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(57) ABSTRACT 

Passive physiological monitoring apparatus and method has 
a Sensor for Sensing physiological phenomenon. A converter 
converts Sensed data into electrical Signals and a computer 
receives and computes the Signals and outputs computed 
data for real-time interactive display. The Sensor is a piezo 
electric film of polyvinylidene fluoride. A band-pass filter 
filters out noise and isolates the Signals to reflect data from 
the body. A pre-amplifier amplifies signals. Signals detected 
include mechanical, thermal and acoustic Signatures reflect 
ing cardiac output, cardiac function, internal bleeding, res 
piratory, pulse, apnea, and temperature. A pad may incor 
porate the PVDF film and may be fluid-filled. The film 
converts mechanical energy into analog Voltage Signals. 
Analog signals are fed through the band-pass filter and the 
amplifier. A converter converts the analog signals to digital 
Signals. A Fourier transform routine is used to transform into 
the frequency domain. A microcomputer is used for record 
ing, analyzing and displaying data for on-line assessment 
and for providing real time response. A radio-frequency filter 
may be connected to a cable and the film for transferring 
Signals from the film through the cable. The Sensor may be 
an array provided in a MEDEVAC litter or other device for 
measuring acoustic and hydraulic signals from the body of 
a patient for field monitoring, hospital monitoring, transport 
monitoring, home, remote monitoring. 
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PASSIVE PHYSIOLOGICAL MONITORING (P2M) 
SYSTEM 

BACKGROUND OF THE INVENTION 

0001 Minimization of the time between injury occur 
rence and transport to the appropriate level of medical care 
is necessary to ensure that wounded and Sick Soldiers obtain 
the prompt medical attention essential for their Survival. 
During that time, aeromedical care in a MEDEVAC heli 
copter environment is used to identify and transport casu 
alties. 

0002 Military units conduct aeromedical evacuations 
daily during times of war and peace, exposing the patient 
and flight/medical crew to noise or environmental StreSS and 
difficult monitoring conditions. AS in the civilian commu 
nity, military nurses depend on reliable and efficient moni 
toring devices to provide accurate patient care in various 
environments, Some of which are hostile and obtrusive to the 
use of conventional monitoring instrumentation. While aero 
medical evacuation is a life-Saving process for many, it is 
nearly impossible for medical perSonnel to monitor Vital 
Signs in a high noise environment. 
0.003 Vital signs monitoring is normally a simple and 
routine procedure involving collection of pulse, respiration 
and blood pressure data. In a relatively quiet environment, 
these parameters are easily detected. However, acquisition 
of physiological signals of interest in a helicopter environ 
ment is a challenging problem for Several reasons. Limita 
tions on Vital Signs collection include high noise, vibration, 
auditory distractions, ineffective monitoring equipment, 
cramped working conditions, bulky gear during air evacu 
ation, and electromagnetic interference with aircraft Systems 
caused by Some medical equipment. The additional com 
plexity of leads and electrodes compounds the noise and 
environmental problems. The physiological parameters of 
Vital signs fall within the helicopter-generated frequencies. 
Helicopter frequencies have a much greater power in those 
frequencies as well. Vibrational and acoustic artifacts are 
also major problems. The Signal to noise problem must 
therefore be solved by other means in addition to low and 
high band pass filtering approaches. Due to the limiting 
work conditions, medical perSonnel cannot use a stetho 
Scope to accurately monitor heart activity or blood pressure. 
0004. The military medical system needs a portable, 
non-invasive device capable of monitoring a Soldier's Vital 
Signs in the field environment under less than ideal circum 
stances. This System needs to be useful to military medical 
perSonnel across the Spectrum of care delivery, Such as 
in-mass casualty situations, aeromedical evacuations, 
ground ambulance transports, hospital wards, and intensive 
care units. A recent Study found that thirty-two percent of 
aircraft medical devices flown onboard a rotor-wing MEDE 
VAC aircraft failed at least one environmental test. 

0005 Quartz crystals are minerals that create an electric 
field known as piezoelectricity when pressure is applied. 
Materials scientists have found other materials with piezo 
electric properties. The Versatility and potential uses for 
piezoelectric materials have been known but cost-prohibi 
tive for Some time. 

0006. However, recent decreases in the cost of manufac 
turing now permit greater application by engineers and 
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researchers. The advantageous qualities of piezoelectric 
materials have been applied to medicine, Security, acoustics, 
defense, geology and other fields. Development of applica 
tions with piezoelectric materials is in its infancy. 
0007. The medical practice and research application of 
piezoelectric-based instrumentation is gaining momentum. 
Piezoelectric methods have been successfully used in 
plethysmography, blood preSSure monitoring by piezoelec 
tric contact microphone, heart rate monitoring in avian 
embryos and hatchlings and piezoelectric probes. Piezoelec 
tric materials are used as detectors of Sensitive motion to 
measure human tremor, Small body movements of animals 
in response to pharmacological manipulation, and respira 
tory motion for nuclear magnetic resonance (NMR) animal 
experiments. In combination with ultrasound, piezoelectric 
methods have been used to assess coronary hemodynamics, 
elastic tensor, intra-arterial imaging, and receptor field 
dimensions. In addition, piezoelectric transducers have been 
attached to the chest wall and used with automated auscul 
tation devices and microcomputers for lung Sound analysis. 
Piezoelectric film has been applied and studied to determine 
joint contact StreSS, and piezoelectric disks have been used 
for recording muscle Sounds and qualitative monitoring of 
the neuromuscular block. 

0008 Stochastic wave theory, as commonly used in 
Ocean engineering to analyze pseudo-periodic phenomena, 
indicates Spectral peaks from respiration and heart rate. 
Human heartbeats, respiration, and blood pressure are 
repetitive in nature, reflecting complex mechano-acoustical 
events. However, various problems with piezoelectric 
instrumentation development prevent its full realization. 
Measurement of human tremor only works well when the 
environment is absolutely Silent. In fact, extraneous noise 
Such as equipment, fans, people talking, and the patient's 
own Voice routinely exists in most hospital rooms. That 
noise masks and distorts the Signal of interest, thus limiting 
the practicality of piezoelectric instrumentation. Animal 
noises make data collection difficult in laboratory animal 
Studies. In non-laboratory environments, medical uses of 
piezoelectric instrumentation for humans remains a problem 
because of the inherent Signal-noise problem. 
0009. A primary mission of military nurses is to ensure 
that wounded and Sick Soldiers obtain prompt medical 
attention and/or evacuation to definitive medical care. The 
actions performed during the time period between a battle 
field injury and the transfer of casualties to appropriate 
medical treatment is critical for the welfare of the Soldier, 
and can be the difference between life and death. It is during 
this critical time period where diagnosis and treatment 
begins and also when evacuation-for example via MEDE 
VAC helicopter-occurs. 
0010 Unfortunately, the extremely high noise and vibra 
tion inherent in the helicopter environment prevents nursing 
and medical perSonnel from accurately measuring vital 
Signs. Not only are electronic medical monitors rendered 
ineffective with the high vibrations; traditional methods of 
measuring pulse and blood pressure using a StethoScope 
become unreliable in the high noise. Cramped working 
conditions and bulky gear during air evacuation exacerbate 
these problems. 

0011 Most conventional methods use devices that 
employ electrodes, leads, wires, and cuffs to measure one or 
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more Vital signs, for example, blood pressure machine, ECG 
monitor, pulse Oximeter. Existing monitors require Some Sort 
of attachment and thus are not passive. In addition, conven 
tional equipment is highly Sensitive to noise, Such as a 
helicopter or airplane engines and rotors. 

0012 Clearly, what is needed for this common situation 
is a monitor that can consistently and accurately measure 
Vital signs during a medical evacuation where there is high 
noise and vibration. The monitor being relatively autono 
mous intervention by a nurse or technician is not required. 
With the added capability of telemetry for remote monitor 
ing and communication, information may be forwarded in 
real-time via wireleSS communication to the destination 
where medical perSonnel and other caregivers are located. 
0013 Needs exist to develop better methods and appa 
ratus for physiological monitoring. 

SUMMARY OF THE INVENTION 

0.014. The present invention is known as Passive Physi 
ological Monitoring, PM, or simply P2M. Data records 
with vast information, Such as blood pressure, are measured, 
recorded, and may later be delineated to determine the 
physical condition of the Subject being monitored. 
0.015 Recent developments in materials science and data 
processing have created the potential for a new monitoring 
device using piezoelectric film, an electrically active fluo 
ropolymer. Although the medical applications of piezoelec 
tric film are Still at the infant Stage, the testing of medical 
instruments is promising. 
0016. The cardiovascular system is modeled as a system 
of pipes, pumps, and other appendices, with the engineering 
phenomenon known as “water hammer” as the basis for a 
working model for data analysis in the calculation of blood 
preSSure. 

0017 “Water hammer” is a compression wave transmit 
ted through the household plumbing network of pipes and 
valves when household water is abruptly shut off. The result 
is a noticeable Sound and the deterioration of the plumbing 
System. Water hammer is caused by the increase in pipe 
preSSure caused by Sudden Velocity change, typically after 
water is shut off during a valve closing. The compression 
wave is described as follows: 

c = } (1) 
p d V 

0018 where 
0019 c=speed of the compression wave (ft/sec); 
0020 dV=change in Velocity (Vita-V); 
0021 p=density of the fluid; and 
0022 dP=change in pressure. 

0023 Skalak (1966) applied the linearized theory of 
Viscous flow to develop a basis for understanding the main 
waveform features in arteries and veins. The vascular System 
is equivalent to a network of non-uniform transmission 
lines. 
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0024 Womersly (1957) had applied those principles to a 
Single uniform tube representing an arterial Segment and 
compared the results to the experimental data taken in a dog, 
prior to Skalak's theory. Good agreement was reported 
between the measured flow and the flow computed from the 
measured pressure gradient. 

0025) Anliker (1968) showed that the dispersion phe 
nomena associated with waves propagating in blood vessels 
are potential measures of the distubility of the vessels and 
other cardiac parameters. Anliker assumed that vessels 
behave like thin-walled cylindrical shells filled with inviscid 
compressible fluid. More complete models have provided 
good agreement. 

0026 Karr (1982) studied pressure wave velocity on 
human Subjects and developed a method to determine the 
pulse propagation Speed. The invention recognizes that Such 
information may be used to determine plaque buildup, 
cholesterol concentration on the arterial wall, and arterial 
wall thickness. 

0027 Equation (1) allows for determination of pressure 
change (dP) from the heart pulsing based on the dispersion 
relationship between pulse wave Velocity (c) and flow 
velocity (v). Karr's method measures flow velocity to deter 
mine dP, which is related to systolic pressure (pS) and 
diastolic pressure (pD). 
0028. The new invention measures the pressure energy 
from heartbeat and respiration collectively. The heart con 
tribution to the energy Spectrum is determined by removing 
the respiration contribution to the energy Spectrum. Respi 
ration energy is filtered out by comparing the energy Spec 
trum calculations of Velocity with Velocity measures using 
electromagnetic and doppler methods. Since the Sympathetic 
tone may influence blood pressure measurement accuracy, 
the new monitor can be configured for one of its piezoelec 
tric Sensors to Serve as a dedicated doppler Sensor that uses 
ultraSonics to adjust interpretations of data as a function of 
the Sympathetic tone of the patient. The Selective omission 
of P2M signals and the selective comparison of P2M sensor 
data with data from other parts of the body, as well as 
comparisons between two or more Simultaneously triggered 
sensors, isolates energy contributions from the heart. P2M 
energy spectra determined from the foot differs from Spectra 
derived from the chest area, which provides a means for 
isolating heart energy as the foot Spectra is largely void of 
energy from respiration. 

0029. Once velocity (v) is known, the relation between 
systolic and diastolic blood pressure (2) and the Bernoulli 
equation (3) is used to measure blood pressure. The Ber 
noulli equation is a fundamental relationship in fluid 
mechanics that is derived from Newtonian mechanics and 
the principle of conservation of energy. A more compressive 
version of the same equation can be developed to reflect 
more complicated non-Steady flows. 

1 (2) p = pD+ (pS+ pD) 

0030) where 
0031 pS=Systolic pressure; 












