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Aisys CS2 Ventilation:
Technology elements designed to deliver precision ventilation.

Precise
Flow valve control
The Aisys CS2 ventilator architecture is based on proportional flow valve 
technology, similar to high acuity ICU ventilators, that is designed to deliver 
ventilation with precision and speed. The pipeline gas supply provides pressurized  
gas between 41 and 87 psig to the ventilator, which is then regulated down to  
25 psig prior to feeding the ventilator proportional valve. This pressurized 
gas provides tremendous energy which can be easily converted to gas 
flow energy for ventilation via the precise opening and closing of the 
proportional valve. The flow from the proportional valve is delivered to the 
outside of the bellows, which creates drive pressure to push the bellows 
downward during inspiration. The proportional valve is capable of flows between 
0.2 and 120 L/min with response times less than 30 ms, so fast and complete 
response to patient demand is easily achieved. In addition, the valve performance 
from breath to breath is very predictable with repeatability of 0.05 L/min.

Breathing circuit volume compensation
For effective neonatal ventilation, the compliance of the breathing circuit between 
the patient and the inspiratory and expiratory ports must be compensated, 
otherwise, it will absorb some of the delivered volume which will result in the 
patient receiving less volume than measured by the machine. Therefore, it is 
important that the pre-use check be run to measure the compliance of the  
breathing tubes. For neonates, a small diameter pediatric breathing circuit 
should be used to minimize volume compensation errors associated with 
breathing circuit compliance. These breathing circuits typically have compliance 
in the 0.8-1.0 mL/cm H2O range. 

Summary: 
The Hardware (HW) and Software (SW) elements found in the Aisys™ CS2 
ventilator, breathing system, and integrated patient gas monitoring systems 
are designed to work in harmony to deliver precise, immediate, intelligent and 
actionable ventilation performance for all ages, including neonates. 
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Sample gas return to breathing system
The sample gas drawn by the patient monitor can be returned 
to the breathing system so the ventilator will not be disrupted 
by this volume loss. This enables low fresh gas flows to be used 
while sample gas is being drawn from the airway. An internal 
bacterial filter is placed between the airway module and the 
breathing system to minimize risk of patient cross-infection 
due to the returned sample gas to the breathing system.

Pedi-lite spirometry sensor
If proximal volume monitoring is desired, the Pedi-lite sensor can 
be used. This sensor can be used for respiratory rates between 
4-70 bpm and provides TV accuracy of ±6% of reading or ±4 mL, 
whichever is greater. The Pedi-lite also has a low dead space 
volume of 2.5 mL.

Immediate
Flow sensor technology and accuracy
The flow sensors used at the inspiratory and expiratory ports are  
based on technology which measures the differential pressure  
across a flow restriction. To maximize the accuracy at low flows, 
a variable orifice restriction is used. This technology provides 
very accurate readings at low flows and sensitive detection of 
flow changes which leads to fast response detection of patient 
inspiratory and expiratory triggers. When using GE integrated 
patient gas monitoring, the flow sensors are also compensated 
for the effects of gas composition. In addition, the precision 
pressure measurement contains very little zero and span drift 
which improves the flow sensor accuracy and measures flows 
in either direction with equal accuracy. 

Smart fresh gas flow delivery
The design of the breathing system and fresh gas flow provides 
several significant benefits for all patient populations. 

1) Fresh gas enters the breathing system on the machine side 
of the inspiratory check valve making the new fresh gas 
immediately available to the patient during the next inspiratory  
phase. Essentially, this means the fresh gas will be the first  
gas to be delivered to the patient at the start of a breath, 
so the patient can quickly receive any desired gas  
concentration changes. 

2) A small breathing system volume of 2.7 L facilitates rapid gas 
concentration changes for improved patient case management.  
In addition, the low breathing system flow resistance exceeds 
the requirements of ISO standards for neonates which results 
in low patient work of breathing.

3) Consistent and repeatable tidal volume is delivered even after 
a change in fresh gas flow. Since the delivered tidal volume is 
the sum of the fresh gas flow and ventilator bellows volume 
delivery and since Aisys CS2 knows the fresh gas flow via its 
electronic mixer, the system immediately compensates the 
ventilator during the next delivered breath for any changes in  
fresh gas flow. Most anesthesia systems would over or under 
deliver tidal volume after a fresh gas flow change and rely on 
the vent control system to bring the tidal volume back to the  
setpoint which could take several breaths.

Volume and pressure targeted ventilation
During volume targeted ventilation, Aisys CS2 controls ventilation 
based on the flow and pressure sensors located at the inspiratory 
and expiratory ports. While in a volume targeted mode (VCV, 
PCV-VG, SIMV-VC), the delivered tidal volume is measured by 
integrating the measured net flow to the patient. Net flow = 
inspiratory flow sensor reported flow + expiratory flow sensor  
reported flow. Expiratory reported flow is always negative. The 
measured TV is compared to the set TV and the TV error is  
computed. Based on this error, the control parameter, either  
inspiratory flow or pressure, is adjusted to achieve the set TV on  
the next breath. Therefore, the gas volume and compliance on  
the machine side of the inspiratory and expiratory ports does not  
have any effect on the delivered volume to the patient and does 
not need any specific compensation. In addition, fresh gas is added  
to the breathing system on the machine side of the inspiratory  
flow sensor; therefore, it is auto compensated since it is included  
in the measured net flow at the inspiratory and expiratory ports.

During pressure targeted ventilation (PCV, SIMV-PC), the system 
measures the plateau pressure at the end of the inspiratory phase 
and compares this to the set Pinsp to calculate the Pinsp error. 
The target pressure is then adjusted to achieve the set Pinsp on  
the next breath.
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Intelligent
Sample gas compensation
Aisys CS2 gas monitoring works based on a side stream sample 
of the airway gases which removes a small amount of gas from 
each breath. The system can be configured to compensate for 
this volume loss which means the patient will still receive the set  
tidal volume and the set composition in volume targeted modes.  
The system will continue to display the correct TVinsp and TVexp 
in all ventilation modes. Only GE gas modules should be used on  
a system configured to compensate for the gas module sample 
flow since the side stream sample flow rate might be different  
depending on the patient monitor. When using GE gas modules,  
Aisys CS2 detects the exact model of module being used and 
compensates for the correct sample flow. (M and E modules draw 
200 mL/min and CARESCAPE™ E-s modules draw 120 mL/min). 

Breath detection
Measured Tinsp is based on the volume delivered to the patient in  
the inspiratory phase and TVexp is based on the volume exhaled 
by the patient in the expiratory phase. Both are compensated for  
breathing circuit compliance and sample gas draw. However, since 
neonatal ventilation often involves significant leaks around the 
patient interface, the amount of gas lost to leaks may cause TVexp 
(measured by net flow) to be less than 5 mL even though the 
patient is being ventilated satisfactorily. This may eventually lead 
to nuisance low RR or Apnea alarms. To minimize these nuisance 
alarms, the breath detection algorithm is based on total expired 
volume (TVexp + circuit compensation volume). 

Apnea alarm
When configured with an integrated patient monitoring module, 
the system monitors for apnea by detecting valid breaths in 
two ways: 

1) Detects CO2 variation more than a certain amount. 

2) Detects total volume > 5 mL. 

If either criterion is not met, then the apnea alarm activates. To  
further minimize nuisance apnea alarms due to leaks, Aisys CS2 
allows the clinician to filter (turn off) the total expired volume 
apnea detection and rely on the CO2 apnea detection only. For  
patient safety, the Aisys CS2 does not filter volume apnea alarms 
when sample line blocked or certain other gas monitoring 
failures occur. 

Pause gas flow procedure
To facilitate mask inductions, which are common with pediatric 
patients, Aisys CS2 provides the ability to temporarily suspend 
the flow of fresh gas during a case. Using the Pause Gas Flow 
procedure while the breathing circuit is disconnected prevents  
the flow of gas into the room. Pause Gas Flow is available during 
both mechanical ventilation and manual ventilation. The amount 
of time remaining in the gas flow pause is displayed on the user 
interface. Gas flow stops for one minute and automatically resumes 
after one minute. If mechanical ventilation is on, mechanical 
ventilation stops for one minute and then automatically resumes 
after one minute.

VO2 and VCO2 monitoring
The CARESCAPE respiratory gas module (E-sCAiOVX) integrated  
into Aisys CS2 can offer the anesthesia provider the ability to  
continuously monitor oxygen uptake and carbon dioxide production  
under steady and stable conditions. Measurement of oxygen 
uptake (VO2) can be an important parameter to monitor with 
patients under anesthesia. It can help assess a patient’s metabolic 
status, oxygen delivery to the tissues, as well as a patient’s 
cardio-respiratory function. During anesthesia, oxygen uptake 
measurements (VO2) may be useful for the assessment and 
early intervention in acute metabolic, cardiovascular and 
respiratory issues.1 

There are many examples where the use of continuous metabolic 
VO2/VCO2 monitoring may be useful:

• Indicator for tissue perfusion and will show early indication  
of any changes1,2 

• Prediction of viability of organ once in the recipient during 
transplant3,4

• Early detection of malignant hyperthermia under general 
anesthesia5

• Distinguish between PaCO2 changes from metabolism and 
that from CO2 insufflation during laparoscopic procedures6

• Insights into improved mechanical ventilation needs by  
deriving additional information about alveolar ventilation7



Lung Protective Ventilation 
Application provides visibility 
into ventilation settings across 
your entire suite of ORs and may 
reveal opportunities to help 
clinicians improve outcomes.

1. Change in patient lung compliance from the 
beginning of case to the end of the case.

2. Use of recruitment maneuvers at each phase  
of the case and use of PEEP directly after the 
maneuver.

3. Ventilation settings used throughout the case and 
resulting patient measurements, including VT/
PBW, Driving Pressure, PEEP, PPLAT and EtCO2.

4. Percentage of case time spent in volume vs. 
pressure modes.

5. Ventilation setting and measurement averages 
shown by OR (sorting and drill-down supported 
for case-level detail).
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Actionable 
Carestation™ Insights is a suite of applications designed to 
harness the power of Aisys CS2

Conclusion 
The Aisys CS2 ventilation performance is the culmination and 
the evolution of hardware and software technologies working 
together. The design of the flow valve, breathing system, flow 
sensors, gas monitoring, and supporting software provides 
the precision and speed required to ventilate a wide range of 
patients and can be specifically tailored to support neonates to 
the critically ill.
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 connected data to create a 
digital ecosystem. Cloud-based algorithms visualized through 
dashboards can transform this complex data into actionable 
clinical insights. 

The Lung Protective Ventilation application displays ventilation
 characteristics and patient lung response across the anesthesia
 department to help support lung protection initiatives and 
help clinicians drive clinical outcome improvement initiatives to
 reduce post-operative complications. 


