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Abstract       

Background 

Automation of mechanical ventilation allows for reduction of variation in patient management and has the potential 

to provide increased patient safety by strict adherence to computer driven ventilator protocols.   

Methods:  

A retrospective, observational study compared a group of 196 of general ICU patients managed exclusively on 

automated mechanical ventilation, adaptive support ventilation (ASV), to another group of 684 managed by usual, 

non-automated mechanical ventilation (No ASV). The data was collected in a unique access database designed to 

collect data for assessment of mechanical ventilation outcomes in a small medical center ICU.   

Results:  

The length of ventilator stay was non-significant between both groups, (81.7 ± 35.2 hours) in the ASV group; vs. 

(94.1 ± 35.1 hours) in the No ASV. Percent mortality was significantly less in the ASV group, 8.6% compared to 

27.3% in the No ASV.    

Conclusion:   

Automated ventilation appears to be a safe ventilator strategy; however, cause effect relationships cannot be 

determined without further, more sophisticated studies.  
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Introduction 

Automation of mechanical ventilation is a needed addition to 

the critical care environment.  Intelligent, automatic, breath-

to-breath adjustment of the patient/ventilator interface by 

ventilation management protocols imbedded in the ventilator 

microprocessor is intuitively advantageous as contrasted to 

ventilator patient management by ICU staff at longer intervals 

as much as every two to four hours.  Numerous reports of 

closed-loop ventilation are present in the literature. 1,2,3,4,5,6,7 

The more widely available options for “closing the loop” are 

called dual control systems where the operator typically 

specifies a tidal volume goal, and the ventilator 

microprocessor monitors tidal volume for decision making 

while adjusting inspiratory pressure to keep the tidal volume 

within specified limits. 8,9 The patient is assured tidal volume 

in pressure control modes or during pressure supported 

spontaneous breaths.  The microprocessor either increases or 

reduces inspiratory pressure in the face of changing lung-

thoracic compliance and airway resistance to meet the tidal 

volume goal.  Runway inspiratory pressure is avoided with 

standard, redundant high pressure alarm systems. 

A number of “intelligent” or “smart” systems with variable 

degrees of automation from full automation of the ventilation 

function to simple aids in ventilator setup are available on 

more sophisticated mechanical ventilators.  These are often 

misinterpreted as modes of ventilation when they are better 

described as ventilator protocols imbedded in the ventilator’s 

microprocessor.  These protocols move between previously 

described modes of ventilation to match the patient/ventilator 

interface.   More specifically, precise, well defined, imbedded 

patient management protocols use physiologic data provided 

by the ventilator monitor to adjust the ventilator to the patient.  

Imagine an excellent respiratory care practitioner standing at 

the patient’s bedside continuously assessing the 

ventilator/patient interface and adjusting the ventilator breath-

to-breath using a lung protective strategy.  An analogy to 

autopilot for airplanes may be reasonable. 

 

The automated, closed-loop ventilation system used in this 

group of patients is a very sophisticated and reliable multi-

control system (Adaptive Support Ventilation [ASV], 

Hamilton Medical Inc., Reno, Nevada) where the ventilator 

microprocessor monitors six variables used for decision 

making: tidal volume, respiratory rate, expiratory time 

constant (RCexp = Cstat/Rexp) spontaneous breathing, and peak 

pressure.  ASV makes changes in five parameters: tidal 

volume, mode, peak pressure, respiratory frequency, and 

inspiratory time.  The ventilator microprocessor does this with 

input from the operator for the patient’s ideal body weight 

(IBW) 10 – 200 Kg. and desired percentage (50% - 350%) of  

 

ideal minute ventilation (%VE).  Oxygenation (FIO2 and 

PEEP) settings were controlled by the operator.    

An ideal illustration of this process is placement of a post-

operative patient on the ventilator for recovery.  The operator 

sets IBW, %VE, FIO2, PEEP and alarms, and then attaches the 

anesthetized patient to the ventilator circuit.  The ventilator 

microprocessor gives a few test breaths while monitoring the 

patient and analyzing decision-making data. It then establishes 

tidal volume and respiratory frequency goals and places the 

patient in a control mode of ventilation (PCV-SIMV) using 

lung protective strategies.  As the patient wakes up and 

initiates spontaneous respiration the ventilator follows patient 

changes, breath-to-breath, weaning the patient to spontaneous 

mode with pressure support and reduces pressure support to 

ready the patient for extubation. (Figure 1). 

 

 

Figure 1.     Schematic of ideal ASV Management of a Post-

operative Patient’s Ventilation 

 

The process is similar for difficult patients in multisystem 

failure such as ARDS where the ventilator changes ventilation 

targets as the patient’s RCexp changes and the patient goes in 

and out of spontaneous breathing with changing levels of 

respiratory drive related to level of consciousness or sedation 

usage. ASV will increase or decrease support as the patient 

condition changes. It is important to note that RCexp is a value 

representing the patient’s lung/thoracic compliance and 

expiratory airway resistance which is continuously measured 

by the ventilator.  Practically the time constant (π) for 

exhalation can be thought of as exhalation time that will be 

shorter with low lung/thoracic compliance or will be longer 

with increased airway resistance. 
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Methods 

This is a retrospective study from data collected in a unique 

Access database constructed to collect data for assessment of 

mechanical ventilation outcomes in a small medical center 

ICU over period of five years. 196 patients were managed 

exclusively on automated ventilation, Adaptive Support 

Ventilation (ASV) – Hamilton Medical ventilators, while 694 

patients received mechanical ventilation using exclusively 

usual, non-closed-loop technology. The automated protocol on 

the ventilator uses a clear, consistent algorithm for decision 

making based on Otis’s least Work of Breathing equation 10,11 

and a low tidal volume, lung protective strategy 12 that creates 

low priority alarms closely around tidal volume, rate and 

pressure goals while being backed-up by the standard 

complement of high and low priority ventilator alarms. (Figure 

2). 

Ventilator management of both groups was accomplished in 

the same ICU, with the same staff, same standard of care and 

managed by the same mix of physicians who are experienced 

in ventilator patient management. This is a report of a series of 

patients receiving clinical care in a small hospital of 157 beds.  

No experimental methods were used, and no study parameters 

were defined prior to or during data collection. Data was 

collected similarly on all patients and analyzed 

retrospectively.  This is a convenience sample and excluded 

all ventilator patients who spent time on both closed-loop 

technology and non-closed loop technology during the same 

ventilator stay. The medical center exempted consent as this is 

a retrospective, observational study, not an experimental 

study, and no link can be made from the data set to any 

specific patient. T test of equal variance was used to calculate 

the difference in VLOS and mortality. 

Otis’s Least Work of Breathing Equation 13 

 

𝑓 =
√1 + 2𝑎 × 𝑅𝐶𝑒 × (𝑀𝑖𝑛𝑉𝑜𝑙 − 𝑓 × 𝑉𝑑)/(𝑉𝑑) − 1

𝑎 × 𝑅𝐶𝑒
 

Where:                                        

 a = 2 2/60 

 RCe (Expiratory time constant) = Rexp/Crs  (seconds) 

Rexp = Expiratory airway resistance (cmH2O/l/sec.) 

Crs = Compliance, respiratory system (ml/cmH2O) 

 

Figure 2.  Schematic of the Adaptive Support Ventilation 

Monitor Screen 

Results 

Ventilator length of stay between the two groups were not 

significant.  Ventilator patient mortality on closed-loop 

ventilation was less than one third (31.5%) and was 

statistically significant compared to those on non-closed loop 

ventilation. 

 ASV Only No ASV P value 

Number of patients 196 684 N/A 

Average hours on ventilator 80. 2 ± 35.2 92.7 ± 35.1 0.37 

% Mortality on ventilator 8.6 27.3 < 0.03 

 

Table 1.  Results of Closed Loop and Non-closed Loop 

Mechanical Ventilation 

These results are subject to bias from multiple sources because 

of the convenience sample.  There may have been practitioner 

bias in favor of or opposed to closed-loop ventilation. 

Patient’s characteristics, severity of illness was not 

documented in the database; however, both ASV and non-

closed loop ventilation was used on the full spectrum of ICU 

patients; however, non-randomly. ICU nurses liked ASV 

because it reduced nuisance alarms.  Respiratory Care 

Practitioners liked ASV because the patients seemed to be 

more comfortable and there were less calls to physicians to 

make changes in physician orders related to tidal volume and 

respiratory rate.  The physicians remain skeptical; however, 

happily noted the decrease in after-hours calls for ventilator 

patient care.  
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Discussion 

 Initial apprehension surrounding adoption of comprehensive 

closed-loop ventilation included physician concerns about 

patient safety from barotrauma and volutrauma, ability to 

assess where the ventilator microprocessor had “taken the 

patient”, the need for practitioners at the bedside and what 

physician orders are necessary. 14 Concerns for patient safety 

were allayed by the presence of low and high priority 

ventilator alarms.  The respiratory care practitioner could 

assess the precise ventilator configuration breath-to-breath in a 

monitor screen that consolidates the important variables.  

Practitioners at the bedside had additional, new information to 

assess the patient/ventilator relationship. The ventilator made 

important adjustments breath-to-breath that were completely 

impractical for a bedside practitioner even with a hypothetical 

1:1 patient ratio. Physicians ordered initial settings (%VE, 

FIO2, PEEP) in addition to any limits/goals for PaO2, and 

PaCO2.  The team treated the automated process as a ventilator 

protocol that has the fringe benefit of 100% compliance. 

Clinicians without experience of comprehensive closed-loop 

ventilation often respond, “If we use this why do we need a 

respiratory care practitioner or intensivist?”  The answer is 

clearly that the respiratory care practitioner and intensivist 

assess the patient and deliver appropriate respiratory care 

outside the parameters controlled by the ventilator and specify 

the level of control provided by the automated protocol. 15 In 

addition, most respiratory care practitioners have accepted 

automation in blood gas analyzer calibration and running of 

controls and/or use of feedback from heated wire circuits to 

humidifiers.  Another question is, “How does this perform on 

the difficult to manage patient?” The closed-loop process 

seemed to do as well as non-closed-loop ventilation. It seemed 

to perform well on complex, multi-system failure ARDS 

patients and across the spectrum of ventilator patients seen in 

a small medical center with an active emergency department. 
16  

ASV does struggle with tachypnea in the spontaneous 

breathing patient. ASV has the ability to automatically 

conduct spontaneous breathing trials if sedation is lightened 

and PaCO2 is appropriate. Positive aspects of ASV for post-

operative cardiac surgery patients has been reported. 17   

Reduction of staffing and ICU costs have been described with 

while using ASV for discontinuation of mechanical ventilation 

in difficult to wean patients without continuous support of 

respiratory therapists or intensive care specialists. 18  

Institute of Medicine findings on medical error and subsequent 

pressure from many sectors to reduce medical error by 

automating processes make ventilator imbedded protocols 

appear to be an attractive direction for investigation and 

development. 19 

We suspect that automation of mechanical ventilation has the 

potential to become the standard of ventilator care in the 

future and will eclipse ventilator care as we currently know it; 

because automation increases good decision making and 

reduces error. 

Conclusion 

Automated ventilation appears to be a safe ventilator strategy 

in terms of ventilator LOS and mortality; however, no cause-

and-effect relationships can be inferred from this 

retrospective, non-random, observational studies. Further 

study in larger groups of patients to evaluate decreased 

mortality and length of stay must be done to validate the 

performance of closed loop ventilation in varied patient 

environments. 
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