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example, the Steri-Track device which has been used and which is described
in an article entitled "CAPD FIELD OF THE INVENTION
For the Blind" from the periodical Nephrology Nurse, March/April, 1981, pp.
53-54. This device is a self- The invention is an apparatus for breaking
con-   5   contained portable device. When doing bag exchang- nections
between various flow conduits or tubings  es, a fresh bag of dialysate is
placed into a stationary and making new such connections which are sterile.
end of a holder. At this point the protective tab of the It applies
particularly in medical applications, for ex-  bag Is removed, and a spike
is taken from the dis- ample peritoneal dialysis.
charge bag and fitted into the grooves of a sliding 10  plate. The patient
now manipulates the sliding plate DESCRIPTION OF THE PRIOR ART
toward the bag with the result that the spike will plunge Into the port of
the bag with alleged 98 percent In various fields of medicine and
elsewhere, and  probability. particularly In continuous ambulatory
peritoneal dial-  A device providing automatic connection and dis- ysis
(CAPD), there is a need to make and break con-  15  connection of
connectors in CAPD and the like is dis- nections between peritoneal tubing
communicating  closed in U.S. patent No. 4,655,753 to Bellotti et al. with
the peritoneal cavity and a source of peritoneal  The device shown therein
automatically uncouples dialysis solution with substantially sterile
procedure.  two connectors and forms a new coupling between At the same
time It is desirable for patients undergo-  one of the connectors and
another connector in an ing CAPD or another form of peritoneal dialysis on
a   20  aseptic manner, without contamination from the user chronic basis
to be released from close supervision  through handling. by medical
personnel and permitted to do the dialysis  While the inventions disclosed
in the above ref- solution exchange procedures independently at their
erenced patents and publications do embody signif- homes or places of work.
However, the need for main-  icant improvement over the connection and
discon- tenance of substantially sterile procedure remains  25  nection of
tubing connectors by hand, and the manual critical if peritonitis is to be
avoided, particularly in the  application thereto of some sort of
antiseptic agent case of patients on CAPD.                        such as
iodine, significant shortcomings still exist. In response to this, various
systems for irradia-  For example, the irradiation apparatus disclosed in
tion of connectors have been proposed, and some   U.S. patent No. 4,433,244
is extremely susceptible to have been commercially developed, in which at
least  30  breakdown due to fluids leaking from the tubes or the outer
connector is made of ultraviolet transparent  connections into the
electronic components. It must material, and after the connectors are
brought togeth-  be remembered that many of the fluids employed In er but
before seals are released to permit flow of sol-  the various medical
applications are electrolytic and ution through the newly formed
connection, the con-  therefore tend to promote corrosion. The various con-
nectors are Irradiated with ultraviolet lightfor antibac-  35  nection
devices are also susceptible to leaks or spills terial effect outside and
inside the connectors. See  in that no provision is made for insuring that
the tubing Popovich and Moncrief Pats. No. 4,475,900 and    being connected
is empty or clamped off before the 4,620,845 entitled "METHOD OF PERITONEAL
DI-     connection is made. Similarly, no provision is made ALYSIS IN
ULTRAVIOLET RADIATION OF DIALYSIS      for insuring that the exchange
process, once begun, APPARATUS"; Kulln et al. U.S. Pat. No. 4,412,834,  40
is completed and not interrupted or reversed, such as entitled
"ANTIMICROBIAL ULTRAVIOLET IRRADIA-      by disoriented or simply
physically debilitated pa- TION OF CONNECTOR FOR CONTINUOUS AMBU-
tients. LATORY PERITONEAL DIALYSIS" and Hogan Pat.           These and
othershort comings In the prior artare No. 4,433,244, entitled "APPARATUS
FOR IRRA-     for the first time even recognized, and met in the DIATING
TUBING CONNECTIONS". In all of the  45  present invention as described
below. three U.S. patents, ultraviolet radiation is used for an-
tibacterial effect in the newly formed connection.  SUMMARY OF THE
INVENTION Patients who are undergoing peritoneal dialysis on a chronic
basis are often elderly, ill, and debilitat-  In the described apparatus
for exchanging tubing ed. The disease which requires their life maintenance
50  connections, i.e. making and breaking connections by dialysis
interferes with nerve conductivity which,  between connectors, and
irradiating the connectors in turn, reduces their manual dexterity.
Accordingly,  for antimicrobial effect, there is achieved almost fool- it
becomes desirable in the case of many patients to  proof operation by a
user with minimal effort, maxi- provide them with all assistance possible
in the mak-  mal reliability, and virtual elimination of fluid leaks. In
ing and breaking of connections during peritoneal di-  55  the extremely
rare event of a fluid leak, all electronic alysis and particularly CAPD
operations.         components are maintained out of the path of the leak
In response to this, automatic systems for making  and extreme ease and
efficiency of cleaning and ser- and breaking connections have been
provided. For  vice is achieved. 2    
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vast improvement in reliability,  ty, if not find it impossible, to summon
the manual cleaning and service achieved over prior art designs  dexterity
required to make and break these tubing is the use of a housing for the
apparatus having top  connections in an antiseptic and efficient manner and
bottom portions removably attached to one an-   5   multiple times daily
without the apparatus of the other with all electronic components located
in the top  present invention. portion of the apparatus. All fluid
connections rest in  The characterising features of the present inven-
fittings located on the bottom portion of the appara-  tion are as set out
in the characterising part of Claim tus. This removes all electronic
components from the  1, with the precharacterising part being based on US-
natural paths of flow of accidental fluid leaks.  10  A-4 655 753 (Belloti
et al). Furthermore, since the bottom portion of the housing contains only
mechanical components, and   BRIEF DESCRIPTION OF THE DRAWINGS the two
portions are removably attached, the bottom portion is readily detached
from the top portion and  Figure 1 is a perspective view of the apparatus
easily cleaned by the user. The substantial improve-  15  of the present
invention; ments In ease of maintenance, as well as the econo-   Figure 2
Is a perspective view of the Inside of the mies achieved by the vastly
improved reliability over  apparatus of the present invention; the prior
art apparatus cannot be overemphasized.     Figure 3 is a top view of the
bottom portion of the The described apparatus also includes for the
apparatus of the present invention; first time in any device of this kind,
means for pre-  20  Figure 4 is a detail view of the clamp sensor venting
operation of the apparatus if there is fluid in  mechanism of the present
invention; the connection which might escape when the connec-    Figure 5
is a partial broken away side view of the tion is broken. More
specifically, the apparatus em-  apparatus of Fig. 1; ploys means for
sensing the presence of a clamp on    Figure 6 is a circuit diagram of the
logic circuit the tubing which, if not present, would allow fluid to  25
which controls the apparatus of the present in- escape tube before
reconnection. If the presence of   vention; an appropriate clamp in not
detected, the apparatus   Figures 7 and 8 are block diagrams describing the
does not allow the tubing disconnection to be made    logic functioning of
the circuit of Fig. 6; and or any subsequent steps in the procedure. This
fea-   Figure 9 is a block diagram describing the func- ture of the present
invention clearly adds another  30  tion of subroutines (JSR) I, II and III
of Figs. 7 and substantial safeguard to prevent leaks or spills which  8.
could otherwise take an absolutely essential piece of apparatus out of
service by a patient and thereby pos-  DETAILED DESCRIPTION OF THE
PREFERRED sibly create a life threatening situation within a matter
EMBODIMENTS of hours.                                     35 The described
apparatus, in a further very sub-    The apparatus 10 of the present
invention is stantial improvement over anything in the prior art,  shown in
Figure 1. It includes a top or cover 12 and a also includes means for
forcing compliance. In other  base or lower portion 14 preferably joined by
remov- words, the apparatus functions to break one connec-  able means such
as hinge 16. Apparatus 10 may In- tion between two fluid connectors,
irradiate the con-  40  dude rubberfeet or suction cups 18 and has a handle
nector to be reused for antibacterial effect, and then  20 for operation by
the user or patient as described make a second connection between the now
sterile   below. The apparatus 10 also includes two Indicators reused
connector and a fresh sterile connector on a  22, such as light emitting
diodes, which indicate the new fluid supply. The complete function of the
appa-  status of the operation of apparatus 10 as described ratus takes
place through a strict predetermined se-  45  further below. Cover 12 and
base 14 also have cor- quence of steps which the usermustnotdeviate from.
responding slots 24 and 26 which cooperate as To ensure that no mistakes
are made, the apparatus  shown to provide paths for the connectors to be
con- includes means including the clamp sensing means    nected and
disconnected by apparatus 10. described above, to ensure that the tubing is
properly  Referring now to Figure 2, all electronic compo- placed and empty
before the operations of the appa-  50  nents of the apparatus 10 are
located in cover 12. ratus are begun, and, once begun, that the sequence
These include a solenoid 28, Hall Effect sensors 30 cannot be deviated from
by the user.               and circuitry 31, which preferably takes the
configur- Again, the importance of such features cannot be  ation
illustrated in Figure 6 and functions as sche- over emphasized.  It must be
borne in mind that many  matically set forth in Figures 7 through 9. Cover
12 patients who would be in need of such an apparatus,  55  also houses
radiation sources for antimicrobial ef- i.e. those requiring constant
and/or long term admin-  fect, such as ultraviolet emitting lamps 32 appro-
istration of fluids, such as those on continuous am-  priately arranged
within reflectors 33, located in both bulatory peritoneal dialysis, are
often substantially  the cover 12 and base 14. The inventors have found
physically debilitated. They would have great difficul-  the use of
elliptical reflectors to be advantageous In 3    
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embodiment to effectively focus the ra-  No. 4,655,753 is the addition of
cam 60 and cam fol- diation produced by lamps 32 on the connectors.   lower
62 contained within base 14 which, as may be Figures 1, 2, 4 and 5
Illustrate a preferred em-  readily ascertained from Figure 3, function to
prevent bodiment of the clamp sensing mechanism 34 of the   5   the third
holder 54 from being shifted to a position apparatus 10. In this
embodiment, mechanism 34 is  ready for advancement to the second position
until it an electromagnetic/mechanical mechanism including  is completely
retracted from the first position, Le. un- a carrier arm 36 which is
mounted such that the arm  til third connector 56 Is completely removed
from first 36 Is held over one of the upper slots 24 and which  connector
48. at its free end 38 carries a magnet 40. Arm 36 is pre-  10  Figure 6
illustrates the essential electronic con- ferably spring-biased downward so
that it extends be-  nections and functioning of the apparatus 10 as de-
low the upper edge of the slot 24. Mechanism 34 func-  scribed herein. The
circuit, which is mostly self- tions as follows.
explanatory, includes an application specific Inte- When a connector with
appropriate clamp is in-  grated circuit (ASIC) which performs the
functions serted into the hole formed by corresponding slots 24   15
outlined in Figures 7 through 9. and 26 under arm 36 when the cover 12 and
base 14     With respect to Figs. 6- 9, the apparatus 10 func- of apparatus
10 are closed, arm 36 is raised against  tions as follows: its bias until
magnet 40 lines up with the now adjacent  1. Once connected to power, the
green LED turns Hall Effect sensor 30 and thereby causes a signal to  on
and circuits will be checked. This will assure flow through the circuitry
32 to solenoid 28 which trips  20  the user that power has indeed been
connected spring biased arm 29 which articulates with latch 35  to the
device. as shown in Fig. 5, and allows handle 20 to be thrown  2. The cover
is opened by pushing the handle to by the patient. This locks the cover 12
and base 14  the full forward position. The tubing connection of apparatus
10 closed and begins the forced compli-  to be broken is loaded into the
first holder. The ance with the entire sequence of operations as ex-  25
new connector to be used In the new sterile con- plained in greater detail
below.                      nection is loaded into the second holder. If a
proper sized clamp is not present within the  3. The cover is dosed and
latched. hole formed by the corresponding slots 24 and 26, in-   a. The
cover and door sensing switches, and dicating the possibility of fluid
within the tubes to be  the clamp sensing mechanisms must all disconnected,
arm 36 will not be raised against the   30  sense the appropriate
conditions, i.e. that the bias of spring 42 a sufficient amount to bring
magnet   top is closed and latched and the appropriate 40 Into alignment
with the immediately above Hall Ef-   clamps are in place, to start the
procedure. fect sensor 30. Therefore, a signal will not be sent to  b. If
either the old or the new connector Is throw the solenoid 28, handle 20
will remain locked in  missing, the red LED blinks continuously and its
starting position, the cover 12 and base 14 por-  35  the procedure error
alarm sounds for two sec- tions will not be locked in the closed position
and the  onds at the rate of two beeps per second. sequence of operations
of the apparatus 10 will not     c. If the condition described In 3a is
satisfied, be allowed to begin. In this way, the problem of fluid  the
temperature is first tested to assure its leaks, which is not even
contemplated in the prior art,  within a safe range. If the temperature is
out- is effectively dealt with.                   40         side the
predetermined limits, the procedure Referring now more particularly to
Figure 3, the     error alarm will sound for two seconds at the essential
mechanism of exchange means 44 for con-       rate of two beeps per second
and the red LED necting and disconnecting tubing connections is
will blink continuously until the temperature shown. The mechanism
contemplated by the inven-         has dropped to within acceptable limits.
tors is essentially that disclosed and claimed in the   45  d. If the
temperature Is within the safe range, aforementioned U.S. Patent No.
4,655,753.               a second test is performed to actuate the As shown
therein and in Figure 3, exchange           dosimeter to assure that it is
functioning prop- means 44 includes a first holder 46 for holding a first
erly. This may be done by sensing that the connector or cap 48, a second
holder 50 for holding     amplitude of a single flash of the UV lamps is a
second connector orcap 52 and a third holder 54for  50  within
predetermined limits. If the dosimeter holding a third connector 56 capable
of mating with     is not within acceptable limits, the system er- either
of connectors 48 or 50. Third holder 54 is mov-  ror alarm sounds for ten
seconds at a rate of able between a first advanced position adjacent first
ten beeps per second and the red LED turns holder 46 (shown In phantom in
Fig. 3), a second ad-    on continuously, which represents a system vanced
position adjacent second holder 50 (shown in  55  failure mode. The failure
cycle can be con- phantom in Fig. 3) and a retracted position away from
firmed by opening and closing the cover a both of holders 46 and 50.
second time. If a failure Is not detected, the One improvement contemplated
by the inventors        procedure can continue. of the present invention
over the disclosure of Pat.    e. If both the temperature and the dosimeter
4    
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limits, the green LED  Claims blinks continuously, the audible indicator
sounds continuously fortwo seconds, and the  1. An apparatus for breaking,
forming and irradiat- solenoid is pulsed to unlock the carriage for   5
ing tubing connections (48,52,56) for fluid flow moving the third holder.
therethrough and antimicrobial effect, the appa- 4. The patient pulls the
handle to the back posi-  ratus Including a housing having top (12) and
bot- tion (pointing away from the old and new connec-  tom (14) portions
removably attached to one an- tors).
other, mechanical exchange means (44) in the a. The shuttle mechanism
carrying the third  10  housing, including first and second holders holder
54 backs up, breaking the connection    (46,50) for first and second tubing
connectors with the old connector and retreating to the re-  (48,52) to be
exchanged, and a third holder (54) tracted position. This is also the
position in  for a third connector (56), and means (20) for rel- which the
radiation sterilization of third con-  atively moving the holders to effect
the ex- nector 56 is effected as it is now being held  15  change, and
irradiating means (32) in the hous- within the elliptical reflectors, as
illustrated in  ing, figure 3.
characterised   by  electromechanical b. The green LED turns off.
means (28,30,31,34,60,62) to force compliance c. The solenoid is pulsed to
lock the carriage  with a predetermined sequence of steps to effect holding
the holder and third connector 56 in  20  exchange and radiation of the
tubing connectors position.                                      by a user
of the apparatus, including means d. The UV lamps operate to sterilize the
con-  (60,62) in the housing preventing relative move- nector.
ment of the holders to effect connection of the e. The dosimeter monitors
the application of   second (50) and third (54) connectors until the the UV
light and terminates the flashing when   25  first (48) and third (54)
connectors have been acceptable limits are met. If an acceptable    fully
separated. dosage is  not sensed, or the lamps malfunc- tion, the red LED
turns on continuously and  2. The apparatus of Claim 1, wherein said
electro- the system error alarm sounds for ten sec-    mechanical means
includes, electronic means onds at a rate of ten beeps per second.  30
(28,30,31) having means (28) preventing con- f. If the proper dose is
achieved within the ap-  nection of the second and third connectors
propriate time limit, the UV lamps stop flash-  (50,54) until the
irradiating means (32) has been ing, the solenoid Is pulsed to unlock the
car-  operated. riage, the green LED blinks continuously, the audible
Indicator sounds continuously for two   35  3. The apparatus of claim 1 or
2, wherein said elec- seconds, and the cycle counter is pulsed.
tromechanical  means  Includes   means 5. The handle is then pushed forward
by the pa-   (36,40,30,28,29,35) for preventing operation of tient to
advance the third connector 56 and its   said apparatus when fluid may be
leaked from holder into the second position adjacent to the   said
connectors. second holder and connect the second and third  40 connectors.
4. The apparatus of Claim 3 wherein said means for a. The shuttle switch
pulses the solenoid to   preventing operation includes clamp sensing lock
the carriage In the forward, connected    means (36,40,30) for sensing the
presence of a position.                                      clamp. b. The
green LED turns on and a two second,  45 continuous tone is sounded.
5. The apparatus of Claim 4, including manually op- c. The continued
forward motion of the handle  erable means (20) for operating the exchange
mechanically releases the cover.               means (44) and latching
means (29,35) for latch- d. The cover and port sensing switches re-     ing
the manually operable means, the latching move power from the circuitry.
50      means being releasable by the clamp sensing 6. The cover is opened
and the components are    means (36,40,30) when a clamp is sensed. removed.
The green LED turns on. As noted above the logic portion of the functions
are achieved by an ASIC (application specific inte-  Patentansprdche grated
circuit). Such a circuit is can be obtained from   55 different
manufacturers such as the National Semi-  1. Vorrichtung zum Unterbrechen,
Herstellen und conductor Corp. by supplying the functions to be per-
Bestrahlen von Schlauchverbindern (48, 52, 56) formed (i.e. logic charts
represented by Figs. 7 - 9)  fur hindurchgehende Fluidstr6mungen und zur
and the general circuit diagram such as Fig. 6.       Erzielung einer
antimikrobiellen Wirkung, wobei 5    
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11111 11111 II lii *C  L  M   S* die Vorrichtung ein GehAuse mit einem
Oberteil   ecoulement de flulde au travers et un effet anti- (12) und einem
Unterteil (14), die losbaraneinan-  microbien, Iappareil comprenant un
botier der befestigt sind, mechanische Austauschein-    comportant une
partie sup6rieure (12) et une richtungen (44) in dem Gehause, die erste und
5  partie Inf6rieure (14) fix~es l'une A l'autre de fa- zweite Haltet (46,
50) fOr auszutauschende        Von  separable, des moyens m6caniques
Schlauchverbinder (48, 52) sowie elnen dritten    d echange (44) dans le
boitier, comprenant des Halter(54) f Or einen dritten Verbinder (56) und
ei-  premiere et deuxieme montures (46,:50) pour les ne Einrichtung (20),
urn die Halter zur Durchfuh-  premier et deuxilme connecteurs de tubes (48,
rung des Austausches relativ zueinander zu be-  10  52) a echanger, et une
trolsieme monture (54) wegen, sowid elne Bestrahlungseinrichtung (32)
pour un troisieme connecteur (56), et des in dem Gehiuse aufwelst,
gekennzeichnet durch    moyens (20) pourdeplacer les montures de fagon
elektromechanische Elnrichtungen (28, 30, 31,     relative pour effectuer
I'echange, et des moyens 34, 60, 62), um die Einhaltung einer vorgegebe-
d'Irradlatlon (32) dans le boftier, nen Folge von Schritten zu erzwingen,
urn den   15  caracterise par des moyens 6lectromicaniques Austausch und
die Bestrahlung durch sinen Be-     (28, 30, 31, 34, 80, 62) pour obliger a
respecter nutzer der Vorrichtung zu bewirken, umfassend     une sequence
predbtermin6e d'6tapes pour ef- Einrichtungen (60, 62) in dern Gehause, die
eine  fectuer l'echange et l'irradlation des connecteurs relative Bewegung
der Halter zur Vornahme der     de tubes par un utilisateur de l'appareil,
compre- Verbindung des zweiten Schlauchverbinders (50)  20  nant des moyens
(60, 62) dans Is boitler empe- und des dritten Schlauchverbinders (54)
verhin-   chant Is mouvement relatif des montures pour ef- dern, bis der
erste Schlauchverbinder (48) und   fectuer la connexion des deuxieme (50)
et troisie- der dritte Schlauchverbinder (54) vollstandig ge-  me (54)
connecteurs Jusqu'A ce que les premier trennt worden sind.
(48) et trolsisme (54) connecteurs aient 6t6 25      completement separes.
2. Vornichtung nach Anspruch 1, wobel die elektromechanischen Einrichtungen
2. Appareil selon la revendication 1, dans lequel elektronische
Einfichtungen (28,30,31) mit elner  lesdits moyens electrom6caniques
comprennent Einrichtung (28) aufweisen, die eine Verbindung   des moyens
6lectroniques (28, 30, 31) compor- des zwelten und des dritten Verbinders
(50, 54)  30  tant des moyens (28) empechant la connexion verhindern, bis
die Bestrahlungseinrichtung (32)  des deuxibme et troisibme connecteurs
(50, 54) betttigt worden ist.                             jusqu'A ce que
les moyens d'irradlation (32) alent et6 activ6s. 3. Vorrichtung nach
Anspruch I oder 2, wobel die efektromechanischen Einrichtungen   35  3.
Apparell selon la revendication I ou 2, dans le- Einrichtungen (36,40,30,
28, 29, 35) aufweisen,   quel  lesdits  moyens  6lectromecaniques urn den
Betrieb der Vorrichtung zu verhindern,    comprennent des moyens (36,40,
30,28,29,35) wenn Fluid aus den Verbindern austreten kann.     pour
empecher le fonctionnement dudit appareil lorsqu'un fluide peut fuir
desdits connecteurs. 4. Vorrichtung nach Anspruch 3,              40 wobel
die Einrichtungen zum Verhindern des Be-  4. Apparell selon la
revendication 3, dons lequel triebes Klemmenabtasteinrichtungen (36,40,30)
lesdits moyens pour empOcher le fonctionne- aufweisen, um das Vorhandensein
einer Klemme      ment comprennent des moyens de d~tection de abzutasten.
clamp (36,40, 30) pour detecter la presence d'un 45      clamp. 5.
Vorrichtung nach Anspruch 4, die manuell betftigbare Einrchtungen (20) zum
5. Appareil selon la revendlcation 4, comprenant Betatigen der
Austauscheinrichtung (44) sowie     des moyens pouvant etre actionnes
manuelle- Arretiereinrichtungen (29, 35) zum Verriegeln     ment (20) pour
actionner les moyens d-change der manuell betatigbaren Einrichtungen auf-
50  (44) et des moyens de verroulllage (29, 35) pour weist, wobel ile
Arretiereinrichtungen von den    verroulller les moyens pouvant etre
actionnes Klemmenabtastelnrichtungen (36,40, 30) losbar     manuellement,
les moyens de verroyillage pou- sind, wenn eine Klemme abgetastet worden
ist.     vant etre liberes par les moyens de detection de clamp (36, 40,
30) quand un clamp est detecte. 55 Revendications 1. Appareil
pourdesaccoupler, accoupleret irradier des connecteurs de tubes (48, 52,
56) pour un 6    


