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(57) Abstract

A penile rigidity and tumescence monitor and
apparatus including a transducer apparatus (20) for
providing output signals indicative of penile rigidity
and tumescence throughout a penile tumescent
event. A control apparatus (22) being operatively in-
terconnected to the transducer apparatus (20) for
providing control thereover. A control apparatus
(22) also provides for acquisition and storage of pe-
nile rigidity and tumescence data represented by the
output signals received from the transducer appara-
tus (20). The transducer apparatus (20) includes
readily detachable loop-like portions (38) enabling
replacement of the loop-like portions (38).
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NOCTURNAL PENILE TUMESCENCE AND RIGIDITY MONITOR
HAVING DETACHABLE LOOPS

Background of the Invention

The present ‘invention relates to a nocturnal penile
tumescence and rigidity monitor. More particularly, the
present invention relates to a nocturnal penile tumescence
and rigidity monitor including detachable loops.

As previously indicated in United States Patent
4,766,909, filed November 5, 1981, and U.S. Patent No.
4,474,187, studies have shown that men with psychogenic
impotence generally have normal sleep erections, whereas
men with organic impotence have sleep erections that
correspond to their impaired wake performance. Such
studies have alerted the scientific community of the
potential usefulness of nocturnal penile tumescence
monitoring in the differential diagnosis of sexual
impotence. As a result of the recognition that nocturnal
penile tumescence ~monitoring can be of assistance in
diagnosing male erectile impotence, various types of
devices and techniques for conducting such monitoring have
been developed.

In an article entitled "A Simple and Inexpensive
Transducer for Quantitative Measurement of Penile Erection
During Sleep", Behavior Research Methods and
Instrumentation, Volume 1, No. (7), pages 251-252, 1969,
Ismet Karacan describes a mercury strain-gauge transducer
for detecting penile erection. The trans-
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ducer device is an elastomeric mercury filled tube which
is suitably cénnected to a Wheatstone Bridge and
amplifier circuit for reéording purposes. As the
transducer changes size during penile erection, its
electrical resistance changes thereby causing the
amplified output from the Wheatstone Bridge to change.
The amplified changes in the output are recorded
enabling penile activity to be recorded.

In an article entitled "Some Characteristics
of Nocturnal Penile Tuﬁescence in Young Adults",
Archives General Psychiatry, Volume 26, pages 351 -
356, 1972, Ismet Karacan et al. describes the normative
characteristiés of nocturnal penile tumescence (NPT) in
a group of 20 to 26 year old men who were measured
during continuous all-night recording utilizing the
mercury strain-gauge transducer. /

Additionally, a nuﬁber of devices and proce-
dures for monitoring penile tumescence during sleep are
noted and referenced in an arficlerentitled "Sleep
Related Penile Tumescence as a Functicn of 2ge”,
American Journal of Psyghiatry, Volume 132, page 9,
September 1975.

In U. S. Patent No. 4,103,678 issued to Ismet
Raracan et al. an apgaratus is disclosed for recording
minute variations in mercury strain-gauge transducers
Ddsitioned at the base and the tip of the penis.

The above-referenced mzterials relate to rnoc-

turnal penile tumescence activity and not to the

——
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measurement of penile rigidity or hardness during the
tumescent event. While it is recognized that nocturnal
penile tumescence activity is important to the eva-
luation of organic impotence, another significant
aspect in evaluating organic impotence is the quality
of rigidity or hardness achieved during the penile
tumescent event.

fhe mercury strain-gauges described by Ismet
Karacan provide a measurement of the change in penile
size during a penile tumescent event by changing their
impedance as they expand and contract with variations
in the penis circumference. The mercury strain-gauges
do not, however, provide for measurement of penile
rigidity or hardness since the strain-gauges are very
elastomeric. A very slight amount of force will fully
expand the strain-gauges just as would a larger amount
of force.

In addition, the mercury strain-gauge necessi-
tates a rather elaborate monitoring mechanism. The
monitoring normally must occur in a health care facility

under the supervision of trained professicnrals.

'~ This requires that the patient may be in the health

care facility overnight and be subjected to fairly ela-
borate testing. In addition to creating a substantial
imposition on the patient's daily routine, substantial
expense is associated with the support facilities and
support personnel reqguired to obtain valid test

results.
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? In an article entitled "Nocturnal Penile

‘; Tumescence Monitoring with Stamps", Urology, Volume 15,

pages 171 - 172, 1980, a stamp technique is described
for detecting complete nocturnal erection for the eva-
luation of impotence. 1In this techniqgue, -a strip of
four postage type stamps is wrapped snuggly around the
penis, and the overlapping stamp is moistened to provide
a one half to one stamp overlapping seal. The nocturnal
penile tumescent stamps, each one and one quarter by one
inch, are made on ten by eight inch sheets of paper
having water base glue on the opposite side. The

patients or subjects are able to perform the evaluations

at home rather than go to the hospital, resulting in

substantial financial savings. The article incdicated
that three nights of inhospital nocturnal penile
tumescence testing including direct observation of indi-

cated erections and physicians professional Ze2,

currently cost roughly $500. The stamp testing method

costs $7.50 for three nights of outpatient testing.

The stamps have a tendency to release aiter

being wetted and stuck together. 1In adéition, the

force required to break the periforations betwezn adja-

cant stamps varies substantizllyv. Thus, the zabcve

.

described stamp technique coes not provide & msthod for

detecting a predetermined penile rigidity cr hardness.




In United States Patent 4,766,909 and U.S. Patent No.
4,474,187, there 1is disclosed threshold penile rigidity

measuring devices which provide for accurate measurement
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- of a predetermined penile rigidity during a penile

tumescence event. However, while these devices provide
a safe, simple, accurate and reproducible test which can
be used at home to provide a very effective tool in the
evaluation of impotence, they do not provide for
measuring and recording of penile rigidity at various
times throughout the tumescence events and accordingly
do not provide any record or indication of the duration
which the rigidity is maintained. These devices
included a ring-like structure having an attachment
mechanism for releasably attaching the ring-like struc-
ture to a penis. Associated with the ring-like struc-
ture is an apparatus for detecting a predetermined force
in the penile tumescent event.

United .. States
In U.S. Patent No. 4,315,166 and Se—tat—No=

Patart 4,6063s3 '
Xflled March 19, 1985, there is disclosed a

penile rigiditv and tumescence monitor apparatus

=
n

comprising transducer means for providing output signals

cr

indicative of penile rigidity and tumescence.
Operatively associated with the transducer means is

control means for providing control cf the transducer

h

means. The control means provides Zurther Zor the

acquisition of the output signals f£rom the transducer

nal

n

represented by the output si

‘g
[e]

m

the penile rigicditv and tumescence monitor included a
dortable housing having an elongateé, non-distensible,

flexible member extending therefrom. The elongated - .,

N
A
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member was constructed and arranged to form a loop-like
portion at a first end, the loop-like portion being
adapted for releasably encircling a penis about the cir-
cumference thereof. The elongated member was further
slidably enclosed within a flexible, non-compressible
conduit between the loop-like portion and the housing,
the non-compressible conduit being suitably attached to
the housing. Should the loop-like portion, and/or the
elongated member be damaged, the nocturnal penile
tumescence and rigidity monitor must be serviced at the
factory. This results in lost time and is rather
costly. Moreover, in typical usage, the loop-like por-
tions are used many times over, being disinfected bet-
ween uses. In view of the public's concern with cross
contamination, this could negatively affect the usage of
the tumescence and rigidity monitor. Moreover, the

patient might potentizlly be exposed to transmission oI

rn
(a3
o
o
'_‘
-
=
(]

disease from one patient to the next i ovp-1i

-

|1 5
¢!

v

[\l
h
r
®
"

iticnal

0

portions are not properiv cleaned. Ad ’

o
'g

eriod of time, a loss c¢f loop performance is

The present invention ovsrcomes these and many

other problems associated with currently available

devices.
The present invention relates to a penile
rigidity and tumescence monitor apparatus comprising © °

cr
)

-

" wicl. naay _provide . R
nsducer means fes_—swacisfog outout signals indicatiwvp "
% .
a

'.':3’ L ’
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. C e v dlov ,
of penile rigidity an Ktumescence. Operatively usso-
ciated with the transducer means is control means for
providing control of the transducer means. The trans-
ducer means includes readily interchangeable loop-like

portions adapted for releasably encircling a penis about

the circumference thereof.

In one embodiment of the present invention,
the apparatus includes a portable Housing having an
elongated, non-distensible, flexible member extending
therefrom. The elongated member is constructed and
arranged for forming a loop-likz nortion at a £irst end.
The loop-like 'portion is adapted for releasably
encircling a penis about the circumZerence thereof. The
elongated member is slidably enclosed within a flexible, -

non-compressible conduit between the loop-like portion

or

h

and

(]
V-

f

housing, the non-compressinle conduit being
<ch

suitably zttached to the hcusing. The elongated member

is slidably enclosed within a soft, ccllapsible sheath

n

along the loop-like portion, wherebv changes in the
penile circumference result in a displacement oif the
elongated member within the non-compressible conduit and
the soft, collapsible sheath. The sheath is readily

detachable from the conduit such that the sheath of the

loop~like portion can be resacily detached and
interchanged with another shezth member, wherebv the
loop-like portion is effectively detached and replaced
in a very efficient, inexpensive fashion.

Tha prazferred embodiment of the invention
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includes biasing means positioned within the housing and
operatively interconnected to a second end of the
elongated member within the housing for placing the
elongated member in a tensioned condition.

Additionally, the preferred embodiment includes means
operatively interconnected to the elongated member for
exerting a predetermined force on the elongated member
by pulling on the elongated member, the force tending to
reduce the size of the loop-like pcrtion. A sensing
means senses displacement of the elongated member caused
by exertion of the above-mentioned force and provides an

output signal indicative of the displacement and, accor-

1\

dingly, of penile rigidity, as the penile rigidity will

2ffect the amount of displac t wnich occurs when the

D

me

3

force is exsrted on the elongated mamber., Control means
operatively interconnected to the sensing means provides

storage o3
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penile rigiditv and tumescence data represented by the
output signals, the control msans zlsg providing Zor

ctivation of the force means a ecdetermined inter-
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In one embodiment of the invention, the means
operatively interconnected to the elongated member for
exerting a predetermined force includes a torgue motor
operatively interconnacted to the elongated member for
periodically exerting a force on the elongated member
sufficient to place the elongated member in tension.

In one embodiment of the invention, the
sensing means includes an angular potentiometer operati-

vely interccnnected to a drive shaft of the torque

motor. Accordingly, as the elongated member is
displaced, the potentiometer wiper voltage changes in
direct relation to the displacement of the elongated
member.

The predetermined Zorce meaﬁs in one embodi-
ment of the present invention includes the torgue motor
operatively interconnected to the elongated member. - By

passing a fixed, predeterminsd current through the

11 ancther smbcdiment of the invention,
the transducer means moniters penile tumescence only.

Additicnally, in %he preferrad embodiment of the presant

(1}

invention, a2 sacond %ransducer is mounted within the

wherebd
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concurrently tested.

The present invention is particularly advan-
tageous in that in the preferred embodiment it provides
for continuous monitoring of penile tumescence and
further provides for measurement of penile rigidity
throughout the tumescent event. Accordingly, the pre-
sent invention provides a trate or record of the
tumescence and rigidity at various times throughout the
penile tumescent event and provides for measurement of
rigidity duration.

Furthermore, the present invention is ambula-
tory, enabling its use at a remote site, such as a
patient's home, away from the hospital. Accordingly,

the testing or screening can be performed with very

H

<
"t
(0]
[
ct
-
3
[
(o)
r{
1)
(9]
jo 3
(1))
0
[ o4
'_l
o

cr

ittle impact on a person's dail

bv not resguiring thzt tn

®
n
ur

({
O

ject stzy cvernight in a

4

health care facility. &dditionally, the present inven-
tionin its simplest form reguires 1little support
equipment, special facilities or support personnel.
Thus, the present invention provides a simple but

effective and accurate technique Zfcr menitoring penile

rigidity andé tumescence during penils tumescent events

n

while a person is sleeping at hcme. Additionally.

since there is no tape, intravenous tubing, or other

[o])

o

(1]
O

complicated attachments to &th y, there is no discom—

o

hereby zllowing the

y e . .
rt or risk to the patient

~
o

testing is periormzd. -
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1 i In the preferred embodiment, the present
invention further includes a central processing unit
programmed with an algorithm so as to be.capable of

detecting patient tampering thereby greatly increasing

'the integrity of the data obtained.

In yet other embodiments of the present inven-
tion, the penile tumescence and rigidity monitor inclu-
des a data communications link capability so as to
permit repetitive nightly testing at home (or at a
remote, familiar site) without necessitating personally

bringing the collected data to the hospital/clinic for

interpretation.
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member is detachable from the housing. In yet other
embodiments the elongated member and the non-
compressible conduit are both detachable from the
housing.

These and various other advantages and
features of novelty which characterize the invention
are pointed out with particularity in the claims
annexed hereto and forming a part hereof. However, for
a better understanding of the invention, its advantages,
and objects attained by its use, reference should be had
to the drawings which form a further part hereof, and to
the accompanying descriptive matter, in which there is
illustrated and described a preferred embodiment of the

invention.

In the drawings, in which like ra2fersnce numerals
ané letters indicate corresponcding ctarzs throughout
the several views;
TIGURE 1 is a diagrammaitic view ¢f a greisrre
embodiment of a penile tumescence and rigicdity monitor
in accordance with the principles of the present inven-

tion;

the presert invention at a ramote location ané a

crogrammable scanner apparatus and its associated
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Figure 3;
generally
generally

generally
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peripherals at a central location;

FIGURE 3 is a fragmentary plan view of an

embodiment of the present invention with portions

thereof broken away and shown in section;

FIGURE 4 is a sectional view as seen generally

longitudinal axis of the elongated member of

FIGURE 5 1is an
along line 5-5
FIGURE 6 is an
along line 6-6
FIGURE 7 is an

along line 7-7

enlarged sectional view as seen
in Figure 3;
enlarged sectional view as seen
in Figure 3;
enlarged sectional view as seen

in Figure 3; and

FIGURE 8 is a sectional view as seen generzlly

zlong line 8-8 in Figure 7.

————— e ot -
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20 and providing for control over the transducer appara-
tus 20 function and for the logging or storage of penile
tumescence and/or rigidity data collected by the trans-
ducer apparatus 20. The transducer apparatus 20 and the
control apparatus 22 make up the ambulatory nocturnal
penile tumescence monitor of the present invention. As
further illustrated in Figure 1, the preferred embodi-
ment of the control apparatus 22 may be operatively
interconnected to a peripheral housing 24, preferably
including an adaptor/charger 26 enabling the control
apparatus 22 to be recharged by plugging the adaptor 26
into a conventional 110 volt alternating current outlet.
Additionally, in the preferred embodiment, the
peripheral housing 24 is shown as inclucding a modem 28
enabling transfer of data £rom the nocturnal penile
rigidity and tumescence monitcr apparatus to a remotsly
loczted system scanner 30, preferably including a
programmable central processing unit such as & DdsTsconzl

comzputer 2z, as generally illustrated in
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the transducer apparatus 20 of the preferred embodiment
includes an elongated member 40, preferably a polymer
+coated, woven, non-distensible, cable which extends from
a housing 42. (While throughout, reference is made to a
single elongated member and loop-like portion, it will
be appreciated that the preferred embodiment of the pre-
sent invention includes two such elongated members and

loop-like portions 38a, 38b, as generally illustrated in

Figures 1 through 3 so as to provide for testing of the
tip and base pecrtions of the penis. Moreover, each of
the elongated members 40 in the embodiment shown are
interconnected to a separate motor, pulley and poten-
tiometer arraﬁgemen: in the housing 42.) The elongated
member or cable 40 is slidably enclosed within a
flexible, non-compressible concduit £4, zlso refsrred to
as a tensioning guide, and a scft, collapsizle sheath 46

near a distzl end thereof. Wwhasn used, “he flexible,

. . . s s . L .
the e2lcngated msmber 4C is displaced. As illustrated in |
e .o ] de [ -~ 2 .

figure -2, the shezth 458 inzludes 2 mezal mzle ccnnec:tor

£1 Zixedlv secured to the sheath 45 a= =z distal ené
thereof znd a Zfamals socks: connector 43 facing toward

the inside of the shezth 46. The mzle connector member

- e

s = = e - —— g o e ¥ .
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41 is configured and arranged to interconnect with a
female connector 39 mounted proximate the distal end of
the conduit or tensioning guide 44 when the sheath 46 is
looped back on itself so as to form the loop-like struc-
ture 38. The female connector 43 is configured to con-
nect with a male connector 45 crimped onto the end of
the elongated member 40 passing through the conduit 44.
The proximal end of the sheath 46 has a metal female
connector internally threaded so as to threadably inter-
connect with a corresponding externally threaded male
member 4% proximate the distal end of the conduit 44.
The aperture in the female connector 47 is large enouch
to enable the male connector 45 on the end of the
elongated member 40 to pass therethrough.

Interconnected to the £female connector 41 is a loop-like

wm

mamber 51

The sheath 46 is positioned on the end of the

conduit £2 by threading the mzle connectecr 45 on the end
of the elongated member 40 through the length of the
sheath 46. Using Zinger gressure through the sheath 49

or a special tool adapted for such purpose, the metal
connector 45 is pressed into the Zemale connector 43

ded connector member 47
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is then threaded onrio the end of the threaded member 42,
whereupon the assembly is cocmplete. The locp-like per-

tion is then Zormed by locping the elongated member 40

and sheath 46 back on itself and inserting the male con-
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The sheath 46 can be removed from the
elongated member 40 by unthreading the threaded member
47 from the threaded member 49. The threaded end por-

tion of the conduit 44 is then grasped, i.e., with two

fingers of one hand, and the loop-like portion 51 is
grasped in one or two fingers of the other hand,
whereupon the conduit 44 and the loop-like portion 51
are pulled apart until the male connector 45 is discon-
nected from the female connector 43.

The loop-like portion 51 can be used as a
safety loop to release the loop-like structure 38 if
necessary, thereby preventing any inadvertent injury to

the penis.

ts illustrated in Figure 4, the conduit 44 is
suitzbly enclcosed wizhin biclogically inert sheaths 37,

motor 66 whose érive shaft 67 is interconnectel ToO an

tiometer 62 are generally aligned, the Zlexible tubing

63 allews Zor some misalignment. The tforgue motcr 66

e ——t — - = e -
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drive wheel member 54, also referred to as a drive
pulley member, and a cable wheel member 56, also
referred to as a cable pulley member. The drive wheel
54 and the cable wheel 56 are in turn mounted wichin a
bore of a rectangular housing 55 which in turn iz
suitably connected to the bracket 52. The drive wheel
54 is fixedly interconnected to the drive shaft 67 by a
threaded pin 53 which is threaded into a cylindrical
bore correspondingly threaded on the inside surface
thereof so as to engage the drive shaft 67. A bearing
assembly 47 is press-fitted onto the drive wheel 54 and
the cable wheel 56 so as to enable relative rotation
between the drive wheel 54 and the cable wheel 536. As

illustrated in Figures 6-7, the cable wheel 3536 Zfurther

includes a longitudinally projecting pin memdsr 51 tosi-

g
-

-

oneé in an inner croove 57 of the cable wheel 36. Tie

Din member 31 and the ithreaded locking zin 33 cooperate

such that the locking pin 53 engages the pin 31 after
the crive whieel 534 has been rctated a distance,

whereupon the drive wheel 54 and the cable whesl 56

rotate together as the crive shaift 67_rotates. Hdowever,

when the threaded locking £in 33 and the pin 51 are not

in engagement, as iliustrated in Tigure ©, the cabls . |

wneel 36 is zlloweé Lo rotate Ifreeliv of :the drive wheel
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and further function to engage the wheels 54 and 56 such
that the wheels 54 and 56 rotate together, whereby the
pin 53 serves as a driving member and the pin 51 serves
as a driven member. 1In Figure 6, for example, the
wheels 54 and 56 are shown in a disengaged state. As
illustrated in Figure 8, access to the locking pin 53 is

obtained through the apertures 96c in the housing 55 and

'96d in the cable wheel 56.

The potentiometer 62 is interconnected to the
cable wheel member 56 by the flexible tubing 63 which is
slid over a projecting collar portion of the cable wheel
56. The potentiometer 62, detects angular displacement
of the cable wheel 36. As previously discussed, the
£lexible tubing 63 zllows Zor misalignment of the poten-

tiometer and motor shzfts while creating no Zorces on

the cable wheesl 56 which would interfere with the Zree
rotaticn cf the cable wheel 356.

The above described desicgn enables the Zforces

directly throuch the cable wheel 56 to the drive motor
7 by way of the bearing assembly ¢7 and the drive

wheel 34, 2lthough not shecwn, the motor shaft 67 is
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uptorted bv bearings in the motor housing,
thereby provicding maximum suppo-t and concentricitv to
all parts. The cable wheel greoove 37 is racdially

alicned over the bearing assembly 47, the threaded -
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lonagitudinally positioned as close as possible to the

bracket 52 on the motor side in an effort to reduce

friction and torque in the motor bracke

t assembly. As

the cable wheel 56 rotates due to displacement of the

elcngated member 40,

the potentiometer 62 is turned,

providing

an indication of the loop diameter.
As illustrated in Figure 4, the conduit 44 is

interconnected to a mounting member 90 of the

removably

housing S5 by a metal bayonet fitting 91, the mounting

member 90 being suitably secured to the

housing 35 and

defining a passageway for removable receipt of the

bayonet f£itting 91 and the conduit 44.

ari

- - -

member or cable 40 has a sph
its end and extending beyond the

serve as an anchor for anchoring the

5. The bavcnec

1

the concuit 4

The elongated

cal member S$2 attached to

n

in an inner waill of the connector member 90 such that
the bavcnet connector 91 engages zn engagement pin 93,
which is normallyv Sizsed iato znerzuras Sfz of she canis




WO 87/04333 PCT/US87/00124

=21~

wheel housing 55 and 96b of the cable wheel 56 by a
. spring tension member 97, which is mounted on the cable
wheel housing 55 such that the engagement pin 95 is

forced out of the groove 96b of the cable wheel 56,

therby allowing the cable wheel 56 to freely rotate. As
the spherical member 92 leaves the end of the conduit

44, it is forced into an aperture or seat 98 of the

cable wheel 56 and an outer groove 99 of the cable wheel

| 56. As the cable wheel 56 rotates, the metal spherical

member 92 is retained in the seat 98 of the outer groove
99 as generally illustrated in Figure 5. As the pin 93
of the bayonet fitting 91 reaches the end of the slot
94, it 1is rotated ninety degrees to the side and
released such that it is forced inio a2 longitudinally
extending groove portion of an L-shaped cgroove 101 of

. e Eiea . .y L1y e s
the bayvecnet fitting 91, as gererzlly illustrated in

<

ure 5 in phantom line. Thus, the elongatzsd membder 20
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and its associzated tsnsion cuide 44 are att
cable wheel housing 33. Additionally, the elongated

ne cable wheel 56 by the

o

member 40 is attached to

herical member ¢2. . Additionalliv, the encagement 2in

0
'y

93 is removed Zrom the aperture 96b of the cadble wheel

.

56 sucgh that =he cable wheel 36 is free to rozate. As

("

P e

O

llustratec in Figurs 3, £he connec:icr membder =0 and the

Davonet fitting €1 ars rzadilv accessible frcm ouzside -

the housing 42 such that ths tension de &4 and cable

[e]
[
yae

40 can be reacdily detached ancd replaced.

The cable 20 and tension guide 44 zssembly “is.
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removed from the cable wheel housing 55 by first fully

extending the loop-like portion 38 so as to pull on the

cable, thereby rotating the cable wheel 56 and bringing

the spherical member 92 to the end of the conduit 44.
While keeping tension on the loop-like portion 38 and
thus the cable 40, the bayonet fitting 91 is pressed
inward, rotated ninety degrees counter-clockwise and

released. The tension guide 44 and cable 40 are then

removed from the connector member 90. As the tension

and cable 40 are removed, the engagement pin 95

1§

guide 4
is released, which then locks the cable wheel 36 in
position for subsequent re-insertion of the cable
assembly.

The angular potentiometer 62 micht be a 10K
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supplv. 3v passing a fixed, known current through the
torqQue motor wiien the tumescence occurs, a cazlibration

force can be exert=d cn the locp-like portion c¢f the

elongated member 40 encirzcling the penis. The rssulifant
cadle displacement in zssponss £o :his calibrated force
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is a function of the compressibility or rigidity of the
penis. By repetitively cycling the motor current at
timely intervals, a regular sampling of penile rigidity
obtained during a penile tumescent event is obtained.
The torque motor 66 might be activated at varying inter-
vals, so as to apply a force sufficient to place the
cable 40 in a predetermined tension. After each
sampling interval, the motor 62 is preferably reversed
such that the threaded locking pin 53 is disengaged from
the pin member 51 as generally illustrated in Figure 6.
This frees the cable 40 so as to loosen the loop-like
portion 38 and allow the cable wheel 56 to be rotated by
pulling on the cable 40 when one wishes to remove the
cable 40 and tension guide 44 from :the housing 42.

The outpuss of the transducer apparatus 20 are

the DC motor current representative of the moter torgue

developed and the potentiometer wiper vcltage rapre-
senting loop displacement and psnile circumierencs
change.

In use, the end of the eloncated member 40 is

Dositioned around the circumference ¢ the za2nis so as

flaccid penis. As penile circumference chznges, the

displacement of the elongated member 40 will change.
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The potentiometer wiper voltage changes in direct rela-
tion to displacement of the elongated member 40. To
measure rigidity, a fixed, predetermined current might
be passed at predetermined intervals through the torque
motor 66 when tumescence is detected, so as to exert a
calibrated force on the loop-like portions 38 encircling
the penis having a tendency to compress the diameter of
the penis. The cable displacement in response to this
calibrated force is a function of the compressibility or
rigidity of the penis. Repetitive cycling of the motor
current at timely intervals provides a regular sampling
cf penile rigidity obtained during a penile tumescent
event.

s illustrated in Figure 1, the control

o

apparatus 22 is operatively interconnectsed to the trans-

ducer apparatus 20 to provice & zero to five amp
veriable direct current suppliv to the tforgue moter 686

and a clus five volt reference voltage Zor the poten-
tiometsr 62, &s illustrated in Figure 1, the control
apparatus 22 micht include a2 DC hatiery power source 70
such as two DC batteries, a power supply 72, a position
sensor 74, and an electronizc control unit including an

internal clock 76, a programmable central processing

ferable include a2 memory ba:zkup, and an interface unit

3

€2. The baitery powar scu

- i . -
ce 70 orovides the power Zcz

)=

the power supply 72 which in curn provicdes the dirsct

current to the torgue motor 66 and the plus five volt
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reference voltage for the potentiometer. The position
censor 74 senses the potentiometer wiper voltage indica-
tive of loop displacement and penile circumference
change. The internal clock 76 is utilized to determine
the time and date that various events occur while the
central processor hnit 78 provides £for control over the
power supply 72 and the storage of penile rigidity and
tumescence data in conjunction with the data logger 30.
The interface unit 82 enables interface communicztions
with the modem 28 and/or the tape deck 34 and any other
peripheral equipment as required. Accordingly, the
control apparatus 22 performs all transducer apparatus
control, data écquisition and storage, and peripheral
interface communications.

The transducer apparatus 20 and the control
apparatus 22 are preferably contained within the same
portable mounting frame. Additionally, the mounting
Zrame or housing 42 is configured such that the noctur-

nz2l penile tumescences and rsigidity monitor is ambulatory
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Figure 2, wherein a belt 84 is illustrated as being
attached to the housing containing both the trznsducer
apparatus 20 and the conirol agparatus 22.

Complete znd unguestionable operation of the

control apparatus oI one embodiment 0f the present

invention implemented tc perform monitoring of
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ce and rigidity with the monitor electro-

‘mechanical hardware is as follows:

base and

devices

l. Penile loops are comfortably fitted at the
at the tip of the penis--these will act as tne

that displace circumferences and establish the

quantities of tumescence and rigidity.

interval

All sampling action occurs on a 15 second

which consists minimally of a tumescence

measurement, mild loop force tensioning and motor back

off. The processes of mild tensioning, block rotor, and

backoff

in that order specifically define "tugging." If

tumescence has exceeded a minimum threshold value, the

sampling
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the moni

samnle."

seconds

action consists of tumescence measurement, mild

orce tensioning, strong loop Zorce tensioning,

eL£

ty measurement and motor backof:f.

2. Sampling is an iterative process performed

second interval in synchreny from time-zero when

tor switzh was turned 2n. it time-zero sample

S 0f the relative value oI
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I2 is referred to as the

—

Sample is "15 seconds later, Sample 2 is 30

later, etc. The "sample count" (as this inter-

val count ig refarred zo) reflecte an sven cr odéd value,

sampled.

TS by
-~ cumes

On all odd sa=zple counis, only 4Lumescencs is

Cn ever: sample counts, tumescence ané tuccing

cence has exceeded a threshold vzlue.

- .



WO 87/04333 PCT/US87/00124

-27-

perspective of the sampling procedure is that tumescence
is sampled every 15 seconds; tugging occurs every 30
seconds and rigidity is sampled every 30 seconds only if
tumescence has exceeded a minimum calculated threshold
value.

3. Data pertinent to tumescence and rigidity
is stored in a "session" format--a session is a time
guantification of a nocturnal monitoring period limited
ts 10 hours in durétion. The start and stop times asso-
ciated with this period are stored and every data sample
contained therein is in synchrony with the l5-second
sample period throughout the session. Circumferénce
(tumescence) of the penile base and tip loops is sampled
ana stored in CMOS RAM, cassette tape, bubble or non-
volatile memory every 15 seconds zlong with time and

hardness) cf base and tip is sampled
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every 30 seconds (in svnchrony with tumescence sampling)
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ce has reached a specified 6 mm

.

and including that sample time and is stcred as such
until another value smaller than it replaces it. The
resultant threshold is thus dynamically altered to main-

tzin an accurate referance for the :friggering of rigi-
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measurement, but requireg mild contact to be accurate.
The loop action emulates a constant tension tracking
capability,.wherein it must be tightened mildly (every
30 seconds in even samples) then released such that it
relaxes to a low contact force state at which time
tumescence can be measured. This mild loop force
tensing action defined as "tugging," is implemented by
turning on the torgque motor 66 with a minimum current
resulting in a mild loop-cable pull force. This force
is transferred radi-_.ly to the penile shaft tissue which
resists compression of the loop by the state of its
existing hardness. When the motor shaift fotation rate
(signalled by £he shaft-couple-potentiometer) reaches a
state of minimal travel per unit time (adjustable set
point), block rotor is attained and the torgue motor is
then supplied reverse current for a specified time
(adjustable interval) to rotaticnally back off and
release tension on the loop cable. The processas of

vy 2L s . Cls el P o .
mild tensicning, block rctor, and backcififi in that order

5. Rigiditv sampling (during even sample
counts cnly) is an interactive measuremsnt by which a

prescribed amount "of force is actively applied to the
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cedure for this even sample takes place as follows.
Tumescence (circumference) is measured at the start of
the cycle and the mild loop force action-is applied--at
its block rotor state, a strong current is programmed to
the torque motor 66 resulting in a strong loop cable
pull force. When the motor shaft rotation (signalled by
the shaft-coupled potentiometer) reaches a state of
minimal travel per unit time (adjustable set point);
block rotor is attained. At this state circumference is
measured (that value .with respect to the tumescence cir-
cumference is referred to as rigidity) and stored as
rigidity, and the %torque motor 66 is supplied reverse
current for a specified time (adjustable interval) to

rotationally back off and release tension on the loop

cable. The processes cf circumferential (tumescence)
sampling, mild tensioning, strong tensioning, cizcum-

Te processor such

£am sczanner 30 enables the
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will reside at the clinic or other central site and
collect the incoming ddta from various remote patient
sites.

Preferably the personal computer 32 is user
friendly with extensive use of menus cn a CRT to provide
operator instruction and guidance. Preferably, the
system scanner with its personal computer 32 and various
peripheral equipment will provide the following func-
tions:

1. Monitor initialization, including pre-
paration for patient use, self-testing,
entering of patient name, entering of
patient I.D., updating o¢f the date/time,
entering of the monitor apparatus serial

numb

r, presetting zll acdjustable values
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2. Calibration ¢f the nccturnal penile and

tumescerce rigidif

including recorcding the datz together

with the time and cdate obtained by
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United States Patent 4,606,353, and as illustrated in
Figure 2, the nocturnal penile rigidity and tumescence
monitor apparatus is utilized in conjunction with a system
scanner 30 which is based around a programmable processor
such as a personal computer. The system scanner 30 enables
the setting of adjustable parameters on the control
apparatus 22, provides for analysis of penile rigidity and
tumescence data, and provides for support and hard copy
print out. It is anticipated that the system scanner 30
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cally retrieve session data stored in the
control apparatus 22 or the tape unit 34.
4. Data analysis and print-out including
analyzing and constructing in usable form
for storage and hard copy print-out,
penile rigidity and tumescence data of a
session or a singular event analysis.
Preferably, optional outputs available
from this function would include one or
all of the following:
a) 2D graphic (CRT or hard copy) output

for time versus tumescence/rigidity

plots.
b) 3D graphic (CRT or hard copyv) output
cfi time versus tumascence varsus rigi-

c) Archive data on tape for later recall

5. Collection cf cate from multiple Zield
units by storing data from a particular
¢ unit when pelling the £ield unit

via the modem. Preifsrably the time
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peripheral equipmenc in additiqn to thé personal com-
puter 32. The personal computer 32 will preferably
include adequate memory, for example 64K to 256K, a
keyboard 100 and a high resolution graphics CRT 102. In
the preferred embodiment shown, two disk drives 104 are
also utilized, however, one may be sufficient ﬁor lower
use installations. A modem 106 positioned either inter-
nally of the computer or externally as shown in FIG. 3,
will be regquired at the central site to provide com-
munications with the modem 28 at the remote site. As
illustrated in FIG. 3, the modems 28 and 106 typically
will be interconnected either directly or acoustically
to telephone ;ets, illustrated by reference numerals 28
and 107. The telephone sets 29 and 107 will, in turn,
typically be interconnected by a conventionzl voice
grade telephoneline 118. 1In adédition, if the remote
site utilizes the tape deck 34 or data transfer, a

corresponding tape deck 108 will be reguired at the

centrzl site. For hard copy or print oui purpcses, a
printer and/or plotter 110 will be required.
Ccrresponding RS232C interfacs capabilities will pre-

ferably be utilized for the tape deck 108 and :zhe

[ES

printer and/or plotter 110 interfaces. Additionally, a

]
fu

paraliel interface capability might be presen: for
future enhancements of the svstiem scanner. The various
hardware elements of thes svstem scannasr might have disk

desk tep configuration cptimized for minimal zrza occu-.
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In addition to the hardware requirements, the

software will include appropriate operating system soft-

ware, various utility software such as tape, modem,
multiplexer mode, plotter, and CRT dump capability, and

various interface software providing for calibration,

L

: downloading and direct hookup of the nocturnal penile
and tumescence rigidity monitor to the computer 32 to
enable real time data transfer for real time functional
verification of the tumescence and rigidity monitor. 1In
? addition, software providing for data analysis and
number crunching will also be regquired. For output pur-
poses, 2D and 3D graphic software may be regquired as
well as report form generation software enabling patient
data, session data and graphic summaries for hard copy
patient reporting. 1In adéition, it is preferred that

there be interactive user operation c¢f software for menu

sent invention is the use of a chart recorder in place

'
[{]
0
[o)
"
.
[0}
"
£
-
'_‘
._‘
2.
jo )
9]
._‘
[
o,
o
[\
' |
[+V)
J
1Y)
'_‘
o

(9]
0
oy
[1')
"
T
LA
(1))
(9]
(o)
i
0.
17]
"
0
"t
[\)
Qo
o
r

an analog specified interface (if znzlog) to the noctur-

nal penile tumescence rigiditv moni

'-4
o
o
X
n
U
U
fv
'
[11)
(4
.
wn
£
-
'_‘
':.l
o
o®




WO 87/04333 PCT/US87/00:24

!

_34_

provided for interconnection <f the chart recorder to
the potentiometer output of the monitor apparatus.
Accordingly, the chart recorded will be capable of pro-
viding a hard copy of the tumescence data in the real
time or at the completion of a session. The chart
recorder will preferably be capable of multichannel
operation. While the chart recorder as currently envi-
sioned will provide only 2D graphics capability, it will
be of minimal size enhancing portability.

Typically, use of the nocturnal penile
tumescence and rigidity monitor apparatus will include a

scenario having the following phases of operation:

1. Patiént introduction and monitor initiation.
2. Pztient monitoring session.
3. Transfer of session data.
c. Dzta analysis and reporting.
Prior to patient introduction to the monitor

or disposable bazteries replaced and the monitor appara-
“us is interconnected to the system scanner 30 Zor ini-

atient's name, I.D. numder,

(e
'J
v
l—l
’-l-
(3]
fu
!
H.
0]
3
cr
(o)
()
js )
rr
©®
3]
r
jo
(1]
'y

[11)
(i
(a4
v
0
o
[
[e 9
ctr
(o)
r
2
(]
n
<
0n
or
({3
13
n
O
fv
=}
jo }
o
LB
w
o
-3
=2
[}
'U
fv
ot
'J.
(]
3
(a3
'J
n



L O LT e b el el S e i S M D i e e St b s A S

WO 87/04333

PCT/US87/00124

-35~

introduced to the monitor apparatus by demonstrating
monitor calibration and operation. Monitor calibration
is performed by placing the monitor loops 38 around a
built-in calibration cylinder and pressing a calibration
function key 112 on the housing 42 of the monitor
apparatus. Upon pressing the calibration function key
112, the monitor apparatus will take a tumescence and
rigidity sample. Force/displacement constants are
derived based on the known force applied and the known
rigidity of the calibration cylinder. The constants are
then stored internally for the force displacement
transfer function for determining %“umescence and rigi-
dity. The monitor loops 38 are then placed around the
patient's penis for finger printing. When the calibrate

11 take a

1

function key 1is again pressed, the monitor w
S
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The patient will calibrate, attach and wear
the monitor for consecutive nights until the necessary
data is collected. Singular nocturnal session data may

be downloaded to tape or to modem daily by simply con-

i necting the monitor to the peripheral box 24 containing -
ﬁ the tape deck 34, modem 28 and the AC adapter/charger 26
on awakening. This will transfer the data collected and

recharge the monitor's battery. Session disruption or

patient notations can be made with a patient activated

event marker function kev 116 on the housing 42. Upon

oressing the event marker function key 116, the date and
time is recorded. The patient should then record in a
separate log or diary, the reason for the session

éisruption. This will facilitate interpretation of the

i ' data upon being returned to the clinic or other central-
‘site. -Should the battery be weak or dead, the monitor
may bDe connected to the AC adapter/charger 26 via a2
suitable cecrd connector. While the unit is no loncer

ambulater-y at this point, this is nct expected to be the
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Af<er having collectec the dets, the data is

transierred to the central svstem scanner 30. The
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tumescence and rigidity monitor.
One is the traditional cassette tape transfer
which is proven reliable but somewhat clumsy. The

problem is the size of the tape transport; it greatly

increases the ambulatory monitor's size. It also

requires more battery backup (even though it isn't "on
1 that often in the course of moni-tor session), and that
L

increases battery size and weight. So its integration
into the ambuvlatory monitor £for data storage is unlikely
if the monitor is to remain "an"“ulatory" in the true
sense of the word (which implies light weight, small and
comfortable). The tape deck 34 will be housed in

peripherzl nousing 24 with the battery chargez/AC
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val Zorm. The tzpe, representad 5y refszrence numerzal

Static R3M IC's) in the unit itsels suificien:t for 3
monitor sessions, the peripheral bex 24 may conlvy be
necessary for power support, and data would transfar

inherently with raturn of the monitor to the central

site ané Zhen be down ioaded dirscilv inmto ths svstem
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communications. The modem, because of size, may also be

required to reside in the peripheral box 24 with the

A

tape deck 34 and the adapter/charger 26. Its support
would be to provide daily update to the clinic of
patient data and operational verification of the moni-
tor. This role may eliminate the need for field tape
support. The data would be archived on tape or disk at
the central site. The patiept would connect the monitor
to the peripheral box 24 at the conclusion of the moni-
tor session. Preferably, auto modem control would take
over for the whole reporting process.

The third transfer option downloads the data
from the monitor to the system scanner 30 via direct

|
L connection. This is possible when 2ll sessions are

'y

scorded using suitable memory such as solid-state or
! Dub2le memo=yv, or when the recording sessions are con-

ducted in close proximity to the scanney sitsa,

; Once 4zta is resident in the syvstem scanner
30, analvsis mav becin. Pesnils tumescence and rigidity

i is analyzed, Zormatted 2and archived on suitable mass
storags such as cassette taps Zor future rscalli i:Z
ne2cessary. The Zinal repert might consist of a haxd
c22y ¢I zny o all cf the feolliowing infcrmazion:

2) Datient czt2 == nazme, ID number;
b) date/time; .
c) menitor serial number;
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finger print" samples of tumescerice and
rigidity;

Initialized Thresholds =-- preset
constants in the data analysis equations
whnich may be altered for appropriate
reason;

Session Summary =-- numerical data summary
of nocturnal'penile tumescence and rigi-
dity events, e.g. max, min, total time,
etc., patient activation notations and
verbal description of patient;

2-D Graphics =-=- superimposition of all or
any’number of data inclucding tumescence

.

ancé base loop portions which might be
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the principles of the invention, to the full extent
indicated by the broad general meaning of the terms in

which the appended claims are expressed
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The Claima definina e vention are as follows.
—— e r———

1. A penile rigidity and tumescence monitor a=d-
apparatus, comprising:

(a) transducer means for providing output
signals indicative of penile rigidity and tumescence
throuchout a penile tumescent event, the transducer
means including an interchangeable tension guide
assemdly including interchangeable loop-like portion
adapted for releasably encircling a penis about the cir-
cumference thereof.

(b) control means operatively interconnected
to said transaucer means for providing control of said

ransducer means, szid control means further providing

Zor accuisition of said output signals Zrom said trans-
éducer means.
2. A monitor apparatus in accordance with claim

1, wherein the interchangesable locp-like porticn in-

cludes an elongated, non-distensible, flexiole member

sligebly enclosec within a soZt, ccllapsible sheacth, the
shezath being removabls from the non-distensible,
flexible member as to enable interchancing of the
sheath.
3. A penile tumescencs monitor zzoa us, compri-
sing: :
_ Sx.
(2) a housing; PR t.
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(b) an elongated, non-distensible, £flexible
mehber extending from said housirng and having proximal
and distal ends relative to said housing, said elongated
member being slidably enclosed within a £lexible, non-
compressible éizgtgjalong a first portion thereof and
slidably enclosed within a collapsible sheath proximate
a second portion thereof, said collapsible sheath and
said elongated member forming a loop-like portion
adapted for releasably encircling a penis about the cir-
cumference thereof; fitting means being positioned
proximate the proximal end of the non-compressible
snezth for ézggggiibgkterconnecting the non-compressible
shezth to the housing;
(c) tension means positioned within sazid
neusing and operativsly interconnzcted to said elongated
mamber for exerting a predezermined Zorce cn said

elongcated member, said tension mezns including pulley

4, A monitor apparztus in accordance with claim- e
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3, wherein the pulley assembly includes a first cable
pulley rotatably mounted on a second drive pulley for
rotational movement relative to the second drive pulley,
the second drive pulley being fixedly mounted on a drive
shaft member of the motor means for rotation with the
drive shaft member, said first cable pulley and said
second cable pulley including clutch means respectively
enabling independent rotational movement of the first
and second pullevs over a predetermined range of motion,
said clutch means including f£irst and second means which

upon engagement with one another cause said first and

second cable pulleys to rotate in unison together, said
first and second cable pulleys normally being positioned

in a disengaged state by the motor means.

member circumferentially enclosing the groove zad

including an aperture acdapted to receive the ancher-

meazs and the non-comprassisls conduit znd sxiending
| into the groove from an extericdr of the Zrazme member,

lock means ccoperating with the Zirst cable pulley Zor

locking the Zirst cable pullev in pesition, wherehv the
seat means and the aperture in %he “rame member zre
aligned when £h2 non-compressible cornduiit is removed :
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and its associated anchor means to be removed and

inserted as required.

6. A penile tumescence monitor apparatus, compri-
sing:

(a) transducer means providing output signals
indicative of penile tumescence, said transcucer means
including an elongated member slidably enclosed within a

condut
non-compressible =sheath along a portion thereof, said
elongated member being adapted for forming a loop por-
tion for releasable attachment about the circumference
of a penis, said loop portion including connector means
enzbling detachment of said loop portion £rom said mon-
compressible sheath whereby the loop portion can be
interchanged with another loop portion, said eloncated
member being slidadbly displaced within said non-

ple sheath due to changes in penile circum-

B

compress

h

ference, said transducer means including means for

placing said eleongatad member in a2 tansionsd conditiocn,
saifd transducer means also including means cperatively

membar for mo

n,
jo |
-
r
(o]
"
(=
3
's]

interconnecied to s2id elongate

b

the displacement of said elongated member due to changes-—
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6, said monitor apparatus includes means for exerting a
predetermined force on said elongated member tending to
reduce the size of said loop-like portion and cause sli-
dable displacement of said elongated member in said
sheath, whereby penile rigidity can be determined from
the change in circumference due to application of said

predetermined force.

8. A monitor apparatus in accordance with c¢.aim
7, wherein said control means also includes a programmed
processor means which provides for activation of said

force'means at predetermined intervals.

9. A monitor apparztus in accorcdance with claim
8§, wherein szid programmed processer means includes
means for sampling the transducer signal at different

rates depending on the degree of tumescence.

10. -~ A2 monitor agparatus in acccrdznce with claim

1.
(e}
o

-

ongatsd member is enclosed by a solt,

-

6, wharein sa
collapsible shezth along said'loop portion, said collaz-
sible shezth a2nd szid elongated member including
cooperating connector means for detaching szid soft,

ollapsible sheath ZIrcm said elcncated member, whareby
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11. A monitor apparatus in accordance with ¢laim 10,
wherein the cooperating connector means includes a first
connector proximate a distal end of said elongated member
cooperating with a second connector positioned proximate a
distal end of said soft; collapsible sheath, an opposite
end of said soft, collapsible sheath being removably
threaded into said non-compressible conduit whereby said
soft, collapsible sheath can be removed by unthreading said
soft, collapsible sheath from said non-compressible sheath
and disconnecting said first and second connectors.

12. A monitor apparatus as set forth in claims 1 or 6
substantially as hereinbefore particularly described with
reference to what is shown in the accompanying drawings.

DATED: 23 January, 1950
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:- o
DACOMED CORPORATION @
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