MADVent Mark V OPERATING INSTRUCTIONS

The MADVent Mark V is a single-mode continuous, mandatory, closed-loop pressure controlled time-
terminated emergency ventilator meant for sedated, intubated patients being cared forin a
professional healthcare facility only. It employs an FDA-recognized single-use and disposable,
automatically self-inflating manual (“ambu”) ventilator bag with attached positive end-
expiratory pressure (PEEP) valve.

1. Method for checking the function of the alarm system by healthcare

professional operator

All alarm system checks are performed automatically during start-up.

The healthcare professional operator is only responsible for (1) reading the LED label
adjacent any active alarm indicators and for (2) reading the LCD screen that will further
indicate which alarm has been triggered.

2. Uncertainty for each disclosed tolerance

The measurement uncertainty for each disclosed tolerance is +/-5% in accordance with ISO
80601-2-12:2020, except as follows:

The Honeywell SSCMRRNO60NDSAS pressure measurement sensor measurement uncertainty
is +/- 2%. The Bosch BMP180 pressure measurement sensor measurement uncertainty is +/-
0.12 cm H20.

All time measurements are accurate to within 1000 ppm.

Motor rotation measurements are accurate to within 0.9 degrees.
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3. Pneumatic diagram of the ventilator
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4. Summary description of the filtering or smoothing techniques for all

measured or computer variables that are displayed or used for control

There are two equivalent sensor configurations: (1) Two Bosch BMP180 pressure sensors, one
measuring ambient air pressure and the other measuring inline ventilator pressure. (2) A
single Honeywell SSCMRRNO60NDSAS differential pressure sensor that measures the
differential pressure between ambient air pressure and the other measuring inline ventilator
pressure. These sensors have been manufactured to comply with ISO 9001 and are suggested
for use in medical devices, including ventilators.

The system reads raw data from the Bosch BMP180 every 3 ms for 30 ms and takes the average
value. That average value is input into an algorithm provided by Bosch (see “Figure 4” below
taken directly from the Bosch datasheet) to provide a pressure value in Pascals. The Mark V
software converts this to cm H20 as 98 Pa =1 cm H20.

When the Honeywell SSCMRRNO60NDSAS is incorporated, the system will again read data
every 3 ms for 30 ms and take the average value. However, this sensor has a built-in Application
Specific Integrated Circuit (ASIC) that performs a calibration before it is read by the system. This
calibration consists of calculating the “Pressure” based on the “Output” of the sensor via
Equation 1 below (taken from Honeywell documentation) for each port and then subtracting a
known zero-level stored on the ASIC for each port in order to get a corrected pressure in mbar.
The Mark V software then converts 1 mbar = 1.02 cm H20.

In both cases, during start-up the system will check that the difference between ambient and
inline measurements is less than or equal to 50 Pa. If not, the LED corresponding to the
pressure sensor will flash red and the LCD will display "Pressure Read Error".
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Calculation of pressure and temperature for BMP180
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Figure 4: Algorithm for pressure and temperature measurement
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5. Summary description of the means of initiating and terminating the

inflation phase in each ventilation mode of the ventilator

The pressure-controlled mode of the ventilator takes input from a healthcare professional
operator in setting a target pressure, inspiration time, and respiratory rate.

When inspiration begins the MADVent Mark V uses a differential pressure sensor to
continuously monitor the inline pressure. The ideal inspiratory pressure is defined by a
piecewise-linear profile, normalized by percentages such that at T=0, P=0, and at T=100, P=100
(see plot below). At each timestep in the inspiration cycle, the inline pressure is measured and
the current time is computed as a percentage of the total inspiration time.

The target pressure (percentage) for that time is linearly interpolated from the ideal profile,
then scaled by the peak pressure set by the operator.

The motor is then turned an angular amount proportional to the difference between the
measured pressure and the target pressure. If the measured pressure is greater than the
target, the motor is not moved.

Once the target peak pressure is reached or the inspiratory time limit is reached, the
MADVent Mark V ceases compression of the bag ending the inspiration phase.

If the peak pressure was reached early, the proportionality constant is reduced by a fixed
amount to discourage overshoot on the next cycle. If the inspiration time limit finishes
without reaching the target peak pressure, the proportionality constant is increased to
encourage tighter tracking on the next cycle.

Exhalation occurs passively at the natural rate of the patient. The next inspiration phase is
then triggered by a timer such that the respiratory rate condition is met.

Page 4 of 6 v1.0 17 Apr 2020



100

s s

&

Percent of set Target Pressure

$

2 % 4 s 6 7 80 %
Percent of set Inspiration Time

Page 50f 6

v1.0 17 Apr 2020



Copyright Notice

Work(s) (the “Work”) by:
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Medically Advanced Devices Laboratory

Department of Mechanical and Aerospace Engineering

Jacobs School of Engineering and the School of Medicine
University of California, San Diego

9500 Gilman Drive MC411

La Jolla, CA 92093-0411

This Work is Copyright © 2020 The Regents of the University of California. All Rights Reserved. Permission to copy, modify, and distribute this Work and
its documentation for educational, research and non-profit non-clinical purposes, without fee, and without a written agreement is hereby
granted, provided that the above copyright notice, this paragraph and the following three paragraphs appear in all copies. Permission to
make commercial and/or clinical use of this Work may be obtained by contacting:

Office of Innovation and Commercialization
9500 Gilman Drive, Mail Code 0910
University of California

La Jolla, CA 92093-0910

(858) 534-5815

innovation@ucsd.edu

This Work and documentation are copyrighted by The Regents of the University of California. The Work and documentation are supplied “as is”, without
any accompanying services from The Regents. The Regents does not warrant that the operation of the Work will be uninterrupted or error-
free. The end-user understands that the Work was developed for research purposes and is advised not to rely exclusively on the Work for any
reason.

IN NO EVENT SHALL THE UNIVERSITY OF CALIFORNIA BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFITS, ARISING OUT OF THE USE OF THIS WORK AND ITS DOCUMENTATION, EVEN IF
THE UNIVERSITY OF CALIFORNIA HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. THE UNIVERSITY OF CALIFORNIA
SPECIFICALLY DISCLAIMS ANY WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. THE WORK PROVIDED HEREUNDER IS ON AN “AS IS” BASIS, AND THE UNIVERSITY OF
CALIFORNIA HAS NO OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR MODIFICATIONS.
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