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PULSE SENSORS 

TECHNICAL FIELD 

[0001] This invention relates to pulse sensors and methods 
of using pulse sensors in conjunction With de?brillators. 

BACKGROUND 

[0002] The pulse is a very important parameter that is used 
to aid users of automated external de?brillators in determin 
ing Whether or not to administer a de?brillation shock to 
and/or to perform cardiopulmonary resuscitation (CPR) on a 
victim Who appears to be in cardiac arrest. Such a victim 
may actually be in need of cardiac resuscitation (including 
de?brillation and/or CPR), or may be suffering from a 
condition for Which such treatment Would be unsuitable, 
e.g., a stroke, seiZure, diabetic coma, or heat exhaustion. It 
is very important to the safety of the victim that the presence 
or absence of a pulse be determined quickly and accurately. 
HoWever, it is often dif?cult for trained medical personnel to 
take a victim’s pulse accurately in the ?eld during a crisis 
situation, and may be impossible for a minimally trained or 
untrained lay rescuer to do so. In many cases, it Will take the 
person assisting the victim a considerable time (on the order 
of one minute or more) to ?nd the victim’s pulse. If a pulse 
is not found, the caregiver is left unsure as to Whether the 
victim does not have a pulse, or Whether the caregiver 
simply cannot ?nd the victim’s pulse. 

[0003] Another parameter that is used in determining 
Whether to administer a de?brillation shock is an ECG 
analysis of the victim’s heart rhythm that is provided by the 
automated external de?brillator. Based on the ECG analysis, 
many automated de?brillators Will provide the user With a 
message indicating Whether a shock should be administered 
(i.e., Whether or not ventricular ?brillation is present). 

[0004] Generally, the ECG analysis systems in most com 
mercially available automated external de?brillators display 
only tWo options to the user: “Shock Advised” or “No Shock 
Advised.” When “Shock Advised” is output, this means that 
the patient is in ventricular ?brillation or Wide complex 
ventricular tachycardia above 150 BPM, conditions Which 
are effectively treated by de?brillation. When “No Shock 
Advised” is output, this means that the patient’s heart 
rhythm is not treatable by de?brillation therapy. 

[0005] If the message indicates that a shock is not appro 
priate, this does not necessarily mean that the victim is not 
in danger. There are tWo ECG rhythms, generally referred to 
as asystole and pulseless electrical activity, Which should not 
be treated With de?brillation (and thus Will trigger a message 
not to shock) but nonetheless are extremely serious in that 
they suggest that the patient’s heart rhythm has deteriorated 
beyond ?brillation (i.e., the patient is close to death). These 
conditions are treated by administering cardiopulmonary 
resuscitation (CPR), in an effort to provide blood How to the 
heart and vital organs in the hope that With improved blood 
How and oxygenation, the heart muscle Will recover from its 
near death state and possibly begin to ?brillate again, thus 
making de?brillation treatment a viable option. 

[0006] Thus, When a “No Shock Advised” analysis is 
output, the caregiver does not knoW Whether this result is 
caused by a normal heart rhythm, an abnormal but perfusing 
heart rhythm (i.e., the patient Was never in cardiac arrest or 
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the last shock treatment returned the patient’s heart rhythm 
to normal), or a grossly abnormal (non-perfusing) ECG 
rhythm requiring CPR treatment. Because of this uncer 
tainty, the normal medical protocol When “No Shock 
Advised” is output is to check the patient for a pulse and if 
no pulse is detected to start CPR. If a pulse is detected, then 
the patient’s heart is effectively pumping blood and neither 
CPR nor de?brillation is Warranted. If the victim does not 
have a pulse, CPR should be started immediately; if a pulse 
is present, then CPR should not be administered. Because 
CPR, even if properly administered, can result in broken ribs 
or other injury to the victim, it is undesirable to administer 
CPR if it is not actually necessary. Thus, it is again vitally 
important that an accurate determination of the presence or 
absence of a pulse be made by the care giver. 

[0007] A similar situation of uncertainty occurs after the 
third de?brillation shock is delivered in the three-shock 
protocol recommended by the American Heart Association. 
In this case, if the patient’s ?brillation has not been “cured” 
after delivery of three shocks, the caregiver is instructed to 
perform CPR on the patient. Because automated external 
de?brillators generally do not perform an ECG analysis 
immediately after the third shock, the caregiver does not 
knoW Whether the third shock provided effective treatment. 
Therefore, the caregiver must determine Whether the patient 
has a pulse in order to determine Whether CPR is needed or 
Whether the patient is out of danger. 

SUMMARY 

[0008] The inventors have found that pulse sensors fabri 
cated from pieZoelectric polymer ?lms, When used in con 
junction With automated external de?brillator machines, 
enable users of such machines to make a quick and accurate 
determination of the appropriate treatment (de?brillation, 
CPR, or no cardiac-related treatment) for a victim Who 
appears to be suffering from cardiac arrest. Such sensors 
provide an accurate determination of the presence or 
absence a victim’s pulse, even under adverse conditions, 
thus signi?cantly reducing the risk that an inappropriate and 
even dangerous treatment Will be given erroneously to a 
victim. The accurate pulse determination thus provided 
relieves the uncertainty experienced by caregivers in the 
circumstances discussed above, and thus increases the like 
lihood of the patient receiving prompt, safe and effective 
treatment. 

[0009] The inventors have also found that pieZoelectric 
polymer pulse sensors can be used to determine Whether 
CPR is necessary, in the event that an automated de?brillator 
indicates that it is not appropriate to shock a victim Who 
appears to be suffering from cardiac arrest. 

[0010] The invention also features methods of using 
pieZoelectric polymer pulse sensors to measure the ef?cacy 
of CPR, When CPR is used in conjunction With or instead of 
de?brillation. 

[0011] The pieZoelectric sensors of the invention, When 
applied to areas of a human body Where mechanical move 
ment is present because of blood ?oW, Will produce a 
signi?cant electrical signal that is proportional to and rep 
resentative of changes in blood ?oW activity. This Will be the 
case Whether the blood How is due to normal or abnormal 
heartbeat action, or due to cardiopulmonary resuscitation 
action. The sensor Will operate in either a ?exural or a 
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tension mode, and the produced electrical signal from the 
sensor may be utilized as either a voltage (high impedance) 
or a current (loW impedance). 

[0012] In one aspect, the invention features an automated 
de?brillator comprising de?brillator electrodes and a pieZo 
electric polymer pulse sensor. 

[0013] Implementations may include one or more of the 
folloWing features. The automated de?brillator further 
includes instrumentation for performing an ECG analysis. 
The automated de?brillator further includes instrumentation 
for analyZing a signal obtained from the pulse sensor. The 
pulse sensor is self-shielded. The automated de?brillator 
further includes a strap for attaching said pulse sensor to a 
patient’s neck. The pieZoelectric pulse sensor is mounted on 
one of said de?brillator electrodes. The automated de?bril 
lator further includes a display constructed to display infor 
mation to a user. The automated de?brillator further includes 
instrumentation for converting the results of the ECG analy 
sis and signal analysis into a message to be displayed to the 
user or provided as an auditory prompt. 

[0014] In another aspect, the invention features a medical 
device including a pieZoelectric polymer pulse sensor; and a 
strap constructed to alloW the pulse sensor to be attached to 
a patient’s neck. 

[0015] Implementations may include one or more of the 
folloWing features. The pulse sensor is self-shielded. The 
strap includes an elastic material. The device further 
includes a cable to connect the pulse sensor to instrumen 
tation. 

[0016] In a further aspect, the invention features a medical 
device including a pieZoelectric polymer pulse sensor, and a 
foam pad having a ?rst surface to Which the pulse sensor is 
attached, and a second surface constructed to be attached to 
a patient. 

[0017] In another aspect, the invention features a method 
of treating a patient shoWing signs of possible cardiac arrest 
including applying a pieZoelectric pulse sensor to the 
patient; applying electrodes of a de?brillator to the patient; 
and using the pulse sensor to detect Whether the patient has 
a pulse. 

[0018] Implementations may include one or more of the 
folloWing features. The method includes monitoring the 
pulse if present. The de?brillator has an ECG function and 
the method further includes using the ECG function of the 
de?brillator to monitor the patient’s heart rhythm. The 
method further includes analyZing the pulse and heart 
rhythm to determine the appropriate treatment for the 
patient. The analyZing step includes determining Whether 
the patient’s pulse, if present, is correlated With the R-Wave 
of the patient’s heart rhythm. The analyZing step includes 
determining Whether the ECG rhythm is treatable With 
de?brillation. The method further includes, if the determi 
nation is positive, delivering a shock to the patient using the 
de?brillator. The method further includes delivering a pre 
determined number of shocks to the patient, and then 
subsequently determining Whether the patient’s pulse, if 
present, is correlated With the R-Wave of the patient’s heart 
rhythm. The method further includes, if the subsequent 
determination is negative, administering CPR to the patient. 
The method further includes using the pulse sensor to 
determine the ef?cacy of the CPR treatment. 

Nov. 7, 2002 

[0019] In a further aspect, the invention features a method 
of treating a patient shoWing signs of possible cardiac arrest 
comprising: (a) applying a pieZoelectric pulse sensor to the 
patient; (b) using the pulse sensor to detect Whether the 
patient has a pulse; and (c) using the pulse sensor to 
determine Whether to apply electrodes of a de?brillator to 
the patient. 

[0020] In another aspect, the invention features a method 
of treating a patient shoWing signs of possible cardiac arrest 
including (a) applying a pieZoelectric pulse sensor to the 
patient; (b) using the pulse sensor to detect Whether the 
patient has a pulse; and (c) using the pulse sensor to 
determine Whether to perform CPR on the patient. 

[0021] Other features and advantages of the invention Will 
be apparent from the description and draWings, and from the 
claims. 

DESCRIPTION OF DRAWINGS 

[0022] FIG. 1 is a How diagram illustrating steps in a 
method according to one embodiment of the invention. 

[0023] FIG. 2 is a How diagram illustrating steps in a 
method according to an alternate embodiment of the inven 
tion. 

[0024] FIG. 3 is a diagrammatic vieW of a pulse sensor in 
use on a patient. 

[0025] FIG. 4 is an enlarged diagrammatic cross-sectional 
vieW of a pulse sensor according to one embodiment of the 
invention. 

[0026] FIGS. 4A and 4B are unfolded and folded top 
vieWs of the sensor element shoWn in FIG. 4; FIGS. 4C and 
4D are unfolded and folded bottom vieWs of the sensor 
element. 

[0027] FIG. 5 is a schematic of the equivalent electrical 
circuit of the pieZoelectric polymer ?lm component of the 
pulse sensor. 

[0028] FIG. 6 is a circuit diagram of a complete pulse 
sensor assembly. 

[0029] FIG. 7 is an eXample of a data acquisition scan 
performed using the pulse sensor of FIG. 4. 

[0030] FIG. 8 is a diagrammatic representation of a pulse 
sensor according to an alternate embodiment of the inven 
tion. 

[0031] FIG. 9 is a diagrammatic representation of a 
sculpted sensor With enhanced sensitivity. 

[0032] FIG. 10 is a side vieW of a pieZoelectric polymer 
?lm sensor element With neutral plane inducer for optimiZed 
sensing of bending moments of the thickness member. 

[0033] FIG. 11 is a cross sectional diagram of a pieZo 
electric polymer ?lm pulse detector integrated into the 
fabrication of a de?brillator pad. 

[0034] FIG. 12 is a cross sectional diagram of a pieZo 
electric polymer ?lm pulse detector for use in a slightly 
concave body area such as that encountered in the area of the 
neck at the carotid artery. 
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[0035] FIG. 13 is a schematic representation of a pieZo 
electric polymer ?lm sensor element With a transimpedance 
(current to voltage converter) ampli?er. 
[0036] FIG. 14 is a schematic representation of a pieZo 
electric polymer ?lm sensor element With an integrating 
ampli?er (charge ampli?er). 
[0037] FIG. 15 is a schematic representation of a pieZo 
electric polymer ?lm sensor element With a voltage ampli 
?er. 

DETAILED DESCRIPTION 

[0038] FIGS. 1 and 2 shoW methods of using a pulse 
sensor and de?brillator to determine the appropriate treat 
ment for a victim Who appears to be suffering from cardiac 
arrest. Both methods utiliZe a pulse sensor, described in 
further detail beloW, and an automated de?brillator. The 
automated de?brillator includes (a) a pair of electrodes that 
are placed on the victim’s chest, (b) instrumentation con 
structed to receive signals from the electrodes, monitor the 
victim’s ECG based on the received signals, and deliver a 
shock to the electrodes, and (c) a display constructed to 
display information and recommendations to the caregiver. 
Suitable automated de?brillators are commercially available 
from Zoll Medical Corp., Burlington, Mass., e.g., M-Series 
Automated EXternal De?brillators. The instrumentation also 
includes the capability of comparing the R-Wave of the heart 
rhythm monitored by the ECG to the victim’s pulse to 
determine Whether the tWo signals are synchroniZed. 
Together, the pulse sensor and de?brillator constitute a 
treatment system for victims Who appear to be suffering 
from cardiac arrest. 

[0039] FIG. 1 illustrates a method according to a ?rst 
embodiment of the invention. In this method, the pulse 
sensor and de?brillator are used to control the initiation of 
ECG analysis and to advise a caregiver Whether it is appro 
priate to administer a shock and/or CPR. 

[0040] Referring to FIG. 1, When a victim shoWs signs of 
cardiac arrest, e.g., fainting, a caregiver applies a pulse 
sensor and the electrodes of a de?brillator to the victim 
(100). Generally, as shoWn in FIG. 3, the pulse sensor is 
applied by fastening an elastic strap 20 carrying the sensor 
element 22 around the victim’s neck 24, so that the sensor 
element 22 is held in close contact With the victim’s carotid 
artery by the elastic strap 20. The strap is fastened snugly but 
not tightly about the neck. Generally, to obtain an optimal 
signal the sensor should be placed on the left side of the neck 
orthogonal to and centered on the carotid artery. If desired, 
other locations on the patient’s body Where a pulse can 
normally be detected may be used instead of the neck. The 
neck is generally preferred since it is the measurement and 
sustenance of blood How to the brain Which is of ultimate 
importance and the carotid artery carrying this How provides 
a strong signal if a pulse is present. The sensor element 22 
is connected, e.g., by a coaXial cable, to instrumentation 26, 
Which is preferably incorporated in the instrumentation of 
the de?brillator. The electrodes of the de?brillator are 
applied in a conventional manner. 

[0041] Referring again to FIG. 1, the victim’s pulse is 
detected and monitored by the pulse sensor, and the victim’s 
heart rhythm is monitored by the ECG function of the 
de?brillator via the de?brillation pads. The instrumentation 
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of the de?brillator determines Whether the victim’s pulse is 
correlated With the R-Waves of the victim’s heart rhythm 
(102). If the pulse and R-Waves are synchroniZed, then a 
display on the de?brillator indicates to the caregiver that the 
victim does not appear to be in cardiac arrest, and that the 
victim should not be shocked or treated With CPR (104). In 
this case, the caregiver puts the victim in a “rescue” position, 
according to standard ?rst aid protocol, and continues to 
monitor the victim’s pulse and ECG (106) so as to observe 
if a change in synchroniZation, a loss of pulse signal or 
ventricular ?brillation should occur (108). 

[0042] If the victim’s pulse is or becomes unsynchroniZed 
With the R-Waves, the de?brillator then performs an ECG 
analysis (110) to determine Whether the victim’s heart 
rhythm should be treated by administering an electrical 
shock, i.e., Whether the victim is suffering from ventricular 
?brillation or Wide complex ventricular tachycardia (112). 

[0043] If a shockable rhythm is detected, the display of the 
de?brillator advises the caregiver to administer a shock to 
the victim (114). The caregiver delivers a shock to the 
victim, and the de?brillator then performs another ECG 
analysis to determine Whether a shockable rhythm is 
detected (110). As long as a shockable rhythm is detected, 
this process is repeated for three shocks (116). Once three 
shocks have been administered, the system checks again to 
see Whether the victim’s pulse is synchroniZed With the 
R-Waves (118). If synchroniZation is not detected, then the 
display advises the caregiver to administer CPR for a 
speci?ed period of time (120) and then to discontinue CPR 
(122). After CPR is discontinued, the ECG analysis (110) 
and folloWing steps are repeated. If synchroniZation is 
detected, then a display on the de?brillator indicates to the 
caregiver that the victim does not appear to be in cardiac 
arrest, and that the victim should not be shocked or treated 
With CPR (104), and treatment proceeds as discussed above 
With reference to steps 106-108. 

[0044] If a shockable rhythm is not detected, this indicates 
that either the victim is not suffering from cardiac arrest or 
that the victim has a condition that is not treatable by 
de?brillation (124). The system then checks again to see 
Whether the victim’s pulse is synchroniZed With the R-Waves 
(118), and treatment proceeds, based on the results, as 
discussed above. 

[0045] FIG. 2 illustrates an alternative method, in Which 
the pulse sensor is used only to advise the caregiver Whether 
it is appropriate to administer CPR. In this method, the ECG 
analysis is used alone to advise the caregiver Whether it is 
appropriate to administer a de?brillation shock. This method 
may be used in cases in Which checking the patient’s pulse 
prior to applying the de?brillator electrodes is deemed to be 
unnecessary, e.g., the protocol that is currently recom 
mended by the American Heart Association for lay caregiv 
ers. The other steps of the method shoWn in FIG. 2 are as 
described above With reference to FIG. 1. 

[0046] Preferably, the pulse sensor is a pieZoelectric poly 
mer sensor. PieZoelectric sensors are, in their simplest form, 
capacitive electromechanical transducers that generate elec 
trical charge in proportion to applied stress. The primary 
purpose of these sensors in the present invention is to 
generate an electrical signal that is proportional to the force 
caused by blood ?oW (pulse) in the area of the carotid artery 
or other areas of the body Where a pulse could be detected. 
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The sensors of the invention are not mechanically clamped 
at their periphery, and are primarily sensitive to longitudinal 
stress as opposed to a sound pressure Wave front. Although 
the sensor material is someWhat sensitive to stress applied 
normal to its thickness and Width, the sensor is designed to 
be most sensitive to stresses applied normal to its length (or 
“machine direction”). 

[0047] As blood ?oWs through the carotid artery, or other 
area (either by normal heart action or as a result of CPR), the 
artery expands and exerts a small amount of stress on the 
sensor, Which is in close contact With the exterior of the 
patient’s neck, as discussed above. The stress induced in the 
sensor thus re?ects changes in arterial blood ?oW. 

[0048] As shoWn in FIG. 4, the sensor includes a pieZo 
electric polymer ?lm 30, a common metaliZation layer 32 
and a signal metaliZation layer 34. Because pieZoelectric 
sensors are generally of very high impedance, electrical 
interference is often problematic. To minimiZe electrical 
interference at the sensor surface, the sensor may be fabri 
cated in a folded (self-shielding) manner, as shoWn in FIGS. 
4, 4B and 4D, so that the common metaliZation layer 32 
almost completely envelops the exterior of the sensor. The 
sensor is shoWn prior to folding in FIGS. 4A and 4C (top 
and bottom vieWs, respectively) in Which the dashed line 
indicates the line about Which the sensor is folded. The 
sensor is held in its folded position by a layer of compliant 
adhesive 36 (FIG. 4). This shielding technique, in conjunc 
tion With coaxial cable connections, greatly minimiZes inter 
ference created by undesirable stray electrical ?elds. 

[0049] A data acquisition scan performed using the pulse 
sensor of FIG. 4 is shoWn in FIG. 7. The voltage signal level 
is approximately 100 mv p-p With most of the energy being 
spectrally located at about 1.2 HZ, indicating a pulse rate of 
72 beats/minute (bpm). 

[0050] Suitable pieZoelectric polymer ?lms include poly 
vinylidine ?uoride (PVDF) and co-polymers thereof. Such 
pieZoelectric polymer ?lms are commercially available, e.g., 
from Measurement Specialties, Inc. of Valley Forge, Pa. 
(e. g., Part No. 1-1004347-0). Preferably, the thickness of the 
polymer ?lm is betWeen about 0.001 and 0.005 inch. 

[0051] A preferred sensor material is polariZed pieZoelec 
tric polymer ?lm sheet, about 28 micron (~0.001 inch) thick 
With a silver conductor printed on both sides for a total 
thickness of about 40 microns (~0.0015 inch). The sensor 
material may be approximately 5 inches in length and folded 
back upon itself With compliant adhesive, as shoWn in FIG. 
4, to create a self-shielded sensor that is approximately 1.0 
inch in Width and 2.5 inches in length. 

[0052] An electrical signal is produced (as measured 
betWeen the ‘signal’ and the ‘shield’ electrodes) When any 
stress is applied (especially in the longitudinal axis) to the 
sensor. The circuit shoWn in FIG. 5 consists of a voltage 
source in series With a capacitor. This circuit is acceptable 
for visualiZation and modeling of sensor elements of this 
type as long as the frequency is beloW ultrasonic range. 

[0053] The capacitance exhibited by these sensors is 
approximately 10 nF and loss tangent is less than 0.02. 
Because the leakage is so loW, it is generally necessary to 
eliminate long term buildup of charge (DC drift) on the 
electrodes due to triboelectric, pyroelectric or other phe 
nomena especially When the sensor element is to be con 
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nected to a high (>10 meg ohm) impedance instrument. 
Eliminating this undesirable DC drift (charge buildup) is 
accomplished (at the expense of loW frequency response) by 
placing a ‘termination’ resistor (10 Meg ohm) across (in 
parallel With) the sensor, as shoWn in FIG. 6. The termina 
tion resistor alloWs charge to bleed off from the sensor thus 
eliminating long-term voltage drift. The loss of loW fre 
quency response does not generally pose a problem, as it is 
typically preferable to minimiZe loW frequency (<1 HZ) 
response so as to attenuate signals due to breathing or other 
sloW artifacts. 

[0054] FIG. 6 also shoWs the capacitance associated With 
the cable, Which is used to connect the sensor to the 
instrumentation or other apparatus. The capacitance of the 
connecting cable appears in parallel With the capacitance of 
the sensor. This should not signi?cantly impair the operation 
of the sensor as long as the cable capacitance is not appre 
ciably large as compared to the capacitance of the sensor. If 
the sensor Were operated in the ‘current’ mode (connected to 
a transimpedance ampli?er, as shoWn in FIG. 13, or a charge 
ampli?er, as shoWn in FIG. 14) the effect of the cable 
capacitance on the entire sensor system operation Would be 
eliminated since there Would be no appreciable voltage for 
the cable capacitance to charge to. 

[0055] The sensor electronics shoWn in FIGS. 13-15 may 
be integrated onto the sensor, or may be connected as a 
remote sensing instrument. 

[0056] Other embodiments are Within the scope of the 
folloWing claims. 

[0057] In alternative embodiments, a pieZoelectric poly 
mer sensor element 22‘ may be bonded to the surface of a 
compliant thickness member, e.g., a foam pad 50 as shoWn 
in FIGS. 8 and 9, to form a sensor assembly. Acoaxial cable 
and terminating resistor are af?xed to the foam pad and 
electrically connected to the sensor element. An epoxy 48 is 
applied to the resistor/cable/sensor area for protection. This 
sensor is designed to be most sensitive to forces Which are 
normal to the length of the sensor. If desired, a second foam 
pad (not shoWn) may be adhered over the resistor/cable/ 
sensor area. The foam pad is preferably about 1 to 2 mm 
thick, more preferably about 1.5 mm. 

[0058] As shoWn in FIG. 9, if desired the foam pad 50 
may be contoured in regions 51 to enhance signal sensitivity 
by alloWing more stress to be felt by the sensor element 22. 

[0059] As shoWn in FIG. 10, the pieZoelectric sensor may 
also be bonded to the surface of a neutral plane inducer 52, 
i.e., a compliant but non-stretchable member that converts 
any ?exure in the assembly into a tensile or compressive 
motion normal to the sensor’s length. Piezoelectric polymer 
sensors may be bonded to both opposing surfaces of a foam 
pad (not shoWn). Because any ?exure in this assembly Will 
cause tensile force in one sensor While simultaneously 
causing compressive force in the other sensor, the combined 
electrical signal Will be differential in nature With advan 
tages in increased sensitivity and improved common mode 
rejection of unWanted signals such as noise or pyroelectric 
response due to temperature transients. 

[0060] As shoWn in FIG. 11, the sensor element 22 
(shoWn in FIG. 4 and described above) and foam pad 50 
may be bonded to a de?brillator electrode 53, so that the 
sensor element may be attached to the chest as part of the 
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de?brillator electrode. The de?brillator electrode includes a 
pressure-sensitive adhesive 56 and a conductive hydrogel 
58, as is Well known in the de?brillator ?eld. 

[0061] As shoWn in FIG. 12, a stiff loW mass object 54 
may be bonded to the adhesive side of the foam pad to aid 
in making intimate contact With the carotid artery in cases 
Where there are areas of depression in the neck surface. 

[0062] The pulse sensor assembly may be used anyWhere 
on the human body that a pulse can be detected, e.g., the 
neck, chest, Wrist, arm or ankle. The unampli?ed voltage 
signal level output from the sensor should be in the approxi 
mate tenths of a volt range When properly af?xed to an area 
of the body that exhibits a moderate pulse strength. The 
pulse sensor may be attached in a different manner, e.g., by 
a clip, as a patch, or using a suction device. 

[0063] Small surface mount type electrical components 
such as operational ampli?ers, resistors and capacitors may 
be integrated onto the sensor element and used to amplify 
the signal, provide noise immunity, mitigate the effects of 
cabling (parasitic capacitance and/or equivalent series resis 
tance), ?lter certain frequencies, integrate the sensor elec 
trical charge over time, double integrate the sensor electrical 
charge over time, scale and/or offset signal output, or 
otherWise accomplish signal conditioning functions for the 
electrical signals produced by the sensor element. 

[0064] While automated de?brillators have been discussed 
above, the pulse sensor may be used in conjunction With a 
non-automated de?brillator. In this case the pulse sensor 
Would be used by a trained caregiver as an aid in determin 
ing the proper course of treatment. The caregiver Would 
observe displayed pulse and ECG signals and perform an 
independent analysis to determine the proper mode of treat 
ment. 

[0065] While the step of determining Whether the patient’s 
pulse signal and R-Wave are synchroniZed is used in the 
methods described above, in many cases this step is not 
necessary. This step is a signal processing technique that is 
sometimes used to improve performance When one or both 
of the signals are contaminated With artifacts. Other suitable 
techniques include autocorrelation processing, matched ?l 
ter processing, and other pattern recognition schemes. In 
some cases, e.g., if the signals are relatively uncontami 
nated, none of these techniques are required. 

What is claimed is: 
1. An external de?brillator comprising 

de?brillator electrodes, and 

a pieZoelectric polymer pulse sensor. 
2. The external de?brillator of claim 1 further comprising 

instrumentation for performing an ECG analysis. 
3. The external de?brillator of claim 1 further comprising 

instrumentation for analyZing a signal obtained from the 
pulse sensor. 

4. The external de?brillator of claim 1 Wherein said pulse 
sensor is self-shielded. 

5. The external de?brillator of claim 1 further comprising 
a strap for attaching said pulse sensor to a patient’s neck. 

6. The external de?brillator of claim 1 Wherein said 
pieZoelectric pulse sensor is mounted on one of said de?bril 
lator electrodes. 
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7. The external de?brillator of claim 1 further comprising 
a display constructed to display information to a user. 

8. The external de?brillator of claim 7 further comprising 
instrumentation for performing an ECG analysis, instrumen 
tation for analyZing a signal obtained from the pulse sensor, 
and instrumentation for converting the results of the ECG 
analysis and signal analysis into a message to be displayed 
to the user or provided as an auditory prompt. 

9. A medical device comprising 

a pieZoelectric polymer pulse sensor; and 

a strap constructed to alloW the pulse sensor to be attached 
to a patient’s neck. 

10. The medical device of claim 9 Wherein the pulse 
sensor is self-shielded. 

11. The medical device of claim 9 Wherein the strap 
comprises an elastic material. 

12. The medical device of claim 9 further comprising a 
cable to connect the pulse sensor to instrumentation. 

13. A medical device comprising 

a pieZoelectric polymer pulse sensor, and 

a foam pad having a ?rst surface to Which the pulse sensor 
is attached, and a second surface constructed to be 
attached to a patient. 

14. The medical device of claim 13 Wherein the second 
surface includes a layer of pressure-sensitive adhesive. 

15. A method of treating a patient shoWing signs of 
possible cardiac arrest comprising: 

applying a pieZoelectric pulse sensor to the patient; 

applying electrodes of a de?brillator to the patient; and 

using the pulse sensor to detect Whether the patient has a 
pulse. 

16. The method of claim 15 further comprising monitor 
ing the pulse if present. 

17. The method of claim 15 Wherein the de?brillator has 
an ECG function and the method further comprises using the 
ECG function of the de?brillator to monitor the patient’s 
heart rhythm. 

18. The method of claim 15 further comprising analyZing 
the pulse and heart rhythm to determine the appropriate 
treatment for the patient. 

19. The method of claim 18 Wherein the analyZing step 
includes determining Whether the patient’s pulse, if present, 
is correlated With the R-Wave of the patient’s heart rhythm. 

20. The method of claim 19 Wherein, if the determination 
is positive, no ECG analysis is performed. 

21. The method of claim 18 Wherein the analyZing step 
includes determining Whether the ECG rhythm is treatable 
With de?brillation. 

22. The method of claim 21 further comprising, if the 
determination is positive, delivering a shock to the patient 
using the de?brillator. 

23. The method of claim 22 further comprising delivering 
a predetermined number of shocks to the patient, and then 
subsequently determining Whether the patient’s pulse, if 
present, is correlated With the R-Wave of the patient’s heart 
rhythm. 

24. The method of claim 23 further comprising, if the 
subsequent determination is negative, administering CPR to 
the patient. 

25. The method of claim 24 further comprising using the 
pulse sensor to determine the ef?cacy of the CPR treatment. 
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26. The method of claim 15 wherein the pulse sensor 
comprises a piezoelectric polymer ?lm. 

27. The method of claim 15 Wherein the pulse sensor is 
mounted on an elastic strap. 

28. The method of claim 27 further comprising attaching 
the elastic strap around the patient’s neck. 

29. The method of claim 15 Wherein the pulse sensor is 
mounted on one of the electrodes of the de?brillator. 

30. The method of claim 15 Wherein the pulse sensor 
further comprises a foam layer. 

31. The method of claim 15 Wherein the pulse sensor is 
self-shielded. 

32. The method of claim 15 further comprising attaching 
the pulse sensor to a patient using a clip, patch or suction 
device. 

33. The method of claim 32 Wherein the pulse sensor is 
attached to the patient’s neck. 

34. The method of claim 32 Wherein the pulse sensor is 
attached to a pulse point other than on the patient’s neck. 
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35. A method of treating a patient shoWing signs of 
possible cardiac arrest comprising: 

applying a pieZoelectric pulse sensor to the patient; 

using the pulse sensor to detect Whether the patient has a 
pulse; and 

using the pulse sensor to determine Whether to apply 
electrodes of a de?brillator to the patient. 

36. A method of treating a patient shoWing signs of 
possible cardiac arrest comprising: 

applying a pieZoelectric pulse sensor to the patient; 

using the pulse sensor to detect Whether the patient has a 
pulse; and 

using the pulse sensor to determine Whether to perform 
CPR on the patient. 

37. The eXternal de?brillator of claim 1 further compris 
ing a clip, patch or suction device constructed to attach the 
pulse sensor to a patient. 

38. The external de?brillator of claim 1 Wherein said 
external de?brillator comprises an automated de?brillator. 

* * * * * 


