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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
TYLER DIVISION

RETRACTABLE TECHNOLOGIES, INC., 8§

8
Plaintiff, 8
8
V. 8 Civil Action No. 6:08-CV-120
8
OCCUPATIONAL & MEDICAL 8
INNOVATIONS, LTD., 8 Jury Trial Demanded
8
Defendant. 8

FIRST AMENDED COMPLAINT

Plaintiff Retractable Technologies, Inc. (“Retedule”) files this First Amended
Complaint for patent infringement and related causfeaction against Defendant Occupational
& Medical Innovations, Ltd. (“OMI”), in support afhich Retractable alleges as follows.

|. THE PARTIES

1. Retractable is a Texas corporation having a praigyace of business in Little EIm, Collin
County, Texas.

2. OMlI is an Australian corporation having a princigddice of business at Unit 1/12 Booran
Drive, Slacks Creek, Queensland 4127, Australid,lmving a sales agent, TriAxis Medical
Solutions, with a principal place of business a®Z4Honor Drive, Frisco, Collin County,
Texas.

II. JURISDICTION AND VENUE

3. The Court has general jurisdiction and specificspeal jurisdiction over OMI based upon
the facts and acts described below, including hbott Inmited to the acts discussed in
paragraphs 19-25. OMI is engaged in business ¥xagand this lawsuit arises out of its

business contacts in Texas. It does not maintaggalar place of business in Texas and is
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not required by statute to designate or maintaragastered agent for service of process in
Texas. OMI may be served with process throughSkeretary of State under the Texas
Long Arm Statute, Tex. Civ. Prac. & Rem. Code 847,0et seq. This Court has personal
jurisdiction over OMI under the Texas Long Arm 8tatbecause it is doing business within
Texas within the meaning of that statute.

4. The Court has subject matter jurisdiction unddeast the following: 15 U.S.C. 1125(a); 28
U.S.C. 881331, 1332(a)(2), 1338 and 1367, and $60J.8§281.

5. The amount in controversy is over $75,000.

6. Venue in this federal judicial district is propender at least the following: 28 U.S.C.
881400(b) and 1391(d).

[ll. INTRODUCTION

7. Retractable brings this action against OMI becdDk# is now selling in the United States
safety syringes that infringe Retractable’s Unit8thtes Patents and that are being
manufactured in China by the same business enhiit tmanufactures syringes for
Retractable. In addition to patent infringementlias illegally competed with Retractable
through theft of confidential information, intemial interference with contracts and by
engaging in false advertising that wrongfully disgges and mischaracterizes Retractable’s
products and makes false allegations regardingdliece of origin of OMI's safety syringe
products that are now being offered for sale inUhéeed States.

IV. FACTUAL BACKGROUND
Retractable’s Patented Safety Syringes
8. Retractable is a small, publicly owned Texas compaanufacturing a revolutionary safer

alternative to traditional needles and syringes.thie early 1990s, founder Thomas Shaw
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developed and patented a new safety syringe thatitketed by Retractable under the name
“VanishPoinf.” Development of the new safety syringe was afiigi funded by two Small
Business Innovation Research (“SBIR”) grants resgifrom the National Institute on Drug
Abuse, a division of the National Institutes of Heg“NIH"). The VanishPoint syringe
offers reliable protection against the spread d@épiially deadly blood-borne pathogens due
to syringe reuse or due to accidental needle-stigkies, and does not require the user to
take any additional steps to render the syringe.s&he VanishPoifitsyringe automatically
retracts the needle back inside the syringe bodgnvthe plunger is fully depressed after it
has delivered medicine into a patient. Thererngally no chance for a nurse or doctor to be
accidentally stuck by a needle that has been itacomith a patient’s blood as the needle is
no longer exposed after an injection has been giBatause the nurse or doctor only needs
to push the syringe plunger completely to retrhetrieedle, the VanishPoinis designed to
require no separate action to retract the neeaen the syringe is used as designed, the
needle will retract as the nurse or doctor finisimpscting medicine into the patient. This is
referred to as a passive safety device as opposad active device that requires the user to
take affirmative action to engage it. Retractadde® manufactures retracting safety insulin
syringes, retracting safety blood collection desj@nd safety intravenous catheters.

9. Retractable’s VanishPoifsyringes are manufactured in plants located iHeLEm, Texas
and in China, and are being offered for sale imtoes throughout the world. Retractable’s
products are made in China by Double Dove GrouplL@b.(“Double Dove”), an entity that
was under a contract (hereinafter “Manufacturingre®gnent”) prohibiting Double Dove
from manufacturing retractable syringes for anytyather than Retractable and from using

or disclosing information developed with respecRe&tractable’s syringes other than for the
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manufacture of Retractable’s VanishPoint® syringeletractable disclosed its valuable
confidential information and trade secrets to Deubbve under confidentiality provisions

that remain in effect in order to enable Double ®de manufacture the VanishPoint®

syringes. Retractable’s confidential informationdatrade secrets cannot be easily and
properly acquired or duplicated by others.

10. Clinical acceptance of the VanishP&isyringes has been demonstrated by the placement of
approximately four million units in U.S. governmahtacilities and almost 500 million units
in the global marketplace. Retractable is the dn$. manufacturer of syringes that has
supplied retractable syringes for use in the Pesgid $15 billion AIDS relief program for
African nations The new safety syringe and Retractable have bestorés in major news
publications and on CB®0 Minutes

11.In 2003, Frost & Sullivan, an international busmessearch and consulting firm, named
Retractable as the recipient of its Product Qualisadership Award for developing,
manufacturing and marketing the VanishPbiltie of automated retraction safety needle
devices. Frost & Sullivan found that the Vanishfiproduct line represented a major
improvement over other retractable syringes therthenmarket. Amit Bohora, a Frost &
Sullivan industry analyst, stated, “VanishP8imtevices are clearly the gold standard in
retractable syringes.” Retractable has been rezednas a superior safety product by
independent rating agencies, studies and schalevigws, and polls and questionnaires of
nurses and doctors.

OMI lllegally Gains Access to Retractable’s Confidatial Information

12.Retractable’s confidential information was genetatey Double Dove with respect to

Retractable’s VanishPoifiretractable syringes under the Manufacturing Agert. This
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includes various testing and analysis that is meguby the FDA in order to allow a syringe
product to be marketed in the United States. Runtsto the Manufacturing Agreement, this
information is highly sensitive and is consideresgtrRctable’s confidential information. This
additional Retractable confidential informatiomist generally known outside of Retractable
and Double Dove. Because this information hastgvalbue to Retractable, significant
measures are taken by Retractable and are redoired taken by Double Dove to ensure
that this information remains confidential. Thidarmation is the result of substantial time,
effort and expense by and/or on behalf of Retrdetalnd gives Retractable a substantial
business advantage over other competitors who tkrmoo or use it.

13.0MI entered into an agreement with China Medicadupr, a subsidiary of Double Dove, in
October of 2003 to manufacture retractable syrifige®©MI.

14.0n information and belief, OMI was aware of thetniesons on Double Dove as a result of
Double Dove’s Manufacturing Agreement with Retrbtaand the prohibition against
Double Dove’s contracting with OMI.  Nevertheles®MI received Retractable’s
confidential information.

15.Upon information and belief, OMI was aware thaivds receiving Retractable confidential
information in breach of the Manufacturing Agreeméetween Retractable and Double
Dove.

16.0n information and belief, at the time it contracteith Double Dove, through China
Medical Group, Defendant OMI had its own retraatablringe design. However, that
design could not be manufactured at significanunvas. From 2004 through 2006, OMI
periodically reported to the Australian Stock Exufpa that it was still having problems

manufacturing syringes in commercial quantitiesMI@ven admitted in its 2004 annual
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chairman’s address that “[T]he idea of a researthdevelopment company with less than
20 employees (few, if any with process manufactuerperience), attempting to take three
complex products into mass manufacture in a for€guntry is simply overly ambitious.”
OMI did not have a retractable syringe on the miamkéll some time in 2007.

17.0n information and belief, Double Dove, using Retmhle’s confidential information and
trade secrets, assisted Defendant OMI in redegigiié retractable syringes during this
period so that they worked and could be manufadtursignificant volumes.

18.0n information and belief, the current OMI retrdotéasyringes incorporate and are the result
of the wrongful use of Retractable confidentialommhation by OMI. On August 13, 2007
OMI announced that it had demonstrated its retbdetsyringes for a potential distributor in
the United States.

19.0n March 6, 2008, OMI announced publicly that OMidhappointed Cardinal Health as a
North American distributor, that the guaranteed imum order quantities under the
distributorship agreement will approximate USD $8llion in calendar 2008, that
approximately 25% of the revenue is anticipatetheéobooked by March 31, 2008, that all
production tooling has been validated and largentitya production runs have been
successfully completed during Cardinal Health’sitagl process (with quality meeting all
FDA validation and regulatory requirements), tha¢ syringes are packaged and branded
with the Cardinal Health logo, that meticulous acohclusive design and regulatory
approvals to complete the artwork and packagingHerCardinal Health Private Label for
the OMI syringe has been finalized and signed tfiat the required “Certificate of
Completion of Supplier Audit” has been receivedrir€ardinal Health’s Shanghai office,

that syringe manufacture is in full production arwmpletion of Cardinal Health’s initial
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stocking order (“ISO”) is expected by the end ofrtha2008 with additional orders expected
soon thereafter, that delivery of the ISO as eachpasses OMI's batch testing has begun
and the first shipments of the ISO have been redento Cardinal Health’s U.S. warehouse,
with revenue booked accordingly, that OMI anticggaapproximately USD $1 million of the
committed calendar 2008 orders will be booked bydia31, 2008, that OMI anticipates
receipting cash flow from these sales in March 2088t OMI confirms its earlier advice
that syringe sales into North America under thed®al Health distribution agreement will
increase top line revenue by a minimum of USD $dilBon in calendar 2008, and that more
than 50% of the revenue increase will be bookedume 30, 2008.

20.0n Thursday, March 27, 2008, Kevin Kohler, RegioBales Manager for Retractable, was
present at and made a presentation at a meetiry iheAustin, Texas at the Texas
Department of State Health Services (“DSHS”) fa& pgurpose of promoting continued sales
of Retractable’s products, including VanishP®swringes having retractable needles, to that
state agency. Retractable has been selling VaistiPretractable syringes and other
products to DSHS for a number of years, and cugresglls to DSHS through McKesson,
another national distributor of medical produd®n information and belief, DSHS holds this
meeting annually for the purpose of reviewing madjroducts currently being purchased
by, or being offered for sale to, the agency. Bot&l purchased by the agency are shipped
initially to its distribution facility in Austin ad then redistributed by the agency to its various
field offices throughout the state.

21. Also present at the March 27, 2008 meeting in iltugtexas, and making a presentation to

the agency were Fred Kratz, President of TriAxisdMal Solutions, of Frisco, Collin
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County, Texas, representing OMI, and Rhonda Conldales Representative for Physician
Products and Services for Cardinal Health, whaceffiin San Antonio, Texas.

22.While waiting to begin his presentation, Mr. Kohleegan conversing with Mr. Kratz and
Ms. Conklin, who showed him a new syringe produtett they were offering for sale to the
agency at the meeting. Mr. Kohler was permittedhdodle one of the syringes, open the
package, inspect and activate the syringe. Thmggrhad a retractable needle and was
identified with markings for Cardinal Health. Mfohler asked for and received business
cards from Mr. Kratz and Ms. Conklin.

23. On information and belief, the OMI/Cardinal syrandylr. Kohler examined is one of the
syringes having retractable needles that have tigcbren touted by OMI as being the
syringes currently being shipped from OMI's Chinesnufacturer (related to Double
Dove) to the U.S. for distribution through Cardifdalth.

24.0n information and belief, OMI, through its distitbrs, sales representatives and/or agents
Cardinal Health and TriAxis Medical solutions, o#d its syringes having retractable
needles for sale in the State of Texas and to &xad Department of State Health Services in
Austin, Texas, at least as early as March 27, 2008.

OMI Engages in False Advertising

25.In November 2007, OMI displayed its retractablergye products and accompanying sales
literature to attendees at an international traldews Medica 2007 held in Dusseldorf,
Germany. This trade show was attended by consupofessich medical products in the
United States. On information and belief, OMI dizited at the tradeshow and has
otherwise distributed to customers and prospeaustomers for its retractable syringes in
the United States a brochure titledMI Safety Syringe.”A copy of the brochure is attached

as Exhibit C to this First Amended Complaint.
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The brochure OMI Safety Syringe'directs the reader’s attention to thiéEY BENEFITS”
section of the brochure and to the accompanyinghgtdled “Waste Space Comparison —
3mL Syringe.” The brochure purportedly compares wWaste space volume (“WSV”) of
OMI's Safety Syringe to that of the VanishP@irtyringe as currently marketed by
Retractable. The graph shows the WSV of the OMhgg to be 0.016 mL and the WSV of
the VanishPoirftsyringe to be 0.143 mL. The graph further stat@ource: University test
results. December 2006 document #0791.”

Contrary to the statements made in tkV Safety Syringe’brochure, the VanishPoiht
syringes marketed by Retractable for more tham#s five (5) years have had a WSV that
is significantly lower than that stated in the broe, that complies with ISO standards, and
that is directly comparable to the WSV stated fier OMI safety syringe.

In December 2007, through legal counsel, Retragtabtjuested by letter from OMI a
complete copy of the December 2006 university testilts mentioned in theOMI Safety
Syringe” brochure and any related report (including but livaited to document #0791),
identification of the name and location of the wmsity that performed the test, identification
of each principal investigator who supervised thkject test, identification of each person
who contributed to or prepared the report, and tifleation of the source (other than
Retractable) of the particular VanishP&islyringes that were tested. Despite the written
request, OMI failed to provide Retractable with axplanation and refused to provide any
such information to Retractable.

On information and belief, OMI received a 2004 Aaban Design Award for a syringe
having a retractable needle. On information antehehe OMI syringe that won the 2004

Australian Design Award was never manufactured sold commercially anywhere in the
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world. However, OMI has repeatedly and persisyeméintained that the safety syringes it
is now marketing in the United States received #veard. On information and belief, such
representations have been made on OMI's websit@ubilic releases of information on
behalf of OMI in promoting its business and thesga its stock, and in promoting sales of
its safety syringe products to customers in theadhStates.

30.0n information and belief, many of the significasttuctural features and much of the
technology embodied in the safety syringes nowdeitfered for sale by OMI in the United
States were in fact invented or designed by Retbéetand by Retractable’s Chinese
manufacturer under a contract that vested ownershiguch features and technology in
Retractable.

RTI's Discovery of its Claims and OMI's Fraudulent Concealment

31.0OMI recently asserted statute of limitations asaffirmative defense to RTI's claims for
tortious interference, misappropriation of traderets, and conversion. To the extent
necessary, RTI's claims are not barred by limitaibecause RTI could not have discovered
them before 2007 and because OMI fraudulently caledets wrongdoing.

32.Up through at least 2006, OMI made repeated reptasens, including representations in
sworn affidavits in a related litigation betweer tparties in Australia, that it did not have
any knowledge or reason to know of RTI's contraithidouble Dove prior to entering into
its own agreement with China Medical and thatak miot have access to and had not received
any of RTI's confidential information or trade sets.

33.RTI relied on these representations. Between ZW&, RTI did not have any independent
evidence or any way of discovering that OMI actpdlad knowledge of the RTI-Double
Dove contract at the time it contracted with Chiedical or that OMI had access to or was

using RTI's confidential information and trade s#sr RTI used reasonably diligent efforts
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to try to discover such evidence, including havitsgattorneys send letters to OMI in an
attempt to obtain an explanation of OMI’s relatibipsand dealings with China Medical and
trying to obtain formal discovery in the Australilitigation. None of these efforts were
successful.

34.RTI did not learn of OMI's knowledge of the RTI-Digle Dove contract until RTI received
certain documents appearing to be OMI’s internalitess records. These documents were
received by OMI from an anonymous source in 200fese documents also indicated that
that OMI had improper access to and was using Rddisfidential information and trade
secrets.

35.Based on these documents, RTI discovered that Optltsr representations regarding its
innocence were false and that OMI had lied absutdinduct related to Double Dove/China
Medical.

36.RTI also discovered in 2007 that OMI was using atsfidential information and trade
secrets when OMI began commercializing its own ng@s evidencing use of RTI's
information.

37.RTI filed these claims in April 2008, shortly afterarning of facts to support jurisdiction
over OMI. RTI was diligent in pursuing its clainmce it discovered the information
described herein and learned of OMI’s fraudulemicealment.

38.RTI's claims are not barred by the applicable $eabf limitations because the discovery of
these claims was delayed and the limitations pemas$ tolled by OMI's fraudulent

concealment.
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V. RETRACTABLE’'S ASSERTED UNITED STATES PATENTS

39.Retractable is the owner of all right, title andemest in and to United States Patent No.
6,572,584 B1 (“the ‘584 patent”), titled Retrac@ldyringe With Reduced Retraction Force,
issued June 3, 2003. All maintenance fees dug¢hfsrpatent have been paid. No right or
license under this patent has previously been gdarat OMI. A copy of the ‘584 patent is
attached as Exhibit A to this First Amended Comnilai

40.Retractable is the exclusive licensee from ThomaShaw, the sole inventor, of United
States Patent No. 7,351,224 B1 (“the ‘224 pateriitled Retractable Syringe Assembly
Designed For One Use, issued April 1, 2008, andtiragight to sue infringers in its own
name. No right or license under this patent hasipusly been granted to OMI. The ‘584
and ‘224 patents have not been invalidated or fotmde unenforceable in any prior
litigation. A copy of the ‘224 patent is attached Exhibit B to this First Amended
Complaint.

41.The ‘224 patent is a continuing application claighpriority from United States Patent Nos.
5,578,011, 5,632,733, and 6,090,077, all of whick also exclusively licensed by
Retractable. U.S. 5,578,011 (the ‘011 patent) &@®0,077 (the ‘077 patent) have both
previously been asserted by Retractable againghandefendant and contain claims that
have previously been construed pursuant to a Mamnkmaceeding before this Court.

42. At all times relevant to this action, Retractabées lmarked the packages of its VanishPoint
retractable syringes with the number of the ‘58tephas provided by 35 U.S.C. 8287 and

has complied with the notice provisions of 35 U.S287 with respect to the ‘224 patent.
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VI. CAUSES OF ACTION

Count | — Patent Infringement

43.Retractable hereby realleges and incorporates fg&yerece into this Count 1 the subject
matter of the preceding paragraphs of this FirseAded Complaint.

44.0MI is, without permission from Retractable or Thasn). Shaw, making, having made and
importing syringes that infringe at least one clawmeach of the ‘584 and ‘224 patents
(“infringing syringes”) into the United States, aml offering for sale and/or selling the
infringing syringes in the United States and in Biate of Texas, and deriving revenue
therefrom in contravention of Retractable’s legadl &quitable rights and in violation of the
patent laws of the United States as set forth ile B5 of the United States Code, including
without limitation, 35 U.S.C. §8271.

45.0n information and belief, the activities of OMI set forth above are also inducing others to
infringe the ‘584 and ‘224 patents by using thejsctbsyringes, and/or contributing to the
infringement of the ‘584 and ‘224 patents in thatbeh States during the term of the patents.

46.The infringing activities of OMI have caused damayel irreparable injury to Retractable
and, unless enjoined by this Court as provided HYyJ3.C. § 283, will continue to cause
damage to Retractable, for which damages Retractat@ntitled to recovery pursuant to 35
U.S.C. §284.

47.0n information and belief, at least as to the ‘Gfadent, OMI’s infringement of the ‘584
patent has been willful, intentional, and in deldie disregard of Retractable’s patent rights,
and is totally without justification, thereby suppiong the award of enhanced damages in an

amount equal to three times the amount found asassl pursuant to 35 U.S.C. 8284, and
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the finding of an exceptional case supporting tard of attorney fees to Retractable under
35 U.S.C. § 285.

Count Il — Misappropriation of Trade Secrets and Cafidential Information

48.The preceding paragraphs of this First Amended Caimpare incorporated herein by
reference as if fully set forth.

49. Defendant OMI improperly solicited and obtainedrRetable confidential information from
Double Dove. Such information was used by DefehdamMl and Double Dove or its
affiliates in the development and design of the @ditactable syringe.

50.Until now, Retractable has not been able to eshlpersonal jurisdiction over OMI in the
State of Texas.

51.Defendant’s use and disclosure of the confidemfarmation and trade secrets belonging to
Retractable constitutes misappropriation and thiefitade secrets, and Defendant has thereby
violated the statutory and common law of the Stdt@exas. Accordingly, Defendant is
liable to Retractable for all of Retractable’s attdamages, which are in an amount far in
excess of the minimum jurisdictional limits of th@ourt, resulting from this wrongful
misappropriation and theft, together with additiodamages as allowed under the law.
Defendant’s continued use of the improperly obtdifRetractable confidential information
and trade secrets will cause irreparable injuriRétractable and thus should be preliminarily
and permanently enjoined.

Count lll — Conversion

52.The preceding paragraphs of this First Amended Jampare incorporated herein by

reference as if fully set forth.
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53.The confidential information regarding Retractable’anishPoirft retractable syringes is the
rightful property of Retractable. By wrongfully molling, disclosing, and utilizing the
confidential information of Retractable for its ovsenefit and the benefit of third parties,
Defendant has unlawfully converted Retractabletspprty in violation of the statutory and
common law of the State of Texas.

54.As a direct result of Defendant’s conversion, Retible has been damaged in an amount in
excess of the minimum jurisdictional limits of tf@urt. Defendant’s continued use of the
converted Retractable confidential information #éradle secrets will cause irreparable injury
to Retractable and thus should be preliminarily pagmanently enjoined.

Count IV — Intentional Interference with Contractual Relations

55. The preceding paragraphs of this First Amended @aimt are incorporated herein by
reference as if fully set forth.

56.Defendant OMI knowingly interfered with Retractdbleontractual relations with Double
Dove by inducing Double Dove to breach its contradth Retractable by disclosing
Retractable confidential information to one or mah&rd parties, by using Retractable
confidential information in developing the OMI rattable syringe, and by inducing Double
Dove and its affiliates to breach Double Dove’stcact with Retractable by manufacturing
retractable syringes for another company, namelyl,@\ in violation of the statutory and
common laws of the State of Texas.

57.Defendant’s actions have caused injury and econdass to Retractable in an amount

greatly in excess of the minimum jurisdictional ilisnof this Court.
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Count V — Unfair Competition and False Advertising

58.The preceding paragraphs of this First Amended Jampare incorporated herein by
reference as if fully set forth.

59.The foregoing actions of OMI, done intentionallydamith full knowledge of their falsity and
in reckless disregard of the rights of Retractablepromoting the sale of OMI's accused
products in the United States, constitute unfamgetition, wrongful disparagement and
false advertising in violation of 15 U.S.C. 1125@)d have caused damage and loss of sales
and profits to Retractable and its shareholders.

VIl. PRAYER

WHEREFORE, premises considered, Retractable saskgment and relief against

Defendant, including:

(&) OMI be adjudged and decreed to have directly, @udly, and/or contributorily infringed the
‘684 and ‘224 patents;

(b) OMI be adjudged and decreed to have willfully aedlerately infringed the ‘584 and ‘224
patents;

(c) OMI be ordered to pay actual damages to Retractabte Shaw, but not less than a
reasonable royalty, by reason of OMI's infringemehthe ‘584 and ‘224 patents together
with prejudgment interest, costs and increased dampursuant to 35 U.S.C. § 284;

(d) A permanent injunction be entered against OMI, #@sdofficers, agents, servants and
employees, and all entities and individuals actimgconcert with them, to permanently
restrain any further infringement of the ‘584 a@@4 patents and from making false claims
regarding the products of OMI or Retractable;

(e) This case be declared an “exceptional case” withen meaning of 35 U.S.C. 8285 and

reasonable attorneys’ fees, costs and treble dasvtsgawarded to Plaintiffs;
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(N Entry of judgment against the Defendants on thealotaims;

(g) Damages in an amount otherwise sufficient to corsgEnRetractable for its loss;

(h) Entry of judgment that this is an exceptional casel awarding Retractable its costs,
expenses, and reasonable attorney fees for prasgthis action against Defendants;

(i) Entry of preliminary and permanent injunctions emjog the Defendants from disclosing or
using any confidential information or trade secidtRetractable or from selling retractable
syringes that incorporate any confidential infonm@tor trade secrets of Retractable;

() Entry of judgment for pre-judgment interest andtgodgment interest; and

(k) Such other and further relief to which Retractahbegy be justly entitled.

VIII. JURY DEMAND
Retractable demands a trial by jury as their rigider the Seventh Amendment to the
Constitution of the United States or as given layuge. Fed. R. Civ. P. 38.

Date: May 11, 2009 Respectfully submitted,

/s/ Roy W. Hardin

Roy W. Hardin

Texas Bar No. 08968300
George E. Bowles

Texas Bar No. 02743300
Stephen D. Wilson

Texas Bar No. 24003187

Mark R. Backofen

Texas Bar No. 24031838
LOCKELORDBISSELL& LIDDELL LLP
2200 Ross Avenue, Suite 2200
Dallas, Texas 75201-6776
Telephone: (214) 740-8000
Facsimile: (214) 740-8800
Email: rwhardin@Ilockelord.com

ATTORNEYS FOR PLAINTIFF
RETRACTABLE TECHNOLOGIES, INC.
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Of Counsel:

Otis Carroll

Texas Bar No. 03895700
Deborah Race

Texas Bar No. 16448700
Ireland, Carroll & Kelley, PC
6101 S. Broadway, Suite 500
Tyler, Texas 75703
Telephone: (903) 561-1600
Facsimile: (903) 581-1071
Email: fedserv@icklaw.com

CERTIFICATE OF SERVICE

The undersigned hereby certifies that all coungetecord who are deemed to have
consented to electronic service are being servéld avicopy of this document via the Court’s
CM/ECF system per Local Rule CV-5(a)(3).

/s/ Roy W. Hardin
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RETRACTABLE SYRINGE WITH REDUCED plunger, Tsao U.S. Pat. No. 5,084,018, among other things
RETRACTION FORCE does not show reduced barrel arca to prevent excessive
blowout pressure, employs engaging flanges to secure all
retraction requires concurrent distortion of internal
FIELD OF THE INVENTION 5 parts and flanges to effect release, cumulating in excessive

This invention relates to a medical device, and more
particularly fo a retractable syringe and components suitable
for mass production and assembly having a low triggering
force and high blowout pressure which is nonreusable after
oee use.

'BACKGROUND OF THE ART

A major cause to the spread of AIDS in the general
population is the presence of IV drug users who share and
reuse hypodermic syringes to inject drugs. Infection can be
spread from AIDS patients in hospitals and medical facilities
through accidental needle sticks from needles used on
infected patients. Used syringes with extended needles
present a risk to medical personnel and sanitation employees
* and others in the disposal chain, ‘

The gravity of the threat posed by AIDS and the fact that
the main vector of the spread of the dreaded disease is
through reuse of syringes by IV drug users has resulted in
intense activity to develop the most practical, most relisble,
casily assemblable, mass-producible syringe.

There are a number of syringes of different designs which
have needles which will retract at the end of the injection
cycle. Most of these have never reached the market because
of various deficiencies. Prime among the usual deficiencies
of the prior art are problems of complexity, reliability, cost
and ease of use. The most commonly used syringes are 1 cc
and 3 cc syringes which must be mass-produced at the rate
of millions per day. Cost is a significant factor both in
manufacture of the parts and assembly of the device. High
speed production requires molds with 64 cavities or more to
reduce unit cycle time. Therefore, molded structures within
the barrel that require collapsing core pins such as are shown
in much of the art are unlikely to be producible at competi-
tive costs. .

One of the problems of the prior art of retractable syringes
is the sheer number and complexity of parts which must be
formed and assembled. Other problems with the prior art are
dependence on flexing or breaking of internal parts by the
plunger in order to release the retraction mechanism and use
of a diaphragm at the end of the plunger which must be
penetrated by a needle holding member and spring. These
stractures present serious quality control and assembly prob-
lems. Small broken off pieces can present a risk of hang-ups.
Hooks are often used to releaseably secure retraction mecha-
nisms. Hooks present difficult holding and control problems,
may cause retention of air bubbles upon filling and may be
undesirably temperature sensitive, .

The prior art frequently has a two-piece barrel in order to
be able to assemble a retraction device in the nose. This
requires at least an additional part and assembly step. It is
still necessary to pass the sharp injection needle through a
small opening often while compressing a spring before the
two parts can be assembled. The tiny needles are produced
in the form of coil tubing and vary significantly from
straightness after they are cut to length. This leads to difficult
assembly problems if the needle must be passed through a
small opening. The extremely sharp tip will catch the edge
of a hole and jam the production line. '

The rare prior art that employs a front mounted retraction

mechanism in a one-picce barrel with a plugged hollow

force required to retract and requires ventilation holes
because of a compartmented barrel.

The prior art has not produced a retractable nonreusable

* tamperproof syringe for mass production and assembly

10

20

25

50

which is simpls, reliable, cost effective, easy to use and

. refract, looks like a conventional syringe, has few parts

which are easy to make and assemble, is not temperature
sensitive and not subject to danger of premature retraction,

The prior art has not recognized a retraction mechanism
with scparable parts that relies entirely on clamping force or
friction at a smooth walled reduced diameter transition zone
in the bamrel with mating lands which are slidably or
scparably released in response fo relatively Jow thumb
pressure while having resistance to premature retraction and
high blowout pressure resulting from high pressure pro-
duced in the fluid chamber during an injection. The prior art
has not recognized that such a structure can be molded as a
one piece onter body over a core that can be pulled out from
behind allowing the retraction mechanism to be, easily
pushed into place from behind, steeréd by the narrow nose
portion. Neither does the prior art in such a combination
realize the desirable non-cumulation of forces resisting
retraction in order to minimize the thumb force required,
having a most simple tamperproof feature and the fewest
number of easily made parts.

The syringe plunger assembly has a combination of
features not found in a prior art syringe. A head end which
acts like a piston when installed in a syringe barrel has a
reduced diameter front end having an opening and a dis-
lodgeable stopper slidingly mounted in the opening project-
ing forwardly from the tip. Cooperiting lands within the
opening and on the head of the dislodgeable stopper scal the
opening into the hollow interior of the plunger. The area of
the stopper is relatively small when compared to the area
exposed to the piston, which compresses fluid in a chamber
below the piston. The ratio of the total area of the fluid
chamber to the fluid exposed area of the stopper is at least
two o one, more preferably three to one or more so that the

" stopper requires less holding force without blowing out back

into the internal cavity. The cooperating lands have sufficient
length 5o that the stopper can move back to the tip when the
plunger moves forward at the end of an injection stroke
without unsealing the plunger opening, A reduced holding
force is sufficient to prevent blowout of the stopper after the
stopper has been moved back to the tip because the stopper

~ is exposed to a lower pressure generated force because of its

55

e

relatively smaller area. The back of the plunger is vented so
that entry of retractable parts which upon retraction finish
dislodging the stopper and carry it back into the cavity, do
not generale inlernal pressure that can blow out the nose of
the syringe carrying any residual fluid with it. The thumb cap
on the plunger is received and recessed into the opening at
the back of the barrel when retraction occurs. The plunger
cannot be grasped after this occurs to help prevent reuse.
These features and more are found in the inventive
combination herein further disclosed which is especially
suited for high speed production and assembly at low cost.

SUMMARY OF THE INVENTION

The invention is a reliable retractable tampexpro_df syringe V
having multiple tamperproof features which operates on a
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principle which permits low cost parts which are few in
number andwellsﬁtedforhighspegdmasspmdncﬁonand
-assembly. The syringe structure features a one piece hollow
outer body having a longitudinally extending wall which is
stepped. The wall comprises an elongated barrel and nose
with a transition zone connecting the barrel and nose. The
nose has a reduced diameter relative to the barrel. The outer
body has an inwardly facing surface in the wall at the most
constricted part of the transition zone where the nose begins.
A plunger assembly is disposed partially within the elon-
gated barrel with an end cap for depression of the plunger
extending from an opening in the back of the barrel. The
head of the plunger, which has a retraction cavity for
receiving parts of a retraction mechanism, moves in slidable
sealed contact with the interior of the barrel.

Arefraction mechanism is lodged in the nose of the body.
The retraction mechanism comprises an elongated needle
bolder and spring combination wherein the needle holder
has an elongated body with a needle holding portion in front

and a head in back. The head of the needle holder has a

cooperating outwardly facing surface configured to cooper-
ate with said inwardly facing surface along an interface
oriented in the direction of retraction to produce a holding
force on the needle holder when installed in the nose in the
unretracted position. The needle holder and spring are easily
installable from the rear of the barrel toward the nose and
releaseably held by sliding engagement of said cooperating
inwardly and outwardly facing surfaces while compressing
the spring and thereby producing a holding force on the
needie holder in opposition to the retraction force applied to
the needle holder by the spring. The parts are circular in
<ross section. .
The outwardly facing surface on the circular head of the
needle holder is slightly greater in diameter than the circular
_inward facing surface in the wall at the miost constricted
portion where the nose begins. The ncedle holder is thus
clamped in position by hoop stresses induced in the outer
body and held in position by frictional holding force. The
needle holder is released in response to depression of the

plunger to a retraction position. Retraction occurs in

response to thumb force on the plunger when a portion of the
plunger passing into the transition zone separates at least a
portion of the inwardly and outwardly facing cooperating
surfaces thereby reducing the holding force on the needle
holder to an amount less than a retraction force on the needie
holder produced by the spring whereby the needle holder is
retracted into the cavity a distance sufficient to withdraw an
I"_(;iect:ion needle, attached to the needle holder, into the outer
dy. : :

In one embodiment, the head of the necdle holderis a two

. part head comprising an inner head surrounded by a sepa-
rable retainer member wherein the outer surface of the
retainer member is the outwardly facing surface with coop-
crates with the inwardly facing surface in the wall to retain
the needle holder in an unretracted position at the most
constricted part of the transition zone where the nose begins.
The retainer member is a ring member coupled to the inner
head along a sliding interface oriented in the direction of
retraction with a friction force which exceeds the retraction
force provided by the spring. The front of the needle holder
is grounded in the nose portion against forward movement.
The plunger head is configured to pass through the most
constricted area and push against the retainer meémber with-
out also pushing against the head of the needle holder, An
alternate constructior of the two part head of the needie
holder comprises the separable retainer member being tack
welded to the inner head of the needle holder, preferably
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4
along a very small ridge or bridge between the mating
surlflagws wl:iych holdsnt?)egetwo part head together until the
bridge is ruptured by movement of the plunger after an
injection has occurred.

The front of the plunger has an opening for a stopper
slidingly fitted therein in an interference fit. The stopper is
fitted in the opening in an interference fit along a sliding
interface oriented in the direction of retraction. The stopper
is mostly or fully dislodged by contact with the retraction
mechanism at the end of an injection cycle by continued
depression of the plunger from a first position at the end of
the injection cycle to a second position with the tip of the
plunger in contact with the retainer ring. This avoids cumu-
lation of the force on the plunger required to dislodge the
stopper from the opening and the force required to dislodge
the retainer member from the head of the needle holder and
outer body wall. Upon further depression of the plunger
from the second position to the retraction position, the
frictional holding force on the needle holder is reduced until
the retraction force provided by the spring exceeds the

- remaining holding force and the needle holder and needle

connccted thereto are ejected into the cavity carrying the -
dislodged stopper along with them. The dislodging of the
stopper and the retainer member alone make the syringe
non-reusable. The plunger cannot be removed after retrac-
tion because the graspable end cap enters an opening at the
back of the barrel when the plunger is depressed to the
retraction position to prevent tampering after retraction.

The retraction cavity of the plunger is preferably vented
to prevent a puff of air coming forward at the instant of -
retraction from blowing a tiny amount of retained fluid from
the nose. This condition can occur if the plunger is fully
depressed to release the needle holder and dislodge the
stopper while the needle is physically restrained from
retracting by the septum of a vial which has just been filled
with flvid from the syringe. The thumb cap at the rear of the
syringe is preferably provided with channels in fluid com-
munication with the interior in cooperation with a closure
removably installed in a centrally located opening in the
thumb cap. One or more stepped portions of the opening and
closure provide seating for the closure. Undercut portions at °
the side of the closure together with grooves in the interior
surface of the plunger wall create passages for air to vent
through channels on the thumb cap. This structure prevents
air from being trapped by the user’s thumb when the thumb
cap is pressed to fire the syringe. One or more slots at the
back of the barre! around the opening which receives the
thumb cap prevent vented air from being trapped by the
user’s thumb when the plunger is fully depressed.

The syringe has a high blowout pressure and a low
plunger thumb force required to cause retraction. Blowout
pressure is the fiuid pressure operating on the stopper and
retainer ring during an actual injection, High blowout pres-
sure resistance is obtained because the retainer ring is
mounted in the most constricted portion of the barrel where
the nose begins which significantly reduces the amount of
area exposed to fuid pressure. The. smaller retainer ring
allows the use of a small needle holder such that the opening
inthcplungerandthestoppermbeonlyafncﬁonofthe :
cross sectional area of the fluid chamber below the plunger
head. The ratio of the greatest cross sectional area of the
variable chamber and that of the dislodgeable stopper or the
ring member are selected so that the maximum expected
thumb force on the plunger during an injection will produce
4 maximum pressure in the chamber which will generate a
blowout force on the stopper and retainer member slightly
less than the amount of dislodging force necessary to
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dislodge the stopper and retainer member during retraction.
This ratio should be at least two to one, or more preferably
three to one or more, in order to ensure against premature
‘blowout of the stopper or retainer ring,

In an alternate embodiment, the fewest mumber of easily
made separate parts are used in a retractable syringe. The
alternate embodiment has a similar stopper in the head of the
plunger and a similar needle holder and spring combination
with mating cooperating inwardly facing and outwardly
- facing interengaged surfaces at the most constricted part of
a transition zone where the nose begins. In the alternate
embodiment, there is no retainer ring around the head of the
needle holder. Instead a tiny ramp is provided at the tran-
sition zone or adjacent the transition zone whereby the head
of the plunger gently spreads the barrel outwardly while
dislodging the stopper thereby reducing the clamping or
friction force on the head of the needle holder provided by
the wall of the outer body. The holding force is thereby
reduced below the retraction force provided by the com-
pressed spring and the needle bolder is ejected into the
cavﬂxlty of the plunger carrying the dislodged stopper along

with it.
 Amodification of the front tip of the syringe plunger has

surprisingly been found to reduce the amount of plunger
force required to initiate and complete retraction of the
retraction mechanism shown in FIGS. 1-3. The modified
front tip of the phunger is an irregular shape configured such
that one portion of the tip is advanced beyond the remainder
of the tip. When the plunger is moved forward after the end
of an injection to initiate retraction, the advanced portion of
the tip contacts one portion of the transversely positioned
retainer before it contacts the remainder of the retainer
thereby moving the one portion of the retainer relative to the
wall surface of the barrel and tilting the retainer as the
retainer member is being separated by the plunger from the
needle holder of the retractable needle. In one modified form
of the improved syringe plunger handle, the front tip end
- portion has a longitudinally varying front surface compris-
ing a stepped front contact surface having a high step and a
lower step with the high step being a forwardly extended
portion of the tip. The high step first pushes against the
refainer member and moves one portion of it forward when
the plunger moves forward at the end of an injection. In an
alternate preferred embodiment of the modified .syringe
plunger handle, the longitudinally varying front surface is
generally angled with respect to the longitudinal axis of the
- syringe such that one part of the front surface of the tip first
presses against part of the retainer member when the plunger
moves forward at the end of an injection. In a variation of
this structare, a portion of the front contact surface at the
+ forwardmost extending part of the tip has a flat transversely
oriented surface which is the part which first contacts the
transversely positioned retainer and moves one part of the
retainer before the remainder of the contact surface contacts
the rest of the retainer to move the retainer ring and separate
the retainer member from the needle and noedle holder.

- Manufacture and assembly is facilitated by the fact that
tho plunger and the outer body can be molded’ with a
non-collapsible core tool that can be pulled out from behind.
The parts are simply shaped and do not have hooks and parts
with reentrant angles that require collapsible core pin tech-
nology. The outer body can be made in one piece and
assembled from the rear. The narrowed nose portion -pro-
videsnolateralspacewithwillpermitbunchingofthe
spring and jamming when the retraction assembly is moved
forward in the outer body. In fact, the nose serves as a guide
to_steer the parts into the proper position in one smooth
stroke. .
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The needle does not have to be installed before the

retraction mechanism is put in place because it is readily

installed from the front after the needle holder is slidingly
lodged in the nose. Significant variations in the holding force
on the needle holder and the dislodging force on the stopper
due to slight variances in the tolerance of the mating parts is
avoided becanse the longitudinal wall of the outer body has
some fiexibility. The wall can spread outwardly slightly and
the stopper and head of the needle holder can compress
slightly radially and expand slightly in the longitudinal
direction to avoid significant changes in the holding force
caused by small changes in the actnal diameters. Consis-
tency in the amount of retraction force is thereby provided
and economy is assured. :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section along the central axis of a first
embodiment of the invention with the plunger positioned in
a first position at the end of an injection cycle;

FIG. 2 is the syringe of FIG. 1 with the plunger depressed
additionally to dislodge the stopper at a second position of
the plunger wherein the tip of the plunger is ready to operate
the retraction mechapism; _ _

FIG. 3 is the syringe of FIG. 2 wherein the plunger has
been further depressed to a retraction position, retraction has
occurred and the cap at the back of the plunger is closely
received in an opening at the back of the outer body;

FIG. 4A is a partial cross section on the entral axis of an
alternate tamperproof opening in the back of the outer body
prior to retraction; :

FIG. 4B is the structure of FIG, 4A with the phunger in the
retracted position received in an opening at the back of the
outer body;

FIG. 5 is a cross section along the central axis of a
simplified alternate syringe structure without a retainer
member around the needle holder, which is released by
separation of the friction surfaces, shown in the plunger
position which represents the end of an injection cycle;

FIG. 6 is the syringe structure of FIG. 5 wherein the

. phunger is further depressed to dislodge the stopper and
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begin to releasc the friction surfaces just prior to retraction; '

FIG. 7 is the syringe structure of FIG. 6 with the plunger
further depressed beyond the position of FIG. 6 to the
retraction position where retraction has occarred and the cap
is secure within an opening in the back of the hollow outer
body. ' .

FIG. 8 is a schematic longitudinal cutaway view in
elevation through the center of the two part head showing
how a tack weld can be applied to simultaneously seal and
hold the retainer ring in place on the needie holder.

FIG. 9 is an exploded perspective view showing the barrel
and refraction mechanism of FIG. 1 with a modified plunger
assembly, - .

FIG. 10 is a plan view of the thumb cap of the phmger

‘assembly shown in FIG. 9 with the preferred closure;

FIG. 11 is a cut away elevational view of the structure at
the back end of the plunger and end cap of FIGS. 9 and 10
along line 11—11 showing the preferred closure;

FIG. 12 is a cut away elevational view of the plunger end
capandclosmeofFIG.llasthethumbeapisjustbeing
received into the barrel opening;

FIG. 13 is a plan view of a first alternative thumb cap and
closure combination utilizing a flat sided closure and four
channels in the thumb cap; - .
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FIG. 14 is a cut away elevational view on the lines 14—14
of the thumb cap closure combination of FIG. 13;

FIG. 18 is 2 plan view of a second alternate thumb cap and
closure combination with four channels in the thumb cap
and undercut portions to provide a vent passage;

- FIG. 16 is a cut away elevational view on the lines 16—16
of the combination of FIG. 16; .

FIG. 17 is a cut away perspective view of a reduced force
syringe plunger handle for the syringe of FIGS. 1-3 or 9
showing part of the plunger and the modified plunger head
having a plunger seal and a stepped front end tip portion
with a releasable plug member shown extending from the
opening in the tip leading into the retraction cavity;

FIG. 18 is a cut away perspective view of an alternate
form of the modified plunger head of FIG. 17 wherein the
front tip portion of the plunger is gencrally cut at an angle
with respect to the syringe axis such that one part of the front
contact surface of the tip will press first against the retainer
member when the plunger moves forward;

FIG. 19 illustrates the reduced force syringe plunger
handle head and part of the plunger of FIG. 18 farther
including the releasable plug member positioned for use in
theopeningattheﬁ‘ontofthesyﬁngeleadingtothe
retraction cavity; o _

FIG. 20 is a cut away central elevation section through the
modified head end of the syringe of FIG. 17 installed in the
syringe body of FIGS. 1-3 or 9 showing the high part of the
stepped front end in contact with a part of the transverse ring
retainer holding the retractable needle; :

FIG. 21 is a cut away central elevation section of the
structure of FIG. 20 showing in exaggerated form how the
transverse retainer is tilted becanse of the stepped front end
of the plunger. as the plunger i$ moved forward from the
position of FIG. 20;

- FIG. 22 is a cut away central elevation section through the
modified head of the plunger of FIG. 19 corresponding to the
view shown in FIG. 20 wherein the high or longest part of
the angled front edge at the tip of the plunger is just.coming
in contact with one part of the transverse retainer at the end
of an injection; .

FIG. 23 is a cut away central elevation section through the
structure of FIG. 22 showing in greatly exaggerated form
how the transverse retainer is tilted as the plunger moves
forward from the position of FIG. 22 whereby one part of the
retainer ring is moved before the rest of the retainer ring is
moved; ' o

FIG. 24 is a cut away central elevation section of the
structure of FIGS. 22 and 23 affer the reduced force plunger
handle is pushed forward beyond the position of FIG. 23
causing retraction.to occur;

FIG. 25 is a graph illustrating axial plunger forces during
retraction of the unmodified standard syringe plunger shown
in FIGS. 1-3 and 9 wherein the hollow front end of the
plunger is transverse and perpendicular to the long axis of
the syringe;
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FIG. 26 is a graph similar to FIG. 25 showing the phunger

retraction forces on the syringe shown in FIGS, 1-3 using
the stepped front reduced force syringe plunger handle of
FIG. 17; :

FIG. 27 is another example of a graph illustrating plunger
retraction forces in the syringe of FIGS. 1-3 when using the
stepped front reduced force syringe plunger handle of FIG.
17, .

FIG. 28 is an exemplary graph of the plunger forces
during retraction of the syringe of FIGS. 1-3 utilizing the
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angled front reduced force syringe plunger handle as iltus-

trated in FIG. 19,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the description that follows, like parts will be referred
to by the same reference numerals. Parts with a subscript
letter are mean to illustrate a minor variation of a part with
the same mumber. The drawings are enlarged significantly in
order to show the details of the invention but generally
refiect the true scale which is contemplated. The parts as
shown are understood to be preferably circular and sym-
metrical as is conventional for syringes. The drawings reflect
a syringe structure typically having a 1 cc to 3 cc injection
fluid capacity.

FIG. 1 shows the structure of the first embodiment gen-
erally referred to by reference numeral 10. Syringe 10 has a
one picce hollow outer body 12. Body 12 has a longitudi-
nally extending wall comprising an elongated barrel 14 and
a nose 16 with a transition zone 18 connecting the barrel and
nose. A front mounted retraction mechanism lodged in the
nose is generally referred to by the reference mumeral 20. It
comprises the combination of an elongated needle holder 22
and spring 24. The needle holder has an elongated body with
a needle holding portion 26 in front for holding a needle 28
and a head 30 in back. Head 30 may consist of a two part ]
head as in FIGS. 1-3 or a one part head as in FIGS. $~7. The
needle holder is released by depression of a plunger that will
be described. »

A plunger generally designated by the reference mumeral
32 is disposed for use partially within barrel 14. The plunger
has a head and seal generally referred to by reference
numeral 34, in slidable sealed contact with the interior of
barrel 14 of outer body 12. The plunger has a seal element
36 that is conventional and a retraction cavity 38 therein.

Head 34 has a tip portion 40 forming an opening 41 into
retraction cavity 38. A resilient dislodgable stopper 42 is
sealingly positioned in opening 41 with a front portion
thereof extending beyond tip 40. Head portion 34 and the
back part of stopper 42 have cooperating lands 44, 46,
respectively, which seal opening 41. Plunger 32 has an end
cap 48 for depression of the plunger by the thumb. End cap
48 has a central opening for permanently receiving force fit
plug 50 to close retraction cavity 38 at the back end.

A plurality of longitudinally extending flutes 52 slidingly
support plunger 32 in barrel 14. In the embodiment of FIG.
1, outer body 12 has a collar 54 extending behind finger
grips 56 having opening 58 which closely receives the outer
periphery 60 of cap 48 when the plunger is depressed to the
retracted position. An alternate arrangement is shown in
FIGS. 4A and 4B in which barrel 14 is extended
longitudinally, if necessary, so that end cap 48 fits closely
within an opening at the back of the barrel where the finger
grips are. FIG. 4B shows the tamperproof position with the
plunger in the retracted position. It should be noted that
depending on the relationship of the inside diameter of the
barre] and the diameter of the end cap, the end cap could
instead be received right inside the opening at the back of the
barrel. Regardless of how the end cap in back of the outer
body.and barrel are configured, the plunger can no longer be
grasped after retraction has occurred because end cap 48 is
depressed into an opening.

‘The wall of outer body 12 and head 30 of the.needle
holder have mating cooperating smooth surfaces which hold
needle holder 22 in the position shown in FIG. 1 with spring
24 compressed. Nose 16 has a reduced diameter relative to
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the barrel. The outer body has a most constricted part where
head 30 of nieedle holder 22 is engaged and held. The outer
body has an inwardly facing surface 62 at the most con-
stricted part of the transition zone where nose 16 begins.
Similarly, head 30 has an outwardly facing surface 64
configured to cooperate with inwardly facing surface 62 to
produce a holding force on needle holder 22 when the
rétraction mechanism is installed in the nose from the rear.
Mating surfaces 62, 64 constitute a sliding interface oriented
in the direction of retraction, which seals nose 16. Mating
surfaces 62, 64 are preferably friction surfaces which have
an interference sliding fit to apply a frictional holding force
which holds needle holder 22 in position by friction between
the mating parts. It is within contemplation of the invention
that one or more of the cooperating interface surfaces could
employ a coating or adhesive bond which is ruptured or
released when the mating surfaces or lands are separated or
moved relative to each other. :

Head 30 provides a lower boundary for 2 variable fluid
chamber 68 below head 34. Needle holder 22 has a fluid path
70 in fivid communication with fluid chamber 68 and needle
28. Necdle holder 22 has a smaller diameter inner head 72
which is part of head 30. Retainer member 66 is coupled to
inmer head 72 along sliding interface 74 oriented in the
direction of retraction. Retaincr member 66 is coupled to
inner head 72 with a holding force which exceeds a retrac-
tion force applied to the underside of inner head 72 by means
of the end of compressed spring 24. A reduced diameter
portion 27 of needle holder 22 protrudes through an opening
in front 76 of nose 16.

Importantly, retainer member 66 can be visualized as an
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44, 46 which may be called a dislodging force which must
be overcome to slide stopper 42 rearwardly before retrac-
tion, The ratio of the maximum cross sectional area across
the interior of variable chamber 68 to the maximum cross
sectional arca of stopper 42 exposed to pressure in chamber
“msbmedmmatmemaﬁmg&nexpemedﬂmmbfmce
on plunger 32 during an injection will produce a maximum .
forge slightly less than mt|]1e amount of dislodgmg4’2 Wllflowe
necessary to dislodge the stopper so that stopper ill not
blowout during an injection. This ratio is preferably not less
than about two to one, more preferably three to one or more,
whereby a force of about eighteen pounds on the plunger, for
example, would produce a pressure generated force of only
about nine or six pounds, respectively, on the stopper, so that
the stopper can be easily dislodged in advance of retraction
at the end of the injection cycle but will not blowout during

- an injection. The stopper is dislodged after the injection by

annular ring surrounding circular inner head 72. The loca- .
tion of retainer member 66 at the most constricted part of the -

transition zone where the nose begins and the relatively

small area exposed to pressurized fluid in chamber 68 results -

* in a high blowout pressure. Since the front portion 26 of the
needle holder is grounded or bottomed inside front 76 of
nos¢ 16, no amount of pressure will allow needle holder 22
or needle 28 to move forward. Blowout pressure may be
defined as the pressure in chamber 68 acting on the exposed
area of retainer member 66 to produce a force sufficient to
overcome the holding force such that reteiner 66 could
“blowout” by moving forward and prematurely release
needle holder 22.

Some users have strong hands and might, at the outer Limit
in an emergency, be able to generate a force of as much as
fifteen to eighteen pounds on the plunger during an injection.
It is considered almost impossible, for anyone to exert a
force of more than eighteen pounds. This may be regarded
as the maximum expected force which must be taken into
account so that ring member 66 will not blowout while an
injection is being made. The greatest cross sectional area of
variable chamber 68 and the area of retainer member 66
exposed to fiuid pressure are selected so that the blowout
pressure is higher than the maximum pressure in chamber 68
expected to result from the maximum expected thumb force
applied to cap 48 during an injection. This ratio is prefecably
about two to one and more preferably about three to one or
more so that the holding force holding the retraction mecha-
nism in place can be kept at a comfortably low level while
the blowout pressure remains high. .

Dislodgesble stopper 42 has a similar blowout problem to
recognize. The front and middle portion of stopper 42 are
relieved slightly from opening 41 such that the fiuid pressure
in chamber 68 is directed against the cross sectional area at
cooperating lands 44, 46 and could cause stopper 42 to
blowout, A frictional holding force is generated at the lands
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thumb force applied to the stopper by movement of the
plunger.

The components used for retraction are arranged to avoid
cumulation of force during the retraction sequence. In FIG.
1, stopper 42 has a forward extension beyond tip 40 which
allows full thumb pressure to be applied to the stopper
before any other portion of the retraction mechanism is
engaged. The amount of forward extension beyond tip 40 is
related to the length of lands 44, 46 such that the forward
extension of stopper 42 preferably represents about 80
percent of the engaged land length. When stopper 42 is
moved back until the front is even with tip 40, as seen in
FIG. 2, only about 20 percent of engaged land remains. In
FIG. 2 it can be seen that thumb force on plunger cap 48 has
been applied to partially dislodge stopper 42 such that a gap
78 is created and the remaining engaged land area is
represented as arca 80.

Since I believe the amount of frictional holding force or
dislodging force is roughly proportional to the amount of the
length of the sliding interface between cooperating lands 44,
46, it follows, ignoring dynamic effects, that the amount of -
force remaining decreases as the engaged sliding interface
area is reduced. This is what happens as stopper 42 moves
back into cavity 38 from the position of FIG. 1 to the
position of FIG. 2. It is believed appropriate to set the initial
dislodging force to allow about five pounds at the position
of FIG. 1 which is reduced to about one pound remaining
when the stopper or plug member 42 reaches the position of
FIG. 2. It might be noted at this point in the description that
the front portion of tip 40 preferably has some longitudinally
extending slits or openings so that fiuid is not trapped in the
trapezoidal shaped area of chamber 68, scen in FIG. 2,
becausc of contact between tip 40 and the upper surface of
retainer ring 66.

Needle holder 22 and spring 24 arc combinably installable
from the rear of the barrel before the phunger is assembled
and releasably held at the most constricted part of the
transition zone where the nose begins by sliding engagement
of the cooperating inwardly and outwardly facing friction
surfaces 62, 64 while compressing spring 24. The kngth of
the engaging land 64 and the amount of interference fit is )
preferably designed to provide a frictional holding force in
opposition to the retraction force provided by the com-
pressed spring 24 of somewhere around five pounds even
though the spring may apply a retraction force in the
retraction direction of somewhere around a half pound. In
use the needle is pushed against a rubber seal in a vial so the
needle holder must resist a resulting backward force without
being dislodged during the filling operation. This require-
ment and blowout pressure limits the low end of the holding
force on the needle holder.
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Referring again to FIG. 2, it can be seen that further
depression of the plunger beyond the second position of
FIG. 2 dislodges retainer ring member 66 along the, sliding
interface 74 provided by the outer surface of inner head 72
and along the inwardly facing friction surface 62. As the
amount of remaining engaged interface is reduced, the
amount of force required to continue moving retainer mem-
ber 66 off needle holder 22 is reduced and the small
remaining engagement area 80 between lands 44, 46 of the
plunger and stopper preferably cause stopper 42 to be
dislodged before needle hokder 22 is released. When the
remaining residual friction force during continued depres-
sion of the plunger becomes less than the retraction force
provided by compressed spring 24, the retraction position of
FIG. 3 is reached whereby retraction occurs.

When retraction occurs needle holder 22 moves through

opening 41 into cavity 38. The uncompressed length of
spring 24 is selected to provide backward movement suffi-
cient to withdraw an injection needle 28 fixed in front
portion 26 entirely within outer body 12, carrying dislodged
stopper 42 with it. At the same time, cap 48 enters opening
58 of the barrel with peripheral edge 60 closely confined, in
order to prevent tampering after retraction. It is immaterial
whether cap 48 moves into the opening at the instant of
retraction or after retraction has already occurred because
the movement is automatic due to the continued thumb force
applied to trigger the retraction. Sufficient unengaged length
of inwardly facing friction surface 62 is provided so that
retainer member 66 can move downwardly a sufficient
distance to reach the retraction position of FIG. 3. After
retraction, retainer member 66 preferably remains stuck and
prevents any possibility of any one being able to recngage it
with the head of ncedle holder 22. The diameter of land 62
in the area designated 63 can be increased slightly to provide
relief for retainer ring 66 as it is pushed down by tip 40.
. "It is also within the contemplation of the invention that
separable retainer member 66 may be removably coupled to
inmer head 72 of needle holder 22 by means of a relatively
small in area “tack” weld which is sufficient to resist the
retraction force applied to needle holder by spring 24 but
which can be ruptured or separated by depression of the
plunger beyond the position shown in FIG. 2, to release the
needle holder and allow retraction. This is schematically
illustrated in FIG. 8 with respect to alternate head 302 with
the parts of syringe body 12 and needle holder 22. cutaway
to focus on the modification. The remainder of the syringe
structure would be like FIGS. 1-3.
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“use. The bridging portion may be formed by “tack” welding
- the raised portion 73 to the inner surface of the ring 66 or

by providing any other form of frangible bridging portion
that holds the separable ring member 66 and needle holder
kead 722 together. Tt is required that however done, the
bridging portion must also serve as a seal between the facing
surfaces of the ring member and inner head so that fluid
under pressure cannot pass from chamber 68 through gap 77
to reach the nose portion of the device. All fluid must pass
through fluid passage 70. :

It can be seen that when the position of FIG. 2 is reached
the front tip 40 of the plunger presses against retainer ring
664 after stopper 42 is almost dislodged and uncouples the
retainer ring 662 from the inner head 72z of needle holder
22a. Any tack weld connecting the separable parts at the
bridging portion is ruptured, fractured or otherwise sepa-
rated 50 4s to scparate retainer ring 66 a from inner head 72a
thus releasing needle holder 224 from further restraint. They
and the force applied by spring 24 causes retraction to occur
much as before described and shown in FIG. 3.

It is believed that the increased diameter of the raised
portion 73 should be within the range of about 1 to 8
thousandths of an inch which may be dictated by the ability
of the molding equipment available to produce a consistent
bridging portion without defects. It is believed that it may be
desirable to employ different polymeric materials for the
retainer ring and needle holder to facilitate tack welding,
such s a suitable polyvinyl chloride (PVC) for the retainer
ring and a suitable polycarbonate plastic material for the
needle holder. One way to couple these two parts may be to
assemble them and expose them to a temperature of about

» 120° C. for twenty minntes or so to allow some diffusion or
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In FIG. 8, inner head 724 his an outwardly facing surface

74a and a very small raised portion or series of horizontally
spaced apart raised portions 73 around the periphery in a
contimious band or anmular ring which extend relatively
uniformly outwardly beyond peripheral surface 74 of head
724. The raised portion could be on the inner surface 75 of
retainér 662 instead of being on surface 744 of the needle
holder. The head of thie needle holder is preferably circular
but could be conceivably another shape with the retainer
member 66a correspondingly configured to conform to it.
The inwardly facing surface 75 of inner head 72¢ is in
contact with raised portion 73 on the outer surface of inner
head 724 and there may be a small gap 77 between them all
around. The raised portion 73 couples retainer 662 to inner
head 722 and may be referred to as a bridging portion which
resists the blowout pressure referred to above and holds the
needle holder in place against the retraction force imposed
on the needle holder by spring 24 together with any small
additional forces that may be applied when the needle is
pushed against the rubber seal of a vial in preparation for
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incipient melting to. oocur where they touch. The raised
portion creates a high unit pressure where it comes into
contact with the inwardly facing surface of retainer 66a.
Sonic welding could also be employed. A coating or adhe-
sive which couples the retainer ring to the needle holder and
can be uncoupled by means of force applied to the retainer
ring by the plunger is also within the contemplation of the
invention.

An alternate syringe 82 is disclosed in FIGS. 5-7. In FIG.
S, Syringe 82 has a one piece hollow outer syringe body 84.
Body 84 has a longitudinally extending wall comprising an
elongated barrel 86 and a nose 88 with a transition zone 90
connecting the barrel and nose. A front mounted retraction
mechanism Jodged in nose 88 is generally referred to by the
reference numeral 92, It comprises the combination of an
elongated needle holder 94 and spring 96. The needle holder
has an elongated stem body with a needle holding portion
100 in front for holding needle 28 and a head 102 in back.
In this case, head 102 is a one part head integral with the rest
of needle holder 94. Spring 96 delivers a retraction force in
a retraction direction to the underside of head 102.

A plunger generally designated by reference numeral 104
is disposed for use partially within barrcl 86, Plunger 104
has a head portion 106 which moves in slidable sealed
contact with the interior of barrel 86 of outer body 84.
Although a separate seal might be used on head 106, this
embodiment is suitable for a smaller diameter, such asa 1 cc
syringe, and can be used with head 106 also serving as the
seal. A retraction cavity 108 is provided in the interior of
hollow plunger 104. Head 106 has a tip portion 110 forming
an opening 112 for a dislodgable stopper 114 having a front
portion extending beyond tip 110. Head portion 106 has an
inwardly facing land 116 and the back of stopper 114 has an
outwardly facing land 118 comprising cooperating friction
surfaces which seal opening 112. The back portion of outer
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body 84 may have finger grips 120 and the same collar 54

and end cap 48 previously disclosed. The alternate arrange-
ment of FIGS. 4A and 4B may also be employed.

The outer portion of tip 110 may be equipped with an
angled surface 122 designed to cooperate with a small ramp
surface 124 located in the vicinity of transition zone 90. The
wall of outer body 84 and head 102 of the needle holder have
mating cooperating friction surfaces which frictionally hold
needle holder 102 in the position shown in FIG. 5 with
spring 96 compressed. Nosc 88 has a reduced diameter
relative to barrel 86. The outer body has a most constricted
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part where the head 102 of needle holder 94 is frictionaily -

engaged. The outer body has an inwardly facing surface or

land 126 at the most constricted part of the transition zone

where nose 88 begins. Similarly, head 102 has an outwardly

- facing friction surface 128 configured to cooperate with
inwardly facing surface 126 to produce a frictional holding
force on needle holder 94 when the retraction mechanism is
installed in the nose from the rear.

Mating surfaces 126, 128 constitute a sliding interface
oriented in the direction of retraction, which seal nose 88.
Mating surfaces 126, 128 are preferably smooth friction
surfaces which have an interference sliding fit when needle
holder 94 is installed from the rear whereby a frictional
holding force holds needle holder 94 in position by friction
between land 126 and head 102 of needle holder 94. It is
within contemplation of the invention that one or both of
these surfaces could have a coating or adhesive bond which
is ruptured when the mating surfaces are separated to release
the needle holder.

-Head 106 provides the upper boundary for a variable filuid
chamber 130 below head 106. Needle holder 94 has a fluid
path 132 in fluid communication with chamber 130 and
needle 28. Needle holder 94 is releasably coupled at surfaces
or lands 126, 128 with a holding force that exceed the
retraction force applied to the underside of head 102 by the
end of compressed spring 96. A reduced diameter portion
134 of needle holder 94 protrudes through an opening in
front 136 of nose 88. Blowout pressure is not a factor with
respect to the needle holder on the alternate embodiment. No
amount of pressure will allow neédle holder 94 or needle 28
to move forward since the front portion 100 of the needle
holder is grounded or bottomed inside front 136 of nose 88.

Blowout pressure is still a factor to be considered in
connection with stopper 114. Blowout pressure would be the
pressure in chamber 130 produced by thumb force on cap 48
acting on the cross sectional area of stopper 114 which could
overcome the holding force, causing stopper 114 to dislodge
from opening 112 prematurely. The ratio of the maximum
cross sectional area across the interior of variable chamber
130 to the maximum cross sectional area of stopper 142
exposed to pressure in chamber 130, and the dislodging
force necessary to dislodge stopper 144, are selected so that
the maximum expected thumb force on plunger 104 during
an injection will not cause the stopper to blowont. Yet the
stopper will still be dislodged by the dislodging force on the
plunger once the front of stopper 114 contacts the retraction
mechanism after the injection has ended. The ratio referred
to is preferably not less than about two to onme, or more
preferably about three to one or more, whereby a force of
about eighteen pounds on the plunger, for example, would
produce a pressure generated force of only about nine or six
pounds respectively, on the stopper, so that the stopper can
be easily dislodged in advance of retraction at the end of the
injection cycle but will not blowout during an injection. The
smaller diameter stopper allows two or three times the
thumb force to be used during the injection cycle than
required to actually dislodge the stopper by direct applica-

_ tion of force.
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By reference to FIGS. 5-7, the operation and further
features of the alternate embodiment are discussed. The
syringe is used in the pormal manner until the plunger is
depressed to the first position of FIG. 5 which is the end of
the injection cycle. Stopper 114 has a forwardly extending
end which has come into contact with head 102 of needle
holder 94 to block fluid path 132. Purther depression of
plunger 104 toward the position of FIG. 6 mostly or fully
dislodges stopper 114 and begins spreading barrel 84 at the
transition Zone by sliding contact between head portion 106
and ramp 124, Ramp 124 is a very small inwardly extending
annular thickening of the wan of barrel 86 which can take
many shapes or forms. For example, amp 124 may be a
small step 125 in the wall which contimues verticaily down-
ward as indicated by the dotted line, which is somewhat

- exaggerated in FIG. 5.

The barrel is flexible and is spread outwardly a slight
amount to the position of FIG. 6 just prior to retraction. Here
the mating surfaces 126, 128 are separated an amount which
reduces the clamping force on the needle holder 94, The
spreading shown in FIG. 6 is greatly exaggerated for illus-
tration, It is estimated that an expansion of only about four
thousandths of an inch is sufficient to release needle holder
94 from nose 88. By slight further depression of the plunger
from the position of FIG. 6 to the retracted position of FIG.
7, retraction occurs when the retraction force applied by
spring 96 exceeds the remaining holding force on needle
holder 94: Necdle holder 94 then moves through opening
112 into cavity 108 along with a portion of spring 96. The
uncompressed length of spring 96 is designed to provide
sufficient backward movement to withdraw an injection
needle 28 fixed in front portion 94 and carry dislodged
stopper 114 with it. At the same time, cap 42 enters opening
138 at the rear of a barrel exiension 54 where the peripheral
edge is closely confined in order to prevent tampering after
retraction.

The location and configuration of ramp 124 is arranged to
avoid cumulation of force required during the retraction
sequence. Most of stopper 114 should be dislodged by
thumb pressure on plunger 104 before significant resistance
develops as angled surfaces 122 begin pushing outwardly on
ramp 124. The selection of the location of ramp 24 and the
angle of the engaging surfaces make it possible to have a
fairly smooth contimous force since the dislodging force
continuously decreases as the sliding interface area 116, 118
between the plunger and the stopper is linearly decreased.
Because ramp 124 is relatively very small, it is still possible
to remove a stepped molding core from the rear of the outer
body 84. Alternately, ramp 124 can be the smaller diameter
step 125 which avoids reentrant angles whereby resistance
to removal of the molding core could occur. After retraction,
the back of the plunger is unaccessible and there is no way
to reach to stopper or the needle holder in order o reinstall
them for re-use. :

- ‘When used normally, syringe 10 may have a small amount
of fluid remaining in the variable chamber in the second
position shown in FIG. 2 which is, of course, greatly
exaggerated in scale, This may amount to no more than a
drop or a few drops of fluid in the remaining space above the
retraction mechanism, When syringe 10 is fired by pushing
down on end cap 48, to the position of FIG. 3, the expanding
spring and rearwardly moving needle holder camry any
remaining fluid up into retraction cavity 38. Surface tension
effects hold the tiny droplets in place along the walls of the
plunger and no fluid escapes from nose 16. The syringe is
normally used to withdraw fluid from a vial. The fluid is
injected into a patient followed by immediate retraction of
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the needle holder and needle in one step. No leakage of fluid
from the nose is observed when the syringe is used to inject
fluid into a patient. _

It has been discovered, however, that if the needle is
forcibly prevented from retracting after syringe 10 is “fired”
by pushing down until plunger 48 enters opening 58, the
small amount of retained fluid from variable chamber 68 can
flow into the nose in the space between the necdle holder and
nose. If the seal around the head of the needle holder is
removed while the needle holder is being restrained from
retracting, remaining fluid has time to move down into the
nose, but it does not leak out from the opening in the front
of the nose. Then if the needle holder is suddenly released
and allowed to retract normally, it has been found that
leakage of fluid from the opening in the front of the nose
could be observed. This undesirable scenario was found to
occur under the following circumstances. If the syringe is
used to draw blood from the patient, the blood filled syringe
is removed from the patient and the needle passed through
a rubber scptum in a sterile vial The plunger is then
depressed to discharge the patient’s blood into the vial.
Users expect to depress the plunger fully after the fluid is
discharged to retract the needle. When the plunger is
depressed fully to cause retraction, the needle cannot retract
normally due to the fact it is frictionally held by the rubber
septum of the vial. When the empty syringe is then with-
drawn from the vial by pulling the needle out of the septum,
it immediately retracts. Droplets of fluid were observed on
the vial as soon as retraction took place.

Surprisingly, it was found that a small “puff” of air is the
soirce of this problem. If the needle or needle holder is
temporarily restrained and prevented from retracting in the
normal manner, a brief puff of forwardly directed air is
generated when the needle holder is finally allowed to
retract. This puff of air was found to emerge from the front
of the syringe causing -retained fluid trapped around the
needle holder to be blown out of the opening left in the nose
when the needle holder retracts. It was discovered that if the
hollow interior of the plunger is vented, preferably in the
area of thumb cap, this condition does not occur and the fluid
is entirely retained within the syringe body.

FIGS. 9 through 16 illustrate the syringe generally des-
ignated as syringe 10 with a modification on the end cap or
thumb cap on the plunger to provide for venting of the
hollow interior of the plunger which is the retraction cavity.
Insofar as possible the original numbering of FIGS. 1-4 is
retained with primes used to indicate differences. . -

Head 34' of plunger 32' is preferably slightly modified
from phunger head 34 of FIG. 2 in the following respects,
The clongated plunger has a longitudinally extending gen-
erally tubular wall 140 defining a hollow interior along the
length of the phunger. The phinger has a head end 34' in front
and a rear end portion 142 with a thumb cap 48' behind. The
outer side of wall 140 at héad end 34' is sealingly surrounded
with a resilient plunger seal member 36' which is like 3 band

with a pair of separated raised rings 144. Phunger seal 36' fits

in a depression in the outer surfacc of wall 140 where it is
securely held in position and prevented from longitudinal
movement. Seal member 36' is adapted to slide in sealed
contact with a tubular wall when the plunger is moved
within syringe barrel 14. It is within contemplation of the
invention to have a raised piston molded as part of the plastic
plunger to serve as a plunger seal in place of a separate
rubber plunger seal 36', althongh the rubber seal member is
_ preferred. o : :

Wall 140 at head end 34' of the plunger 32" has a reduced

diameter front portion extending forward from seal member
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36' terminating at tip 40 at the front of plunger 32'. Tip 40
defines the opening 41 which leads into the hollow interior
38. The internal structure is as shown in FIG. 1. The wall 140
behind tip 40 has a stepped inner side surface comprising a
land having an inwardly facing surface and a larger diameter
portion extending behind the land into the hollow interior. A
separate dislodgeable stopper 42 is slidingly held within the
reduced diameter front portion of plunger head 34' by a
holding force in excess of the fiuid injection pressure force
to be expected during use of the phinger in syringe barrel 14.
Stopper 42 has a back end portion comprising a land 46 and
a reduced diameter front end portion extending forwardly
beyond tip 40 a fixed distance to its front 146. The fixed
distance is the distance between front 146 and tip 40.

As is seen in FIG. 1, the ontwardly facing surface 46 of
dislodgeable stopper 42 is in sliding sealed engagement with
the inwardly facing surface of land 44 in the plunger wall.

These lands cooperate to apply a holding force to the stopper
and seal hollow interior 38 of plunger 32 from the expected

amount of fluid injection pressure force generated in the
variable chamber 68 during an injection. The ratio of the
effective area of variable chamber 68 to the area of stopper
42 exposed to fluid pressure is at least two 1o one and
preferably three to one or more as previously indicated. This
makes it possible to utilize lower holding forces without
blowing out the stopper during an injection. The cooperating
lands on the inside of the plunger head and the stopper have
sufficient longitudinal length to allow dislodgeable stopper
42 to move the fixed distance between its initial extension at
146 and tip 40 in sliding response to forward movement of
the plunger after front 146 of stopper 42 contacts 2 stop.
As indicated in FIGS. 1-3, front 146 of the stopper 42
encounters head 72 of needle holder 22 which serves as a
stop. The fluid opening in head 72 of needle holder 22 is
preferably provided with some fine slots or grooves so that
fluid can continually enter fluid path 70 as the plunger moves
from the position of FIG. 1 to that of FIG. 2. As the position

of FIG. 2 is reached, the holding force on stopper 42 is .

reduced by substantial disengagement of the cooperating
lands 44, 46 in preparation for dislodgement of the stopper,
without unsealing the hollow interior/retraction chamber 38
within plunger 32'. A notch 148 is preferably provided in the
tip to prevent trapping fluid at the tip.

Thumb cap 48' at the rear end portion 142 of plunger 32!
includes one or more channels 150 which reccive vented air
from hollow interior 38. Thumb cap 48' has an opening 152
for a closure 154 best seen in FIGS. 10 and 11, Channels 150
are open at the top for ease of molding although closed
channels could also be used.

FIG. 10 shows an enlarged top plan view illustrating the
use of three channels 150 in combination with 2 preferred

 closure 154 installed in circular opening 152. FIG. 11 best
shows how the channels 150 receive vented air from hollow

interior 38. Closure 154 preferably has a stepped outer
surface comprising a rear step 156 which rests in opening
lsz,minlumediuestepmwhichmstsinanenlarged
portion 160 of the inner side of wall 140 and a front step 162
which rests against inner surface 164 of wall 140, In effect,
these structures provide convenient seating for closure 154,
Steps 158 and 162 are conveniently provided in a down-
wardly depending skirt 166.

Importantly, inner surface 164 everywhere there is a
channel 150, is provided with a longitudinally extending
groove 168 in fiuid communication with the hollow interior
38 and the channels 150. Any convenient mumber may be
chosen as the channels are easily molded into the end cap

T
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when it is formed. The longitudinally extending grooves 168
do not extend through the entirety of the wall 140 although
they could. They are designed for ease of molding since they
can formed in the mold that makes the plunger without using
scparate pins to form an opening. This is an important cost
consideration in a multiple out high speed molding process.
This structure is designed for preventing the user’s thumb
from obstructing the vent opening leading from the interior
of the plunger thereby assuring that venting will take place.

Referring now to FIGS. 9 and 12, it will be noted that
opening 58 in the back end of barrel 14 includes slots 172
in fluid communication with the hollow interior of the
plunger through one or more channels 150 so that when
thumb cap 48' is received in opening 58, no seal is created
by the thumb being in contact with opening 58 which might
otherwise prevent air from venting. The outer periphery of
thumb cap 48' is closely received in opening 58 as the
syringe is fired, to prevent reuse. Thumb cap 48' is prefer-
ably sized in relation to barrel 14 such that opening 58 is
simply an extension in a linear direction of the wall of barrel
14 rather than enlarged as shown. Finally, the interior
surface 164 preferably has several annular constrictions 170
designed to catch the head of stopper 42 during its rearward
travel. Since stopper 42 is preferably installed from the rear
of ‘the plunger before closure 154 is put in place, the
constrictions 170 must allow stopper 42 to be forced through
to the front. :

A first alternative thumb cap and closure arrangément is
illustrated in FIGS. 13 and 14. In this embodiment, four
channels 150 are provided in thumb cap 48", Closure 174
has four flat side portions 176 spaced around the periphery
at 90° intervals, each in fluid communication with a channel
150. A gap is created at each flat side between the flat sides
176 and the opening 152! which are in fluid conimunication
with interior 38 o create a flow passage for air from interior
38 through the gap along the flat side then into channel 150,
Annular groove 178 in closure 174 may be used to fluidly
connect cach of the flat areas 176 at the level of channels
150. In addition to equalizing air flow, the annular groove
allows venting of air regardless of the angular orientation of
closure 174 with respect to thumb cap 48", .

A second alternate embodiment has the same thumb cap
48" with a modified closure 180, Closure 180 has a head 182
which snugly fits within opening 152' which is at the back
of the plunger. Opening 152' is only slightly larger than the
interior of the plunger to provide a seat for the closure. Four
undercut portions 186 are each in joint fluid communication
with the interior 38 and one of the channels 150 to create a
. flow passage from the interior 38. Closurc 180 effectively
seals the opening 152 so that no fiuid particles can escape
from ‘the opening. As in the previous embodiment, an
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annular groove 178 bridges each undercut portion opening -

into a corresponding channel 150 thereby tying the undercut
portions together in fluid communication regardless of the
‘angular orientation of the parts. B

In operation, there are many advantages to the improved
combination disclosed herein. The diameter of the stopper in
both embodiments and the slidable retaining ring member in
the first embodiment, in relation to the diameter across the
fivid chamber, makes it possible to produce a syringe which

withstands high blowout pressure. By minimizing the effec-

tive surface area exposed to the pressurized fluid during an
injection, the syringe will withstand injection thumb force of
around fifieen to eighteen pounds during injection and at the
same time retract in response to as little as five to six pounds
of force on the plunger once the injection fluid has been
injected. Once the fiuid has been injected, cumulation of
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force required to concurrently operate the retraction mecha-
nism is avoided. First the stopper is moved back and then the
needle holder is released. By constricting the diameter of the
syringe near a transition zone where the nose begins, a
constriction enables the needle holder to be smaller which in
turn allows it to fit in a smaller opening with a smaller
stopper in the retraction cavity of the hollow phmger.

A vacuum must be pulled in order to fill the syringe. The
ring member or the needle holder, as the case may be, must
seal the front nose of the syringe body because otherwise
vacuum could be lost and fluid could enter the spring arca
and leak out the front. The hollow outer body and syringe
plunger are preferably made from conventional plastic mate-
tial used for syringes, which has some fiexibility. The
tolerances on the diameter of mating facing surfaces
between the head of the needle holder and the barrel and
between the stopper and head of the punger are not criti
in order to maintain a consistent holding and dislodging
force. This is believed to be because increasing interference
fit increases the frictional holding force only up to a point
and then the surrounding wall simply expands a small
amount or the internal parts are compressed a small amount
without a corresponding increase in the longitudinal force
required to move the retainer member or plug member in the
retraction direction. It is a desirable self correcting mecha-
nism which is a cost and quality benefit in making the parts.
It is believed that a plastic retainer member could be used
and the same self limiting frictional holding force would be
obtained. ’

A reduced force syringe plunger handle indicated gener-
ally by the reference numeral 190 for usc in retracting a
retractable syringe of the type shown in FIGS. 1-3 is
iltustrated in FIGS. 17, 20 and 21. Reduced force syringe
plunger handle 190 is suited for use in retracting a retract-
able syringe of the type having an elongated hollow syringe
barrel 14 having a front end portion such as nose 16
containing a retraction mechanism 20 configured for opera-
tion by forward movement of the plunger wherein the
retraction mechanism has a retractable rearwardly: biased
needle holder 22 held by a separable retainer member or
retainer 66 lodged in the front end portion 16 of barrel 14.
The retainer or retainer ring 66 is a needle holding member
positioned transversely at a right angle with respect to the
longitudinal axis of syringe 10. The reduced force syringe
plunger handle has a tubular body 192 containing fiutes 52,
which is reciprocatably mounted in barrel 14. The reduced
force plunger has a modified head 194 upon which is
mounted a phinger seal 196 for sealingly sliding in the barrel
14. Plunger scal 196 is slightly modified from the shape of
seal element 36, but serves the same purpose.

Tubular body 192 is a hollow body with a wall 198 which
extends forward into a tip 200 at the front of plunger handle
190. Tip 200 is configured for separating a transversely
mounted retainer ring 66 from a retractable needle 28, 22
which is retracted by forward movement of the plunger at

the end of an injection, It is understood that plunger 190 is

completely interchangeable with plunger 32, 32 for the
purpose of operating and retracting the retraction mecha-
nism 20 of syringe 10. The only substantive difference
between the plunger 32 and plunger 190 is seen at the front
tip 200 where tip 200 at the front of reduced retraction force

. plunger 190 has a longitudinally varying front contact

65

surface 202 configured to press first against one portion of
retainer member 66 before the rest of tip 200 presses against
the rest of retainer member 66. This action moves one
portion of transverse retainer 66 with respect to the barrel
wall and the retractable needle before the remainder of
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retainer 66 begins moving as the plmger 190 is moved
forward.'l‘hisaﬁnisbvelﬁcgvedtotegﬂtinareducﬁoninthe
retraction force required to initiate and complete retraction
of the retraction mechanism 20.

The longitudinally varying surface can be considered a
forwardly extended portion 202 and a recessed portion 204
whereby forwardly extended portion 202 first presses
against and moves part of retainer member 66 when the
plunger moves forward. This constifutes a stepped front
surface comprising a high step 206 and a lower step 208 with
the high step 206 being the forwardly extended portion 202.
Like plunger 32, plunger 190 has a wall which forms the
opening 41 for a removable seal member which comprises
a stopper or plug member 42. The longitudinal center line of
the phinger and the syringe itself is indicated by the dotted
line “X”. The internal configuration of head 194 is the same
as head 34 of plunger 32 as previously described. :

Referring now to FIG. 20, plunger 190 is seen recipro-
catably fitted in barrel 14 of syringe body 12. Here an
injection has been completed and the plunger has moved
forward until the high step 206 of holow tip portion 200
comes in contact with part of the upper surface of trans-
versely mounted retainer 66. Contact surface 210 .of high
step 206 is first to push against the transversely positioned
retainer member 66 before the contact surface 212 of lower
step 208 has been moved forward enough to touch retainer
member 66. The contact surfaces 210, 212 can be considered
a stepped rim around opening 41 wherein the stepped rim
has a high step and a lower step. The rim preferably
comprises a circular shaped wall of uniform thickness which
forms the steps. As mentioned before, the effect of this
structure is to apply all of the plunger force to part of the
retainer ring before the plunger force is applied to the rest of
the retainer thereby reducing the overall force required to
move the retainer (slide if) along the inner wall of the front
portion of the barre]l and begin separating the retainer from
the head of the needle holder in the area where if begins
moving. . o

What happens when syringe 190 is pushed forward
beyond the position of FIG. 20 is illustrated in an exagger-
ated fashion in FIG. 21 to illustrate the effect. Plug member
42 is pushied further back as plunger 190 moves part of the
retainer member 66 which begins to slide along wall 62 of
nose 16. It can be seen that this action causcs retainer
member 66 to tilt with respect to the axis X of the syringe.
The tilting surface of the retainer member 66 is indicated by
the dotted line 214. It can be appreciated that this action
allows the plunger to scparate one part of the retainer
member from the retractable needle and move the transverse
retainer relative to the front end of the barrel before-the rest
of the transverse retainer is separated from the retractable
needle. The configuration is such that one part of the retainer
must begin moving while the rest of the retainer remains
stationary at some position of the plunger 190 between the
positions of FIGS. 20 and 21. There is believed to be some
point during this process when one side of the retainer
begins. coming free of the retractable needle while the other
side is still partially holding the needle.
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Another version of the reduced force syringe phmger -

handle for use with a syringe of the type shown in FIGS. 1-3
and 9 is illustrated as plunger 19¢'. Plunger 190' is like
plunger 32 and plunger 190 except for the modified head
portion 194", This structure is used and functions in essen-
tially the same manner as does plunger 190 having modified
phinger head 194, Tubular body 192 of FIGS. 18 and 19 is
2 hollow body with a wall 198 which extends forward into

a tip 216 at the front of plunger handle 190". Tip 216 is
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configured for separating a transversely mounted retainer
ring 66 from ars:g'actable needle 22, 28 which is retracted
by forward movement of the plunger at the end of an
injection cycle. The only substantive difference between
plunger 32 and plunger 190" is seen at front tip 216 where tip
216 has a longitudinally varying front surface configured to
press first against one portion of transverse retainer member
66 before pressing against the rest of retainer member 66.
The longitudinally varying surface can be considered a
forwardly extending portion 218 which in this case is
transverse surface lying in a plane perpendicular to the
longitudinal axis X of the syringe. The remainder of the
contact surface at the front of syringe 190' is an angled
surface 220 which is formed in the rim 222 at the front tip
216 of syringe 190°. Angled surface 220 is angled from the
longitudinal center line of the syringe and with respect to the
flat surface 218. It is formed as if the transverse tip at the
front end syringe plunger 32 were partially cut off at an
angle to its long axis. Rim 222 is preferably a circular wall
of uniform thickness. The rim 222 defines the opening 41
which is shown in FIG. 19 as containing the removable seal

member comprising a stopper or plug member 42.. The -

internal configuration of head 194' is the same as head 34 of
phunger 32 as previously described. When used in a syringe
of FIGS. 1-3, the flat portion 218 on tip 216 presses against
and moves the transverse retainer member 66 first when the
plunger moves forward to retract the syringe before the

angled surface 220 begins pushing on the other side of the’

retainer ring 66 thereby moving it and separating it from the
retractable needle.

Referring now to FIGS. 22 and 23, plunger 190 is seen
fitted in barrel 14 of syringe body 12. In FIG. 22, an injection
has been completed and the plunger is moved forward until
the relatively flat portion 218 of rim 222 comes into contact
with part of transverse retainer 66. FIG. 23 shows the
position of retraction parts just as the plunger has been
moved forward at the end of the injection. Flat portion 218
of tip 216 begins moving part of transverse retainer 66 with

. respect to the wall 62 of the front of barrel 14 before angled

contact surface 220 comes in to forceful contact with the
remainder of retainer 66.

FIG. 23 shows the position of the plunger and retractable
parts in an exaggerated fashion as plunger 190 has been
pushed forward from the position of FIG. 22. Plug member
42 is pushed further back as plunger 190" moves one part of
transverse retainer 66 which begins to slide along the inner
wall at the front of the barrel comprising nose 16 before the
other part of retainer 66 is moved. It can be seen that this
action causes retainer member 66 to tilt (exaggerated) with
respect to the axis X of the syringe. The exaggeratedly tilted
surface of refainer member 66 is illustrated by the dotted line
224, The action is similar to that of the tip structure of FIG.
17 in that the irregularly shaped front edge of the plunger
190’ allows the plunger to begin to move and separate one
part of transverse retainer 66 with respect to the surface of

the barrel and the head of the retractable needle before the -

rest of the transverse retainer is moved by the angled surface
220. This condition would occur at some forward position of
the plunger intermediate the position shown in FIGS. 22 and
23,

_ FIG. 24 shows the fully retracted position of the syringe
10 with the modified reduced force syringe phunger 190°
after it has been fully depressed. The retainer member 66 is
shown in a trapsverse position but it would not necessarily
have to be in a transverse position after the retraction has
been completed. It could be slightly tilted in the final
retraction position of FIG. 24 without harming the retraction
process.

T
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‘We believe surprising results are demonstrated in a series
of tests based upon samples of 30 prototype syringes in
Table 1 below, which are designated “Control Group”,
- “Stepped Plunger” and “Sloped Plunger”. The control group
is actually the production syringe which is essentially the
same as the syringe disclosed, in FIGS. 1-3 and 9. Although
the control group plungers have some small slots in the rim
at the front edge of the tip to allow fluid to pass laterally, the
front edge (rim) is square and at right angles to the main long
axis of the syringe as shown in FIG. 1. The stepped phnger
and the sloped phinger were tested in the same barrel design
of the control group, which is the production barrel and
. Tetraction mechanism essentially the same as FIG. 1. The
plungers were modified by altering only the tip into a step or
a slope without changing anything else except for a slightly
different outer plunger seal 196. The retraction mechanism

in all three sets of tests remained exactly the same,

The syringes were tested in a United Tensile Tester Model
SSTN-1 using a 100 pound load cell on the tester and a test
speed of one inch per minute. The syringe was placed in a
fixture with the needle downward and the block which is
connected to the load cell was moved downward to rest upon
the plunger handle thumb cap and moved forward to deter-
mine the functionality force. The functionality or function-
ality force is defined as the highest load force measured
during the forward movement of the phunger until retraction
occurred. It includes the force required to move the seal
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comprising the stopper or plug 42 in the central opening 41

of the plunger as well as the plunger force required fo
accomplish the retraction of the retractable needle by mov-

ing the retainer ring forward. Punctionality is the highest
peak in the force graphs in FIGS. 25-28 which will be

discussed later. Table 1 includes the average plunger force,

maximum plungér force, minimum plunger force, and stan-
dard deviation (Stdev) for cach group of data, This data for
the sloped plunger is based upon 29 samples due to one bad
data point. Functionality is rounded to the nearest ¥io pound.

TABLE 1

—Control Group | _ Stepped Plunger  ___ Sloped Plunger
Sample Sample Sample Functionality
#  Fonctionality #  Functiomality # (ibe)
1 10.5 1 67 1 87
2 9.1 T2 72 2 74
3 9.1 3 62 3 6.8
4 137 4 74 4 74
5 19 5 104 5 81
6 115 6 6.4 6 84
7 7.6 7 63 . 7 16
8 127 8 69 8. 72
9 108 9 6.6 9 88
10 11.8 10 6.7 10 82
1n 89 1 6.7 1n 74
12 104 12 6.5 12 71
13 111 13 6.4 13 76
14 9.4 14 63 © 14 88
15 105 © - 15 77 15 7.3
16 10.7 16 74 16 9.3
17 838 17 6.6 17 71

- 18 9.3 18 6.7 18 17
19 9.7 19 5.6 19 83
20 9.8 20 7.0 20 71
21 124 21 74 21 82
2 109 2 6.4 2 76
23 10.5 23 6.9 23 72
2% 9.1 % 73 24 16
25 103 - A 73 25 92
26 129 26 6.7 26 72
27 149 27 72 27 Bad Data
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TABLE 1-continued

—Control Group  __Stepped Plunger | ___ Sloped Plunger
Sample Sample Semple Functional

# FPunctionality #  Functionali # {ibs)

28 89 28 16 28 83

2 111 29 6.4 2 80

30 76 30 18 30 71
Min 16 Min 56 Min 68
Max 149 Max 104 Max 9.3

Averags 10.5 Average 70 Average 78
Stdev 17 Stdev 0.8 Stdev 0.7
Range 73 Range 48 Range 25

A very substantial reduction in the average plunger retrac-
tion force functionality is indicated by the average of the 30
tests. The control group showed an average of 10.5 pounds
phanger force as compared to only 7 pounds for the stepped
phunger of FIG. 17. This is roughly a 30% reduction in the
average plunger retraction force. Moreover, although there
are a few anomalous test results, variation and range of the
functionality force was also less with the stepped plunger of
FIG. 17 and the sloped plunger of FIG. 19 than with the
coatrol group. Although the sloped plunger had a slightly
higher average plunger functionality force, it was still very
substantially lower than the control group.

FIGS. 25-28 arc graphical representations of some
examples taken out of Table 1. These graphs all follow the
same pattern. They measure the functionality force on the
plunger as the plunger moves from its end of injection
position of FIG. 1 over a relatively short period of plunger
forward displacement until retraction occurs. Becanse the
seal member 42 extends slightly beyond the front tip of the
plunger, it starts to slide rearwardly with respect to the
plunger before the front edge of the plunger tip contacts
retainer 66. This part of the curve is exemplified by the first
peak which is identified as “a” in FIGS. 28, 26 and 28. The
peak denominated “d” is automatically placed on the liighest

peak by the testing machine. This is irrespective whether it

is a first or second peak. -

In the control group of example 25, the peak “a” repre-
sents the initial force required to first move the plug member
42 and the second peak “d” represents the force required to
initiate movement of the transverse retainer 66 with the
standard plunger of FIGS. 1-3. Although there are some
lower vahues in the group, some 18 of the 30 samples have
a functionality force of 10 pounds or more. The plunger
force first required to move the retainer ring with respect to
the walls of the barrel and the retractable needle is substan-
tially more than the force required to move the plug back
into the plunger. In this example it is nearly twice as much.

FIGS. 26 and 27 represent two examples of the stepped
plunger with a substantially lower peak force required to
move the retainer member 66 denominated at point “d” in
FIG. 26 and point “b” in FIG. 27. In fact, in FIG, 27 the
plunger force is actually less than the initial force required
to move the stopper 42 which the machine identified as the
first peak “d”. The reduction in phinger force associated with
the second peak, i.e. movement of the transverse retainer,
suggests that the plunger force required to move the ring
member during retraction using the stepped plunger is now
nearly the same as the Tower force required to remove the
sealing stopper 42. Based on the graphs of FIGS. 25-28, it
appears the force required to remove the stopper never rises
above about 7 pounds. '

FIG. 28 which represents the slopped plunger is plotted on
a larger force scale than the other graphs. FIG. 28 illustrates
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a first peak “a” for removal of the stopper and the second
peak “d” where the retainer is being moved. This graph is
quite similar to the results vsing the stepped plunger tip,
although average plunger force is slightly higher than the
results obtained with the stepped plunger in FIGS. 26 and
27. The identity of the graphs is given in the following table:

TABLE 2
FIG. Teat Group . Sample#  Poactionality
25 Contwl Groyp 6 115
2 SepedThogs 18 67
28 Sloped Plunger 12,17 or 30 7.1

The significance of this improvement cannot tlae over
estimated. In the superior syringe design of FIGS. 1-3 and
9, the retaining rizl;p::ember‘ 66 frictionally holds the head
of the needle holder in opposition to the bissing force
applied by the spring. In addition, it is frictionally supported
at the inner wall of the barrel and is subject to forces
imposed on the needle by the act of puncturing rubber seals
on vials on the réetainer and by blow out pressure as
mentioned in the specification. Therefore, it is difficult to
achieve ‘reliability and avoid premature retractions unless
these frictional holding forces are high enough to withstand
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Thiese factors may also be affected by the resiliency of the
retainer member, the height of the retainer relative to the
retractable needle on which it is mounted, and other factors.
Although two preferred embodiments of the tip shape have
been disclosed, it should be understood that other variations
in shape including more or less step or slope and more or less
initial contact arca between the tip and the retainer, are
within the scape of the invention as long as the force applied
by the plunger is not uniformiy placed upon the retainer, and
allows some tilting of the retainer to occur during forward
motion of the plunger.

In the best mode the stopper and the ring member are
preferably made from a thermoplastic rubber material des-
ignated number 181-55 available from Advanced Elastomer
Systems, 540 Maryville Central Drive, St. Louis, Mo. and
sold under the trade name Santoprene®. It is said to have a
characteristic hardness around 55 on the Shore A durometer
scale which allows for the right amount of resistance to
compression, fluid resistance such that the material does not
swell when in contact with most finids, environmental

- stability allowing the friction and sealing properties to

25

these imposed forces, There must be a certain amount of .

frictional force imposed on the retractable parts which must
be overcome by the plunger force during retraction. This
makes it difficult to reduced the amount of plunger force
required to retract the syringe below a certain amount.
The beauty of the present invention is that a way has been
found to reduce the force on the plunger required to retract
the syringe without making any changes whatsocver to the
retraction mechanism itself. All of the design features and
characteristics that prevent the problem of premature retrac-
tion by forces imposed on the needle and refainer ring
remain effective, but the plunger retraction force is desirably

reduced to a lower level and made more uniform and reliable -

when the modified plunger tips are used.

In the best mode, it is believed that the stepped plunger tip
is preferable to the sloped plunger although the exact shape
and dimensions have not been optimized. It is clear that the
basic principle of configuring the tip to apply all of the
plunger force to one part of the retainer ring before the
plunger force is applied to the rest of the retainer ring is a
fundamental principle regardless of the specific shape of the
tip. The high step on the stepped plunger preferably repre-
sents about half of the area of the rim at the tip, The samples
in Table 1 of FIGS. 25-28 are based on a 3 cc syringe
wherein the opening 41 has a diameter of about 0.18 inches.
The length of the high step in the axial direction is about
0.030 inches more than the low step of the FIG. 17 embodi-
ment although the actual dimepsions may vary because
prototypes were prepared by hand. o

It is believed that a step of about 10-30 thousandths of an
inch is appropriate depending upon the diameter of the tip.
It is believed that the step has to be higher for a syringe of
a greater diameter and lower for a syringe with a smaller
diameter tip. The sloped plunger is believed to have about a
5 degree angle on the angled portion 220 of the susface while
the flat portion 218 represents an area of ahout 13% of the
area of the rim 222. If the step or the slope is too great as
compared to the diameter of the tip, it would be possible to
get a locking effect that could actually increase the friction
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to remove the retainer member and possibly result in an 65

inconsistent retraction. Some experimentation would be
required to find the best combination of dimensions.

" remain non-temperature sensitive, good property retention

after aging and excellent property retention after sterilization
by all accepted methods. The piunger seal around the head
of the plunger is conventional. T

The parts are few in number and easily mass produced.
The alternate embodiment has the fewest number of separate
parts of any tamperproof retractable syringe. The plunger
has a one picce hollow outer body with a transition zone and
a narrow nose portion. The internal diameter is stepped to
greater diameters from front to back for molding around a
non-collapsible core which can be extracted from the rear.
The same is true for the plunger.

Assembly is greatly simplified and can be accomplished
with high speed mechanized equipment. The needle holder
and spring are installable from the rear of the barrel without

the needle. In the first embodiment the retainer member is

forced fit over the inner head of the needle holder and the
assembly together with the uncompressed spring are pushed
forward and held by sliding engagement of the cooperating
inwardly and outwardly facing surfaces while compressing
the spring, The front of the needle holder passes through an
opening in the nose which makes it easy to install the needle
from the front by conventional means. The alternate embodi-
ment is installed the same way except that there is no
lsleparable refainer member around the head of the needle
older.

The parrow nosc provides a particular advantage for
mechanized assembly. The nose has a wall defining an
clongated internal cavity which closely confines the spring
and needle holder combination. During installation this
cavity serves as a guide to steer the needle holder and
uncompressed spring into a compressed state of the spring,
This solvés an important assembly problem. If there is much
lateral space in the nose around the spring, when the
uncompressed spring is being compressed, it is a laterally
unstable column which flexes sideways and bunches up
causing a jam up. It might be added that rounded edges on
the bottom of the slot directly below retainer 66 would
further facilitate entry of the end of the spring.

The stopper is also installable from the rear of the plunger
by pushing it forward until the cooperating lands are slid-
ingly engaged. Then plug member 30 is force fit or otherwise
fixed in the opening at the back of the plnger and the
plunger is installed in the outer body. It is not necessary to
try to pass the sharp needle through an elongated body with
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constricted openings where slight misalignment could cause
hangups. The head of the needle holder simultancously acts
as a seal as well as a bolding device such that no seal is
required at the tip of the nose and no ultrasonic welding of
separate parts is required. :

There is no necessity for using internal locking teeth of
any kind. No locking teeth are needed to hold the retraction
mechanism or to lock the plunger after retraction. Locking
teeth present difficult molding and quality control problems,
tend to be temperature sensitive and tend to require a larger
diameter barrel which increases premature blowout prob-
lems. In addition to the non-reusability provided by sepa-
ration of the retainer ring from the head of the needle holder
and dislodgement of the stopper, the plunger is not acces-
sible after retraction because it is depressed within an
opening at the back of the outer body. This additional
tamperproof feature is provided in a one piece body without
the necessity for hooking anything or twisting any thing. The
easily made and installed force fit plug at the back of the
retraction cavity prevents access to the retracted compo-
nents. ,

We claim: _ -

1. A reduced force syringe plunger handle for use in
retracting a retractable syringe of the type having an clon-
gated hollow syringe barrel having a front end portion
-containing a retraction mechanism activated by forward
movement of the plunger relative to the barrel, the retraction
mechanism comprising a rearwardly biased needle holder
held by a separable retainer member lodged in the front end
portion of the barrel, the retainer member having first and
second sides oppositely disposed relative to a longitudinal
axis through the barrel, the syringe plunger handle having a
tubular body reciprocatably mounted in the barrel, the
tubular body having 2 head comprising a front tip configured
to contact and separate the retainer member from the needle
holder by forward movement of the plunger relative to the
barrel thereby releasing the needle holder for retraction,
wherein the improvement comprises:

‘the front tip of the plunger having a longitudinally varying -

front surface comprising a first forwardly extending
" side configured to contact and move the first side of the
- retainer member relative to the needle holder and the
barrel, and a second forwardly extending side disposed
rearwardly of the first forwardly extending side, the
second forwardly extending side configured to there-

- after contact and move the second side of the retainer-

member relative to the needle holder and the barrel

when the plunger is moved forwardly relative to the

barrel, thereby reducing the plunger force required to
activate the refraction mechanism.

2. The reduced force syringe plunger handle of claim 1

‘wherein the longitudinal varying front surface is longitudi-

nally stepped relative to the longitudinal axis through the

barrel.

3. The reduced force syringe plunger handle of claim 1 -
wherein a substantial portion of the longitudinally varying

front surfacc is angled relative to the longitudinal axis
through the barrel.

4. The reduced force syringe plunger bandle of claim 3
wherein the longitudinally varying front surface includes a

relatively flat portion which contacts the first side of the-

retainer member when the plunger moves forward relative to
the barrel to retract the syringe. )

8. The reduced force syringe plunger bandle of claim 1
wherein a releasable plug member is lodged in the front tip
of the syringe plunger, the plug member being exposed more
on one side than on the other side because of the longitu-
dinally varying front surface.

26
6. The reduced force syringe plunger handle of claim §
wherein the releasable plug member has a portion which
extends forward beyond the front tip of the plunger.
7. The reduced force syringe plunger handle of claim 1
5 wherein the first forwardly extending side of the longitudi-
nally varying front surface tilts the retainer member relative
fo the needle holder and barrel prior to being contacted and
moved by the second forwardly extending side.

8. A reduced force syringe plunger handle for wse in
retracting a retractable syringe having a long axis and a
transversely positioned retainer member in a retraction
mechanism having a retractable needle, comprising:

an elongated tubular syringe plunger having an end cap

for depression of the plunger at a back end and a head
portion at a front end of the plunger, the head portion
having a plunger seal for scalingly slidingly in a
syringe barrel; 4

the syringe plunger having a tubular wall containing a
. retraction cavity within the syringe plunger, the tubular
2 wall extending forwardly into the head portion;

the head portion having a forwardly extending hotlow tip
portion defining an opening through the tip portion
Jeading into the retraction cavity;
the hollow tip portion having a contact surface at the front
25 of the plunger which varies axially in forward exten-
sion at different angular locations with respect to said
opening, wherein one portion of the contact surface is
configured to push first against the transversely posi-
tioned retainer member before the rest of the contact
30 surface engages the retainer member thereby tilting the
retainer member during retraction of the retractable
needle; '
whereby the plunger force required for release of the
retainer member from the retractable needle is reduced
35 as compared to a plunger having a generally transverse
contact surface and the same retainer member and
retraction mechanism. -

9. The reduced force plunger handle of claim 8, wherein
said contact surface compriscs a stepped rim around said
40 opening, the stepped rim having a high step and a lower step

10

whercin the high step is first to push against the transverse

retainer member. :
10. The reduced force plunger handle of claim 9, wherein
the high step portion of the stepped rim is roughly half of the
45 total stepped rim configuration.
- 11. The reduced force phunger handle of claim 9, wherein
the high step portion of the stepped rim extends for more
than about one quarter of the total stepped rim configuration.
12. The reduced force plunger handle of claim 9, whereas
50 the hollow tip portion defining said opening is of a reduced
diameter as compared to the tubular syringe plunger.
13. The reduced force plunger handle of claim 8, wherein
the opening through the tip portion leading into the retrac-
tion cavity has a removable seal.

5s 14, The reduced force plunger handle of claim 13,

whercin the opening through the tip portion leading into the
retraction cavity is sealed with a releasable plug member
that is lodged in the tip portion of the syringe phinger
wherein a portion of the plug member extends forwardly
60 beyond the high step portion of the stepped rim.
15. The reduced force plunger handle of claim 8, wherein
a releasable plug member is lodged in the tip of the syringe
plunger, the plug member being exposed more on one side
where the lower step is located and exposed less where the
65 higher step is located.
16. The reduced force plunger handle of claim 8, wherein
the contact surface at the front of the plunger is substantially

TR
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an angled surface with respect to the long axis of the syringe
such that one portion of the angled contact surface.presses
against the retainer member when the plunger moves for-
ward before the remainder of the angled surface presses
against the retainer member.

17. The reduced force plunger handle of claim 8, wherein
the contact surface at the front of the plunger has a relatively
fiat transverse portion and an angled portion with respect to
said long axis, said relatively flat transverse portion being
the part of said contact surface which presses first against the
retainer member when the plunger moves forward.

18. A method of reducing plunger retraction force in a
rettactable syringe of the type having a barrel, a syringe
plunger which reciprocates axially in the barrel and a front
mounted retraction mechanism in the barrel having a retract-
able needle being held in position in the barrel by means of
a transverse retainer which is separated from the retractable
needle by contact between the front tip portion of the
plunger and the transverse retainer when the plunger is
moved forward after an injection to push the retainer off the
retractable needle and allow retraction, comprising the step
of: '

providing a plunger having a front edge on the front tip

portion configured to push om onme portion of the
retainer before pushing on the rest of the retainer when
the plunger is pushed forward at the end of an injection;

pushing the plunger forward to bring the front edge of the’

tip portion in contact with the transverse retainer mem-
- ber; and .
tilting the transverse retainer with respect to the retract-
able needle while it is being separated from the retract-
able needle by forward movement of the plunger.

19: The method of claim 18 wherein the step of tilting the
transverse refainer miember with respect to the retractable
needle while it is being separated from the retractable needle
by-forward movement of the plunger includes the step of
separating one part of the transverse retainer member from
the retractable needle before the rest of the transverse
retainer is scparated from the retractable needle. .

20. The method of claim 18 wherein the plunger is
configured with a front edge comprising an opening and a
stepped rim around said opening having a high step and a
lower step wherein the step of pushing the plunger forward
comprises the step of bringing the high step into first contact
with the transverse retainer before the lower step contacts
the transverse retainer. -

21. The method of claim 20 wherein the step of providing

a plunger includes a releasable piug lodged in said opening
and wherein the step of pushing the plunger forward to bring
the front edge of the front tip portion in contact with the
transverse retainer member is preceded by the step of
moving said plug member.
. 22. The method of claim 18 wherein the plunger is
configured with a hollow front tip portion having an angled
opening leading into a hollow portion of the syringe phinger
and the step of pushing the plunger forward comprises the
step of bringing the forwardmost part of the front edge into
first contact with the transverse retainer thereby tilting the
transverse retainer with respect to the retractable needle
while it is being separated from the retractable needle by
forward movement of the plunger. -

23. The method of claim 22 wherein the step of providing
a plunger includes a releasable piug lodged in said opening
and wherein the step of pushing the piunger forward to bring
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24. A method of reducing plunger retraction force in a
retractable syringe of the type having a barrel, a syringe
plunger which reciprocates axially in the barrel, and a front
mounted retraction mechanism in the barrel having a retract-
able needke being held in position by means of a transverse
retainer with an outside edge in contact with the inside
surface of the front of the barrel wherein the transverse
retainer is separable from the retractable needle upon for-
ward movement of the plunger after an_injection is made
whereby a front tip portion of the plunger pushing against
the retainer moves the retainer forward in the front of the
barrel thereby freeing the retractable needle, comprising the
steps of:
providing a plunger having a front edge on the front tip
portion configured to slide one portion of the outer edge
of the transverse retainer with respect to the front of the
barrel before beginning to move the rest of the retainer
with respect to the front of the barrel when the plunger
is pushed forward at the end of an injection; and

pushing the plunger forward to bring the front edge of the
tip portion in contact with the transverse retainer mem-
ber; and : )

moving one portion of the transverse retainer with respect

to the front of the barrel before moving the rest of the
transverse retainer during forward movement of the

. plunger while the retractable needle is being separated
from the transverse retainer.

25. The method of claim 24 wherein the steps of providing
a plunger, bringing the front edge of the tip portion in
contact with the transverse retainer member and moving one
part of the transverse retainer mémber with respect to the

- front of the barrel before the remainder of the transverse

. retainer begins moving include the step of contacting the
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transverse retainer with the front edge of the plunger com-

prising an opening and a stépped rim around said opening
having 2 high step and an lower step wherein the step of
pushing the plunger forward comprises the step of bringing
the high step into first contact with the transverse retainer
before the lower step comes into contact with the transverse
retainer. -

26. The method of claim 24 wherein the step of providing
a plunger includes providing a plunger having and opening
in the tip portion and a releasable plug member lodged in
said opening of the syringe plunger and the step of pushing
the plunger forward to bring the front edge of the tip portion
in contact with the transverse retainer member is preceded
by the step of moving said plug member.

27. The method of claim 24 wherein the plunger is
configered with a front edge comprising substantially an
angled surface with respect to the long axis of the syringe
such that one portion of the angled contact surface pushes

first against one part of the transverse retainer member when

the plunger is pushed forward and thereby begins separating
the transverse retainer from the refractable needle by sliding
one part of the transverse retainer with respect to the front
of the barrel before the remainder of the transverse retainer
begins sliding with respect to the barrel. a ‘

28. The method of claim 27 wherein the step of providing
a plunger includes the step of providing an angled contact
surface which includes a relatively flat transverse portion
and an angled portion with respect to the long axis of the
syringe wherein the relatively flat transverse portion is the
portion which first contacts the transverse retainer and first
moves a part of the transverse retainer with respect to the
front of the barrel before the rest of the transverse retainer

the forwardmost part of the front tip portion in contact with 65 is moved.

the transverse retainer member is preceded by the step of
moving said plug member. '
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RETRACTABLE SYRINGE ASSEMBLY The prior art frequently has a two-piece barrel in order to
DESIGNED FOR ONE USE be able to assemble a retraction device in the nose. This
requires at least an additional part and assembly step. It is
CROSS REFERENCE TO RELATED still necessary to pass the sharp injection needle through a
APPLICATION 5 small opening often while compressing a spring before the

This is a continuation of patent application Ser. No.
08/843,050 filed Apr. 25, 1997 entitled “Syringe Plunger
Handle Assembly and Barrel, now U.S. Pat, No. 6,090,077,
which was a continuation-in-part of patent application Ser.
No. 08/537,242 filed Sep. 29, 1995 entitled “Tamperproof
Retractable Syringe”, now U.S. Pat. No. 5,632,733, whichin
turn was a contimuation-in-part of patent application Ser. No.
08/438,954 filed May 11, 1995, now U.S. Pat. No. 5,578,
011, all by the same inventors, for which benefit of 35
U.S.C. § 120 is claimed.

FIELD OF THE INVENTION

This invention relates to a medical device, and more
particularly to a retractable syringe and components suitable
for mass production and assembly having a low triggering
force and high blowout pressure which is nonreusable after
one use. .

BACKGROUND OF THE ART

A major cause to the spread of AIDS in the general
population is the presence of IV drug users who share and
reuse hypodermic syringes to inject drugs. Infection can be
spread from AIDS patients in hospitals and medical facilities
through accidental needle sticks from needles used on
. infected patients. Used syringes with extended needles
present a risk to medical personnel and sanitation employees
and others in the disposal chain. ' _

The gravity of the threat posed by AIDS and the fact that

the main vector.of the spread of the dreaded disease is -

through reuse of syringes by IV drug users has resulted in
intense activity to develop the most practical, most reliable,
casily assemblable, mass-producible syringe. :

There are a mumber of syringes of different designs which
have needles which will retract at the end of the injection
cycle. Most of these have never reached the market because
of various deficiencies. Prime among the usual deficiencies
of the prior art are problenis of complexity, reliability, cost
and ease of use. The most commonly used syringes are 1 cc
and 3 cc syringes which must be mass-produced at the rate
of millions per day. Cost is a significant factor both in
manufacture of the parts and assembly of the device. High
speed production requires molds with 64 cavities or more to
reduce unit cycle time. Therefore, molded structures within
the barre] that require collapsing core pins such as are shown
in much of the art are unlikely to be producible at competi-
tive costs. . '

One of the problems of the prior art of retractable syringes
is the sheer number and complexity of parts which must be
formed and assembled. Other problems with the prior art are
dependenceonﬂexingorbmkingofinternalpmsbytha
plunger in order to release the retraction mechanism and use
. of a diaphragm at the end of the plunger which must be
peneh‘gtedbyaneedleholdingmanbgrandspﬁng.ﬁese
structures present serious quality control and assembly prob-
lems. Small broken off pieces can present a risk of hang-ups.
Hooks are often used to releaseably secure retraction mecha-
nisms, Hooks present difficult holding and control problems,
may cause retention of air bubbles upon filling and may be
undesirably temperature sensitive.

10
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two parts can be assembled. The tiny needles are produced
in the form of coil tubing and vary significantly from
straightness afier they are cut to length. This leads to difficult
assembly problems if the needle must be passed through a
small opening. The extremely sharp tip will catch the edge
of a hole and jam the production line. v

The rare prior art that employs a front mounted retraction
mechanism in a one-piece barrel with a plugged hollow
plunger, Tsao U.S. Pat. No. 5,084,018, among other things
does not show reduced barrel area to prevent excessive
blowout pressure, employs engaging flanges to secure all
retraction parts, requires concurrent distortion of internal
parts and flanges to effect release, cumulating in excessive
force required to retract and requires ventilation holes
because of a compartmented barrel, - :

The prior art has not prodaced a retractable nonreusable
tamperproof syringe for mass production and assembly
which is simple, reliable, cost effective, easy to use and
refract, looks like a conventional syringe, has few parts
which are easy to make and assemble, is not temperature
sensitive and not subject to danger of premature retraction.
. The prior art has not recognized a retraction mechanism

 with separable parts that relies entirely on clamping force or

35

friction at a smooth walled reduced diameter transition zone
intheban'elwimmaﬁnglandswhichaxeslidably or
separably released in response to relatively low thumb
pressure while having resistance to premature retraction and

‘high blowout pressure resulting from high pressure pro-

dmedintheﬂuidchamberdnﬁnganinjecﬁon.fl'hepﬁorart
has not recognized that such a structure can be molded as a
one piece outer body over a core that can be pulled out from
behind allowing the retraction mechanism to be easily
pushed into place from behind, steered by the narrow nose
portion. Neither does the prior art in such a combination
realize the desirable non-cumulation of forces resisting
retraction in order to minimize the thumb force required,

. baving a most simple tamperproof feature and the fewest

45
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mumber of easily made parts.

The syringe plunger assembly has a combination of
features not found in a prior art syringe. A head end which
actslikeapistonwheninsm]]edinasyringeban'elhasa
redmeddiameterﬁ'ontmdhavinganopeningandadis-
lodgeable stopper slidingly mounted in the opening project-
ingforwardyﬁ'omﬂzeﬁp.oooperaﬁnglandswidﬁnthe
dpeningandonﬂleheadofthedislodgeeblesmppersealthe

opening into the hollow interior of the plunger. The area of

ﬂlestoppa'isrelaﬁvelysmallwhmeomparedtoﬂxe,ama
exposed to the piston, which ses fluid in a chamber
below the piston. The ratio of the total area of the fluid

chamber to the fluid exposed area of the stopper is at least -

two to one, more preferably three to one or more so that the
stopper requires less holding force without blowing out back

.lengthsothatﬂlesmppermnmoveb'ackmﬂ:eﬁpwhmthe

plunger moves forward at the end of an injection stroke
without unsealing the plunger opening. ‘A reduced holding
force is sufficient to prevent blowout of the stopper after the
stopper has been moved back to the tip because the stopper
is exposed to a lower pressure generated force becanse of its
refatively smaller area, The back of the plunger is vented so
that entry of retractable parts which upon retraction finish
dislodsingthestoppaandeanyitbackinmﬂ:ecavitxdo

WA
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1ot generate internal pressure that can blow out the nose of
the syringe carrying any residual fiuid with it. The thumb cap
on the plunger is received and recessed into the opening at
the back of the barrel when retraction occurs. The plunger
cannot be grasped after this occurs to help prevent reuse.
These features and more are found in the inventive
combination herein further disclosed which is especially
suited for high speed production and assembly at low cost.

SUMMARY OF THE INVENTION

The invention is a reliable retractable tamperproof syringe
having multiple tamperproof features which operates on a
principle which permits low cost parts which are few in
number and well suited for high speed mass production and
assembly. The syringe structure features a one piece hollow
outer body having a longitudinally extending wall which is
stepped. The wall comprises an elongated barrel and nose
with a transition zone connecting the barrel and nose. The

nose has a reduced diameter relative to the barrel, The outer

body has an inwardly facing surface in the wall at the most
constricted part of the transition zone where the nose begins.
A plunger assembly is disposed partially within the elon-
gated barrel with an end cap for depression of the plunger
extending from an opening in the back of the barrel. The
head of the plunger, which has a retraction cavity for
receiving parts of a retraction mechanism, moves in slidabl
- sealed contact with the interior of the barrel, '
A retraction mechanism is lodged in the nose of the body.
The retraction mechanism comprises an elongated needle
holder and spring combination wherein the needle holder
has an elongated body with a needle holding portion in front
and a head in back. The head of the needle holder has a

15

20

25

cooperating outwardly facing surface configured to cooper-

ate with said inwardly facing surface along an interface
oriented in the direction of retraction to produce a holding
force on the needle holder when installed in the nose in the
unretracted position. The needle holder and spring are easily
installable from the rear of the barrel toward the nose and
releaseably held by sliding engagement of said cooperating
. inwardly and outwardly facing surfaces while compressing
ﬂlespringandtherebyproducingaholdingforceonﬂle
needle holder in opposition to the retraction force applied to
the needle holder by the spring. The parts are circular in
cross section. )

The outwardly facing surface on the circular head of the
needle holder is slightly greater in diameter than the circular
inward facing surface in the wall at the most constricted
portion where the nose begins. The needle holder is thus
clamped in position by hoop stresses induced in the outer
body and held in position by frictional holding force. The
needle holder is released in response to depression of the
plunger to a retraction position. Retraction occurs in
response to thumb farce on the plunger when a portion of the
plunger passing into the transition 2one separates at least a

40

45

50

* portion of the inwardly and outwardly facing cooperating

surfaces thereby reducing the holding force on the needle
holder to an amount less than a retraction force on the needle
holder produced by the spring whereby the needle hokder is
" retracted into the cavity a distance sufficient to withdraw an
injection needle, attached to the needle holder, into the otrter

In one embodiment, the head of the needle holder is a two
part head comprising an inner head surrounded by a sepa-
rable retainer member wherein the outer surface of the
retainer member is the outwardly facing surface with coop-
erates with the inwardly facing surface in the wall to retsin

60

65
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the needle holder in an unretracted position at the most
constricted part of the transition zone where the nose begins.
The retainer member is a ring member coupled to the inner
head along a sliding interface oriented in the direction of
retrection with a friction force which exceeds the retraction
force provided by the spring. The front of the needle holder
is grounded in the nose portion against forward movement.
The plunger head is configured to pass through the most
constricted area and push against the retainer member with-
out also pushing against the head of the needle holder. An
alternate construction of the two part head of the needle
holder comprises the separable retainer member being tack
welded to the inner head of the needle holder, preferably
along a very small ridge or bridge between the mating
surfaces which holds the two part head together until the
bridge is ruptured by movement of the plunger after an
injection has ed. - : .

The front of the plunger has an opening for a stopper
slidingly fitted therein in an interference fit. The stopper is
fitted in the opening in an interference fit along a sliding
interfaee'oﬁemﬁinthedirecﬁonofreuacﬁon.'lhesmpper
is mostly or fully dislodged by contact with the retraction
mechanism at the end of an injection cycle by continued
depression of the plunger from a first position at the end of
the injection cycle to a second position with the tip of the
plunger in contact with the retainer ring. This avoids cumu-
lation of the force on the plunger required to dislodge the
stopper from the opening and the force required to dislodge
the retainer member from the head of the needle holder and
outer.body wall. Upon farther depression of the plunger
from the second position to the retraction position, the
frictional holding force on the needle holder is reduced until
the retraction force provided by the  spring. exceeds the
remaining holding force and the needle holder and needle
connected thereto are ejected into the cavity carrying the
dislodged stopper along with them. The dislodging of the
stopper and ‘the retainer member alone make the syringe -
non-reusable, The plunger cannot be removed after retrac- -
ﬁonbecausethegraspableendcapmtasanopmingatthe
back of the barrel when the plunger is depressed to the
retraction position to prevent tampering after retraction,

-The retraction cavity of the plunger is preferably vented

‘to prevent a puff of air coming forward at the instant of

retraction from blowing a tiny amount of retained fluid from
the nose. This condition can occur if the plunger is fully
depressed to release the needle holder and dislodge the
stopper while the needle is physically restrained from
retracting by the septum of a vial which has just been filled
vdthﬂuidﬁ'omﬂaesyringe.'lheﬂmmbcapattherea_rofthe
syringe is preferably provided with channels in finid com-

‘mmumication with the interior in cooperation with a closure

removably installed in a centrally located opening in the
thumb cap. One or more stepped partions of the opening and
closure provide seating for the closure. Undercut portions at
the side of the closure together with grooves in the interior
surface of the plunger wall create passages for air to vent
through channels on the thumb cap. This structure prevents
air from being trapped by the user’s thumb when the thumb
cap is pressed to fire the syringe. One or more slots at the
back of the barrel around the opening which receives the
thumb cap prevent vented air from being trapped by the
user's thumb when the plunger is fully depressed. -

The syringe has a high blowout pressure and a low
plunger thumb force required to cause retraction. Blowout
pressure is the fluid pressure operating on the stopper and
retainer ring during an actual injection. High blowout pres-
sure resistance is obtained because the retainer ring is
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mounted in the most constricted portion of the barre] where
the nose begins which significantly reduces the amount of
area exposed to fluid pressure. The smaller refainer ring
allows the use of a small needle holder such that the opening
in the plunger and the stopper can be only a fraction of the
cross sectional area of the fluid chamber below the plunger
. head. The ratio of the greatest cross sectional area of the
variable chamber and that of the dislodgeable stopper or the
ring member are selected so that the maximum

thumb force on the plunger during an injection will produce
a maximum pressure in the chamber which will generate a
blowout force on the stopper and retainer member slightly

less than' the' amount of dislodging force necessary to

dislodge the stopper and retainer member during retraction.
This ratio should be at least two to one, or more preferably
three 1o one or more, in order to ensure against premature
blowout of the stopper or retainer ring.

In an aiternate embodiment, the fewest number of easily
made separate parts are used in a retractable syringe. The
alternate embodiment has a similar stopper in the head of the
: plungerandasimi]arneedleholderandspﬁngcombinaﬁoﬂ
with mating cooperating inwardly facing and outwardly
facing interengaged surfaces at the most constricted part of
. a transition zone where the nose begins. In the alternate

embodiment, thefe is no retainer ring around the head of the
needle holder. Instead a tiny ramp is provided at the tran-
sition zone or adjacent the transition zone whereby the head
of the plunger gently spreads the barrel outwardly while
dislodging the stopper thereby reducing the clamping or
friction force on the head of the needle holder provided by
the wall of the outer body. The holding force is thereby
.reduced below the retraction force provided by the com-
. pressed spring and the needle holder is ejected into the
. cavity of the plunger carrying the dislodged stopper along
with it, .

Menufacture and assembly is facilitated by the fact that
the plunger and the outer body can be molded with a
non-collapsible core tool that can be pulled oirt from behind.
The parts are simply shaped and do not have hooks and parts
with reentrant angles that require collapsible core pin tech-
nology. The outer body ‘can be made in one piece and
assembled from the rear. The narrowed nose portion pro-
vides 10 lateral space that will permit bunching of the spring
and jamming when the refraction assembly is moved for-
wand in the outer body. In fact, the nose serves as a guide to
steer the parts into the proper position in one smooth stroke.
.~ The needle does not have to be installed before the

retraction mechanism is put in place because it is readily
installed from the front after the needle holder is slidingly
lodged in the nose. Significant variations in the holding force
on the needle holder and the dislodging force on the stopper
due to slight variances in the tolerance of the mating parts is
avoided because the longitudinal wall of the outer body has
some flexibility. The wall can spread outwardly slightly and
the stopper and head of the needle holder can compress
slightly radially and expand slightly in the longitudinal
direction to avoid significant changes in the holding force
caused by small changes in the actual diameters. Consis-

tency in the amount of retraction force is thereby provided

and economy is assured.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section along the central 4xis of a first
embodiment of the invention with the plunger positioned in
a first position at the end of an injection cycle;

10
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FIG. 2 is the syringe of FIG. 1 with the plunger depressed
additionally to dislodge the stopper at a second position of
the plunger wherein the tip of the plunger is ready to operate
the retraction mechanism; .

FIG. 3 is the syringe of FIG. 2 wherein the plunger has
been further depressed to a retraction position, retraction has
occurred and the cap at the back of the phiger is closely
received in an opening at the back of the outer body;

FIG. 4A is a partial cross section on the central axis of an
alternate tamperproof opening in the back of the outer body.
prior to retraction; I

FIG. 4B is the structure of FIG. 4A with the plunger in the
retracted position received in an opening at the back of the
outer body; " .

- FIG. § is a cross section along the central axis of a
simplified alternate syringe structure without a retainer

~ member around the needle holder, which is released by

25
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separation of the friction surfaces, shown in the plunger
position which represents the end of an injection cycle;

FIG. 6 is the syringe structure of FIG. 5 wherein the
plunger is further depressed to dislodge the stopper and
begin to release the friction surfaces just prior to retraction;

FIG. 7 is the syringe structure of FIG. 6 with the plunger
further depressed beyond the position of FIG. 6 to the
retraction position where retraction has occurred and the cap
is secure within an opening in the back of the hollow outer
body.

FIG. 8 is a schematic longitudinal cutaway view.in
elevation through the center of the two part head showing
how a tack weld can be applied to simultaneously seal and
hold the retainer ring in place on the needle holder.

, FIG. 9 is an exploded perspective view showing the barre]
and retraction mechanism of FIG. 1 with a modified phinger
assembly;

FIG. 10 is a plan view of the thumb cap of the phunget

assembly shown in FIG. 9 with the preferred closure;

FIG. 11 is a cut away elevational view of the structure at
the back end of the plunger and end cap of FIGS. 9 and 10
along line 11-11 showing the preferred closure;

FIG. 12 is a cut away elevational view of the plunger end
cap and closure of FIG. 11 as the thumb cap is just being
received into the barrel opening; ,

FIG. 13 is a plan view of a first alternative thumb cap and
closure combination utilizing a flat sided closure and four
channels in the thumb cap;

FIG. 14 is a cut away elevational view on the lines 14-14

~of the thnmb cap closure combination of FIG. 13;

FIG. 15 is-a plan view of a second alternate thumb cap and
closure combination with four channels in the thumb cap
and undercut portions o provide a vent passage;

FIG. 16 is a cut away elevational view on the lines 16-16

of the combination of FIG. 16, _ ‘
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
In the description that follows, like parts will be referred

to by the same reference mumerals. Parts with a subscript
letter are mean to illustrate a minor variation of a part with

the same number. The drawings are enlarged significantly in _

order to show the details of the invention but generally
reflect the true scale which is contemplated. The parts as

shown are understood to be preferably circular and sym-

metrical as is conventional for syringes. The drawings reflect
a syringe structure typically having a 1 cc to 3 cc injection
fluid capacity. :
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FIG. 1 shows the structure of the first embodiment gen-
erally referred to by reference mumeral 10. Syringe 10 has a
one piece hollow outer body 12. Body 12 has a longjtudi-
nally extending wall comprising an elongated barrel 14 and
anose 16 with a transition zone 18 connecting the barre! and
nose. A front mounted retraction mechanism lodged in the
nose is generally referred to by the reference numeral 20, It
comprises the combination of an elongated needle holder 22
and spring 24. The needle holder has an elongated body with
a needle holding portion 26 in front for holding a needle 28
and a head 30 in back. Head 30 may consist of a two part
head as in FIGS. 1-3 or a one part head as in FIGS. 5-7. The
needle holder is released by depression of a plunger that will
be described. v :

A plunger generally designated by the reference mimeral
32 is disposed for use partially within barre] 14. The plunger
~ has a head and seal generally referred to by reference

numeral 34, in slidable sealed contact with the interior of
barrel 14 of outer body 12. The plunger has a seal element

36 that is conventional and a retraction cavity 38 therein.

Plunger seal element 36 fits in supporting surface 35 of the
outer surface of head 34. ing surface 35 securely
holds plunger seal element 36 in position and prevents
plunger seal element 36 from longitudinal movement. The
inside wall of the transition zone 18 forms a rigid plunger
seal element stop surface 37, which acts as a plunger seal
element stop upon forward movement of phunger 32.

Head 34 has a tip portion 40 forming an opening 41 into
retraction cavity 38. A resilient dislodgable stopper 42 is
sealingly positioned in opening 41 with a front portion
thereof extending beyond tip 40. Head portion 34 and the
back part of stopper 42 have ing lands 44, 46,
respectively; which seal opening 41. Plunger 32 has an end
cap48fordepressionoftheplungerbytheﬂmmb.ﬂndcap
48 has a central opening for permanently receiving force fit
phig 50 to close retraction cavity 38 at the back end.

A plurality of longitudinally extending flutes 52 slidingly
support plunger 32 in barrel 14. In the embodiment of FIG.
1, outer body 12 has a collar 54 extending behind finger
grips 56 having opening 58 which closely receives the outer

.periphery 60 of cap 48 when the plunger is depressed to the
retracted position. An altemate arrangement is shown in
FIGS. 4A and 4B in which barrel 14 is extended longitudi-

* nally, if necessary, so that end cap 48 fits closely within an
opening at the back of the barrel where the finger grips are.

FIG. 4B shows the tamperproof position with the plunger in

the retracted position. It should be noted that depending on
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the relationship of the inside diameter of the barrel and the -

d:ameterofﬂ:eendcap,ﬂleendcapoouldinsteadbe
received right inside the opening at the back of the barrel.
-Regatdlessofhowtheendcapinbackoftheouterhodyand

50

banel.axyeconﬁgmed,thephmgercannolonserbeglasped,

affer retraction has occurred because end cap 48 is depressed
" ioto an opening. T
The wall of outer body 12 and head 30 of the needle
holder have mating cooperating smooth surfaces which hold
needleholderZZintheposiﬁonshowninFlG.lwiﬂxspﬁng
24 compressed. Nose 16 has a reduced diameter relative to
_ thebmel.'lheoutu'bodyhasamostconsnictedpattwha'e
head 30 of needle holder 22 is engaged and held. The outer
bodyhasaninwardlyihcingsurfaceﬁattbemostcon—
stricted part of the transition zone where nose 16 begins.
Similaﬂy,headsohasanoutwardlyfacingmrﬁaeeﬂ
configured to cooperate with inwardly facing surface 62 to
produce a holding force on needle holder 22 when the
. retraction mechanism is installed in the nose from the rear.
Mating surfaces 62, 64 constitute a sliding interface ori
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in the direction of retraction, which seals nose 16. Mating
surfaces 62, 64 are preferably friction surfaces which have

an interference sliding fit to apply a frictional holding force

which holds needle holder 22 in position by friction between
the mating parts. It is within contemplation of the invention
that one or mote of the cooperating interface surfaces could
employ a coating or adhesive bond which is ruptured or
released when the mating surfaces or lands are separated or
moved relative to each other.

Head 30 provides 4 lower boundary for a variable finid

chamber 68 below head 34. Needle holder 22 has a fluid path
70 in fluid communication with fluid chamber 68 and needie
28. Needle holder 22 has a smaller diameter inner head 72
which is part of head 30. Retainer member 66 is coupled to
inner head 72 along sliding interface 74 oriented in the
direction of retraction. Retainer member 66 is coupled to
inner head 72 with a holding force which exceeds a retrac-
tion force applied to the underside of inner head 72 by means
oftheendofcompressedspringzd.Aredueeddiamete_r
portion 27 of needle holder 22 protrudes through an opening
in front 76 of nose 16.
. Importantly, retainer member 66 can be visualized as a
continnous, annular ring surrounding circular inner head 72.
The location of retainer member 66 at the most constricted
part of the transition zone where the nose begins and the
relatively small area exposed to pressurized fivid in chamber
68 resuits in a high blowout pressure. Since the front portion
26 of the needle holder is grounded or bottomed inside front
76 of nose 16 at annular shoulder 77, no amount of pressure
will allow needle holder 22 or néedle 28 to move forward.
Blowout pressure may be defined as the pressure in chamber
68 acting on the exposed area of retainer member 66 to
produce a force sufficient to overcome the holding force
such that retainer 66 could “blowout” by moving forward
and prematurely release needle holder 22.

Some users have strong hands and might, at the outer limit
in an emergency, be able to generate a force of as much as
fifteen to eighteen pounds on the plunger during an injection.
It is considered almost impossible for anyone to exert a force
of more than eighteen pounds. This may be regarded as the
maximum expected force which must be taken into account
so that ring member 66 will not blowout while an injection
is being made. The greatest cross sectional area of variable
chamber 68 and the area of retainer member 66 exposed to
fluid pressure are selected so that the blowout pressure is
higher than the maximum pressure in chamber 68 expected
to result from the maximum expected thumb force (as shown
by arrow 49) applied to cap 48 during an injection, This ratio
is preferably about two to one and more preferably about
ﬂxrgetooneormo:esoﬂ:attheholdingforceholdingthe

retraction mechanism in place can be kept at a comfortably

low level while the blowout pressure remains high.

Dislodgeable stopper 42 has a similar blowout problem to -

recognize. The front and middle portion of stopper 42 are
relieved slightly from opening 41 such that the fiuid pressure

in chamber 68 is directed against the cross sectional area at -

coopemtinglandsu,“andcouldeausestopper-ﬂto

blowout. A frictional holding force is generated af the lands

44, 46 whichmaybecalledadislodgingforpewlﬁchmust
be overcome o slide stopper 42 rearwardly before retrac-
tion. The ratio of the maximum cross sectional area across
ﬂ:eim*a'iorofvariablechambermtothemaximmncmss
sectional area of stopper 42 exposed to pressure in chamber

68 are selected so that the maxinum expected thumb force
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on phmger 32 during an injection will produce a maximum
force slightly less than the amount of “dislodging force
necessary to dislodge the stopper so that stopper 42 will not
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blowout during an injection. This ratio is preferably not less
than about two to one, more preferably three to one or more,
whereby a force of about eighteen pounds on the plunger, for
example, would produce a pressure genérated force of only
about nine or six pounds, respectively, on the stopper, so that
the stopper can be easily disiodged in advance of retraction
at the end of the injection cycle but will not blowout during
an injection. The stopper is dislodged after the injection by
thumb force applied to the stopper by movement of the
plunger. ‘

The components used for retraction are arranged to avoid
cumulation of force during the retraction sequence. In FIG.
1, stopper 42 has a forward extension beyond tip 40 which
allows full thumb pressure to be applied to the stopper
before any other portion of the retraction mechanism is
engaged. The amount of forward extension beyond tip 40 is
related to the length of lands 44, 46 such that the forward
extension of stopper 42 preferably represents about 80
percent of the engaged land length. When stopper 42 is
moved back until the front is even with tip 40, as seen in
FIG. 2, only about 20 percent of engaged land remains. In
FIG. 2 it can be seen that thumb force on plunger cap 48 has
been applied to partially dislodge stopper 42 such that a gap
78 is created and the remaining engaged land area is
represented as area 80,

Since I believe the amount of frictional holding force or

10

dislodging force is roughly proportional to the amount of the

length of the sliding interface between cooperating lands 44,
46, it follows, ignoring dynamic effects, that the amount of
force remaining decreases as the engaged sliding interface
area is reduced. This is what happens as stopper 42 moves
back into'cavity 38 from the position of FIG. 1 to the
position of FIG. 2. It is believed appropriate to set the initial
‘dislodging force to allow about five pounds at the position
of FIG. 1 which is reduced to about one pound remaining
when the stopper or plug member 42 reaches the position of
FIG. 2. It might be noted at this point in the description that
- the front portion of tip 40 preferably has some longitudinally
extending slits or openings so that fluid is not trapped in the
trapezoidal shaped area of chamber 68, seen in FIG. 2,
because of contact between tip 40 and the upper surface of
retainer ring 66. - '

Needle holder 22 and spring 24 are combinably installable
from the rear of the barrel before the plunger is assembled
and releasably held at the most constricted part of the
transition zone where the nose begins by sliding engagement
of the cooperating inwardly and outwardly facing friction
surfaces 62, 64 while compressing spring 24. The length of
the engaging land 64 and the amount of interference fit is
preferably designed to provide a frictional holding force in
. opposition to the' retraction force provided by the com-

pressed spring 24 of somewhere around five pounds even
though the spring may apply a retraction force in the
retraction direction of somewhere around a half pound. In
use the needle is pushed against a rubber seal it a vial so the
needle holder must resist a resulting backward force without
being dislodged during the filling operation. This require-
ment and blowout pressure limits the low end of the holding
force on the needle holder. ‘

Referring again to FIG. 2, it can be seen that further
depression of the plunger beyond the second position of
FIG. 2 dislodges retainer ring member 66 along the sliding
interface 74 provided by the outer surface of inner head 72
and along the inwardly facing friction surface 62. As the
- amount of remaining engaged interface is reduced, the
amount of force required to continue moving retainer mem-
ber 66 off needle holder 22 is reduced and the small
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remaining engagement area 80 between lands 44, 46 of the
plunger and stopper preferably cause stopper 42 to be
dislodged before needle holder 22 is released. When the
remaining residual friction force during continued depres-
sion of the phunger becomes less than the retraction force
provided by compressed spring 24, the retraction position of
FIG. 3 is reached whereby retraction occurs. -

When retraction occurs needle holder 22 moves through
opening 41 into cavity 38. The uncompressed length of
spring 24 is selected to provide backward movement suffi-
cient to withdraw an injection needle 28 fixed in front
portion 26 entirely within outer body 12, carrying dislodged
stopper 42 with it. At the same time, cap 48 enters opening

58 of the barrel with peripheral edge 60 closely confined, in

order to prevent tampering after refraction. It is immaterial
whether cap 48 moves into the opening at the instant of
retraction or after retraction has already occurred beceuse
the movement is automatic due to the continned thumb force

applied to trigger the retraction. Sufficient unengaged length -

of inwardly facing friction surface 62 is provided so that

retainer member 66 can move downwardly a sufficient

distance to reach the retraction position of FIG. 3. After
retraction, retainer member 66 preferably remains stuck and
prevents any possibility of any one being able to reengage it
with the head of needle holder 22. The diameter of land 62
in the area designated 63 can be increased slightly to provide
relief for retainer ring 66 as it is pushed down by tip 40.
It is also within the contemplation of the invention that
separable retainer member 66 may be removably coupled to

.inner head 72 of needle holder 22 by means of a relatively

small in area “tack” weld which is sufficient to resist the
retraction force applied to needle holder by spring 24 but
which can be ruptured or separated by depression of the
plunger beyond the position shown in FIG. 2, to release the
needle holder and allow retraction. This is schematically
illustrated in FIG. 8 with respect to alternate head 30 with

' ﬂ:eparts,ofsyringebodynandneedleholderncnhway
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to focus on the modification. The remainder of the syringe
structure would be like FIGS. 1-3. .

In FIG. 8, inner head 724 has an outwardly facing surface .

74a and a very small raised portion or series of horizontally
spaced apart raised portions 73 around the periphery in a
continuous band or annular ring which extend relatively
uniformly outwardly beyond peripheral surface 74a of head

72a. The raised portion could be on the inner surface 75 of .

retainer 664 instead of being on surface 74a of the needie
holder. The head of the needle holder is preferably circular
but could be conceivably another shape with the retainer
member 66a corresporidingly configured to conform to it.

The inwardly facing surface 75 of inner head 72 is in
oomnctwiﬂuaisedporﬁonmontheoutermmeofm
head 724 and there may be a small gap 77 between them all
around. The raised portion 73 couples retainer 66 to inner
head 724 and may be referred to as a bridging portion which
resists the blowout pressure referred to above and holds the
needle holder in place against the retraction force imposed

- on the needle holder by spring 24 together with any small

65

additional forces that may be applied when the needle is
pushed against the rubber seal of a vial in preparation for

use. The bridging portion may be formed by “tack” welding -

the raised portion 73 to the inner surface of the ring 66a or
by providing any other form of frangible bridging portion
that holds the separable ring member 66 and needle holder
head 72a together. It is required that however done, the
bridging portion must also serve as a seal between the facing
surfaces of the ring member and inner head so that fluid

MK B
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under pressure cannot pass from chamber 68 through gap 77
to reach the nose portion of the device. All fluid must pass
through fluid passage 70.

"It can be seen that when the position of FIG. 2 is reached
. the front tip 40 of the plunger presses against retainer ring
66aq after stopper 42 is almost dislodged and uncouples the
retainer ring 66a from the inner head 724 of needle holder
22a. Any tack weld connecting the separable parts at the
bridging portion is ruptured, fractured or otherwise sepa-
rated 50 as 10 separate retainer ring 66 a from inner head 724
thus releasing needle holder 224 from further restraint. They
and the force applied by spring 24 causes retraction to occur
much as before described and shown in FIG. 3.

It is believed that the increased diameter of the raised
portion 73 should be within the range of about 1 to 8
thousandths of an inch which may be dictated by the ability
of the molding equipment available to produce a consistent
bridging portion without defects. It is believed that it may be
desirable to employ different polymeric materials for the
retainer ring and needle holder to facilitate tack welding,

such as a suitable polyvinyl chloride (PVC) for the retainer

ring and a suitable polycarbonate plastic material for the
needle holder. One way to couple these two parts may be to
assemble them and expose them to a temperature of about
120° C. for twenty minutes or so to allow some diffusion or
incipient melting to occur where they touch. The raised
portion creates a high unit pressure where it comes into
contact with the inwardly facing surface of retainer 66a.
Sonic welding could also be employed. A coating or adhe-

sive which couples the retainer ring to the needle holder and

can be uncoupled by means of force applied to the retainer
. ring by the plunger is also within the contemplation of the
invention. _ :

An alternate syringe 82 is disclosed in FIGS. 5-7. In FIG.

S, Syringe 82 has a one piece hollow outer syringe body 84. -

Body 84 has a longitudinally extending wall comprising an
elongated barrel 86 and a nose 88 with a transition Zone 90
connecting the barrel and nose. A front motinted retraction
mechanism lodged in nose 88 is generally referred to by the
reference numeral 92. It comprises the combination of an
elongated needle holder 94 and spring 96. The needle holder
has an el stem body with a needle holding portion
100 in front for holding needle 28 and a head 102 in back.
In this case, head 102 is a one part head integral with the rest
of needle holder 94. Spring 96 delivers a retraction force in
- a retraction direction to the underside of head 102.
A plunger generally designated by reference numeral 104
is disposed for use partially within barrel 86. Plunger 104
~has a head portion 106 which moves in slidsble sealed
contact with the- interior of barrel 86 of outer body 84.
Although a separate seal might be used on head 106, this
_ embodiment is suitable for a smaller diameter, suchas a1 cc
syringe, and can be used with head 106 also serving as the
seal. A retraction cavity 108 is provided in the interior of
hollow plunger 104. Head 106 has a tip portion 110 forming
an opening 112 for a dislodgable stopper 114 having a front
portion extending beyond tip 110. Head portion 106 has an
inwardly facing land 116 and the back of stopper 114 has an
. outwardly facing.land 118 comprising cooperating friction
surfaces which seal opening 112. The back portion of outer
body 84 may have finger grips 120 and the same collar 54
and end cap 48 previously disclosed. The alternate arrange-
‘ment of FIGS. 4A and 4B may also be employed. v
The outer portion of tip 116 may be equipped with an
angled surface 122 designed to cooperate with a small ramp
surface 124 located in the vicinity of transition zone 90, The
wall of outer body 84 and head 102 of the needle holder have

12
mating cooperating friction surfaces which frictionally hold
needle holder 102 in the position shown in FIG. § with
spring 96 compressed. Nose 88 has a reduced diameter
relative to barrel 86. The outer body has a most constricted
part where the head 102 of needle holder 94 is frictionally

. engaged. The outer body has an inwardly facing surface or

15

land 126 at the most constricted part of the transition zone
where nose 88 begins. Similarly, head 102 has an owtwardly
facing friction surface 128 configured to cooperate witk
inwardly facing surface 126 to produce a frictional holding
force on needle holder 94 when the retraction mechanism is
installed in the nose from the rear. -
Mating surfaces 126, 128 constitute a sliding interface
oriented in the direction of retraction, which seal nose 88.
Mating surfaces 126, 128 are preferably smooth friction

. surfaces which have an interference sliding fit when needle
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bolder 94 is installed from the rear whereby a frictional
holding force holds needle holder 94 in position by friction
between land 126 and head 102 of needle holder 94. It is
within contemplation of the invention that one or both of
these surfaces could have a coating or adhesive bond which
is ruptured when the mating surfaces are separated to release
the needle holder, . '

Head 106 provides the upper boundary for a variable fluid
chamber 130 below head 106. Needle holder 94 has a fluid
path 132 in fluid communication with chamber 130 and
needle 28, Needle holder 94 is releasably coupled at surfaces
or lands 126, 128 with a holding force that exceed the
retraction force applied to the underside of head 102 by the
end of compressed spring 96. A reduced diameter portion
134 of needle holder 94 protrudes through an opening in
front 136 of nose 88. Blowont pressure is not a factor with
respect to the needle holder on the alternate embodiment. No
amount of pressure will allow needle holder 94 or needle 28
to move forward since the front portion 100 of the needle
holder is grounded or bottomed inside front 136 of nose 88.

Blowout pressure is still a factor to be considered in
connection with stopper 114. Blowout pressure would be the
pressure in chamber 130 produced by thumb force on cap 48
acting on the cross sectional area of stopper 114 which could
overcome the holding force, causing stopper 114 to dislodge
from opening 112 prematurely. The ratio of the maximum
cross sectional area across the interior of variable chamber

.130 to the maximum cross sectional area of stopper 142

exposed to pressure in chamber 130, and the dislodging
force necessary to dislodge stopper 144, are selected so that
the maximum expected thumb force on plunger 104 during

. an injection will not cause the stopper to blowout. Yet the
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stopper will still be dislodged by the dislodging force on the
plunger once the front of stopper 114 contacts the retraction
mechanism after the injection has ended. The ratio referred
to is preferably not less than about two to one, or more
preferably about three to one or mare, whereby a force of
about eighteen pounds on the plunger, for example, would
produce a pressure generated force of only about nine or six
pounds respectively, on the stopper, so that the stopper can
be easily dislodged in advance of retraction at the end of the
injection cycle but will not blowout during an injection. The
smaller diameter stopper allows two or three times the
thumb force to be used during the injection cycle than

required to actually dislodge the stopper by direct applica-

tion of force. .

By reference to FIGS. 5-7, the operation and further
features of the alternate embodiment are discussed. The
syringe is used in the normal manner until the plunger is

_ depressed to the first position of FIG. § which is the end of

the injection cycle. Stopper 114 has a forwardly extending
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end which has come into contact with head 102 of needle

holder 94 to block fluid path 132. Further depression of
plunger 104 toward the position of FIG. 6 mostly or fully
dislodges stopper 114 and begins spreading barre! 84 at the
transition zone by sliding contact between head portion 106
and ramp 124. Ramp 124 is a very small inwardly i

y extending
annular thickening of the wall of barrel 86 which can take .
many shapes or forms. For example, ramp 124 may be a.

- small step 125 in the wall which continues vertically down-
ward as indicated by the dotted line, which is somewhat
exaggerated in FIG. 5.

The barrel is flexible and is spread outwardly a slight
amount to the position of FIG. 6 just prior to retraction. Here

- the mating surfaces 126, 128 are separated an amount which

reduces the clamping force on the needle holder 94. The

spreading shown in FIG. 6 is greatly exaggerated for illus-
tration. It is estimated that an expansion of only about four
thiousandths of an inch is sufficient to release needle holder

94 from nose 88. By slight further depression of the plunger

from the position of FIG. 6 to the retracted position of FIG.

7, retraction occurs when the retraction force applied by

spring 96 exceeds the remaining holding force on needle

holder 94. Needle holder 94 then moves throngh opening

112 into cavity 108 along with a portion of spring 96. The

uncompressed length of spring 96 is designed to provide

sufficient backward movement to withdraw an injection

. needle 28 fixed in the front portion of needle holder 94 and

carry dislodged stopper 114 with it. At the same time, cap 48

enters opening 138 at the rear of a barre] extension 54 where

the peripheral edge is closely confined in order to prevent
tampering afier retraction. -

The location and configuration of ramp 124 is arranged to
avoid cumulation of force required during the retraction
sequence. Most of stopper 114 should be dislodged by
thumb pressure on plunger 104 before significant resistance
develops as angled surfaces 122 begin pushing outwardly on
ramp 124. The selection of the location of ramp 24 and the
angle of the engaging surfaces make it possible to have a
fairly smooth continuous force since the dislodging force
continuously decreases as the sliding interface area 116, 118
- between the plunger and the stopper is linearly decreased.
Because ramp 124 is relatively very small, it is still possible
to remove a stepped molding core from the rear of the outer
body 84. Alternately, ramp 124 can be the smaller diameter
step 125 which avoids reentrant angles whereby resistance
to removal of the molding core could occur. After retraction,
the back of the plunger is unaccessible and there is no way
to reach to stopper or the needle holder in order to reinstall
them for re-use.- :

‘When used normally, syringe 10 may have a small amount
of fluid remaining in the variable chamber in the second
position shown in FIG. 2 which is, of course, greatly
exaggerated in scale. This may amount to no more than a
. drop ora few drops of fluid in the remaining space above the
retraction mechanism. When syringe 10 is fired by pushing
down on end cap 48, to the position of FIG. 3, the expanding
spring and rearwardly moving needle holder carry any
remaining fiuid up into retraction cavity 38. Surface tension
effects hold the tiny droplets in place along the walls of the
plunger and no fiuid escapes from nose 16. The syringe is
normaily used to withdraw fluid from a vial. The fluid is
injected into a patient followed by immediate retraction of
the needle holder and needle in one step. No leakage of fiuid
from the nose is observed when the syringe is used to inject
fluid into a patient. -

It has been discovered, however, that if the needle is

forcibly prevented from retracting afier syringe 10 is “fired”
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by pushing down until plunger 48 enters opening 58, the

small amount of retained fluid from variable chamber 68 can

flow into the nose in the space between the needle holder and
nose. If the seal around the head of the needle holder is
removed while the needle holder is being restrained from
retracting, remaining fluid has time to move down into the
nose, but it does not leak out from the opening in the front
of the nose. Then if the needle holder is suddenly released
and allowed to retract normally, it has been found that
leakage of fluid from the opening in the front of the nose
could be observed. This undesirable scenario was found to
occur under the following circumstances. If the syringe is
used to draw blood from the patient, the blood filled syringe
is removed from the patient and the needle passed through
a rubber septum in a sterile vial. The plunger is then
depressed to discharge the patient’s blood into the vial.
Users expect to depress the plunger fully after the fluid is
discharged to retract the needle. When the plunger is
depressed fully to cause retraction, the needle cannot retract
normally due to the fact it is frictionally held by the rubber
septum of the vial. When the empty syringe is then with-

drawn from the vial by pulling the needle out of the septum,

it immediately retracts. Droplets of fluid were observed on
the vial as soon as retraction took place.

Sutprisingly, it was found that a small “puff” of air is the
sonrce of this problem. If the needle or needle holder is
temporarily restrained and prevented from retracting in the
normal manner, a brief puff of forwardly directed air is
generated when the needle holder is finally allowed to
retract, This puff of air wes found to emerge from the front
of the syringe causing retained fivid trapped around the
needle holder to be blown out of the opening left in the nose
when the needle holder retracts. It was discovered that if the

" hollow interior of the plunger is vented, preferably in the °

area of thumb cap, this condition does not occur and the fiuid
is entirely retained within the syringe body.

FIGS. 9 through 16 illustrate the syringe generally des-
ignated as syringe 10 with a modification on the end cap or
thumb cap on the plunger to provide for venting of the
hollow interior of the plunger which is the retraction cavity.
Insofar as possible the ariginal numberiig of FIGS. 14 is
retained with primes used to indicate differences,

Head 34' of plunger 32 is preferably slightly modified
from plunger head 34 of FIG. 2 in the following respects.
The elongated plunger has a longitudinally extending gen-
erally tabular wall 140 defining a hollow interior along the
length of the plunger. The plunger has a head end 34' in front
and a rear end portion 142 with a thumb cap 48 behind. The
outer gide of wall 140 at head end 34! is sealingly surrounded
with a resilient plunger seal member 36' which is like a band
with a pair of separated raised rings 144. Plunger seal 36' fits
in a depression in the outer surface of wall 140 where it is

~ securely held in position and prevented from longitudinal
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movement, Seal member 36' is adapted to slide in sealed
contact with a tubular wall when the plunger is moved
within syringe barrel 14. It is within contemplation of the
invention to have a raised piston molded as part of the plastic
plunger to serve as a plunger seal in place of a scparate
rubber plunger seal 36", although the rubber seal member is
preferred. -

Wall 140 at head end 34' of the plunger 32' has a reduced
diameter front portion extending forward from seal member
36 terminating at tip 40 at the front of plunger 32'. Tip 40
defines the opening 41 which leads into the hollow interior
38. The internal structure is as shown in FIG. 1. The wall 140
behind tip 40 has a stepped inner side surface comprising a
land having an inwardly facing surface and a larger diameter
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portion extending behind the land into the hollow interior. A
separate dislodgeable stopper 42 is slidingly held within the
reduced diameter front portion of plinger head 34' by a
holding force in excess of the fiuid injection pressure force
to be expected during use of the plunger in syringe barrel 14.
Stopper 42 has a back end portion comprising a land 46 and
a reduced diameter front end portion extending forwardly
beyond tip 40 a fixed distance to its front 146, The fixed
distance is the distance between front 146 and tip 40.

As is seen in FIG. 1, the outwardly facing surface 46 of 10

dislodgeable stopper 42 is in sliding sealed engagement with
the inwardly facing surface of land 44 in the plunger wall.
These lands coaperate to apply aholding force to the stopper
and seal hollow interior 38 of plunger 32' from the expected
amount of fiaid injection pressure force generated in the
variable chamber 68 during an injection. The ratio of the
effective area of variable chamber 68 to the area of stopper
42 exposed to flnid pressure is at least two to one and
preferably three to one or more as previously indicated. This
makes it possible to utilize lower holding forces without
blowing out the stopper during an injection. The cooperating
- lands on the inside of the plunger head and the stopper have
sufficient longitudinal length to allow dislodgeable stopper
42 to move the fixed distance between its initial extension at
146 and tip 40 in sliding response to forward movement of
the plunger after front 146 of stopper 42 contacts a stop.

As indicated in FIGS. 1-3, front 146 of the stopper 42
encounters head 72 of needle holder 22 which serves as a
stop. The fluid opening in head 72 of needle holder 22 is
preferably provided with some fine slots or grooves so that
fluid can continually enter fluid path 70 as the plunger moves
from the position of FIG. 1 to that of FIG. 2. As the position
of FIG. 2 is reached, the holding force on stopper 42 is
reduced by substantial disengagement of the i
lands 44, 46 in preparation for dislodgement of the stopper,:
without unsealing the hollow interior/retraction chamber 38
within phunger 32'. A notch 148 is preferably provided in the
tip to prevent trapping fluid at the tip. - . .

Thumb cap 48" at the rear end portion 142 of plunger 32
includes one or more channels 150 which receive vented air
from hollow interior 38. Thumb cap 48' has an opening 152
for a closure 154 best seen in FIGS, 10 and 11. Channels 150
are open at the top for ease of molding although closed
channels could also be used.

FIG. 10 shows an enlarged top plan view illustrating the
use of three channels 150 in combination with a preferred
closure 154 installed in circular opening 152. FIG. 11 best
shows how the channels 150 receive vented air from hollow
- interior 38. Closure 154 preferably has a stepped outer
surface comprising a rear step 156 which rests in opening
152, an intermediate step 158 which rests in an enlarged
portion 160 of the inner side of wall 140 and a front step 162
which rests against inner surface 164 of wall 140, In cffect,
these stroctures provide convenient seating for olosure 154.
Steps 158 and 162 are conveniently provided in a down-
wardly depending skirt 166.

Importantly, inner surface 164 everywhere there is a
channel 150, is provided with a- longitudinally extending
groove 168 in fluid communication with the hollow interior
38 and the channels 150. Any convenient number may be
chosen as the channels are easily molded into the end cap
when it is formed. The longitudinally exténding grooves 168
* do not extend through the entirety of the wall 140 although
they could. They are designed for ease of molding since they
can formed in the mold that makes the plunger without using
separate pins to form an opening, This is an ifhportant cost
consideration in a multiple out high speed molding process.
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This structure is designed for preventing the user’s thumb
from obstructing the vent opening leading from the interior
of the plunger thereby assuring that venting will take place.

Referring now to FIGS. 9 and 12, it will be noted that
opening 58 in the back end of barrel 14 includes slots 172
in finid communication with the hollow interior of the
plunger through one or more channels 150 so that when
thumb cap 48" is received in opening 58, no seal is created
by the thumb being in contact with opening 58 which might
otherwise prevent air from venting. The outer periphery of
thumb cap 48' is closely received in opening 58 as the
syringe is fired, to prevent reuse. Thumb cap 48' is prefer-
ably sized in relation to barrel 14 such that opening 58 is
simply an extension in a linear direction of the wall of barrel
14 rather than enlarged as shown. Finally, the interior
surface 164 preferably has several annular constrictions 170
designed to catch the head of stopper 42 during its rearward
travel. Since stopper 42 is preferably installed from the rear
of the plunger before closure 154 is put in place, the
constrictions 170 must allow stopper 42 to be forced through .
to the front. i

A first alternative thumb cap and closure arrangement is
iltustrated in FIGS. 13 and 14. In this embodiment, four
channels 150 are provided in thumb cap 48". Closure 174
hes four flat side portions 176 spaced around the peripkery
at 90° intervals, each in fluid communication with a channel
150. A gap is created at each flat side between the fiat sides
176 and the opening 152' which are in fiuid communication
with interior 38 to create a flow passage for air from interior
38 through the gap along the flat side then into channel 150.

Annular groove 178 in closure 174 may be used to fluidly

connect each of the fiat areas 176 at the level of channels
150. In addition to equalizing air flow, the annular groove
allows venting of air regardless of the angular orientation of
closure 174 with respect to thumb cap 48".

A second alternate embodiment has the same thumb cap
48" with a modified closure 180. Closure 180 has a head 182
which snugly fits within opening 152' which is at the back
of the phmger. Opening 152" is only slightly larger than the
interior of the plunger to provide a seat for the closure. Four
undercut portions 186 are each in joint fluid communication -
with the interior 38 and one of the channels 150 to create a
flow passage from the interior 38. Closure 180 effectively
seals the opening 152 so that no fluid particles can escape
ﬁomtheopening.Asinthepreviousembodimmt,an
anmular groove 178 bridges each undercut portion opening
into a corresponding channel 150 thereby tying the undercut
portions together in fiuid communication regardless of the
angular orientation of the parts. .

In operatian, there are many advantagesto the improved.
combination disclosed herein. The diameter of the stopper in
both embodiments and the slidable retaining ting member in
the first embodiment, in refation to the diameter across the
fluid chamber, makes it possible to produce a syringe which
withstands high blowout pressure. By minimizing the effec-
tive surface area exposed to the pressurized fluid during an

injection, the syringe will withstand injection thumb force of

around fifteen to eighteen pounds during injéction and at the
same time retract in response to as little as five to six pounds
of force on the plunger once the injection fluid has been
injected. Once the fluid has been injected, cumulation of
force required to concurrently operate the retraction mecha-
nism is avoided. First the stopper is moved back and then the
needle holder is released. By constricting the diameter of the
syringe near a transition zone where the nose begins, a
constriction enables the needle holder to be smaller which in
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turn allows it to fit in a smaller opening with a smaller
- stopper in the retraction cavity of the hollow plunger.

A vacuum must be pulled in order to fill the syringe. The
ring member or the needle holder, as the case may be, must
seal the front nose of the syringe body because otherwise
vacuum could be lost and fiuid could enter the spring area

and leak out the front. The hollow outer body and syringe

plunger are preferably made from conventional plastic mate-
rial used for syringes, which has some flexibility. The

tolerances on the diameter of mating facing surfuces .

between the head of the needle holder and the barrel and
between the stopper and head of the plunger are not critical
in order to maintain a consistent holding and dislodging
force. This is believed to be because increasing interference
fit increases the frictional holding force only up to a point
and then the surrounding wall simply expands a small
ammmtortheintemalpartsarecompxessedasmallamoum
without a corresponding increase in the longitudinal force
required to move the retainer member or plug member in the
retraction direction. It is a desirable self correcting mecha-
nism which is a cost and quality benefit in making the parts.
It is believed that a plastic retainer member could be used

20

and the same self limiting frictional holding force would be

obtained. :

In the best mode the stopper and the ring member are
preferably made from a thermoplastic rubber material des-
ignated number 181-55 available from Advanced Elastomer
Systems, 540 Maryville Centra Drive, St. Louis, Mo. and
- sold under the trade name Santoprene®. It is said to have a

characteristic hardness around 55 on the Shore A durometer

scale which allows for the right amount of resistance to

compression, fluid resistance such that the material does not

swell when ‘in contact with most fluids, environmental
_stability allowing the friction and sealing properties to
. remain non-temperature sensitive, good property retention
after aging and excellent property retention after sterilization
by all accepted methods. The plunger seal around the head
of the plunger is conventional. ‘ :

The parts are few in number and easily mass produced.
The alternate embodiment has the fewest number of separate
parts of any tamperproof retractable syringe. The plunger
has a one piece hollow outer body with a transition zone and
" a narrow nose portion. The internal diameter is stepped to
greater diameters from. front to back for molding around a
non-collapsible core which can be extracted from the rear.
The same is true for the plunger. )

Assembly is greatly simplified and can be accomplished
with high speed mechanized equipment, The needle holder
and spring are installable from the rear of the barrel without
the needle. In the first embodiment the retainer member is
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forced fit over the inner head of the needle holder and the

assembly together with the uncompressed spring are pushed
forwardandheldbyélidingengasementofﬂucoopemﬁng
inwaxdlyandoutwardlyfacingsurfaceswhileedmpressing
the spring. The front of the needle holder passes through an
- opening in the nose which makes it easy to install the needle
from the front by conventional means. The alternate embodi-
. ment is installed the same way except that there is no

separable retainer member around the head of the needle -

holder. - :
The narrow nose provides a particular advantage for
mechanized assembly. The nose has a wall defining an

elongated intemal cavity which closely confines the spring

and needle holder combination. During installation this
cavity serves as a guide to steer the needle holder and
uncompressed spring into a compressed state of the spring.
This solves an important assembly problem. If there is much

65
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lateral space in the nose around the spring, when the
uncompressed spring is being compressed, it is a laterally
unstable column which flexes sideways and bunches up
causing a jam up. It might be added that rounded edges on
the bottom of the slot directly below retainer 66 would
further facilitate entry of the end of the spring.

The stopper is also instaflable from the rear of the plunger
by pushing it forward until the ing lands are slid-
ingly engaged. Then plug member 50 is force fit or otherwise
fixed in the opening at the back of the plunger and the
plunger is installed in the outer body. It is not necessary to
try to pass the sharp needle through an elongated body with
constricted openings where slight misalignment could cause
hangups. The head of the needle holder simultanecusly acts
as a seal as well as a holding device such that no seal is
required at the tip of the nose and no ultrasonic welding of
separate parts is required. ' :

There is no necessity for using internal locking teeth of
any kind. No locking teeth are needed to hoid the retraction
mechanism or to lock the plunger after retraction. Locking
teeth present difficult molding and quality control problems,
tend to be sensitive and tend to require a larger
diameter barrel which increases premature blowout prob-
lems. In addition to the non-reusability provided by sepa-
ration of the retainer ring from the head of the needle holder
and dislodgement of the stopper, the plunger is not acces-
sible after retraction because it is depressed within an
opening at the back of the outer body. This additional
tamperproof feature is provided in a one piece body without
the necessity for hooking anything or twisting anything, The
easily made and installed force fit plug at the back of the
retraction cavity prevents access to the refracted compo-
nents. The Federal government has rights in the invention -
under 35 US.C. §203. The Federal government has a
nonexclusive, nontransferable irrevocable, paid up license to
the invention as set forth in the priority documents. :

I claim: .

1. A syringe comprising a hollow body with first and
second open ends and an inside wall of varying inside
diamete:extendingbetweentheﬁ:standsecondopenends,~
a needle retraction mechanism insertable into the body
through the second open end, a plunger having a forwardly
extending plunger head insertable into the body through the
second open end behind the needle retraction mechanism,
and a needle extending forwardly of the first open end,
wherein:

the body comprises a nose adjacent to the first open end,

a barrel adjacent to the second open end, and a transi-
tion zone connecting the barrel and nose;

the needle retraction mechanism comprises an elongated

e holdet, a compressed retraction spring, and a
“ tho clongated needle holder further comprises a needle
* holding portion secured in fixed relation to the needle,
a reduced diameter portion at one end of the needle
holding portion, the reduced diameter portion extend-
ing forwardly through the first open end; a head at
another end of the needle holding portion opposite the
* reduced diameter portion; a fiuid path extending lon-
gitudinally through the needle holder in fluid commu-
nication with the needle and with a varisble fluid
chamber inside the body between the needle holder and
the plunger; v
the needle holding portion is grounded inside the nose
adjacent to the first open end by a barrier limiting
forward motion of the elongated needle holder inside a
front portion of the nose prior to or during retraction;
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the compressed retraction spring is positioned prior to
retraction in an annulus disposed between the needle
holding portion and the inside wall of the hollow body;
the plunger head is aligned to separate the retainer mem-

20
20. The syringe of claim 1 wherein the retainer member
has an outside mating surface making a seal with the inside
wall ' :

zi. The retraction mechanism of claim 4 wherein the

ber from the head of the needle holding portion and 5 retraction mechanism is releasable by forward movement of

release the compressed retraction spring during retrac-
tion; and . .
the plunger comprises a retraction cavity into which part
of the retraction mechanism is received during retrac-

the plunger to disengage the retainer member from the
needle holder head without contact between the plunger seal
element and the retainer member.

22, The syringe of claim 1 wherein the retainer member

tion so that the needle no longer extends forwardly of 10 acts as a fiuid seal for the variable fluid chamber prior to

the first open end.

2. The syringe of claim 1 wherein the inside diameter of
the barrel is larger than the inside diameter of the nose, and
the inside diameter of the transition zone tapers inwardly
between the barre] and the nose.

3. The syringe of claim 1 wherein the inside wall of the"

body comprises an annular shoulder proximal to the first
open end that is the barrier limiting forward motion of the
elongated needle holder inside a front portion of the nose.

4. The syringe of claim 1 wherein the plunger head further
comprises 2 tip forming an opening into the retraction cavity.

§. The syringe of claim 4 wherein a resilient dislodgeable
stopper is positioned in the ‘opening into the retraction

6. The syringe of claim 5 wherein a front portion of the

- dislodgeable stopper extends forwardly of the tip.

7. The syringe of claim 1 wherein the plunger head further
comprises a seal slidably engaging the inside wall of the
barre]. - :

8. The syringe of claim 7 wherein the seal is mounted in
a fixed axial position on the plunger.

9. The syringe of claim 1 wherein the plunger further
comprises a rear end portion opposite the plunger head, and
a thumb cap at the rear end portion.. '

10 The syringe of claim 9 wherein the thumb cap has an

opening. .
- 11. The syringe of claim 10 wherein a closure is installed
in the opening and the retraction cavity is vented. .
12. The syringe of claim 9 wherein the barrel comprises
acoﬂaracliacenttoﬂxesecondopenend,andﬂaethumbcap
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fits in close proximity to the collar when the plunger is -

depressed during retraction,

13. The syringe of claim 12 whetein the phinger end cap
is lodged in the barrel collar by pressing the plunger to cause
retraction. : '

14. The syringe of claim 1 comprising a one-piece barrel.

15. The syringe of claim 1 wherein the retainer member
is positioned at the most constricted portion of the transition
Zone prior to retraction. '

16. The syringe of claim 1 wherein the retainer member
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is coupled to the needle holder head with a holding force' -

~ which exceeds a retraction force applied to the néedle holder
head by the compressed retraction spring,

17. The syringe of claim 1 wherein the nose comprises an
annular space between the inside wall and the retraction
spring into which the retainer member is forced by the
plunger head during retraction. :

18. The syringe of claim 1 wherein the needle is inserted
into the reduced diameter portion of the elongated needle
holder extending forwardly of the body and is attached to the
elongated needle holder. i

19. The syringe of claim 1 wherein the inside wall of the
. body forwardly of the transition zone cooperates with the
needle holder as a spring guide during compression of the
retraction spring. :
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retraction.
23. The syringe of claim 1 wherein the plunger is vented.
24. The syringe of claim 23 wherein the retraction cavity
of the plunger is vented.
25. A syringe comprising a hollow body with first and
second open ends and an inside wall of varying inside
diameta-extendingbetweenﬁwﬁrstandsecondopenends,
a needle retraction mechanism, a plunger having a forwardly
extending plunger head insertable into the body through the
second open end, and a needle extending forwardly of the
first open end, wherein: .
the body further comprises a nose adjacent to the first
open end, a substantially cylindrical barrel adjacent to
the second open end, and & transition zone connecting
the barrel and nose; N

the needle retraction mechanism comprises an elongated
needle holder, a compressed retraction spring, and a
retainer member holding the retraction spring in com-
pression prior to retraction;
the elongated needle holder further comprises a needle
holding portion secured in fixed relation to the needle
and a head opposite the needle holding portion, the
needle holding portion extending forwardly through the
ﬁrstopmend;aﬂuidpaﬂlextendinglongimd_inally
through the needle holder in fiuid communication with
the needle and with a varieble fluid chamber inside the
body between the needle holder and the plunger;

wherein the needle retraction mechanism is grounded
inside the nose by a barrier limiting forward motion of
the elongated needle holder inside a front portion of the
nose prior to or during retraction;

the compressed retraction spring is positioned prior to

retraction in an annulus disposed between the needle
holder and the inside wall of the hollow body;

the plunger head comprises a seal mounted in fixed axial

relation to the plunger, the seal slidably engaging the
~ inside wall of the body; )

the plunger head advances beyond a portion of the needle

holder following injection to release the compressed
retrection spring during retraction; - -

the plunger comprises a retraction cavity into which part

of the retraction mechanism is received during retrac-
tion so that the needle no longer extends forwardly of
the first open end; and . _
the plunger comprises an end cap having an outer periph-
ery, the outer periphery being disposed in close prox-
imitymﬂxesecondopenendofﬂ:ebodyduring

- retraction to prevent reuse of the syringe.

26. The syringe of claim 25 wherein the inside diameter
of the barre] is larger than the inside diameter of the nose,
andtheinsidediamg’teroftbetransiﬁonzonelapm
inwardly between the barrel and the nose. -

27. The syringe of claim 25 wherein the barrel comprises
at least one radially extending member having a front side

and a back side, the front side providing finger grips forthe

syringe body, and a collar comprising an open back end, the
collar extending rearwardly behind the back side of the at
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21 :
least one radially extending member and longitudinall
separating the back side of the at least one radially extending
member from the open back end, and wherein the end cap
has an outer periphery that fits closely inside the collar when
the plunger is depressed during retraction.

28. The syringe of claim 25 wherein the retainer member
is positioned at the most constricted portion of the transition
zone prior to retraction. ' ]

29, The syringe of claim 25 wherein the retainer member

is coupled to the needle holder head with a holding force

which exceeds a retraction force applied to the needle holder
bead by the compressed retraction spring.
30. The syringe of claim 25 wherein the needle is inserted

10

into the needle holder through a portion of the needle holder -

exteudml ing forwardly of the body and attached to the needle
holder. '

31. The syringe of claim 25 comprising a one-piece body.

32. The syringe of claim 25 wherein the inside wall of the
body forwardly of the transition zone cooperates with the
needle holder as a spring guide during compression of the
refraction spring, :

33. The syringe of claim 25 wherein the retainer member
has an outside mating surface making a seal with the inside
wall. ' ’
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34. The syringe of claim 25 wherein at least a portion of 25

the retraction mechanism is received into the retraction
cavity during retraction. :

35. The syringe of claim 25 wherein the retainer member
acts as a fluid seal for the variable fluid chamber prior to
retraction. S

36. The syringe of claim 27 wherein the outer periphery
of the phmger end cap is lodged in the barrel collar by
. pressing the plunger to cause retraction, thereby preventing
subsequent withdrawal of the plunger from the barrel.

37. The syringe of claim 25 wherein the plunger com-
prises a tip that extends forwardly of the phunger seal to
initiate retraction. : '

38. The syringe of claim 25 wherein the needle retraction
mechanism is insertable into the body through the second
open end. : ) .

39. A syringe assembly having a hollow body with an
inside wall, a retractable needle, a needle retraction assem-
bly seated inside the body and a plunger slidably engaging
a portion of the inside wall,

the retraction assembly comprising a compressible refrac-

tion spring, a needle holder and a retainer member
continuously surrounding the needle holder to hold the
retraction spring in compression prior to retraction, the
inside wall and needle holder cooperating as a spring
guide during compression of the retraction spring,

the plunger comprising a handle with a longitudinally

extending
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retraction cavity having a first inside diam-

eter and a forwardly extending tip having a second
inside diameter léss than the first inside diameter, the
tip defining an opening through which the needle
holder is receivable into the retraction cavity during
retraction; a seal disposed in fixed longitudinal relation
to the plunger handle and in sliding engagement with
the inside wall of the body, and having a forwardly
facing surface, : o

the body further comprising a rigid stop surface that is
contacted directly by the forward facing surface of the
plunger seal and stops forward movement of the
plunger inside the body following release of the retract-
able needle. :

40. A syringe assembly having a retractable needle and

designed for one-time use, comprising: ’
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a hollow syringe body having a barrel farther comprising
a front end portion supporting a needle retraction
mechanism comprising a needte holder and a compres-
sion spring having a forward end, the front end portion
having a small diameter open end disposed forwardly
of any larger diameter section of the barrel, wherein
any forward movement of the needle holder relative to
the barrel is limited by an annular shoulder disposed
adjacent to and defining the small diameter open end at
a narrowest part of the barrel, the annular shoulder
being adjacent to the forward end of the spring wherein
aportion of the needle holder extends forwardly of any
portion of the barrel.
41. The syringe assembly of claim 40 wherein the needle
holder abuts the annular shoulder. o
42. The syringe assembly of claim 40, the hollow syringe
body further comprising a back end portion having at least
one radially extending member having a front side and a
back side, the front side providing finger grips for the
syringe body, and a collar comprising an open back end, the.
collar extending rearwardly of the back side of the at least
one radially extending member and longitudinally separat-
ing the back side of the at least one radially extending
member from the opesi back end; and

a plunger having a front end portion insertable into the

barrel and slidably engageable with the inside diameter
of the barrel in front of the at least one radially
extending member, the plunger further comprising a
retraction cavity adapted to receive a portion of the
needle retraction mechanism following retraction of the
needle and a plunger end cap disposed rearwardly of
the retraction cavity, the plunger end cap being receiv-
able into close proximity with the collar following
43. A syringe assembly having a retractable needle that is
rendered umisable after a single injection of fluid into a
patient, the assembly comprising; o

a hollow syringe body comprising a barrel and having a
front end portion and a back end portion, the back end
portion further comprising at least one radially extend-
ing member providing finger grips for the syringe body;

a retraction mechanism disposed in the front end portion,
the refraction mechanism further comprising a needle
holder having a head portion, an elongated needie
holding portion, and a longjtudinally extending fiuid
passageway through the head portion and the elongated
needle holding portion, the head portion further com-
prising an inner head, a continuous retainer member
surrounding the inner head, and a bridging portion
disposed between the continuous retainer member and
the inner head, wherein said bridging portion couples

the continuous retainer member and the inner head to

form a fluid seal between the fiuid passageway and the
barrel prior to retraction, and a compressed retraction
spring surrounding at least part of the elongated needle
holding portion and biasing the inner head toward the
back end portion prior to retraction; '

a retractable needle extending into the front end portion of
the body through an opening in the front end portion of
the body, the retractable needle being held in fixed
relation to the elongated needle holding portion of the
needle holder and in fluid communication with the
longitudinally extending fluid passageway through the
head portion and the needle holding portion;

a phinger reciprocally disposed inside the barrel and
forming a variable chamber between the plunger and

the needle holder prior to and during injection, the

A & B
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_ plunger being receivable into the barrel through the
back end portion of the body and comprising an outer
wall, a retraction cavity disposed inwardly of the outer
wall, a plunger seal element providing sliding, sealed
engagement between the phinger and the barrel and
preventing fluid leakage between the plunger and the
-barrel, the plunger seal element being restrained from
- sliding longitudinally along the outer wall of the
. plunger, and a back end with an end cap having an outer

periphery; and :
a barrier disposed in the front end portion of the body that

10

Limits forward motion of the needie holding portionand

the retractable needle relative to the body as the plunger
is depressed inside the barrel during injection and
retraction;

wherein the continuous retainer member is releasable

from the inner head of the needle holder when the
plunger is further depressed inside the barre] following
injection.

44. The syringe assembly of claim 43 wherein the retrac-
tion mechanism is receivable through the back end portion
of the barrel. :

45. The syringe assembly of claim 43 wherein the plunger
carries a tip that protrudes forwardly of the phmger seal
element to contact the needle holder and release the retract-
able needle when the plunger is farther depressed inside the
barre] following injection. i
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46. The syringe assembly of claim 45 wherein the con-

* tinuous retainer member is released from the inner head of
the needle holder by means of a force applied by the tip to
the needle holder. .

47. The syringe assembly of claim 43 wherein the body
further comprises a collar having an open back end, the
collar extending rearwardly behind the at least one radially
extending member and longitudinally separating the at least
one radially extending member from the open back end, and
wherein the outer periphery of the end cap is in close
proximity to the back end of the collar following injection
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49. The syringe assembly of claim 43 wherein the barrel
is not distorted during retraction. -

" 50. The syringe assembly of claim 43 wherein the barrier
is an anmular shoulder disposed in the front portion of the
barrel. '

51. The syringe assembly of claim 50 wherein the annular
shoulder is disposed adjacent to the opening in the front end
portion of the body.

52. The syringe assembly of claim 50 wherein the needle
holding portion is grounded on the annular shoulder.

53. The syringe assembly of claim 43 wherein the body
hasarigidstopsntﬁoeﬂ:atisoontacteddirecﬂybythe
plunger seal and stops forward movement of the phunger
inside the body when the plunger is further depressed inside
the body following injection.

54, The syringe assembly of claim 43 wherein the end cap
has an opening and a closure is installed in the opening.

55. The syringe assembly of claim 43 wherein the retrac-
tion cavity is vented behind the plunger seal element. i

§6. The syringe assembly of claim 55 wherein the retrac-
tion cavity is vented between the plunger seal element and
the end cap. '

57. The syringe assembly of claim 43 wherein the body
comprises a one-piece barrel. '

58. The syringe assembly of claim 43 wherein the con-
tinuous retainer member is coupled to the inner head with a
holding force that exceeds a biasing force exerted on the
inner head by the compressed retraction spring,

59. The syringe assembly of claim 43 wherein a portion
of the elongated needle holding portion extends forwardly of
the body. ‘

60. The syringe assembly claim 43 wherein the continu-
ous retaining member has an outside mating surface making
a fiuid seal with the barrel.

61. The syringe assembly of claim 43 wherein the body
and the elongated needle holder cooperate as a spring guide
during compression of the retraction spring.

.62. The syringe assembly of claim 43 wherein the bridg-

48. The syringe assembly of claim 47 wherein the end cap 40 ing portion is frangible. -

is lodged in close confinement with the back end of the
. collar after retraction. ' _

* & % * #
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