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STERILITY-PROTECTING CAPS WITH FLUID
RESERVOIR FOR SEPARATED CONNECTORS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Continuation-in-Part

Application No. 12/164,310 filed on June 30, 2008, entitled NESTABLE

STERILITY-PROTECTING CAPS WITH FLUID RESERVOIR FOR SEPARATED

CONNECTORS; this application also claims priority to United States Continuation-

in-Part Application No. 12/171,997 filed on July 11, 2008, entitled STERILITY-

PROTECTING CAPS WITH FLUID RESERVOIR FOR SEPARATED

CONNECTORS; both of which are incorporated herein by reference in their

entireties.

BACKGROUND

1. THE FIELD OF THE INVENTION

[0002] This invention is generally related to caps for medical connectors and

specifically related to caps used to protect the sterility of separated medical fluid-flow

connectors and fluid delivery systems.

2 . THE RELEVANT TECHNOLOGY

[0003] Catheter-related bloodstream infections are caused by microorganisms in

patients with intravascular catheters. These infections are a significant cause of

illness and excess medical costs. Approximately 80,000 catheter-related bloodstream

infections occur in U.S. intensive care units annually. Additionally, such infections

are associated with up to 20,000 deaths per year in the United States alone.

[0004] Guidelines from the Centers for Disease Control and Prevention describe

various ways to limit catheter-related bloodstream infections in hospital, outpatient



and home care settings. The guidelines address issues such as hand hygiene, catheter

site care and admixture preparation. However, despite these guidelines, catheter-

related bloodstream infections continue to plague our healthcare system at rates

essentially unchanged over the past 10 years.

[0005] Impregnating catheters with various antimicrobial agents is one approach

that has been implemented to prevent these infections. These catheters, however,

have given less than satisfactory results. Additionally, some microbes have

developed resistance to the various antimicrobial agents.

[0006] In another system that is commercially available in Europe, a catheter hub

containing an antiseptic chamber is filled with three percent iodinated alcohol.

Though it has shown to be effective, the catheter hub is expensive and does not fare as

well in a formal cost-benefit analysis.

[0007] Caps used for protecting sterility of medical connectors are well known in

the medical art. Commonly, protective tip caps are applied to luer connectors of

tubing, IV access devices, stopcocks and syringes. Many examples of such tip caps

are commercially available. Most commercially available medical tubing sets are

packaged with a cap in place to protect the tubing during handling. Caps for other

types of connectors, including catheter injection ports, are less common, though also

known in the medical capping art.

[0008] Caps commonly used to cover medical connectors include a cover that is

open at one end, closed at the other end and includes a set of spiraling screw threads

(for making a secure and sealed luer-type connection) over an associated bared

connector, such as an injection port. The inside of the closed end can be equipped

with a plastic capsule that can be ruptured when the cover is affixed to the associated



connector. Rupturing of the plastic capsule releases antiseptic agents stored in the

capsule, thereby applying the antiseptic agents to accessible portions of the connector.

[0009] One of the many examples of medical connectors for which such caps are

used are intravascular connectors associated with a fluid pathway, such as a central

line. Commonly, a fluid pathway is used to intermittently administer medications to a

patient. For example, a fluid pathway, which communicates fluids with a patient's

blood stream, may have one or more connectors associated therewith. Each of the

fluid pathway connectors can be connected to other connectors, such as a connector

associated with an IV bag. In such a situation, the medical connectors, such as luer

lock connectors, are connected and disconnected at various times, and may remain

disconnected for several minutes or hours. Medical connector caps are used to cover

and protect the various medical connectors while the connectors are separated from

one another. When the medical connectors are separated from each other, there are

two connectors that can require covering by a cap. Therefore, it would be an

advantage to have a single connector set that can be used to provide protection for

both ends of a separated connection.

[0010] Fluid delivery into medical catheters and other devices is also well known

in the art. Various fluid reservoirs including bottles, bags, and syringes are commonly

attached to catheters via tubing and connectors for the purpose of delivering fluid

therein. Factory pre-fill syringes have become increasingly used to limit the practice

of filling syringes in healthcare facilities which may increase the risk of infections and

medication/dosing errors. Regulating guidelines including USP 797 and highly

publicized incidents of IV medication errors have further underscored the need for

safer, low volume fluid delivery devices.



BRIEF SUMMARY

[0011] One embodiment of the present invention comprises a nested pair of

protective caps having a male cap and a female cap. Each cap has threads which

correspond to connectors generally used in medical apparatuses and which are

separated for access thereto. Such medical apparatuses may include, but are not

limited to, IV tubing sets, needleless injection sites or ports and vascular access

devices. Each cap has threads that connect to a threaded end of an associated cap. As

such, a pair of protective caps may be nested together to provide a pair of caps that,

before separation, maintain sterile internal surfaces. These caps may subsequently be

taken apart and applied to protect and seal both ends of a separated medical

connection, such as medical connectors generally used in medical apparatuses, from

microbial ingress or other contamination.

[0012] Each protective cap encloses an associated medical apparatus connector

and prevents touch contamination that may lead to microbial contamination,

colonization, and infection while the medical apparatus connectors are unattached.

Further, in some embodiments, the protective caps can contain antiseptic agents that

kill microorganisms such as bacteria, viruses, and fungi that may colonize and lead to

body-wide infection (e.g. IV catheter related blood stream infections). In such cases,

the protective cap may have an absorbent material for applying an antiseptic to an

attached medical apparatus connector. The absorbent material also may provide a

friction scrub while the protective cap is being connected. Such scrubbing improves

microbial kill.

[0013] The "nesting" geometry of the pair of caps provides both caps as a single

unit, sealed against contamination of connecting parts until the nested pair is

separated. Generally, the nested pair is connected by the same thread geometries that



provide for connecting to associated medical connecting apparatuses. When nested

before use, the individual female and male caps are screwed together to form a seal to

insure that the sterility of the internal surfaces of each cap is maintained. For this

reason, the nested pair unit or device optimally does not require further sterilization

before use as the unit is produced and delivered as an inherently self-sealed sterile

package.

[0014] For example, the male cap from the device may be generally used to cover

the end of an IV tubing set that is disconnected from an IV catheter needleless

injection site. Examples of needleless injection sites, sometimes referred to as ports,

hubs, and valves, include brands such as Clave (ICU Medical), SmartSite (Cardinal

Health), and Q-Site (Becton Dickinson, and Co.). The female cap from the nested

pair may then be used to protect the needleless injection site itself. Importantly, once

the cap has been applied, the medical apparatus connector need not be re-disinfected

(e.g. treated with an alcohol swab) prior to each reconnection, as it will be kept in an

uncontaminated state while under the protective cap.

[0015] In an exemplary embodiment, the nested pair of pre-sterilized caps is

packaged to protect against contamination by a seal covering about the junction of the

two caps. Exemplary embodiments of the nested pair having a female portion and a

male portion may also contain a scrubbing material in a closed end of each of the

female portion and the male portion. The material can be impregnated with an

antiseptic agent. The male portion screws into corresponding threads of the female

portion. To assure sterility and prevent fluid loss, the abutting edges of the male and

female portions form a seal impermeable to passage of fluid and microbes when

tightly affixed together. The abutting edges can be over-molded or co-molded so that

the abutting edges can antiseptically seal the interior surfaces of the male and female



portions when the male and female portions are coupled together. Alternatively, an

O-ring may be affixed about a portion containing internal threads of the male cap.

Such a seal reduces or prevents evaporative loss of antiseptic and maintains the

sterility of the internal surfaces of the male and female portions. A second, wrap

around seal may also or otherwise be used to provide additional protection for

transport and storage. Unscrewing, to separate the two portions, breaks each such seal

and prepares the female and male portions for subsequent connection to separated

medical connectors. The female portion can then be secured to a male medical

connector to protect and seal the male medical connector. Similarly, the male portion

can be secured to a female medical connector to protect and seal the female medical

connector. Asthe female portion is secured onto the male medical connector, the

scrubbing material disposed in the female portion scrubs the opening edges of the

male connector. Likewise, as the male portion is secured onto the female medical

connector, the scrubbing material disposed in the male portion scrubs the leading

edges of those parts of the female connector that are received within the closed end of

the male portion. This, in addition to prevention of contamination, thereby eliminates

need for routine swabbing (e.g. by alcohol).

[0016] Other exemplary embodiments provide nested and sealed male and female

portions and a fluid reservoir coupled to one of the caps. The fluid reservoir can be

adapted to communicate fluid through a channel in the associated cap to a separated

medical connector. The fluid within the fluid reservoir can be a medicine or

antiseptic agent. In one embodiment, the fluid reservoir is adapted to diffuse the fluid

through the associated cap over time. In an alternative embodiment, the fluid

reservoir is adapted to dispense the fluid from the fluid reservoir into a fluid pathway.

As used herein, a fluid pathway can include, but is not limited to, a central line, a



PICC line, a feeding tube, a drain tube, or nearly any type of catheter, including

urinary, pulmonary artery, or cardiac catheters. In this embodiment, the fluid

reservoir can comprise an elastomeric bulb, a collapsible bulb, a dual-barrel chamber,

or a syringe-type barrel-plunger system. The fluid reservoir can be used to administer

medicine to a patient through a fluid pathway, or provide an antiseptic to the targeted

fluid pathway to maintain catheter patency, or to reduce or eliminate the existence of

microbes within the fluid pathway. For example, a specific amount of fluid, such as

heparinized saline or other anticlotting medication, could be primed into a central line

to maintain catheter patency.

[0017] Additional features and advantages of the present invention will be set

forth in the description which follows, and in part will be obvious from the

description, or may be learned by the practice of the invention. The features and

advantages of the invention may be realized and obtained by means of the instruments

and combinations particularly pointed out in the appended claims. These and other

features of the present invention will become more fully apparent from the following

description and appended claims, or may be learned by the practice of the invention as

set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a side elevation view of an attached pair of medical caps made

according to the instant invention;

[0019] Figure IA is a first end perspective view of the caps of Figure 1;

[0020] Figure IB is a second end perspective view of the caps of Figure 1;

[0021] Figure 2 is an exploded perspective view of the medical caps of Figure 1;



[0022] Figure 3 is a perspective view of a single cap portion of the attached pair

seen in Figure 2, with internal threads seen therein;

[0023] Figure 4 is a perspective view of the cap seen in Figure 3 with an

associated medical connector about to be connected thereto;

[0024] Figure 5 is a perspective view of a cap, which is complimentary to the cap

of Figure 3, and a luer lock connector to which the complimentary cap may be

affixed;

[0025] Figure 6 is a side elevation view of an attached pair of medical caps,

similar to the caps seen in Figure 1, but having an "O" ring disposed about connecting

edges of the caps;

[0026] Figure 7 is an exploded view of the cap assembly seen in Figure 6;

[0027] Figure 7A is an end perspective view of one of the caps seen in Figure 7

with a sealing mechanism disposed thereon;

[0028] Figure 7B is an end perspective view of the other cap seen in Figure 7 with

a sealing mechanism disposed thereon;

[0029] Figure 8A is a side elevation view of the interconnected cap assembly seen

in Figure 6 with a planar or foil seal partially displaced about connecting edges of the

cap assembly;

[0030] Figure 8B is a side elevation view of the interconnected cap assembly seen

in Figure 8A with the planar or foil seal fully in place;

[0031] Figure 9A is a side elevation view of the cap portion which is seen in

Figure 3 and an absorbent pad being disposed there above;

[0032] Figure 9B is a side elevation view of the cap portion and pad seen in

Figure 9A with the absorbent pad disposed within the cap portion;



[0033] Figure 9C is a side elevation view of the cap portion and pad as seen in

Figure 9B with a quantity of antiseptic material being dispensed into the cap and pad;

[0034] Figure 9D is a horizontal perspective view of the cap portion containing

the pad as seen in Figures 9B and 9C affixed to an associated complimentary cap;

[0035] Figure 9E is a side elevation view of the cap portion which is seen in

Figure 5 and an absorbent pad disposed there above;

[0036] Figure 10 is an exploded side elevation view of a pair of complimentary

caps, similar to the caps seen in Figure 1, but having a tube portion which is sized and

shaped to fit through a hole in the female portion of the nested pair, the tube portion

having a frangible fluid reservoir therein;

[0037] Figure 11 is a side elevation view of the complimentary caps seen in

Figure 10 interconnected with the tube portion;

[0038] Figure 12 is a side elevation view of a pair of complimentary caps, similar

to caps seen in Figure 9D, with a second absorbent pad disposed therein;

[0039] Figure 13 a perspective view of a pair of complimentary caps, similar to

the caps seen in Figure 1, but having an additional scrubbing device disposed in an

end of one of the caps;

[0040] Figure 14 is a cross-sectional perspective view of the pair of caps of Figure

13;

[0041] Figure 15 is a perspective view of an attached pair of medical caps, similar

to the caps seen in Figure 1, but with one of the caps having a secondary cap portion

extending from an end thereof such that the secondary cap portion can be used to cap

a pre-filled syringe;



[0042] Figure 16 is a perspective view of a single medical cap, similar to the cap

seen in Figure 3, but having a post disposed therein to sealingly engage an interior

surface of a medical connector when coupled thereto;

[0043] Figure 17 is a perspective view of the cap seen in Figure 16 with an

associated medical connector about to be connected thereto;

[0044] Figure 18 is a perspective view of a single medical cap, similar to the cap

seen in Figure 16, but having an orifice within the post to receive a spike of a medical

connector when coupled thereto;

[0045] Figure 19 is a cross-sectional view of the cap seen in Figure 18 with an

associated medical connector about to be connected thereto;

[0046] Figure 20 is a cross-sectional view of a single medical cap, similar to the

caps seen in Figure 16-19, but having a channel extending entirely through the post to

communicate fluid through the cap when the cap is coupled to a separated medical

connector;

[0047] Figure 2 1 is a perspective view of a cap assembly having a cap, similar to

the cap seen in Figure 20, and a fluid reservoir coupled thereto;

[0048] Figure 22 is a cross-sectional view of the cap assembly seen in Figure 2 1

with an associated medical connector about to be connected thereto;

[0049] Figure 23 is a perspective view of an another embodiment of a cap

assembly according to the present invention, wherein the fluid reservoir comprises an

elastomeric bulb;

[0050] Figure 24 is a perspective view of yet another embodiment of a cap

assembly according to the present invention, wherein the fluid reservoir comprises a

deformable fluid bulb;



[0051] Figure 25 is a cross-sectional view of the cap assembly seen in Figure 24

with a portion of the fluid bulb inverted to dispense fluid from the fluid reservoir;

[0052] Figure 26 is a side view of a cap assembly according to the present

invention, having a primer bulb and a secondary post to reduce the amount of air

introduced into a fluid pathway;

[0053] Figure 27 is a perspective view of still yet another cap assembly according

to the present invention, having an evacuable fluid chamber coupled thereto, the fluid

chamber having a barrel and plunger configuration;

[0054] Figure 28 is a side view of the cap assembly seen in Figure 26, with the

plunger portion fully compressed;

[0055] Figure 29 is a perspective view of a cap assembly, similar to the cap

assembly seen in Figures 27 and 28, but the plunger and barrel are threadably

engaged.

DETAILED DESCRIPTION

[0056] The present invention relates generally to a pair of nestable caps, each of

the caps being sized and shaped to provide a protective union about a separated

medical connector. The pair comprises a male cap and a female cap, each of which is

configured to be adjoined to a complimentary cap to form a nested pair. The nested

pair is sealed until separated for use, thereby maintaining sterility of the internal

surfaces of the nested pair. One of the caps may have a fluid chamber joined thereto

filled with medicine or antiseptic. The cap associated with the fluid chamber can

have a channel extending therethrough to provide fluid communication between the

fluid chamber and a fluid pathway. The fluid chamber can be adapted to diffuse the



fluid into the fluid pathway over time, or the fluid chamber can be adapted to dispense

the fluid out of the fluid chamber.

[0057] Seen in Figures 1-1 B, is a unit or assembly 100 of a pair of separable caps

102 and 104 securely, but releasably affixed one to the other across a common

interface 106. To serve a meaningful purpose, internal parts and surfaces of assembly

100 must be sterile and, perhaps more important, be able to reduce, prevent, or

eliminate contamination of a connector with which each cap becomes associated.

[0058] Caps 102 and 104 are seen apart in Figure 2, wherein cap 104 is seen to

have an insertable or male section 108. Section 108 has an elongated portion 110 that

ends at an exteriorly disposed threaded segment 112. Threaded segment 112

comprises threads 114 that are sized and shaped to be inserted and joined by threading

into cap 102.

[0059] Cap 102, which is better seen in Figure 3, has a closed, hollow interior 116

which opens outwardly at a proximal end 118 to expose an interiorly disposed

threaded segment 120. Threads 122 are of a size and pitch to complimentarily engage

threads 114 for a screw or push on tight fit with cap 104.

[0060] As illustrated in Figure 4, cap 102 has an interior surface 124, an opening

edge 126 and an exterior surface 128, opening edge 126 being a common link

between interior surface 124 and exterior surface 128. Further, threads 122 also have

a size and pitch to engage a threadable segment 130 of a female connector, such as for

example, female luer connector 132. Such connectors are generally and commonly

used as catheter and other fluid tight protective connectors in medical applications.

As seen in Figure 4, cap 102 provides a protective cover for connector 132 when

encased about connector 132 (displaced in direction of arrow 134) where upon



threadable segment 130 engages and is drawn into a secure, but releasable connection

with threads 122 of cap 102.

[0061] Likewise, as seen in Figure 5, threads 114 of cap 104 are of a size and

pitch to engage threads 138 of a male luer-lock connector 136. Note that cap 104 has

a medially disposed, elongated hole 140, into which a frustoconical cone shaped luer

142 of connector 136 may be facilely and securely inserted when cap 104 is displaced

in direction of arrow 144 to engage connector 136.

[0062] Cap 104 also has a surface 146 which continues through to a circular edge

148. Further, distally displaced from circular edge 148, surface 146 abruptly ends at a

circular ring shaped edge 150, which is therefrom joined to an outside surface 152. It

may be noted that opening edge 126 (see Figure 4) and ring shaped edge 150 combine

to form common interface 106 (see Figure 1) when cap 102 is affixed to cap 104 to

construct assembly 100. It should also be noted that surfaces of assembly 100, which

contact internal surfaces of a connector, such as connector 132 or connector 136,

should be sufficiently sterile to not contaminate the inner surfaces thereof.

[0063] For this reason, internal portions and associated edges of caps 102 and 104

should be pre-sterilized and so maintained until use. Caps 102 and 104 may be

injection molded using polypropylene or other material that can be sterilized and

which is impervious to contaminating agents while cap 102 is fully nested with cap

104, before being opened for use. Caps 102 and 104 can also be impregnated or

coated with an antimicrobial substance. As an example, each cap 102 and cap 104

may be individually sterilized by ethylene oxide (ETO) before final assembly and

aseptically paired, or assembly 100 may be finally consolidated as a single unit and

then sterilized, such as by radiation (e.g. gamma). Even so, assembly 100 should be



kept intact until time for use, with internal surfaces of nested parts 102 and 104

remaining clean and sterile until assembly 100 is opened for use.

[0064] Reference is now made to Figures 6 through 7B, wherein a seal, such as an

"O" ring, is disposed between surfaces 126 and 150 to provide yet another barrier

against internal surface contamination of caps 102 and 104. As seen in Figure 6, an

"O" ring 154 is disposed between surfaces 126 and 150 to provide a seal thereby.

While "O" ring 154 can be displaced from caps 102 and 104 as illustrated in Figure 7,

it is anticipated that "O" ring 154 can be adapted to remain affixed to one of caps 102

and 104. For example, as illustrated in Figure 7A, "O" ring 154 can remain

positioned adjacent surface 150 on cap 104 when caps 102 and 104 are disconnected

from one another, rather than being separated when cap 104 is displaced from cap

102, as seen in Figure 7 .

[0065] Alternatively, "O" ring 154 can be associated with cap 102, as seen in

Figure 7B. In particular, opening edge 126 of cap 102 can have an annular groove

156 for receiving "O" ring 154 therein. Annular groove 156 can be sized and shaped

such that "O" ring 154 sealingly engages cap 104 or a medical connector when cap

102 is coupled thereto. It will be appreciated that annular groove 156 can be disposed

in opening edge 126 toward the exterior of cap 102 as illustrated in Figure 7B, or

annular groove 126 can be disposed in opening edge 126 towards the interior of cap

102. In some exemplary embodiments, opening edge 126 of cap 102 does not have

annular groove 126 therein. In such embodiments, "O" ring 154 can be mounted

directly to opening edge 126. "O" ring 154 can be mounted on or to caps 102 or 104

in any suitable manner, including with the use of an adhesive, such as glue, a

mechanical fastener, or a friction fitting.



[0066] While the seal between caps 102 and 104 has been described as being an

"O" ring mounted on one of caps 102 or 104, it will be appreciated that other seals are

contemplated within the scope of the present invention. For example, each of caps

102 and 104 can have an "O" ring mounted thereon. In such a configuration, the two

"O" rings abut each other when caps 102 and 104 are coupled together, thereby

forming a seal to antiseptically partition the internal and external surfaces of caps 102

and 104. Alternatively, one or both of caps 102 and 104 can be formed with a lip,

bump, or groove that provides a sealing function when caps 102 and 104 are coupled

to each other or to separated medical connectors. In one exemplary embodiment, one

of caps 102 and 104 has a ridge extending around its interfacing surface, and the other

cap has a corresponding groove in its interfacing surface into which the ridge is

received to create the seal. In yet another exemplary embodiment, one or both of caps

102 and 104 can be overmolded or comolded using any known and suitable

overmolding or comolding process. For example, one or both of caps 102 and 104,

and associated surfaces 126 and 150, can be overmolded or comolded. Thus, caps

102 and 104 can be formed of a polymer, and surfaces 126 and 150 can be formed of

a softer polymer that is comolded or overmolded to the rest of caps 102 or 104.

Surfaces 126 and 150, formed of the softer polymer, are thus able to be compressed or

deformed sufficiently to create an impermeable seal when caps 102 and 104 are

coupled together or coupled to separated medical connectors.

[0067] As noted elsewhere herein, a sealing mechanism, as described herein, can

be used to limit or prevent evaporation or loss of an antiseptic agent disposed within

caps 102 and 104 when caps 102 and 104 are coupled together. Additionally, a

sealing mechanism, as described herein, can also limit or prevent evaporation or loss

of an antiseptic agent disposed within caps 102 and 104 when caps 102 and 104 are



coupled to separated medical connectors. Further, a sealing mechanism, as described

herein, can also limit or prevent microbial ingress within caps 102 and 104 when

coupled to each other, or within caps 102 and 104 when caps 102 and 104 are

individually coupled to separated medical connectors. Moreover, a sealing

mechanism, as described herein, can be adapted to maintain an antiseptic agent within

caps 102 and 104 when caps 102 and 104 are either coupled to one another or to

separated medical connectors for a predetermined amount of time. Thus, the seal may

be adapted to limit or prevent microbial ingress while also partially or completely

preventing evaporation of an antiseptic agent disposed within caps 102 and 104 when

caps 102 and 104 are coupled together or when caps 102 and 104 are coupled to

separated medical connectors. Similarly, the seal may be adapted to limit or prevent

microbial ingress while not preventing evaporation of an antiseptic agent disposed

within caps 102 and 104. In yet other embodiments of the invention, no seal is

provided between caps 102 and 104 when coupled together or between caps 102 and

104 when coupled to separated medical connectors.

[0068] Further safety in sealing against internal surface contamination may be

provided by a sealing tape, such as tape 158 seen in Figure 8A. Tape 158 is disposed

to fully cover exposed edges of surfaces 126 and 150. Tape 158 may, for example, be

of an impervious pliable material, such as a metallized-surface mylar. As seen in

Figure 8B, tape 158 is wrapped about surfaces 126 and 150 to provide a secure seal.

It is preferred that tape 158 frangibly divides when cap 102 is separated from cap 104

to facilitate separation of caps 102 and 104 and provide a visible indication that the

seal is broken. Thus tape 158 provides both a seal to prevent microbial ingress and a

mechanism for maintaining the secure connection between caps 102 and 104 prior to

use. It will be appreciated, however, that any suitable sealing mechanism can be used



to maintain the secure connection between caps 102 and 104 prior to use. For

example, any sealing mechanism can be used that securely and selectively couples

caps 102 and 104 together, requires deliberate action to break the seal, and provides a

visual indication of whether the seal has been broken. By way of example and not

limitation, a suitable sealing mechanism may include a heat stake, a frictional seal, a

barbed seal, a ratchet seal, and the like.

[0069] When capping disconnected medical connectors, it is prudent to do more

than just cover those connectors with caps. For this reason, an absorbent pad, such as

pad 160, seen in Figure 9A, may be displaced into cap 102 as indicated by arrow 162.

Pad 160 is seen disposed in cap 102 in Figure 9B. An antiseptic 164 can also be

disposed within cap 102 as illustrated in Figure 9C. Antiseptic 164 can be in liquid or

solid form. For example, alcohol or another stable liquid antiseptic may be added

from a container 166 to saturate pad 160 to a predetermined level. Note that once

assembly 100 is fully assembled, pad 160 will substantially remain at the

predetermined saturation level due to the exterior seals provided for assembly 100 as

described herein. Alternatively, or additionally, pad 160 may be impregnated with a

dry antiseptic, such as chlorhexidine gluconate.

[0070] Further note that once cap 104 is securely affixed to cap 102, as seen in

Figure 9D, pad 160 is disposed to contact at least circular edge 148 (see also Figure

5). (In Figure 9D, parts of cap 104 which are internal to assembly 100 are seen with

hidden or dashed lines.) Such contact provides a wiping action preferred to make

contact with a surface before contact is made with an associated connector. Note also

that residual antiseptic on associated internal surfaces of cap 104 may be transferred

to related parts of the associated connector for cleaning and/or disinfecting purposes.



[0071] Pad 160 can be formed of a deformable, resilient material such that when

cap 104 is coupled to cap 102, elongated portion 110 can compress pad 160 within

cap 102, as illustrated in Figure 9D. Further, pad 160 can expand to its original shape

when cap 104 is removed from cap 102. Similarly, pad 160 can be compressed within

cap 102 when cap 102 is coupled to a medical connector, such as medical connector

132. More specifically, during the connection of cap 102 to a medical connector, cap

102 and pad 160 rotate relative to an opening edge of the medical connector, thereby

drawing the medical connector into cap 102. The rotation of cap 102 causes pad 160

to wipe or scrub the opening edge of the medical connector. Pad 160 and any

antiseptic disposed within cap 102 can thus cleanse and disinfect the opening edges of

the medical connector. Pad 160 can also be formed such that when a medical

connector is coupled to cap 102, pad 160 is deformed such that pad 160 extends

around the opening edges and/or threads of the medical connector. For example, pad

160 can be formed such that as cap 102 is twisted onto medical connector 132, pad

160 deforms around threads 130 and/or the opening edges of medical connector 132,

thereby scrubbing threads 130 and/or the opening edge of medical connector 132.

[0072] Pad 160 can also provide additional functionality when a liquid antiseptic

is disposed within cap 102. In particular, pad 160 acts as a sponge to absorb or

release the liquid antiseptic within cap 104. More specifically, when pad 160 is

compressed by elongate portion 110 of cap 104 (Figure 9D; see also elongate portion

268 compressing pad 160 in Figure 14) or the opening edges of a medical connector

coupled to cap 102, pad 160 releases the antiseptic so that the antiseptic can be

transferred to elongate portion 110 or the opening edges of the medical connector.

Conversely, when cap 102 or a medical connector is disconnected from cap 102, pad



160 expands and absorbs excess antiseptic so that the antiseptic does not drip or spill

out of cap 102.

[0073] Similar to pad 160 and antiseptic 164 disposed within cap 102, cap 104

may also have a pad and/or an antiseptic disposed therein. For example, as illustrated

in Figure 9E, a pad 170 may be disposed within elongate hole 140 of cap 104. An

antiseptic can also be disposed within cap 104 in a manner similar to antiseptic 164 in

cap 102. Antiseptic can be in liquid or solid form. For example, alcohol or another

stable liquid antiseptic may be added from a container to saturate pad 170 to a

predetermined level. Alternatively, or additionally, pad 170 may be impregnated with

a dry antiseptic, such as chlorhexidine gluconate. Once assembly 100 is fully

assembled, an antiseptically saturated pad 170 disposed within cap 104 will

substantially remain at the predetermined saturation level due to the exterior seals for

assembly 100 as described above. Once caps 102 and 104 are disconnected from each

other and connected to individual medical connectors, pad 170 disposed within cap

104 may scrubrelated parts of the associated connector for cleaning and/or

disinfecting purposes. It will be appreciated, however, that in some embodiments,

pad 170 may not contact a medical connector coupled to cap 104. Additionally, the

antiseptic disposed within cap 104 may be transferred to the related parts of the

associated medical connector for cleaning and/or disinfecting purposes.

[0074] Under some conditions, it may be preferable to retain an antiseptic solution

within a container prior to separating the nested caps. Reference is now made to

Figures 10-11 wherein an assembly 200 is seen to comprise a first cap 204, a second

cap 202 and an antiseptic containing vessel 206.

[0075] As seen in Figure 10, geometric features of cap 202 are similar to features

of cap 102 except for a through hole 208 in end 210, providing access into cap 202.



Rather than an absorbent pad 160 (see Figure 9D), an absorbent pad 212 is resident at

an open end 214 of a hollow pliable tube 216. Tube 216 is closed at an opposite end

218. Also, retained in tube 216 by pad 212 and closed end 218 is a frangible capsule

220 which is filled with a predetermined amount of antiseptic solution.

[0076] Note that tube 216 is sized, shaped, and of a material to fill and be securely

and sealingly affixed to cap 202 to provide a seal about hole 208. A commercially

available frangible reservoir tube such as the ChlorPrep Sepp Applicator provided by

Enturia may be used for vessel 206.

[0077] As seen in Figure 11, tube 216 is displaced into hole 208 to be adhesively

affixed thereat. Resultingly, vessel 206 becomes an integral part of assembly 200.

Prior to separating cap 204 from cap 202, capsule 220 is manually crushed to cause

fluid 222 contained therein to be released into the void of parts of assembly 200

through pad 212.

[0078] As discussed herein, it is common for a cap, such as caps 104 and 204 to

be used to protect a male luer connector. In such a case, a cap 204 seen in Figure 12

is seen to contain a hollow frustoconically shaped internal connector surface 224. To

further cleanse a male luer connector inserted therein, a second antiseptic filled pad

226 is disposed at the deepest point thereof for contact with the end of the male

connector.

[0079] With attention to Figures 13 and 14, another exemplary embodiment of a

nestable pair of caps 250 is illustrated having a female cap 102 and a male cap 254,

similar to the caps previously described herein. Disposed between caps 102 and 254

can be a sealing mechanism 154 as described herein. Additionally, one or both of

caps 102 and 254 can have a scrubbing chamber 256 disposed within an end thereof.

Scrubbing chamber 256 can be adapted to clean, disinfect, and remove particulate



from a medical connector prior to connecting the medical connector to another

medical connector or to one of caps 102 and 254.

[0080] In the illustrated embodiment, scrubbing chamber 256 is disposed within

cap 254, however, it will be appreciated that scrubbing chamber 256 can be disposed

within the end of cap 102. Scrubbing chamber 256 comprises a cavity 258 within the

end of cap 254. Positioned within cavity 258 is a liner 260 and a pad 262 disposed

within liner 260. Liner 260 can be removably secured within cavity 258 such that

liner 260 can be securely held in place during use of cap 254 and/or scrubbing

chamber 256, and removed after use of scrubbing chamber 256. Liner 260 can also

be adapted to be removed from cavity 258 prior to use of scrubbing chamber 256,

such that scrubbing chamber 256 can be used independently of caps 102 or 254.

Scrubbing chamber 256 may be used to remove potentially hazardous material and

particulates, such as blood, body fluids, drug particulate, and the like, from off of a

medical connector prior to the medical connector being secured to another medical

connector or to one of caps 102 or 254. After scrubbing chamber 256 has been used,

the contents of scrubbing chamber 256, including liner 260, pad 262, and any

particulate removed from the medical connector, can be removed from cap 254 and

discarded so that the hazardous material does not remain near the medical connector

when the cap is coupled thereto.

[0081] As noted above, disposed within liner 260 is pad 262. Similar to pad 160

described herein, pad 262 can be formed of a deformable material capable of

deforming around the opening and threads of a medical connector. Additionally, or

alternatively, pad 262 can be formed such that the edges of pad 262 extend closer to

the opening of scrubbing chamber 256 than the central portion of pad 262, as

illustrated in Figure 14. The extending edges of pad 262 can be adapted to wrap at



least partially around the edges of a medical connector so as to enable cleaning,

disinfecting, or removal of particulate from outer surfaces and/or threads of a medical

connector. Pad 262 can also be formed of an abrasive material that can break up

hardened materials that have collected on a medical connector. Additionally, pad 262

can be formed of a material that can be impregnated or saturated with an antiseptic

agent, such as alcohol or chlorhexidine gluconate.

[0082] Scrubbing chamber 256 can also include a removable cover 264 for

enclosing liner 260, pad 262, and any antiseptic agent within cavity 258. As

illustrated in Figure 14, cover 264 extends across the opening to cavity 258 and is

secured to cap 254. Cover 264 can be secured to cap 254 is any manner that sealingly

maintains the contents of cavity 258 therein and that allows for ready removal of

cover 264 when scrubbing chamber 256 is to be used. Cover 264 can be formed of

any suitable material, such as foil, plastic, and the like. Additionally, cover 264 can

also include a tab 266 that facilitates quick and convenient removal of cover 264

when scrubbing chamber 256 is to be used.

[0083] In the exemplary embodiment of the present invention illustrated in Figure

15, a cap assembly 270 including a nestable pair of caps 272, having a female cap 274

and a male cap 104, is provided. Male cap 104 and female cap 274 are similar to the

other caps described herein. Specifically, the caps nestably couple together to protect

the sterility of their interior surfaces and can be separated and coupled to separated

medical connectors to protect the sterility of the separated connectors. Additionally,

one of the caps can have a secondary cap portion disposed on an end thereof. For

example, in the illustrated embodiment, one end of female cap 274 is formed to

receive a portion of and be coupled to male cap 104 or a male medical connector as

described herein. Additionally, the other end of female cap 274 is formed with a



secondary cap portion 276 such that secondary cap portion 276 can be selectively and

securely coupled to a prefilled syringe 278, for example. It will be appreciated that

secondary cap portion 276 could also be formed on an end of cap 104. Secondary cap

portion 276 can be formed to securely and sealingly couple to a fluid coupling

interface portion of syringe 278 to as to protect the sterility of the fluid coupling

interface portion of syringe 278. In this configuration, nestable pair of caps 272 can

be coupled to prefilled syringe 278 prior to use of prefilled syringe 278, while

maintaining the sterility of the fluid coupling interface portion of syringe 278. In one

embodiment of cap assembly 270, secondary cap portion 276 can be selectively

disconnected from cap 274 either before or after use of syringe 278. Likewise,

secondary cap portion 276 could be disconnected from pair of caps 272 so that pair of

caps 272 and syringe 276 can be used independently from one another.

[0084] Coupling pair of caps 272 to secondary cap portion 276 and syringe 278 in

the manner described herein provides the convenience of having a pair of caps 272

readily available after a pre-filled syringe is used to dispense a fluid into a fluid

pathway. In use, for example, a medical professional could separate a set of medical

connectors in order to administer the fluid within syringe 278 to one or both of the

fluid pathways associated with the medical connectors. In order to use syringe 278,

cap 276 is removed from syringe 278. With cap 276 removed, syringe 278 can be

coupled to one or both of the separated medical connectors and the fluid within

syringe 278 can be dispensed into the fluid pathway. After use of syringe 278 is

complete, pair of caps 272 can be separated into individual caps 274 and 104, which

can then be coupled to the separated medical connectors in the same manner as

described herein with reference to caps 102 and 104, for example.



[0085] With attention to Figures 16-29, additional exemplary embodiments of

caps according to the present invention will be described. While the various aspects,

features, and characteristics of the exemplary embodiments illustrated in Figures 16-

29 will be described with specific reference to a female type cap, similar to cap 102, it

will be appreciated that the same aspects, features, and characteristics may be applied

to or incorporated within a male type cap, similar to cap 104. Furthermore, it will be

appreciated that the female type caps described with reference to Figures 16-29 can be

coupled to a male type cap in a manner similar to that described above with reference

to caps 102 and 104 in order to create a nested pair of caps. Alternatively, the

embodiments described with reference to Figures 16-29, whether in a male or female

type cap, can be formed and/or employed without having to be nested or otherwise

associated with a complimentary cap.

[0086] With specific reference to Figures 16 and 17, a cap 275 in accordance with

an exemplary embodiment of the present invention is illustrated. Cap 275 has an

interior portion 276. Disposed on at least one surface of interior portion 276 are

threads 278, which are of a size and pitch to complimentarily engage threads of

another cap, such as cap 104, or a medical connector to facilitate coupling thereto as

discussed herein. Cap 275 further includes a frustoconical cone shaped post 280

positioned in the center of interior portion 276. Similar to the caps describe elsewhere

herein, cap 275 can have a pad, saturated or impregnated with an antiseptic agent,

disposed within interior portion 276 and about post 280 to cleanse portions of a

medical connector coupled thereto.

[0087] As seen in Figure 17, cap 275 provides a protective cover for connector

132 when encased about connector 132 (displaced in direction of arrow 284) where

upon threadable segment 130 engages and is drawn into a secure, but releasable



connection with threads 278 of cap 275. Post 280 is sized and shaped to be received

within conduit 282 of connector 132 when cap 275 is secured on connector 132. Post

280 is further sized and configured to sealingly engage the outer wall of conduit 282

to prevent fluid within fluid pathway 286 from leaking out of connector 132 when cap

275 is secured thereon. Post 280 is also sized and shaped to fit within a medially

disposed, elongated hole of a male type cap when cap 275 is coupled thereto. For

example, post 280 is adapted to fit within hole 140 of cap 104 (Figure 5) when cap

275 is coupled to cap 104.

[0088] Figures 18-20 illustrate exemplary embodiments of a cap 302, which is

similar to cap 275. In particular, cap 302 has an interior portion 304 with threads 306

disposed on at least one surface thereof. Threads 306 are of a size and pitch to

complimentarily engage threads of another cap, such as cap 104, or a medical

connector, such as connector 340, to facilitate coupling thereto as discussed herein.

Furthermore, cap 302 includes a frustoconical cone shaped post 308 positioned in the

center of interior portion 304. Similar to post 280, post 308 is sized and shaped to be

received within and sealingly engage a conduit of connector 340 when cap 302 is

secured on connector 340 to prevent fluid within a fluid pathway from leaking out of

the connection between connector 340 and cap 302. Additionally, post 308 is also

sized and shaped to fit within a medially disposed, elongated hole of a male type cap

when cap 302 is coupled thereto. For example, post 308 is adapted to fit within hole

140 of cap 104 (Figure 5) when cap 302 is coupled to cap 104.

[0089] Additionally, as illustrated in Figure 19, disposed within interior portion

304 and about post 308 is a pad 160, which can be saturated or impregnated with an

antiseptic agent, as discussed herein. With either connector 340 or a male type cap,

such as cap 104, connected to cap 302, pad 160 is disposed to contact at least a



portion of connector 340 or cap 140 in a manner similar to that described above with

reference to Figure 9D. More specifically, pas 160 is disposed to contact at leastthe

opening edge 348 of connector 340 or circular edge 148 of cap 104 to cleanse at least

opening edge 348 of connector 340 and circular edge 148, as discussed herein.

[0090] While post 308 includes many of the same characteristics of post 280, post

308 further includes an orifice or channel. More specifically, as illustrated in Figures

18 and 19, post 308 includes orifice 310 that extends from an end of post 308 at least

partially through the interior thereof. Orifice 310 is sized and shaped to receive a

spike 346 of a medical connector 340, such as a Clave® connector, when cap 302 is

coupled to medical connector 340. Alternatively, post 308 can include a channel 312,

as illustrated in Figure 20, which extends entirely through post 308. Channel 312 can

receive a spike 346 of a medical connector 340. Additionally, channel 312 can

provide a fluid passageway through cap 302 for purposes described elsewhere herein.

[0091] Attention is now directed to Figures 21-29, which illustrate various

exemplary cap assembly embodiments according to the present invention. Each of

the example embodiments includes cap 302 with channel 312 extending therethrough,

as described above, and a fluid reservoir joined thereto. The cap assemblies of the

present invention can be adapted to communicate fluid from the fluid reservoir,

through cap 302, to a fluid pathway associated with a patient. Such communication of

fluid can be to provide medication to a patient, disinfect the fluid pathway, or

maintain catheter patency.

[0092] As noted, the various features and characteristics of cap 302 and the cap

assemblies described below can be incorporated into a male type cap, such as cap 104.

Additionally, it will be appreciated that the cap assemblies described below, which



incorporate cap 302, can be coupled to a male type cap, such as cap 104, to create a

pair of sterile, nested caps as described above with respect to caps 102 and 104.

[0093] Attention is now directed to Figures 2 1 and 22 in which an exemplary

embodiment of a cap assembly 400 is illustrated. Cap assembly 400 includes cap 302

and a fluid reservoir 406 coupled to one end thereof. As described above, post 308 of

cap 302 includes a channel 312 extending therethrough. Channel 312 is sized and

shaped to connect to a female luer access device ("LAD") to open the fluid pathway.

Channel 312 provides a fluid passageway through cap 302 to enable fluid to flow

between fluid reservoir 406 and fluid pathway 342. For example, cap assembly 400

can be employed to administer a medication to a patient through fluid pathway 342.

Specifically, fluid reservoir 406 can contain a liquid medication that is released into

fluid pathway 342 when cap assembly 400 is coupled to connector 340. Cap

assembly 400 can also be employed to cleanse and disinfect fluid pathway 342. In

particular, fluid reservoir 406 can contain an antiseptic agent that is released into fluid

pathway 342 when cap assembly 400 is coupled to connector 340.

[0094] In some embodiments of cap assembly 400, a seal or valve is disposed

within channel 312. The seal or valve can be adapted to retain fluid 408, such as an

antiseptic solution or medication, within fluid reservoir 406 until cap assembly 400 is

securely coupled to a medical connector, such as connector 340. When cap assembly

400 is coupled to connector 340, the seal can be broken or the valve can be opened to

allow fluid 408 to flow through channel 312 and into fluid pathway 342.

[0095] Cap assembly 400 can be configured to diffuse fluid 408 from fluid

reservoir 406 into fluid pathway 342 over time as long as fluid 408 has a higher

concentration than the fluid within fluid pathway 342. For example, if fluid 408 has a

significantly higher concentration level than the fluid within fluid pathway 342, fluid



408 will diffuse into fluid pathway 342 more rapidly. In contrast, if fluid 408 has a

concentration level only slightly higher than the fluid within fluid pathway 342, fluid

408 will diffuse into fluid pathway 342 more slowly. Thus, medication can be

administered by a physician, or an antiseptic agent can be diffused into fluid pathway

342 over time to reduce or eliminate the existence of microorganisms within fluid

pathway 342.

[0096] Attention is now directed to Figures 23-29, in which alternative

embodiments of fluid reservoirs are illustrated for cap assemblies according to the

present invention. For example, in Figure 23 a cap assembly 500 is illustrated, which

includes cap 302, as described above, and fluid bulb 506. Cap assembly 500 can be

employed to administer a medication to a patient through a fluid pathway, such as a

central line. Specifically, fluid bulb 506 can contain a liquid medication that is

released into a fluid pathway when cap assembly 500 is coupled to a medical

connector. Cap assembly 500 can also be employed to cleanse and disinfect the fluid

pathway. In particular, fluid bulb 506 can contain an antiseptic agent that is released

into a fluid pathway when cap assembly 500 is coupled to a medical connector.

[0097] In the embodiment illustrated in Figure 23, fluid bulb 506 is an elastomeric

bulb. During manufacture of cap assembly 500, fluid bulb 506 is filled with a fluid,

such as an antiseptic or medicine, so that fluid bulb 506 is expanded to the size

illustrated in Figure 23. The elastomeric properties of fluid bulb 506 cause fluid bulb

506 to contract in the direction of the illustrated arrows, thereby applying pressure on

the fluid within fluid bulb 506. However, a seal or valve can be disposed within

channel 312 of cap 302 to retain the fluid within fluid bulb 506, thereby preventing

fluid bulb 506 from fully contracting back to its normal size (illustrated in dashed

lines in Figure 23). Nevertheless, once cap assembly 500 is securely coupled to a



medical connector, the seal or valve within channel 312 can be activated, allowing

fluid bulb 506 to fully contract to its natural size (illustrated in dashed lines in Figure

23), thereby forcing the fluid within fluid bulb 506 through channel 312 and into a

fluid pathway connected to cap assembly 500. As discussed elsewhere herein, a valve

disposed within channel 312 can also be adapted to prevent fluid from undesirably

refluxing into fluid bulb 506. In particular, the valve can be a one-way valve, a

duckbill valve, a back check valve, a pressure activated valve, or the like to prevent

fluid from flowing from a fluid pathway into fluid bulb 506. It will be appreciated

however, that in some embodiments, a valve or seal is not disposed within channel

312.

[0098] Figures 24 and 25 depict a cap assembly 600 that is similar to cap

assembly 500. In particular, cap assembly 600 includes cap 302 and a fluid bulb 606

coupled to one end thereof. Fluid bulb 606 includes a fixed, thick wall portion 608, a

collapsible, thin wall portion 610, and a hinge 612 that joins fixed wall 608 and

collapsible wall 610. In the illustrated embodiment, fixed wall 608 is coupled to cap

302. It will be appreciated, however, that collapsible wall 610 can be coupled to cap

302 without departing from the scope of the present invention.

[0099] Hinge 612 can be a "living hinge" adapted to enable collapsible wall 610

to be inverted as shown in Figure 25 in order to dispense fluid from within fluid bulb

606. In particular, collapsible wall 610 can be pressed toward cap 302, thereby

forcing fluid within fluid bulb 606 to be dispensed through channel 312.

Additionally, thick wall 608 and collapsible wall 610 can be sized and shaped such

that collapsible wall 610 nests within thick wall 608 when collapsible wall 610 is

inverted as shown in Figure 25. Moreover, collapsible wall 610 can be formed such

that once collapsible wall 610 is inverted within thick wall 608, collapsible wall 610



remains inverted within thick wall 608 and does not right itself. Maintaining

collapsible wall 610 in the inverted position prevents a vacuum from forming within

fluid bulb 606, in turn preventing fluid from undesirably refluxing into fluid bulb 606.

These features of fluid bulb 606 can be realized by selecting the appropriate

dimensions for thick wall 608 and collapsible wall 610, as well as the material used to

manufacture fluid bulb 606. Fluid bulb 606 can be formed of a polymer material,

such as polyethylene or polypropylene, to provide it with the functional characteristics

described above.

[00100] In some embodiments of cap assembly 600, a seal or valve is disposed

within channel 312. The seal or valve can be adapted to retain fluid, such as an

antiseptic solution or medication, within fluid reservoir 606 until cap assembly 600 is

securely coupled to a medical connector. Once cap assembly 600 is securely coupled

to a medical connector, the seal can be broken or the valve can be opened to allow

fluid to flow through channel 312 and into fluid pathway. The valve can also be

adapted to prevent fluid from undesirably refluxing into fluid reservoir 606. In

particular, the valve can be a one-way valve , a duckbill valve, a back check valve, a

pressure activated valve, or the like. While the illustrated embodiment of cap

assembly 500 includes a valve 338 disposed within channel 312, it will be

appreciated, however, that in some embodiments, a valve or seal is not disposed

within channel 312.

[00101] As appreciated by one of ordinary skill in the art, it can be undesirable to

introduce air into a fluid pathway associated with a patient, such as a central line or

catheter. In order to reduce the amount of air introduced into a fluid pathway with a

syringe, for example, a medical professional, such as a doctor or nurse, will prime the

syringe to remove excess air therefrom. Priming a syringe can be accomplished with



three steps. First, the syringe is held with the needle or evacuation channel pointing

vertically upward to cause air within the syringe to move toward the needle or

evacuation channel. Second, tapping on the side of the syringe helps release air

bubbles disposed on the interior surface of the syringe, thereby allowing the air

bubbles to move towards the needle or evacuation channel. Finally, compressing the

plunger dispenses the air through the needle or evacuation channel prior to injecting

the fluid within the syringe into a fluid pathway.

[00102] A similar procedure can be used to prime the cap assemblies of the present

invention. Additionally, the cap assemblies of the present invention can also include

various features that reduce or eliminate the transfer of air within the fluid bulb into a

fluid pathway. While these features will be described with respect to the cap

assembly embodiment illustrated in Figure 26, it will be appreciated that these

features can be incorporated into any of the cap assembly embodiments described

herein.

[00103] With attention to Figure 26, another exemplary embodiment of a cap

assembly, generally denoted at 700, is illustrated. Cap assembly 700 is similar to cap

assemblies 400, 500, and 600 described herein. In particular, cap assembly 700

includes cap 302 and a fluid bulb 706. Fluid bulb 706 can be an elastomeric bulb,

such as fluid bulb 506, or a fluid bulb with a "living hinge," such as fluid bulb 606.

Alternatively, fluid bulb 706 can be a fluid reservoir similar to fluid reservoir 406.

Additionally, cap assembly 700 includes a primer bulb 710 to help reduce or eliminate

the amount of air transferred from fluid bulb 706 to a fluid pathway. Primer bulb 710

is joined to fluid bulb 706 by a hinge 712. Hinge 712 can be a "living hinge" adapted

to enable primer bulb 710 to be inverted in the direction of arrow 714 in order to

evacuate air from within fluid bulb 706 in a manner similar to the compression of a



syringe plunger, as described herein. In particular, cap assembly 700 can be held with

cap 302 positioned vertically above fluid bulb 706 to cause air within fluid bulb 706

to move toward channel 312. A medical professional can tap on fluid bulb 706 to

cause any air bubbles to be released from the interior surface of fluid bulb 706 and

move toward channel 312. Primer bulb 710 can then be pressed in the direction of

arrow 714 toward cap 302, thereby forcing air within fluid bulb 706 to be evacuated

through channel 312.

[00104] Furthermore, cap assembly 700 includes a secondary post 716 to help

reduce or eliminate the amount of air transferred from fluid bulb 706 to a fluid

pathway. In the illustrated embodiment, secondary post 716 comprises part of cap

302 and is a shortened mirror image of post 308. In other words, secondary post 716

is a frustoconical cone shaped post that extends from cap 302 partially into fluid bulb

706. Channel 312 extends through secondary post 716 so as to create a fluid

passageway through cap 302. Secondary post 716 extends partially into fluid bulb

706 so that when fluid bulb 706 is fully compressed in the direction of arrow 718,

there remains an air entrapment chamber 720 within fluid bulb 706. As will be

appreciated, air bubbles within fluid bulb 706 will be disposed on the interior surface

of fluid bulb 706. As fluid bulb 706 is compressed in the direction of arrow 718, the

air bubbles will be forced along the interior surface of fluid bulb 706 toward

secondary post 716. The air bubbles will accumulate within air entrapment chamber

720, thereby preventing the air bubbles from being evacuated through channel 312.

[00105] Similar to fluid bulb 606, fluid bulb 706 and primer bulb 710 can be

formed such that once inverted, primer bulb 710 and fluid bulb 706 remain inverted

and do not right themselves. Maintaining primer bulb 710 and fluid bulb 706 in the

inverted position prevents a vacuum from forming within fluid bulb 706, in turn



preventing fluid from undesirably refluxing into fluid bulb 706. These features of

primer bulb 710 and fluid bulb 706 can be realized by selecting the appropriate

dimensions for primer bulb 710 and fluid bulb 706, as well as the material used to

manufacture primer bulb 710 and fluid bulb 706. Primer bulb 710 and fluid bulb 706

can be formed of a polymer material, such as polyethylene or polypropylene, to

provide the functional characteristics described above.

[00106] Figures 27 and 28 illustrate yet another exemplary embodiment of a cap

assembly, generally denoted at 800, according to the present invention. Cap assembly

800 includes cap 302, barrel 802, and plunger 810. Barrel 802 can be joined to cap

302 in any suitable manner, including with the use of an adhesive, such as glue, a

mechanical fastener, or a friction fitting. Cap 302 and barrel 802 can be formed as an

integral piece. It will be appreciated that barrel 802 can be permanently joined to cap

302, or barrel 802 can be removably joined to cap 302. Plunger 810 is movably

coupled to barrel 802. In particular, a first end of plunger 810 is inserted within barrel

802, and creates a seal between the plunger 810 and the interior surface of barrel 802.

[00107] In the illustrated embodiment, barrel 802 includes a fluid chamber 820 that

is filled with an antiseptic agent or medicine 822. Fluid chamber 820 is defined by

the internal surface of barrel 802, cap 302, and the first end of plunger 810. Plunger

810 can be depressed to force fluid 822 through channel 312 and into a fluid pathway.

Continued movement of plunger 810 in the direction of cap 302 decreases the internal

volume of fluid chamber 820, thereby forcing fluid 822 through channel 312 and into

a fluid pathway.

[00108] Cap assembly 800 can be equipped with gauges, guides, or other indicator

means to assist a medical profession in determining the amount of fluid 822 that has

been forced out of cap assembly 800 and into a fluid pathway. For instance, if fluid



822 is a medicine that is administered to a patient incrementally, cap assembly 800

can be equipped with a gauge, guide, or other indicator means that indicates to a

medical professional how much of fluid 822 has been administered. For example,

barrel 802 can include labels or other markings that correspond to the position of

plunger 810 relative to barrel 802 and the internal volume of fluid chamber 820.

Thus, as a medical professional depresses plunger 810, the leading edge of plunger

810 will be positioned adjacent one of the labels or other markings on barrel 802,

thereby indicating the amount of fluid 822 that has been administered and/or the

amount of fluid 822 remaining within fluid chamber 820. Likewise, fluid chamber

820 can be equipped with audible and/or tactile indicator means that indicate to a

medical professional the amount plunger 910 has been depressed, which corresponds

to the amount of fluid 822 that has been administered. Thus, cap assembly 800 can be

adapted to provide incremental dosages to a patient.Furthermore, cap assembly 800

includes a locking mechanism to prevent reflux of fluid into fluid chamber 820. The

locking mechanism of cap assembly 800 includes a locking ridge 804 and at least one

latch 812. In the illustrated embodiment, latches 812 are formed as part of plunger

810, and locking ridge extends around the end of barrel 802. In use, plunger 810 is

depressed to dispense fluid 822 from fluid chamber 820. When plunger 810 is fully

depressed, latches 812 engage locking ridge 804 to prevent plunger 810 from being

withdrawn from barrel 802. Because the first end of plunger 810 sealingly engages

the interior surface of barrel 802, withdrawing plunger 810 from within barrel 802

could create a vacuum within barrel 802, thereby drawing fluid from a fluid pathway

into barrel 802. To reduce or eliminate such reflux, latches 812 engage locking ridge

804 to prevent the withdrawal of plunger 810 from barrel 802. Additionally, or

alternatively, a valve 338 can be disposed within channel 312 to prevent undesirable



reflux of fluid into fluid chamber 820. In particular, the valve can be a one-way

valve, a duckbill valve, a back check valve, a pressure activated valve, or the like.

While the illustrated embodiment of cap assembly 800 includes a valve 338 disposed

within channel 312, it will be appreciated, however, that in some embodiments, a

valve or seal is not disposed within channel 312. Similar to cap assembly 700, cap

assembly 800 can also include a secondary post 816 to help reduce or eliminate the

amount of air transferred from fluid chamber 820 to a fluid pathway. In the illustrated

embodiment, secondary post 816 comprises part of cap 302 and is a shortened mirror

image of post 308. In other words, secondary post 816 is a frustoconical cone shaped

post that extends from cap 302 partially into fluid chamber 820. Channel 312 extends

through secondary post 816 so as to create a fluid passageway through cap 302.

Secondary post 816 extends partially into fluid chamber 820 so that when plunger 810

is fully depressed there remains an air entrapment chamber 818 within fluid chamber

820. As will be appreciated, air bubbles within fluid chamber 820 will be disposed on

the interior surface of fluid chamber 820. As plunger 810 is depressed, the air

bubbles will be forced along the interior surface of fluid chamber 820 toward

secondary post 816. The air bubbles will accumulate within air entrapment chamber

818, thereby preventing the air bubbles from being dispensed through channel 312.

[00109] Figure 29 illustrates a cap assembly 900, similar to cap assembly 800. In

particular, cap assembly 900 includes cap 302, barrel 902, and plunger 910. Barrel

902 is joined to cap 302 in any suitable manner, including with the use of an adhesive,

such as glue, a mechanical fastener, or a friction fitting. Alternatively, cap 302 and

barrel 902 can be formed as an integral piece. Plunger 910 is movably coupled to

barrel 902. In particular, a first end of plunger 910 is inserted within barrel 902, and

creates a seal between the plunger 910 and the interior surface of barrel 902. Further,



plunger 910 includes threads 922 disposed on an exterior surface thereof and barrel

902 includes threads 924 disposed on an interior surface thereof. Thread 922 and 924

are adapted to engage one another such that rotation of plunger 910 relative to barrel

902 causes plunger 910 to be drawn into barrel 902. The end of plunger 910 also

includes ridges 926 to facilitate gripping and rotation of plunger 910.

[00110] In the illustrated embodiment, barrel 902 includes a fluid chamber 920 that

is filled with an antiseptic agent or medicine 22. Fluid chamber 920 is defined by the

internal surface of barrel 902, cap 302, and the first end of plunger 910. Plunger 910

can be rotated relative to barrel 902 to force fluid 922 through channel 312 and into a

fluid pathway. Continued rotation of plunger 910 decreases the internal volume of

fluid chamber 920, thereby forcing fluid 922 through channel 312 and into a fluid

pathway.

[00111] Furthermore, cap assembly 900 includes a locking mechanism to prevent

reflux of fluid into fluid chamber 920. The locking mechanism of cap assembly 900

includes a locking ridge 904 and at least one latch 912. In the illustrated embodiment,

latches 912 are formed as part of plunger 910, and locking ridge extends around the

end of barrel 902. In use, plunger 910 is rotated relative to barrel 902 to dispense

fluid 922 from fluid chamber 920. When plunger 910 is fully rotated, latches 912

engage locking ridge 904 to prevent plunger 910 from being withdrawn from barrel

902. Because the first end of plunger 910 sealingly engages the interior surface of

barrel 902, withdrawing plunger 910 from within barrel 902 could create a vacuum

within barrel 902, thereby drawing fluid from a fluid pathway into barrel 902. To

reduce or eliminate such reflux, latches 912 engage locking ridge 904 to prevent the

withdrawal of plunger 910 from barrel 902. Additionally, or alternatively, a valve

338 can be disposed within channel 312 to prevent undesirable reflux of fluid into



fluid chamber 920. In particular, the valve can be a one-way valve, a duckbill valve, a

back check valve, a pressure activated valve, or the like. While the illustrated

embodiment of cap assembly 900 includes a valve 338 disposed within channel 312, it

will be appreciated, however, that in some embodiments, a valve or seal is not

disposed within channel 312.

[00112] The caps described herein can be formed of, or coated with various

colored materials or coatings. In one exemplary embodiment, the caps comprise a

single color. Alternatively, each cap can be a separate color. Coloring the caps can

provide various advantages, such as ready identification of the type of cap, ready

matching of a particularly colored cap with a particular type of medical connector,

and the like.

[00113] The inventions disclosed herein may be embodied in other specific forms

without departing from the spirit or essential characteristics thereof. The present

embodiments are therefore to be considered in all respects as illustrative and not

restrictive. The scope of the invention is, therefore, indicated by the appended claims

rather than by the foregoing description. All changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced within

their scope.



CLAIMS

What is claimed is:

1. A cap assembly for use in protecting a separated medical connector,

comprising:

a cap having an exterior surface, an interior surface, and a post

extending from the interior surface, the exterior surface having an opening

therein for access to the interior surface, the interior surface having a

threaded portion, and the post having a channel extending therethrough,

wherein the cap is adapted to be selectively and sealingly secured to a

separated medical connector to protect internal surfaces of the medical

connector from contamination; and

a fluid reservoir coupled to the cap, the fluid reservoir being adapted

to communicate fluid through the channel of the cap to the separated medical

connector.

2 . A cap assembly according to claim 1, further comprising a valve

disposed within the channel, the valve being adapted to selectively enable fluid to

flow from the fluid reservoir to the separated medical connector while preventing

fluid from flowing from the separated medical connector to the fluid reservoir.

3 . A cap assembly according to claim 1, wherein the fluid reservoir

comprises an elastomeric fluid bulb adapted to deliver fluid from the fluid reservoir

to the separated medical connector only when the cap is securely coupled to the

separated medical connector.



4 . A cap assembly according to claim 1, wherein the fluid reservoir

comprises a fluid bulb having a fixed wall, a collapsible wall, and a hinge joining the

fixed wall and the collapsible wall.

5 . A cap assembly according to claim 4, wherein the collapsible wall is

adapted to be to inverted within the fixed wall to deliver fluid from the fluid

reservoir to the separated medical connector.

6 . A cap assembly according to claim 5, wherein the fluid reservoir

further comprises a primer bulb adapted to be compressed to remove air from within

the fluid reservoir prior to the cap assembly being coupled to the separated medical

connector.

7 . A cap assembly according to claim 1, wherein the cap assembly

further comprises a secondary post extending partially into the fluid reservoir, the

secondary post and an internal surface of the fluid reservoir cooperating to trap air

within the fluid reservoir and substantially prevent air from being introduced into a

fluid pathway associated with the separated medical connector.



8 . A nestable pair of caps for use in protecting separated medical

connectors, comprising:

a male cap having an internal surface, an external surface, an

interface, and a connecting geometry whereby the male cap may be

selectively and sealingly coupled to a female cap or a separated female

medical connector, the male cap further comprising a scrubbing chamber

having a removable liner positioned within an end of the male cap, a pad

disposed within the liner, and a cover that sealingly encloses the interior the

liner; and

the female cap comprising an internal surface, an external surface, an

interface, and a connecting geometry whereby the female cap may be

selectively and sealingly coupled to the male cap or a separated male medical

connector, the female cap also comprising a post extending from the internal

surface thereof to be sealingly engaged with an internal surface of a

separated male medical connector to substantially reduce fluid leakage from

the connection between the female cap and the male medical connector, the

post having a channel extending therethrough, the female cap further

comprising a fluid reservoir adapted to communicate fluid through the

channel to a separated medical connector; and

wherein the interfaces of the male cap and the female cap provide a

seal when adjoined together or adjoined individually to separated medical

connectors to aseptically partition the internal and external surfaces to insure

perpetuated sterility of the internal surfaces.



9 . A cap assembly according to claim 8, wherein the fluid reservoir

comprises a barrel and a plunger, the plunger having a first end sealingly disposed

within the barrel, the barrel, the plunger, and the cap defining a fluid chamber,

wherein the first end of the plunger is adapted to be moved into the barrel to force

fluid out the fluid chamber, through the channel, and into the separated medical

connector coupled to the cap assembly.

10. A cap assembly according to claim 9, wherein the plunger and the

barrel are threadably engaged such that rotation of the plunger relative to the barrel

decreases the volume of the fluid chamber and forces fluid out of the fluid chamber

through the channel.

11. A cap assembly according to claim 8, wherein the fluid reservoir

further comprises indicator means for identifying the amount of fluid within the

fluid reservoir.

12. A cap assembly according to claim 8, wherein the cover of the

scrubbing chamber is adapted for selective removal to expose the pad, wherein the

pad is adapted to clean or disinfect at least one of the separated medical connectors.

13. A cap assembly according to claim 12, wherein the liner and pad are

selectively removable from the male cap



14. A nestable pair of caps for use in providing a protective union about a

separated medical connector, the nestable pair comprising:

a male cap having an internal surface and an external surface, the

male cap comprising:

means for selectively and sealingly securing the male cap to a

female cap or a separated female medical connector; and

means for cleaning or disinfecting a separated medical

connector; and

a female cap having an internal surface and an external surface, the

female cap comprising:

means for selectively and sealingly securing the female cap to

a male cap or a separated male medical connector; and

means for communicating fluid to a fluid pathway associated

with the separated male medical connector; and

means for antiseptically partitioning the internal and external surfaces

to insure perpetuated sterility of the internal surfaces.

14. A nestable pair of caps according to claim 14, wherein the means for

selectively and sealingly securing the male cap to the female cap or the separated

female medical connector comprises an elongated portion adapted to be at least

partially inserted within the female cap or the separated female medical connector,

wherein the elongated portion comprises a medially disposed hole adapted to receive

therein a luer portion of the female cap or the separated female medical connector.



15. A nestable pair of caps according to claim 14, wherein the means for

selectively and sealingly securing the male cap to the female cap or the separated

female medical connector comprises a threaded portion adapted to engage a threaded

interior portion of the female cap or the separated female medical connector.

16. A nestable pair of caps according to claim 14, wherein the means for

cleaning or disinfecting a separated medical connector comprises a scrubbing

chamber having a cavity within the male cap, a liner positioned within the cavity, a

pad disposed within the liner, and a cover removably extending across the opening

of the liner.

17. A nestable pair of caps according to claim 14, wherein the means for

selectively and sealingly securing the female cap to the male cap or the separated

male medical connector comprises a post extending from the internal surface of the

female cap, wherein the post is adapted to sealingly engage the internal surface of

the male cap or an internal surface of the separated male medical connector to

substantially reduce fluid leakage from the connection between the female cap and

the male cap or the male medical connector.

18. A nestable pair of caps according to claim 14, wherein the means for

selectively and sealingly securing the female cap to the male cap or the separated

male medical connector comprises a threaded portion adapted to engage a threaded

exterior portion of the male cap or the separated male medical connector.

19. A nestable pair of caps according to claim 14, wherein the means for

communicating fluid to a fluid pathway associated with the separated male medical



connector comprises a fluid reservoir coupled to the female cap, the fluid reservoir

being adapted to communicate fluid through the female cap to the separated medical

connector.

20. A nestable pair of caps according to claim 19, wherein the fluid

reservoir comprises:

an elastomeric fluid bulb;

a fluid bulb having a fixed wall, a collapsible wall, and a hinges

joining the fixed wall and the collapsible wall; or

a barrel and a plunger movably disposed within the barrel.

21. A nestable pair of caps according to claim 14, wherein the means for

antiseptically partitioning the internal and external surfaces comprises a seal

disposed about interfacing surfaces of the male and female caps.

22. A nestable pair of caps according to claim 21, wherein the seal

comprises an O-ring, a comolded or overmolded surface, a sealing tape, or a

combination thereof.



23. A cap assembly for use in protecting separated medical connectors,

comprising:

a fluid delivery device having a fluid coupling interface adapted to be

coupled to a separated medical connector to deliver a fluid to a fluid pathway

associated with the separated medical connector; and

a nestable pair of caps comprising:

a female cap having an exterior surface and an interior

surface, the exterior surface having an opening therein for access to

the interior surface, the interior surface having a threaded portion,

wherein the female cap is adapted to selectively and sealing couple to

a separated medical connector to protect the medical connector from

contamination, the female cap further comprising a secondary cap

portion coupled thereto, wherein the secondary cap portion is adapted

to selectively and sealingly couple to the fluid delivery device to

protect the fluid coupling interface from contamination prior to use of

the fluid delivery device; and

a male cap having an exterior surface and a frustoconical

portion extending from the exterior surface, an outer surface of the

frustoconical portion having a threaded portion adapted to engage the

threaded interior portion of the female cap to enable the male cap to

be selectively secured to and at least partially nested within the

female cap, wherein the male cap is also adapted to selectively and

sealing couple to a separated medical connector to protect the

medical connector from contamination.



24. A cap assembly according to claim 23, wherein the secondary cap is

selectively removable from the female cap.

25. A cap assembly according to claim 23, further comprising a seal

between the female cap and the male cap.

26. A cap assembly according to claim 23, wherein the seal provides a

visual indication of whether the seal has been broken.
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