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(57) Abrégé/Abstract:

A drainage system, the drainage system comprising a container having an interior and a mouth, the mouth comprising an outer
surface and an opening, a frangible seal covering the opening, a cap secured to the mouth and in fluid communication with a
drainage line, the cap having an inner surface configured to engage with the outer surface of the mouth an O-ring located at least
partially between the outer surface of the mouth and the inner surface of the cap and configured to form a fluid seal between a
space defined by the cap and the space located externally of the drainage system, and a retaining ring circumferentially engaging
the cap.
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FIG. 4

(57) Abstract: A drainage system, the
drainage system comprising a container
having an interior and a mouth, the mouth
comprising an outer surface and an open-
ing, a frangible seal covering the opening,
a cap secured to the mouth and in fluid
communication with a drainage line, the
cap having an inner surface configured to
engage with the outer surface of the mouth
an O-ring located at least partially
between the outer surface of the mouth
and the inner surtace of the cap and con-
figured to form a fluid seal between a
space defined by the cap and the space
located externally of the drainage system,
and a retaining ring circumferentially en-
gaging the cap.
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DPRAINAGE SYSTEM WITH O-RING
TECHNICAL FIELD
001 The present invention relates to the Beld of medica devices and, i particular,

1o & device nseful for withdeawing and containing aids from 2 paticn body.

BACKGROUND

0621 Body flndds may need 1o be withdrawn thom a patient in the course of medical
treatiwent,. Two common medica] procedures reguiring fuid removad are thoracentesis
and paracenesis.

DO} o pucscentesis, pevitonest Tuid is aspivated from the abdomen. Typiogd
patients have tense ascites resulting from Hver disease and portal hypeniension, which

may cae discomibort, respivatory distress, aud the formation sad rupture of wmbilical

herntas. Paracendesis has beey observed W provide guick and effective relief with fow
adverse side offects. Other treatment options, sueh ax the use of divwetios, are available,
but may oot provide as effective relied as prracontesis.  Additionally, many patients with
ascites have renal mpainmerd and cansot tse the high doses of divrstics necessary o
etfoctively treat the asciies, Soe “Large-Volume Paracentesis in Nosedematous Patients
with Tegse-Ascites: Tts Effect on Intravaseular Volume” Pistec et al, Hepatodogy, Vol, 8,
No. 2, pp, 200216, 1988, Relatively large volinnes of fluid, such as five Hiers, may be
withdrawn from a pationt duning one parscentesis procedurs,

[OR04]  Many existing devices are capable of performing paraceniosis. AL its siaplest,
& pargcentesiy device need only include 8 hollow needle with one end nserted o the
patient and the other end attached 1© 2 negative prossore devies, such ax g syrings or
vacuum bottle, However, move spectalized devices have heen developed o altow safer,
more comiortable, and more saputary paracentesy, These devives may allow for body
o to be dispensed into ot foast two contaioers, so that one container may he filled with
Hud for Qlagnastic purposes aad the other contamer may be hilled with waste floid.
Another developrment has been the use of Kuss or Verses type noadle assenbhies, where s
blunt drainage needle is sttached 1 8 retractile sharp introducer nosdle. This redoces the

bkelibood of the sharp needle damaging infernal tissue during pavaceatesis,

A further
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development is to drain body fluld through a blunt-tipped catheter introduced by a sharp
tatroducing needle, which silows the sharp needle to be removed from the patient afier s
refatively quick intrediction process and avoids the prolonged prasence of @ sharp neadle
n the body of the patient.

[0S Problems may arise when deatnage s diverted from one containgr & another
the drainage systom 5 pob airtight. Adr coudd contaminate a sample or enter the body of
the patient aad Cause jury, Koown devices that are meant i be surtight have tubes and
multiple comtamers attachad to the devices which make the devices cumbersonie and

somewhat difficelt fo insert into the patient. Ao, known devices require manipulation of

2

N

a manual valve, sach ss g stopoock o work effectively, Ifthe Siﬂg:‘s;’i}iik s not sef at the

o malfuneiion,

Probloms also may arise in devices which allow a needle assambly to be withdrawn, Aw
must he prevented from entering the patient when the fluid is withdrawn, Also, body
Huid must be proventsd rom leaking out of the device through the space Tormerly
oecupisd by the needle :}&sﬁ-mi?ri}*.

[0086]  Thovscontesis is a provedwe sidilar fo porgcentesis, except thal effusion fluid

sgion instead of the sbdomen, Novowlly, the pleural space

L=

ix withdrswn from the pleoeal ve
containg spproximately 3 o 20 md of fluid. The haid is the resudt of the hvdrostgtio-
aneotie {codiond osmotic) pressure of the capillanies of the panictal pleurs. The ternover
of the fuid in the pleurad spece s noomally gquite rapid, so gt 3 o 10 liers of thad move
through the pleural space sach day. A disvuption i the balanee between the movement of
fluid 1ute the plenead space and the movement of thad vut of the plonead space may
produce excessive foid sccumudation i the pleural space. Pleoral effusdon i3 particularty
comnion in patients with discominsted brosst cancer, lung cancwr or hamphatie cancer amd
patieny with ¢ ¢ heart failore, bot also ooours i paticnts with many other foruas
of maiigmmy.

BOHYY  Plourad effusion may cause dyspoea, coughing, and chest pam, which diminish
a patizat’s quality of life, Adthough pleural effusion typically covurs toward the end of
terminal malipnancics, such as hreast cancer, it oocurs sarhier in other discases,
Therefore, relieving the clinical manifestations of pleural effusion is for real and extended

advontage to the patient. Por example, noncbreast caneer pattents with pleural effusion
3



CA 02991035 2017-12-28

WO 2017/003869 PCT/US2016/039278

Bave been koown to survive for vears, See “Plearal Effusion in Cancer Patienss,™ tzbicks
e al., Capcer, Q0iober 1975, po 1511
JHBOB]  Therse are several treatments for pleural effusion. I the pationt 15 asyimptonatic
and the effusion s knows © be malignam or paramalignant, no reatment may be
reguirsd. Plogrectomy and ploweal abrasion are gonecatly effective i obliierating the
pleural space, thus controiling the malignant pleuwral effusion. Howevey, plearsctomy s a
major surgical provedure assoviated with substantial morbidity and some mortality.
Chemotherapy s generally disappointing however, it may produce good responses R
patients with bvophona, breast cancer, ov smalb-cell carcinoma.  Another approach s {0
surgieally iyplant 2 chest tube, However, such a tube is painfil to the patient, both whes
i i iserted and during the time that it remains in the pleursl space, Tmprovements on the
traditional chest wbe are dosertbed iy LLS, Pat Na 3484 401
[OG8%]  Diespite other treabment options, thoracentess repming the most conumon
approach & removing pleural Tuid. However, thorsccrdests poses the danger of causing
prewnethorsy, @ collapsed lung. Pooumothorax can be cansed divcetly by pundturing a8
g with o needie assembly or catheter tip or indircetly by allowing alr fo enter the
pleural space. Normally, the pleural space is at negative prossure relative w the
atmuosphbere, which belps koep the hungs expanded. 1 the atmmosphere is allowed 1o
cmmuricate with the pleural space, the plewral space may no longer be at negalive
pressure and premnothoras may resall
O] Thorsceotesis devices have beon developed f reduce the risk of prewmadhorax
and other similar probloms that may result from the procedure. o geaeral, these devices
ncorporate similar protections as do parscentesis devices, For example,
LLR, Pat Mo, 4,447,235 by Clarke disoloses 2 thorscentests device with a catheter
introduced by a ramoveble needle axsembly, with & vadve that closes upon removal of the
needle sssenbly. The parpose of the valve i3 to provent air from ontering the bady of the
patient, LLE. Pat Nos, 4784, 156, 4,832 044 4 840,184, and 4844 087 by Garg disclose
similar devices with @ manual valve that may be closed affer withdrawal of the neadie
assembly, Howewer, nong of the previeus devices allow for o truly Suib-sate operation, as
varipus valves must be properly set by the operstor when changing from one drats port &

another or when withdrawing the immdueing needle sssembly from the patient. Also,
o
3



care must be taken to avoid accidental withdrawal of the introducing needle assembly, as
in the disclosed devices where the needle assembly is not firmly attached to the remainder
of the device. Further, the disclosed valves that allow for catheter drainage after removal
of an introducing needle assembly rely on a single contact point. Due to the possibly dire
consequences of a valve failure, such valves may not produce acceptably safe
thoracentesis.

[0011] A Verres-type needle assembly that may be used for thoracentesis is disclosed
in U.S. Pat. No. 5,334,159 by Turkel. While this reduces the risk of pneumothorax due to
lung puncture, the Turkel device does not improve the safety of thoracentesis when the
introducing needle assembly is withdrawn or solve the problems associated with multiple
drainage ports. Thus there is a need for a safer and more reliable device that may be used
for paracentesis and thoracentesis. Another device is described in U.S. Pat. No. 5,725,506
by Freeman, et al.

[0012]  Other difficulties with existing systems relate to manufacturing, storing and
using the vacuum element. Syringes are sometimes used to generate the vacuum, but
syringes are somewhat complicated to manufacture and use. An alternative vacuum
source is a vacuum bottle. In that approach, a vacuum is created in an air-tight bottle at
the manufacturing stage, and then the bottle is sealed. The bottle is then tapped at the
time of use so that the vacuum can be applied to a drainage line to remove the undesired
body fluids.

[0013]  This is quite elegant in concept but somewhat difticult to implement perfectly
in every individual unit. There is always some risk that the vacuum will be lost in transit
before use, either by leaks, fractures or just air permeating through a plastic wall.
Moreover, the loss of vacuum is not necessarily apparent to the user; a bottle with a
perfect vacuum inside looks no different than a bottle of air, but the drainage efficacy of
the unit may be diminished upon loss of vacuum before use or during use where the
vacuum is wasted on pulling in air rather than exerting drainage effectively from the
patient. Another problem is in tapping the bottle. This requires a system that pierces a
vacuum seal but does not allow air to enter the bottle, except through the draw line. One

such system is described in commonly owned U.S. Pat. No. 7,048,724 by Grossman et al.

CA 2991035 2019-04-30



CA 02991035 2017-12-28

WO 2017/003869 PCT/US2016/039278

4] I koown svstems stilizing @ vacunom bottle, a cap vy be providid that acts ax
an inderface between the bottle and & drafnage Hae, o practice, i is typical for the
fumction of the cap and the bottle to be assembled with the use of an adbesive, such as s
sifivone adhesive gel. The silicone gel may act both o secure the cap o the betile and 1o
create g thad sead of the jJunction,

i RY Systems using a sitheone adbesive have achieved positive resubts. However,

silivone gol adhestve typically s expensive and manufacturing expenses associated with

poy

el remmam hagh, Further, it can be ditficult (o apply 2 procise amount

E..“

applyimg a silicons
of adhesive during the assembly process to achieve consistent securing and sealing that
will patently mabntsin desired vacums throughout the device Bve and usage. Silicons
adhesives also typieally can only dey and set one tiime, shortly after sppleation, and

therefore the sy

ten 1 generally shipped fully assembied, and i may be difficult o

interchange the vacuum bottles at the medical facility.

016 o light of this background, it would be advantageous & provide an improved
systemn piihizing a coptainer, such as a vacuum bottle, conneoted 10 o dratnage lioe that
achieves sufficient seouring and sealing between the container and cap without the need

forthe use of s adhesive,

BRIEF SUMMARY

LT A dratvage system s provided, The drainage system comprises & container
having an wienior and & mouth with an outer surface and an &g&e«mﬁg,, & fr‘emgiltﬁﬂ sel
drainage ling, the cap having an muer strface conligured to ongage with the outer surface

of the nonth, and an Osring located at least partinlly between the outer steface of the

mrcaath and the pwer sirface of the capy The serm “ranpible™ 5 here defined o inclade

being able o be punctured, plerced, or otherwise interrppted. The Qering may be

configurad 1o form a Huid seal between an arse within the cap and the conditions external

to the dramage systom, The drammage system miay further Comprise f retaming nng
circumferentially engaging the clastomene cap.

(8] Inoone embodiment, g spibed tube 18 positioned at least partiathy within the cap
and i contigarad fo pieree the frangible seal. An aren within the cap and the inferior of



the container may be in fluid communication when the frangible seal is pierced. The cap
may comprise a tapered widened body portion, and it may be formed from an opaque
material.

[0019]  In another embodiment, the mouth comprises a groove within the outer surface
configured to seat the O-ring. Alternatively or in addition, the cap may comprise such a
groove. The interior of the container may hold a vacuum. Further, a stop may be
provided on the cap and a container may comprise a shoulder, wherein the stop is
configured to contact the shoulder when the cap slides a first distance in the proximal
direction into engagement with the mouth.

[0019a] In accordance with an aspect of the present invention, there is provided a
drainage system, the drainage system comprising: a container having an interior and a
mouth, the mouth comprising an outer surface and an opening and a shoulder that extends
outwardly from the mouth thereby expanding the interior of the container; a frangiblc seal
covering the opening, the frangible seal having a surface being perpendicular to the outer
surface of the mouth; a cap secured to the mouth and in fluid communication with a
drainage line, the cap having an inner surface configured to engage with the outer surface
of the mouth, wherein the cap comprises a stop that contacts the shoulder; a groove
extending around a circumference of the mouth and through the outer surface of the
mouth; an O-ring located at least partially between the outer surface of the mouth and the
inner surface of the cap and configured such that the O-ring forms a patent fluid seal
between a space defined by the cap and the space located externally of the drainage
system; and a retaining ring circumfercntially cngaging the cap at a location adjacent the
stop, wherein the retaining ring is configured to be radially aligned with the O-ring and
coaxial with the O-ring to provide a constricting force on the O-ring, and wherein an
inner diameter of the retaining ring is sized to contact the outer surface of the cap while
the retaining ring is coaxial with the O-ring.

[0019b] In accordance with a further aspect of the present invention, there is
provided a drainage system, the drainage system comprising: a container having a mouth
with a first surface surrounding an opening, the first surface facing radially outward with
respect to an axis of the opening of the mouth, the container further comprising a shoulder

and that extends outwardly from the mouth thereby expanding an interior of the

6
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container; a groove extending around a circumference of the mouth and through the first
surface; a cap secured to the mouth, the cap having an inner surface configured to engage
with the first surface of the cap and the first surface of the mouth to form a flat surface,
the cap comprising a stop that contacts the shoulder; a drainage line located distally of the
cap and in fluid communication with a space defined by the cap; and an O-ring located at
least partially located within the groove and between the first surface and the second inner
surface and configured to retain a vacuum within the drainage system; and a retaining
ring that engages the cap at a location adjacent the stop and that is radially aligned with
the O-ring and coaxial with the O-ring to provide a constricting force on the O-ring,

wherein the retaining ring has a constant inner diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]  FIG. 1 shows a front cut-out schematic of one embodiment of a known
drainage system.

[0021]  FIG. 2 shows a front cut-out partial sectional view of a known drainage system
having a collapsible bulb.

[0022]  FIG. 3 shows a front cut-out partial view of a drainage system using a silicone
adhesive at the junction of a cap and a container.

[0023]  FIG. 4 shows a front cut-out partial view of a drainage system with an O-ring
at the junction of a cap and a container

[0024]  FIG. 5 shows a perspective view of an exemplary embodiment of a retaining
ring.

[0025]  FIG. 6 shows a perspective view of a drainage system comprising a retaining
ring circumferentially engaging an elastomeric cap.

[0026]  FIG. 7 shows a perspective cutout view of a drainage system comprising a
drainage ring.

[0027]  FIG. 8 shows a front parallel projection cutout view of a draining system

comprising a drainage ring and an O-ring.

6a
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DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS

{028 Reforring o FIG. L 2 container {2 comprises & mouth 14, Comtaier 13 way,
for example, be a bottle or a vacuum bottde, Covering the moath 14 i 1 cap, such a5 an
clastomenic cap 16, having g sleove T8 at the npper (distal} end and 3 widened body 20w
the lower {proximal} end. Sleove 1N of the elastomenc cap 16 may receive a spike 22 i a
suthstantially aleotight seal betweon the exterior surfice of spike 22 and o lamen of

sloeve 18, In the prosent application, the tors “prosiowal” 15 ponerally ased to vefor to an
end or portion of the system that i3 nearest the contatner, while the term “distal” refers
o opposite end or portion that ~ I wse — s near, or within, & patient beiag treated with
the gysteny,

JO029]  The lower end of spike 22 terminates s g point 340 The upper end of spike 32
receives g dratnage oe 26 having & lomen 38 therethrough, As o the connection
between spike 22 and the sleeve 18 of the slastomerio cap 18, the comnection between
spike 22 and drainage e 36 i preferably substintially sirgight. The spike 22 may also
mclade a ctrcombtrentind hange 3w assist i manipulating spike 22 o wehetion to
container 12 W e manner desertbad below . A sprke-lumen 19 may extend dwongh
[OB30] A frangble seal 32 covers an opening at mouth 14 of the contatner 12 1o seal
container nterior 13, Fraongible seal 32 i preferably constructed of fuil, miylar, or other
substantially ale-tght material, wiioh may be elasteanarie, and which may be attached o
the edges of the menth 14 of the comtainer 12 o substantially provent aiy from leaking
frte the container fterior 13 to sposl the vacum theredn, This atschment can be
sccomplished by hest-scaling {as in, for example, direct beat, induction heat or vibration
generated heating gst."mesmts_k by ghing or adbesion, or by any other suitable method,

[831]  The drainsge system 10 may be packaged snd shipped in @ form that inchudes

T

the contatner 12 sealed by the frangible seal 32, and with or without the other glements,

More specifically, the drainage Hne 26 may be sttached o the rest of the assembly #t the

tne of wse, or not. Alernatively, botl the spike 22 and dratage Tne 36 may be

to the sssembly at the thme of use, or not. Or the drainage Hine 26, spike 22 andd
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clastomeric cap 16 may be attached w the assembly ot the tine of use, or not. {u may be
preferable, but is aot necessary, 1 ovacusts the container 12 before shipping,

032]  To uwse the dramnage svstem 10, 1t & assembled -s:mﬁpiazrieiy (i not alrendy
assembled completelyvi. The distal end of drainage Bine 26 (not shown} is attached 1o &
collection device that is placed Jote a target thad space in the patisnt using a suttable
wmiedical technigue. For example, the distal end of drainage Hine 26 can be placed 1o the
ploral space of the patieat to remove excess pleural Hutd by mesns of a neadle or
patheter,

033 Afer eogagement with & farget fhud spece is schioved, spike 22 is pushed
teswvard the container 12 by applving a downward foree to the flange 38, This deforms
widened bady 20 of elastomerie cap 16, which maintains the substantially ar-tight seal
between sleeve 18 and spike 22, The spibe pout 24 meets and plorces frangible seal 32,

&

therehy transferring the vacuum from the container interior 13 into the space defined by

the elastomeric cap 16 {or, more prectsely, thereby drawing nearky all the small qaantity
of air froan the space intd the container Interior 10 estabhish a vacuom i that space defined
by the cap). This vacuum alse extends through spike humen 19 and wto drainage Hing
humen 38, The effect (s to draw Tuid from the distdd end of drainage line 26, tdwough the
deainage Hne 26 toward container 12, Srough the spike Toven 19, and iato the

containey 14

[0634]  The mate of uid withdraws!, and the magnitude of the vacuwm applied to the
patient, can be muamaged by using s olamp on deainage line 36, Opening the clamp

shightly will prodece » relatively modest vaouom at the distal end of dednage e 26 and

g relatively slow rate of Rotd withdrswal, while opening the clap will produce o greater
waoum st fwter vate of withdrawal,

{8035 Jomay be unportant to be able to vertly at @ glapce that the vacuam in
container inferior 13 18 intact before using the device, In the embodiment shown in

FIG. 1, this can be acoomplished by the appearance of the elastomeric cap 16, Inits

nonmnal undistended position, the clastemenic cap will have 2 given shape that is sasily
disceraible o the user, As the spike 22 plerces the frangible seal 32 1o vansfir the

container 12 vacuum it the space defined by the elastomeric cap 16, stmospheric

pressuore on the exterior of the elastonierie cap 1 wall tend o parnally collapse . This
¥



CA 02991035 2017-12-28

WO 2017/003869 PCT/US2016/039278

partial collapse will tws be apparent to the wser, thereby verifving the botde tnterior 13
VACURIEL,

36l As mentioned above, the vacuum indicator cloments alse serve 0 indicate o
foss of vacumm over the course of te dramage provedurs. Move specificalby,

containey 12 gradually Hlls s Suid bs drawn cut of te patient, theough dratnage Hne 36,
and into contamer 12, Thus filling of the bottle of conrse lessens the vacuam, Le, i
mereases the pressure to approsch atmospheric, This loss of vacuun and resuliing
dhrninution in Heid How could be mistahen for 2 sign that all the desived tload has been
withdraws from the patient. The outeome would then be an incomplete procedure, This

is provonted by the indicator elements. I the vacwsm becomes insatficiont over the

conrse of the procedure, 3 will so indicate, just as they incicate i the
waoi 18 msaiticient at the cutset of the procedare,
[O637]  Anoalternative embodiment of the drainage system 1 is shown in FIGL 2, i

ng the wtegrity of the vacman is more elaborate, The overall

o

which the svstem for verifvin
configuration is essentiaily the same a3 the embodiment of FIG. 1 but with the addition of
a collapsible bulb 42, Bulb 42 i o commumication with the interior fumen of the
spike 32 through o twbuler fitiog 44,
[OB3R] I this smbodiment, hefore spike 23 prerces frangible seal 32 © ransfer the
varcumm irste the spike 22 and dranage Hne 36, bulb 42 s tn s natursd undistended state
After spike 12 prerces frangible seal 32 to tronsfer the vaounm o \piiw 22 and dratnage
Hue 26, the differential pressure botween the vacuom inside bull 42 and the atmospherie

pressure outside bulh 42 collapses or af least pactially collapses bulb 42, This collapse or

partial collapae s madily apparent to the pser, thereby confiming the integrity of the
VHOURIN,

[O039]  Referring to FIG. 3, elestomerie cap 10 is prefovably engaged with (Le.,
secwved and scaled toy month 14 during 2 deainage procedure. In some embedinuents, as
depioted by FIGL 3, clastomernie cap 16 may be secored to mouth 14 ot jusetion 38 with
the use of an adhestve, such as stlicone adbestve 3 The adhesive may be, for example, a
copnonty used adhestve such as NSt MEDRST03T hilicone Adbesive Sealant. Silcone
adhesive 40 may be applied © an cuter surface 34 of mouth 14 andior to an inner

surface 36 of widened body 20, and may aperate both fo secure elastomeric cap 1 in
9
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place with respect to contatoer 12 and 1o maintain ao aie-tight seal at junction 38 botween
ouber surface 34 and tmer surfaee 36,

oG] E ey be sadvantageous for elastomenic cap 1 to be removable from
container 12, For example, if may be necessary for & user t flash contsner 12 1o dispose
Hod contenis from terior 13 shorthy after a deatnage procedure, In sonw instanees, the
disposal of the flund contents must oceuy i a sanifary, controlied manner prioe o
disposing the contaimer. Addigonally, contatner 12 may be rousable atter o iz Dushad and
cleaned. Becuase the deainage proceduss & often done i1 a patient hoaye withowt
nmediate asaistance of a phvsician or nwrase, i 15 desirable for elastomeric cap 16 be
sufficiently removable {e.g., casily romovable) such that an at-home patient may perform
the removing operation without trouble. This may lmu e device wihe use of a

redatively ow-pressure vacuam.  For example, the pressuve differential may be limited so

that rernoval will reguive no more than a maximum of about 4 pounds of foree {ahout

P NG

{841} In some embodiments, particularly when container 12 s reusable, it may be
necessary for & user {such as a pattent} to aftach & new elasioepenic cap 16 to container 12,
potentialhy without the belp of 2 medival professional. In the anbodiment depicted by
FliCs, 3, 1 may be necsssary for the user 1o apply an amount of stHeon adbesrve $ o outer
srface 34 andior bimer surfice 36 fo ensure elastorvieric cap 16 properly engages with
mouth 14 and to ensore sufficient sealing of junction 38 to contaln & vacuum within the
JO42]  As depicied by FIGL &, junction 138 may fwith referenc o the prosonthy-
disclosed embodiments) comprise @ silicong ov rubber Uvng 180 (hatex rubber way be
acceptable, but peperally less proferable than syathetic rubber, such as ~for example-
ethylene prepviens dicse monomer (Meclass) rubber), Ohring 140 s proforabdy made of g
mateckal suitable fr underpoing storility operations amd for vse W a sterile maedical

et O-Ring 140 may, for example, be g Parker Haomifto, Shore A 70 darometer

EPDM componnd E3s0W-70 Oeqning, but i is pot lmited to this maoded or these particplar
spectiications. The Qering 144 preferably provides an air-tight seal at junction 138

between inner surface 138 of widened body 120 and outer surface 3 of month 114, The

Chring 140 may be seated fn s proove sround the outer surface of mouth 114, A gmove
Coring 140 may be seated s groove sround the owter surface ol mouth 114 A grooy
1
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ury be addiionatly or alernatively incorporated ivto the toney surfiee of widened

body 120, It is noted that Ouring 140 could shternatively be placed in another sattable
Tocation for providing a safficient seal, sueh as just below {Le., just proxunadly of the
slastomerie cap 114, However, o groove is not requived. In othey sabodimenis, a bomp
or bead extending radially vatward from sweface 34 or mouth 14 may be provided, which
wiay be molded or otherwse fornoed on container 12, as depicted by FIG. 2. by this
cmbodirent, an O-ring may be provided directly proxumally or distally of the described
head, which may operate to hold the Goring m place,

043 Chrieg 140 may be compressed bebween an mer surfyce 136 and owter

surface 1340 This compression may act to ensare e siv-tight seal fo Ruidly solste the

space defined by the elastormeric cap 116 from external conditions 142, Further, widened
bady 120 may be shiphtly tapered at its proximat end such that the compression of U-nng
140 mereases as widened body 120 moves proximally into engagement with mouth 114,
Adternatively or additionaily, the distal end of moudh 14 may be tapered. oo strongly
preferred cmbodiment, desertbed iy further dotail below, a stlicone O-ring 148 is provided
without sny adhesive 1 ¢ manmer that still removably secures i Haid-patent {mosts
prefesably aw-tighty seal between the clastoneric cap 116 and the bottle 112, where thwe
cap 110 can be rettoved from and roseaded to the bottle T2, or to s second, satlardy- or
wdentically-constructed bottle {sot shown) without damaging the Owring 180

{844} The shepe {og., e fapert ol widened body 120 may Foree outer surfee 134

and inver ;s;fm‘fam Efﬁ-ﬁ 0 make contect when elastonwerie cap 116 is engaged with

motth 114, The contaet may create & pomt or sren of friction that operates o sufficiently

2

sectre the edastomeric cap 116 o the month 118 The comprassed O-ning T, when

2

squesged betweens surfaces 134 and }3&:, may also 53?@@&{3.@; this é;s;'.cm*i.rig Triction. An},ﬁ

fe

cap 116 13 prefer N};’ s*ﬁffic:imxtix eciired to bottle 12 such that it will not unintentionally
fall put of cogaganent during & draivage procedure, The vacumn in the beide

isterior 113 may provide an additional force on elastoneric cap 116 in the proximal

diveetion when frangible seal 132 is broken. Funther, an adhesive, such as g stlicone ged,

may be apphied either during the mittal axsenibly or prior o wse af junction 138,

i
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[0S While an adhesive can be used even in embodiments with an O-ring, 18 may be
desirable i some circumstances 1o forgoe wing ¢ setting sdbesive. For example, i may
be usefal to remove elastomeric cap 116 prior to {or oven duringd norval operation. As
deseribed hersin, 1 also may be destrable to provide a wser, such as 8 patient, with the
ability o engage and unongaged elastomeric cap 116 o container T2 without the belp
from a medieal professional. The use of an G-ring s advantageous over embodiments
reguiring the application of sa adhesive due io the stphicity of the engagement
pperation. The Oermg may ehminate the often difficult, often unsasitary task of
providing 4 suitable smount of ar adhesive to components before a deainage procedure.

[Bl46] o some cases, i s desirable to inspeet the frangible seal 132 prior to wsing the

R}

drainage systam L1 The friction between the elastomenic cap 1 6wnd bottle 112 may

E=a

therefore be sasily capable of bomg overcome by 8 user, steh as a parse or plysiciag,

particalarly when the Sangible seal 132 §s idact, This may also give a use

t the ability &
remove elastomerie cap 116 from ¢ container 112, which allows the substitution of one
stainer for another without removing the dratsage lHne 26 (not shown} from
cominunication with & patiend. It may Rether provide the sbilily to select @ particalar
drainage containgy in & medical factlity mmediately privr tv beginning the drainage

process, for exaniple o select & proper stze, vacwm fevel, ste. This gives g user the

ability to select batween muliple components to custormize o adapt the deainage
system 110 for opiimal performsnce based on real-tioe conditons,

[OB47]  Jtis often necessary or desiraide to vismﬁy inspect @ Prangible seal or othey
components located adiacont fo the junction befory and during use of a drainage

system 1 Such mspection can deing 1o hght dovagad oomaponsais, improper opetation,
where 8 elsstomeric

mwmpfficient vaoupm levels, ste. In prior designs, partionbarly those

cap is seosred o g boitle with a setting or drving adbestve, 10may be necessary 1o provide
elastomeric cap 20 made of a transparent material to facibitate these inspectipns. In
poriicular, the cap may noed 10 be ramsparent o factlitate visual inspection of the

frangible seal 32 in order to make portain that it i3 intact 3o that the vacuum provided in

the contatner 12 weill provide the desived functonality. A desten ubilizing an Gening, as
depioted by FIG. 4, may be sdvantageous Tor the alality to use 8 tronsparest, 8

transtocent, or an opegue shastomerie cap 116 To illostrate, s elastomerio cap 116 may
12
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be remnoved from a bostle 113, thereby allowing a sser to inspeet the inner componenss of
the elastomeric oap 116 and the components focated at the distal end of container 112,
The slastomeric cap 116 may then be re-ongaged with a container 112 by the user in the
manner deseribed above — each without damaging oy components. This provides
miltiple options for inspection, a3 wall ax the possthility for ready movement and
pumediaie use of the elastomenv cap (with a secondfdifforsnt bottle) i the event a bottle

o which 1 was conneoted S g dumaged membrane sesl ov other Taw, where the privy

art use of adhestve world make (g & mom ENMS-CONSWINING rOCess oF Sven requin
disposal of the cative axsembly of the slastomenc cap with the bottde,
[48]  An embodiment with sn Owring alse provides several manufactaring and

el

v such as a stlicone gol may be ditfienlt o

assembly advantages. For example, an adbest
apply vonsistently und forady to the outer surlace of 2 mouth of a bottle (andiar the janer
surface of the cap) for facilitating the securing of an elastomeric cap to the mouth portion,
esulting in high varlability during the assombly rocess and & large pumber of faulty oy
serap parts, O-nings, on the other band, are sasy o tnstall consistently without the use of
complex machinery wnd generally come in & pre-manufaciured fore within small
dimensional tolerances and with uaiform ph\mmi properties. The rate of leakages ov
failure terefore ay be substantadly smaller when nsing s Q-ring, For example, Ina
test run of bottles assembled according to the pmsen.tji-yvdﬁsmihed embodiments, 144 of
150 bottles were successfully assembled with so infset membrane sesd of the bottle mouth
aud with sitact seal of e elastomenie cap 1 the botde. Use of the presently-Geseribad OG-
ring syatom reduces manefietwing tine, complexity, and expense, sl of which provide
advantages over the prior art that would net mﬁ:{iﬁ}“ b pradicted by those having skailin
the art, and which provide needed efficiencies in the prodection of medical equipaient,
This O-ving svstom also provides for the a‘é:«iiﬁy i wse an elastomenie cap and dratnage
hine with move than one bottle {e.p, #a fest bottle™s sepl s damaged or its vacumm i3
otherwise comprontsed, the bottle can readily be removed and replaced, or a botle that 38
used and filled up awey b replaced, sach without having to remense the draipage tube
from the patiead}.
Y] A druinape system with sy Chring may also cost substantiably loss than nther

erbodiments. To iHustrate, a single silicone or EPDM Chring of & type preferably used

13
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for embadimants disclosed herain generally costs approxamately 30% of the cost of a

suttable smount of » suitable stlicone adhesive needad o secure snd permaneatly seal an
clastomurnic cap to a bottle, while providing & more consistently reliable wraftem seal,
Using (Ghrings @8 s alfornative maay also reduce the need 10 purchase sad migintain costly
wranpihciaring oguipuent (e sthioone gol dispansors), and the highly-congistent
wssernily associated with the Owring vatber than the silicons adbesive may reduce
expenses velaied o the nunber of genevated serap parts, Stated differently, the we ofthe
presenthr-deseribed O-ring systen provides several sdvantages - weluding cost, devies
component exchangeabibity, and device wspectability ~ a5 compared to the prior art
silicone adhesive aasembly,
[0036] Referring o FIGS. 38, pmbodimunts of & draimage svstem mayv include a
refatning riag 246 with 8 constricting portion 230 Retaining ring 246 38 not Heated to
any partioular nuaterial, but an exemplary matenial may be 2 random copolymer
polvpropylene or polvethylene. Retaining ring 246 may have oo or more weakened
aveas 233, Weakened area 232 may be embodied as 2 porforated seotion, a weakenad
pisch-jodnt {as showi), ole. Proferably, weakened area 253 s vondigured to have g lowsy
eritical strength or breskiog strength Hian the remsinder of vonstricting postion 230, &
hangdle or tab 248 mgy be provided aad configurad to allow g wser o provide the
necessary force o break retaining ring 346 at weakened area 352 by pulling on taby 248,
[0851]  Asdepieted by FIG. &, retuining ring 246 1 confignred o ciroumierentially
sngage olastomeric cap 216, Rewdning ring 246 may be tghthy wrappad arond the
putside of widened body 20, theveby providing a constricting foree to retaln slastomeric
cap 216 W engagement with month 214 of contaner 3120 As best shown by FIGL 7 and
FICr B, retaining ring 246 iy preferabily wrapped arcund elastomerie cap 216 adjacent
Fustetion 238 and s vadially aligned eircunforentistly coaxially arowsd and just oniside of
Ciering 240 to peovide an ivward constricting foree on elastomeric cap 216 and a reliably
consistent untfons seal betwoen the container, Uhring, and cap & patently nuintain

vaomum,  This comstrivhion ouay provide increased tightness or compression of (-

ring 40, which may snprove the performanee of the seal at junclion 238, The

constoiction provided by retaining ring 346 mey make i difficult {or exsentially

{4
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%

tapossible) for s wser to pull clastomerte cap 216 out of engagement with container 213
when B s active,

[OBSZ]  When a user polls on tab 248 with a foree sufficiont 1o break retaining

ring J46, retaining ring 346 setzes providing the constricting foree. Blastomernie cap 216
way ten be romoved from engagement with container 212 relatively eastly, and
consistently below the desirable maxunum threshold of force for a typical user. Qther
cmbodirnents of & drainage system may alternatively nclade another tvpe of romovable
devics configured to provide constriction arpund elastomenic cap 216, such as o snap-i
belt, a removable tie or wrap, 8 band clamyp, etc,

[OB33] o some embodiments, retalning ring 346 may be presinstalled at junction 238
and providing constriction prior t© handing by o user. This miay require that elastomerie

cap 216 18 pre-engs g&ﬁ with contatney 2123 -g;ifi::sz' ¢ the irmmﬁmg i}}*‘ A USEY. ﬁiismaiivsiiy

o<

container 212, 'i'igm, rexample, the relaiging ring 246 may intially surround
elastormeric cap 210 {or other proximal components, such 8y a drainage Hne), but be
tocsted proximally of widened body 2200 After elastomeric cap 216 is moved Into
engagernent with contatier 212, 8 user may slide retgiving ring 246 distally into positing
for providing the berels described constriction.

[BB54]  Beforring o FIGL 4, the drainage system L H pay include 8 stop 160
configured o confact a shoulder 163 of container 112, In coe embodinent, which may
mchude 8 wpered widonad bady 120 as desortbed beeeny, slastomeric cap 16 comprises
stop 160 configured o comuunicute with shonlder 162 such that i abuts shoudder 162
whed & proper level of engageent with container 113 8 achisved. In other words,
stop 160 and shoulder 162 may prevent elestomenic cap 116 from sliding oo far in the
pronimal direction when moving lnte engagement. This can prevent dansage o O-

ring 14, mndesived warping or jJamming of compoenents pear junction 138, ote, The
operation of stop 1560 may further provide an imbication 1o the wser that a safficient level
of sngagement is aclieved, therehy signaling the assurance of sufficient seouring and
sealing at punction 138, Altbough vanous embodiments of the invontion have been
deseribed, 1 will be apparent 1o those of ordinary deill in the avt that many nwre

crhodiments and Implomentations are possible thet are within the seope of the mvention,
13



For instance, steps of a method as displayed in the figures or reflected in the claims do not
require a specific order of execution by way they are presented, unless specified. The
disclosed steps are listed as exemplary such that additional or different steps may be
executed or the steps may be executed in a different order. Those of skill in the art will
appreciate that embodiments not expressly illustrated herein may be practiced within the
scope of the claims, including that features described herein for different embodiments
may be combined with each other and/or with currently-known or future-developed
technologies while remaining within the scope of the claims.

[0001]  Those of skill in the art will appreciate that embodiments not expressly
illustrated herein may be practiced within the scope of the claims, including that features
described herein for different embodiments may be combined with each other and/or with
currently-known or future-developed technologies while remaining within the scope of
the claims. Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation unless specifically defined by
context, usage, or other explicit designation. It is therefore intended that the foregoing
detailed description be regarded as illustrative rather than limiting. And, it should be
understood that the following claims, including all equivalents, are intended to define the
spirit and scope of this invention. Furthermore, the advantages described above are not
necessarily the only advantages of the invention, and it is not necessarily expected that all

of the described advantages will be achieved with every embodiment.
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We claim:
1. A drainage system, the drainage system comprising:

a container having an interior and a mouth, the mouth comprising an outer
surface and an opening and a shoulder that extends outwardly from the mouth thereby
expanding the interior of the container;

a frangible seal covering the opening, the frangible seal having a surface being
perpendicular to the outer surface of the mouth;

a cap secured to the mouth and in fluid communication with a drainage line,
the cap having an inner surface configured to engage with the outer surface of the
mouth, wherein the cap comprises a stop that contacts the shoulder;

a groove extending around a circumference of the mouth and through the outer
surface of the mouth;

an O-ring located at least partially between the outer surface of the mouth and
the inner surface of the cap and configured such that the O-ring forms a patent fluid
seal between a space defined by the cap and the space located externally of the
drainage system; and

a retaining ring circumferentially engaging the cap at a location adjacent the
stop, wherein the retaining ring is configured to be radially aligned with the O-ring
and coaxial with the O-ring to provide a constricting force on the O-ring, and wherein
an inner diameter of the retaining ring is sized to contact the outer surface of the cap

while the retaining ring is coaxial with the O-ring.

2. The drainage system of claim 1, wherein the retaining ring is located radially

aligned circumferentially coaxially around and outside of the O-ring.

3. The drainage system of claim 1 or 2, further comprising a spiked tube

positioned at least partially within the cap and configured to pierce the frangible seal.

4. The drainage system of claim 3, wherein a vacuum is transferred from the

interior of the container to a space defined by the cap, and the interior of the container

17
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is in patent fluid communication with the space defined by the cap when the frangible

seal is pierced.

5. The drainage system of any one of claims 1 to 4, wherein the cap comprises a
tapered widened body.
6. The drainage system of any one of claims 1 to 5, wherein the mouth comprises

a groove within the outer surface configured to sealingly seat the O-ring.

7. The drainage system of any one of claims 1 to 6, wherein the interior of the

container holds a vacuum.

8. The drainage system of any one of claims 1 to 7, wherein the stop extends
outwardly from the mouth along the shoulder and the retaining ring rests on the stop
when the retaining ring is radially aligned with the O-ring and coaxial with the O-

ring.

9. A drainage system, the drainage system comprising:

a container having a mouth with a first surface surrounding an opening, the
first surface facing radially outward with respect to an axis of the opening of the
mouth, the container further comprising a shoulder and that extends outwardly from
the mouth thereby expanding an interior of the container;

a groove extending around a circumference of the mouth and through the first
surface;

a cap secured to the mouth, the cap having an inner surface configured to
engage with the first surface of the cap and the first surface of the mouth to form a flat
surface, the cap comprising a stop that contacts the shoulder;

a drainage line located distally of the cap and in fluid communication with a
space defined by the cap; and

an O-ring located at least partially located within the groove and between the

18
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first surface and the second inner surface and configured to retain a vacuum within the
drainage system; and

a retaining ring that engages the cap at a location adjacent the stop and that is
radially aligned with the O-ring and coaxial with the O-ring to provide a constricting

force on the O-ring, wherein the retaining ring has a constant inner diameter.

10.  The drainage system of claim 9, the drainage system further comprising;

a frangible seal covering the opening and maintaining a vacuum within the
container while the frangible seal is intact; and

a tube located at least partially within the cap, the tube having a spike, wherein

the spike is configured to pierce the frangible seal.

1.  The drainage system of claim 9 or 10, wherein the O-ring provides a friction

force for securing the cap to the mouth.

12.  The drainage system of any one of claims 9 to 11, wherein the cap further

comprises a tapered portion.

13.  The drainage system of any one of claims 9 to 12, wherein the cap is opaque.

14,  The drainage system of any one of claims 9 to 13, wherein the interior of the

container contains a vacuum.

15.  The drainage system of any one of claims 9 to 14, wherein the drainage line

provides fluid communication with a collection device.

16.  The drainage system of any one of claims 9 to 15, wherein the stop extends
outwardly along the shoulder and the retaining ring rests on the stop when the

retaining ring is radially aligned with the O-ring and coaxial with the O-ring.

19
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