randomized to HFNC.

• CPAP may be best modality of noninvasive support?
• Atelectasis leading to hypoxemia seems to be major problem among these patients
• CPAP can provide greatest amount of mean airway pressure and thus more recruitment

https://emcrit.org/pulmcrit/pneumonia-bipap-secretions-and-hfnc-new-lessons-from-florali/
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