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June 1, 1977

V.R. McCall
Supervisor,
Educational Training
1601 Alton Avenue
Irvine, CA 92705

Dear Matc:

It was a pleasure speaking with you on the phone today
concerning the systolic time interval ambulatory monitoring
system which we have recently developed. I have enclosed
the entire manuscript which was submitted to the Journal of
Clinical Engineering ( to be published in July or October,

1977 ) for your reference. The edited version of the publication
has some minor changes which should not:-effect any information
you need.

As I mentioned on the phone we are already conducting
several studies utilizing the technique presented in the
manuscript and are proliferating these methods to our highest
capability. Naturally, the Del Mar Avionics Co. can carry
out the marketing, packaging, and distribution to an even
greater extent and we hope that we can work together in this
matter Epr a long time. '

Our main interest is to become the primary laboratory
and investigation site of the technique and to work with you
and your marketing people on a consultation basis. Specifics
and finances can be worked out in time and I am confident that
with the highly respected and professional nature of both our
organizations, nothing more need be said at this time.

The enclosed manuscript contains all the necessary
information which I believe you will need to evaluate the
potential application and feasibility of the methods.

An added note to the manuscript is that we have named the method
The SHK-STI monitoring system.
(Spodick - Haffty - Kotilainen.)
(Systolic Time Interval)

We are interested in retaining this name and have already
referred to the system as such in local press articles and
medical society presentations.

A Major Affiliated Teaching Hospital of The University of Massachusetts Medical School!
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As I mentioned above our main interest is to proliferate
the technique to its fullest capability and be recognized as
the primary investigative site.

We feel that the enclosed manuscript establishes our
sincerity in working with your organization solely and in full
cooperation. To firmly establish our relationship we feel it
would be appropriate to request a modest

. "Consultation Retainer Fee"
for Drs. Spodick, Kotilainen and myself for our initial work
in this matter, :

I hope you will find all the information you need in the
manuscript. If you have any questions at all please feel free
to call me at (617) 798-6054, ;

&

Aéain it was a pleasure meeting you at the conference and
hope to be getting together in the future. Please give
Bruce Del Mar my regards.

Sincerely,

&y - W L '
YDl /Y it 1 O

» Bruce G. Haffty e
Supervisor,
Non-Invasive Cardiology
BGH/j1f
Enclosure

cc: Peter Kotilainen, Ph.D. . 3
David H. Spodick, M.D,

A Major Affiliated Teaching Hospital of The University. of Massachusetts Medical School
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‘ABSTRACT'

A system for ambulatory monitoring of.systolic time intervals
has been developed. This was accomplished by adaptation of.a
sténdard two_channgl long-term elgctropardiogram monitpr{ng unif,
(Holter Monitor), in whiéh thé secohd'chénﬁel was modified to -
record a pulse trac1ng,»wh11e the flrst channel recorded a blpolar'
.V5 ECG The pulse tracing used was a derived ear den51tovram
‘31gna1._ | : :' i : % '7 e

. From the two channel printout, measurements of pre-eaectlon
perlod and left ventrlcular ejection time could be cornuted as long
as pulse transm1331on time was pre-recorded.

éystollc t;pe 1nterva1 measurements were recorded on foﬁr
subjects for several hours. The values of systolic tiﬁe intervals

obtained gnd the cﬁanges in systolic time intervals on each subject

were consistent with those reported in the literature.

-
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. S - INTRODUCTION

The use of long—term-ambulatory electrocardiographic monitoring has risen

shafplg’over the past five years.. Application of this technique for arrhythmia

monitoring, drug evaluation, and diagnostic electrocardiographic changes during - -

routine activities has revolutionized these aspects of cardiology.

e

..éince.1949; when Dr. Norman Holter first transmitted an ambulatory ECG with
an 35 ééundfbackpack, the technigué has'seen many changes. Today, s.éhannelﬁ of
ECG data can be recor&ea for up to 24 hours with a small 2 pound recorder.

‘ﬁighlg trainedAtechnicians, wiéh the aid of modern cozputerized scgnning equip-
;hent, are able to apcufately scaﬁ tﬁe 24 hours of data iﬁ lessvthan an hour. it

is apparent that long-term monitoring is a valuable diagnostic tool that will con-

tinue to develop and find increased applications.
One promising area of progress in long-term monitoring is to augment the ECG

with other Igfbrmatign during the twenty-four hour ronitoring period. Respiratory .

; : : S, 5 R
l rate monitoring has already found clinical applicatiocn.

1 . The addition of systolic time intervals to the ECG data for long-term moni-

toring is of particular.interest. These measurements (principally Pre-ejection

Period and Left Ventricular Ejection Time)  are simple to make and reguire only

an ECG and pulse tracing as long as pboboca:diogra?hic data are pré-récorded.
- The carotid sphygmogram is the standard pulse tracing used, as it has been
shown to .accurately reflect the true relationships of the central aortic pressure

-tracing.2 The left ventricular ejection time is simzly taken as the time from

the carotid upstroke to the carotid incisura. The true pre-ejection pariod is cal-

culated from the O wave of the ECG to th= upstroke of the aortic tracing. The caro-

If a simultancous heart sound

tracing is. taken so .that pulse transnission time can ke accounted for.’
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Therefore, a true pre-ejection period can be calculated from the cardtid pulse,

ECG, and phonocardiogran. These measurements are shown in Figure 1.

Several laboratories have documented the value of sgstolic time interval

T : 3,4,5.
measurenents for evaluating left ventricular function- e ,-Lewis et.al.

cite a plethora of clinical applications for systolic time 1nuerval neasure-
ments.5 A system which would allow long—term anbulatorg monitoring of systolic

time 1ntervals adds a new dimension and could contribute tremendcusly to our

L3

knowledge in this field. ~ o ,. R

As a first tnougnt, it would appear ‘that a commercially available 2Achannel
1ong—tern elec;ro:ardio~raphic monitor could be easily modified to record sys-—-
‘éolic time.intervals. Specifically, the first channel could be used as it normally
is for Fhe ECG,'and-the.secqnd channel could be modified to record a pulse tracing.

The difficulty lies not in modifying the apparatus to record the pulse tracing,

but in selecting a stable and suitable pulse tracing to record. 2

The carotid pulse tracing would be ideal, as this has been used as the stan-
o . _ : ; .
dard technidue in rmost laboratories for measuring systolic time intervals. This

tracing, kowever, poses two problems. First, anyone who has tried .to obtain a

o -

carotid tracing realizes the difficulty in stability due to rovemant or adverse

anatomical factors, even at rest and particularly in uncomfortable patients;

. Stable carotid tr aclnﬁs during routine act1V1ty of a subject would be next to

imp0551ble{ ‘Secondly, oxe would need a sizeable amplifier-for the carotid trans-

ducer which cou’d be difficult to carry during anbulatorg monitoring. The use of

L4
.

“impedance carotid tracings and‘strain gage technigues have similar difficulties.

Photo-elactric densitogran tracings show promise as a suitable pulse tracing

for a leng-term systolic time interval monitorinz. The pulsatile flow through

casillaries in the tissues produce cyclic volune and opacity -
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changes which.can be detected. by a photosensitive device. With a photosensitive

device agﬁlied at the pinna of Ehe.ear, Chi;ifé and Spodick developed the circuitry
aﬁd demonstrated é remarxably stable pulse tracing,é They féund a left_vent;icu-
lar ejection fimé‘qdrrelation between fhe densitogram aﬁd carotid pulse tracing
to be 0.97 and concluded that "densitograms are an excellent subgtitute for the

carotid pulse :tracing fbr'measufing time intervals of the catdiac cycle, and they

are the curve of choice to be obtained in non-invasive studies during exercise”.

This waé_furpher substituted by Quar;yQPigéott, Chirife az:xd.Spo'dick7 in exéen—
sivé studies‘using a wide variety of body positions and caiéiocifculatory chal-
.leﬁggs. Thé fﬁnal step in-making feasible'the work ée.feport hére was the demon-
‘;tration.éj Spodick and Qéarry-Lancea that the phonocardiogram could be elimin-
ated for most téét condétiogs because the.relatignship.of the ;écond-heart sound

to the pulsé incisura remained fixed. Indeed, the upstroke and incisura of the

differsntiated ear pulse signal accurately reflect their counterparts of the

carotid pulse ifor measurement of systolic time intervals.
A ;

=



METHODS & MATERIALS

L
-

An AVianics Modal 445 hoiter'Qas selected as the recording abpatatus
for this étudy. :This unit _eature; two full data channels plgs a time chaﬁnel.‘
-bormaliy, mOdifieé_Kl and V5 ECG léadé are used in the data channels. The instru-'
ment has a frequencg reé?onse of .04 té 100 H? in each éhannéi. One can record
up to 56 hbérs 6f continﬁbﬁs datavfbr each battery charging. A digital clock

2,
.

display with an event r:arXer on the time channel provides a time-event correla-

o -

. tion capability.. The recorder is shown in Figure 2.,

In order to record a pzlse tracing the second channel of ECG data was elinmi-

" nated. " An KDY cadle shown in Figure 3 was used to modify the recorder to accept

the pulse t:aciﬁg. Crz==2l I retairned its ECG function with the right leg still
serving as ground. The IZ5 elecirode leads were removed from Channel 2 and

replaced by the positive and negative input of mini-phone plug. The ear densito-

.gram signal, wkich is dzscribed Zzlow, was applied to this phone plug.

Photo-electric Transducsr

- 4 G . 2 g e . 8
The photo-electric dersitograph used in this study is a Hewlett-Packard

Model "780-16 Ez2r Pleth;é:o*raph.' The U-shaped device is attached to the upper-

most portion of th= ear (zinna) (Figure 4). " On one side of the pinna is a light

bulb, and on the othar sifz a photoconductive cell which receives the light trans-

N
-

‘mitted through the skin and cartilage.
' Variations in thz amount of dlood in the interposed tissues will produce

proportional chancas inm the light reaching the photocell and a consegquent varia-

tion in its conductivity.
The rasic orsratics cf the govice iIs shown in Ficure 5. When fully illu-

minated, the photcc2ll is highly conductive, and the voltage read at point A is

simply the turn-on vslzaze of the photocell (% .6v). If light is completely



i

..

s

>

blocked from the photocell, there is essentially no conductjion, and the voltage
at p01nt<A is approx1mately the full battery voltage.

The- c1rcu1t confzguratlon given above would not be us°ful for ambulatory
monltorlng ot.éulse traclngs because the device weuld be sensitive to baseline

shifts (DC chaﬁges) in'light transmission. For example, a change in ambient

temperature could result in a change in venous volume (and consequent change

-

in opacrty) of the ear, and the tracrng would go off scale. Therefbre, the

flrst filterlng device needed is a h.gh pass filter that wzll block out DC drift.

Chirife and Spod;ck, in their original work, us_d a blgh pass filter w1th a

~time constant of 0.17 seconds ( frecuency cutoff =. nz) This response would

probably . be adequate, bovever, a more highly derived signal nlght be more stable

in long-term monitoring and-would still be accurate for neasuring systolic time

1nte als because the waveform shap2 is not essential for the 1nterval measure—

ments. It is only necessary to clearlyidefiqe the slope changes associated with

_ the upstroke and the incisura. In fact, the derivative signal usually clarifies
. i . 3

these points\because of their high freguency characteristics.

On tbls baszs, ve de51gned a passzve hlgh pass f’lter (derlvatzve c1rcu1t)

at the output of the earpiece. In order to reduce hlgﬂ frequency noise and artv- o

fact, a low pass filter with a the retlcai frequencg cutoff of 30 Hz was also

-

' designed'and constructed into the circuit. The cutoff of 30 Hz in no way distorts

the pulse waveform as this ‘is a relatively low fregtency signal. It bas been reported

- 9
that a frequency response of up to 20 Hz is adeguate for pulse wave réproduction.

The schematic of the final circuit is shown in Figure 6.
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The high pass filter (derivative circuit) is governed by components C

¥ 2

and R, .  The theoretical corner freguency of the high pass circuit is there-

2

fore ‘given by:

(]

e

-

F-.

1
277’R2 C}

]

w .
277 (16°) (1077)

= 1l6 Hz

_The low pass fglter i§ governed by R, and ?i, in which the theoretical

corner frequency is given by:
A‘ .

5 1
27 31 cy -
= b

277 (1.2 x 10%) (.33 x 1076,

= 40 Hz

It was found that a single £.2 Jolt Mercury Battery was an adequate power

supply for the entire unit and_dissibated'less keat on the ear than a 6 volt unit.

Pulse Signal Zrplitude

"\
-

As noted previously a full-scale deflection of the pacto-cell (total illu-

mination -to total blockage) was approximatels ezual o the battery voltage minus

the turn-on voltage of the photocell! (== 4.0 volts in'.this case). The small changes

in opacity due to pulsatile blood flow in the ear, Rzrever, reszult in only a

50-100 millivolt signal.

This siznal is furtler reduced bu the rassive filter .net-



SR
work applied et the output of_theiearpiece.-_Therefore, if one is to obtain a

reasonable size 51gnal, careful impedance matchlng of the filter network in
comblnatlon with the photocell and recording apparatus must be corszdered.

-In a prototype model whlch we developed, the pu se- szgnal at the recorder
was extremely ‘small (1—5 mV?. Too large a signal, on the other hand,,can cause

saturatlon of the recordlng apparatus. After careful impedance matching we were

s
b

able to record a szgnal wzth a peak amplltude wh;ch is cowoarable in szze to an

ECG,(10430'mV7. One must, therefbre, be sure in selectln- battery voltages and

resistances to obtain agsignal which is the sams order to magnitude as an ECG.

‘Procedure .
‘

2o

The subject's skin- was prepared for electrode application in three locations
_on the chest as shown in Figure 7 (modified Lead V). The reference electrode,
. exploring electrode, and ground electrode w re attacisd to the patient and run into

Channel I of the,petient cable. .

L N > .
The Heﬁlett—Packard earpiece was then applied to the patient and plugged
into the power supply filter box. A piece of clear ecetate material (David Clark
Co., Worcester, MA) was placed between the light source and tﬂe .surface of the ear

' to prevent burning, as the device would be on Fo* a period of up to 24 hours. The

.
-

" output of the filtered earpiece signal was plucged into Channel II of the recording

apparatus cable. The recorder filter box, and cabling was then sec;rely fastened
to the subject as shown in Figure 8. i ' s

A siénal test run was made to assure all sigrals ars clear to artifact and

on scalz. This 1s done u51ng a test cable connectinz the recording ep;aratus
output to-an external recorder. The szanals displaysd Inficate what is b2ing taped

on Crannels I and II of the recorder.
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In addition to the ECG and. pulse traclng from the Holter recorder, a heart

sound signal and carotid pulse dlrectly from the patient to the external recorder

were recorded for the signal test, run. '

These addltlonal recorded signals allowed for calculatlon of'pulse trans-

mission time so that a true value of‘pre-ejectlon perlod could be computed for the

final data analyszs.' Also, initial values of PEP and LVET by densztogram could

be compared to the same measurements by carotld pulse.

Slgnal test runs were made on the external recorder witlr the subject in the

standlng, szttlng, and suplne posztlons. Figure 9 shows a typical test run recor-

}dlng.

The subject was then disconnected from the test cable and external recorder Lo

~

.
-

and went about routine aCth1tIES for up to 24 hours. Tne subject was instructed

to keep an accurate activity log. The event marker on the.time channel of the

recorder was pushed by the subject if any unusual physiological sensations

- occurred.

When the subject returned to the laboratory, the recording apparatus was

removed and the taped data was scanned on a Del Mar Av:onlcs 6602 electrocardlo—

scanner (Flgure 10). The scannzng operation was done at 120x real*time.by.trained

technicians.

. Strips were pbrinted:

-

N - .
-

every ‘half hour, uhenever heart rate Jncreased szgnlficant—

1y, when ectoplc beats occurred; and wbenever the subject wrote srgnzficant acthJ—

ties in the diary.

Data Analysis

All data anargSJS vas taken from the pr 1ntout of recordod data, and the ori-

;zndl signal tcst~run strlp (ear d0151tograr, carotid pulse, heart sound, and ECG)..



-

Fro}n' the ‘Aorig'iz;zal test-run strip the : pulse. ti‘ansmission time (PTI"') w;as
calculate;?'as the time interval -fr-om. the aortic component of the second heart
sound to the incisura of the densitogram. The PTT of the'caréJtid pulse tracing
.on ‘the .or'iginal_ test strip was also calculated so that values of PEP obtained by

the ear densitrogram could be compared to the carotid.

. Table I gives the control data obtained on two subjects. After the control | '

strips were"analyzed} the printout of recorded data was analyzed. The following

' ' measurements were taken from the 'printout and are shown in Figuré 1. 5ol
RR: o Time interval, in milliseconds of the RR interval on
the ECG '
Q-dDen U: : Tixﬁe interval, in milliseconds, from the Q wave of the

ECG to the upstroke of ear densitogram derivative.

Q-dDen In: Time interval, in milliseconds, from the Q wave of the
ECG to the incisura of the densitogram derivative.

From these measurements, the following parameters are calculated.

Heart Rate (HR) " = 60,000
. . RR

Ny

Left Ventricular Ejection Time (LVET) Q-dDen In minus Q-3dDen .U

Pre Ejection Period (PEP),

N
-

Ejection Period Ratio PEP/LVET

. Corrected -Ejection Time i ™ _LVET/JRR.

zZ11 measurements were averaged over five cardiac cycles. The guality of tracing

on a écalg-from 1-5 (5 is optimum) was also noted for each measurement.

'Q-dDenuminus PTT (from control tracing)

<
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RESULTS

Long-term monitoring of systolic time intervals using the methods des-

cribed above was performed on four subjects. On the first two subjects, proto-

type models were used which had slightlé different filter networks than the final

schematic shown in Figure 6. : . g

Tﬁe first subject experienced some bu;niﬂ;‘of tae skin of the ear due to
the constant heat of'the light. Tﬁis.problem was reSolved fbr-the'remaining'
subjects by applying the thzn, clear piece of acetate material between the llgbt o
--source and the,skln. Lowering the battery-voltage also helped reduce the beat
produced'by the 1ncandescent bulb.

The second subject's output 51gnal amplltude was lowered 51gn1ficantly due

-t

to the lower battery voltage along with the plastlc material reducing the 1nten- g
sity of llght across the ear. The low signal.amplitude caused difficulty in

reading the systolic time intervals from tke printout, even at the maximum gai

of the scanner. .
) e il
For the above reasons we redesigned the fieter network so that an optimum

-

v [N ) - a
.impedance matching hetween the recorder and ear densitogram signal could be

achieved. This resulted in the final model pr esented in Figure. 6.

.

The final model was'tested on two subjects. The two subjects experienced
no unusual paln or dlscomfbrt, and clear, readlbie trac1ngs of simultaneous ECG

-and ear dénsitogram ware cbtalned.

The systolic time intervals measured on three of the four subjects were realis-

tic waen.ccmpared to normel.values'reported in the literature. On one.subject there
were unusually short pre-ejec tibn.period values. Itjis not knoen vhether these
are the trve vaiues or errore~in paper speed caiibration.

Table 2 thLv the complete data taken from subhject K.K. (final model).

This subjecl was instructed to wear the device as lony as rossible, as w2 wucre
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5;‘
interested in determining the kattery life (approximately 15 hours).

Figures 12 and 13 show the tracings from 3:09 p.m. and 8:39 p;m. on the

subject K.K. Note that the subject is in the upright and supine position res-
pectively at these two times. The change in the PEP/LVET ratio in'these.two
posltlons is in the expected direction for posztlonal changes as reported in

the-. llterature;la Thls change also closely tracks the p051tlonal change in

'PEP/LVET'ratlo as measured by the carotld in the control trac;ngs.

Flgures 14'and 15 show tgpical traczngs, with the.assoc1ated activities;

on another subject.

K
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DISCUSSION .
5
; \ i g S e - - 6,7,8
The techniques and methods originated by Spodick and colleagues” - and

further déveloped here present a reliable and predictable system for ambulatory

’

monitoring of systoiic time intervals. The potential appliéation of these

methods as both research and cliniéal tools is very great.
The methods developed here will allow the subject to perform daily acti-

Vities.wﬁile being evaluated. Information generated.from this type of study .

could be vidluable not only in drug studies but also -to our ﬁnderstanding of

' physiology and hemodynamics.

We héve-airéady begun a'research_sfud§ in which normal.subjects are moni-
.Zored whi;e éoing prescribed activities at ;pecified times. The sgstoli& time;
intervals ‘are bé?ng ddcuﬁented for each activity. This includes céﬁparisbns.j -
of coronary patients éna age-matched normals dqringitheir daily routine and while
performing identical tasks at specified times. l .

Another exciting area of application of this technique is 'in the simultaneous

3 = .
evaluation of the effects of cardiac drugs on arrhythmias and ST segment devia-

- %

‘tions (ECG 'cbannel)-and sgstolic'time intervals, (both channels). .Previous

studies évaluating the effects of drugs on systolic time intervals have been con-

fined to the laboratory usually with the sﬁbjeqt at rest or post—éxercise. e

The technigques presented here, however, are by no means>optima1. Modifications
.and_improvem;ngs in the methods should develop with experience. . Fe still have
much to 1earn'abput the scanning process. Currently, the technicians are trained

to scan the tape electrocardiogram only. The pulse is looked at secondarily as

a result of changes in ECG or rate. ve would like to develop a teéhﬁique of
scanning the pulsc curve itself for changes.
The scanning apparatus used in this study has digital readout and analog

trend printout of both heart rate and sT-level. For routine evaluztion of sys-
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tolic time intervals, similar displays of 1eft ventricular e]ection time

and pre—ejection period would be desirable.»

Circuitry which will give a digital readout of LVET and PEP is currently
'under development in this laboratorg. If, possible, we would like to wire this
unit into the scanning.apparatus so that a constant digltal readout of LVET
can be monitored while scannlng.u- A

Anotper aspect of the technique presented here'which could be improved
is in'the earpiece itself. The burnzng problem on the ear was resolved. in a
crude fashion by 51moly dlSSlpatlng the heat with 1nsulat1ng material. A more

sophistlcated approach would be to 11m1t the energy loss of the light by selectlnc ;

a single freguencg llght source and a matched freguency—sen51t1ve photocell R

- S

This would not ,only orevent burning of the ear but would also 51gn1ficantly

expand battery life.

It is evident that-these and many other changes could improve the technigie
for ambulatory spstolic time. interval eValuation. Yet, as it stands, a reliaple 5%,
and prediétable method has been presented. i :

We will continne to apply, improve, and develop this technioue 1n this

1aboratory. We hope that others will find the methods presented to be useful as

both research and clinical tools.
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TABLE I i 5 : ' :
g il Wi CONTROL VALUES .
SUBJECT KK 2
Position Method HR Q-Upstroke .LVET  PTT DPEP Ratio
‘ . (beat/ (msec) (msec) (msec) (msec)
o .- min) i . : :
-.Sit - ‘Carotid 77 132 . 238 26 104 0.4
o Ear - .17 179 .'240 61 118 0.4
Stand Carotid = 86 124 214 27 97 0.4
. Ear ‘86 164 -218 58 106 " 0.4
Supine Carotid 72 116 272 26 90 0.3
Ear 72 162 274 66 © 96 0.3
SUBJECT BH
~Sit ~Garotid 85 146 48 . 98 242
Ear 85 182 20 92 249 0.37
Stand Carotid 96 - 132 38 94 216 0.44
Ear 96 - 179 93 ° 86 223 0.39
Supine Carotid 78 127 41 = ¢ 86 266 0.32.
: Ear 164 82 82 274 0.30




TABLE II

7 -\

AMBULATORY MONITQORING OF THE SYSTOLIC TIME INTERVAL

SUBJECT: K.K. - -ACTIVITY LOG >
Q-EAR| PEP |LVET | RATIO QUALITY OF | CORRECTEL
"TIME ACTIVITY HR msec |msec.|msec.| msecC. TRACING : BR
ntrol Sittine Non-Inv.| 88| 168 | 106 | 220 | 0.49 +3 268
» ) Lab. : v e '
:09pm! Standing .- 90|176 | 114 | 208 ] 0.55 +4 257
:37pm} . in Non-Inv. Lab.- 96| - - oo - AT s ¢ i
Walked to the : . ke T
- A5pm Bathroom 98 | 158 96 212 | 0.45 +3 272
:47pm . 109 | 160 98 | 220 | 0.45 14" - 297
x_S' Bathroom B.M. 60| 140 | 78 | 268 | 0.29 +4 268"
-.55pm| (sinus arrhythmieY 91| 154 92 | 232 | 0.40 +4 286
.| Came out from i ' T
:56pm] Bathroom * 97 | 176 114 | 234°| 0.49 +4 300
'Standing in. the . : '
::01lpm Room 93] 186 124 | 224 | 0:55 _+3 280
: Walked to the : £iin
.:30pm| Cath Lab. 108 | 120 58 | 204 | 0.28 +2 276
"Walked to the 5 A : :
::06pm| - Parking Lot 110 | 158 96 | 214 | 0.45 _+2 289
Went back to W j '
::14pm home. 881 - - - - +1 -
T:51lpm Supper 105 - - - - +1 -
“.01pm| Right after Eatind 97| 154 92 | 218 | 0.42 +2 279
:llpmi Sitting in chair 86 | 148 86 236 0.36 +92 284
Readine Newspaper| 1177] 150 g8 | 190 | 0.46 +2 268

L o:13pm}




*cont'D _( / \\
Q-EAR | PEP |LVET | RATIO |QUALITY OF | CORRECTE
TIME ACTIVITY HR | msec.|msec.|msec. msec. TRACING ET
":34pm. |Sitting ‘on Sofa 84 | 160 | 98 | 240 | 0.41 +2 285
":40pm |Watching TV 95 | 168" |106 232 .| 0.46 +2 294
::00pm. " 88 | 150 88 226 | 0.39 +2.43 - 276
Sitting, slight : ; '
::03pm. |palpitation 118 | 150 | -88 178 | 0.49 +1~+2 251
Walking, .carrying : S _ ‘ el
1:13 pm|251b. daughter - | 104 | 170 108 202 | 0.53 4243 265
-39pm. [Lying on Sofa 92 | 156 | 94 | 240 | 0.39 +3 300
3:12 pm|Writing letters | 90 | 160 | 98 | 232.| 0.42 +3 - 286
>:49pm. | - " .97 | 156 94 232 | 0.41 +3 297
“9:46pm " g4 | 168 |106 | 216 | 0.49 +2 43 257
-9:51pml| wel 96 | 162 |100 | 226| 0.44 +3 286
| VWatching T.V. |~ e 1o
-1:17pml| News | 89 | 160 | 98 244 | 0.40 +2~t3 301
-1:34pm} A large cup of tda117 | 154 | 92 | 188| 0.49 +2~+3 265
" 72 | 126 | 64 | 228| 0.28 +27+3 250
-1:55pm| Writing letter 78 | 146 | 84 | 266 0.32 +3~+4 306
~2:28am v’ s | 178 | 116 | 246| 0.47 14 300 -
16am | Sleep temporétrily 68 | . 160 98.' 284 0.35 44 305
- 15am | Woke up 118 | 154 92 204| 0.45 +2 287
Z-931 am Sl(‘bping G3 160 a8 300 0.33 - ¥5 309




s ( AL
Q-EAR| PEP |LVET | RATIO QUALITY OF | CORRECT
TIME ACPIVITY : HR msec, !msec,.lmsec .| msec TRACING ET
, Woke up i >
3-10am| Walked to Bathroom 112 | 126 64 204 | 0,31 +4 279
3:31am| Sleeping 63158 | 96| 282 | 0.34 +5, 291
- 4:06am| Sleeping 68| 154 92 | 280 | 0.33 15 301
4:58am| Sleeping 66| 152 90 | 288 | 0.31 +5 303
 5:42am| Sleéping 661 150 88| 284 | 031 +5 299 _
; Woke up : :
6:12 am.Lving . 78 | 152 90 | 266 | 0.34 +5 205
Washing teeth,, i ; :
6:16am) Shaving 132 | 142. 80 | 182 | 0 44 et | 279
6:40am| Sitting on chair-| 9al172 } 110 ['232| 0,47 | som3 200_
7:082m.)| Breakfast 123 ] 150 88 | 170 | 0.52 +2 243
7:13am | " : 130 | - & - i +1
' : Wéntlto'ﬁ@e, weak battery sourge
7:322m.parkingAlot. 115 - - = - - +1
8:02am |Watching T.V. o I O - X P
: 77
8:06am.)| Driving 122 = i = = +1
Came to the
8:12am| hospital. J_100 . = = g 41
Basic Tracing ° HR Q- LVET. PTT PEP RATIO
A upstroke g
Sitting ' 6 TR _
Ear Densitogram 2T AT 24 61 118 0.49 273 379
, Carotid pulse 77 832 238 28 104 0.44 270 37%
Standing . ;
Far Densitogram 86 164 218 58 106 0.49° 263 373
Carotid pulse §6 124 214 27 97 0.45 258 369 - |
Lying g |
Ear Densitofram 72189 . 234 GG 96 0.35 301 360,
Carotid pulse 72 116 272 26 90 0.33" 299 358
P1%a . Centmal PTT . 27mscc. - |
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Final Model Schematic
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Figure 12
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