2077604 CI-,{EST DRAI NAGE UNI T The present i nvention relates to chest drai nage@
~systens, sonetlnes referred to as underwater drainage apparatus, for '
.suctioning gases and |iquids fromthe chest cavities of patients (e.g.,

have undergone thoracic surgery). 5 +t.recent years two tym?
chest drainage systems have been growing in popul arity anong phy 56818
haspi t al personnel . One type, soneti NERESTcDRAINAGEtUNI® a "t hree-bottle"
tfbe, is i-llus- trated in United States Patent: No. 3,363,626, issued
January 16, 1968. The The presentdevehtion e ateslctoi chest idrainagensysitemsm somet ihesc t
that «t incorporate t hree chanber-s which ‘Jlgerfo mthe sane functions

as the three bottl"@ge"(SFd ttﬁéss‘lﬁ%‘ pieEdralnage appa fa5 otucFionings 93shs i ch
has been used singqqdiae fJ-%Qhesche(sm%v ﬁké‘%?'ﬁt'féﬂw?et&? th h%m,ﬁ&@rgan%
~illustrated-and described, for exanple, it an article entlt ed "A

Conpar ati ve St udy thbrachesﬂmsy)ol ogy and Physics of Pleural Drainage
Systens”. by. Enerson and 15 | Ml ntyre, particularly at page 42, July 1966

i ssue of -The Journal of Thoracic and Cardiovascul ar Sutgery, Vol . 52, No

1, ,and in an article entitled "The New.Underwater Suction Drainage Unit,

by Engel sher, partlcul arly at page 197, February 1967 issue of Surgery, and
also in'the book entitled Thoracic Surgery, Second Edition, by Sweet,

parti- 20 cularly at page 55.) The three chanbers of-the so-called .
"three-bottle $ystent ! dﬁﬁ"‘s‘@aﬁlf"%tﬂﬁﬂ%’cﬂe% dEHARgSCPYSEERS BayR keeR i ng

bl ood and ot her”| s RUSHLARE, LAl bR AL R oSy P YAy Ly, (2) an

under wat er seal I 1Tqu one-way val ve

for passing gases frogné RgpedSsometinds péversedPte s al "thred-bottle tJpR, akms@er e,
and (3) a suction control chanber for linmiting the naxi mum suction (or

_negat i ve pressur e)trafsd| i"e'éi"tteﬁ ftatep atespiiNos %@ 634626, ts5yed January 16y 1968.

The “three—bot tle” unit derives its name from the fact that it incorporates

10  three chambers which perform the same functions as the three bottles of
-the so-called "classic three-bottle system" which has been used since
the 1940's. (The "classic _th-ree-bottle'system“ is illustrated and

_ described,'fdr example, {n:an artic]e entitled "A'Comparative Study of
the 'Physiology and Physics of Pleural Drainage Systems” by Enerson and

15 McIntyre, particularly at page 42, July 1966 issue of The Journal of

‘Thoracic .and-Card"iova_sc'u'-Iar Surgery, Vol. 52, No. 1, and in an article

entitled "The New Underwater Suctiof Dréinage Unit," by'Enéelsher, .
particdlarIy at page 197, February 1967 issue of Surgery, and 2lso in

. the book entitled Thoracic Surge x; Second Edition, by Sweet, parti-

20 -éhlar1y'at page 55.) | _

2 a The three chambers of -the so-called "three-bottle system” comprise
(1) a.co}Tgctian.chambef-for collecting blood and othef liquids suctioned
from the.patient's pleurallcavity, (2)-én underwater seal chamber having
a Tiquid seal which acts as a one-way valve for pacsing gases from the

- 25  patient's pleural cavity to the'atmospﬁere,-and (3)'a suction control
chamber for limiting the maximdm suction {or negative pressure) applied

to the patient's pleural cavity.
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he second type of chest drainage system which has becone popular in recent
apars has, cone to be known as the "four-bottl2 system" The "four-bottle
Systent is illustrated and described, for. exanple, in United States Patent

. 3,757,783 issu 9 : i h18f St at es
Pat ent No. 3, 783, 8% ;&;&g&g%ﬁfb%??%@-&%%éﬁéégﬁgghhgﬁ“ded_?frﬂ“e lsFla gdy@fem was®
desi gned to ovei Gecantsymars his chee tebe knewnCasetheadfoucHtmtttid system.t'hdhe. Co
"three-bottle unit," such as the dangers associ ated w th unintentional ~
"closing” of tfAfousshottln sysdem)) iy 11 Wwatnated pad deserifed, S9piAg™ fie Mevel of
suction due to,b ol [ ugtd |4, r er. The .
"four-bottle s%ﬁgﬁst?%é ] %&é@ep ﬁ'es’tfﬁ?ggggﬁgﬁeére 0 gg;a_tp]g. ']%%r é%?lpﬁ%?t | e :
unit," and .gddand ih Wnitdd SHaBEEPEtent Abl S(783,8701 Byedsdmuarypapneléeto chanber,
whi ch pr.ovides an accurate indicia of the |evel of suction being-ap lied to
the cavity to Sehagheli.nedhisasystam vas gesigneds to, ovarsong,gomesof the,defd ”{%c'&’ént

excess. pressure_created.. f () l.e..uy. faid f '

~"closed" stat e?ssﬂﬁgﬁesf%m %ﬁn ?ﬁ"g&"ﬁ?ﬁ’gﬁf"’% F‘&g %r f%epg%{‘?g% gé%kﬁt%j S. :
- Patents Nos. 3u{@/ ydid8entf6hal, "ePe5iRgObf Ghél siptiem QnBra196 A Idfi Fakutthein -

deficiencies of the "three-bottle unit." Mre specifically, the suction :

control chanbemreddin@@he leved off oustitrodud &o dybiriéng' is dheiisuctipmicsgtral/imancgeter

bubbl i ng of__at npspheric air through the liquid therein; -and. the systemis, -

sonewhat dekyF“V&%ﬁ’increaSed awar eness of the anxiefy-provoking nature of . -

noi se’'in the hospi ypd «fRRrLUREIENstéPethclfies- the "thhee CRinBeRm! bBithd\dtirdeof the

| CU, " Gowan, March-April, 1979 issue of Heart and Lung, Vol. 8, No. 2, pp.

25  340-344) tbhttle undtd andoaddsnd ifelrt chamband caldadkasafety sea)irnomeinest

dr ai nage tem * t her., di sad t f.th i _ h dr ai
Gyat e ar ) seq CHMAT| PSHCREe aB AceAPe pdtran ot e Thue BEEERRR ol ber o
at nosphere to rbgg,%tcsfppﬁ?&_%ﬁﬁé icﬂitt% B beSiraliAdd dn@ed18b Rcts'AE Dbrediayar t

met hod of 30 v I'ng conprises the insertion of a filtered needle into
the latex 15 valve to vent excess pressure created, for example, by failure of the

"system in a "closed" state.

The "four-bottle system” of thé_ pﬁ'or art (e.g., U.S. Patents Mos..
3,757,783 and 3,783,870) did not overcome all of the defici'e!_tcies'of the
'thr"ée-bottle unit."-'_ “More specifically, the-‘-s_u,ct'ion control chamber in

20 the "four-bottle system” remains noisy due to bubbling of atmospheric
_ air through the liquid therein; and the system is somewhat _bu‘lky. With
 increased awareness of the anxiety-provoking nature of ncise in the

hospital environment (See, e.g.-,'."‘l’he Perceptual kWorld of the Icu,"

Gowan, Mérch-Abr;II,.1979 issue of He;rt and Lung, Vol. 8, No. 2, pp. '
25 340-344) there is a substantial need and demand for a quiet chest drainage o |
system.: | '
Another di sa,dvahtage -of the priof aht chest drainage systems aris_es
: w'hen it becomes ne'ceshsary to vent the collection chamber to atmosphere
to reduce the negativity or suction therein. The_ prior art method of

30 venting comprises the insertion of a filtered needle into the Tatex



-3- tube which connects the patient's ¢ st cavity to the collection
chanber. a sonewhat cunbersone procedur & “The present invention provides a
chest dr ai nage tnit ‘which is smaller, mor e conveni ent, -quiet and |ess
expensi ve than the present :5.. "four-bottle systent . but which retains all e
of the fuggid @Rdth %waaéweaatﬁ@mat-s ThRsh GRARY ARt E11 cakS8n RHANbEES
ans for quickly, conveniently, and safely venting the collection chanber
of ~a_chesh shndwhag cumbedsd brbdetived, at nospheric air without having to
inseft a-filtered 10 - needle into the latex tube which connects the unit
to a thoracic cathet er Thdipresent) inventions peoviiiRet & cHeat! Braipage curits whitast
cavity to be drained. According to the invention a chest drainage system
enpl oys aisusnaldercmore otorveabdrer, guidiowindl iegs @xpéresive thdrhaté present
noi se- produci ng bubbl i ng. The suction. control chanber of the present
I nventS on "éogri-byttls systen",ebubiwhidhapdtiaige all off tie FigActimmatnadaintages
bet ween .t he patient and the suction source when the |evel of suction
exceeds athemsddter mi ned val ue. .The system of the invention includes, in
addition to an inproved suction control technique, a collection charmber in
sefies with 200 an unthe \paesents davectinrb el sa potosides owene rforhquinkly, t he
underwat er seal chanber and the manoneter chanber being in parallel with
pne anot heenvendentlli,ngnd safedy antispctite oblldntipnvehamben of ehchestddnainage
system i ncludes a conbi nati on vent val ve-and-filter assenbly which permts
venting oMniedat fiiteped satmogpherie aipuwithouy havingetmZnsertid ddltanedchanber
by a S|nplelfushbutton step to admt filtered air to the collection
chanbtl . needlgaintmithe; Iatax: tube whdohrepnactmdde undl tage theparie eatbeter

prising a caS|ng havi ng a col l'ecti on chanber therein for receiving
: . which, in turn, 1s connected to the patient’s chest cavity to be drained.

According to the inventinn a chest drainage system employs
a suction control chamber without quuid. hence without noise-producing
_; bubbling. ~ The suction cdntrol chamber of the present'invention employs
15 _a_flexible diapnragm which blocks communication between_the_patient
and-the-suction_sdurce when the level of suctlon exceeds a predetermined
value.
| The system dfithe invention includes} in addition to an
improﬁed suction control technique, a colleetion cnamber-in series with
20 an underwater seal chamber and a manameter.chamber. the underwater seal
c chamber and the-mancmeter ehahber being in parallel with one another.
According to ancther aspect of the invention a chest
drainage system includes a combination vent valve-and-filter assembly
which permits venting of negative pressure [i,e,. suction) in the
25 collection chamber by a simple pushbuttun step to admit filtered air ¢ »o.

.the collection chamber.



“RNuid to be drained from- a chest cavity, nans defining an i nl et openi ng
ffto said collection chanber for egtablishing luid communi- 5 cation
et ween sai d col | ecti on chamber andlgiﬁhtient's chest cavity to be drained,
ans defining an outlet adapted to be connected i-n fluid commi’caticn with

a source of sucti onmmiganSefeidhipReviadd AuitksteataiiRbuesibasatas c@i-ect i on

- chanber and said outlet, and a suction regulator for Iimting the amunt Q{I
suction appirigfhd & edsihs Pltrind & cotlddtdbn Chaiber theesnifbrovbdeiviagd said
liquid seal, mhereln t he suctlon regutator. conprises a regul ator housing
defi ni ng aﬂwalwwemrm@wwpmw kAt ingeni ng from

sai d regul ator chanber which is in fluid conmunication with said

col I ecti on cpbaifeintbassid dollskitiidnsGtinbelCAHS estihliishing Fluld cdordpni+ ng
into 15  said regulator chanber which is adapted to be connected to a
source of eidnbetvobn d:AAUbS1THctibs iiRibed ndeh mdehbls thass andtynl et
openi ng neans defining a passage between said |iquid seal and the source of
suction, arg BeaktinedjReeceFiMiNGIas dutleb ubapeed tosbetdonneatsd dna
predetermned level in said collection chanber to block said 20

passage betflaea ddifuhiaatidnseith andoatee sfusactich, mensi dafimingl a tHepddct i on
in said collection chanber drops to about said predeterm ned | evel. The }

i nvention \gebll Hetickn sSERT cobbsctiongditaber ‘s salidutiey, (ﬁmbnas;rtbicmth . -
reference to the drawings in which:- 25  -4- Figure 1 is an.isonetric .

vi ew of an regplases forckimitingnige amomit efnstchichesppliedcmsaddomolirt h t he
teachi ngs of the present invention. Figure 2 is a top view of the unit

shown 30n Fiegitien Ichatbgurwizd satd Dubdeti andasaid ldguid|seady iwhereinvthe the
unit shown in 5 Figures 1 and 2, taken along the plane 3-3 of Figure 2

and | ook| ngsud;iuha:wul&bcbr «nuphﬁdseaamgnlator housing defining a suction
:egulator'dhamber,mmwns daﬁhung'an outletcxxmung'fnanzﬁahi |
xeguhﬁxn:chaﬂbarv&ﬁsh.ls ﬁniﬂnid,c:nmxﬁpatu:1jnth,saui<:ﬂlectiai

chimber via said liquid seal,means defining an inlet cpening into

15 - saidregxﬂa&ordaaiserwhidxis-édaptedtobe-camcﬁedto a scurce
of suctioq,said;na;ﬂzmcm'chamber; outlet cpening means and inlet
qgaﬁng:mxms defuungaa;assagetztwaa1saﬂi}iquuisxﬁd.amithe
source of suction, ami;uessunezesp:mﬁyezmmmszsspmﬁﬁxe'ho:axtlan
above a.pmedete:mined.Leveluin.sald.colhxiucn_dhamber'toiblodk-sai@

20  passage between the liquid seal and the source of suction until the

| suction in said collecticn dhm&ﬁm'dtcps to dmmﬁ:said.pna&ﬁxnnnned .
level. |

. The invention will now be described in greater detail by

way of example with reference to the drawings in which:-

25 .
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Figure 4 is a sectional, side elevation view of the unit shown in Figures

- 1-3, taken aktong the plane 4-4 of Figure 3 and looking in the directi-on of
the arrows. 10 ~* °~ Figure 5 is a sectional4 -side elevation view taken

al ong the plane 5-5 of Figuir&%3 and l'ooking in thésdirection of the arrows..
Figure 6 is a sectional, side elevation view taken along the plane 6-6 of
Fiigure 3 and |looking in the direction of the arrows. Figure 7 is a partial,
'sectional, top view tagired] Q0 Gnt {WBnd¥rP Fieh df b imprafed érdt Araindg uhi@oki ng
.in the direction of the arrows. Figure 8 is a sectional,.top view taken

al ong the plane 8-@nstrufteguincaordaice pithi the. teackings df rthe ppresendfinvdnéian: r ows.
Figure 9 is a partial,_.enlarged, .top, view illystratipng.the Qpening in the
top wal | of the unit dJH8Y¥H§ #ﬁsP‘i Eﬂ?rgte"l"- S?QVWQEF‘?“W thfﬁ"éﬂqto-recei ve 20

the suction requl ator Fuleht 14y kectfdrdh] frohd ddvadidiegieh e 1RCGH: bRl 131 de

el evation view taken-aldng the |ine 10- Figure 9 an ng 1n the
direction of th® afigomes.l Rnd)2; ctalleh along thaplanel 3-3safcEigarel, andibekimg elnattieon
vi ew taken al ong t(pe gl.ane 11-11 of Figure 9 and |ooking in the direction
of .the arrows. 25 direction of the armaws; s 3 pottom vi ew of the suction

regul ator of - th2 pref ' di Of fe.q C _ i uni t
of gt he present invent ﬁ;ﬁmegg%eééangﬂast%r?Iieg%}"h?ﬁs’gc i%ﬁye, %ﬁdﬂﬁgfﬁ

vi ew taken al ong tHiguy@sana, ft3ken3alohg fthe Wi el 4a0TdFigank B ragdi Tookiag iati thect i on
of the arrows. Figure 14 is an el evation view fromthe vantage poi nt of

pl ane 14-14 30  dHirestion of t9e arBW8ing in the direction of the arrows.

Figure 15 is apgel evatﬁiﬁﬁe}-e\éé QU f £&@}&Fﬁt %‘ﬂﬂtﬁg%t?gri Efeaﬁiraégﬁg?&glgfelgla% 5-5

FHgure 13, looking in't lrectron o e arrows.

cross-sectional el@fPigupd 3vindiocekinghim tHecdiredtiomegfithé Qrrdweken al ong the
- plane 16-16 of Figure 5 and | ooki n% in-the direction of 5 the arrows.
Figure 17-is a cross- Jégumeohds & setianaly ¢idecs] eratdony viewetaspm ndong7the7plane 6-6

| of Figure.B and looking in the direction. of the arrows.
figure 7 is a partial, sectional, tcp view taken along.the plane 7-7
1s of Figure 3 and looking in the direction of the arrows. -
Figure s-is_a sectional, top view taken aIOng'the plane 8-8 of Figure
_'3_ahd looking in the difection.of_thglérrows._
ngdre 9 is a partial, enlarged, top view il1usﬁréting'the opening in
fhe top wall of the unit shown in ngures 1-8, which is adapted to receive
20 the suction regulatbn of the unit.
Figure 10 is a partial, sectional, side eIevation'view taken along the
1iné.104i0-of Figure 9 and loocking in the direction of the arrows.
« ' - - Figure 11 is a partial, sectional, side elevation view taken along
' the'p1aﬁe 11-11-0? Figure 9 and Tooking iﬁ'the direction of the arrows.
25 Figure 12 is a bottom view of the suction regulator of thz preferred
| embodiment of-the-imprOVed chest dréinage unit of the present invention.
Figure 13 15 a partial, sectional, side eleva:ion view taken along
the plane 13-13 of Figure 12 and looking in. the direction of the arrows.
Figure 14 is an elevation view from the vantage point of p]&ne 14-14

30 of Figure 13, looking in the direction of the arrows.

evation .
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) Fi gure 16 and |l ooking in the direction of gt.he arrows. Fi gure 18 is a
oss-sectional top view taken along the plane 18-18 of Figure 16 and
poking in the direction -of the arrows. 10 Figure 19 is’'a

or 0ss-sectional topFigueenid dkean ellevatjon lviewp FrometheOvantagefpoimtyaf @lang” Hrdis
| ooking in the directi f the arrows, Figure. IS a cross-sectional

el evation view ?%ﬁiwf‘aﬁgnéw'ﬁ@s ﬂl“aﬂ@%%gﬁﬁglﬁﬁgﬂ?"ig. and looking int
direction of the.argguf 1618% Brodd-dedtRnglokicyahion SHEY BF 1t UEABR rbQAIk]
fromthe vantage poi ?lt 15 of the;peanig"gl?%yﬂafon Fi gure 2%,5 In tﬁ'eém H}g_
direction of theakanrajong tiehplanadéttecof Gidurad aret bovkidgofn itid dimegtitheofsuct i on
regul ator in place on the top wall of the casing. Figure 22 is a sectional,
front elevati nthe &F°%¥Sken al ong the plane 22-22 of Figure 5 and | ooking in
the direction of tNAgRd ¢/ds J bidisidetiohl LAV haker? Qonb! ¥ by FlTrON
float valve structuré tn the upper "portion Of one of the conpart- nents in

t he manonet er céoffbgure d8candhookihgairetie direpeioh Enthedrriwse Under wat er seal
-Cchanber of the unit. Figure 23 Is a sectional, front. elevatiqgn view taken

Y

al ong the plane 23-FAguess 18154 erass-gegtiopalc Fangvien $aken alongcthe Jlang 18+18 ,. . |
i Il ust i - ff [ [ 24 i
2<ra(rzg)¥§nial , utsoga{,/{{, g\?&“{"gagﬁﬁ'% ]ooﬁgi"?h{a" % a%ﬁﬂegéff’é%?o#g:f{r&vjr%g;geand : zoﬁi ng in .

the directiom of theigare 19\3s a-bess-secbionsl Gopseidivi akéd aldngothe plhma/agd19nofvi ew -
taken al ong the gqane 25-25 of Figure 2 and looking in the direction of the
arrows, show ngFiayee 16 and|logkingcin theedizpstdoppBIbe2Ermst i ef val ve/filter of

the unit. P GUTe 26daidaq 614, Bk:seb bt EIUAGEF 18 Wikn ISP LALGI AR 20 Of

Figure 25 and | ookin drréction o e arr ows. - 'S a

sectional, top 20-20 dfokgire2 P Rad 1B6kiRG dNthe direct®dn &F Gng errdhs And | ooking in
the direction of the arrows. Figure 28 is a sectional, front elevation view

taken al ong the pl afigureg2bds & pRitiaincel2Bationl viavekloaking rfromdhelivartage patnss
the arr O_WS'_ 15 of the plane 21-21 of Figure 20, in the direction of the arrows, showing the
Jocking detent-ﬂ;r holding the suction regulator in place on the top wall
of the casing. - - e
Figure 22 is a sectional, front elevation view taken along the plane 22-22
- of Figure 5. and looking in the directfon of the arrows, illustrating the over-
20 f‘low-prevent‘_ion float valve strucfu_re in the upper portion of one of the compart-
ments in the manometer chamber and _the adjacent compartment of the underwater
seal chamber of the unit.
~ Figure 23 is a sect'i'onal,.front- elevation view talsen'along the plane 23-23
of Figufe 9 and looking in. the direction of the arrows i 1lustrating the pop-
25 off valve of the unit. -~ . : - .
Figure 24 is a seﬁtional, top view taken along the plane 24-24 of Figuwre
23 and looking n the direction of the arrows. ' .
Figure 25 is a sectional, front_e1ev§tion vieﬁ*;aken'along_the plane 25-25
of Figure 2 and looking in the direction of the ariuws, showing the manually- .
30 operable pressure-re]fef valve/filter of the unit.
| Figure 26 is a sectional, top view taken along the plane 26-26 of Figufe 25

and looking in the direction of the arrows.



S Figure 29 is a sectional, top view taken al ong the plane 29-29 of .~
-Figure 25 and looking in the direction of th’ta'sa'rrov\/s_.' Referring to Figures
1, 2 and 3, the chest drainage system 50 constituting the preferred -

-enbodi ment il l'ustrat eCIri'g&l-e't@{le‘?éjf‘aaé&@ﬁﬁa.ﬁofﬂbrH%ﬁ&a"ﬁéﬁ?mh@&hé%mﬁvmw aftop
~wall 76, a bottomwall 92, front and rear walls 10. 118 and 134,

regpect i vely, and Rigdrera$ lasd Sdokingl iB@@he divactianosf pher arowsons 110, 112, 126,
128

: and 130 (see Figure 3), all parallel] to en | s .84 apnd 86, - a -
partition 13(2 (Fi gu_?e Figure, g8 %, ‘_P%ecbléf‘%i 'I.g'l""Y 6??"13 P HAY "Fgeé'r gﬁ’/&? Iaf’gg_ll&
134, divide the i | Gk_daf ' iy : hald 3 ts, 56,
5. 60, 62 64 6oy e qEFRRE 2550l Thekily in W difeeetin GOTRSGHIRLL > o

the col | ecti on. ghanberrigéret 2% is usseetionabpay riee ntakers 21ong EhéH1énecdd-28 vfwn | n
Figures 3 and 7) constitute the .underwater seal chanber; and conpartnents
66 and 68 conpriseFignee Ahadrdeeking {8 M8 dIpAct{R0% f28 BFFO8Y. The system 50
further conprises a suction regulator 70, a pop-off 20, type~Safety valve
72.and a conbi nation vent valve-and-filter unit 74, all mounted in the top
wal | 76 of casing 52. The chest: drai nage system 50 may be convenientl.y hung
onthe patient's bed by means of hangers 78, 79 which have their interior
ends rotatably nmounted in ears 80,. 80 at the top of end walls 84 and 86.

25, Al ternatively, .the syst ; n ' he
support of sw ng-out | 5"339, x@(ﬁg'llr?/%tlg??/&tngh(rifpée)?ihéosﬁec[r&&eﬁg%ts oer%mv\glgl | 92 of
the casing 52." As p&stimbignihe prefdvéd edbodfifentldl fusBratdd 4n 2hel dnawingsngomprises

surface material 116 are provided on the front wall 118:0f the casi n\g ?2.
The -7- ‘gradat | ermasfngoid beying:adteriwadl Jfa aokottamcwald 32, sFrapt pRd fiear ¥alls ne

e A b e L
compartments 56, 5§@ntha0026"28 Ang 86 (sdelF Ruid18) Lol paraiTe) whembedlls B4
selected 11 n?' " and 86; and a partition 132 (Figure 7), which is para11e1_to ffont and
rear walls 118, 134, divide the interior of casing 52 into a plurality

E - . of cmpérﬁnents, 56, 58, 60, 62, 64, 66 and 68. ' '

15 CGmBartments'SS; 58 and.so constitute the collection chamber of the
system; compartments 62 and 64 (best shown in FigureS'B and 7) constitute

.,thé'underwafér seal éhamber; ahd c6mpartments“66'and 68 comprise the -
- manometer chamber of the system 50. ' |
.Thé system 56 further comprises a suction regulator 70, a pop-off

20 type safety valve 72 and a combiﬁation.vent valve-and-filter unit 74,"
all mounted in the top wall 76 of casing .52.

The chest drainage System 50 maf be conveniently hung on the patient's
bed by means of hangér§'78, 79 which have their interior ends rota?abjy
mounted in ears 80, 80 at the top o? end walls 84 and 86.

25 ' Alternatively, the systém 50 may stand on the floor with the support
of swing-out'1ggsl88, 90 pivotably mounted on the kottom wall 92 of the -
casing 52. ' )

As bést shoﬁn in Figire 1, gradations 114 and writiqg surface

material 116. are provided'dn. the front wall 118 of the casing 52. The

@



tervals. As best’shown in Figures 1 and 3, the top wéll 76 of the
sfng 52,is provided with a fitting 94 for #eceiving the outer end of &
ex tube 96. The other end of the latex tube.96 is provided with an -

adapter 98 ‘desi gratidtions peevideceadyniddicd bHeRATLRIEIFNSHIE {nBle FHINR)
| eading to the 10 patient's chest cavity to be drained. Wth reference to
the collection EWRAD@ENtSG andgthgwriting (pwefacegiasenial fadiilitates 3he matking

partitions 110, Lvi,d anber,.intfo co & t 6, 58 and 60, tov
facilitate peri sfitfe Jeidt gfrf'{n'ﬁ”gf ®tte 1189 et ) (P ?’&F%‘_‘*‘F‘?"mﬁst-he |
patient’'s cavitge, 58\ané/50yihith einsOEtel e cd1iBctIBAl cAdiBer,Sat isB1eTte Efme3:

bl ood and other liquid 102 fromthe ‘patient's chest cavity, via [atex tube .

96, drop intd theteewipartnent 56.. \Wien the conpartnment 56 is filled, the

liquid will floy [ 0t,0, t 58 upti| that tment js filled,
wher eupon addi t1 oncle PRAVHEVRTI"BUSF (1 B derths CPoEiLsS AT HBSEBI o

conpartnment 60. : ' I rSad i t :
~relatively snal I@?Songgerdeg@g?&Eeﬁ;g%fgért%%{gﬁr%gﬂeﬁe&%&*gg%gﬁ% 1%3?6%g§a

resul t, the quadl. tTheodther god ofithe Clatpatibecds 15 Groviyedow thuancadzpterrgg el y
det er m ned. Thiaﬁfeatu e is garticul.arlyfquefuI in connection with the T

draining of |iqBfsigned, B9, qRopection £o 3athorinic camhater {aet showmh Teadieg toitheia °

collected w 16 @ dny leh  naldaifgd Where relatively small anounts, .
are nedi cal I%/El sP%niﬁ canté.ilJ iasﬁ?;s?% bseh%\i%ﬁélah Fi gure 4, the | ower portion of

rear wall 134 behi ridits ceferenceetd thé cotlgction chembeeds, &8 akd 602¢bes § Ifownt O
render the bottgom_portiQn-of conpartnent 56 of very small relative vol une.

The under wat er & 9"6?\(3319&"? RaGYHsongi Y ddApridtetieschamben iate £ompastipots best
one. anot her by 557 Tuan R0y ko aleTRRIOE Mol il W 5 FOATHE GBAL o
the bot't om wal | céi2edtadefrén ghe patiknt'lsi cpvi ty.( AsOshown\B¥ @rrokdOl04fil06!TaRd 1083) 1S
di sposed in the_bottomof the chanber: and functions as a liquid seal to -
pernit the flowihfignedy Yoednandather: 1iguid 102 fromithe patieptisochastomapione,

- via latex tube 96, drop intd thé. compartment 56. When the compartment 56 is
‘filied, the liquid wiil oyerﬁq#.ipto compartment 58 until that compartment
is filled, whereupon additiongf Tiquid will overflow partition 112 and drop
into compartment 60. _

20 Compartment 56 is inteﬁtiqqaﬂy-made to be relatively small compared,
for example, totompartmenté 58 and 60. As a.- result, the quantity of liquid
in co;npartment 56 may be more act;.urate'ly determined. This feature is
particularly useful in conn_e;tio.n-wjth the draining of Ti'qu'ids from pediatfic
pat:ients where the quantity of Tiquid collected will be relatively small,

25 and where.relati.ve'ly small amounts are medically significant.
As best shown in Figure 4, th_é_ lower portion of rear wall 134 behind
compartment 5€ may be stepped, as .at_lzz,_ ]24, to render the bLottom port_icn'
‘of compartment 56 of very smail .r:elativ'e volume. | | |
The underwater sea‘l-dgambe_r. _;omp_rising- compartments 62 and 64, is

a0 best shown in figures 3, 5and 7. The compartmehts 62 and 64" communicate
with one another by _v*i rtue_df the fact that the partition 132 terminates:
above the bottom wall 92 (see Figure 5)._ Liquid (e.g., water 136; Figure



but preventr ng reverse flow of gas + The fl ow path of gases suctioned from
the patient's pleural cavity via Iatex 't ube. 96 . s shown by arrows 5 138,
140, 142, 144, 1 46 and 148 in Figures 3 and 5. As best shown in Figure 3,

t he upper ‘énd of Bmersc«irmis@artanthe&fbttmrrmmaaﬁamsemﬁmfﬁd&emmldsea:tlmﬁd seal
chanber 56, 58, 60 through an opening 150 in a horizontal wall 152 which
coxr%(-;frs the upper &fdPepH tciwptioy AfrgasessSragr thengatisntes whessr cavdsy %H&F%@Pe”&nd
co

upper end of the 0 er conpar er sea
chanber 62, 64 commntiapiTeny’$ plodral TuvityOriaragel giter96/9s shdvn by\arrows
conpartnments 66, 68 of the manoneter chanber also communicate 15 wth one

another at thei$ 0884 d4h M2nJd4s A6 p@i’rﬂﬁ fﬁ)rﬁgUI‘SO%Wa?oatr ng t-he |
corrpartrrents 66 and 6 er.m nate. ove th ttom 92 Sk, shown -
a5 S ops MR SR A3 M e R S b Eap BB he e
at nosphere (see FicginuRfcates awand\e?:aowé&dr&nheraumesa ,£58] 6 tmegrc@maéﬁment 66
communi cates with the coll ection chanber 56,.58, 60, 20 through an "openi ng

154 in the horizoAd&lingaherizgeal Aaljubﬁitvhiyh @pvewoﬂbedmn%emdso’éhcgmsmntn the
bottomof t he man €L oC nber 66, .6 cateth e ressure

bei‘ng applied to gﬁg" gﬂe ‘Qﬁ?“'é‘('i’he‘?ﬂ a‘{‘}iery‘ ‘i‘m aé.“wg % ?Puﬁga OBeYEF ovi ded
i,n it he corrpartmantchgge,to color the liquid (e.g., water) disposed in chanber
66, 68 to facilitate 25 reading of the pressure |evel via graduations 114

on the portion of theWfthorefereats td Fdqunai hthevenpei @sd officthe atherm,t Targer 66. As

illustrated in Fi ures 3, d. .22, ‘a float aIv 6 rovided at, . the
upper end of conp P'?H?EHF %g"d’? T U "ﬂ?fa’éf"rﬁaf cq%arﬁ%e&“%'f‘ cgoes Withy an
i dentical float vahyQudiidn requibfdw f£d at the, upper end of 30 . conpartnment

66 of the manoneter chanber ©6, 68'. Both float valves 160 and 161 are
pr ovi ded for prevent i Tige t\huecmptﬂnenbsrﬁsqfsa Ofc the gariogleteBGehamber 1360 cummumcate
reSPeCtiVElY: 14 OThin'Gne anothbr st thair botEams Since the partition 130 separating the
: compartments 66 and 68 terminates above the bottom wall 92, as best
shown in Figure 3. The upper end of the compartment 68 communicates
~with the atmosphere (see Figures 1, 2 and 3) and the upper eﬁd of the
cumpartment 66 communicates w'ith the collection chamber 56, 58, 60,
20° through an opening 154 in the hor'izonta‘l wall 152.. ..

- A quantity of liquid 156 'is d'isposed in the bottom of the manometer
chamber 66, 68 to indicate the negative pressure being applied to the
patient's chest cavity; and. a dye.ban-.‘ls_s is prqvided. in the compartment
68 to color the liquid (e.g., water) disposed in chamber 65, 68 to facilitate

_ 25 | reading of the pressure level via graduations 114 on the portion. of the
| ~ front wall 118 which overlies the compartment 66. _

As illustrated in Figures 3, 5 and 22, a float valve 160 is provided
at the upper'end'of.compartmenﬁ 62 of. the underwater seal chamber 62, '
64; and an idehtice1 float valve 161 is providad at the upper end of .

30 compartment 66 of-the-manometer chamber 66, 681 -Both float valves 150
‘and 161 are provided'for preventing the expulsion of the liquid 136 and

~ 186, respectively, from their respective compartments 62 and 65.

€

artment 66 of b[zﬂ@p%ﬁ& 7 Blerse ﬁﬁfﬂ?ﬁ?sb 2 r{)epﬂt ﬁfea%‘?@ qua Eb&‘r'& 4> the_



@ﬁ) best shown.in Figure 22, the float valve 40 includes a general ly

p- shaped val ve nenber 162 whi ch opens downwardly and is nounted on the
bottom of a stem 163 whi ch ext ends upwardly through the opening 150 and
into a downwardl y dsthesstiishowngin @tguae 122, GHe ifloat wilveli16Q) inETudey a lfehérat?y 5
sealing cup 166 is nounted on the top of valve nenber 162 for sealing the

openi ng 150 whefPrared vajve memher; 162 which: appns dowanardlyoand; somounted pothes t e

val ve nenber 1 | Yoo Ilea i b . j.quid 136 W
(Tses to the ¢ aRtp6rd deen s thich bitkjus ihuERAD toiilon WS bobiie, {504sd 5,
(whi ch rise wouinto BOdownwardly aktedding Quitx aRpies Dy duidinddrmbéngsRase in
negativity’i n the patient's pleural cavity), it wll -carry the float valve
160 and seal i*ngse@litp9 1948 16Fwker Bruptadoon: Shee tompl NatHg memberaiGE Femeealiagi d
- communi cati on t.he,.co chion a r. 56, 58, 60

to prevent the%&%ﬁﬁ"ﬁﬁ?ﬁ#@+ |lgﬁﬁ1§q§géﬁn ?%6#"5%-{%&‘ %ﬁgégraﬁ' ture and
function of fl ofrcasathecvalod mehber B2 upwardiy.conpart ment * - 66 of the
~manonet er chanber 66, 68 is identical to the structure and operation of
float valve 160 ded&mikkdhunhde seemthntiwhenttherddauid 1P6oniises datheitoatafon of

h ' |l ection cha 5 .80, when high T
negat i vi Ty in toraPesheng '8 B uierada Sed) Ritrer BB (iiEn 205 5B on the -
liquid 156 qgt bef crielifeds OfgPadxatifIe] bhG Sdden IhcralNih degafvitpUnt tn 1 S .

applied to the patiéent's pleural cavity, via the_ underwater seal chanber
62, 64 and the ratientts plrvrahsanidy) .58 wiid, cadty ahel fldas valve 160 abd s8f ingy

means of a suitable_.suctign source é'not'-_ O\_Nnd;' and.t-he suctjon regul-ator
70 provides for®®o eW%rﬁ??emcF"&?cﬂ e&f'@'?@gﬁﬂ P“'&E%?&ZWW@@&%I of
suction appl i ethebeeh @mpiHchéiiisa Facnal _-Hﬁ:@iJne%tn@érogsjga. B 2b a.-u{d%tr at ed
in Figure 16, includes a housing 170 I ch encloses a suction regulating
chanber conpri sthaexpuisigpef tholpeuit rseat 1362 and- a | ower conpartnent 174
separ ated by a_l_f_l_e%bl e di a'%hragrp 176. 30 A downwardly projecting
boss 180 'o'n_lf"h_e bot'P HEH PR GIIF HPB P THTARE MYIVE7IT (34 Her £9P18Y comprEtReat
through a fittigadef¥e WhHombber! dRadtdl k6, B8 RNfRntical to the structure and
" operation of float valve 160 described above, and functions to block
communication of the compartment 66 with. the collection. chambers 56, 58,
60.whe9 high negativity in thé-patient?s pleural cavity yould otherwise
20 suction the Tiquid‘lss out of the compartment 66 through opening 154.
SuctiOn"is applied to the patient's pleural cavity, via the underwater
sea] chamber 62, 64 and the collection chamber 56, 58, 60 and the latex
tube 96, by means of a sui;able suction source (not shown); and the
syction regulator 70 provi¢e§ for convenient and accurate regulation of
25 the level of suction applied to the hatient._
The suction regulator 70, beét illustrated in Figure 16, includes a
housing 170 which encloses a suction regulating chamber comprising an
upper compartment 172 and a 1oyer. compartment 174 separated by a flexible
dfaphragm 176. -. '
30 - A downwardly projecting boss 180'on the bottom of the regulator housing

170 (Figure 16) extends through a fitting 182 which, in turn, extends



corrpartrrent 64 of the underwater -sé&al chaﬁb' 62, 64. A sealing ring 245
is disposed between the boss 180 and the fitti ng 182 to provide a fluid
ti ght connection therebetween..  S. . A vertical |y novabl e nozzl e nenber
190 is slid | [ [ ofpehousing 170 -
and- extends%Hﬁ“olg?ﬁgﬁﬁtgg%rlaggr?pbégﬁﬁﬁg%aiﬁ% dgf&"?ﬁcgg?gggﬁ g?%? anber 172,
'17 A 1 ed coipdrtiests$ ef thlenfnumaﬂei-4sea$ ghamber ¢l 64n° Nna‘lingvﬂhgi end (or
_Iovver end, as_viewed in Figure 16 the tube 190 in relatively close
proximty t 3% H& drRasat Qﬁ'ﬁ‘giﬂ)tﬁeﬁ S 18?h@ r @& FIgFing pif2 rtochrvide 1 he tube 190
is retained fnll;\,daﬂ%hlp% cﬁq Een. ich is externally threaded and
received in an in erna rea 0ss 198 of a regul ator- control knob
- 200. The segul anmertn@mt'lwoiovimemai% deaberal900ts eTidaslyi Plapssald Mad | 202 which
is internally threaded and fits over an upwardly extendin externally 15

t hr eaded bod¥shtipg 134, ip 1ise d'ﬁ?ﬁ!‘r endnef Busingg I{0aansy extendsi fnfo ©.uPmen s
doubl e- thre%gﬁpqr ﬁ@qglﬁgg %"%Btcfo ta&e?a.h? qﬁhrgﬁga{cmg he fitti ng 196

and the interror DOSsS he natl i peri pher al
nall 202 of okfrake 2wierpdo¢1hea bﬁ)&ﬁeMrmﬁﬁm(éﬁlmrténﬂfﬂasm!ﬂaem of the
redul at or tube 190 toward and away from di aphrdgm 20 176 by rotating the
regul at or. CJM%ITSkrVthhSOUbe'ﬂH@ inpedatively obse PtQXIlmf(}ni%thesdiadaps@d to be

g d, nd. of d f
SoCE ol a0 ' o S e, S 80l R U T, R B g B, >0 ©
conpar t nent adapterfiog bmcsuetb&erﬁawkﬁremed%meéwlﬁn aL?ﬂntZﬁmnyS open to

at nrosphere via a port 208 in the l'ower wall" the regul ator housing 170.
The upper ccthmdedm:sls 198 20f04d mg;gatqrtmntmanfobrzoujz 174 |s | n fl'uid

comruni cati on th t conpart 4 of the under ter chanber 62, 64
" by neans of pawg?fg E’f&' %E'l%"’ﬁ o0, hasnen P‘I‘l"r‘*&f{jﬁ'I ﬁ%ﬂ ulzggor 30 housi ng,
170, as shoyhenis! fiftetmillly thrlgdedf arﬁ' 12313 eo%ell(én ApéhrdBy :Rlﬂéin? g%ﬁghqgﬁg\ini; A

dr ai nage unit 50 is operating, suction froma sul ta e sou t
wll, viast ttbeeaﬁﬁﬁbossLRMIar thet wpped @64 of regulator housmg 170.

through an opem ng 184 in the top waII 76'0?,_ the'_casi ng 52 above the @

This double-threaded arrangement (i.e., with mating threads on the
.__ fitting 196 and_the_intertor boss-198 of knob 200, and the mating
.- threeds of;perfpnerai wall 202 of knob 200 and the,boes'2b4)_pennits_
_ ‘vertical movement of the regulator tube 190 toward and away from diaphragm
20176 by rotating the regu]ator contro1 knoh 200.

The upper end of fitting 196 is adapted to be rece1ved in the outer
end_of.a tube 206 which is connected to a source of suction, not shomn,
such as a hospital suction supply.. | _ '

., ' -The lower compartment 174 of the suctipn regulatqr chamber 172, 174
25 %s open- to atmosphere via a nort_zos_in the Iower_walljof the regulator -
housing 170. L o | _ -
The upper compartment “172 of regnlator chamber 172, 174 is in fluid
ccmmunicat1on with the compartment 64 of the underwater seal chamber 62,
64 by means of passages 214, 216 which extend through the.regulator
30 housing 170, as shown on the left side’ of F1gures 16 and 18.
Thus, when the chest drainage unit 50 is operating, suction from a

suitable source (not shown) will, via tube 206, tubular stem 190, upper

<



ﬁrrpartrrent 172, - and passages 214 and 216, be applied to the conmpartment 64
bof t he ungerwater seal chamber 62, 64, as iTH&strated by the flow arrows in
i‘'gure 16 The degree of suction fray be regul ated by noving the reduced- 5

di ameter orificeg : r, uhar, S 3 or
further fromt hg ?‘i"ﬁ‘ﬁ&ayﬁf&g %@E%SFZ? |4 (r%éd {.2#;'. ngaﬁ'?‘tétg %nrtagtgje Eég{taér?gmehgnob
200 in a cl ockwgs @f cthe amderweter! seak whanberlise o &8 | @s. 11Vistnateldcbysthet flom (or

negative pressure) being applied reaches a predeterm ned | evel, determ ned‘J
by the distanceamysvsdafigynes16ee 194 and 10  di aphragm 176, the central

ortion of the diaphra i | ' g8, s | ock of f
1I‘Ourt her suction. 'pl'ﬂ'ée %?m\@r 3* sg‘?,"r‘?ﬁ%}?g? @@ég?ﬁ%@%b@d%f&%%&éﬁ%&rema'i nin
bl ocki ng engggedrambtan driifideci9aréd ke forldrdusid bf RtR1ACGEEm 190t §oker thar

col I ection chanber 56, 58, 60 and the patient's cavity being drained drops
bel ow t he predefuntheméxpm| thecdiaphyaore (76 by [rotatdeg thes regulatontddyestpentukneR| v | f

air is leaking pnto the cavity). \Wen .the.deqr . sucti on or- negativity
drops bel ow t hehg]r_ gﬁ&éfﬁ?ﬂéﬁ%}eﬁ?@ ,er?ﬁgk-"éfea f'%%’@& of the diaphragm 176
Wl return the cenjredl theuktion (@F refiftive PRISEME) teind GPplakd rekheg@si tion, -

away fromthe orifice 194, to again establish comunication between the . *
suction source predeterminedievel,ndatermiged by heydistance briweenaenificgeldd adanber

62, 64. The .regyl ator si.ng 170 _conpr.i ses two,.hal ves ' between , .
which is sandwi g*?@hratgﬁre]ﬁgufgg cb'éﬁrfﬁﬁglr)??'bf t'h%_da?'gg?ﬁmaﬁ#plu%g%de upper and
| ower hal ves 171caeh d¥iFicd $54°86 bIUR! O5f RirthePOsuleibhl NIhe EEhtRE P poRSoH @F 1O
one anot her by anhy suitabl-e neans, such as screws 175 (Figure 25 17), for

exanpl e. A seakherdiaphragm 278 wid1 premain diacbliock ing eangademensasish e opifice 184 until
whi ch [ ead fromthe upper conpartpent, 172 of the ctjon, regul.atqr, chapber
172, 174 to thet%ﬁfﬁét‘f‘ﬁ‘é%t‘,“es eo‘queﬁ_éi%n _'F'?ﬁﬁt%ﬁ édéa‘fd B Hife PRSP B £V e
structure by whigh.t. Céd t lifed Gdvah idhwiiPQecddd Opening
184 in the top .bEﬁg 'i;“éﬂo%l %’Jﬁggg??#gha :2_.?%9%%5? il I.usr('?‘ir#:'slt ed1 [ nc_

15 relatively quickly if air is lesking into the cavity).

When the'ﬁegreé of sugtion ér negativity drops"below'the predetermined
level, the éiaﬁtftity'of the diaphragm 176 will return the central portion
of the diaphragm'tb its'atf;gSt ﬁ&sifibﬁ, awéy:from the orifice 194, to
again éstablisﬁ=¢ommdnicatiqn be?ﬁeen the suction source and the compartment

20 g4 of the uhdefwater Seallchambg? 62, 64. - :

The regulator housing 170.cpmprisgs fwo-haTvés 171, 173, between
which i§ Sandw%chéd the odtgr hgriphéry of the diaphragm 176. The upper
and lower halves 171 and 173, respectively, of the hodsing'l70'are
secured to'ﬁné another by apy-sqft§b1e means;'such as screws 175 (Figure

25 17),.for'éxémp1é; ‘A sealing ring 212 is provided bétween the passages
| 214; 216 which lead from ;he upper compartment 172 of the.suction regulator
chamber 172, 174 to the §ompartment 64 of the underwater seal chamber
62, 64. - |

The structure by which the suction regulator 70 is retained in the

30 opening 184 in the tbp wa11 76 of the casing 52-is best iliustfated in
Figures 9-16 and 19-21. '



.into the indentati

secured by any suitable means (€.'g.,. :adhesi ve). I'n the opening 184. The-
fitting 182 has ‘a- pair of circum ferentially-spaced, radially-inwardly
projecting, arcuate. | gigpRing382 E5gu 9, 10 bAN2Y) PEsedURed By 20@lskifad] neans
the bottomthereof. " The bottomportion 5 of the counterclockW se-nost end
(as viewed from thée.gophdhesivedcin tie openingcl®fesT3Gitsing 1822has & rain of sireydm

" The bt tom ~appTeRTHATYr et %2%15%%% o PreRe lariato 6 9e¢ 280 P g
a cooperating detegj 1%%&? &9ﬁah@ia1tM1 | aagdeend tﬁys&t&:ﬂfna@at herhecpittat gortion
70. 10 The locking lug 24 a circunferentially-spaced

radi al | y- out war Bl yopthe emntcnglbaku‘iaempsnﬁgd d49 vamdcﬁrgpmmnimf gachhef then of

a -downwar dIy ext en cal bos 80 on t

Eegul ator 70. As bg%dﬁ%%‘imﬂ fﬁhﬁﬁ%?&iﬁi %B’m%%? %?%']c pé{_}?@& s‘ggd

as viewed from abpigresOfo SGAEHIRT A Rétch 231 19%: ltuﬁsth'%‘l’éot Rodhetee certosl
on_their top edgesﬂ:ég to prov):)de rar‘r:ps 244 gnd 246, rg?geégp?l vel y,e ﬁlhl ch
cooper ate W th theportigmsod e aedyezae fon riecefying Q:coomnwemmnssqsgm one| of

to” gw de novenent of the Iu S 24 aﬁ242 enegéh the | edges 230 and 232,
respfactl ve% ‘wherthenock é’ﬁe Jreselaton, ds 180 on the bottom of the
requl at or | §q1 nsert t t § N r23d @

direction. 20 QF &3 ﬁ‘gp%lrr eéglkg? cﬁ@ﬁg?&f hégﬁlﬂrf éejcreuogacl’ ngmkwﬁﬁw
arrangenent bet weeﬁrd,jbetifng tlo¢kiag 1684 26 dre Hispasedi ondthecbdttimof al@nwardiyrextending

bot t f th | 70 [
o0l ator Cap i anceInuTiesh bass 1D conoFre, S5 66t SHHOP PRI 10 orhs BRRE
| ocking det ent 24081(0':59@ u,lé ?f'%&z nB{lhélla vJ'l?&-hlbﬂger*dJ s2Hewéd Froms B5NE)

I gare ttomof ge 230 to lock the

~regulator 70 i-n:pl aﬁQad:mofhﬁeflbéﬂmmgug'lsS&u andt 202 meumgedlcﬁmneirtﬂop etiges wal |

76 of the casing 52. A rubber 0O-ring 245 is provjded around the generall
cylindrical bod§ to provide ramps 244 and 246, respectively, which cooperate with the ramps

Figures 9-16 and 19-21..  -12- A flttlng 182 ( ‘gures 9, 10 and 20) is

+234 and 236-on ledges 230 and 232, respectively, to guide movement of the
- lugs 241 and 242 beneath the ledges 230 and 232, respectively, when the
- generally cylindrical boss 190 on the bottom of the red@lator 70 is inserted
.into the fitting. 182 and rotafgg in a clockwise direction. '
- 20 It will be apprec{ated'that the interlockihg arrangement between the
| fitting 182_§nd fhe cylindrical boss 180 on the bottom of the regulator 70
is quite similar to the arrangement by which a fadiator cap in an automobile
fits on the opening into the radiator.
The locking detent 240 (Figures 14 and 21) on the locking lug 241
- - 25  snaps -into the indentation 238 (Figure 10) in the bottom of ledge 230 to
lock the regulator 70 in placg'in_the'fitting'lsz in the opening 144 in the
top wall 76 of the casing 52. | o
A rubber OQring 245 is provided around the generally cylindrical boss
180 beneath a circumferential ledge 247 thereon (Figures 13 and 16) to seal
" the connection between the genera11y cylindrical boss 180 ;nd the fitting 182.
0 The vent valve-and-filter assembly 74, best j1lustrated in Figures
25-29, permits ready and convenient venti ng of the collection chamber |

56, 58, 60 to filtered, atmosﬁheric air. Such venting is necessary, for



80 beneath a. circunferential |edge 247 the;qgn_ (Figures 13 and 16) to seal
e connegtion between the generally cylindriCal- boss 180 and the fitting
2. 30 The vent valve-and-filter assenbly 74, best illustrated in
i gures 25-29, epample] Solleathy & peocadurectylted "midkiing™ @fofhe t TadesxC @liBecgd i ON
chamber 56, 58, 60 to filtered, atnospheric air. Such venting is
. necessary, for between fthe pagientand the 4nf & ng"H 1kingc daaceompaished bYni | ki ng” OL
the | atex tube n. i n i 150" I nat.1s: _
acconpl i shed b)?algec?ge %gp{%gmggt ttﬁé(;tr'fu-o g? %gﬁf %@4@69 a&(}lje'lg{lcie'*r?t R&ﬁie'{g-pat I ent

and runni ng thehd ifgrers ddewvalengotg tube towdrd thewmitl sDhewnsni theStube #8hen t he
tube is 5 thereafter released., in the absence of venti n? of the :
col | ecti on chatheneafigrrraieasede(in the ghsanse of venting pft thei col legtion ghambert, ect ed

[ th ti t | I Lt ' ' td {,. ti Iind, t he end
of the tathot ef Te1FiYERL nERY igvér 7 ep Rl T e ChR e ekt IR el .0 by
causing irritapj&irafRdvidy @adSing thecpatfee' s/ #1348e APsimbii thie CdndasTS BHEDEAthdthr

-~elimnates 10 this potential hazard by permtting venting of the-
col | ecti on charibethepleutaiptayitye o be supkedaine tthe holeRef therebycausingi gur es

25-29 th t _and-filt nbly 74 | | t\wo-part, housi
conpri si ﬁgvzg Jﬁ%&‘?"?‘ﬁﬁﬁ"ﬂ‘z&?ﬂ?g}ﬁda@é %8@&‘85?%“9%5%6"3&5?6‘"% tgﬁ"gfﬂ%ﬁﬁl '? gr -
paper 254 Swd%fshS&ehmﬂ%Q&%eW‘pgmﬁ'ﬁnéc?er_xtt'mé) o?afhlEsco_gﬂat?dﬁdcr%ﬁgeraW the , . °

firlter paper 254 are held together in.sandw ched relation, as shown in
Fi gure 25, by asimpprdepesssingaapbuttpnri ng 256. The upper. part 250 of the

{hreaded boss 258 RFEBUOR Thf HFEErdha0ent KVEHH BOHF, 6oBus T o
o rearar 1 ato R S Pk g NBrlERy 1oAe USRI 2Bk 1] s
radi al |y proj epartn@Sdirwithitecterdeh fP36r tpaperc2iid. {andwiched) therelijeen. A The
pu.shbut ton he r'ttl'é) %a3t§825eoxgr%ngssz a dV\I?tlrgd_lf'P/ifgrp %Q’p%rtz 2 af_rle%lg-; cte tczigfseAEEer:in
" sandwiched relatioh, as.shqw_m iri Ei_gure-zs, by an annular c¢lamping ring
256. - e
' The upper par'_c 250 of the housing 250, 252 includes an: upwardly
projecting, tubular,';extern_aﬂy ;hfe_a_ded boss 258 through which extends
20 the stem portioﬁ 260 of a c;ompr_essil_:]_e. elastomeric. valve member 262.
The val-v_e member 262 includes 'a_n'an;iular -ﬂange _264 having 2 plurality |
of 'circumferentia'ny-spac_ed, radiél]y projecting protuberances 266
thereon (sée Figure 26). A bushbutton portion 268 extends upwardly
above the flange 264. |
25 The bottom of the stem portion 260 of the va]vé member 262 rests on
a ledge 270 which extends across the central passage in the boss 258, as
shown in Figures 25 and 27.
The valve .m;.mber 262 is retained in position by means of a cap 272
.haviné internal threads which g:ooper.atg with thé external threads on the
30 boss 258. A radially inwardly extending annular fiange 274 on the cap

272 overlies the annular flange 264 on the valve 262 to retain the valve

member 262 in place, as shown in Figure 25.



25 . The bottomof the stem portion 260 of the val ve menber 262 rests
on a | edge 270 which extends across;:tthe.cent rak passage in the boss 258,
shown in Fidures 25 and 27. The val veénenber 262 is retained in position b
means of a cap 272 hawjaghekil Gorttn 447 6OUR VILeh nRIRSRSS S238 the1ide a
external threads on t g %&tﬁgs 25“8. Aradially inwa?%l y extendi ng annul ar
f _I@]ge 274 on t hedswawardTy extendingetubulae membarl 28 Havingge ceatradtubyler\passage 26?2
to~fetain the valve nmenber ;262 in place, .shown,in Figyre 25. . -14- The
bott om portion 2588 MhichCommyni eatesy, thropg) géé?" E@E“ii??& Ugék%’c‘f ﬂﬁﬁﬂﬁﬁér%ﬁéy
extendi ng tubul.ar e ,ng {Ben 300! CHbEIGh pbFiRHERN TP DR IRs2 368 Wi b
conmuni cat es, thrgug _ H%(Za?mpéaageémz 2 '\_MLtIh tphglapassages_ 282 between the
stem 260 and the uppeertiousingejorpioarasd. WAl drossbidre 284 AF8gurks 126eand 29) mxdends
housi ng portion 250. A crosspiece 284 (Figures 25 and 29) extends across .
t he passage: 280. Agrosesthe Passade i280-Fi gures 25 and 29, spiral ridges 288,' 290
are provided on the i i,0 : 3. L al Fa1h ] $05dgl s 250
and 252, respectivel yRg '?(E)gtp%'bo\% Jér@&%"ggﬁs ?‘g?zg!t’%ewrael gﬂﬁ%ﬁgl@e thin bacteri al
10 filter paper Badvidédem thé@nteridroof 2B uppertand lekershausing portidns c250eander
262_ I s depressed, the valve nenber wi |l be cogpressed -'aq-ai nst the | edge 270
to pernit atnosph@8.crespectivelyntterPravidacwppark Jor Jhe 1ol 3tIyeliathdn Paeteritidi ng
| edge 274 of - e, 272 apd the radially outwardly extendi ng flange 264
on 15_ the val \E/Q ﬁiﬁ%@r“ﬂ%&%'m nospheric air may then travel around the

- flange, through the gRentd bSitas 268 BEItNE RNadtbferst @81 vAGHmbeYd262h&s derras2dS,
around the | edge 270, through the filter paper 254, around the crosspiece
284 and into the ¢be lvelve memberhwillche swiprassed ggpingt,ghe)ledgs 778 tocherait

pop-of f valve assenbly 72 is hest illustraged. Fi s angl .24. fhe :
top wall 76 of t hé%ﬁ?ﬂsc @3"3‘? h é#ggﬁ“ reara%‘g%j]ew IJHF%'%E%%?%E%%H@W é%% with
~a-central opening 39Qsagid GpCRaCaalthe Gadially outwardly extending flange 264 on -

. 15 . the valve member 262. Atnd'spher"ic'air may then travel around the flange,

through the annular spaces between the stem 260 and' the boss 258, around
the 1edge'270.'through the filter paper 254, around the crosspiece 284
and into the collection chamber' 56, S8, 60. _
Thé'preSsure reIiéf,‘pop-off vaTQe-asSemb]y'72 is best illustrated
' ;'20 in Figures 23 ;nd-24. 'The:top wall 76 of the casing 52 of the chest
' draihage unit 50 is provided witﬁ-a central opening 290 and a concentfic
annular opening 292, located above the compartment 64 of the underwater
~ seal chamber é?; 64. An “umbrella” valve member 294 has a central shaft
portion 296 which extends through the central opening'290._ The vaive
e ' 25 pember 294 a1§o inc]ﬁdes a'radfaITy outwardly extehding, annular flange
. 298 which ovérT1es the annular opening 252.
| | A tubu1ar'sleevg 300 is'disposéd around the upper portiocn of the
- shaft ZQé'and includes an.outward1y turned bottom end 302 which rests
_ agafnst an enTar;ed.EaII-shaped portion 304'in:the central portion of the
30 stem 296. .. _
_Hhen'positive“bressurg inside the compartment 64’of'tﬁe underwater
'seal chamber 62 and'64 exceedsja predetermined “safé“ level, the positive

pressure felt by the annular flap 298 through the annular opening 292



ul ar opening-292, |ocated above the conpartnent 64 of the under wat er
aI chagtber 62, 64. An "unbrell'a" val ve me¥®r 294 has a central shaft
pOrtion 296 which extends through the central opening 290. - The val ve 25 '
menber 294 al ¥Hlli hifituthesflapy+ aslishbwny im phantem [1§nes xine figurg 23 aneoklievé | ange 298

whi ch lies, th | ar - ing 292. A tubul 300 .i s di d
e ound L e un s Brasaites, e RRE bErhsfice” 3o Ane siiherimett B "arirgn ockelpy Cor nett
bott om end 30ZnaVBtddatdrfried AR NTEved] thlAs 0058 BRlths SEAROM2DANY irRRurA04 |

the central portion of the 30 stem 296, Wien positive pressure inside the
conpar t nent 64t @b theenommalepasdtion, ssiown dhanbidr 1188 dmdFigurec2dceagdsn a

predeterm ned "safe" |level, the positjye pressure felt by the annular flap
298t hroUghgt ﬁ%"%%ﬂ?uf'&r"ﬁfﬂgﬁfn%%%.égxw Il Iift the flap, ‘as shown in
phantomlines in Figure 23, to rellieve the pressure. Wen the pressure in
the conpartment 64 returns to bel ow the predeterm ned "safe" |level, the

-—flap 298 of the VI uge,2€i2 outer endtofr thei lateo tutec961d8 retkaghed itd iaothorsdigwn i n

- solid lines in Figure 23, again- 5. covering the openings 290 and 292. In
use, the out eFAtBRERToENOEShow Wiichy iR tygny ds dt‘ﬁ%’&?ﬁ’eg“ {the BatigBi'scshestat heter |

(not shown) We b, t hS.. ried, i Lank, vity T
(e..g., pl eur\zg/?h@a i(th' ._._'_"f{lgurbaé ccflrvgﬁﬁe%ﬂ gear?ﬁ“%‘ﬁﬁ'g ' g!fe étr{' rgeggtsoﬁe&?ube 96 i s
——attached to tisbecsbiinqtiathed dotthe dakingi 52yvithe TiRidguPe 20R tBe dogading : -

fromthe regulator 70 is connected to a.suitable source of suction (not
shown) suchYadeadinp Spm the gegulatan ois sennected \ig: 1 suitablepsawere Pf qui d) 136

and 156-wi || preyi y en_ poured into the bottom of the underwater
seal chanber 8:5%@42'('134%5!{3@(;6@% g‘efneg#&s?ﬂtgl' snsau -teitmf/ &SP manoret er chanber 66,
68. The water neyatee (b othed Piqueld) fiaglesd 1550wia gragicubfydhsivenBeant eri ng of

t he drai nage process. The desired | evel of suction or negative pressure is
set by rotati Pepredidntothe sottrmed theoundarwaker seadt ¢hombercify &k and ¥@ t o nove -

e he o apRgtbh o e 9y LEl diRakeEr EREkob o, BB e IR Gy B! 2100
1S colored if desired to facilitate wgqifering of the drainaée prdcess.
The desired ievél ofjsq;fiqn.éf-negativg preésufe_is set by rotating
the control knob 200 on the suction regulator 70 to move theorifice 194
of the regulator nozzle 19@ to a predetermined distance from the diaphragm
176 (Figure 16). - | | '

20 Suction applied through the rggu1ator 70 will be fefiected-through
compartm;nt 64 (Figure 5), ﬁhe quﬁfd seal 136, compartment 62, collection .
chamber 56, 58, 60, thorocotomy tube 96 and the patient's _cavity to be -

~drained. - - : _
Liquid-and gases sucked frdm';he cavity'wi11 eﬁter the casing 52 - »

25 througs the thorocotoﬁy-tubé 96. The liquid (e.g., blood) will drop

| into chamber 56, and will overflow into compartments 58 and 60, as—
i]lusir;ted by arrows 106 and 108 (Figure 3). -
Gases suctioned from thg_cavi;y will travel across the upper portion
of the collection chamber 56, 58, 60, as illustrated by.arfows 138, 140 |

30 and 142 in Figure 3, and Wj]l travel through the opehing 150 in horizonfal" -
wall 152, down through the compartment 62, as illustrated-by arrows 146
and 148 in Figure 3, will bubble through the 1iquid seal 136, and pass



176 (Figure 16). 20 Suction applied thro}fgh ‘t he regul ator 70 will be 2@
refl ected-through conpartnment 64 (Figure:5) e liquid seal 136, A

.corrpartrrent 62, ‘col | ection- chamber 56, 58, 60, thorocotony tube 96 andthe
patient-'s cavity YWothsausl Hhenrompantyenti €4 » Asdsheum da Figuneets ARD AYY Rerousty they

will. enter the casgugg,oﬁg._eﬁ\?,atgm%)ugh t he thorocotony tube 96. " The |liquid
10 .

(eg bl cod) wi Il 0 chanber 56, .and will overflow into
artnents 58 and 6®he asquidiibb Uat thet sadletyysean mandne 1416 ciruniblerl 68, 64 watir €
3) --- Gases. suctioned fromthe cavity will travel &cross the upper portion

of . the col | ection il ihe Sonpastnent§6 asd fall Jatthetcompapimeat réyichen 3Bction0 30

o sontal - SaEr Harthans s B oph Rl 10 1RPR ot e e

arrows 146 and .1_48mﬂé}w5téiU§é21 %ha.WeJ» ls2pgBbing fhBrsab€ildn tﬂaﬁulla't&uvai $ﬁa|the136
and pass - 16 - up through the conpartnment 64, as shown in Figure 5, and

out through the swpeniogs rlé‘b@hdatliﬂ iy Ghe el zbatglivd 11382 i(Riguhe 3éaftetiyndi;:aaé the

-maponet er " chanber 66 6? i :tﬁ n the conpartment 66 and fall in the
conpar t nent .68 whefvd g 56?3" '5‘ %55t 8d, since the conmpartnent 66 is in

F1yid comuni catlon Wik h:hé@eﬂnéﬁEVﬁEQfegz?ﬁﬂtycmﬁﬂ%eéoﬁé’cti% cﬁ‘é?ﬂert fs‘e Ectlon

regulator 70, via the openings 154 and 150 in the horizontal wal
(Fi-gure 3), toiPnddcrises theutleaclevelf thatcit would mthdrwisey sucknthel ‘hqtmb‘lm/emt

2 Tevel tha it wldh (Pt REMRAPRvE it and 8- e, 119414 28 TL mafeecibe Pogs valves ° "

conpartment 62 andg§Gnd 118¢ do'@lUkéjoW khe bEEndAyst 188 {ndOBG @l M%%n%%p@ﬂqorwl

to close off the openings 150 and 154 and prevent expulsion o
-therefrom If therof theoater dheresroni ve pressure build up within the casi ng
Zﬁi.oﬁgt | E:QFI SOp _._Off V?l‘vtgerzeggccgis tahp%s'?tﬁseegpé sur7e2bu 1d %prv%th?’r) the casing 52,
15 the pop-off valve 294 of the assemb‘ly 72 (Figure 23) will automaticaﬂy
pop. up to relieve the pressure.
In the event that it is desired to vent the interior of the casing
to fﬂ-tered'atmospheri-c air, the button 263 of the vent valve-and-filter
assemb1y 74 is simply depressed. L L o
2 From the foregoing it is apparent that the chest dramage unit 50
~of the present invention is quiet in operat'lon and is_more compact..
and_tﬁoré economical than the prior art apparatuées described at the
outset of the specification. The suction regulator 70 permits quiet
~ operation in;smuch as it does not require the use of liquid to regulate
e ' 25 the degree of suction 'app_lied to the cavity to be drained. Moreover, it
is apparent that the sﬁct‘lon régu*.a-tpr 70 provides.' for considei'ably more
_ convénient setting of ;:he desired suét.'idn level compared to the prior
art. The suctioﬁ level is set by ﬁimply rotati'ng. the control 'knob 200,
insiead of having to add or remove water,. as is the case with the prior
30_, art systems.
The combination vent valveand-filter assembly provides for convenient

venting of the collection chamber to filtered, atmospheric air.



p up to relieve the pressure. In the event tk vent the
i lor of the casing to filtered atm)spherlca 268 of the
v@val ve-and-filter assembly 74 is=d3dmply depr Hwi ilgﬁl LllllFrom t he
foregoing it is apﬁarent t hat -t he chest drai nage resent

i nvention i operation and is nore -conpact. and nore econoni cal

than the prior art appar at uses described, at_ th tset of the
speci ficatidm. The suction regul at or 70 %erqﬁetsg ‘3’&3 F‘B’r’lsﬁﬁgnuch aQ-‘

bt s o Pﬁteﬁ%ﬁéﬁ SR iteg a %ﬁ%ﬁ%ﬁ% b et tf
the 1;22&2%*1 B ke %%fx%%%% Cf%%#héaﬁ%#%ﬂs Rl B, %ﬁqtgg%c’
Temve ligt %ﬁé"fgﬂ%a%ﬂ# gg%?f’:‘g : %EFEI%M%;}Z‘%%% Roaztt mmﬁg;; ESA L i on
vent | veapd:-.fi %‘{?%?‘S y?gjg or. convgnl ent %(;Q;l%g vity
g?l’ﬂ! ﬁgg'leog [i casin Vi lection cﬁgﬁer chest
: Ejh](ca_re! n for-t leﬁﬁ?’ﬁ&%ﬂﬁ%ﬁ Hg‘%g@%éﬁd I?gt%%#gph%énbgp% eans *
e!nlngnﬁ%&éaﬁ%& nto!aal cQ e%%lonca er [ e esta ishin
R fclhg!e:;j .gg\dn t%eqio{ F_g dr ai neﬁq %‘gﬁfﬁgﬁfhmg% go%%i‘f&ﬁggﬁ'tea%gt% bejgﬂl} " S 1
f?gﬂlegt gea: be{] a 3{{;% n_ch angE id ﬁ eé aé C![ Pgna '
regul ato[1 f ;%"ﬁr?d:d Hi ,t?% ?‘? e,% Eghl - '@5 -
T eou A% oA Bude Bl A ﬁgﬁ%afh” AT 135Ra gl ieltebn Sl 1 O
sucticn regulator catprlses axegula:torhousmg defining a sucticn '
' J:egulatord:anber,mansde.ﬂnmganoutletopeningﬂunsaid
:xegulatar chanber which is . in.flnld.cmumnumm&;cnuwith sald.colhxﬂnsn

dzanberviasaldliqmdseal,meansdeﬁnmganmletopenmginto
15 - 'sa:.dreglﬂatordxa:d:erwhld:.is adaptedtobecmnectedtoasarrce
ofsuct:.m,sa::.dregulator chanber, oul:let cpening.n:eans and inlet
cpening means de.fmingapassagebememsaidliquidsealandthe
source of su::t:.m, ana pxessu:re respensive means responsive to suction
-above apredetenmnedlevelmsa:.dcollec!::.m chanber to block said
20 passagebememﬂaehquidsealmdﬂlescumeofsuctmnmlthe .

suct:.cn in sa:.dcollecin.onchaxrberdrops to sbout said predetermined o
level, ' '
2. _ A chest drainage appar_atus' according to claim 1,

wherein said pressure responsive means comprises a flexible
25 diaphragm in said regulator chamber.
'3. A chest drainage apparatus accﬁrding to claim 2,

further comprising a nozzle ext-endihg into said inlet opening in said



regul ator chanber, neans-defining an outlet opening from sai dWor ;
chanber which is jn fluid communication with said co“lﬁﬂ”lmrmnlm via
said |iquid seal,méans defining an inlet.ggening int lll at or
chanber which is adapted to be connected to a source of Sucti dh, Ssatd
regulator chanber, outlet opening means and inlet opening means defining a
pas\gge bet ween segu;laltnqm!dambem sedd ndmzlsoimaladdhg sancbublet apﬁmgedssm&-.ed
responsi ve neans responsive it g, sucti on above a predeterm ned level in said
col | ecti on chanbadjacent| ok synfabe20F sa:lphfia:gﬁblbeu! widmraghe Whegebyl ssetiomtove
the source of suction until the suction.in said collection chamber drops

to about said prgﬁt b?&@éter%ined level at sfi8 et s&i:tﬂegag? S8 é%'l‘l?a%rg ig the -.

according to claiml1l, wherein said pressure responsive mnmeans

flexible 25 . dinhiegred Basdi thzz88 UHANOR G ATBE 103 of said . daphra fGilinst
dr ai nage apparat us according to claim2, further conprising nozaren

ext endi nggi nto sgajdj_ hotzle QRENEHlY i n said -8- regul at or chanber sai d
nozzl e including an outlet opening disposed adJaCent one surface of said

f] exi bl e di aphragm: wher eby suction above said predeterm ned | evel at said
one.surface of said diaphragmin the vicinity of said nozzle will nove a

portion of said 4 aphr agm agaA nest draina?ﬁa;-lpﬁaﬁé&?s' BcodkdifE- t4hclaim 3,
A chest drai nage apparatus according to claima, further conprising neans

for manual |y novfurgheaicbmpozging heses FapnearflsaYy fidRhg sdatd’ hexdi ‘Eoward and
di aphragm so as to vary said predeterm ned | evel of suction at which sala

~di aphragm i n t heawayc#¥ron \sadl £laxdbld diaphraghv sbeas\ith! vamy @a2dresbt Sahifed
nozzle outlet. 5. A chest drai nage apparatus according to any one of
claims 2 to 4 .virediof saictiioregt! ahivh ehadriiiaphrugnidastie wgmycgrpggmrrent
comuni cati.ng with the other surface of said diaphragm and neans _

10 * nozzle will move against said nozzle outlet.

5. - Adlestdrainage apparatus according to any cne of claims
‘2to 4 wherei:n.-s-a.id-'regulato:; chamber in'o'ﬁt'_:i‘e-s. a sacond compartrnent
comunioating with the other surface of ‘said diaphragm, and means
: defining an opening in said regulator housing establishing fluid

15 communication between said second compartment and the atmosphera.

6. ) A chest drainage a.pparatus"-&:ccorci.ing to any one of
claims 1 to §, further comprising cooperating means on said reguletor
- | _ and on _said- oasing for mounting said regulator on said casing with
s : S saio_ i'egulot_or' cl_'tamb_er" disposed exferior of said casing.
20 7. L . A chest ‘c!rain'age_ ap‘parafﬁs according to claim 6..
whe_re:i?n said mounting mean.s. comprisee cooéerating dog and ramo means

on said regulator and on said casing.



| ng an opening in said regulator housing establishing frurd—t5
ni cati on between sai d second conpartnent and the
. hest dr ai nage appar atus accor di ng *8@=any one of cl ai m@m"]ﬁlﬂ""ﬁ "ﬂer
conprii sing cooperating neans on said regulator and on sal dccasl

nmounting said regulator ‘on said casrng w th-said regul at or chanber dlsposed
exterior of said casing. 20 . 7. A chest drai nage apparatus .
according to claim®6. wherein said nounting neans. conpri ses cooperating ddg‘
and ranp neans on said regulator and on said casing. -19- 8. A
chest drainage apparatus according to any.one of 5 - claims 1 to 7,

wherein the casing has a f Itered vent for select- ively admtting filtered
air into said collection chanber, and val ve nmeans normal ly cl osing said
filtered vent, said valve nmeans being selectively nmovabl e to an open

position to ernrt filtered atnmsopheric air to pass into said collection
chanber whest he 10 prﬁe@ﬁ?‘é drednrse Eppararis AcrURtisg HR Y @ &fow
atnDspherlc pressure. - A chest dralnage appar at us- according to
clai m3, whedaims date Jarv&@re#u%@amgebas.%rsﬁi Herasb vent oy ;
resiliency into its closed position and which when said valve 15 menber !

i s manual | y iyelyadedtiing Fiiteyed adpcintn said dpllggt:.cn chanber, #@hest

dr ai nage apparatus according to claim8 or_ clai further conpr|5|ng a ; -
filter nmembVahde dB3p dWﬁEE§3Yd§gx§§9ds FhEL ity Saddreive air

passing thr h sai.d vent, openi into said coI ctlon chapber, . i s flltered
250 "1 " Bethy RaSa Brrasr Reventh. 48 %mtms ear@gaﬁrq}
claims 1'to 10, er.ei n, sai d casi,n nc ‘a hase tio an support
_means are nﬁ%?gl%\%ieﬁ %Boi#‘f @%“é e‘g‘ tge
Rl iy pmessunevuiidn.the collection chamber is beLaw.mme@her1c )

pressure,.

.. 9. | A chest dtalnage appa:atus acumiﬂng to claim 8,
wherein sald‘valva:uuﬂudes a:355111ent1ma&£z'bdasedﬁby its
yesiliency into its chmxﬁisxmﬁincn and vhich when said valve

15  member is manually ae.fomedmves to its open position.

10, - - A chest drainage apparatus according to claim 8 or
cﬂaﬁnS,.ﬁnﬂherndﬁqnﬁsimgaifihin:némbﬁmﬁaémtaﬁﬁng across said

venﬁ qpemhn;tx>instre that all.atr;xmsing'thxough.saﬂixmmt .
opening into said collection chamber is Filtered. I

20 11. . A chest drainagf apparatus according to any one of
claims 1 to 10, whexein said casing includes a base porticn, and
support means are movable between a stowed position and an extended

position mounted on said base portu:1jkr support:ng said apparatus
o a surface.



x T

p05|t|on nDunted on sai d base portion for supportlng aratus on on a M
surface. -20- 12. A.chest drai nage ap Wﬂﬂ)&'
claim 11, mhereln $ai d base portion i nclpges means de and 7
wherein said support nmeans conprises a structural nmenber plvotably

connected to said bass porti.on and anabIe bet ween a st owed p05|t|on 5=

wi tthin said regess and an extende si tion wherein rtlon _
st r\u’ctural menber ext ends: th?ﬁ 95$ ﬁg@cag%a P%ﬁﬁﬁ?lfﬁ?’?%&"s Sbaratus

2 whor ep i WBPERLR aaiwasﬁrgﬁ'*ﬁﬁta HepeS 3%55 %&Fﬁ"%‘%"ﬁ%&’%@% ABoard 10
ded
ase PO 00 SRS ek TR b/ B5Rredt O/5USRAAL arkald SRGILESC

pOSI t1on sal prv eln oppos I ons

so that they gxfend s tétg%%a@;geabagavggggt b€ 9488, WSRoll JBbfkson

ext ended posi t1Tons ral nage apparat us ac

claim1, g5 tﬁﬂpssra@a_lir']e%lets X@Ogﬁs%ﬁéaﬁsdfqas% rbf] & B 9aano gnd as

shown in the aW| ngs e speci |ca |on repro dliced by

phot ocopyi ng tsg e&ps mgﬁ&l Qﬁkeﬂddéoﬁﬁfﬁetsaidlrtecgﬁﬁf fcﬁoehgﬁ&ang%m

amendnent s V\:hIC are to rea original typescri

cont ai ni ng th%ﬁsamdg@rg SulBYele | nspected on the .prem ses of the Pat ent
Gffice . .

13. | A chest drainage apparatus according to claim 14
wherein there are two stroctural members .pivosably connected to said
10 base portion and sach is movable between a stowed position and an
extended position, and wherein sai‘d two. members are pivotable in
-opposite directions so that they extend. in substantially opposite

directions when in said extendsd positions.

14. | A ch_ést dfain_age apparatus according to claim 1,
15 . substantially as described herein with reference to and as shown

m the &aw:.ngs.

!hotunufﬂnlmuaﬁmuun unb«n:uwﬁmud urnmmwguw ﬂn:mﬂdmn:cngnﬂ
typescTipt. 1t may conmtsin s few smendsents wiich gre difficalt %o read. The original
typcse:ipz ecntaining these ameandments nay be inspected on the p:inis-s of the Patent Office



