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(57) ABSTRACT

A multitude of clinical research studies have validated the
superiority of impulse oscillometry (I0S) over spirometry
because it is far more sensitive in the detection of pulmonary
diseases and since it is effort-independent, it can be suc-
cessfully used in children as young as six-months old. By
miniaturizing the 1OS to be a hand-held and portable device,
the present invention takes 10S technology out of the
exclusive environments of the research lab and specialty
Pulmonology office. Also by advancing the technology, the
manufacturing cost is greatly reduced thereby making the
device affordable and available to the average primary care
physician for use in their office. In addition, as the present
invention becomes available as a home-use device, it will
significantly improve the home management of complex
respiratory diseases, i.e., Asthma and COPD. The present
invention, being a miniaturized and electromagnetically
piston-driven IOS, is truly unique in its concept and tech-
nology.
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HANDHELD PORTABLE IMPULSE
OSCILLOMETER

[0001] The present device is a miniaturized handheld
portable impulse oscillometer (IOS) device designed to
assess and analyze lung functions for the diagnosis and
treatment of the full range of pulmonary diseases. IOS is an
accepted pulmonary functions test (PFT) and is widely used
in pulmonary medicine. The present device is a Class 1I
medical device.
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BRIEF SUMMARY OF THE INVENTION

[0020] The current impulse oscillometers on the market
are large medical devices, are very expensive, and are
mainly found in specialized PFT clinics or research labora-
tories. The present device is handheld, portable, low cost,
and is intended for the primary care provider and for home
use by the patient.

BRIEF DESCRIPTION OF DRAWINGS

[0021] (1) Piston Detail—Provides specifics of the piston
cylinder and the relation of the ring-shaped electromagnets
with drive the piston.

[0022] (2) Airflow Diagram—Describes the air impulse
tube which houses the piston cylinder and is surrounding by
the tidal airflow tube. Arrows illustrate laminar air flow.
[0023] (3) Lateral Resection—Illustrates the positioning
of the double tube (air impulse tube and tidal breathing tube)
within the overall handheld portable impulse oscillometer.
[0024] (4) Front Resection—Shows the double tube from
the front of the device.

[0025] (5) Carrying Case—Case shows the positioning of
the device cradled for transportation, relation with the dryer
unit, and the location of the data screen and pullout key
board.

[0026] (6) Dryer Unit—Blows warmed air though the
double tube after use to remove any humidity present.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] Impulse oscillometry (I0S) measures the amount
of inflammation occurring within the central airways and
within the peripheral airways of the lungs including the
alveoli or small air sacs located at the very ends of the
bronchial tubes. By emitting low frequency air impulses into
the lungs, the air impulses travel throughout the small
airways, and this is the main location where inflammation
occurs. While spirometry depends on the patient taking an
extreme deep breath and then forcibly exhaling as hard as
they can to measure total lung volume, the action only
measures complications within the central airways. Spirom-
etry is considered a patient dependent test because the
success of the test depends on how hard the patient is willing
or is able to participate. Impulse oscillometry is termed a
patient independent test because all the patient does is breath
normally (tidal breathing) through the device. The gentle
low frequency air impulses travel throughout the patient’s
central and peripheral airways measuring the amount of
swelling or resistance as the impulse penetrates the lungs,
and then measures the amount of elasticity, or reactance, as
the impulses bounce back to the IOS.

[0028] Tidal breathing is achieved by a unique double-
tube system whereby the patient’s normally breathing passes
through a measured sized tube that routes the air around a
central tube. There is a measured opening in the tube at the
opposite end from the mouthpiece that creates a small
amount of pressure within the tidal breathing tube, but that
is hardly noticeable to the patient. The terminal resistor
allows pressure to build up in the tube before releasing out
of the device by series of holes hole at the end of the device
with a diameter totally approximately 7.87 mm. This pro-
vides a resistance of 0.1 kPaS/L within the device. The inner
tube contains the device that generates the air impulse, and
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this central location of the air impulse tube allows for the
optimal projection of the air impulse into the patient’s lungs.
[0029] The mechanical core of the present invention is an
electromagnetically-driven piston that generates measured
air impulses into the lungs of the patient. The piston contains
a disk-shaped neodymium permanent magnet within an
indentation in piston and it’s oscillations displace 40 mL of
air in the cylinder in 40 ms. The piston is pushed and pulled
by two ring-shaped opposite pole electromagnets. The elec-
tromagnets are located on the ends of a tube (d=1.25",
L=3.5") containing the magnetically driven piston. By alter-
nating the polarities of the electromagnets at 5 Hz, the piston
is moved from one end of the cylinder to the other. The
electromagnets are adjusted to the desired strength to power
the piston with quick pulses to generate the necessary air
impulse sent into the lungs. The current system uses N48
neodymium disk magnets (H=Vis in D=74 in). The current
electromagnets are 1.75" outside diameterx1.0" inside diam-
eterx0.75" thick. The volume displacement, speed of
impulse, and frequency are aligned with the current clinical
impulse oscillometry system. The device is designed to work
with the piston parallel to the ground, but can effectively
fanction at a 90 degree angle. This negates the majority of
gravitational effects.

[0030] Surrounding the air impulse tube and constructed
within the tidal breathing tube is the pneumotachometer
system that measures the differential pressures of resistance
and reactance via digital pressure sensors being located on
both sides of the pneumotach resistive screen. The airflow is
converted into a proportional signal based on pressure
differences on either side of the screen. This stainless steel
400 wire screen is a low resistive screen that ensures a linear
signal for all flow rates. The wire screen has a wire diameter
of 0.001 in and the resistance across the screen is between
2.34 emH20%s/L, and 2.83 emH20%s/L.. The digital differ-
ential pressure sensors currently connect to the device with
crush-resistant silicone rubber tubing with an outer diameter
of 0.25 in. The sensors are soldered to a PCB board and
powered by a 5V supply voltage on the Arduino. The PCB
board is connected onto the breadboard. The output of each
pressure sensor is then converted into digital data and
exported to analysis software. Analysis is first used to
convert the data from pressure difference to flow rate by
taking advantage of the linear relationship between pressure
difference and laminar flow. The flow data is then compared
to the raw pressure data from the backpressure sensor. The
ratio of the FFT of the pressure to the FFT of the flow rate
at 5 Hz is the primary output of the device.

[0031] Output data is transmitted from the I0S device via
Bluetooth to circuitry within the carrying case, and is then
re-transmitted to a secure and encrypted cloud server where
the analysis is completed. Interpreted results are transmitted
back to the patient’s smartphone and displayed in a manner
consistent with the patient’s age and preferred language.
Results are also transmitted to the patient’s primary care
provider for storage in their electronic medical record.
[0032] The handheld portable portion of the device is
intended for the ease of use by the patient and the provider.
It works in tandem with its carrving case since the carrying
case houses additional circuitry, an additional battery pack,
memory and communication systems, and in certain models,
a data screen and pullout keyboard. This allows the 10S
device itself to be as light weight and conveniently portable
as possible. The I0S device has a communications range of



US 2016/0345860 A1

approximately fifty yards from its carrying case. The carry-
ing case also incorporates a dryer unit that automatically
turns on and blows warmed air through the double air tubes
to remove any humidity that may have accumulated during
patient use. This occurs each time the 10S device is re-
docked into its cradle within the carrying case.

[0033] The carrying case contains a battery pack that
powers the electronics within the carrying case and also has
a power cord to plug into an AC power source. The carrying
case re-charges the IOS device via matching inductive
magnetic units placed in the bottom of the I0S device and
within the cradle of the carrying case. The 10§ device is
automatically recharged each time it is inserted into its
docking station. The rechargeable battery pack within the
10S device is rated to last for two hours of continuous use,
for four hours of intermittent use, and for twelve hours of
occasional use. This provides for a high degree of portability
and flexibility in how it is used.

[0034] To properly perform impulse oscillometry, the
patient must utilize a nose clip to close off the nose, and hold
the cheeks firmly so they do not vibrate when exposed to the
air impulses of the I0S. Since the present invention is
intended to be handheld and portable, allowing to patient to
perform the test by them self, a unique cheek holder has been
developed to fit over the mouth piece and hold the cheeks
firmly, but gently, in place while the procedure is being
performed. Disposable mouth pieces and disposable bio-
filters are supplied separately for the procedure. These must
have an external diameter of 32.4 mm and be able to extend
10 mm into the front end of the device.

1- The present invention generates air impulses by an
electromagnetically driven piston, that is contained within a
glass cylinder of the appropriate length and diameter to
generate the required air impulse, that contains a piston with
an indentation to hold a permanent magnet that is the
appropriate size and strength to facilitate the required attrac-
tion and repulsion required to work in combination with two
ring-shaped electromagnets placed at opposite ends of the
cylinder, that are wired via electronic circuitry to reverse the
polarity of the ring-shaped electromagnets at a speed nec-
essary to cause the piston to oscillate at the required speed
necessary for the proper functioning of the device.

2- The present invention contains a unique double-tube
arrangement that is comprised of an air impulse tube that
houses the electromagnet piston designed to project the air
impulse straight into the patient’s mouth and trachea, and the
air impulse tube is surrounded completely by the tidal
breathing tube into which the patient breathes naturally
during the period of the test, and since the tidal breathing
tube is properly sized in concert with the mouthpiece, there
is minimal airflow resistance through the tidal breathing
tube, even when considering the additional resistance cre-
ated by the fine wire mesh pneumotachometer screen placed
within the tidal breathing tube in a donut shape around the
impulse tube to measure the impedance and reactance of the
air pressure as it moves into and out of the patient’s lungs
and is measured on both sides of the screen by digital
differential pressure sensors.

3- The present invention contains longitudinal vanes
within the tidal breathing tube that keep the air impulse tube
centered and secured, and since the vanes contain openings
along the full length of the vanes, they allow for equalization
of air pressure around the entirety of tidal breathing tube
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which increases the accuracy of the impedance and reac-
tance pressure measurements recorded and analyzed by the
device.

4- The present invention is currently shaped as noted in
the drawings and is the result of extensive ideation studies
on the best ergonomic shape for a handheld miniaturized
impulse oscillometer, but it is noted that this unique shape
will be modified as this present invention is adapted to a
broader range of uses, being the present invention is con-
structed of high impact plastic and whereby the upper
portion of the device is constructed of opaque plastic allow-
ing for the internal insertion of various colors of LED lights
that signal to the patient different phases of the test’s
operation and the status of the test analysis, and this is
complimented by a series of colored LED lights situated on
the top of the device to signal to the patient when the test is
beginning and when an adequate test sample has been
obtained.

5- The present device incorporates a unique carrying case
made of high impact plastic in which to not only house the
device during transport, but to also provide space for a
multitude of additional circuitry in the lower section, a
battery recharging station within the device’s cradle, a
source of battery back-up power in the lower section, a dryer
unit (to be detailed in a later claim), control switches,
wireless communications equipment that allows the 10S
device to be utilized within fifty yards of the carrying case,
an storage compartment for an AC power cord, and a storage
compartment for a printer connection and printer cable if
wireless communications is disrupted, and in some versions,
a flip out electrical data screen and a pull out keyboard for
data entry.

6- The present invention utilizes the circuitry for induc-
tive magnetic re-charging between the I0S device and the
carrying case whereby the inductive magnetic recharging
units are positioned within the base of the cradle section of
the carrying case and the bottom surface of the IOS device
in order to eliminate an opening in the cases of each
component which may create a breach in the water proof
element of either component, and in which the inductive
magnetic re-charging unit is automatically engaged when-
ever the I0S device is returned to its location in the cradle
within the carrying case, and the united is timed to return the
10S device to full re-charge status, and this source of
electrical power is provided by the battery supply contained
within the carrying case and/or is supplied directly by a
source of AC electricity when the carrying case is plugged
into an AC power source.

7- The present invention contains a re-chargeable battery
system within the IOS device that is sized in power to supply
the I0S device for continuous independent operations for
two hours, intermittent operations for six hours, and occa-
sional operations for a minimum of 24 hours without requir-
ing re-charging, and the battery pack is uniquely shaped to
fit with the IOS device and maintain a proportional balance
within the I0S device.

8- The present invention contains a re-chargeable battery
system within the carrying case that is sized in power to
supply the carrying case for continuous independent opera-
tions for four hours, intermittent operations for twelve hours,
and occasional operations for a minimum of 48 hours
without requiring re-charging, and the battery pack is
uniquely shaped to fit with the base of the carrying case and
maintain a proportional balance within the carrying case.
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9- The present invention contains carefully sized and
shaped circuit boards whereby the circuitry is arranged in
the most efficient manner and the boards housing the cir-
cuitry are divided and stacked within the available space
within the IOS device to allow for the smallest amount of
space possible.

10- The present invention contains carefully sized and
shaped circuit boards whereby the circuitry is arranged in
the most efficient manner and the boards housing the cir-
cuitry are divided and stacked within the available space
within the carrying case to allow for the smallest amount of
space possible.

11- The present invention communicates its data via
Bluetooth circuitry between the 10S device and the carrying
case in which base pressure measurement data is analyzed
and stored in its internal memory circuits, and is then
transmitted wirelessly to both Android and iPhone based
smartphones for further interpretation of the results to the
patient for their use, but the data is also automatically
transmitted wireless to a secure cloud server where it is
stored in a secured and encrypted database by a unique
patient number where the data undergoes further analysis for
ongoing comparison to thousands of other data reports
before the interpreted analysis is re-transmitted back to the
patient via their smartphone or to their provider’s computer
system and displayed in a manner in which is best under-
stood by the patient and/or their provider, and because this
mass data is analyzed and trended in a consolidated data-
base, it can report major criteria and trends in the diagnosis
and effective management of respiratory diseases.

12- The present invention incorporates a specially devel-
oped and re-usable cheek piece that fits around the front air
tube of the I0S device in front of the disposable biofilter and
mouthpiece to allow for hands free cheek support because it
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is constructed of sturdy but flexible plastic approximately %
inches thick, two inches wide, and approximately six inches
long and gently curved on both ends toward the patient’s
face in such a manner to gently, but firmly, hold the patient’s
cheeks in place and to prevent their vibration when sub-
jected to the impulses of air emanating from the impulse
oscillometer eliminating the need for either the patient or a
second person from having to hold the patient’s cheeks in
place.

13- The present invention contains an electrical dryer unit
in the base of the carrying case designed to blow warm dry
air through the double tubes of the IOS device to dissipate
any humidity accumulated through patient use automatically
each time the I0S device is returned to its cradle and the
mouthpiece of the IOS device is inserted into the dryer unit
causing the dryer unit to turn on and run for a set amount of
time, and this is facilitated by the dryer unit being con-
structed of high impact plastic and containing a small
electrical motor carefully sized to rotate a small barrel fan at
such a speed to blow a specific amount of air that is slightly
warmed by a small electric coil heater located in the base of
the dryer unit.

14- The present invention contains circuitry within the
carrying case which, when the device is turned on, auto-
matically measures the current temperature, humidity, and
barometric pressure being experienced in that location at
that time and analyzes those readings as to their impact upon
the impulse oscillometric readings to be taken by the 10S
device, and causes the those readings to be incorporated into
the calculations and also being reported separately as a part
of the internal calibration conducted by the unit each time
the present invention is used.

I S T T
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