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GRIGINAL

Douglas D. Gerrard, Esq. / :
Nevada Bar No: 4613 L A
Sheldon A. Herbert, Esq. -

Nevada Bar No: 5988

4000 S. Eastern Ave., Suite 220 e s e e
Las Vegas, Nevada 89119 L
(702) 796-4000

Attorneys for Plaintiffs

| SafePro USA, Inc. and
| Formosa Medical Devices, Inc.

UNITED STATES DISTRICT COURT
DISTRICT OF NEVADA

SAFEPRO USA, INC., a Florida corporation; and
FORMOSA MEDICAL DEVICES, INC., a Taiwan

Corporation

W .§-05-1110-KID-LRL
Plaintiffs, CV

V.

INVIRO MEDICAL DEVICES, INC,, a Nevada
corporation.

Defendant.

COMPLAINT

JURY DEMAND
Plaintiffs SafePro USA Inc. and Formosa Medical Devices, Inc. (collectively

“Plaintiffs™) complain and allege as follows:

NATURE OF THE ACTION

L. This is an action for declaratory relief regarding nor-infringement of L.S.
Patent No. 6,033,386 (the ““386 patent™), a true and correct copy of which 1s attached as
Exhibit A to this Complaint. This action is also for declaratory judgment of the invalidity and
unenforceability of the ‘386 patent, as well as interference with prospective business telations,
negligence and defamation.
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PARTIES

2. Plaintiff SafePro USA Inc. (“SafePro”) is a Florida corporation having its
principal place of business at 11497 Columbia Park Drive West, Suite #9, Jacksonville,
Florida 32258.

3. Plaintiff Formosa Medical Devices Inc. (“FMDI”) is a Taiwanese corpcration
having its principal place of business at 16F], No. 182, Sec. 2, Tunhua S. Rd., Taipel, Taiwan
106, R.0O.C.

4. On information and belief, Defendant Inviro Medical Devices, Inc. (“Inviro”) is

- a Nevada corporation having its principal place of business at 3235 Satellite Blvd., Bu lding

400. Suite 300, Duluth, GA 30096.

5. The true names and capacities of the Defendants Does 1-5, inclusive, whethar
individual, corporate, association, or otherwise, are unknown to Plaintiffs at the time of the
filing of this Complaint, and therefore, Plaintiffs sue said Defendants by such fictitious names
and will ask leave of Court to amend this Complaint to show the trus names or capacities

when the same have been ascertained.

JURISDICTION

0. The First and Second Causes of Action arise under the United States Paient
Act, 35 U.S.C Section 1 et seq. Subject matter jurisdiction in this Court over those causes 07
action is proper pursuant to 28 U.S.C. Sections 1331 and 1338.

7. The Third through Fifth Causes of Action arise under Nevada common Jaw,
and are substantially based upon the same operative facts as the First and Second Causes of
Action. Subject matter jurisdiction in this Court over those Causes of Action is proper
pursuant to 28 U.S.C. Section 1338 and on the basis of supplemental jurisdiction.

8. On information and belief, this Court has personal jurisdiction over Invi-o as
Inviro 1s incorporated in Nevada and thus is domiciled in this District as a citizen of Nevada.

VENUE

9. Venue is proper in this district pursuant to 28 U.S.C. Section 1391(b) in that

| Inviro is incorporated in Nevada and thus is domiciled in this District as a citizen of Nevada.
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FACTUAL BACKGROUND

Introduction

10.  Plaintiffs are informed and believe, and therefore allege, that Inviro is the
current owner of the 386 patent, entitled “Safety Syringe Needle Device with Intercha ngcable
Retractable Needle Platform.”

11. FMDI is a Taiwanese medical device company based in Taiwan that sells
medical safety products such as safety syringes in countries such as the United States.

12.  SafePro is FMDI’s exclusive distributor in the United States. SafePro sells the
SafePro Safety Syringe product.

Inviro’s Baseless Accusations of Patent Infringement

13. On or about April 4, 2005, counsel for Inviro sent a letter to SafePro which

| alleged that the SafePro Safety Syringe product may infringe the 386 patent held by [hviro

and threatening legal action.

14, On or about May 20, 2005, FMDI sent a response letter to counsel for Inviro.

15.  On or about June 29, 2005, counsel for Inviro sent a response letter to SafePro
and FMDI accusing SafePro and FMDI (or “the SafePro Safety Syringe product”) of
infringement of the ‘386 patent and continuing to threaten legal action.

16. On or about July 19, 2005, FMDI sent yet another response letter to counsel for

Inviro which informed Inviro that the Plaintiffs’ products do not infringe the ‘3&6 patent in

| any way.

17. On August 28, 2005, Inviro sent a letter to one of SafePro’s customers,
Physician’s Sales & Service, Inc. specifically accusing the SafePro Safety Syringe prcduct of
infringement.

Inviro’s False Statements to the Plaintiffs’ Customers

18.  On information and belief, Inviro is using illegal business tactics to un:airly

eliminate competitors such as the Plaintiffs from the safety syringe market and ¢stablish a

monopoly on the market.
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19.  On information and belief, agents of Inviro have contacted the Plaintiff:’
customers, potential customers, and members of the medical device community 1o fals:ly
claim a) that SafePro has withdrawn safety syringe products from the market due to Inviro’s
accusations of infringement of the ‘386 patent, b) that Inviro had initiated legal ection against
the Plaintiffs, and c) that customers would not be able to purchase the Plaintiffs’ safety syringe
products.

20, On information and belief, on or around August 24, 2005, Inviro’s Vice
President of Sales called one of the Plaintiffs’ customers and a) falsely claimed that SafePro
has withdrawn safety syringe products from the market due to Inviro’s accusations of
infringement of the ‘386 patent, b) falsely claimed that Inviro had initiated legal action against
the Plaintiffs, and c) falsely claimed that customers would not be able to purchase the
Plaintiffs’ safety syringe products.

21.  On information and belief, the statements made by Inviro’s agents were

objectively false in that a) SafePro had not withdrawn safety syringe products from the market

~in response to Inviro’s threats, b) Inviro had not filed a patent litigation lawsuit against the

- Plaintiffs, and c¢) Plaintiffs’ customers were still free to purchase Plaintiffs’ safety syringe

N N N NN N RN NN e e e
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products.

22.  On information and belief, the false statements made by Inviro’s Vice President
were both subjectively and objectively made in bad faith. Inviro’s agents were aware of the
falsity of the statements alleged above at the time they were made -- no reasonable person
would be unaware of the falsity of the statements above.

23. On information and belief, agents of Inviro are continuing to tell SafePro’s
customers and prospective customers that Inviro is seeking to eliminate its competition in the
safety syringe market using the ‘386 patent.

24, On information and belief, Inviro’s CEO has stated to parties related to the

medical device industry that Inviro 1s seeking to eliminate its competition in the safety syringe

~ marker using the ‘386 patent.

25.  Inviro has not retracted or corrected the false statements as alleged above.
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26. On information and belief, the Plaintiffs are losing business from current
customers as a proximate result of Inviro’s actions as alleged above.

27.  On information and belief, the Plaintiffs are losing business from potenial
customers as a proximate result of Inviro’s actions as alleged above.

28.  On information and belief, the Plaintiffs’ good reputation in the medical device

field is being damaged by Inviro’s actions as alleged above.

FIRST CAUSE OF ACTION

(Declaratory Judgment of Non-Infringement)
29.  The Plaintiffs reallege paragraphs 1 through 28 as though fully set fortk herein.
30.  Inviro has claimed that the Plaintiffs’ safety syringe products infringe the ‘286
patent and has repeatedly threatened to bring a lawsuit against the Plaintiffs on this basis.

31.  An actual, present, and justiciable controversy has arisen between Inviro and

the Plaintiffs concerning the Plaintiffs’ right to sell the SafePro Safety Syringe produc:.

32.  The Plaintiffs seek declaratory judgment from this Court that its sale of the

SafePro Safety Syringe product does not constitute patent infringement.

SECOND CAUSE OF ACTION

(Declaratory Judgment of Invalidity and Unenforceability)
33.  The Plaintiffs reallege paragraphs 1 through 32 as though fully set forth herein.
34. [nviro has claimed that the ‘386 patent is a valid and enforceable patent, while
the Plaintiffs believe that the ‘386 patent is invalid and unenforceable.
35. An actual, present, and justiciable controversy has arisen between Inviro and
the Plaintiffs concerning the validity and enforceability of the ‘386 patent.
36.  The Plaintiffs seek declaratory judgment from this Court that the ‘386 patent 1s

invalid and unenforceable.
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THIRD CAUSE OF ACTION

(Interference with Prospective Business Advantage
Under Nevada State Common Law)
37.  The Plaintiffs reallege paragraphs 1 through 36 as though fully sct forth: herein.
38. There were numercus prospective contractual relaticnships between the
Plaintiffs and their third party customers regarding the sale of SafePro Safety Syringe product.
39.  Inviro had knowledge of the prospective relationships between the Plainuffs
and their third party customers.

40.  Inviro acted with the intent to harm the Plaintiffs by making the false

| statements regarding the Plaintiffs regarding purported patent infringement as alleged above,

| in order to prevent the relationships between Plaintiffs and their third party customers.

41.  There was and is an absence of privilege or justification by Inviro for its actions

as alleged above.

42.  Inviro proximately caused actual harm to the Plaintiffs as a result of [nviro’s

- corduct by destroying business relations between the Plaintiffs and its present and potentia

customers, in an amount to be determined at trial.

43.  Inviro’s actions were oppressive, malicious, and fraudulent so that the Plaintiffs
should be awarded punitive damages.

44, The Plaintiffs also seek injunctive relief barring Inviro from contacting the
Plaintiffs’ current and potential customers to make false statements in any way 1o the "386

patent or purported patent infringement.

FOURTH CAUSE OF ACTION

(For Injunctive Relief)
45.  The Plaintiffs reallege paragraphs 1 through 44 as though fully sct forth herein.
46.  The Plaintiffs are entitled to the relief demanded in their Complaint, ard the
relief consists in restraining the commission or continuance of Inviro’s actions.
AN
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47.  If Inviro contacts the Plaintiffs’ current and potential customers and makes
false statements related in any way to the ‘386 patent or purported patent infringement,
Plaintiffs will suffer great or irreparable injury.

48. On information and belief, Inviro is doing or threatens, or is about to do, or 13
procuring or suffering to be done, acts in violation of the Plaintiffs’ rights respecting the
subject of this Complaint and tending to render a judgment ineffectual.

49.  The Plaintiffs are entitled to injunctive relief barring Inviro from contacting the
Plaintiffs’ current and potential customers to make false statements related in any way to the
‘386 patent or purported patent infringement.

FIFTH CAUSE OF ACTION

(Negligence Under Nevada State Common lLaw)
50.  The Plaintiffs reallege paragraphs 1 through 49 as though fully set forth herein.
51.  Inviro owed a duty of care to the plaintiff to reasonably determine that
statements that Inviro was making regarding the Plaintiffs, as alleged above, were truc anc
accurate.
52.  Inviro has breached that duty to the Plaintiffs by unrcasonably making false and
inaccurate statements regarding the Plaintiffs as alleged above.

53.  That breach by Inviro was the legal cause of injury to the Plaintiffs as alleged

54,  The Plaintiffs have actually suffered damages in an amount to be determined at

trial.

SIXTH CAUSE OF ACTION

(Defamation Under Nevada State Common Law)

55.  The Plaintiffs reallege paragraphs 1 throught 53 as though fully set forth herein.

56.  Inviro made false and defamatory statements concerning the Plaintiffs as
alleged above.
WA
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57.  Those false and defamatory statements concerning the Plaintiffs were made in
unprivileged publications which were communicated to third party customers as alleged
above.

58.  Publisher Inviro was at fault amounting at least to negligence on its part.

59. Inviro’s unprivileged publication caused special harm to the Plamntiffs busiress
and trade, with quantifiable monetary losses that flow directly from the injury to the P aintiffs’
reputation caused by the defamation, due to loss of business from current and potential
customers.

60.  Inviro proximately caused actual harm to the Plaintiffs as a result of Inviro’s
conduct. in an amount to be deterrained at trial.

61. Inviro’s actions were oppressive, malicious, and fraudulent so that the Plairtiffs

should be awarded punitive damages.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs pray judgment as follows:
1. A declaratory judgment against the Defendant holding that the SafePro Safety

Syringe product does not infringe the ‘386 patent;

2. A declaratory judgment against the Defendant holding that the ‘386 patent is
invalid;

3. Compensatory damages to be determined at trial;

4. Punitive damages;

5. Injunctive relief barring Inviro from contacting the Plaintiffs’ current aad

| potential customers to make false statements related in any way to the ‘386 patent or purported

patent infringement;

6. For attorneys’ fees:
7. For costs;
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For such other and further relief as the Court may deem proper.

R\ 0
Dated this '? day of September, 2005.

GERRARD ¢OX & LARSEN
(

Douglas D. Gerrard, Esq.
Nevada Bar No: 4613

Sheldon A. Herbert, Esq.
Nevada Bar No: 5988

4000 S. Eastern Ave., Suite 220
Las Vegas, Nevada 89119
(702) 796-4000

Attorneys for Plaintiffs SafePro USA, Inc. and
Formosa Medical Devices, Inc.
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United States Patent [19]

Novacek et al.

AR

US006033386A
(11 Patent Number: 6,033,386
1451 Date of Patent: Mar. 7, 2000

[54]

75|

[21]

[22

[60]

[51]
52]
5]

[5¢]

SAFETY SYRINGE NEEDLE DEVICE WITH 3,354,882 1171967 Coanda .
INTERCHANGEABLE AND RETRACTABLE 3,356,089 12/1967 Franais .
NEEDLL PLATFORM (List continued on next page.)
Inventors: Laurel A. Novacek, Fraser R, Sharp; I'ORLEIGN PATENT DOCUMENTS
Donald A. McLean, ali of Vancouver, ) o )
Canada 157400 5/.101)1 China .
191355 9/1992  China .
571 0¢) T
Assignee lnYirO Medical Devices, Ltd., 0?;}13: gﬁ‘;g; (F:f:;g;;)‘an Pat. Off. .
Bridgetown, Barbados 0327061  &/1939  Furopean Pat. Off. .
0347742 12/1939  Furopean Pat. Off. .
Apol. No.: 09/215,519 1150980  5/1969  Unite¢ Kingdom .
WOS89/08468  9/1989  WIPQO .
Filed: Dec. 18, 1998 WO0S89/12475 12/1989 WIPO .
WOO0/11099  10/1990 WIPO |
Related U.S. Application Data Primary Examiner—Jobn D. Yasko
Division of application No. (8/917,337, Aug. 25, 1997, Pat. Attorney, Agent, or Firm—Nixon & Vanderhye
No. 5,858,200, whichis a inuation-in-parl of application . '
No. 0’8?%0_;,863, e ) fggg,npan. No. 5 Ess&:,z&o%xfich is 7] ABSTRACT
a division ol application No. 08/470,026, Jur. 6, 1995, Pat. , : . ‘
No. 5.52(,649. which is a division of application No. [he syringe includes a barrel. a plunger, and av adapter for
08/361,227, Dec. 21, 1994, Pat. No. 5,402,531, which is a mounting the needle in the distal end of the barrel. The
continuation-in-part of application No. 08/128,694, Sep. 30, adapter includes a protrusicn projecting away from the
ll;i;ﬁtfx?(tmi\i\?oDo:t'}(?ogs?ng ?l‘,’il‘éf’&g%"‘ijgsz{;g";%%ﬁ‘g_g needle end and into the bar:el defining an annular space
which is ¢ continuation-in-part of application No. 07/800, between the barrel and the protrusion. The plunger ind
%16, Nov. 29, 1991, Pat. No. 5,205,827, which is a division protrusion have complementary surfaces whereby the
of application No. 07/687,108, Apr. 18, 1991, Pat. No.  plunger may grip the adapter far removal of the adapter jato
w17’1/})(2‘!‘?11(37Mg)gth 123 rgggn;ittmg};nEiré;tlgpl:?ltllco]? EOA the interior of t.h€.> _harrel. after use. These cqn‘mleme:m ary
continuation-in-part of application No. 07/411),318, Sep. 21, surfaces afford initial resistance to further axial movement
1989, Pat. No. 5.030,208, which is a continuation-in-part of of the plunger toward the acapter, signalling the user hat
application No. 07/327,344, Mar. 22, 1989, abandoned, further axial pressure will permanently lock the plunger and
{\\ hlcl_t is :. continuation-in-part of applicaticn No. 07/285, adapter to one another whereby, upon application of full
112, Dec. 14, 1988, abandoned. L : , .
axial pressure on the plunger, the complementary surfaces of
Int, CL7 s s A61M 5/00  the plunger and adapter permanently lock to onc anotacr 1o
US. CL o, 604/195; 604/110 enatle joint unitary movement of the plunger and adater
Field of Search ... 6047195, 110, together with the needle carried by the adapter into (he
604/218, 228, 242, 243, 1K7 barrel. The adapter includes vent passages corimunica g
between the central passage through the adapter and the
References Cited annular space whereby air can be vented from the barrel
after receiving fluid within tke barrel and prior to injection.
11.S. PATENT DOCUMENTS Thus, the syringe may be criented in a wvertical posiion
o needle end uppermost with the vent passages forming the
;”fjg';f; ':ﬁ:;: EZET;:;; ) E’lcoi‘[c itllggrior portion of the barrel intcrior whereby air mnay
2,580,725 4/1959 Kendall . )
2,588,923 /1959 Cunba Reis .
3,306,290  2/1967 Weltman . 17 Claims, 29 Drawing Sheets

108
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6,033,386
Page 2
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R » _ 4838870  6/1989 Haber ct al. .
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4430997 711984 Sarstedt . 4,978,340 12/1990 Terrill et al. .
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4613426 3/1989 Haber et al. . 5,533,970 7/1996 Berger <t al. .

4,613,936 371989 Schroeder . 5,882,342 3/1999 Cooper et al. .
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SAFETY SYRINGE NEEDLE DEVICE WITH
INFERCHANGEABLE AND RETRACTABLE
NEEDLE PLATFORM

RELATED APPLICATIONS

This is a divisional of application Ser. No. 08/917,337,
filed Aug. 25, 1997, pow U.S. Pat. No. 5,85&,000, which is
a continuation-11-part application of application Ser. No.
08/603.868, filed Feb. 22, 1996, now U.S. Pat. No. 5,688,
240 which in turn is a divisional application of application
Ser. No. 08/470.026, filed Jun. 6, 1995, now U.S. Pat. No.
55204649, issued May 28, 1996, wihnch was a divistonal
app icalion of application Ser. No. 08/361,227, f:led Dec. 21,
1994, now U.S. Pat. No. 5,462,531, issued Oct. 31, 1995,
which was a cortinuation-in-part application ol application
Ser. No. 08/128,594, filed Sep. 30, 1993, now U.S. Pat. No.
5.415,638, 1ssuzd May 16, 1995, which 1 turn is a
con.inuation-in-part application of applicaticn Scr. No.
07,009,383, filec Jul. 8, 1992, now U.S. Pat. Nc. 5,263,933,
issued Nov. 23, 1993, which, 1n turn, is a continuation-in-
part of application Ser. No. 07/800,849, filed Nov. 29, 1991,
now U.S. Pat. No. 5,205,827, issued Apr. 27, 1993, which is
a divisional of application Ser. No. 07/687,108, filed Apr. 18,
1991, row U.S. Pat. No. 5,112,318, issued May 12, 1992,
which i1s a cortinuation-in-part of applicaticn Ser. No.
07,607,127, filed Oct. 3, 1990, now U.S. Pat. Nc¢. 5,122,124,
issucd Jun. 16, 1992, which is a continuation-in-part of
applica ion Ser. No. (07/410,318, filed Sep. 21. 1989, now
U.S Pat No. 5,030,208, issued Jun. 9, 1991, which was a
continuation-in-part of application Ser. No. 07/327,344,
filed Mar. 22, 1989, now abandoned, wlich was a
conlinuation-in-part ot application Ser. No. 07/285,012,
file Dec. 14, 1988, now abandoned, the disclosures of
which are incorporated herein by reference.

FIcLD OF THE INVENTION

This invention relates to a novel safety disposal syringe
needle device which has medical and industrial application.
More particularly, this invention pertains to a syringe which,
after being used by a person to inject medication or tluid into
a patient, or withdraw fluids from a patient after sampling or
exposure [0 toxic materials, or the like, can be transformed
by the person to withdraw the needle into the barrel of the
syringe for disposal purposcs, thereby climineting ncedle
stick injuries among such persons.

BACKGROUND OF THE INVENTION

Needle stick injuries among medical personnel such as
health care worgers are of growing concern because of
disezse transmission, particularly the deadly virus known as
HIV-1 (AIDS) and Hepatitis B. The AIDS virus for which
there is no known cure is estimated to infect more than
twenty million people worldwide and is spreading rapidly.
Altbough 1n 1985 medical publications stated that no health
care workers had become 1nfected with the AIDS virus, it 1s
now known that there is a significant risk to health care
workers. A reporl in the New England Journal ¢f Medicine,
Aug. 14, 1988, ndicates that the risk of acquiring HIV-1
infection is 0.35-0.74% per needle stick injury. The reported
incidence of needle stick injuries to medical staff has been
repertedd at 25.3 per 100 beds annually. In onc New York
hospital. at least 7% of house doctors have sustzined needle
stick 1myuries while caring for AIDS patients.

Transmission rates of Hepatitis B after needle stick expo-
sure are much higher than that occurring with the HIV virus
and mav be 6-20%. The Center for Discase Control has
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estimated 200-300 health care workers die anmually in he
U.S.A. {from occupationally acquired Hepatitis 3.

With presenily used syringes with projecting needlezs,
potentially dangerous needle stick 1n juries are common-
place and most often occur between the time the medication
is injected mto the patient and the time the syringe Is
disposed of. Most injuries occur while recapping; the needle
or when disposing of it into a disposal container. Howover,
maintenance personnel who handle disposed materials wre
also subject to ncedle stick injurics.

At present, there is no recason to believe tha: the AIDS
epidemic will come (o a quick end. Canada’s frequency e
at the present time is 100.2 cases per 1,000,000, The United
States 1s a frightening 377.1 cases per 1,000,000, In Canadu,
according to current data projections, the incidence of AIDS
rate at least doubles every eighteen months.

A numbcr of patents disclose syringes or the like having
needle protecting features. In spite of this there arc no
syringes which allow withdrawal and safe entrapment of
needles currenily on the marlizl. This suggests dillicult es
with manufacture of prior patent designs. The syringe which
is the subject of this patent application is manufacturable
and commercially viable. In addition, after proper medi:al
use the syringe cannot be reused and any toxic substances or
infections contained within the barrel are not accessible
without physical breakage of the syringe. U.S. Pat. Me.
4,592,744, Jaggeret al., Jun. 3, 1980, llustrates a disposabile
medical needle apparatus with a self-sheathing safety needle
assembly. The self-sheathing safety ncedle has a case with a
small closed end and a large open end. A needle assemtbly is
located within the case with the needle projecting through
the small closed end. A hub is connected to the needle
assembly inside the casc. The connector on the hub cocp-
erates with a receiver on the small end to hold the needls
assembly in the case. A flange on the hub cooper:tes with an
mward projection in the case based [rom the small end to
prevent movement of the needie out of the casc when the
needle is withdrawn from the opening in the small ead. The
nozzle of a syringe pushed into rthe hub withdraws the needile
when the syringe 15 withdrawn. A rubber stcpper on a
vacuvm tube withdraws the needle after the rubber stopper
turns the flange to release the conncetor from the receiver.

U.5. Pat. No. 4,804,370, granted T'eb. 14, 1983, Ilaber ¢t
al.,, discloses a disposable disease control syringe whicls
reduces the frequency of accidental needle strikes to hea th
care workers and prevents health-threatening reuse of the
needle cannula by drug abuscrs. The syringe includes a
cylinder having an open proxinial end, a substant ally closcd
distal end, and a retractable needle projecting through the
distal end. A piston assembly having a detachable stem and
a needle capluring receptacle moves axially and dista ly
through the syringe cylinder to expulse fluid medication and
to selectively engage the needle at the most distal aspect of
the cylinder. The piston assembly is then withdrawn pro:i-
mally through the cylinder, waereby to relocate the needle
from the distal end to the proximal cylinder end. The needle
capturing rcceptacle is lockecd at the proximal cnd of the
syringe cylinder with the necdle cannula retracted witkin
and completely shielded by the cylinder. The sterc s thun
detached from the piston assembly and discardad, there oy
creating a disposal cartridge with the needle cennula ren-
dered permanently irretrievable therewithin, Alernative v,
the piston assembly can be driven distally through tie
cylinder for correspondingly roving the needle inte cont: ct
with a puncture resistant shield located at the distal end of
the cvlinder, whereby the necdle is axially collapsed ad
destroyed within the cylinder.
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U.S. Pat. Nos. 4,542,749, Caselgrandi et al, and 3,300,
290, Weltman, disclose syringes with protccted needle
designs.

U.S. Pat. No. 4,631,057, Mitchell, discloses a syringe
which has on ths body of the syringe a needle guard which
can be moved from a position which shields the needle, to
a retracted position which exposes the needle. UJ.S. Pat. No.
4,425,120, Sampson, granted Jan. 10, 1984, also discloses a
shiclded hypodermic syringe with a needle guard mounted
on the barrel which may be extended or retracied to protect
or ¢xpose the needle. U.S. Pat. No. 4,573,976, Sampson et
al., also discloses a shiclded needle syringe comprising a
needle guard which can be retracted or extendcd relative to
the body of the syringe, means being provided for relcasably
retaimng the guard in the retracted posttion. U.S. Pat. No.
3,884,230, Wulff, granted May 20, 1975, discloses a flexible
needle guard andd device for a hypodermic syringe. This
design appears to be directed mainly to avoiding breakage of
the needle when the syringe 1s being used.

LS. Pat. No. 4,258,713, Wardlaw, discloses an automatic
disposable hypodermic syringe which has means for driving
the hypodermic needle from a retracted position within the
housing of the syringe to an injecting position whereby a
portion of the oeedle protrudes from the housing. This
device does not disclose a feature whereby the needle can be
protected or retracted after use. U.S. Pat. No. 4,085,737
discloses a blood sampling syringe which includes an appa-
ratus for protecting the open end of the needle of the syringe.
The device is intended for minimizing risk of contamination
of the needle tip after a blood sample has been taken. U.S.
Put. Nc. 4,260,543, Bium, granted May 12, 1981, discloses
a hypodermic needle protection means which is designed so
that the needle can be slidably moved to the interior of the
needle support rmeans upon application of pressure.

L .S, Pat. No. 1,266,544, Ward]2w, granted May 12, 1981,
discloses an improved disposable syringe wherein retracting
means movably mounted on the housing of the syringe is
adaptec 10 pull the peedle from 1ts projecting position to a
safe position whareby the needle is covered by a portion of
the svenge. U.S. Pat. No. 4,139,009, Alvarez, discloses a
hypodermic needle assembly with a retractable reedle cover,
the needle cover comprising a plurality of elastically resil-
lent arms extending berween a hub portion and a slide
member, the arms acting as a restoring force fer urging the
shide member back over the needle forward portion when the
syringe 1s withdrawn from contact with the skin of a patient.

US. Pat. No 4,774,964 discloses a device which is
destaned to withdraw blood from a patient. It is not a syringe
per sc. It 1s not used for injecting fluids int> a paticnt.
Hov:ever, the device has the capacity to withdraw the needle
into the barrel housing,.

SUMMARY OF THE INVENTION

This invention relates to a safety disposable syringe. More
particularly, this invention pertains to a syringe which after
being used by a health care person to inject madication or
luid into a patient or withdraw fluids from a pasient, can be
transformed by that person to withdraw the necdle into the
barrz] of the syringe for disposal purposes, thereby elimi-
nating the oceurrsnce of needle sticking injuries among such
health care persons. This syringe can also be used in
industrial processes for sampling or adding substances
which mav be oxic. After such function, the needle is
witbdrawn nto the barrel to prevent contamination at any
further point in the process or during disposal. The syringe
and retractable needle leature is adapted (o be used with a
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vartety of interchangeable needles of different diameter and
length utilizing a universal Luer or Luer lock coupling
mechanism.

The invention pertains to a syringe comprsing: (2) a
hollow clongated barrel means. (b) penetration means which
1s adapted to removably engage with an end of the barrel
mcans; {(c¢) plunger means adipted to fit within and move
axially in the hollow barrel means; the plunger meins
causing a pumping action within the interior of the barrel
means between the plunger means and the end of the barrel
means when the plunger mears is pushed into the intenior of
the barrel means in the direction of the end of the barrel
means; and (d) engaging means at the end of the plumrer
means proximate to the penctration means, the cngag ng
means being adapted to engage the penetration means when
the plunger means 1s fully inserted into the interior the barrel
means in the direction of the end of the barrel means (¢ nd
cause the penetrating means Lo part from the barrel means
and to be withdrawn into the mierior of the barrel when 'he
plunger means 1s withdrawn away from the end of the barrel
means.

In the syringe, the penetraling means can be a hollyw
needle which is pointed at onc end thereof, and at the end
opposite o the pointed end s formed to maie with he
penelration means engaging ¢nd of the barrel means. An
abutting means can be positicned within the interior of he
barrel means and permits the plunger to be instcad into  he
interior of the barrel means through onc end but deters he
plunger means from being wthdrawn from the interior of
the barrcl means. Alternatively, the barrel means may hive
two abutting means n the interior of the barrel means, he
two abutting means being adapted to trap the plunger meins
between them when the plurger means is partially with-
drawn from the barrel means.

In the syringe as delined, tae engaging means may be a
hook. The needle engaging means may be a female and mile
thread combination which is engaged by rotating the plunger
relative to the barrel and penctrating means. Alternatively,
the cngaging means may bc a cam-lack comb nation, the
cam on the base of the needle penetrating mears engaging
with a receiving groove formec in the needle preximate end
ol the plunger, the cam-lock means engaging by rotating the
plunger relative to the barrel.

In another version of the syringe, the end of he plunger
proximate the penetrating means can be formed with a
snap-over attachment, and the end of the penetrating me: ns
proximate the plunger can te formed with a projection
which is adapted to receive and be secured by the snap-over
attachment.

In a further embodiment of the syringe, the penetration
means at the end proximate the plunger may be bent rachally,
and mate with a groove formed in the end of 1he slunger
proximate to the bent end of the penetration means, the be nt
end of the penetration means and the groove in *he plunger
being engaged by rotating the plunger relative (o the bar ¢l
of the syringe.

The needle engaging means in the syringe can be o dual
female thread combination, the dual threads being formed in
opposite ends of the engaging means, and a male thread
means being formed on the exterior of the engagine means
outsicde one of the female thresds, the exterior rale thread
means being of opposite thread rotation to the cual femele
thread means. The cnd of thc needle proximate to the
engaging means can have a male thread removably engage-
able with the proximate female thread of the engagig
means. The plunger proximate to the engaging means can
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have a male thread engageable with the female thread of the
engaging means opposite to the female thread cngaging the
mile thread of the needle means.

The invention also relates to an adapter for a syringe
having a piston and a needle base fitting in the end of the
syringe compris.ng: (a) a protrusion formed at one end of the
adapter tor fitting inside the hollow of a basc affixed to a
syrige needle; (h) releasable engagement means formed in
the exterior of the adapter and being adapted 10 releasably
engage with the interior of the needle receiving end ol a
syringe barrel; and (¢) an engagement means formed in the
end of the adapter opposite the protrusion, said engagement
meuns being adapted to engage with the piston end of a
syringc plunger.

The piston engaging means of the adapter can be a spiral
thrcad and the releasable engagement means can be a male
thread. I'he penciration means of the syringe can be releas-
ablv ergaged with the end of the barrel means by means of
an adapter, and the adapzer means can be adaptzd to engage
with the engaging measps at the end of the plunger means
proximate to the penetration means by rotating the plunger
means. The adapter means can be releasably connected 1o
the end of the barrel means by a female-male thread
combination, and the means of the adapter means adapted to
engage the engaging means of the plunger means can be a
spiral thread combination with locking means.

The penetration means of the syringe can be a needle
which 1s fitted with a Luer lock, the Luer lack being engaged
with the adapter means. The needle-Luer lock combination
and the adapter can be disengaged from the end of the barrel
means by latch rieans which engages with the adapter when
the plunger means 1s pushed to the needle end of the barrel
and rotated to minimally withdraw and activate the engage-
ment means.

The adapter can protrude partially from the penetration
means :nd of the hollow barrel means and can have a thread
direction which is the same as or opposite to the thread
direction of the barrel means engaging the penetration
me:ns. The adapter can be designed to protrude partially
from the penetraiion end of a syringe barrel.

In a further ¢rmbodiment ol the syringe th: plunger is
hollow and is & circular cylinder in cross section with a
fastening means such as threads at the finger press end of the
plunge. The plunger additionally mcludes a narrowed
weekened break point whereby the hollow cylindrical por-
tion of the plunger upon being withdrawn fron the barrel
maY be broken away and fastened to the opposite end of the
barrel whether or not the needle assembly has been with-
drawn inte the interior. Such construction allows for redun-
dant manners of sheathing the needle assembly through the
use of a needle guard or the cylindrical portion of the
plunger. Both include threaded ends of the same size for
attachment to the barrel and are relatively larger and more

safcly used than prior devices. Some additicnal features -

imyrove syringe fuaction, for example, by erhancing the
readability of calibrationt markings and thus improving the
acciracy of the svringe.

I a still further embodiment of the invention, the needle
guard and the hotlow cylindrical portion of the plunger are
the same element. That is to say, the circular cylinder portion
of the slunger includes at a narrowed intermediate point a
reusable connection means in lien of a break point. Such
construction allews this portion of the plunger to be discon-
neeed from the needle end portion of the phinger and used
as a reedle gurard. Subsequently, this portion may be
removed from the emd of the barrel and reconnected to the
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needle end portion of the plunger. Moreover, such constric-
tion allows the interior of the syringe bedy to be scalec at
both ends when the needle end portion ol the plunger is
withdrawn and the hollow cylindrical porticn is in place on
the barrel as a needle guard.

Additional features found in the further exemonliry
cmbodiments are the usc of cclored maternial for the plunger,
which due to its close proximity to the mner surface of the
barrel provides a less distortzd or clearer background lor
viewing the barrel calibration markings. Sull further, he
inclusion of a radially linear surface on the interior far ¢nd
of the plunger bung, as well as using bung maieriz] cf lhe
same color as the plunger, presents a single flat interfice
which dramatically improves the visualization of the c.li-
bration markings and the alignment of the end of the plunser
with such markings. More accurate filling and delivery of
contents 1s then possible.

Still further beneficial featurss of the disclosed exemplary
embodiments include the use of annular ridpges on the
interior of the barrel and/or on the exterior of the plunzer
whercby the scaling ridges in combinationt with & needie
guard attached to the opposite end ol the syringe maintains
sterile conditions in the syringe interior prior to use znd aiter
use seals bacteria or other material within the body of he
SyTinge.

Additional features to be found in the exemplary embcdi-
ments include a cup-like anmilar lip or resilient pronged
projections on the plunger adjacent the portion at the break
point which are used in combination with the interior ridies
of the barrel at the finger press end 1o deter the neelle
assembly from being completely withdrawn frem the ir te-
rior of the barrel means. Such c¢lements also retain the neelle
assembly at the finger press end of the barrel. As an
additional feature of the exemplary embodiments, the neelle
asscmbly includes an adapter-plunger conncction whict is
designed to allow unidirectional torque only so as to prevent
re-attachment of the adapter to the barrel means without the
use of a special tool. Thus, subsequent use of the needle once
the adapter and barrel have separated is prevented in he
absence of special tools or extraordinary measures.

A further feature of the present invention resides in lhe
provision of a venting structure in the adapter for venting air
from the interior of the barrel once the barrel has heen
substantially filled with fluid to be injected and prior to
ijection. As well know, it is important that air be expelied
entirely from the barrel so that air may not be injected with
the fluid. In certain embodiments hereof, the hub or adap er,
which releasably secures the needle to the distal end of the
barrel and 1s adapted to be withdrawn with the needle from
the distal end of the barrel into the interior of the barrel, has
a connective structure which enables the plunger to grasp ‘he
adapter and withdraw the adapter and needle intoe the interior
of the barrel. This connective structure protrudes. toward he
interior of the barrel, forming, an annular space between it
and the side walls of the barrel at the barrel’s distal e 1d.
When the axially cxtending fluid passage passes cntir:ly
through the adapter opening mto the interior of the barre at
a location spaccd from the distal end of the barrel, there 15
the danger that air can be trapped in such anitular spice
notwithstanding movement ot the plunger toward the distal
end o vent the air. Thatis, the f.uid in the barrel may occlude

the central passage, and prevent the air trapped in he
annular space from venting.
Therefore, in accordance “with another aspect of he

present invention the adapter 1s provided with cne or more
vent passages which open inle the annular space at the most
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superior portion of the hollow barrel when the syringe is
oriented substanially vertically with the needle uppermost.
Consequently, atter the fluid has been withdrawn into the
inte-1or of the barrel and the syringe oriented vertically
needle end up, au is expelled through the vent Hassage into
the ven'ral passage by moving the plunger toward the distal
end of the barrel. The central passage may extend wholly
through the adapter whereby the vent passage forms one or
morz branch passages of the central passage. Alternatively,
the central passage may terminate within the cdapter with
mor: vent passages scrving not only as air veats but pas-
sages for flowiny the Quid through the needle during injec-
tion To ensure that the vent passage(s) opens at the superior
position in the irterior of the barrel, the face of the radially
cnlarged portion >t the adapter facing oppositely of the distal
end of the barrei may be tapered radially inwardly toward
the distal end of 1he barrel. Additionally, radial grooves may
extend in the tarered adapter face and constituze continua-
tons of the vent passages. Further, one or more annular
grocves may be disposcd in the tapered adapter face in
communication with the radial grooves and vent passages,
all 1 ensure venting of air from the syringe prior to use.
A further desirable feature of a syringe is that it may be
packaged and sterilized in bulk and not necessarily in

individual packazes. However, this leaves open the possi- 2

bility ol tampering or inadvertent disruption of seals and
contamination. It 1s imporlant, therefore, that the syringe
heresf embody 1amperproof features. To that end, in one
embodiment hereof, tamperproofing can be accomplished by
applving a strip of paper tape having adhesive along one side
along the side of the svringe covering both the ‘unctures of
the needle guard and body of the syringe and the proximal
cnd of the barrel and plunger. Thus, if the tapc has been
broken or is twisted or otherwise removed from the syringe,
1t would be evident that the seals at the opposite ends of the
syringe have possibly been disrupted. Similarly, in another
embodiment hercof, a tight shrink-wrap of plastic material
may be provided about these junctures. Again, removal of
the shrink-wrapped plastic material or a twisting or severing
thereof would ind:cate a possible disruption of or tampering
with the seals. In & further form of the invention, the syringe
may be dipped inio a plastic material in liquid form whercby
a then-£1lm coating is applied to and solidified about the
cntire outer surfice of the syringe, including the needle
guard and projectng portion of the plunger. Consequently,
sterl.ity may be maintained, provided the thin-film plastic
coating 1s not breken, while at the same time, disruption of
or tampering with the seals at the aforementioned junctures
15 rcadily evident. The tamperproof scals may also be
provided with sterilizing radiation sensitive material to
cvidenee that the syringe has been sterilized and that the
syrir ge remains sealed.

In a preferred embodiment according to the present
invention, there is provided a syringe comprising (a) a
hollow, axially elongated barrel, (b) an adapter carried by the
barrel adjacent a distal end thereof and removablz theretrom
In response to rotation relative to the barrel, the adapter
carrying o needle and providing fluid communication with
the interior of the hollow barrel, (¢) a plunger axially
movable 1n the barrel between first and second positions
relatve to the barrel, (d) adapter engagement structure
disposed at the distal end of the plunger and engazeable with
a meting conneclion engagement structure on the adapter,
the structures having respective drive and connective
engagement surfaces, the drive surfaces being engageable
with one another when the plunger lics in the first position
relative 1o the barrel and jointly movable to enable rotation
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of the adapter relative to the barrel in response to relative
rotation of the plunger and bar:cl to cause the adepter to part
from the distal end of the barrel, the connective surfaces
being engageable with one arother to connect the plunger
and adapter one with the other and enable the adapter, when
parted from the end of the barr:1 in response 10 joint rotation
of the adapter and the plunger relative to the barrel, to be
withdrawn with the needle into the interior of the barrel in
response to joint axial movement of the plunger and the
adapter in a direction away from the distal end of the barrel
and (¢) a cap carried by the barrel and movable belweer a
position closing the distal enc of the barrel and a positian
avoiding interference with the distal end of the barrel.

DRAWINGS

In the drawings which illustrate specific embcdiments ol
the invention, but which should not be construed as restri t-
ing the spirit or scope of the invention in any way:

FIG. La llustrates a side elevation view of the needle ad
hub components of a first embodiment of the syringe;

I'IG. 15 1llusirates a side elevation view of the barrel 0 a
first embodiment of the syringe;

FIG. 1c illustrates a side clevation view of the plung:r,
bung and hook of a first embodiment of the syringe;

FIG. 1d illustrates an end elevation view of the hook;

FIG. 2 illustrates a side clevation partial-scction view of
a first embodiment of the syringe assembly with the neec le
and hub secured to an end of the barrel, and the plunger aad
its bung and hook partially inserted into the interior of tie
barrel, prior to use of the syringe;

FIG. 3 illustrates a side elevation partial-section view ol
a first embodiment of the syringe assembly with the plunger
and its bung and hook fully inserted into the interior of tic
barrel so that the hook extends into the interior of the nub;

IIG. 4 1llustrates a side elevation partial-section view of
a first embodiment of the syringe with the plunger, bung,
hook and ncedle fully withdrawn into the inte-ior of tie
barrel and the distal end of the plunger broken-olf from tae
bung end of the plunger;

FIG. § illustrates a side elevation partial section view of
an alternative embodiment of the syringe which has a double
screw action needle and hub engzagement mechanism and tie
end of the plunger away from the needle and hub engnge-
ment mechanism has therein a cavity which can it over te
opening in the end of the plunger after the needle and huly
are withdrawn mto the interior of the barrel;

FIG. 6 illustrates a detail view of the double screw action
needle and hub engagement mechanism;

FIG. 7 illustrates a side elevation partial section view of
the needle and hub withdrawn 1nto the interior of the barrel
and the broken away part of the plunger placed over the
opening in the head end of the barrel.

FIG. 8 illustrates a side elevation partial-section view »f
a second embodiment of the syringe with a screw-lock
plunger-needle hub connection;

FIG. 9 illustrates a detailed side elevation partial-section
view taken along section A—A of FIG. 11 of a first design
of a plunger with a right-hand or left-hand carn-lock rotation
to sccurc the plunger to the needle hub for withd-awing the
needle into the barrel of the syringe;

FIG. 10 illustrates a dctailed side clevation partial-scction
view taken along section A—A of FIG. 11 of a second design
of a plunger with a right-hand or left-hand cam-lock rotaticn
o secure the plunger to the needle hub and a secord
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right-hand or lefi-hand rotation locking means. which pro-
vides & double locking action between the plunger and
ncedle hub,

FIG. 11 1llust-ates an cnd clevational view of the needle
end of the syrinae illustrated in FIG. §;

FIG. 12 is a scetion view taken along section line B—B
of I'IG. 9 showing the syringe barrel handle and syringe
plunger handle 1 a 45° angle to one another to activate the
right-hand rotation cam locking action;

I'TG. 13 illustretes a detailed side elevation ps rtial-section
view o side scoring on a plunger of a syringe with an oval
flange cam lock

FIG. 14, whica appears on the same sheet as FIG. 11,
llustrates a detailed end elevation view of the cam lock
mechanism of the embodiment of the syringe illustrated in
FI1G. 9;

FIG. 15 illustrates a top elevation partial-seclion view of
a plunger with a snap-on socket type needle hub connection;

t1G. 16 tllusirates a side elevation partial-section view of 2

a plunger with a snap-on socket type needle hub connection,

FIG. 17 illustiates a top elevaton partial-sec ion view of
a plunger with a snap-on socket type needle hub connection
combined with 2 right-hand rotation option;

I'1G. 18 illustrates a section view taken along section line
A-—A ol FIG. 1s;

F{G. 19 tlustrates a side clevation partial-scetion view of
a bent needle embodiment of a needle hub connection;

I°G. 20 illustrates a top elevation partial-section view of

a bent needle embodinent of a needle hub connection;

FiG. 21 illustrates a side clevation partial-sce:ion view of
a bent needle embodiment of a needle hub connection
coupled with a right-hand rotation option;

F1G. 22 illustrates a detailed end view of the diagonal slot

in the end of the piston-plunger with the bent needle end
[ittecd in the slol;

FI1G. 23 illustrates a detailed end view of the diagonal slot
in the end of the piston-plunger rotated in the slet to grip the
bent end of the needle;

FI1G. 24 illustrates a side elevation partial-scction view of
an embaodiment ol the syringe wherein the needle and hub
are -olatably detechable from the barrel and he plunger
threcdedly engages the interior of the hub;

FlG. 25« illusirates a side elevation partial-s:ction view
of the syringe with the needle and hub drawn within the
interior of the bawrel and the remote end of the plunger that
1s broken away, formed with a hollow threaded cap-like
oper ing;:

F1G. 250 illustrates a side elevation partial-section view
of the svringe wiih the broken away plunger portion thread-
edly engaged with the male threaded end of the hub at the
top ol the barrel;

FIGS 25¢ and 254 illustrate sequential side elevation
vicws ol an alteraative design of syringe where the part of
the plunger adjacent the break away weak point is threaded
and 1s screwed into the opening in the end of the barrel
vacated by the needle and hub when pulled inte the barrel;

FIG. 26 illustritcs a side clevation partial-scetion view of
an embodiment of the syringe wherein the piston is adapted
with a litch which snaps into place in an adapter after the
piston 1= tully depressed and rotated,;

I'1G. 27 llustrates a side elevation partial section view of
an adaprer which mates with the needle platform,

FIG. 28 illusuztes a side elevation section view taken
along section line C-—C of FIG. 2g;
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FIG. 29 illustrates an end view of the latch mechanism of
the piston depicted in FIG. 26,

FIG. 30 illustrates a side elevation view of ar alteroat ve
design of adapter;

FIG. 31 illustrates a side elevation partial section view of
the alternative design of adaptzr;

IIG. 32 illustrates a side elevation partial section view of
an embodiment of the syringe wherein an adapter is
mounted allowing Luer locked needles 1o be used and
interchanged but permitting subsequent withdrawal ol a
used needle and adapter into *he barrel;

FIG. 33 illusirates a perspective view partially in phantom
of a still further embodiment 0. a syringe, a needl: guard and
the thrcaded connection therehetween;

FIG. 34 shows a side elevation view partially 11 section of
the syringe embodiment of FI1G. 33;

F1G. 35 illustrates a different side elevation view of 1he
embodiment of FIG. 33 in partial section view and with the
needle guard removed,

FIG. 36 illusirates a manner in which the plunger may be
rotated with respect to the barrel in order to disconnect the
ncedle assembly from the barrel for withdrawal of the
assembly into the barrel,

FIG. 37 is a sidc scctional view similar to thai illustrated
in F1G. 34 but with the needle assembly unfastencd from the
distal end of the barrel and with the assembly witt-drawa ir to
the barrel;

I'IG. 38 is a side sectional view similar to that illustrated
in FIG. 37 but with the hollewy eylindrical porlion of the
plunger broken away at the break point;

FIG. 39 1s a side elevational view partiatly in szction w th
the hollow cylindrical plunger portion fastened to the dis af
cnd of the barrel alter the cylindrical plunger portion has
been broken away at the break point;

FIG. 40 is a perspective view parttally in seclion of the
adapter and the distal end of the plunger illustrating the
maling relationship of the noted elements;

FIG. 41 is an axial view il]ustrating a pair of resilient
prongs used to engage a groove at the finger press distal e 1d
of the barrel for retaining the ncedle assembly in tic
retracted posttion in the barrel;

FIG. 42 is a partial side view of the pronged latching
device of FI1G. 41;

FIG. 43 is a side elevational view partially in section of
a stl] further exemplary and presently preferred embocli-
ment of the invention;

FIG. 44 illustrates a section view of a portion of tie
plunger taken along section lin: 44—44 of FIG. 43;

FIG. 45 15 a detailed partial side elevation view of a
portion of the plunger including the narrowed portion of tie
plunger which contains the bre ik point as illustrated in FI' 3.
43,

FIG. 46 is an enlarged sectional view illustrating a portion
of the radialty linear interface between the adapter and the
plunger bung;

FIG. 47 is an enlarged partial sectional view of ridges and
an ntervening groove on the inside surface of the barrel at
the distal end and a correspending annular ridge on the
exterior surface of the hallow portion of the plunger which
cooperates with the annular barrel ridges for Iccking and
sealing purposes;

FIG. 48 is a side elevational view partially in section of
a still further embodiment of the invention which represenis
a modification ol the embodiment of FIG. 43;
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FIG. 49 1s a side elevational view partially in section of
the cmbodiment of FIG. 48 illustrating the cylindrical
plurger portion cisconnected from the needle erd portion of
the olunger;

FIG. 50 1llustrates a partial end view of the plunger taken
along line 30—=20);,

FIG. 51 1s a perspective view of an adapter constructed in
accordance with a siill further embodiment of the present
Invention;

I"°G. 52 is an enlarged fragmentary cross-scctional view
Hlustrating the adapter of FIG. 51 disposed in the distal end
of the tarrel;

FIG. 53 is a view similar to FIG. 82 illustrating a further
form ot the adapter;

FIG. 54 is a perspective view of ane form of a tamper-
proct svringe ccnstructed in accordance with the present
mvention;

[1G. 55 is an enlarged fragmentary cross-sectional view
with parts broken out illustrating another form of a tamper-
proct svringe;

F1G. 56 is an enlarged side elevational view with parts
broken out and illustrating the opposite ends of a syringe
having o tamperprool coating according to the present
mnvention,

F1G. 57 is a side elevational view of a syringe with the
barrel end capped prior to use:

FIGS. 58 and 59 are enlarged side elevational views of
two additional ernbodiments of caps for capping the end of
the syringe barrel,

[1G. 39A is an enlarged fragmentary elevational view
lusrating a cap with a hinge connecting the cap and the
syrirge barrel to one another;

FIGS. 60-62 are swde elevational views schematically
illus rating the series of steps for re-applying the cap illus-
trated in I'IG. 58 to the barrel end of the syringe after use of
the svnnge; and

FIGS 63 and 64 are side elevational views of a further
forn: of syringe hereof and illustrating its manrer of use.

FIGS. 65-69 are fragmentary cross-sectional views of a
still further embodiment of syringe herecof vherein the
plunger 1s permanently locked 1o the adapter upon axial
displacement of the plunger into final seated position rela-
uve to the adapter,

FIGS. 70 and 71 are enlarged views similar to the
embodiments of FIGS. 65-69, illustrating a still further
embadiment for permanently locking the plunger and
adapter 10 one arother;

FIG. 72 is a view similar to FIG. 70 illustrating a still
further embodiment of the syringe hereof;

FIG. 73 ts a schematic illustration of the coupling between
the proximal cnd of the plunger and the distal cnd of the
barrel once the adapter and needle have been withdrawn into
the barr:l;

FIGS 74 and 75 are cross-sectional views of the embodi-
men! of TGS, 65-69 taken generally about on ‘ines 74-74
ancd 75-75 i FIG. 65;

FIGS 76 and 77 arc views similar to FIGS. 74 and 75
taken generally about on lines 76-76 and 77-77 in FIG. 69;

FIG. 78 is a fragmentary cross-scctional view illustrating
an adapter and plinger end combination in accordance with
a farthe: form of the present invention; and

FIG. 79 ts a view similar to FIG. 78 illustrating the
adapter and plunger end in engagement with one another in
the end ol a syringe barrel.
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DETAILED DESCRIFTION OF SPECIFIC
EMBODIMENTS OF THE INVENTION

Most disposable syringes can be used with a variety of
interchangeable needles with different diamcter and lengh.
The needles are connected by what is known as a Lier
connector, which may be of twoe types. One is a siinple
conical device which accepts the needle base. This version
is often described as a Luer tip. To detach-the riecdle, it 15
simply pulled off. The other connector typ: is often
described as a Luer lock. The Luer lock has a simnple screw
thrcad locking mcchanism that permits the basc of the
needle to be screwed onto the syringe so that it cannot be
pulled off without unscrewing. In this disclosure, the wnt-
versal coupling mechanism connecting the necdle to the
syringe will be referred to as a Luer lock version of the 1aer
connector unless otherwise indicated. 1t should be reccg-
nized that the claims to the invention relate to bo'h the plein
Luer tip and the Luer lock mechanisms. The interchange-
ability capability of a Luer lock allows for the niost appio-
priate ncedle to be uscd for syringe filling and paticnt
injection. In many cases, to save time, a different larger
needle is used to fill the syringe with fluid prior to injecticn.
A needle of fine caliber lo minimize pain (o the patient, a 1d
tissue damage, is often used for intramuscular or subcuia-
neous injection. In addition, if the same needle is used (o
puncture a vial in order to fill the syringe with medicalicn,
there is a potential for contamination of that needle from t e
vial, if the vial stopper carries. a contaminant. Under most
circumstances, this would not posc a signif.cant risk.
However, if the patient has reduced immunity to inlecticn,
the ability to change to an entirely new sterile needle for
palient 1njeciion may become important.

Although the prior art describes syringes which cin
protect the needle by a variety of means, including those
which involve withdrawing the necdle into the interior of t e
barrel of the syringe, such syringes do not allow for mter-
changeability of the needle or for the universal Luer lo:k
couphng mechanism which i1s an important feature ol tie
syringe. Most commercially available syringes employ a
Luer lock. Since the subject inveation is adapted tor use with
a Luer lock, it can directly replace syringes currently in use
and requires no change in technique or procedure unril after
the svringe has been used. In addition, most currently
produced ncedles can be used in the usual manncr on it is
syringe.

Aller use, once the needle has been withdrawn 1ato the
barrel, the syringe plunger can be snapped off. It 1s designud
so that it can be screwed onto Lhe front of the syringe and
thereby prevent any possibility of the needle within the
barrel protruding through the froat of the syringe again. ‘I'tis
Is an 1Important factor for a health care worker using the
syringe and also for any health care workers subsequently
handling garbage which might contam a contaminated
syringe.

This invention pertains to & syringe which, after being
used by a health care worker or hazardous industries worker,
or the like, to inject medication or fluid into a patient,
withdraw fluid from a patient, o: in sampling toxic materi:l,
for example, in an mdustrial process, can be transformed by
the worker to withdraw the needle into the barrel of the
syringe for disposal purposes, thereby eliminating pote -
tially harmful needle stick injuries among such workers. [n
industrial applications, the storage of a contaminated needle
1s similarly effected within the barrel to prevent furth:r
contarnination of the environment or process.

With any one of the various embodiments of the basic
syringe design, the needle 1s retracted by the user into the
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interior of the tody of the syringe immediately after it is
withdrawn, or during its withdrawal, from the paticnt’s body
tissue, or alter exposure to hazardous situations. Thus, the
needle 18 not exposed tor accidental contact at aay time after
the needie has contacted the potentially hazardous patient’s
body fluids, or other hazardous materials. This retraction
feature eliminates the possibility of potentially dangerous
needle stck injuries occurring with contamina ed needles.

The safety syringe of the invention is simple to operate
and is only slightly more expensive to manufacture than
presentlv used syringes. Another advantage is that the
syringe design closely resembles currently used syringes and
thus there should be no difficulty in obtaining good accep-
tance among workers such as medical institutional workers
since: the syringe is hermetically sealed before and after use;
redundancy of mechanisms allows safe disposa. and protec-
tion from needle stick injuries and accuracy of reading
calibration markings for filling of syringe 1s more precise.

Morcover, the operation of the subject syringe is easy 1o
teach to such workers and requires no unusual skills or
manual dexteritv.

Svringes that arc in current commercial use normally
consist of four components, a needle cap which is removed
pricr to use, a hellow needle which is mounted cn a hub with
a Luer lock, a barrel to which the hub is attached, and a
plunger with a bung (piston) at the head end of the plunger.
The plunger is 11serted within the barrel head end first and
can be pushed into the interior of the barrel in order to pump
fluid contained in the barrel out through the interior of the
hollow npeedle. The subject invention, In various
embodiments, includes several basic modifications which do
not dramatically change the appearance of the conventional
SVringe.

Referring to the drawings, FIGS. 1a, 1 and 1c illustrate
the three basic components which make up a first embodi-
ment of the novel needle retractable syringe. FIG. 1a illus-
trates in side elevation partial section view the construction
and interaction of the needle 2 and cup 4 which fits detach-
ably w:thin the nterior of hub 6 of the syringe. Hub 6 has
a Zemale thread :n the base of its interior. FIG. b illustrates
in side elevation partial section view the construction and
interaction of the barrel 8, the partially closed threaded hub
recciving end 10, which is located at the top of the barrel 8,
and the barrel bise 12 which is formed at the bottom of the
barrcl 8. A circular rim-like catch 14 is formed in the interior
of the bharrel 8 immediately above the barrel >ase 12 and
provides a stop to deter full withdrawal of the plunger 16
frora the interior of the barrel 8. Alternativelv the needle
may during mancfacture be affixed integrally to the syringe
basc and be removable only during retraction into the barrel
after the syringe has been used.

FIG. L¢ illusirates the construction of the plunger 16,
which includes ¢ bung (piston) 18 which fits snugly against

the interior of tae barrel 8 and serves to force the liquid -

centents of the interior of the bollow barre. 8 (usually
medlicaiion) out the interior of the hollow needle 2, and in a
commen situation into the body of a patient, when the
plunger 16 is manually pushed into the interior of the barrel
8. A thumb or finger press 20 is formed at the base of the
plunger 16, while the base 22 of the bung 18 serves to align
the plunger 16 within the interior of the barrcl 8, and deter
full withdrawal of the plunger 16 from the barrel 8 by
abuttiny catch 14. Affixed to the top central area of the bung
18 15 a live tine metal hook 24.

FGS. 2, 3 and 4 illustrate in sequential side elevation
partal-secuon views, the syringe in assembled state, with
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the components in various positions. FIG. 2 illustrates he
syringe assembly when it is charged with a fluid such as flnid
medication, or the like, ready for use. The fluid 15 contaired
in the volume space immediately above the bung 18 :nd
below the threaded hub receiving end 10. When the plunzer
16 is fully pushed by the thumrb or finger press 20 upwardly
into the interior of the barrel 8, the fluid contents ol he
syringe are extruded by plunger 16 and bung 18 through he
hollow interior of needle 2 and out the pointed end. At he
same time, onc or more of the tines of the hook 24 cngagcs
with the interior of cup 4 as illustrated n FIG. 3.
Subsequently, as illustrated in FIG. 4, when the plunger 16
is almost fully withdrawn from the interior of barrel B, ihe
hook 24 pulls the cup 4, and the attached reedic 2, dovm-
wardly through the interior of hub 6, and into the mterior of
barrel S. Thus all of the needle 2 is retracted into the interior
of the barrel 8. Il desired, the portion of the plunger 16 which
extends beyond base 12 can be broken off at the weakered
section, as illustrated in FIG 4, and the two components
disposed of in smaller pieces.

As seen in FIG. 1a, the metal of the needle 1s extendec to
form a bell shaped cup 4, which fits within the infericr of ¢ nd
1s aflixed to the plastic hub 6. By using this construction, in
this embodiment, the likelihood that a break will ocour
between the needle 2 and the cup 4 1s minimized. The nee dle
2 and the cup 4 are formed in one piece, and since the metal
is stronger than the plastic forming the hub 6, a break
between the metal and the plastic is encouraged.

When the plunger 16 is fullv depressed into the interior of
the barrel 8, the one or more o the tines of hook 24 eng:i ge
the interior of the cup 4, and then, when the plunger L€ is
withdrawn, the hook 24 pulls 01 the interior of the cup 4 ¢ nd
causes it to break away from hub 6. Once a tull break has
been made, needle 2 and cup 4 are drawn into the interior of
the barrel 8 by further withdrawing the plunger 16

The syringe of the inventior has a built-in safety feature
in that the needle 2 can only be withdrawn into the interior
of the barrel 8 up to the point that guide 22 abuts the ca ch
14 located around the interior rim of the base of the bairel
8. Thus, unless considerable effort is exerted, it is not
possible to pull the needle 2, cap 4 and plunger 16 com-
pleteiy through the barrel 8. The catch 14 1s designed so that
when the components are assembled, it is easy (o insert he
bung 18, with the hook 24, and the guide 22 through he
interior of the one-way catch 14, and into the interior of he
barrel 8 but 1t is difficull 1o [ully withdraw these componenls.
Once the needle 2 is withdrawag into the barrel 8 by hook 24,
it is not supported laterally and tips to one side against he
barrel 8, thereby making it virtually impossible to push he
needle 2 back through the hub 6. The tines of hook 24 irc
not necessarily of the same length, which encourages tipp ng
of the needle 2 to one side. Breaking off the portion of he
plunger 16 that extends beyond barrel base 12 ensures tiat
the used needle 2 cannot be pushed back through hub 6,
thereby exposing the sharp point ot the needle 2 beyond hub
6. Also, 1t is usually easier to dispose of two smauiler shorter
components than onc¢ clongated onc.

FIG. 5 illustrates a side clevation partial scet on view of
a preferred embodiment of the syringe which has a double
screw action needle and hub engagement mechanism 0.
The end of the plunger 16 away from the neecle and bub
engagement mechanism 80 has therein a cavitv 82 which
can fit over the cup 84 and opening in the end of the barsel
8 after the needle 2 and hub 6 are withdrawn into the intenor
of the barrel 8 (see FIG. 7).

FIG. 6 illustrates a detail view of the double screw action
needle and hub engagement mechanism 80. The mechanism
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80 s constructed so that it has right hand fema ¢ threads 86
of cne size diameter in a cup-like opening at onc side, a right
hand fzmale thread 88 of a narrower side d.ameter in a
cup-like opening in the opposite side, and a let-hand male
thread 90 on the exterior of the mechanism 80 outside the
interior female thread 88.

Hub 6 screws into female thread 88 and the syringe is
uscd 1o this contfiguration for injecting medication into a
paticnt However after use, to operate the mechanism 80, to
cnanle the needle to be withdrawn into the barrcl 8, the head
end of the plunger and bung 18 are screwed right handed
inte the female thread 86. Once fullv engaged, then further
right hand action on left-banded thread 90, unscrews thread
90. The entire mechanism 80 including the needle 2 can then
be withdrawn inio the interior of the barrel 8. The right hand
and lef: hand threads can, of course, be reversed to operate
in the reverse manner, if that is required.

FIG. 7 ilustrites a side elevation partial section view of
the needle 2 and hub 6 withdrawn into the interior of the
barrcl 8 and the cavity 82 of the broken away part of the
plunger 16 placed over the opening and cup 84 in the head
end of the barre: 8.

FIG. 8 :llustrates a side elevation partial-section view of
a second embodiment of the syringe which is constructed to

have a screw-lock plunger-needle hub connecticn. As canbe 7

scen in FIG. 8, the barrel 8 has the syringe plunger 16
disposed therein. The plunger 16 carries at its {rontal end
(the leit end as seen in [IG. 8) a piston 26 which is
constructed of a resilient material such as resilient rubber so
that it snugly engages the inner cylindrical surface of the
barrel 8. The pision 26 is connected to the plunger 16 by
means of a plunger flange 36. The frontal end of the plunger
16 is constructed to have therein a cylindrical cavity which
has a female thread 28 formed in the wall of the cavity. The
hasc of the hub 6 is constructed to have a malc hub thread
34, which 1s forroed to match and engage the female thread
28 formed 1n the opening in the front end of the plunger 16.
FIG. 8 also illustrates piston stop 15 formed in the rear end
of the interior of the barrel 8 (the right side as seen in FIG.
$). Piston stop 18 serves the same purpose as catch 14 as
discusscd in relation to FIGS. 1 to 4 above. A cap 32 protects
the needle 2 and fits over the hub 6. Cap 32, when engaged
after the needle 2 1s withdrawn prevents exposure of the
necdle 2 if it is accidentally pushed back -hrough the
opening. at the forward end of the syringe.

Iri use. the plunger 16 and piston 26 are disposed within
barr:l 8 as illustrated 10 FIG. 8. The cap 32 is removed and
the pointed end ol the needle 2 is inscrted into the medica-
tion At this time, female hub thread 34 is not engaged in
male threcad 28. The fluid medication is drawn into the
interior of the barrel 8 by suction action created by with-
dravsing press 20 and plunger 16 from the inter'or or barre}
8, as is conventional. Once the desired quantity of medica-
tion has been drawn into the interior of the barrzl 8, and air
is eliminated, the sharp end of the needle 2 is inserted into
an appropriate lccation on the patient. The medication that
is hcld within the interior of barrel 8 is injected through the
interior needle 2 nto the patient by asserting thumb or finger
pressure on press 2. Once the medication has been injected
mto the patient, the piston 26 has moved to the position
tlustrated 1n FIG. 8. It is then necessary to initiate the action
which is ulumately used to withdraw the bub 6 and the
neccle 2 into the interior of the barrel 8. This is done by
asserting a clockwise rotation on press 20, which cngages
malc b thread 34 in female thread 28 in the end of plunger
L6 (asst ming thal threads 28 and 34 are right-hand threads).
Hub & and plunger 16 are then intimately engaged by threads
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34 and 28 interacting with each other. Press 20 can then be
withdrawn to pull the plunger 16 from the interior ol barrel
8. By this action, the hub 6 and needle 2 are pulted into he
interior of barrel 8 until the rear end of piston 26 comes to
rest against piston stop point 1.5. At this point, lhe piunzer
break point 30 has been withd:awn exterior of the barre. 8,
and consequently plunger 16 can be broken into two part:: at
the plunger break point 30. Tt e two parts of the syringe can
then be disposed of with comp_ ete safety since the needle 2,
which might have been exposed to harmful virus, or the like,
has been withdrawn into the interior of barrel &, while he
part of the syringe 16 that has been broker away al break
point 30, has not been cxposec. to any medicine and can be
discarded without danger. It will be recognized that break
point 30 1s an option which necd not necessarily be built into
plunger 16. Breaking the syringe into two parts permits cusy
disposal whereas one elongated syringe, with "he plunger
withdrawn might be diflicult to dispose of in certiin
instances.

FIGG. 9 illustrates a detailed side elevation partial-section
view taken along section lint A—A of IIG. 11 of a first
design of a piston 26 with a right-hand cam-lcck rotation
(rather than a thread configuration) to secure the {forward ¢nd
of the piston 26 to the needlz hub 6 for withcrawing “he
needle 2 1nto the barrel of the syringe. The cam-lock option
itlustrated in FIG. 9 opcralcs by asserting a right-hand
rotation on the press 20, relative to the barrel 8. [n this way,
cam-lock ridge 42, which is formed in the basc of hub &,
rotates into helical engagemert with cam-lock groove <4,
This combination replaces th: male hub thread 34 and
female thread 28 combination illustrated in FIG. 8, as
discussed previously. Once the cam-lock ridge 42 is cngaged
snugly within cam-lock groove 44, the needle 2 and huty 6
can be withdrawn into the intzrior of the barrel 8.

FIG. 10 flustrates a detailec side elevation partial-section
view of a second design of 2 plunger with a right-hand
cam-lock rotation (similar to that tllustrated in FIG. 9).
However, the design shown in FIG. 10 also includes a
second hub rim 38 which is formed in the base area of hub
6. The purpose of hub rim 38 1s to engage left hand thread
40, which is formed in the interior of the barrcl 8, which
houses the hub 6. The alternative option 1llustrated in FIG.
10 includes the right-hand cam-lock ridge 42, cam-lock
groove 44 combination, discussed in association: with FIG.
9, but it has a second feature. A right-hand male hub rib 38
1s tormed in the exterior of hub 6 forward of cam-lock ridge
42. A matching right hand female thread 40 is formed in the
interior of the forward end of barrel 8, that is, the end which
surrounds hub 6. To operate the double action embodiment
lustrated in FIG. 10, cam-lock ridge 42 is first cngaged in
cam-lock graoove 44 by clockwise (right hand).rotating pre ss
20 relative to barrel base 12 (sec I'IG. 8) and ther, by means
ol a second right handed (counterclockwise) rotation, hab
rnm 38 is engaged within female left hand thread 40. The
needle 2 and hub 6 are then double engaged bv two right
hand twists and can then be withdrawn into the interior of
the barrcl 8. The double-action cngagement mechanism
ensures proper secure engagement of the plunger and hub.

It should be recognized that the first and secend options
illustrated in FIGS. 9 and 10 respectively can be usec in ay
ol the alternative embodiments ol the invention thst sre
illustrated in FIGS. 11 through 23. It should alsc be recog-
nized that the double-action locking mechanism illustrat :d
in F1G. 10 can be right-right, Iett-left, right-left o left-right.

FIG. 11 illustrates an end elevation view of the needle e d
of the syringe illustrated in I'lG. 8, and clearly illustrates t1e
eccentric construction of right-hand cam-lock ridge 42.
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Ridge 42 15 constructed generally in the form of an oval, the
opposite cnds of the oval being adapted to cngage in the
right-hand grooves of the cam-lock groove 44 (see FIG. 9 or
10).

I'1G. 12 1s a section view taken along section line B—B
of I'lG. 9 and il.ustrates the syringe barrel base 12 and the
press 20 rotated clockwise 45° relative to one another. This
clockwise action engages cam-lock ridge 42 in cam-lock
groove 44,

FIG. 13 illustrates in detail a side elevation partial-section
view of right-hand side scoring on the interior frontal
opemng a plunger of the syringe adapted for use with the
ova. flange cam-lock. As can be seen, by means of the
helically angled right-hand groove 44, the night-hand oval
shaped ndges 42, when they become mated in the interior of
the pair of cam-lock grooves 44, rotate relative to one
another 1 a helical fash:on, thereby creating a secure fit.

FIG. 14 illustrates a detailed end view of the cam-lock
mecharism of the embodiment of the syringe illustrated in
FIG. 9. Barrel 8 and cam-lock ridge 42 are shown in solid
lines. The dotted lines represent the cam-lock groove 44.

FIG. 15 illustrates a lop elevation partial-secion view of
a plunger 16 which is equipped with an alternative design
engagirg mechanism, namely a snap-on socket-type needle
hub connection. FIG. 16 1llustrates a side elevaiion view of
the snap-on sockat tvpe needle hub connection iliustrated in
FIG. 15. As caa be seen in these two illustrations, the
forwarc end of the plunger 16 is constructed so that it has a
snap-on” Lastener 46, which, when the plunger 16 is pushed
strongly (in a lef>wardly direction as scen in I'IG. 16) snaps
over and embraczs the longitudinal knob-like end 48 that is
formed in the base of hub 6. The snap-on fastcner 46 and
knob 48 cngagement combination is an alternat've embodi-
ment which replaces the cam-lock ridge 42 and cam-lock
grocve 44 combipation iltustrated in FIGS. 9 through 14, as
discussed previously. Unlike the thread combination 28, 34
(FIG. 8) and cam-lock combinations (FIGS. 9 to 14), no
rolalional action 1s required to engage fastener 46 and knob
48. Once snap-o0a fastener 46 has been pushed over snap-
over knob 48, the hub 6 and needle 2 can be withdrawn into
the interior of bairel 8 by pulling press 20 from the barrel 8.

F1G. L7 illustretes the snap-on fastener 46-snap-over knob
48 ¢ nbodiment discussed previously in relation to FIGS. 15
and 26, but incluces the option a righthand hub rim 38 and
a right hand opticn thread 40 secondary engagenient mecha-
niso (as discussed in deiail previously in association with
F1G. 10},

FIG. 18 illustrates a scction view of the syringe taken
alona section linz A—A of FIG. 16. The rectaagular con-
struction of the snap-on fastcner 46, which fits over snap-
over knob 48, car be readily seen. Also visible in FIG. 18 are
the >lunger, flange 36 (shown in dotted lines), barrel 8,
needle 2, and barrel base 12. FIGS. 15 to 18 illustrate a
cylindrical embodiment. It should be understood that alter-
native shapes such as hexagonal or octagonal can be used.
‘The advantage would be that such a configuration would
allow tor rotary movement to be transferred to the needle
assembly and allow it to be broken away by rotation rather
than by simple traction.

FIGS 19 and 20 illustrate respectively side and top
elevation partial-section views of a further alternative
engaging mecharism, namely a bent needle hub engaging
cmbodiment of the syringe. FIG. 19, which depicts the side
elevation view, trcorporates the first option (that is, without
opticnal hub rim 38, and right hand thread 40 combination).
FIG. 19 shows how the base end of the needle 2 is bent at
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right angles to form an upwardly projecting end 50. The e nd
50 fits into a slot and groove 52, which is formed in he
{forward e¢nd ol the plunger 16, By rotating the nlunger 16,
and piston 26 about 90° relative to end 50, he end 50
engages in slot 52, thereby securely connecting the head end
of plunger 16 with hub 6 and needle 2. This engagemont
allows the hub 6 and needle 2 to be withdravwn inte 1he
interior of the barrel 8, as dzscribed previously, FIG. 21
lustrates the bent needle ecmbodiment that was discusscd
above in relation to FIGS. 19 and 20, but including, the
optioa of a hub rim 38, and right hand thread 40, formed in
the hub 6 10 provide a double engagement mechanism. As
mentioned previously, either option 1 or option Z (FIG. 9 or
10), can be utilized in all embodiments of the syringe as
discussed.

FIGS. 22 and 23 illustrate @ detailed end view of siot 32
and needle end 30, the slot 52 being formed in the heac end
of the plunger 16. The bent nezdle end 50 is first inserted in
slot §2, as illustrated in FIG. 22, and then the end 50 is
rotated 90° into a groove opening formed in the micrior of
the plunger 16, thereby engaging the base end ol the needle
2 with the plunger 16.

FIG. 24 illustrates a side-elevation partial-sect .on view of
an embodiment of the syringe wherein the needle and hub
are rolatably detachable from the barrel and the plunger
threadedly engages the interior of the hub. The »ase of the
needle 2 is threadedly and removably engageable with the
hub 63 by threads 62. In turn the hub 63 is threadedly a
removably engageable with the barrel 8 by thread 64. The
head end of the plunger 16 can engage with the interior of
the hub 63 by interior threads 65 and withdraw ncedle 2 a 1
hub 63 into the interior of the barrel 8. The interior of the
head end of barrel 8 is shaped ke an “M”. The angled ends
deter the needle 2 from pushing back through the opening In
the end of the barrel 8.

FIG. 254 illustrates a side elevation partial-section view
of the syringe with the needle and hub drawn within tae
interior of the barrel and the remote end of the plunger tt at
1s broken away, formed with a hollow threaded cap-lice
opening and FIG. 255 illustrales a side-clevation partial-
section view of the syringe With the broken away plunger
portion threadedly engaged w.th the male threaded end of
the hub at the top of the barrel.

As shown 1 FIG. 25a, the hub 6 can be formed so that it
has male threads 70 around its circurnference.
Correspondingly, a mating cavity with mating female thre.d
72 can be lormed in the thumb press end of pluiger 16. 1f
need be, the thumb press end cf plunger 16 can be widen:d
at location 74 in order to accommodate the cavily with the
female thread 72.

With this embodiment, when the plunger 16 is broken
away at break point 30, it can be used to cover the open end
of syringe 8 by screwing fcmale thrcads 72 omo male
threads 70 of hub 6. In this way, both ends of the trarrel 8 are
closed, and there is no way that -he potentially contaminated
needle 2 can escape the interior of barrel B.

Alternatively, once the plunger has been broken, the end
distant from the thumb press and proximate to the fracture
site can be fashioned to allow it to fit snugly or screw inio
the now open end ol the barre! (from which the needle his
now been withdrawn into the barrel). If required, a second
fracture site (not shown) can ze fashioned in tte plunger,
This permits the plunger to be broken off at either of the two
fracture sites according to the performance of the user.

I'IGS. 25¢ and 25d illustratz sequential side elevation
views of an alternative design ol syringe where the part of
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the plunger 16 adjacent the breakaway weak point 30 is
threaded at 78 and is screwed into female threads 76 of the
opening in the end of the barrel 8 vacated by the 1eedle 2 and
hub when pullec into the barrel 8.

FIG. 26. illustrates a side elevation partial-section view of
an embodiment of the svringe wherein the piston s adapted
with a laich which snaps into place in an adapter (platform)
afte. the piston is fully depressed and rotated clockwise. The
embodiment illustrated in FIG. 26 depicts the needle 2
embedded in a Luer lock 100, associated with the constricled
end 10 of syringe barrel B. The plunger 16 with a finger
press 20 at the rernole end thereot is positioned :nside barrel
8. A step rib 14 prevents the plunger 16 from being totally
witkdrawn from the interior of the barrcl 8. Bung 18, which
provides a tight it with the interior of barrel 8, is mounted
on the end of plunger 16 opposite finger press 20.

I'ne operative aeedle engagement and detachment mecha-
nism illustrated n FIG. 26 is a combination o7 an adapter
102, which cooperates with Luer lock 100, the combination
fiting mto the narrow cnd 10 of barrel 8. The end of plunger
16 opposite finger press 20 has a latch mechanism 104
[ormed mside bung 18. A pair of prongs 106 are¢ [ormed in
latch 104 and engage into grooves 108 in adapter 102 when
the plunger 16 1s rotated in a clockwise direction. Once the
pair of prongs 106 engage in the respective grooves 108 of
the adapter 102, then the plunger 16 is rotated further
clockwise which then, because of the left hand threads 110
cngeging the inerior of the narrow end 10, causcs the
adapter, and the needle with the T.uer lock 100, 12 disengage
from the narrow end 10. At this point, the needle 2, Lucr lock
100, adapter 102, and bung 18 can be withdrawn into the
interior of the barrel 8 by pulling finger press 2¢ away from
the narrow end 10 of the syringe.

As can be recognized, the adapter 102 is an important
featurc of this cmbodiment of the invention. The adapter
enaltles a standard Luer lock 100 to indirectly mate with
fatct 104 at the ¢nd of plunger 16. Morcover, the adapter 1
10 &5 designed s that it accommodates different sides of
necdle & and Luer lock 100.

F1G. 26 illustrates a narrow point in the plunger which
assists i breaking the plunger in two. If required, or
desirable, two or more additional narrow points can be
included to permit breakage at alternative locations.

FIG. 27 illustrares in stde elevation partial section view a
preterred embodiment of the adapter 102. Nose 112 is
adapted to fit inside the hollow of a standard Luer lock 100.
The left hand thread 1 10 is also shown in FIG. 27. The
adapter 102 has opposite the nose 112 a cup-like edge 114
which is formed to receive the front end of latch 104,
Formied inside the rim of cup 114 is a protrusior. 116 which
has 1 puir of fast acting spiral male threads 118 formed
thereon. Prong ergaging grooves 108 are also formed in the
interior of the protrusion 1 16 at the point where the

protrusion 116 joins with the cup 114. The advantage of this 3

adapter design is that with the fast acting spiral threads 118
force al:gnment without jamming. Full axial movement is
possible with no rotation forced by the alignment threads.
Ther after full depression of the plunger, rctation will
disengage the acapter 102 and allow the prongs 106 to
engage 1 grooves 108, Rapid engagement bztween the
prongs 106 in grooves 108 is achieved by miniraal rotation
of the planger 16. At that point, further clockwise rotation of
the plunger 16 by means of finger press 20 causcs the threads
116 of adapter 1022 to disengage from the interior narrow end
10. The needle 2 assembly can then be withdrawn into the
interior of barrel 8.
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FIG. 28 illustrates a section view taken along szction lines
C—C of FI1G. 29 and depicts a detailed view of ta¢ con-
struction of the latch 104 and prongs 106. In the e mbodiment
lustrated in FIG. 28, the latch 104 has a pair o:" alignment
ridges 120 formed in the faterior of latch 104, 'These
alignment ridges 120 assist engagement of the latch 104
with adapter 102.

FIG. 30, which illustrales a side view of an alternative
design of adapter 102, and FIG. 31, which 1 lusirates a
partial cut-away section view ¢f the adapter depicted in FIG.
30, illustratc flarcd grooves 129, which are adapted (o
receive ridges 120 of latch 104. The flare assists in enabling
the ridges 120 to be received into grooves 122. In tlis
c¢mbodiment, the adapter does not have the fast acting
non-jamming spiral threads 118, depicted in the adaper
design illustrated in FIG. 27.

The adapter 102 has a nim 124 which is designed to
engage with the rim 126 of the Luer lock 100 io hold the twe
snugly together.

The embodiments of the invention depicted i FIGS, 26
10 31 have a number of advantages:

1. The preferred embodiment allows for universal cou-

pling with all Luer lock needle connections.

2. Needle mterchangeability during use of the syringe is
possible, that is, different ncedles can be used for filli ig
the vial and for injecting the patient.

3. The needle platform (adapter) design allows for coin-
patibility of the syringe with other custom desimn
needles or any subsequeat needle design, merely Hy
altering the outer needle connection configuration nlat-
form.

4. The syringe hub can be permancently closed afier use of
the syringe by screwing on the broken plunger stalk
after withdrawal of the ncedle into the barrcl.

5. The novel coupling mechanism between the platform
and the plunger allows full axial movement of tie
plunger without the possitility of an inadvertent lock-
ing. But deliberate rotational action permits locking of
the coupling device and withdrawal of th: platform
(adapter) with the attached needle in the barrel.

FIG. 32 illustrates a side elevation partial side section
view of an embodiment of tac invention related to thal
illustrated in FIGS. 26 to 30. The embodiment depicted in
FIG. 32 shows an adapter 130 vwhich extends partially from
the front end of the barrel 132. A standard Luer lock 134 is
formed in the front end of the barrel 132, The Lucr lock has
a standard nght hand thrcad 135. The barrel 132 has a Icfi
hand thread 137 to release the adapter 130 for withdrawal
inside the barrel 132, after the syringe is used. A needle huty
136 carrying needle 140 fits cn the tapered [ront end f
adapter 130 and screws into the right hand thread of the Luer
lock 134. A given clearance 135 permits the needle hub 136
to be withdrawn into the intericr of the barrel 132 after the
adapter 130, hub 136, and necdle 140 are unscrewed and
withdrawn 1nto the barrel 132 by rotation of the plunger and
cngagement of the plunger adapter connection mechanisin.
As described previously, a Luer tip may be a simple conical
device which accepts the needle base. This design could also
be used n this embodiment, -hus eliminating the screw
connection of the needle hub 136 and the Luer lack threud
135.

One advantage of the syringe design depicted in FIG. 112
15 that the adapter 130, allows for longer nccdles to be
accommodated. Another advantage is that by reducing the
minimum diameter of the platform needle combination, a
thinner barrel can be manufactured. For a given capacity of
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syringe, this will allow the length of the syringe to be longer
and thercefore a longer needle to be accommodated within it.
By placing the Luer lock threads in the barrel of the syringe
rather than on the platform, the outer diameter of the
platiorm needle combination is defined by the width of the
needle aub and pot by the supporting outer plastic Luer lock
mecharism. It is therelore possible to ensure as ‘ong a barrel
as possible for a given capacity. The standard 3 cc syringe
represeats a main portion of the syringe market. A standard
3 cc svringe is often used with a 1% inch needle for
intramuscular injection. Accordingly, the barrel of a 3 cc
svringe should be at least 2% inches long (o accommodate
the withdrawn necedle, adapter and plunger connector all
within -he barrel, This is done by the design as shown in
FIG. 32.

The ltoregoing embodiments discuss various means of
enabling the plunger to be connected securely to the hub 100
of the needle 2 in FIG. 26, for example, to enable the plunger
L6, when withdrawn, to pull the hub 6 and needle 2 into the
interior of the barrel S. In some versions including the
adapter, the adapler disengages if it (the plunger connector)
1s twisted in the wrong direction. This provides an over
tightening safety feature. The adapter 1s released from the
syringe if the correct rotation is used. It will be recognized
that these are illustrative of specific embodiments and there
are other possible ways to make a secure connection for the
purpose of withdrawing the hub and needle into the interior
of the barrel.

F1G. 33 shows a perspective view partially in phantom of
another embodiment of a safety syringe which includes a
plunger 154 witln a barrel 152. The syringe additionally
includes a needle hub 156 carrying a ncedle 158 which may
be covered by a needle guard 151 that is affixed 10 the barrel
by way of barrel threads 153 and the complementary threads
of the guard.

As more clearly seen in the side elevation part:al sectional
view in FIG. 34, the plunger includes a circular cylindrical
portion 154z having a threaded end portion 1545, a finger
press plate 154¢ and an outer annular ridge 1544 for pro-
viding a sealing engagement with groove 1524 of barre] 152.
The slunger additionally includes portion 154¢ for cngaging
the needic adapter 150 as well as the plunger bung 157.

The plunger 154 additionally includes a narrowed portion
154/ including a weakened break point 154¢, as well as a
pair of resilient crms or prongs 154/1. The details of these
elements will become more apparent from a review of the
expanded detailed drawings of FIGS. 41 and 42, for
cxample.

Returning to the syringe as illustrated in FIG. 34, it will
be noted that once sterilized and assembled as illustrated
with the needle grard in place forming a sealing engagement
with the threaded barrel, as well as with the plunger in the
position shown (orming a sealing engagement between
elements 152a aad 1544, the interior of the structure is
sealed at both ends, thus maintaining sterile corditions. As
to forming and mamtaining the above noted seals, it will be
recognized that other forms of scals may be used. For
example, although the exemplary embodiment illustrated in
I'IG. 34 includes a threaded connection between the needle
guard and the end of the barrel, other forms of sealing
arrangements involving friction fits or the use of annular
ridges and complementary grooves, as well as other sealing
connzctions as illustrated in previous embodiments, may
also be used. In this regard, however, it will be noted that the
threads 153 of the barrel are not only designed to accom-
modzte ¢ threadec connection with needle guard 151, but are
also sized and designed w0 accommodate a threaded con-
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nection with complementary threads 154b of the hollow
plunger portion 1544 once this plunger portion s broken
away and connecled to the end of the barrel, as illustrated in
FIGS. 38 and 39. Accordingly, any change in the connection
elements of 151 and 152, as previously suggested, wonld
require a corresponding change in the manner of connecting
elements 152 and 154a.

Again returning to the embodiment as illustrated in FIG.
34, considered along with the cnlarged clement details
tllustrated n FIG. 40, it is cvident that adapter 150 is
connectable to plunger portion 154¢ by way of complemen-
lary surfaces 150a and 154, 15 well as surlaces 1504 and
154k. As may be seen from a consideration of IFIG. 40, all
of these surfaces engage when the plunger is fully inscried
and due to the slopes of the surfaces produces only a
unidirectional torque on the adapter when the plunger is
rotated in the proper direction. Plunger rotation in the
opposite direction causes surfaces 150d and 154k to separate
and the plunger to be partially withdrawn. Ir operation
withdrawal of the plunger and the attached bung 157 away
from the adapter 150 is accomplished with relative casc
since the adapter is securely aitached to the barrel 152 Hy
way of complementary threads 150b and 1526, as mav be
seen from a consideration of FIGS. 35 and 37. Acding to the
case of separation of the adapter and plunger-tung is the
relatively large slope of the thread surfaces 1507 and 154¢
which offer little or no resistance to separation. Moreov-:r,
although the resilient ridge 1547 and groove 150c (FIG. 40)
offer some resistance to separation, the combination does rot
prevent such separation or recuire more than a reasonat le
force to “unsnap” the connection when the adapter is affix :d
to the barrel. Ridge 154 may be partially or wholly ancular
as one manner of decreasing or increasing resistance 1o
separation.

After use and with the adapter and plunger connected as
lustrated in FIG. 34, the plunger may be rotuted in tie
manner shown in FIG. 36 so as to disconnect the adapter
from the interior threads at the distal end of the barrel by
operation of the flat axial surfaces 150d and 154k. An
important feature of this engagement mechanism is that on e
the adapter has been disconnected at its threaded connection
with the barrel, it along with the remainder of the neadle
assecmbly remain attached to the plunger portion 15:de
through the snap connection formed by ridge 154/ and
groove 150c. Thereafter, the plunger and attachied necedle
assembly may be withdrawn i110 the barrel in tae mannar
illustrated in FIG. 37,

Clearly, retraction of the contaminated ncedle into the
barrel prevents or substantially reduces the possibility of
inadvertent needle stick injurizs. Furthermore, 1s may be
appreciated [rom a constderation of the connection illus-
trated in [FIG. 40, it is another important feature of the
engagement mechanism that once the adapter 150 has been
disconnected from the distal ¢nd of the barrel 152, in the
absence of extraordinary measures or the use ol a speciil
tool, the needle assembly and the adapter cannct be rcas-
sembled to the barrel and be reused. Thus, aiternpis 1o
reattach the adapter to the barre! for subsequent use, illicit or
otherwise, is effectively prevented since the spiral grocves
and faces of the adapter-plunger connection are shaped 1n
such a manner as to prevent adequate transfer of torque 1n
the proper direction to atfain reattachment of the adapter 1o
the barrcl by merely rotating :he plunger in the dlirecticn
opposite that illustrated in FIG. 36.

o use, the exemplary embociment of syringes as illu-
trated in I'IGS. 33 through 42 are bulk packaged, sterilized,
assembled structures of the nature generally illustrated 1o
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FIG. 34, Initially, the needle guard 151 is removed, the
plunger and atieched bung arc withdrawn, and the proper
dosage of fluid within the syringe body is adjusted using
calibralion markings (not shown) on the barrel in combina-
tion with the streight radial forward edge of the bung 157 to
obtain a rapid and highly accurate measured reading of the
contents. In this regard it must be noted that on conventional
syringes the calibratton markings, as well as the bung are
usually black, with the bung attached to a slightly opaquc
plunger that is normally of an X cross-section. Additionally,
the leading edge of the bung is normally curved outwardly.
Accordingly, neither rapid nor accurate readings are obtain-
able with such structure which includes two interfaces
betvween the bung and the fluid contents and setween the
bunz and the plunger. Such readings are additionally com-
plicited by attempting to distinguish black calib-ation mark-
ngs against a biack bung.

As previously noted, the forward surface of tie bung 157
albeit anoular 1s straight in the radial direction. Moreover,
the coleration of the bung and plunger elements ire the same
so a5 lo obtain a single interface. Moreover, the colors of the
materials, as wel: as the calibration markings, ar: selected to
be contrasting so as 10 significantly improve the accuracy as
well as the speed with which measurements may be taken.,

As an additional important feature pertaining to rapid and 2

accirate measurements, the cylindrical plunger portion 1544
is sized 1o be closely received in barrel 152, thus reducing
diffraction and increasing visibility.

P-esuming that the syringe has been used (o inject fluid,
the plunger is rotated in the manner shown in FIG. 36 and
the plur ger as well as the needle assembly including adapter
150 arc withdrawn to the position illustrated in FIG. 37
where the ends of the resilient arms 1547 register with
annular groove 132a so as to retain the needle assembly and
lower portion of the plunger in the position illustrated.

Thereafter, cylindrical plunger portion 154 may be bro-
ken awayv at the plunger break point 154g in the manner
llustrated 1n FIG. 38. Regarding the narrowed portion of the
plunger 154/, it is to be noted that although illustrated as
being circular in cross section in FIG. 41, it may also take
other shapes such as oval in order to enhance the case with
which portion 154a may be broken away.

Alter portion 154a has been broken away, it may be
attachec to the threaded distal end of the barrel in the manner
lus:rated in FIG. 39.

Thus, subsequent to the intended use the needle assembly
has been withdrawn into the barrel and locked in position by
way of locking arm 154k, for cxample.

Maorever, the bung and the raised edge of plunger portion
154¢ would serve to seal one end of the barr:l, whereas
portion 154a of the plunger may be attached to the threaded
end of the barrel 152 by way of the illustrated threaded
connect:on or by other well known snap-fit or friction-fit
connections, for e xample. As illustrated in FIG. 39, not only
1s the needle withdrawn to a position eliminating inadvertent
needle sticks, but the barrel 1s sealed at both ends thus
ciectively preventing the escape of any toxic or contagious
contents” a feature not seen 1n the known prior art.

As ibustrated in I'IGS. 33-39, the cylindrical plunger
portion {344 constitutes a hollow cylindrical sleeve closed
at its inner end by the narrowed portion 154f and open at its
outer end terminating in the threads 154b. As a consequence,
when the plunger portion 1544 is disposed on the distal end
of the barrel scaling the latter, the interior of portion 1544
serves as a resenoir or receptacle open at its proximal end
to the barrel of the syringe. Thus, in the unlikely event that
the needle 1s not withdrawn the full distance, as illustrated
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in FIGS. 37-39, or should the adapter and needl: be pust.ed
axially inwardly along the barrcl when the syrirge is beng
handled or otherwise disposed, e.g., by other disposaile
bearing on the exposed end of the portion of the plunger left
in the barrel, there is no danger that the needle can be pust ed
through the barrel or plunger or is otherwise exposed,

As will be appreciated by the artisan, the selection of
materials, coloring, shapes, as well as the location and natire
of the scals, used in the cmbodiment of FIG. 34, ‘or
example, may also find use in cther disclosed embodimer ts.
Moreover, it will also be appreciated by the artisan viewing
the details of the embodiment of FIG. 34, {or example, that
since plunger element 1542 s hollow and is made su -
ciently long as to encapsulate the ncedle asserably in the
position illustrated 1n FIG. 34, for example, should the
adapter 150 malfunction and fail to separate from the barre!,
the exposed needle assembly may nevertheless be covered
by either needle guard 151 or by plunger portion 154a. In
this regard it is 1o be noted that since the needle guard, as
well as the hollow plunger portion, have been made of
approximately the same diameter as the threadec end ol the
barrel, both the needle guard and the plunger porticn 154«
may more safely be installed on the exposed needle in
comparison with needle guards of smaller diameter such as
is found in the embodiment of FIG. 32. Accordingly, it will
be seen that the design of the embodiment found 1n FIGS. 33
through 42 includes redundancy features wher¢by even if
the needle assembly fails to disengage and retract alter use,
it may nevertheless be covered in at least two other wavs as
discussed above, thus incorporating additional safery
features,

A still further embodiment, which is the presently pre-
ferred embodiment, is illustrated in FIGS. 43 tarough 47
This e¢xemplary embodiment is similar in many respects to
the previously recited embodiment as may be appreciatzd
from a comparison of FIGS. 34 and 43. That is to say, barrel
162 of FIG. 43 is substantially identical to barrel 152 of the
previous embodiment except for the climination of the
scal-locking arrangement formed by members such as 152
and 154d and the inclusion of elements 162a which, as
illustrated in greater detail in IFIG. 47, include two annuiar
ridges and an intervening groove on the inside su-face at t 1¢
finger press end of the barrel. As will be seen in TIG. 47, te
means 1624 of the barrel are designed to cooperate with
annular ridge 164d included in plunger portion 164a. As will
be recognized by the artisan, tke parts can be reversed. That
1s lo say, elements 162a can be included on the plunger and
clement 1644 can be included on the barrel. These clemer ts
cooperate when engaged to form an effective seal at one e
of the barrel so as to prevent ingress or egress of materizls
to the central portion of the syric ge body until it is used. Tt is
scal along with the use of a needle guard of the nature
Hlustrated with the embodimen: of F1G. 34, which may he
affixed to the barrel 162 by way of threads 163, will
completely seal both ends of the syringe body. Such sealing,
as with the previous cmbodiment, will allow the syringe to
be sterilized and then bulk packaged rather than individually
packaged, but nevertheless retain inlernal sterility. Clearly,
this feature will result in beneficial results such as redvced
labor and material costs.

Returning to a consideratior: of FIG. 43, it muy be secn
that barrel 162 includes an annular groove formed at 162b
which cooperates with the &nnular sealing ridge 16Ca
included in adapter 160. This groove can be formed in the
barrel during the manufacturing process or, preferably, is
formed by the ridge 160z during assembly due to the
resilience ol the plastic barrel miaterial. ‘This sealing Jealu ¢
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mav be seen in greater detail in FIG. 46, wherein the sealing
between the adapter and the barrel is clearly crhanced. The
embodiment of “1G. 43 additionally includes modifications
to plunger portion 164¢ which is substantially cifferent than
that of portion 1544 illustrated in FIG. 34. "'his plunger
por ion which is shown in greater detail in both FIGS. 44 and
45 includes an outer circumferential lip 1644 which is
sufficiently reduced in diameter as to snap past yarre] ridges
1624 on assembly, but will be retained at the innermost ridge
wien the plunger and needle assembly are withdrawn into
the barrel. Such withdrawal occurs in the samz manner as
was explained with regard to the embodiment of FIG. 34.
That 1s to say the coupling means between the adapter 160
and the plunger portion 164 are of the same natu-e illustrated
in FIG. 40, and tae adapter is uncoupled from the barrel and
withdrawn into il in the same manner as was previously
exp-aincd with rcaard to the embodiment of FIG. 34, except
that means 1620 are used 1o retain element 164e in the
withdrawn positon,

Suabs:quent to withdrawing the plunger and needle assem-
bly nte the barrel, the cylindrical plunger porticn 164a may
be brokea away at the reduced break point or notch ledg of
portion 164f. As with the previous embodimznt, narrow
portion 164f mav be circular in cross section o: have other

shapes such as oval for aiding in breaking away plunger 2

portion t64a.

Alter the plunger portion 164a has been removed, it may
be joined to the distal threaded end of barrel 152 as in the
previously described embodiment. As will be appreciated by
the artisan, element 164 is designed to be attached to the
dista! barrel end, even if the adapter fails to disengage from
the barrel and the needle fails to retract. Morcover, as with
the embodiment of FIG. 34, those skilled in the art will
recoznive (hat threaded connections such as formed at 163
and 1645 may be replaced with other connection means such
as suap connections or friction fits of the nature previously
described.

Additionally. as with the previously described
cmbodiment, the bung 157 as well as the plunger portions
may have similar coloration which additionally contrasts
with the coloration of the calibration markings (not shown)
an the barrel. Such coloration, as well as the radially linear
forward surface 167a as detailed in FIG. 46, present a single
fluzd plunger intertace with greatly enhanced visibility as
well as accuracy for the reasons previously described.

Additionally, as with the previously described
embodiment, due 1o the design of the adapter and plunger
portion 164¢ and the connection between ther, the plunger
may be fully corapressed without permanent attachment
between the elements. That is to say, elements 164f, which
may be resilient prongs or a resilient annular ridge, maintain
the connection while engaged in groove 160c. As with the
connection as shown in FIG. 40, the adapter when discon-
nected from the karrel is retained by the plunger portion
164¢ when withdrawn into the barrel. However, elements
164; will release the engagement with the adapter when the
plunger is withdrawn without rotation, since the adapter and
barre] remain engaged.

As previously indicated, the artisan will appreciate that
the Dbencficial features of this embodiment, such as the
coloration, sealing and locking arrangements, among,
others, may be adapted for use in still other embodiments
previously disclosed. For example, the embodim:nt of FIG.
32 cun cbviously be modified to accommodate a full size
needle gnard conrected to the exterior of the barrel and may
be further modificd to include a sealing arrangernent of the
nature iltusirated in either FIG. 34 or FIG. 43 ai the finger
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press end. Such modifications would result in preventing Lhe
cntrance of contaminating matcrials within the svringe body.
Furthermore, the plunger portion containing the threacled
comnection 2S illustrated in FIG. 32 can otwiously be
modified to be of a hollow circular cylindrical form so as to
be usable at the distal end of the syringe barrel whether ar
not the needle assembly has been retracted into the barrel,

A Turther modification to the embodiment of FIG. 43 i ay
be found in the further exemplary embodiment iilustrated in
IGS. 48 through 50. This embodiment is similar in m st
respects to the embodiment of FIG. 43 except thar “he
narrowed intermediale portion ol the plunger (164f and 174/
of the respective embodiments) includes as a substitute “or
the break point (164¢) a connection means whereby 1he
hollow cylindrical portion of the plunger may be urlatck ed
or disconnected from the ne:dle end portion and sube-
quently re-attached thereto. Such construction allows the
hollow finger press portion of the plunger 174a to e used
as a aeedle guard both before and after use, as well as a
plunger portion during use.

As may be seen [Tom a consideration of FIGS. 43 and <8,
the needle end plunger portions (164e and 17¢e,
respectively) are substantially the same except that the
narrowed intermediate portion 164f with break pomnt 164y
has been replaced with a rectilinear locking mechanism 17 4f
having a rectangular shaped socket 1741 with two resilicnt
wings or side arms 174m that are slightly flared in the
outward or radial direction.

The upper ends of these two arms include lips 1742 which
are arcuate and which have ar internal groove 174¢ which
is also arcuate.

The plunger portion 174a as in the embodiment of F135.
43 1s a hellow cylindrical cylinder in cross secticn.
ITowever, the needle end portion thereof has been modifi :d
as llustrated in FIGS. 48 and 49 to include a rectilinear
portion 174k which is complementary to the rectilincar
portion 174f. Accordingly, when these portions are joined,
both portions 174a and 174e will rotate as a unmit. Moreover,
since the adapter/plunger engagement structure in ihis
embodiment is the same as thal found in the embodiment 3¢
FIG. 43, for cxample, unidircctional rotation of the adapter
will be obtained in the previonsly described manner when
the plunger is rotated.

As will be further noted from a comparison of FIGS. «3
and 49, for example, the same lype of scaling al the finger
press end of the syringe comprising complementary ridge
arrangements arc included in tte embodiment o1 FIGS. 8
through 50. It will be noted, however, that the finger press
end of the barrel 172 has been tapered so as to allow the arnis
174m to flare outwardly and unlock or disengage from the
complementary grooves included in plunger portion 1740,

In operation the sterilized syringe is supplied with cylin-
drical portion 174aconnected over the needle and in sealirg
engagement with the distal end of the barrel 172. In this
regard, although the sealing engagement is illusirated as a
threaded connection, other concection means as arevious y
described may be used. As supplied, the syringe would also
include the adapter and needle assembly connected 1o the
distal end of the barrel but with the plunger poriions 17¢e
and 174f along with bung 17 withdrawn into the barre] ard
in sealing engagement with the finger press end of the barr.:|
in the same manner noted with regard to the embodiment of
FIG. 43. Additionally, arms 174m would be positioned :s
illustrated in FIG. 49. Accordingly, as supplicd, beth ends off
the syringe would be sealed, thus maintaining ste -ility as (o
the enclosed portions of the syringe body. Additionally, once
the syringe 1s used the needle end portion of the plunger
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along with the adapter and needle assembly may be with-
drawn and plunger portion 174a disconnected, as illustrated
in ¥'IG. 49, Therealter, the disconnected plunger portion
1742 may be reconnected as before to the distal needle end
porion of the tarrel so that both ends of the syringe are
again scaled whereby toxic or contagious material within the
syringe body cannot escape. Moreover, as with the embodi-
ment i‘tustrated in FIG. 43, plunger portion 174a may be
re-z1tached to the barrel as a needle guard whether or not the
needle assembly has been withdrawn into the barrel.
(learly the modification illustrated in FIGS. 48 through
50 oders the advantage whereby a single element (1744)
mav be used both as a necdle guard and as a portion of the
plunge- through the use of the disclosed rectilinear locking

mechanism. Morcover, tae previously described sealing and -

locking, arrangements aand their beneficial results may be
maintained. Additionally, the previously described benefi-
cial results to be obtained by the shape and colcration of the
elements whereby visibility and accuracy of measurement of
the svringe uid contents may also be applied to the embodi-
ment of FIGS. 48 through 50. Furthermore, the artisan will
apprec ate that the beneficial feature of tlis embodiment
mav be adapted for use in still other embodiments previ-
ously disclosed.

As will be recalled, a further feature of the present
invention provides for a venting structure in ths adapter for
venting air from the interior of the barrel once the barrel has
been substantially filled with fluid to be injected: and prior to
injection. It wili be appreciated that in those embodiments
hereof where the hub or adapter has structurc which pro-
trudes nto the barrel from the distal end of the barrel, there
is formed an annular space between such protrusion and the
bar ¢l.-—With the central passage through the adapter and
needle terminating inwardly of the distal end of the barrel,
there is the danger of entrapment of air withir the annular
space hetween tae protrusion and the barrel adjacent the
distal end of the barrel. The following is a description of a
specific embodiment ol the present invention which elimi-
nates any such air and vents the entircty of tac air in the
bar-el nrior to injection. The concept and structure of this
cmbod:ment are applicable to the previous cmbodiments, for
examp.e, 1o the hub 6 of the embodiments of FIGS. §, 8, 10,
15 and 17, the adapter 102 of the embodiments of IIGS.
26-32 and the adapter 150 of the embodiments of FIGS.
33-42, and the adapter 160 of the embodimen: of FIG. 43.

Turring now 1o FIG. §1, there is illustrated ar adapter 200
substantially identical to the adapter illustrated in FI1G. 40,
with the further :mprovement of the vent openings, as will
novy be described. Adapter 200, of course, has a central axial
passageway 202 defined in part by the protrusion '204 of the
adapter into the barrel and on which protrusion is mounted
the spiral threads or surfaces 206, terminating in the annular
groove 208, all as previously described. Adapter 200 is
threaded into the end of the barrel, as illustrated in FIG. 52,
similarly as the embodiment of FIG. 40.

In this form, bowever, there 1s provided al least one and
preferably a par of vent passages 210 cxtending radially
from and in communication with the central axial passage-
wav 202. These passages preferably extend in grooved
portiors 212 formed in the face of the Hange facing the
proximal end of the barrel. Additionally, that face is tapered
radiallv inwardly in a direction toward the needle end of the
barrel, for example, on the order of about 3°. Further, an
annular trough or groove 211 is preferably formed in the
taperec flange frce about the base of protrusion 204. Groove
211 lies in comrunication with grooved portions 212 and
vent passages 210, One or more additional anrular grooves
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may also be provided including about the outer margin of he
tapered flange basc or at intermediate radial positions. By
grooving the passageway portions 210 and groove(s) 211 in
the face of the adapter 200 and tapering thel tace, he
grooves 211, 212 and passage portions 210 will assame he
most superior position within the interior of the »arrel when
the syringe is oriented vertically with the needle uppermesi.
Consequently, when the plunger is advanced toward he
needle end to vent air from the interior of the barrel, any air
trapped within the annular spzce 214 between the distal end
of the barrel and protrusior. 204 will vent through the
grooves and openings into the central passageway. Hener,
the interior of the barrel may be purged of any air prior o
injection. 1t will be appreciaied that there mav be onlr a
single vent passage 210, although preferably ot least two
such passages diametrically opposed to cne another are
provided. More than two such passages muay alsn be
provided, preferably equally spaced about the axis ol the
adaper.

Referring now to the embodiment of FIG. 53, the cenral
passageway 202« terminates short of the distal end ol |he
protrusion 2044. Consequently, the central passage 2022
comrunicates only with the cne or more radially extend ng
passages 210a and grooves 2lla, 212q. In this form, 101
only do the passageway portions 210a and greoves 211,
212a form the superior positions when the syringe s ori-
ented vertically with the needle uppermost to enuble venting
air from the barrel and particularly the annular space 214a
between the barrel and protrusion 2044, but provide the sble
passageway portions for egress of fluid from the interior of
the barrel through the central passageway 202z during
injection, The opening 216 in the end of protrusion 204 is
in the form of a multi-sided opening, ¢.g., a hex-shaped
opening, for purposes of receiving a tool for assembling the
syringe. Thus, a tool may be inserted through the opposite
end of the barrel and received in opening 216 to thread the
adapter onto the barrel.

Referring now to the embodiments of the invention illus-
trated in FIGS. 54-56, thrce forms of syringes having
tamperproof features are disclosed, respectively. In FIG. 54,
there is illustrated a syringe having a barrel 309, a finger
press 302 for the plunger, and a needle guard 304. "he
needle guard is, of course, screw-threaded or otherwise
secured 1o the end of the barrel 300, for example, as
iltustrated in FIGS. 33 and 34. In this form of the invention,
a strip 306 of paper or other material, such as plastic, having
adhesive along one side thereof is applied along a side of the
syringe. Particularly, the strip ts applied along the side of the
harrel 300 and onto the end of the veedle pguard 304 at (s
juncture with the barrel 300. The opposite end of the strip
306 is applied to the linger press 302 and preferably exlends
across the top of the finger press and partially down the
opposite side to at least the cylindrical barrel portion. In this
manner, the juncture between the finger press 302 and bairel
1s spanned by at least a portion ot the sirip 306. As a resalr,
it will be appreciated that aay inadvertent o: attepipled
remeval of the needle guard from the barrel or 10taticna: or
axial movement ol the finger oress 302 relative o the barrel
will cause the strip 306 to tear or become twisted whereby
the disruption of the seal at these junctures and possible
tampering with the syringe will be indicated.

In FIG. 55, another form of tamperproof svringe is
disclosed. In the embodiment illustrated m FIG. 55, the
barrel, finger press and needle zuard are indicated as in FIG.
54 with the suffix “a” applied thereto. In this form, thin-f.1Im
plastic material 308 and 310, respectively, is applied, for
example, by heat-shrinking, about each of tke juncivres
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between the needle guard 30da and barrel 30072 on the one
hand 2nd the barrel 300z and finger press and plunger
poriion 302a, on the other hand. Once again, any rotary
movement or other movement of the needle guard 304a
relative te barrel 300a or rotary or axtal movement of the
finger press 302 relative to barrel 300a will be detected by
the severing of the shrink-wrapped plastic material or its
wriikling wherchy disraption of the seals at the opposite
cnds ol the syringe or tampering with the syringe will be
ind.cated. Tt will also be appreciated that the shrink-wrap of
plastic material assisis in maintaining the sterility of the
syringe and that suitable tear strips may be provided along
eacyr «f the shrink-wrapped portions to [facilitate their
removal and usce of the syringe.

I F1G. 86, th: like elements of the syrninge are illustrated
by like reference numerals as 1n FIGS. 54 and 35, tollowed
by “he suffix “b” In this form, the syringe is ¢ipped into a
melied plastic material whereby a thin-film coat ng of plastic
312 is applied ¢bout and completely envelops the syringe
with the needle guard attached and plunger located in its
axially innermost position. For example, the plastic coat 312
mav comprise a clear chlorinated polyvinyl chloride coating
(CECV). The mgredien:s are vinyl chloride-vinyl acetate
resin silicon dioxide (amorphus) with a methol isobutyl

ketone base. This is an air dry coating. The drying can be 2

accelerated by raising the temperature to 100° F. The melt-
ing temr perature of the plastic material is, of couse, less than
the meiting temperature of the plastic forming the syringe,
and it wiil be appreciated that a clear plastic material shouid
be 1 sec such thar the gradations and other information on the
syringe may bc visualized through the thin-film plastic
ccaing. Thus, any cfforts to remove the needle guard 304H
or displace the plunger will be immediately detectable by the
break in the thin-film 12 of plastic material, hence indicating

distupt.on of or tampering with the seals adjacent the 3

opposite ends of the syringe. The coating material is, of
course, sufficiently thin to enable the needle guard to be
reaclily recoved from the barrel and the plunger to be readily
rotated 10 break the scal, hence permitting axial movement
of the »lunger rzlative to the barrel. Therefore, the plastic
ccaling can be 1:ft on the syringe barrel during use, climi-
nating the need ro physically strp it from the barrel and
dispose of 1t separately.

With respect (0 each of the tamperproof ccnfigurations
tllustrated in FIGS. 54, 38 and 56, respectively, the tamper-
proof features may also be provided with integral indicators
whizh change color or become visible after exposure to
steriizing radiation. Thus, the strip 306 of 11G. 54, the
thin-filin plastic material 308 and 310 of FIG. 55 and the hot
melted plastic coat 312 of FIG. 56 may be provided with
integral slerilizioy radiation indicators such as ethylene
oxide or other sterilizing agents which change color or
become visible after exposure to sterilizing radiation.
Corsequently, not only can it be determined at the point of
use of ihe syringe that the syringe has not been tampered
with but also there is assurance by the change of color or
visihility of the indicators that the syringe has been steril-
1zed.

Referring now to the embodiments hereof illustrated in
FIGS. 57, 58 and 59, the barrel, plunger, and adapter are
fornied similarly as in previous embodiments, for example,
as 11 the preferrad embodiment hereof illustrated in FIGS.
3340 using the adapter illustrated in FIGS. 51-53. The
svriige is illustrated in FIG. 57 prior to use and before a
fermle with attached needle, e.g., as illustrated in FIGS. 33
and 48, is attached to the adapter. In this form, there is
provided an end cap 400 having female threads for thread-
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cdly engaging corresponding male threads an the distal ¢nd
of the barrel, for cxample, the male threads at the barrel end
illustrated m FIGS. 33 and 48. (o the previous embodiments,
for example, with reference to FIGS. 35-39, upcn with-
drawal of the adapter and ncedle within the barrel, lhe
prox:mal end of the plunger may be broken off anud reapplied
to the distal end of the barrel by screw-threading the plun zer
and barrel to one another. There is, however, 'he psveho-
logically discomforting possibility of contacting an irdi-
vidual’s hand with the barrel end, notwithsiandicg lhe
withdrawal of the needle 1nto the barrel, prior to the threaded
attachment ol the proximal plinger end portion o the disital
end of the barrel. Consequently, for those syringes wherzin
the adapter carries a Luer lock male fitting which releasaly
receives the ferrule of the needle, 1.e., the needie 15 10t
directly or integrally attached with the adapter, the syringe
may be provided as illustrated in FIG. 87 witl u cap 200
screw-threaded on the distal end of the barrel. As illustratzd,
the cap 400 has a flal external surface 402 opposite he
otherwise open end of the cap.

In FIG. 58, the cap 400« 1s stmilarly previded with
infernal female threads at its open end for connection with
the male threads at the distal ¢nd of the barrel. The closed
opposite end of the cap 400a, however, has feathered edpes
404 1n conjunction with a concavity or recessed face 46 in
the centrai portion of cap 400a.

A further form of cap is illustrated in FIG. §9. In IIG. 59,
cap 400b has, as indicaled previously, intermal femile
threads about 1ts open end for threadedly engagiag the male
threads on the end of the barrel. At its closed end, there is
provided a ring 408, the outer surface 410 of waick carries
an adhesive, preferably a pressure-sensitive adhesive. Rong
408 may have adhesive along tts opposite side for adhe-
sively securing it to the closed end of barrel 400b. A release
membrane or paper portion 41216 may be provided along he
outer surface of the ring overlying and protecting he
pressure-sensitive adhesive 410

Referring now to drawing F'lG. §9A, there is :llustrated a
cap 400c which may comprisc any onc of the caps 400, 400a
and 4006 and which has the features described with resp :ct
to those caps. In addition, the cap 400c¢ includes a flexible
hinge 414 which connects the cap to the body of the barrel
of the syringe, it being appreciated that other types of hingres
may be employed. Various methods may be usecl to conn:ct
the hinge to the syringe barrel, for example, the cistal end of
the hinge 414 may comprise a ring or band 416 disposed
about the cylindrical syringe bacrel. As a consequencs of t s
construction, the cap remains intcgrally attached to the
syringe and is thus readily available after rhe syringe has
been used to close the open and possibly contaminated ¢nd
of the syringe barrel. Additionally, the cap and barrel or vand
or ring surrounding the barre. may have parts cooperating
with one another to retain the cap 414 in a pos.tion which
does not interfere with the norral usage of the syringe. i.e.,
when the needle projects from the syringe bar-el ecnd. Ib
accoraplish that, the barrel o: the band or ring about the
barrel and the cap may have cooperable releasable elzmer ts.
For example, the band and cap may have Velero™ secuo e-
ments or areas of adhesive or mechanical interconnectic ns
such as a snap-fit, i.e., a pin and recess, so that tae cap may
be releasably retained in a non-interfering position as illus-
trated by the dashed lines.

Referring now to FIGS. 60-62, the use of the ceps
illustrated in FIGS. §7-59 will be described in conjunction
with the illustrated use of the cap 58. Instead of passing the
proximal plunger end portion bhroken from the plunger, as
Hlustrated in FIGS. 34, 25¢-25¢, 38,39 or 49, in [ront of 1he
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barrel tor connection therewith or passing the user’s hands
or arms adjacent the barrel end after use of the syringe, a cap
400, 4Ma or 400h may be placed on a table or other flat
surface with its open end facing upwardly. Note that once
the cap is removed trom the syringe prior to use, the cap is
not contaminated bv any body fluids. After use, the syringe
ma¥ be applied to the cap. Thus, as illustrated in FIG. 60, the
proximal end of the plunger may be broken from the plunger
barrel, leaving taat end of the barrel scaled by the plunger
bung. Instead of applving the broken-off plunger end to the
dista] end of the harrel, it may be discarded and the distal end
ol the barrel may be applied o the cap. Particularly, by
inserting the distal end of the barrel into the open end of the
cap and exerting, downward pressure on the barrel, the first
few threads of the barrel may ratchet past the fe nale threads
on the cap to engage the barrel and cap one to the other. Note
that the user’s hand or arm need not pass n front of the
possibly contaminated barrel end in order to close the barrel
end wih the necdle retracted into the barrel.

While this axial engagement of the barrel with the cap 2

may be sullicient to secure and seal the barrel end, the barret
is preferably rotated relative to the cap to ensure a tight, snug
scaling fit between the barrel and cap. When using the
flat-ended cap 400 illustrated in FIG. 7, the cap, after its

initial securemeat to the barrel end, may be grasped and 2

rotated relative 10 the barrel. Alternatively, whan using the
cap illustrated ia TIG. 88, the downward pressure of the
barrel on the feathered edges 404 of the cap causes the cap
to displace air berween its recessed, closed end 406 and the

flat sur’ace whereby the cap serves as a suctior cup releas- :

ably adbering the cap to the surface. Consequently, once the
barrcl Eas been applied to the cap, the barrel may be rotated
with the suction zffect tending to maintain the cap against
ratatior on the flat surface. Also, the suction efiect prevents
the cap from slicing laterally along the flat is surface. Once
the barrel and caa are secured one to the other by downward
pressure and relative rotation, a slight rocking, motion, as
lustrated in FIG. 62, will dislodge the cap from the flat
surface and break: its suction grip therewith.

I the embodiment 1llustrated 1 FIG. §9, the cap 4005
may have releasc paper 410 on the annular ring 408. By
remaving the release paper and releasably adhesively secur-
ing he cap 4008 1o the flat surface, the barrel can be applied
ther:to and rotated relative to the cap similariy as with the
embodiment of FIG. §8. The rocking motion illustrated in
FIG. 62 will also release the adhesive from the surface
whereby the syringe with its capped and sealed end may be
removed from the adjoining surface. Also in FIG. 59, it will
be apprecited that the annular ring 408 may comprise a disk
or discrete areas of adhesive. Turther, instead of release
paper, tie plastic tamperprool packaging illustraled in FIGS.
54 1o 56 may be used. For example, the strip of paper or
other material illustrated in FIG. 54 may be enlarged at the
lower end to overlic the pressure-sensitive adhesive such
that the paper wrap or shrink wrap which affords a tamper-
proof feature muy also serve as the release paper for the
adhesive. The shrink wrap of FIG. 55 may also be cmployed
as the release paper for the embodiment hereof illustrated in
I'TG. 539, the shriak wrap being illustrated in FIG. §9 at 412
and the portion taercof overlying the adhesive illustrated at
4120,

Of course, the embodiment illustrated in FIG. 59A is used
similarly as prev cusly described with respect t¢ the caps of
FIG>. £7-59. In the embodiment of FIG. 59A, however, the
cap s rcleasably retained 1n a non-interfering position and
may be readily cisplaced from that position to the syringe
barrel closed position,
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Referring now to the embodiment hereof itlustrated in
FIGS. 63 and 64, 1t is advantageous to preclude the necile
from exposure afler use, whereby the risk of necdle stick
injury may be entirely avoided. That is, if the needle can be
removed from the injection site and into the ba el withhut
exposing the thus contaminated needle, the risk of needle
stick injury is substantially prevented.

In this embodiment of the invention, the sytinge is vir-
tually idcntical apart from the distal end of the burrel. In this
form, the distal end of the ba-rel is elongated as illustra ed
at 500 in FIG. 63. The elongat:d end portion 50 of the barrel
may be externally threaded to receive the cap of the previous
embodiment or the female threads at the oprosit: end of he
plunger once the latter 1s broken from the syringe as previ-
ously described. Also, while tae needle 502 in this embodi-
ment 1s 1llustrated as integrally attached to the adapter 04
(which may take the form of any one of the adapt:rs
previously described), the adapter may be proviced with he
Luer tip for receiving the hub ol a standard Luer needle. In
both cases, the end of the adapter or the hub of the Luer
needle 1s recessed within andd lies shord of the end ol he
elongated barrel end portion S00. Only the neeclle 502 or a
portion thereof 15 exposed through the barrel end.

With this arrangement and as 1llustrated 1o FIGS. 63 and
64, the needle penetrates the injection site, i.¢., the individu-
al’s skin Sk. The end of the barrel is also brought into
engagement with the skin as the needle penetrates further
into the skin, s illustrated 1n JFIG. 63. The plunger is then
depressed, injecting the fluid through the neecle nto the
individual. Following the imjection and with the barrel endd
of the syringe still pressed against the skin, the piunger is
rotated and coupled with the adapter, as previcusly
described, and the adapter with the needle is withdrawn with
the plunger within the barrel, as illustrated in F1G. 64. In t1is
manner, the contaminated neeclle is never exposed to the risk
of needle stick injury. After the barrel is removed from -he
skin, the cap or the broken plunger portion may be secuecd
and secated to the elongated barrel end as previously
described.

Referring now to the embodiment hereof illustrated in
FIGS. 65-69, there is illustrated a syringe barrel 600 cur-
rying an adapter 602 screw-tlreaded at 604 into the distal
end of the barrel 600. The adapter 602 includes a _uer fit 606
for mounting the hub 608 of a needle, not shown in tais
drawing figure. Note in the drawing figures, the annular
ridges 617 projecting from the forward face of the adapter
along the inside tace of the anrular shoulder at the distal end
of the barrel. These ridges assist in performing a scaling
function when the adapter is screw-threaded into the distal
end of the barrel. A plunger 610 is mounted for axial
movement withi the barrel and includes a bung 612 at its
distal end in sealing engagement along the interior sicde walls
of the syringe barrel. The plunger is, of course, mounted or
axial sliding movement within the syringe barre. for inje ot-
ing Huid from within the barrel through the adapter and Lier
fit into and through the needle and for drawing fl1id into the
barrel, for cxample, from a vial, not shown. The bung is
lormed of a Santoprene compressible material and has a
plurality of circumferentially extending ribs for forming
sealing engagements with the intertor walls of the barrzl
The plunger 610 includes at its distal end a ceniral portion
or projection 614 carrying a plurality of axially spaced ribs
616 for engaging and sealing with interior wall surfaces of
bung 612.

In this form of the invention, the central portion 614
includes an axially extending male projection 615 having, a
plurality of discrete angularly related axially tapered sides or
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faces 6018, Tn the illustrated form, the projection 618 is
hexagonal in cross-scctional configuration, with the sides
being (apered toward the distal end of the bamrel. Spaced
axially from the tapered sides is a continuously circumfer-
entially extendiig radially outwardly projecting rib 620
directly adjacen. a continuous circumferentially extending
radiaily inwardly directed groove 622. The surfaces 618,
620 and 622 comprise adapter engagement siructure dis-
posed at the distal end of the plunger for engagement with
complementary or mating engagement structure carried by
the adapter.

‘The inner face ol the adapter 602 is tapered toward the
ceniral axis of the adapter and has a recess 624 substantially
complementary i shape to the male projectiort 615 on the
plunger. Specifically, the recess 624 includes z plurality of
tapered sides or faces 626 complementary in shape or taper
to the faces 618, as well as a continuous circumferentially
extendiag radially inwardly directed rib 628 and a continu-
ous circumierenially extending radially outwardly project-
ing groove 630.

The pposite :nd ol tae plunger 610 includes a radially
outwardly projecting continuously circumferent: ally extend-
ing rib 634. A pair of radially inwardly projecting ribs 636
and 638 are formed about the inner surface of the proximal

end of the barrel defining a continuous radially outwardly :

extending groove 640 therebetween.

In this form of the invention, it is desirable to permanently
or irreversibly lock the plunger and the adapter 10 one
another when the plunger is finally scated ir its axially

innermost position within the syringe barrel such that the

plurger and adapter act as a unit and canno: be axially
disconneeted onc from the other. In this manncr, the plunger
and adapter can be locked permanently ane to the other only
with firin positive axial pressure intentionally exerted on the
plunger relative o the barrel. This requires a deliberate
strong «axial force to be applied to the plunger 10 effect the
locking action. It also makes it unnecessary for the user to
maintain forwarc axial pressure on the plunger when rotat-
ing “he plunger to unthread the adapter from the barrel. In
use, the plunger is advanced toward the adapter such that the
radially outwardly projecting rib 620 cngages the inwardly
projecting rib 628 on the adapter with the distal end of the
plunger received in the recess of the adapter, as illustrated in
IIG. 66. I™e user is thus able to recognize from this initial
cngageraent and hence initial resistance to further axial
movement of the plunger relative to the barrel that the
plunger is just uxially short of being finally seated and
lock:d relauve to the adapter. At this time, the user is thus
signitlled that the plunger and adapter will be permanently
lock:d to one ancther upen further axial displacement of the
plunger relative to the barrel. Upon such {urther forceful
axial displacement and as illustrated in FIG. 67, the rib 620,
due to the compressibility of the plastic materials principally
of the plunger, slips past the rib 628 on the adapter and seats
in the groove 630. Correspondingly, the radial'y inwardly
directed rib 628 ccats in the groove 622 of the adapter, thus
permancntly locking the plunger and adapter to one another.
As the plunger is axially advanced from 1ls position short of
the finally seated position relative to the adapter, i.e., from
the posiion illusirated in F1G. 66 to that of FIG. 67, toward
the distal end of the barrel, the bung 612 compresses, as
lusirated 1n FIC.. 67. This ensures, once the plunger and
adapter are retracted into a final position within the barrel,
a further cifective scaling action at the opposite end of the
barrcl. With the rib and groove engagement of the plunger
and adapter, the olunger may be rotated 1o unscrew the
adapler trom the distal end of the barrel. Thus, by with-
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drawing the plunger from the barrel, as illustrated in F G.
68, the adapter and ncedle carried thereby are withdrawn
into the interior confines of the syringe barrel. Ry break ng
the plunger off at its weakened portion, as previcusly
described, the plunger may be threaded onto th:: distal end
of the barrel, as illustrated in FI1G. 73. With the plunger bt ng
sealing the opposite end of the barrel and the plunger
threaded on the distal end of the barrel, the bariel is sea ed
al its opposite cnds.

Referring to the embodimert hereof illustrated in FI1GS.
69-71, like reference numerals as in the prior embodiment
are applied to like parts, [ollowed by the suffix “a.”" In t1s
embodiment, the bung 6124 is releasably retained in a first
axial position relative to the projecting portion 4144 of “he
plunger as illustrated in FIGS. 69 and 70 and a szcond axizal
position spaced from the first axial position, illustrated in
FIG. 71. To accomplish this, the projecting porlion 14a of
the plunger end carries a phirality of radially outwardly
projecting axially spaced flared ribs 650 whereas the interior
surface of the bung 6124 carries a plurality of axially spaced
complementary shaped circumferentially continucus
tapered ribs 652. The ribs 650 and 652 are configured such
that the complementary inclined surfaces thereof engage cne
another in the first or initial axially extended position of the
bung 6124 relative to the plunger, as illustrated in [IGS. 69
and 70. As the plunger is advanced to engage thz ribs 620
and 628a to form the initial stop position, the annular end
wall surface of bung 612« engages the interior axial face of
the adapter 6024. Upon firm pressure being applied 1o the
plunger to displace it axially iruo its final seated position, as
previously described, this forcemul axial pressure snables the
plunger to slide relative to the bung such that the comp ¢-
mentary inclined surfaces slide past one another and the
radial surfaces of the projections 650 and 652 ¢ngage one
another, as illustrated in FIG. 71. Thus, once the plunger a i
adapter are permanently locked one to the other as illustratzd
in ¥IG. 71, the plunger and adapter can be jointlv rotated to
unscrew the adapter from the barrel end for location of the
adapter and ncedle carried thereby axially into the barr:l,
with the radial surfaces of the r'bs 650 and 652 engaging one
another to carry onc the plunger bung axially with the
plunger upon withdrawal of the plunger. Referring now to
the erabodiment hereof illustrazted in IFIG. 72, wherein li<c
parts as in the prior embodiments are illustrated with li<e
reference numerals, followed by the suffix “b,” there is
provided a plunger having, instead of a bung, a radially
outwardly directed flange 65g forming an interference fit
with the interior wall of the barrcl. The flange 658 is
weakened at 660 to enable the flange to flex. Axially beyond
the flange, the plunger includes the projecting pertion 61:36
shaped similarly as previously described and complemen-
tary to the recess 624b in the adapter. Once the plunger has
been advanced such that the 1bs 6205 and 628b initally
engage one another, the flange bears against the inner {a:e
of the adapter. When final locking is desired, the plunger is
advanced forwardly into its permanently seated and locking
position relative to the adapter. The weakened por:ion 660 f
the [lange enables this final axial advancement of the
plunger between the initial and final seated pos tions wih
the flange deforming at its weakened portion 661,

[t will be appreciated that a -everse configura:ion of tlie
male and female parts on the plunger and adapter,
respectively, illustrated in FIGS. 65-72 may be emplove |,
for example, with the type of plunger and adapter illustrated
in FIG. 40. Thus, a radially outwardly projecting -ih mav be
provided on the male projection of adapter 150 ahead of
groove 150c. The initial engageraent of the radially imward y
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pro ecting rib 154 on the female end of the plunger with the
radially outwardly projecting rib in advance of the groove
150c on adapter 150 provides the initial resistarce or stop to
finally locking the plunger and adapter 1o one another. By
further forceful axial pressure on the plunger, the ribs ship
pas ore another to finally lock the adapter and plunger to
one another. Of course, the reverse of this arrangement may
likewise be used, 1.e., the rib and groove being located an the
plunge” and only a radial outwardly directed rib being
located on the adapter.

I will also be appreciated that other types ¢f permanent
locking connections mayv be provided between the plunger
and adapter. For example, complementary sawtooth ribs
mav be provided with their inclined surfaces engaged to
provide the init.al resistance and being movadle past one
another to engage the radial surfaces thereof 10 permanently
lock the adapter and plunger to one another. Further, it will
be appreciated ihat either of the male or female latching
structures ol the plunger and adapter, as the case may be, can
have one or more axially extending slits to facilitate relative
axial movement of the plunger and adapter :oward their
permanently locxed position and without detracling from the
ability »f the rib and groove (or complementary sawteeth) to
permarnently engage one another. Also, the ancillary features
of the present invention described herein such as the air
venting, feature of the aclapter illustrated in FIGS. 51-53, the
tamperproof features of FIGS. 54-56 and the cap arrange-
ments of FIGS. 57-64 may be employed with (ke permanent
locking feature of the ¢mbodiment of FIGS. 65-77.

Fetferring now to FIGS. 78 and 79, there is 1llustrated an
arrengement of en adapter 700 and a plunger end 702 having
abung 704. The adapter 700 and plunger cnd 702 arc similar
to the cdapter ard plunger end illustrated in FIG. 40, except
that the adapter 700 has a female recess 706 and the plunger
end 702 has a male projection 708 generally complementary
in shape to the female recess 706. That is, while the adapter
and plunger end combination of FIG. 40 have the male and
ferrale parts on the adapier and plunger end, the adapter and
plunge: end itlustrated in FIG. 78 have a reverse configu-
ration and with similarly functioning elements. Thus,
adapter 700 has cxternal threads 710 for threaded cngage-
ment with the threads 712 (FIG. 79) at the barrz] end of the
syringe tor sealing the barrel. The adapter flange 714 has a
generally frustoconical shallow recess 716 opening into the
recess 706. The base of recess 706 is provided with teeth 718
which 1ave flats 720 and angled surfaces 722. Additionally,
the recess 706 iicludes a projecting annular rio 724.

The male projcction 708 on plunger end 702 is shaped for
reception in the recess 706 and has complementary-shaped
teeth 726. That is, tceth 726 have flats 728 and angled
surfaces 730 which engage the {lats 720 and angled surfaces
722 in the recess 706 of adapter 700 when the plunger is
tullv axially advanced in the syringe barre.. The male
projection 708 also includes a radially inwardly directed
annular groove 732.

The cooperation of the teeth and the rib and groove are
similar as previously described, particularly with respect to
the embodiment of FIG. 40. For example, when the plunger
is advznced in the barrel to engage the prejection 708 in
recess 706, the cngagement structure enables the plunger to
rotete relative 12 the adapter and barrel to bring the flat
surlaces 728 into alignment with the flats 720 oZ the adapter.
Once aligned, joint rotation of the plunger and adapter
untreads the adapter from the end of the syringe barrcl. It
wil be appreciated as illustrated in FIG. 79 that when the
plunger is axially advanced to its fullest extent, the rib 706
engages in the groove 732 to enable joinl withdrawal of the
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plunger and adapter once the screw threads 7H) are disen-
gaged from the barrel threads 720. 'The rib-and-grocve
arrangement may, of course, be reversed with the groove
locatzd on the adapter and the nb on the plunger.

A particular [cature ol this arrangement is tha the cost of
materials for forming the adapter is substaatially reducad.
The adapter is preferably formed of a polycarbonate material
and, by farming the female rccess in the adapter, a signifi-
cant reduction in material is achieved in comparison with he
arrangement of the adapier illustrated 1a FIG. 4.
Functionally, however, the cooperation of the male ¢nd
female parts as illustrated in FIGS. 78 and 79 is the same as
itlustrated in F1G. 40.

It will be appreciated that the [oregoing description : nd
illustrations disclose a plinger which is cylindrizal over "he
major portion of its length. It will be appreciatel, however,
that the cross-sectional configuration of the plur ger may be
other than cylindrical, at least between the -:ooperat ng
ridges and grooves 162 and 164 al the proximal end of he
plunger and the rib on the burg which cooperaies with he
groove in the distal barrel end when the adaptzr has been
withdrawn to seal the proximal end of the barrel. Thus, he
cross-sectional configuration of the plunger need not be
cylindrical but can be crucitcrm, solid cylindrical, or oaly
partly cylindrical, or any other configuration whereby he
opposite ends of the plunger are connected one to the otaer
and the plunger may be broken off as illustrated.

While the invention has been described in connect on
with what is presently considered to be the most practical
and preferred embodiment. 1t i1s to be understood that |he
inverntion is not to be limited to the disclosed embodiment,
but ¢n the contrary, is intended to cover various modilica-
tions and equivalent arrangements included within the spirnt
and scope the appended claims.

What is claimed 1s:

1. A syringe comprising:

(a) a hollow, axially elongated barrel;

(b) an adapter carried by said barrel adjacent a distal ¢nd
thereof and removable therefrom in response to rotat on
relative to said barrel, the adapter carrying ¢ needle «nd
providing fluid communication with the interior of said
hollow barrel;

(¢) a plunger axially movable in said barrel between
positions axially spaced from said adapter and engag-
ing said adapter, said phinger having lirst and second
opposite ends; and

(d) adapter engagement structure disposed at said first ¢nd
of the plunger and cngageable with a mat.ng connse-
tion engagement structurs on the adapter, said strac-
tures having respective drive and connective engaze-
ment surlaces, said drive surfaces being engageable
with one another when sa:d plunger lies in said adapter
engaged position, said drive surfaces being joirtly
movable to enable rotaticn of the adapter relative o lhe
barrel in response to relative rotation of the plunger ¢ nd
barrel to cause the adapter to part from the distal enc of
the barrel, said conncctive surfaces (1) lying in asial
opposition (o and engaged with one another wher said
drive surfaces are engaged with one another 10 connect
the plunger and adapter one with the other and ii)
enabling said adapter, when parted from the end of lhe
barrel in response to join: rotation of said adapter ¢ nd
said plunger relative to said barrel, to be withdrawn
with the needle into the interior of the barrel in response
to joint axial movemen. of said plunger and said
adapter in a direction away from the dista. end of the
barrel.
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2. Asvringe according to claim 1 wherein said second end
of said plunger has structure for connecting said plunger
second end with structure at the distal end of the barrel,
rupturable structure intermediate said first and sccond ends
of said plunger for detachably connecting s:id first and
second ends of said plunger, whereby said first and second
ends of said plurger can be detached from one another when
said adapter and needle are withdrawn into the interior of the
barrel, leaving said first end in said barrel, said second end
being attachable to said structure at the distal end of the
barrel].

3 A syringe according to claim 1 wherein said adapter
engagenent and connechion engagement struclures on said
plunger and adupter, respectively, include aliznment sur-
faces inclined to an axis of the barrel and engageable with
one another in response to axial movement of said plunger
toward said adapter causing relative rotation tetween said
plunger and saic adapter.

4. Asynnge according to claim 3 wherein said second end
of said plunger has structure for connecting said plunger
second end with structure at the distal end o the barrel,
rupturable structure intermediate said first and second ends
of said plunger lor detachably connecting said first and
second ends of said plunger, whereby said first and second
ends of said plunger can be detached from one another when
said adapter and ncedle are withdrawn into the interior of the
barrel, leaving said first end 1n said barrel, said second end
beirg attachable to said structure at the distal end of the
barrel.

5 Asyringe comprising;

a hollow, axiallv elongated barrel having distal and proxi-

mal ends;

ncedie-mounting structure affixed to said distal end of
sard barrel;

a hcllow ncedle relcasably carried by said ncedle-
mounting structure and having an end In communica-
tion with the interior of said barrel,

a plunger axially slidably received in said barrel through
saxd proximal end thereof and having a thumbpress at
one end external to said barrel and a bung al an opposite
cnd within the barrel engaging interior wall portions of
the barrel;

an element carried by said opposite end of said plunger
and engageable with said needle mountiag structure
upon axial sliding movement ol said pluager toward
said distal ¢nd of the barrel;

said clement n engagement with said needle-mounting
structure cffecting a breakaway of said ncedle-
mounting s-ructure from said hub and withdrawal of
said needle into the barrel in response to axial sliding
movement of said plunger away from the distal end of
the barrel.

6 A syrninge comprising:

(¢) a hollow, axially clongated barrel having a hollow
interior,

(1) ar adapter carried oy said barrel adjacent a distal end
thereot and cemovable therefrom in response to rotation
relative to and abou: the axis of said barrel. the adapter
carrying a needle and providing fluid communication
with the interior of said hollow barrel;

(¢) a plunger axially movable in said barcel between
positions axially spaced from said adapter and engag-
ing said adapter, said plunger having first and second
opposile ends; and
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(d) adapter engagement structure disposed at said first end
of the plunger and engag:able with a mating conn:c-
flon engagement structure on the adapter, said stnic-
turcs having respective drive and connect:ve cngarc-
ment surfaces, said drive surfaces of each said adapler
engagement structure and sald mating coanection
engagement structure exlending radially acd being
spaced circumferentially from one another about “he
axis of said barrel, said circumferentially spaced dr ve
surfaces of said adapter engagement structu ¢ engaging
respective circumferentially spaced drive surfaces of
said mating connection engagement structure 1in
response 0 relutive rotation of said plungzr and said
adapter when said plunger lies in said adaper engaged
position, said drive surfaces being jointly movable 1o
cnable rotation of the adapter relative to the barrel in
response to relative rotation of the plunger and barre; to
cause the adapter to pait from the distal end ol the
harrel, said comective surfaces (1) lying in axial oppe-
sition to and engaged with one another when siid
plunger lies in said adapter engaged position to conn::¢t
the phuinger and adapter onc with the other and (i)
enabling said adapter, when parted from the end of 1he
barrel in response to joint rotation of said adapter and
said plunger relative to said barrel, to¢ be withdravn
with the needle into the interior of the barrel in resporise
1o joint axial movement of said plunger and said
adapter 1o a direction away from the distal end ol the
barrel.

7. A syringe according to c¢laim 6 whercin said plunger
includes rupturable structure intermediate sawd first and
second ends thereof for detackably connecting said first and
second ends relative to one another whereby said second e ad
can be detached from said first end when said adapter and
necdle are withdrawn into the mnterior of the barrel.

8. A syringe according to claim 6 wherein said second ead
of said plunger has structure for connecting siid plunger
second end with structure acljacent the distal end of the
barrel, rupturable structure intcrmediate said first and second
ends ot said plunger tor detaclk ably connecting siid firs: ancl
second ends of said plunger, whereby said second erd of
said plunger can be detached from said first end when said
adapter and needle are withdrawn into the interior of the
barre., leaving said first end in said barrel, said second el
being attachable to said structure at the distal end of the
barre..

9. A syringe according to claim 6 including an alignment
surface carried by said plunger and cooperable with another
alignment surface ol said syringe to orent said plunger
relative to said adapter so that said drive surfaces carried by
the plunger lie in circumlerential registration with the dnve
surfaces of said adapter when said plunger is moved into its
axially distal-most engaged position relative 10 said adapler.

10. A syringe according to claim 6 wherein said adaptler
engagement and connection cagagement structures on saicl
plunger and adapler, respectively, include alignment sur-
faces engageable with one another in response 1o uxial
movement of said plunger toward said adapter causing
orientation of said plunger and said adapter relative to one
another 1o enable said drive swiaces to lie in circumferential
opposition to one another.

11. A syringe according to claim 10 wherein said align-
ment surfaces are inclined to the axis of the barrel and
engage one another in response to axial moverient of the
plunger toward the adapler to cause relative rotation
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between said plunger and said adapter to bring said drive
surfaces into cngagement with onc another.

12. A syringe according to claim 10 wherein said second
end of said plunger has structure for connecting said plunger
second end with structure adjacent the distal end of the
barrel, rupturable structure intermediate said first and second
ends of said plurger for detachably connecting said first and
second ends of said pluager, whereby said second end of
said plunger can be detached from said first end when said
adapter and needle are withdrawn into the interior of the
barrcl, leaving said first end in said barrel, said second end
beir g attachable to said structure at the distal end of the
barrel.

13. A syringe according to claim 6 wherein said connec-
tive surizces include a radial extending projecticn carried by
one of said plunger and said adapter and a recess carried by
another of said piunger and said adapter for rezeiving said
projection,

14. A syringe according to claim 6 wherein said connec-
tive surfaces include a pair of circumferentially spaced
radiilly extending projections carried by one of said plunger
and said adapter and grooves carried by another of said
plurger and said adapter for receiving said projections.

15. A syringe according to claim 6 wherein said connec-
tive surraces include a radial extending projection carried by

10

15

40

one of said plunger and said adapter and a groove carried by
another of said plunger and said adapter for receiving s.id
projection in response 1o relative rotation of said plurger and
said adapter.

16. A syringe according to claim 6 wherein said connec-
tive surfaces nclude a pair of radial extending projections
carried by said plunger and a pair of grooves carried by said
adapter for receiving said orojections, respectivelv, in
response to relative rotation of said plunger and said adapier.

17. A syringe according to ¢laim 16 wherein said plunger
includes rupturable structure intermediate said first and
second ends thereot for detachebly connecting said first and
second ends relative 1o one another whereby said second end
can be detached from said first end when said adapter and
needle are withdrawn into the 1nterior of the barrel, inch d-
ing an alignment surface carriad by said plunger and cocp-
erable with another alignmert surface of said syringe 1o
orieni said plunger relative to said adapter so that said drive
surfaces carried by the plunger lie in circumferential regis-
tration with the drive surfaces of said adapter when s:id
plunger 1s moved into its axially distal-most engaged posi-
tion relative to said adapter.
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