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Background: We report modification of an IngMar Medical QuickLung™ (1) for quantitative
recording of individual simulated patient ventilation useful for single- or multi-patient scenarios,
also implementing limited simulation of spontaneous breathing.
The COVID-19 pandemic continues to produce a surge of patients needing ventilator support,
and need of mitigation plans if conventional critical care ventilators cannot be sourced. (2) Many
innovative single-patient ventilator implementations, and split breathing circuits for two or more
patients sharing a single ventilator have been proposed or implemented. (2,3) Necessary
quantitative test data to assess performance and potential patient hazards has been sparsely
reported. (4) Split circuit validations require simultaneous data collection from two or more test
lungs. (2)
Very simple, inexpensive inflating-bag test lungs have no variable controls or measurement
capabilities. Sophisticated commercial test lungs with calibrated controls for compliance, gas
flow resistance, and spontaneous breath triggering are expensive and not widely available.
When available, digital data acquisition and control mechanisms may incur additional expense.
Methods: Modifications to a simple test lung allows for accurate volume, flow, and pressure
measurement and the ability to simulate spontaneous inspirations. The system uses an infrared
time-of-flight distance sensor to measure the test lung opening (the relative position of the test
lung plates), a pressure sensor is attached to the port on the bottom of the test lung to
determine test lung pressure. The time rate of change of the measured volume is used to
determine flowrate. A small servo motor is mounted on the bottom plate and used to simulate
spontaneous breathing by applying a force to the top plate of the test lung to generate a
relatively negative breathing circuit pressure transient. The test lung is calibrated using a highaccuracy flow sensor and an external compressed air source.
The system employs an Arduino microcontroller to acquire measurements, control the servo
motor, display system information on a small LCD display and record the information for later
analysis. The individual components are integrated in a 3D printed housing that clips on the
edge of the test lung. In this way, the size and shape of the test lung is minimally increased.

Three nominal values of test lung compliance and recoil are set by springs loading the hinged
plates confining the test lung bellows. Three nominal flow resistances can be set by selection of
3 provided inflow ports of different diameters. These nominal values were used for computer
simulation. (2) After calibration of volume sensing, several test lungs are being evaluated for
accuracy of their nominal compliance and
resistance values.
Results: Modifications for a QuickLung™ are
shown in the images. Calibration procedures
are ongoing.
Conclusion: Addition of measurement
capabilities and characterization of
QuickLung™ simulators will facilitate preclinical
physical assessment of emergency ventilation
alternatives for a modest investment.
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Figure 1: Left – Servo motor and distance sensor
installed on a 3D printed mount. Right – 3D printed
mount installed on the test lung.
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