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BACKGROUND
 

The principal objectives of this project at its inception were
 

to research and develop simplified and reversible methods of male 

steriliza icn. enning July 1, 1971, literature reviews, site 

visits, an interna:-Ional workshop (APpendix 1) and a Medical Advisory 

Comiee -.Alperd'x l' were emplryed to focus cn significant gaps in 

knowledge, definitive areas of human need, and wdys to meet those 

neecs. The state of knowledge and assessment of goals, based on 

these incu-s, is summarized as follows" 

Researc" on The ecroducoive System and its Response to Vas Occlusion 

The general conclusion was that there are large gaos in our know­

no-hledge of normal male reproductive physiology and the consequences 

of vasect-omy. number of areas needing extensive study were identified 

and discussec:
 

ormasion. 


.he formation of grnulomas, both symptomatic and asymptomatic. These
 

differences need to be resolved.
 

Granulona -- Varying opinions have been expressed regarding
 

ffects of Denervation. it is not known whether vas dilation 

following vasectomy is due to hydrostat.ic pressure, denervation or both. 

Neither is it known whet,,, the contractility and tonus of the vas are
 

restored after reanastomosis. (Peristaltic contraction does return to
 

normal in the urethra and bowel after resection.)
 

http:hydrostat.ic
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Sperm Production and Disposal,. A systematic determination of
 

sperm counts before vasectomy and after reanastomosis is needed.
 

Baseline data are required in order to evaluate later results.
 

Spermatogenesis requires further study to determine if there is
 

impairment in a given percentage of vasectomized men. The question
 

of what happens to sperm after vasectomy if they are not reabsorbed
 

might be answered by the finding of decreased or absent sperm pro­

duct jn. This needs further study. Most patients show only tempo­

rary engorgement of the epididymis ,fter vasectomy.
 

Hormonal Changes. Hormonal patterns could conceivably be
 

altered by vasectomy. It is possible that changes in the pattern of
 

androgen secreted by the testes could induce changes in target tissues.
 

Uric Acid Metabolism. Substantiation is needed for a report that
 

vasectomized men, and individuals who are azoospermic due to vas
 

blockage for other reasons, have very high blood levels of uric acid.
 

immunology. itwas generally agreed that much more data on 
the
 

immunological consequences of vasectomy are required.
 

Ligation versus Cautery. Itwas generally agreed that cautery
 

or electrocoagulation may be a more effective procedure than ligation,
 

with fewer complications due to granuloma and hematoma formation.
 

Complications appear to be further reduced by the interposition of
 

fascia between the cut ends, although this needs further study.
 

Further comparative studies of various procedures ae needed, and
 

simple instruments shoul,' be developed for electrocoagulation.
 



3
 

External .proaches to Vas Blockade. The feasibility of burning 

or denaturing the vasal mucosa without making an incision was suggested. 

Reversible Tecnnicues
 

-
iuri
c -he lte l960s and early 1970s vasectomy emerged as an
 

imoora-rt- . -n, -.of rtility control technique in the developed and 

less--,eveloJ.ecworld ali8e. This proved widely acceptable as a method
 

of family i i4ioaion, becme deliverable on a la re scale and had with­

stood, o :, 7 na, t-e intense scrutiny for side effects made possible
 

by the eror-ous n ne ooul ton of vasectomized males. The
,, 4r-


success f-hneme'nodi cromoted 4nqur ,,, researchers and
clinical 


researn -arners ito e oosibilit/ of increasing tne acceptability 

of Male steriliza-.orn stLl, further by aevisina reversible methods of
 

vasal contzracecton. Such methods were presumed to be attractive to
 

individiuals -cns-ierin, vasectomy but harboring doubts about the final­

ity of the metnod, fearing chances in future plans or circumstances, 

catas-roohic !oss of family, or loss of sexual identity. 

Following .ne rapid rise in pooularity of vasectomy, increasing 

numbers of candidates for vasovasostomy, combined with the dismal record 

of failure with vasovasostomy techniques then available (less than 30% 

restoration of fertility), further emphasized the need for more effec­

tive methcds of vEsectomy reversal. Since implantable devices and
 

prostheses were becoming more common in other areas of human health
 

care, the stage was set for the development of reversible intravasal
 

devices.
 

http:less--,eveloJ.ec
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A principal assumption behind intravasal occlusive device
 

development was that the root o the difficulty in vasectomy
 

reversal by surgical means lay in the vasovasostomy and vasectomy
 

operations per se, rather than in the consequences of vas occlusion.
 

Itwas generally supposed that devices could eliminate these diffi­

culties and, at the very least, by virtue of being easy to install
 

and reverse, permit the general practitioner to achieve the success
 

rate of the experienced specialist, thus substantially reducing the
 

cost of the procedure. At best, it was thought, intravasal devices
 

might improve the prospects for restored fertility following vas
 

occlusion beyond the best means available and, perhaps, even facilitate
 

multiple reversals.
 

In general, the vas deferens was assumed to be a relatively simple
 

conduit for sperm and, therefore, a passive receptacle for plugs or
 

valves. Furthermore, the ease with which 90% sterility could be
 

achieved in man with a simole nylon thread in the vasal 
lumen, and the
 

dramatic decrease in sperm counts 
that resulted from numerous prelim­

inary trials with simple plugs and clips, provided sufficient support
 

for the assumption that successful devices could be developed by trial
 

and error, at reasonable cost of time and money, using existing know­

ledge of the male reproductive system.
 

A complete block to sperm passage has been the aim for most
 

occlusive devices in the "closed" mode. Because the vas 
behaves like
 

a viscous tube, shrinking in response to outside compression and
 

dilating when stretched from the inside, measures were deemed necessary
 

to develop an interlocking tissue-device interface in order to anchor
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the device in place and prevent sperm migration. Obviously, the 

materials used for intravasal devices had to be biocompatible, 

and the device had to be easily reversible. Other than these 

criteria, there were no critical guidelines for intravasal device 

development. 
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PROJECT OBJECTIVE
 

After the initial 
period of problem definition and exploration,
 

the following objectives were outlined for the project:
 

(1) to develop a new and improved device for reversible sterili­

zation of the male 

(2) to develop and refine safe electrocoagulation equipment for
 

improved simple vasectomy
 

(3) to determine the physiologic effects of vas occlusion as
 

they affect potential reversibility.
 

These three basic objectives remain unchanged., although apprnaches
 

have altered in some cases due to 
new developments, which occurred
 

during the course of the program, and as a result of continued input
 

from the Medical Advisory Committee.
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REVERSIBLE INTRAVASAL OCCLUSIVE DECIVE (RIOD)
 

Details of development of the device known as 
the RIOD are
 

documented in .- ers published during the past five years (Appendix 2).
 

These developments led up to the issuance of U.S. Patent No. 3,990,434.
 

The R:OD had several advantages over other devices being developed
 

el sene e:
 

1. Itwas installed in the intact (untransected) vas, 

thus maintaining muscle, nerve and vessel continuity. 

2 The polv(e-ther)urethane material used to fabricate the 

RIOD permitted sufficiently thin wails that the lumen
 

diameter of the device could approach that of a normal
 

undilated vas.
 

3. 	 The evice had a compliance similar to that. of the
 

vas wail iself, and recuired no clips or ligatures to
 

hold it in place.
 

4. 	 The RIOD was inherently cheap to fabricate in large numbers,
 

being devoid of sophisticated stopcock arrangements or
 

expensive material.
 

The RIOD was designed primarily as an occlusive device with povertial
 

for one Off-On-Off cycle during the user's lifetime.
 

Status
 

Though animal models were invaluable in developing the RIOD
 

concept and refining the insertion procedures, they seemed inadequate
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for 	testing the long-term reversibility of the device. Even the rhesus
 

monkey responded differently from man to vasectomy and vas manipulative
 

procedures (Appendix 2, paper 7). Attempts to improve the rhesus model
 

were 	not very successful (Appendix 2, paper 7). Nevertheless, itwas
 

evident that the RIOD, in its most advanced form, had several promising
 

qualities:
 

1. 	 It was easily inserted without transecting the vas and
 

would stay in place without clips or ligatures.
 

2. 	 It was biocompatible and compliant, so that it did not
 

erode adjicent tissues.
 

3. 	 In the closed mode, it was effective in occluding the vas.
 

4. 	 In the open mode, the lumen was large enough to permit
 

normal sperm counts in the ejaculate.
 

RIOD technology has been successfully transferred to private industry
 

for further research and testing. Since January 1978, experimental
 

RIODs have been prepared by Medical Dyramics, Inc., Englewood, CO, 80112.
 

Devices from this source were installed by Julian Frick, M.D.,
 

Salzburg, Austria, in three volunteers, 65-75 years of age, during
 

surgery for benign prostatic hypertrophy. The vasa containing these
 

devices were removed 3-6 months after installation. The devices were
 

well tolerated. While they were in place no discomfort was reported.
 

At removal there were no apparent reactions resulting from the device.
 

Histologically, there were no inflammatory areas other than the lumen
 

of the bypassed segment; however, there was little evidence of fibrous
 

tissue ingrowth into the deviceb.
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RIODs were installed bilaterally in a 37-year-old volunteer 

candidate for elective sterilization by Edwin L. Adair, M.D., 

Denver, CO. As the Austrian no installation problemstih cases, 

wered, even though adhesions, vascularity and vasal 

stricture (swggest-ing a previous injury) were present on the left 

side. Vas occlusion was successful and no problems have been 

reported Yi,,f this case :o date. 

3oth Drs. ,;:and Adair plan to continue limited clinicalk-r 


tests, including ins:a';ation of -he device in the open mode to
 

determine i sperm can pass .through the device without impediment.
 

Proscects for a Practical Peversible Lntravasal Device
 

Research activity on intravasal device technology has dwindled 

to a low level. Since Prospects for vasectomy reversal (using micro­

suroical techniques) have improved considerably over the past 3 years, 

and clear evidence of long-term efficacy of reversible devices has not 

emerged, the likelihood of a revival of interest in such devices in the 

near future seems slight. However, tre possibility that most of the
 

problems associated with devices may be animal model problems should be 

borne in mind. The ease with which more than 90. sterility can be 

achieved inman using the simplest of devices, a nylon thread, in 

addition to the several known limitations of animal models (Aapendix 2, 

paper 7), gives support to this contention. Fu',-thermore, reflection on 

the consequences of vasectomy in even the best-regarded animal models 
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leads to the conclusion that vasectomy itself would not be considered
 

suitable for human trials on the basis of animal -;tudies alone.
 

Reversible sterilization by means of an intrivasal device must
 

still be considered technically feasible and, wit) sufficient effort,
 

could be realized. However, the cost-benefit assessment has changed.
 

The development of promising microsurgical methods of vasovasostomy,
 

enacting of the Medical Device Act Amendment of 1971 by the
 

U.S. Congress, and the increasing availability c-f simplified procedures
 

for female sterilization have all altered the cost/benefit equation for
 

intravasal device development. Furthermore, device development has
 

proved more difficult than envisaged, reversibility after long-term
 

installation in man will be difficult to prove within a reasonable time
 

period, and 70% reversibility may be the best that can be expected,
 

based on microsurgical vasovasostomy results. There remains the possi­

bility that animal model problems are obscuring a useful method for
 

human fer~ility planning and that some existing advanced device designs,
 

such as the RIOD, will eventually prove sufficiently effective in man
 

without additional oevelopment costs. Furthermore, if recent reports on
 

circulating antisperm antibodies and immune-ccmplex deposition in the
 

rabbit glomerulus and in atherosclerotic plaques of rhesus monkeys
 

presage vasectomy complications yet to be uncovered, nonocclusive or
 

partially occlusive intravasal devices may offer an alternative approach
 

to intravasal contraception, since extravasation of sperm and antisperm
 

antibody formation are much less likely if sperm passage is not impeded.
 

The RIOD concept can be easily adapted to a nonocclusive approach by
 



introducing micro channel, and/or spermicidal inserts, into the device.
 

These approaches are currently under investigation by Medical Dynamics,
 

Inc.
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BIPOLAR ELECTROCOAGULATOR FOR VASECTOMY
 

WITHOUT LIGATION OR RESECTION
 

The background of the vasectomy method known as 
the Schmidt
 

Technique, and details of development of the Bipolar Vas Electro­

coagulator are documented in papers published during the last
 

5 years (Appendix 3). This instrument was refined in conjunction
 

with clinical tests by Stanwood S. Schmidt, M.D. Eureka, CA.
 

The technology was transfered to 
Electro Medical Systems, Inc.,
 

Denver, CO, who conducted, in conjunction with the BNW inventor, a
 

program of industrial refinement prior to producing 60 units for
 

testing by the International Fertility Research Program (IFRP). 
 The
 

instrument was also made commercially available soon afterward under
 

the EMS Trademark, VASEAL.
 

During IFRP tests 
some failures were encountered in the hands of
 

two clinicians with limited experience in the Schmidt Technique. An
 

extensive investigation was undertaken by BNW and these failures were
 

traced to intermittent failure of the electrode, probably due to
 

insufficient crimping pressure on the amphenol plug during fabrication.
 

During the 1 1/2 years of delay between receipt of test units and
 

start of the IFRP tests, EMS underwent a period of upheaval, resulting
 

in the loss or dismissal of most employees associated with the VASEAL,
 

including the Vice President -sponsible for initiating and directing
 

the project. The VASEAL project was essentially shelved by EMS, and no
 

further development or effective communication took place. As a result,
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potential problems related to crimping pressure were not reccjnized or,
 

i , they were, were not relayed to the SNW Project Director. Later, 

telecnone inevie~s wit E_S engineers indicated an early quality
 

control ,robleicrimping, a type of problem that was not unusual
v i-n 

on iirs.-un, rootot;pical equipment. Increased quality control of 

crimping a.ppeared to have post-dated delivery of at least some of the
 

test electrodes.
 

However, out of the investigation on VASEAL electrode failures
 

several useful findinas arose. Some of these, including the finding 

that avoidance of heat could double the life of the electrode, pertained
 

to more efcive use and 
care of the instrument and were incorporated
 

into a revised handbook (Appendix 3, paper 6). Another significant 

finaing was -hat fascial seoar'ation of the vas ends did not offer 

indemnity against failure of vasal occlusion, since the fascial tissues 

were rapidly destroyed by inflammatory processes associated with sperm 

granuloma A..pendix 3, Paper 7). 

Prosoects for a Bioolar Vas Electrocoaculator
 

Electro Medical Systems has recently been taken over by Davol, Inc.,
 

and the VASEAL project is apparently being revived. Meanwhile, other
 

companies (Medical Dynamics, Inc.; Codman and Shurtleff) are taking
 

advantage of the public domain information published from this project
 

(Appendix 3) to develop other versions of the ipolar vas electrocoagulator.
 

Dr. Schmidt has completed 2000 cases, without a failure, using the bipolar
 

instrument and is using it for routine practice. 
Dr. Juan Giner Velgzquez
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(Head of Family Planning Services, Instituto Mexicano de Seguro Social,
 

Mexico City), who purchased a VASEAL privately from EMS, has completed
 

several 
hundred cases without failure and is also using the instrument
 

routinely. 
Over the past 5 years the Schmidt technique has become
 

firmly established and was acknowledged by international vasovasostomy
 

experts attending the PARFR workshop on 
Reversal of Sterilization (1978),
 

as the best method of vasectomy with respect to subequent vasovasostomy.
 

Since the safety and control advantages of the bipolar approach to
 

electrocoagulation are considerable, it
seems very likely that the
 

instrument will become widely used in
one form or another within the
 

next 5 years. 
 Its advantages for public programs in less technologically
 

developed countries still remain to be tested.
 

Trials in small laboratory animals have not given cause to hope
 

that electrocoagulation of the vasal 
lumen without transection can lead
 

to reliable vas occlusion. The power of vasal to
mucosa regenerate and
 

form lumina even after destruction of almost all 
of the muscle layers in
 

these animals is remarkable. 
 Since occlusion without transection is
 

necessary for successful transcutaneous electrosurgical sterilization,
 

the prospects of success for this technique are small, unless the human
 

vas responds in a different manner, or to a radically different degree.
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THE 	PHYSIOLOGIC EFFECTS OF VAS OCCLUSION
 

Follow-u- studes in men after vasectomy are detailed in papers
 

prepared or :uzisned over the past three years (Appendix 4). The
 

findings are as follows:
 

Human lymphocyte antibodies are not formed as a reslts of
 

standard vasectomy procedures (Aopendix 4, papers 1 and 2).
 

2. Electrocoaqulation of the vas does not result in a higher
 

incidence of antiSPerm antibody formation when compared with
 

vasolication, and may possibly result in a lower incidence
 

of sperm-immobilizing antibodies.
 

3. 	No substantive chances in the gonad-oituitary axis or in
 

blood chemistry occurs up to 44 months after vasectomy.
 

4. 	Antisperm antibodies appeared in 30-50% of vasectomized men.
 

5. 	Men who develop antisperm antibodies after vasectomy tend
 

to have lower serum FSH levels both before and after
 

vasectomy than those who do not develop these antibodies.
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OBJECTIVE AND SCOPE
 

The objective of this working conference is to establish a rational
 
basis for future research and development efforts devoted to revers­
ible male sterilization.
 

Through discussions of specific topics germaine to the attainment of
 
this objective, the workshop will:
 

* 	review the current state-of-the art of male sterilization
 
procedures and their reversal;
 

* 	identify the gaps in our knowledge of: 

- male reproductive processes as they affect or are 
affected by sterilization procedures; 

- the structure and function of the vas deferens in 
relation to the types of occlusive measures that can 
be tolerated; 

- the long-term effects of vas occlusion on spermato­
genesis and steroidogenesis;
 

- the immunological sequelae of vas occlusion;
 

o 	suggest appropriate animal models for investigations designed
 
to fill-in these gaps in our knowledge;
 

o 	 establish performance criteria against which reversible male 
sterilization techniques can be compared (e.g., efficacy. 
safety, complications, reversibility, etc.); 

o 	 develop guidelines and protocols for the clinical evaluation 
of experimental procedures; 

o 	 explore the various approaches to reversible male steriliza­
tion, identifying in each case the advantages, disadvantages,
 
and .imitations of the approach and the potential contribu­
tions to iAs success of the latest materials and engineering
 
technology;
 

* identify the most promising approaches to reversible male
 
sterilization and develop research and evaluation protocols.
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Monday, December 13
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Introduction and Conference Objectives .... .......... .. D. J. Prager
 

Male Sterilization: The AID Perspective .. ......... .. J. J. Speidel
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A. Surgical 	Vas Ligation
 

B. Vas Occlusion and Obstruction
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Session II. 	 Reversibility: The Long-Term Effects
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A. Vas Structure and Function: Reanastomosis
 

B. Epididymal Physiology
 

C. Testicular Physiology
 

* spermatogenic
 
* steroidogenic
 
" immunologic
 

Evening 

Session III. Mlaterials Technology: Current Status . . . A. S. Hoffiman 

Tuesday, December 14 

Morning/Afternoon 

Session IV. Research and Development: Future Directions. . W. J. Clarke 

A. Fundamental Research: What We Need to Know
 

B. Identification of Suitable Animal M'odels
 

C. 	 Clinical Evaluation: Need for Uniform'tv
 

meaningful protocols
 

c:iteria for 	 success of reyersibitv 

D. CoL i icaions: l.si-tLgical an---' chglogical Selzv 

E. Reversible Technicques: The Most Promising Approaches 

Workshop Conclusion ........ ................... . J. Prager 
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REVERSIBLE MALE STERILIZATION: CURRENT STATUS AND FUTURE DIRECTIONS 

Diana Schneider Johnson, Ph.D.
 

Department of Physiology 
Medical College of Virginia 
Richmond, Virginia 23219 

1N7RODUC-:CN 

A workshop on reversible male sterili:ation was held at the FattelleSeattle Research Center on December 13-14, 1971, under the sponsorshiip ofthe Agency for Tnternatlonal evelopment (AIDT. -shop .as organized
by Dr. Denis J. Prayer if the attelle PoDulati n Study Center; cc-chairmenwere Drs. W. $. Clarke of 3attelle and C.' Ivin Paulsen of :ne Universityof Washingtcn. The objective of this conference was to establish a rationalbasis for future research and development on 
reversible male s.erili:a-ion.
 

Participants -ere asked to: 1) review the current state of the art ofmale sterilization procedures and their reversal; 
2 identify the gaps
our understanding of a" oale reproductive processes as they 
;n 

affect or areaffected by sterilization procedtres, b) :he structure 'nd functior of thevas deferens in relation :o the types of occlusive measures that can betolerated, c) "-. long-term effects of vas occlusion on soermatcgenesis andsteroidogenesic, and d) the immunological sequelae of vas'occlusion; 3)suggest appropriate animal models for investigations designed to fill 
in
these gaps; 4) establish performance criteria against 
ohich reversible male
sterilization technicues 
can be comoared 
Cefficacv, safety, co'pl:cations,
reversibility, etc.j ; s: develop guidelines and protocols for the 
clinical
evaluation of experimental procedures; 6) explore the various 
ipproaches to
reversible male sterilizati on, identifying the advantages, disadvantages and
limitations 
to each 
approach and the potential ccntributions to its 
success
of the latest materials and engineer:ing technology; 
and 7) identify the most
promising approaches to 
reversible male sterilization and develop research
 
and evaluation protocols.
 

STERILIZATION PROCEURES: CURRENT STATUS
 

Chairman: 
 C. Alvin Paulsen
 

Surgical Vas Ligation 

Vasectomy is an 
outpatient procedure that generally requires approximately
20 minutes. 
 The skin of the scrotum is cleansed and a local anesthetic admin­istered. The vas deferens is isolated and cut, after which the cut ends are 
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ligated or fulguri:ed, then replaced in the scrotal sac and the incision
 
closed. The details of the procedure vary from surgeon to surgeon. It is
 
important to emphasize to the patient that he is not sterile until the
 
ejaculate has been found to be sperm-free. The participants were generally
agreed that the vas should always be cut high in the scrotum where it is 
straight, rather than in the convoluted portion, because subsequent reanas­
toMOSis is simpler and more likely to be successful. 

A frequent ccmplication (up to 5%) of the vasectomy procedure is hema­
toma formation. Joseph Davis (New York City) felt that the main cause of 
hematoma is failure to take sufficient care of the underlying small vessels 
in the scrotal wall, rather than bleeding from major vessels, since the latter 
are generally tied off when bleed.ng occurs during the procedure. The small 
blood vessels may not bleed until 'the effects of the local anesthesia wear 
off. Fulguration of the cut ends of the vas may avoid this problem. 

The importance of maintaining the circulation and nerve supply of the 
vas for the success of later reanastomosis was suggested by several of the 
participants. iclhael Bedford (Columbia University) suggested that failure 
of the nerve supply to regenerate after reanastomosis may result in semi­
functional muscle tissue. Approximately 70% of the sperm in a normal indi­
vidual come from the region proximal to the point where vasectomy is performed,

and iovement uf sperm during ejaculation requires a .oowerful series of coor­
dinated movements. Sperm counts after reanastomosis tend to be low, and it
 
may be that sp rm are simply pushed out under pressure rather than as a result
 
of contraction. Uivision of the inferior spermatic nerve should be followed 
by re-innervation, but removal of the nerve stump and the presence of scar 
tissue may make this impossible when a length of the vas is removed. A major
question that must be answered is whether normal function can return without 
this nerve supply. Julius Winer (Beverly Hills, California) felt that the 
high success rate -hat can be obtained when both the original vasectony and
 
the reanastomosis are carefully performed indicates that impairment of the
 
blood and nerve supply can be avoided.
 

A major complication following vaneetomy is the occurrence of sperm
granulomas, infl-atory responses to sperm leakage from the reproductive 
tract into Surrounding tissue. N.zrj granulomas represent simply a local foreign
body reaction, although others =ay result in a ma.jor abscess. Scar tissue 
formation following a granul-atous reacticn may make subsequent reanast=osis 
impossible. It is difficult to find an animal model in which to study granuloma 
formation, because of marked species differences in i=une systems. Emil 
Steinberger (University of Texas Medical School, Hcustoa) has foand that many 
sperm are required to induce an immune response in the rat, whereas the presence 
of only a few sper are required In the human. The absolute amount of sperm 
required to induce granulma formation in the human needs to be dete.er-ined. 

The incidence of spontaneous reanastomosis is generally low, and tends to 
occur within a short time after the procedure, although some cases have been 
seen up to 5-7 years later. Stanwood Schmidt (Eureka, California) noted that 
such spontaneous reanastomosis may be associated .'ith a sperm granuloma. 
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There was extensive discussion of whether ligation or fulguration producesa better obstruction with fewer complications. 
 Dr. Schmidt emphasized the
superiority of fulguration or cauteri:ation. 
 He has 
found that the incidence
of sperm granuloma is far lower with fulguration. Dr. Schmidt has also success­fully utll::ed cauterv. a hot wirewith platinum for th2 end of the vas proximal
to the epididjvus. The procedurecautery destroys the muscosa and submucosa.The tissue appearance cf the cauterized 
vas is near and regular compared to the
abnormal tissue followngseen ligation. 
 William McRoberts (University of
Washingtcn Schcol of 
 edicine) 
has also found that fulguration is preferable to
ligation. He has 
had virtual'y no granuloma complications following fulguration,
 
versus 10% following lig3:ton.
 

:t was generally ajgreeo that vasectomy could readily tobe taught para­medical 'ersonnel. Howevcr, :echniques to be used 
-v paramedical oersonnel
should be made as 
sio-ole and -mistake-proofas possible.
 

'.sOcclusion 3nd Obstruction
 

Dr. Davis has attemoped to devel anpnintervasal ievice 1IVD) that wouldbe a -ermanen: implant, 

to 

but :hat cou.d pass through a series of on-off phases
provide t7je :evers::illty. The devize, 
 made of gold with a stainless steelstem, is covered -ith a mesn destgned to tissueinduce ingrowth in order to forma permanen: jttacnrent to :he v'as. The vas 
-s transected high in the straight
portion, the muscosa cored 
-ut, ard 
the device :nserted 
 cm into eacn side. The
valve stem is 
 laced nerendicular to :he vas, in the "off" position. In prelim­inary clinical :ests, -:ne olf 1) volunteer subjects became azoosper-ic andresemoled norm.al 
vasoc:cm-zed :.at-ents• 
 :n :he 'Oth pationt, the valve was found
to be inroperly nosiioneu; he became a:oostcrmic .hen the valve was 
correctly
placed in the "off" positton. :n future studies, :he 
/alves will be turned to
the "on" position to see -bether sperm counts 
and m.touity return to normal.
 

Hee Yong Lee (Seoul ';ational University) described the use of an intervasalthread for -as occlus:cn, Local anesthesia is "used for the procedure. The IVD
is 3 cm long, -id is made of non-absorbable nylon mn 
 silice that 
is flocculated
to permit tissue ingrowth. it is held 
in place by a fiiform thread tied around
the vas. The IVO has 
a diameter of 0. mm 
(the average 'as diameter of Korean
men is 0.3 mm). Sperm content droooed below 
7 mllicn (2/3 af these to zero) in
108 cases, but increased later in Z0. 
 In the latter, the 
1V0 had been extruded
.rom the vas to its
due stiffness. 
 A local foreign body reaction has been found
in the region of the 
:VD. Only 1-2 pregnancies %ave resulted 
in patients having
a sperm count 
below 7 million .ith 
this IVD in place. The procedure requires
.3-20 minure.N, com.ared to 3-10 minute. for the standard ligation procedure.
Comlications are minimal, with only mino'. inguinal discomfort and some tissue 
f'.irmiess. 

Dr. Lee zonsiders :ount 7 bea sperm below million to adequate for ,teril­ization; however, others ave found that pregnancies can occur even with countsbelow 3 million. Or. Davis noted that there 
is no hard data available from
normal 'hen for adequate comparison; quite low counts have beet found even in 
fertile men, 
and there is no adequate standard of "normalcy". Carl Heller
(Pacific Northwest Research Foundation) noted that one 
must also consider the
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fertility of the female partner. Pregnancy may not occur in couples where 
the male has a relatively high sperm count but the female has a low potential 
fertility; such a woman may require a partner with an extremely high sperm 
count in order to become pregnant. Conversely, semen with a low sperm count
 

may be quite adequate for induction of pregnancy in a highly fertile woman.
 

Malcolm Potts (International Planned Parenthood Federation) felt that many
 
people involved with vasectomy have an obsession with failure, and suggested
 
that a technique for male sterilization that was totally reversible but had a
 
small failure rate would still be extremely valuable. A concern with revers­
ibility implies use of the method for spacing; thus, it should be feasible to
 
use pregnancy termination as a back-up technique, just as it is used for 
failures in female contraception. Such an approach would be similar to all
 
methods of contraception currently in use; i.e. the patient ilould be informed
 
that there was a slight risk of pregnancy. There is an intermediate ground 
of good versus perfect that should be considered when talking ibout reversibility. 
The occurrence of a few pregnancies with the diaphragm or IUD has never been
 
cause for alarm, and there is no reason that the same approach cannot apply to
 
male methods.
 

REVERSIBILITY: THE LONG-TEPN EFFECTS OF VAS OCCLUSION 

Chairman: C. Alvin Paulsen
 

Dr. Winer described the procedure that he uses for vas reanastomosis. The
 
scrotal area is exposed, and the vasectomy site is located, dis, :cted out and
 
transected distally. The vas is injected with dye to insure that it is patent
 
through the ejaculatory duct. The proximal end is then transected, and the
 
milky secretion from the epididymus diluted with saline and examined. The two
 
ends are approximated under an operating microscope. A nylcn splint is placed
 
in the lumen, and 3 or 4 sutures placed through the muscularis and adventitia,
 
without touching the mucosal layer; any opening in the mucosa permits sperm
 
egress, and closure of the vas due to swelling and fibrosis may then occur.
 
Tissue reactions are markedly reduced by meticulous avoidance of sperm spillage
 
and constant irrigation with saline to remove spermatozoa. After reanastomosis, 
2-3 supporting sutures of 0000 nylon or #2-3 silk are used to remove tension 
from the operative site. The skin is sutured with 000 or 0000 plain catgut or
 
0000 nylon. The splint is left in place, an elastic jock strap is used as a 
pressure dressing, and the testes are packed with gauze. The patient is kept 
relatively inactive for 4 days, at which time the splint is removed and he is 
sent home. The skin sutures are removed in one week. Far better results, as
 
measured by subsequent pregnancies, were obtained in those patients whose 
original vasectomy permitted reanastomosis by a vasovasotomy rather than a 
vasoepididymostomy.
 

Dr. Lee has found that only I in 1000 Korean patients request reversal of 
vasectomy. Of 120 patients on whom reanastomosis was performed, the semen of 108 
was examined. Of these, 97 showed sperm and 25 were able to induce pregnancy. 
Twelve of these patients showed psychological complications after vasectomy, which 
disappeared after the reversal procedure. A two day hospitalization was generally
 

required. The "success rate" was much higher (92 vs 67%) when reanastomosis was 
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done via a bilateral vasovasotomy than when epididymal reanastomosis was required. 
Both Drs. Winer and Lee noted that many abnormal sperm are seen initially, but 
these are gradually replaced by sperm with normal morphology and motility. 

The actual extent of reversibility (as mjeasured by subsequent pregnancy) 
would appear :o be quite low for surgical vasectomy. Donald Coffey (Johns Hopkins 
University Hospital) noted that a comparison of data from many sources indicates 
an average reversibility of only 30%, when success is defined in this way. This 
low rate occurs despite the fact that sperm showing a relatively normal appear­
ance are frequently found in nore than 301 of the patients. 

The demand for reversal would apoear to vary extensively. Dr. Lee's obser­
vation of a 0.1% reouest rate, as well as data from, other countrtes, would
 
indicate :hat reversibility is not of particular imrortance in many areas. How­
ever. the availabil'ty of a reversible method -might induce -ore Men to consider
 
sterilization at a younger age and after fewer children, in which case it would 
be used essentially as a contraceptive. In the Jnited States, tne number of
 
requests for reversal range between 6-10%. The vast najority of requests in 
this country are due to divorce and remarriage.
 

Dr. Potts suggested that the available data indicate that vasectomy and
 
reanastomosis must be considered quite separately. The original procedure is 
simple and :an be done skillfully even oY well-trained paramedical personnel. 
In contrast, reanastomosis is a difficult procedure that should be attempted 
only by highly skilled rhysicians.
 

Eoididvmal and Testicular Physiology
 

It is importnt to consider the possibility that the high failure rates
 
associated with reanastomosis are relatea to an impairment of reproductive
physiology. Dr. Bedford has studied the long-term effects of vasectomy in the 
rabbit, hamster, rat and P.hesus monkey. Six months following bilateral vasectomy
in the rabbit, there was enormus distention of the vas, although the distention 
had not backed up into the corpus region. Testicular tissue was histologically

nornal, but examination of the enlarged cauda epididymidis showed masses of 
solid sperm and a flattened epithelium. No infiltration by any type of leukocyte 
was ever observed unless rupture of the duct had occurred. Most of the sperm 
had lost their acrosomes, and there was some separation of heads and tails, but 
no phagocytosis or leukocyti: invasion ;as evident. Involvement of the cor-us 
generally occurred by S ,Ponths, at which time a series of lesions, ruptures and 
scars sould be seen in the :aut and/or cauda. Depression of the g-rminal 
epithelium had occurred in those inwntci "aoscesses" were present in the caput, 
with only a few scattered remnants remaining. 

In the rat, epididymal lesions and spermatocoeles were observed in at least 
50% of the animals after 3-9 months. The tubules were full of sperm but, as in 
the rabbit, leukocytic infiltration was seen only when granulomata were present. 

In the hamster, granuloma formation in either the caput or cauda, massive
 
lesions and distention of the cauda were observed 3-4 months following ligation.
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Involvement of the caput resulted in 
a depression of testicular activity. As
in the other species, infiltration of leukocytes was apparent only in the
 
regions of. granuloma formation.
 

A far less marked response to vasectomy has been observed in the Rhesus
monkey, although experiments have not yet been continued for 
 long time periods.
Some epididymal turgidity was found 3-4 weeks after the operation, but this 
tended to decrease by 6 weeks. Discrete lesions of the cauda and vas deferenscould be demonstrated histologically 6 weeks after vasectomy, but they were
 
too small for visual identification. The lesioned 
areas did show ieukocytic

invasion, as well as degenerating sperm, and active phagocytosis of sperm by
monocytes and polymorphs was underway'. EM studies of the cauda showed sperm

heads and tails within macrophages. Distension is much less pronounced in

this species, partly due to the 
presence of a large amount of interstitial
 
tissue.
 

These data indicate that sperm are continually produced after vasectomy,but that no reabsorption occurs until the epithelium ruptures, at which time

leukocytic infiltration and invasion occurs. 
 A ,ignificant effect on the
 
testes appeared onl/ in those cases in which duct distention by sperm reached

the corpuz. The situation in the human may be to that of thesimilar Rhesus,whose epi, ynmal architecture somewhat similar. manyis There are reports of
the presence of antibodies to sperm in vasectomi-ed men. These might be
induced as a consequence of rupture of the duct with exposure of large numbers 
of spermr to immunologically competent cells. Other workers have also been
unable to confirm the occurrence of reabsorption. Dr. Bedford suggested that
 
spermatogenic arrest or interstitial hyperplasia might be responsible for the
 
lack of a major pressure buildup.
 

Dr. Heller has recently studied a series of 58 men in whom sperm egress

was blocked. Testicular biopsies were found to be normal up to 
17 years after
 vasectomy. All patients tested before vasectomy showed counts that were within
the normal range. More work is needed on non-human primates, since the humanand (probably) other primates appear to respond to v secromy in a markedly

different way than many other species.
 

Immunology
 

The immunological consequences of vasectomy were discussed by P. Riimke 
(The Netherlands Cancer Institute) and Rudi Ansbacher (Fort Sam Houston, Texas).
Dr. Rfiike has been able to irduce a spernagglutinin response in sale rats by in­
jecting aLutologous epididymal spermato:ok subcutaneously. Tolerance was never
observed. All animals were fertile immediately after unilateral vasectomy,
but some were rendered infertile after the development of spermagglutinins.
This was not related to the titer. 

A comparison of 2000 infertile males with 416 fertile individuals showed
that 3.31 of the 
infertile individual3 had high serum titers of spermagglutinins,

whereas such high titers 
were never found in fertile men. The semen of men
 
showing positive spermagglutinin responses often showed auto-agglutination.

However, about 1/3 of tnese were azoospermic, almost always due to ducta.
 
obstruction rather than to impaired spermatogenesis.
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In most individuals there was a positive correlation between serum and 
seminal plasma antibody titers, with the serum levels much higher. Sperm­
agglutinins are prcbably produced locally in the genital tract in those 
cases with relatively high seminal plasma titers, whereas the antibodie! may 
difflfuse into the seminal fluid from the blood in other cases. Seminal plasma 
generally contains only low amoutos of IgG and IgA, and no 1gM. IgG levels 
in different semen fractions -were correlated vith acid phosphatase levels, and 
t"here "was no correlaticn with fructose or spermatozoa, suggestirg that IgG 
enters the seminal plasma via the prostate. 

A retrospective study showed an inverse correlation between fertility 
and spermagglutinin titer. However, fertility can occur in spite of the 
oresence of serum antibodies. It is not yet known whether those who became 
rertile had low :ters, as tight be expected. 

Dr. Ansbacher !escribed imunological studies on infertile :ouples, 
utilizing seoen analyses, a macroscopic gelatin spermagglutinatlon test, and 
a ccmplenent-srecific srerm i-nobilizatica test. Of 225 infertile couples,
18 female and 17 -.ale serum samvles showed either positive spermagglutinin or 
iLcbili:ntion -esta. There were no correlation be*tween the semen analyses 
and those men *ith spern autcantitodies. 

Similar irmunclcgical studies were nerformed on 55 patients prior to, and
 
at 6 montho_ and 1 year following vasectom"y. One nan had a circulating sperm­
agglutinin :rior to vasectcmy, whereas 5-.2% had sucn antitodies 6 months later. 
None gave a .csiti ie resporse on the sperm .r*ncbillat;on test prior to vas­
ectmf, but 31.3 had a positive reaction =-cnths late:. One year after r'as­
ectony, the inzidetce of sperm agglutinating and sperm i"obilizing antibodies 
was unchanged, hut definite serum sperm antibody titer increases were noted. 
T.he consequences of these observations are not yet uzLnderstocd. 

There ar., prelIminar- data which suggest that those patients who develop 
sperm antibodies afte: vasectomy have a higher incidence of previous multiple 
allergies than patients who do not develop sperm antibodies. To clarify this 
interelationship, careful follo-w-up studies are clearly indicated to determine 
whether alterations in the reproductive i.une response mechanism may be re­
lated to systemic i ir.-ologiz responses. 

Sperm 3anks 

The availability of a method for sperm storage that would insure the 
availability of healthy sperm to a vasectomized man who wished to induce preg­
nancy would be a major advance, since the demand for reversibility should no 
Ior-er be a problem. Sperm saroles could be taken from each patient prior to
 
vasectomy, anr would be available when desired. However, the technioues of 
sperm storage are presently not developed to the extent that this is feasible.
 

Pregnancy rates in the human after freeze-thawing can be quite high. How­
ever, follcwing prolonged storage, there are not sufficient iata to support 
statements which have suggested that there Is no major loss of fertilizability. 
The major problem in this approach involves individual differences in response 
to the freezing and tLaving procedure. Sperm samples from an individual con­
siderirg vasectomy should first be tested by freeze-thzwing for a few weeks 
to determine viability. 
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Dr. Steinberger found a differetce in the sperm count of the semen 
required to induce pregnancy when frozen and fresh material was used; the 
mean sperm count of fresh semen that successfully induced pregnancy was 101 
million, while that for frozen material was 148 million. The mean initial 
otility also needed to be higher for frozen material. The motility after 

storage was 50-90% below that of the original material; this drop was imme­
diate, and was related to the freeze-thaw process rather than being a function 
of time in storage. 3ome samples were highly resistant to such changes, while 
others were 
quite sensitive and showed large decreases n motility and ability 
to induce pregnancy. The mean of pooled samples showed a definite decrease 
in motility with prolonged storage. It must be remembered that pregnancy, 
not motility, is the final test of W method. 

It was agreed that, while it is as yet too early to draw any precise
 
conclusions, the availability of sperm storage will probably increase the
 
desirability of vasectomy. Even if there 's very little chance that a given
 
individual will want 
to utili:e the stored sperm, their availablity is
 
reassuring, and may help to decrease the psychological problems associated
 
with the procedure.
 

Dr. Steinberger emphasized the point that the use of sperm banks should 
not be used as an enticement for vasectomy untii techniques have developed
 
to the point where it is possible to guarantee future sperm normality without
 
reservation.
 

RESEARCH AND DEVELOPMENT: FUTURE DIRECTIONS 

Chairman: W. J. Clarke 

Fundaimental Research
 

The general conclusion drawn from this and previous sessions was that
 
there are large gaps in our knowledge of both normal male reproductive pnys­
siology and the consequences of /asectomy. A number of areas 
needing extensive
 
study were identified and discussed.
 

Granuloma Formation. Varying opinions were expressed regarding the forma­
tion of granulomas, ooth symptomatic and asymptomatic. These differences need 
to be resolved. An experimental model is needed in which set rumbers of sperm 
can be added and the resulting tissue changes studied. 

Effects of Denervation. It is not known whether vas dilation following
 
vasectomy is due to hydrostatic pressure, denervation or both. It is also nct ­
known whether the contractility and tonus of the vas are restored after 
reanastomosis. Peristalt:c contraction does return to normal in the urethra 
and bowel after resection; whether restoration occurs in the vas could be
 
studied using an animal model that could be electrically ejaculated. A system­
atic determination of sperm counts in human ejaculates following reanastomosis is 
also required. There is some evidence that they do tend to be low.
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Sperm Oroduction. A systematic determination of sperm counts before
vasectomy and after reanastomosis is needed. 
 Baseline data are 
required in
order to evaluate later results. Spermatogenesis requires further study 
to
determine if there is impairment in a given percentage of vasectomi-ed men.Dr. Heller's study, described earlier, would indicate that 
this is not a
problem; however, only 
a small number of subjects were involved. Dr. Coffey
has fcund no 
difference in the production rate of sperm in rats following
vasectomy, and is now studiying the effects of vasectomy before puberty.
 

Soermatoqenic Arrest. 
 The question of what happens 
to sperm after
vasectot.m .- they reabsorbed might De answered by the finding of
 
are not 


decreased or absent sperm production. This needs further study. Most
patients show )nly tem.orarvy engorgement of the epididymus after vasectomy.
 

Horonal Changes. 
 Hormonal patterns could conceivably be altered by
vasectomy. r. Steinberger noted that the testes produce several differentandrogens in varying amounts, and that different target tissues 
are susceotible
to different androgens. it is conceivable that changes in the pattern of
androgen secret:on could induce differential changes 
in target tissues.
Dr. Coffey has looked for such 
changes in the rat, and has 
found no differences
that are functionally expressed. 
 Dr. Steinberger suggested that basic studies
 are needed 
 determine testicular biosynthetic activity.
:o 
One approach wouldbe to 
determine the steroid composition of blood entering and leaving the
 

testes.
 

_Uric Aci Vetabclism. -. hasWiner found that v-sectomied men andindiv-iduals who are atccs.ermic due to vas blockage for other reasons havevery high blood levels of 'iric acid. The .ricacid levels drop follovingreanastoos is. 3tudies are toneeded deter-ine the uric acid metabolism ofnor-Al and v.sec:cmized men, and to "nvestigate whether hlgn "evels of uricacid are present. .,tisobservation, which, has not been reported previousl.y,is the first indicaticn that there may be a systemic metabolic consequence
of vasectom-y. early, lefinitive studies are required to 'etermine the ex­tent and seriousness of these firdinas. 

Irzinology. It was generally agreed that much 

consequences of vasectomy 


more data on the immunological

are required. Studies are also needed to determine
whether immxnological responses may be related to 
the development of small
lesions of the type described by Dr. Bedford in 
 the Rhesus. 

Ligation versus ,2outer. it was generally agreed t:.t cautery or fulguration
nay be a more ef-ect-ve procedure than ligation, with fewer complications due togranuloma and hematom.a formation. Complications appear to be further reducedthe interpostion of fascia between the 
by

cut ends. Further comparative studies
of various procedure 
are needed, and simple instruments should be developed for
 
cautery.
 

ExternalADroaches to 'as Blockade. Dr. Schmidt suggested that it might be
feasible to ourn :he vasal mucosa without making an incision, usirg a diathermy 
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field to make the needle white-hot. This should be effective even if the
 
needle were not quite in the muscosa. This approach has been successfully
 
used in dogs. The skin over the vas is stretched and xylocaine is injected.
 
The needle is then inserted using resistance to determine when the lumen is 
reached. The result would be similar to the vasal block induced by gonorrhea.
 

Dr. Coffey suggested that a similar approach could be used for the injection 
of a substance such as absolute ethanol to denature the tissue. Damage would 
be local because the ethanol would lose its ability to denature as it was
 
diluted. Dr. Schmidt's technique for localization of the lumen could be used
 
for the introduction of many types of substances.
 

Reversible Technicues: The Most Promising Aoroaches 

Valves. The major problem associated with the reversibility of valves is 
the buildup of tissue debris so that sperm cannot pass even when the valve is 
open. Erich Srueschke (M.I.T. Research Institute) has recently been working 
to design a non-fouling valve, which should eliminate this problem. Dr. Schmidt 
suggested that tissue abrasion and bleed.ing will be a problem with any rigid 
device, and that puncture through the lumen would be possible if the scrotal 
area were subject to pressure. Even placement in the inguinal area would not 
be completely safe. 

The successful use of a valvular IVD requires tissue ingrowth to insure 
that sperm cannot pass around the device. Various approaches to the induction 
of ingrowth should be pursued. 

Comlications: Physiological and Psychological Sequelae
 

Dr. Davis noted that the uric acid abnormality found in vasectomized men 
by Dr. Winer is the first demonstration of what may be a serious :omplication
 
of vasectomy. He felt that the suggested problems of autoimmunity, thrombo­
phlebitis and other complications have until now remained largely anedotal. 
Subsequent discussion was directed toward designing a program for the detection
 
of adverse side effects.
 

Dr. Coffey noted that suddenly, after assuming for so many yea;., that 
vasectomy was essentially a harmless technique, observations such as the
 
increased uric acid levels and possibility of lesions are now being made. We 
don't want to believe that vasectomy has side effects, but new data may not 
support this conclusion. For example, even large scale studies did not find
 
any serious problem with the-use of birth control pills, until the reports of
 
thrombophlebitis became available.
 

Dr. Paulsen suggested that organized studies could be most easily done if
 
vasectomies were ;erfcrmed in :linics, and these clinics, as well as individual
 
physicians, kept adequate records from tne start. "Henoted that the Veterans
 
Administration acccmplished this quite satisfactorily with their cooperative 
studies involving treatment of prostatic carcinoma with diethylstilbestrol as 
veil as treatment of mild hypertension with various appropriate therapeutic 
agents. 
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Identification of Suitable Animal Models
 

There was extensive discussion of the utility of animal studies at
 
several points during the meeting, generally during the discussion of the use
 
of reversible valves. The major drawback to the use of animals for testing
 
new approaches is the -.arked species differences that make it difficult to
 
transpose data :o the human. However, there are many studies which should
 
be done initially in other species. The concern for animal testing varied
 
extensively among the participants. Sevaral felt that no new drug or device
 
should ever be used in humans without prior testing in suitable animal models,

while others expressed the viewpoint that so little animal data can be trans­
ferred to :he human that such testing is almost useless.
 

Dr. Coffey strongly objected to the use of rigid IVDs in human volunteers
 
.before any animal studies were made. In contrast, Or. Davis felt that more
 
data is provided by a few iuman volunteers than by a multitude of animal
 
studies. He has found
not that the animal lata is transferable to the human,

because the tissue composition of the vas differs significantly. Others felt
 
that a balance is needed between the two ty es of studies, and suggested that 
animal model5 are suitable for studies such as bioccmoatibilito. Dr. Brueschke 
noted that , while a great deal of inforration is not transferable to the human, 
sucn mrocesses as outmization 3f surface treatment to 
induce ingrowth can be
 
studied much faster and more easily in animals, with subsequent transfer to
 
human subjects.
 

Dr.. offey-felo that ;reli=ina-ry safety and ateri:as testing should

always be _one in ani=a-_i before h'uman studies are beg-an. However, there is
 
probably no good animal model for =hysiological studies. Many surgizal

procedures have been deveboped in animals. 
 At the present time, even though 
there are a huge number of vaseetized men, there are :any unknc.ns about

the corsequences of thistrocedure. t is 
 possible that extensive animal

studies may begin to provide needed information.
 

%ATERIALS TECHNOLOGY: CURRENT STATUS 

Chairman: Allan S. Hoffman
 

Allan Hoffman (University of washington) discussed the materials available 
for use in prosthetic devices with regard to their structure, biological
compatibility and potential usefulness. Polymers used for artificial tissues
 
fall into two categories, the soft materials used in artificial organs, valves,

ducts, tendons, breast enhancement, facial prostheses and artificial corneas,

and the hard materials used for articial joints and 
teeth and bone substitutes.
 
Unfortunately, many physicians 
are ignorant of the properties of the materials
 
used for these functions.
 

The criteria used for the selection of biomatorials include: i) they must
 
have the required physical properties, 2) they must be easy to purify, fabricate
 
and sterilize, 3) they must 
maintain their physical properties and function over
 
the desired time period, and 4) they must not produce any undesirable side
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reactions. Biomaterials may be plastics, metals or ceramics, and are used in
 
the form of fibers, films, foams, tubes, rods, etc. 

The interconversions between physical states varies for different types

of substances and in part determines the functions for which they can be used 
at room or body temperature. The average molecular weights of biologically
useful polymers are generally in the range of 25,000 - 300,000. Smaller
 
molecules generally have poor physical properties, e.g. they melt at low
 
temperatures, have low viscosity, etc. and larger molcules are generally too

hard to process. The same molecular weight range is generally seen for 
biologically important proteins, such as albumin, and very large complex
molecules tend to utilize subunits whose individual molecular weights are
 
below 1100,000.
 

A major problem with the use of plastics in the body is that most commercial 
products contain additives such as plasticizers, antioxidants and u.v. stabilizers, 
as well as catalyst fragments and polymeric material of low molecular weight.

Many of these substances can be released from the prosthesis over a period of time. 
For example, the use of vinyl material may soon be prohibited for use in blood
bags because released plasticizer material has been found in the blood and liver. 
It is also important to 
remember that if chemical agents are used for sterilization, 
problems may result from remaining traces of these chemicals after a device is 
implanted. 

Materials which show potential for use as prostheses have been screened in
 one test using a pseudo-extracelluiar fluid whose composition is similar to
 
physiological conditions.
 

It was suggested earlier that any substance used block the vasto deferens 
should adhere well to, and therefore probably require ingrowth from, the wall
 
of the vas, in order to insure permanence and total impenetrability to sperm.

The degree of tissue adhesion to different materials could be studied by

implanting sutures subcutaneously for varying lengths of time, followed by
measurement of the force required to remove them. 
In order to provide reversible
 
sterilization, adhesion should be great enough to prevent sperm passage, but
 
should not be so great that removal causes extensive tissue damage.
 

Possibilities for prosthetic devices designed to block the 
vas deferens
 
include: 1) porous core materials, 2) a porous core filled and coated with a
 
hydrogel, 3) a hollow fiber with the proper negative charge, possibly coated
 
with hydrogel, and 4) a solid or porous core coated with 
flocculated fibrils.
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Development
 
of a Reversible
 
Intravasal @cclusivC DeviCe
 

MICHAEL J. FREE, Ph.D. 

RATIONALE FOR A REVERSIBLE
 
INT.AVASAL OCCLUSIVE DEVICE
 

"I ,!estion of reversibility is causing some divergent. in the objectives of 
medical scientists and clinicians working in the area of surgical sterilization 
of the male. From a behavioral point of view, the question is whether more 
people would accept vas occlusion if it were a reversible procedure. From a 
technical point of view, the question concerns the ease and consistency with 
which sperm can be returned to the ejaculate by whatever means and whether 
these sperm are quantitatively adequate to fertilize. From a clinical stand. 
point, the question includes concern for the ease and safety of the procedure, 
as well as its efficacy, and whether implanted reversible devices would consti. 
tute a significant improvement over surrical reanastomosis when the total 
welfare of the patient is considered. 

The behavioral question is likely to remain academic unless surgical ap­
proaches to sterilization become truly reversible. It should be debated. how­
ever, with reference to specific populations, customs and economic situations. 
We have hased our efforts on the particular needs and problems of developing 
countries where, in the words of Pai . . one to(1) , ". oi the barriers th.e ac­
ceptance of sterilization is the fear of death of children or spouse. ster:iiza­as 
tion is considered as a drastic, irreversible method. The greater challenge, 
therefore, in the mass movement for voluntary sterilization is the mobilization 
of total resources to make recanalization a greater reality. Of the 203,363 
sterilized individuals in Greater Bombay, only 291 individuals sought re­
canalizaion. The need is not great but the confidence reversibility generates
will accelerate the pace of acceptance." 

On a technicaL level, reversibility of vas occlusion wouid be simpler and 
may be more successful if it involved manipulating an implanted occlusive 

Michael j. Free, Ph.D. Medical idences Section. Biolog' Department. Battelle Pacific 
Northwest Laboratories, Richland. Washington. 

This work would not have beeZn possible without the rnultidiscplinarv cooperation aiail­
able at the Batteile Pacific Northwest Laboratories. am particularly appreciative oi the 
contributions made by Tom Fish of the Battelle P,3lvmer Engineering Laboratory. 

124 



Reversible Intravasal Occluzive Device / 125device rather than surgcally reanastomosing the transected vas. With our ob.jectives we do not see the need for sophisticated valve devices with limitlesson-off cycles. Rather we aun at a reliable combination of surgical techniqueand implantable device that will markedly improve the success rate of spermrestoration through off-on-offone cycle when contrasted to general clinicalexperience with surgical reanastomosis (2). To achieve this goal with overallclinical acceptability in mind, we have established the following criteria: 
1.Installation in the vas deferens will produce minimal disturbance to blood,nerve, lymph and muscle continuity. 
2. The device will bind to the vas by allowing and encouraging tissue in.

growth. 
3. The device will respond to tissue deformation and muscle compression

without damage or irritation. 
4. The closed mode will completely block sperm passage.
5. The device will be easily reversible through surgical intervention.6. Sperm passage will not be inmpeded nor will sperm be altered in the open

mode. 
7. The devices will be inexpensive to manufacture.
 
We do not 
know at this time if there are inherent limitations to successfulrestoration of fertility after !ong-term vas occlusion. We are aware of theprobability of autoimmunicv 
though sperm 

that may prevent restoration of fertiiity evenare restored to the ejaculate t3 and of the possibility ofchanges in the epididymis that may impair sperm transport in the lower tract
(4). Nevertheiess, judgng by :he fertility rates reporthd for more successfut
individual series of surgical reanastomoses
clinical experience [20%, !2)" 
"550,(5)1compared with generalinherent limitations co restoration o fertility


after vas occlusion leave much room for improvement. Additionaily, ques­ions concerning the iertility of sperm after vas occlusion will resolve quitequickly when vas patency can be easily restored. In the following pagesconcept for a reversible intravasal occlusive 
our
 

device (RIOD) is outlined, our
progTess in small animal modeis is described and our major problems and 
sponses to them are discussed. 
re-


CONCEPT FOR A RIOD 

Our concept is iliustrated in Fig. I.which shows a longitudinal drawing(Fig. IA) of the first prototype 'RIOD) and a graphic representation of thedevice installed in the vas deierens (Fig. IB). Tie essential ieatures are asfollows: 1) three simple components are molded from a single polymericmaterial: 2) a porous structure is on the outside oi the end piece tubes to per­mit tissue ingrowth; 3) no transection or ligation of vasthe deferens and 
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RIOD 1 

SMOOTH TAPER BODY WITH INSIDE TAPER
WITH CONSTANT TO FACILITATE FITTING OVER INSERT 
ID TO FACILITATE (0D 1.75 mm) 
INSERTION 

TUBING WITH INSERT-SNUG FITTING
POROUS SURFACE AND COLOR CODED 
(LENGTH OPTIONAL (OPEN = WHITEA D 0.75 mm- I 0.5 mim) CLOSED =BLACK) 

RIOD CONCEPT
 
RIODIINSTALLED IN VA3 DEPERENS
 

VAS DEFERENS 

FIG. 1. The RIOD ccncept. .. Longitudinal section uf RIOD1 . B. RIOD, installed in 
the vas deferens. 

associated nerves and vessels is necessary; and 4) reversal is accomplished by
interchanging the coior-coded connecting piece (black plug, white tube).

Installation procedures are illustrated in Fig. 2. which shows the four stages 
of installation of a RIOD., into a rabbit vas. The initial Functure of the vas 
is made with a tapered microsurgical tool and enlarged with a blunted 19 g
hypodermic needle. Steps are taken at the time of installation to remove the 
vas lumen epithelium at the vas--RIOD interface. These step3 and various 
features of RIOD design and installation, including the dimensions, compo­
nent materials and surface pore shape ,nd size, have been varied in the 
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FIG. 2. Installation of :hle RIOD., 'ocen mode) in vas deierens of rabbit. .,
Proximal end piece instai.ed. B. 
Both end pieczs installed. C. Interconnecting tube

inserted into proximal end piece. D. Inrtaliation comp.ee.
 

course oi develotornen and ar± stil evolving at thi, time. They will be dis­
cussed furtHer in the sec:ions on RIOD probiems and solutions. 

PROGRESS WITH THE RIOD 

Details of ',,o types o sur.ace porosityscannin- for tissue ingrowth are shown it, ..eelectron phocoai.-roo-raphs ,Fig. 3). Parts oi . and B show tW, 
different magnifications o,a surface treatment used on ethylene vinvl acetatetubing in wvhich surface bubbles are generated in the molding process, thenbroken ooen with abrasives. Pore izes -arnge from 20 to .50 .'m. Parts C and D 
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TAaLE I. Results of Matang Guinea Pjs after RICO, Irstallatian 

Time from i -trrducrion 

of '1n. 710 

Guinea P;g q1CO Sirhs To Removal ro S;rfh 
Idenoiri ¢tion Mace eal Live of Female Says) at titter days) 

46 C!owed 0 0 99 -
48 C~ased 0 0 99 -
50 Cased 0 0 99 -
47 1:r 0 0 39" -
49 Coen 3 3 88 147 
51 Coen 5 2 99 122 

3oth mole 2nd female vic oa cute LccferiIl ;niectioi. 

show a treatment used oin oivurethane involving dip-coating and subsequent 
removal of par:ic!es ha'.ered on ile ,urface of the ube. In this example pore
sizes ranZe from 10 -o 20 .m but can be varied in size and shane. 

Figure 4 shows :he :.orz'.olozg of t!,,e vas after RI D implantation for 5 
months :open mode .n a zuinea pig Fig. -. .\ and for I month ,ciosed 
model in a rabbi : Fizr. -C, . Thie RIOD body., wriich lies outside oi the vas. 
is characteris~ical 1"ove-rown "'iZh hin conectie tissue F. 4A,. In Fig. 
4B this issiae has been cut to expose .re RIOD body containing the white 
connectin,, tube. The :.picai response to vas occiusiol. in the rabbit is seen 
in Fig. -C. The cauda epiid'm; dis and pzoximai vas are swoilen and en­
gorged with szerm. 

Histolozic cross-.ec: ont of :r e RIOD-vas interface in the Duiie:a piz after 
5 mon:.s of imlanation F.-. 5.-\. B) show -:onnec:ve tistue in-rowth into 
the surface aores. in these examples the RIOD surface texture was as in 
Fig. 3A and B. and :he tM1-,i"t:i w as de:troved a: he time oi installation 
using a batterv.driven cputerv and bipolar e'ectrode specially designed for use 
in the vas "e;eres 6 

Breeding triais with six :,.jinea pigs imnolanted bilaterallv with RIOD, are 
shown in Table I. These data from the 4rst Prototype demonstrated the feasi­
bilitv of the RIOD coiaceot. Sherm counz rom four rabbits imolanted bi­
laterally with TIOD, in .he mtten are shown in Fi-. 6. Aiter a briei Dost­:node 
surzical droi ;usecuen sperm counts ann, percent motility were generally
in the normal range. heorm ,ounts in rabbits after biiatera! installation oi 
RIOD., in the Closed :no'e .F;'. 7' feil to zero after the first ejaculate and 
remained at zero for .he 2-month .i.a period. 

R-IOD PROBLEMS AND SOLUTIONS 

First protot';es Fig. I) were fabr:cated from ethylene vinyl acetate tubing 
with an internal diameter (ID) of 0.5 rm. Although considerably more com­

http:cross-.ec
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FIG..5. Histolog. of he RIOD-vas interface..-/. Section th'rough he right vas and 
indw~e~ing RIOD:, of guinea Dig 51. 5 months after installation. AN33. eto 
through the right .as and indwelling RIOD, of guinea pig 46, 3 months after 
installation. <330. 
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RABBIT 5 - CLOSED MODE RABBIT 6 - CLOSED MODE 
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PRE-SURGERY POST-SURGERY 
FIG. 7. Sperm coun'ts and motility in rabbits before and after bilateral installation of 
RIOD. in closed mode. 

pliant than polyethylene, it was stiff enough to erode through the vas wall 
in some cases (Fig. 3). This erosion usually occurred on the distal end of 
the RIOD leaving the vas occluded by the ingrown proximal end and inter­
connecting plug. The ID of RIOD, ,.0.5 mm) also appeared inadequate foi 
the normal passage of sperm in the rabbit (Table 2). 

RIOD., (Fig. 9) was developed in response to these specific problems. It 
was fabricated from soft polyurethane with an ID of 0.75 mm. No erosion 
problems were encountered witih this prototype, and sperm passage was nor­
mal in the open mode .Fig. 6). However, in a few animals the flexible tubing
tended to kink at the tube-body junction (Fig. 10) and some wrinkling of 
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FIG. S. Left: 1-s of guinea oig 49. 3 months following installation of RIOD in the
 
open mode. The dis:al stem has eroded through the '.as.
 

TABLE 2. Sperm Counts 3nd Spterm Antihody Tiers ziter RICO, Instaltation in Rabbiti 

StCerm Count (.miilions, mi) Antibody trs,K/ SIV)'
 
Rabiit RICO 3ifore After 
 3efore After
 

Idenriicaton m."Cle RICO 
 RICO Reversed RICO RICO Reversed 

31 C:osed iSo 0 1 0/2 0/2 O/ 1 -1§ 

;not motile' 
.41 C!'sed ­ - - 0/2.1 I02.1 ­
34 Coen 175 Act ­ 02 02t ­

:nat motile) 
49 Cren ­ - - ,/1.7 01.7 -

K = Kibrick microscopic scerm aggiulination; SIV scerm ;mmooilzorion values.
 

After surgical 9usn to remove -iebris.
 
SIV rose to high eels berween 5.5 anc 77 days after ;nstoilatioit. Autopsy revealed t' at 
 mistl 

RIOD stermhad broicen througn -,as on rignt side. 

j setween 13 and 23 cays pcstrevernli SiV rose to 4.S. 
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I a 

FIG. 9. M.OD,assembled and disassemnbled. 

the tubing wall close to the tube-body junction was evident in most installa­tions. In addition, the increase in thie outer diameter (OD) of the stemfrom 0.75 to I min necessitated by tihe increase in 11) caused the body-stemjunction to be less abrupt and more streamlined, so that in a few instancesprior to being anchored by ingrowth and olverVowth the RIOD was pro­pelled into the proximal vas by the peristaltic action of the vas Musculature.The most recent prototy.pe (Fig. I P)is designed to solve these problems. Thecompliance of the tubes becomes prog7'essiveiy f'rom the tip to the tube-bodyjunction to prevent kinking and wrinkling. The rims of the body tubes are 
extended outwvard to prevent migration.


In ensuring, and maximnizing connective 
 tissue inagowth it seems necessaryto destroy the epithelium in the vicinity of -,he tubing pores. Failure to dothis resulted :n a laver of atypical. hvperplasdc epithlelium in guinea pigsthat did not grow down into the pores (Fig. 12). A clea'n cut through theinner muscle layers would seemn to be the best way of preparing the vas "Coringrowth as the pores are then adjacent to fresh,' uninjured cells that can servxe as a source of new fibrous tissue. However, the RIOD installation pro­cedure does not lend itself easily to endaterial type stripping techniques.Special stripping zools are being developed at the present time. 'Meanwhile,techniques that destroy the epithelium in situ are being employed. The vastauterv, 6)With bipolar circumf~erential electrodes has proved useful, but inthe rabbit itcan leave pockets of epithelium and enourage an influx of
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FIG. 10. Left vai of rabbit 5, months following installation of RIOD., in rhe closed 
mode. The ;oft RIOD ha2s '%-nk.-d at :he bodv-i ter Junction causing distortion of the 
vas and adhesions. BLAC
 
FIG. 11. Drawing of R1OD3. Set! tex for detatls. 
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FIG. 12. Section "hrough t6e right vas of guinea pig 49 and indwelling RIOD, 5months follow:ng installation. Th,.zpitneiium has not been detroved and has becomeatypical and hyperplastic. Phagocvtic cells are present in :,he RIOD'pores. x50. 

phagocytic cells. Ethanol (95-))was not adequate to destroy :he epitheliumwhen administered by putting it on and in the pores of the RIOD ubing.Pore size is also important in promoting good tissue ing-owth. Pore diame­ters smaller than 25 4m appear inadequate. Good ingrowth is less important
for sperm blockage than for mechanical bonding -o withstand the traction
and manipulation involved during the reversal procedure.

Extrapolation from animal models is a particular problem with proceduresinvolving the deierens.vas Procedural surgical problems arise from thedeeply lying vas with relatively little connective tissue in guine:, pigs. Evalu­ation of reversibility is difficult thewith rabbit due to the extraordinary
buildup and subsequent slow dispersal of sperm and sperm remnants proxi­
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to the site oE occlusion.mal In some cases, however, we feel that we are ob­serving impor'ant problems in animal models that could occur at a muchlower and less noticeable frequency in man. In dhis sense the small animalmodels may be serving well. Early trials of a more advanced model systemin the rhesus monkey are planned for the near future. 
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Based on what is known of oviduct p;hvsiologv, the clinical literature on tubalocclusion and the few available prelininary trials of intratuba] occlusive
devices. we hate attemnt)ed to list the imperatives for successful mechanical
tube-blocking devices. From our own experience bioimpiants, particularlyof

in the vas deteens, we have attempted -Iv ground rules,
, some po;nt out 
some ';)oible ,)ittails and u.gge .t some approaches for design and application
of intratubal occlusive devices. These remarks are offered as a basis for con­sidering the feasibility, acceptability and cost benefit of this approach to 
female sterilization. 

ACCESS TO THE FALLOPIAN TUBES 

Access to the tubes can be through the uterus and ute-otubal junction,
through the wall of the is'hmus or ampulla or through the fimbria and 
infundibuI um. 

TRANSUTERINE APPROACH 

The uterotubal route has a clear advantage over the other approaches becausehysteroscopv or other transuterine techniques may be used to avoid major
surgery. A highly efficacious. transuterine method of tub.1l closure is taiereicre 
an attractive objective without tileresearch even considering possible re­
versibility. 

Several features enhance the advantages of this Method: the inters.i:'al
portion of the fallopian tube is rnechanically well supported and there.ore not 

Michael J. Free, Ph.D.. Ronald E. Filipv. M.S., Roy R. Adee, B.S., and Tom M. Fish.Biology Department. Battelle, Pacific Northwest Laboratories, Richlana, Washington 99332,
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easil eroded: it has a narrow lumen: and it is less secretory than other portions 
of the tube. Additionally, muscular activities at this ,ite can be controlled to 
some extent with exogenous hormones. a feature that may aid iil retaining
devices prior to permanent bindling thruoih ingrowth or tissue adhesives. The 
problem of locatitng the Utterotubal jtintion and de!.veri nr the device ma be 
eased by current reearth .and dexelopnent on i:ttruinentartion for h! steros­
copy..-\ number ot invenious solution, ha e a!ready been devised in associa­
tion with specific tube-blocking concepts 1. 2). 

Promising devices and procedureb for installing them through the uterus 
include cured-injplace silicone rubber intrusions I, 3', and an annular 
device that constricts me eparated perilunin:li risue iaes (2V Other con­
cepts for tratsuterine approaches include preformed pugs w ith potential for 
tisue ingrowth: threaded screw devices: microporous plugs for filtering out 
sperm: and planc toani>, highly compressed for insertion, which expand to fill 
and grip the tbe. 

ABDOMIN.L APPRO.kCH 

Al though eenerailv e," deirable than the transuterine approach. the abdomi­
nal approach may be practical iH iivoives a siilar low failure rate less 
than 10") with no more ri;k titan the pre~ent sterilization procedures and. ill 
addition, oiers suitanthai inpro eient it re ersibiiitx. However, te reversal 
procedure iz likeix to involve a second major operation with conequent 
additional riMks. 

Using this approach, it ma, be possibl- to interpo,e valve devices between 
the cut end of the :ra icctcd tuie or hll Spuas Aevces dhrough the at! of 
the intact tube as has been lone experinienlta l in the vasa deferentia of 
various animai , ,-. 5., . T',e isthmus oder, the best site for implantation.
Although the larer lumen ot tie ampulia offers the de, ice fabricator an easier 
target. the apa, ent ccretotv nature and her compiAnce of the segent,
together with the ersirent ,nuscuiar activit of the tube, ma. conjoin against 
permanent intratubuiar blockage. Some pattern of tissue imnerowrh into the
device woud almoust certainlv be required for preformed devices installed in 
the transected or pminct'eid iStilaUis. 

A few exper nientai de'.ices have also been intalled through or around the 
hmbria. Fim briotexv .as received onix ,cant attentiun. but it may he .easible 
(6) 

On the other hand. maiitten:i nce o nreformed devices in the tubal infun­
dibulurn is :,.nu n°rentaltt Since tubal ulo.. prebiem:s. mnost ,ecretions 
out tlirouli: the in:t. rimbulum blockage at this point can result in hvdrosal. 
pinx. Reversibie uev:ces ri-erted in or throu'.i the infundibulumn would 
probably !ave to he removable pius in order to restore the area to its nornhal
ovum-coilecting r'unction. ThiO preiudes tissue ingrnwth for anchorinq the
device. even :i Luch iugrow h cuid be achieved in th itighl.," secretory 
segment of the tube. Despite thee poor indcatous, pareliminary studies haxe 
shown ti t imooth or not! ted dev.ices ilntaiied tl-ough the in fuindibuhnt and 
anchored with ligatures or pipscan be "nude to stay in place in aninal f 
and humans ,. It i possible that these devices permit tie pasage of Hluids 
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(and sperm) between the device and tubal wall but preclude the passage of 
ova. 

COMPATIBILITY BETWEEN DEVICE AND TUBAL TISSUES 

COMPLIANCE MATCHING 

One clear finding from intravasal device development has been the need forcompliance matching between the device and the vas ¢teferens, and shouldtherefore be considered in any implanted tube-blocking device. Metal, ceramicand other rigid structures, semiflexible plastics suth asflexible tnpes of ethylene vil polyethylene. and evenI acetate have frequently eroded through Ehe 
muscle ot the vas wall in guinea pig. rabbitE, dogs and monkeys. Only softdevices of polyurethane k5 ) and silicone rubber (4) have proved sufficiently
flexible in the vas deferens. The tissue erosion arising from compliance mis­match may be due to mechanical ,tresses on th -uperficial vas deferensresultint from movement; of the )crotu:n. If this is the case. the fallopian tube mnay withstand stiffer devices vas. thethan the On other iud. if "he tissue
erosion in the male tract results froi the muscular activitc of the hoilow vasdeferens itself, acting against the stiffer indwelling device, then a similar resultis likely to occur in the female tube. Therefore. compiiance matchingi may bean important consideration for ind'wellingu tubal devices. Preliminary trials toclarif%tillspoint shotuld be carried out prior to expensive development of rigid
intratubal devices. 

CHRONIC IRRITABILITY
 

Although irritabilitv may be a desired feature of devices 
 into which tissueingrowth is required, the'irritating substances should ideally be an adjunct tothe fabric of the device. Tie device itself, destined for long-term residence inthe body, :lhould be a well defined inert material and in a pure state, free ofplasticizers and inpurities that may be chemically toxic or potentially carcino­genic. From our experience in tle vas defer:enS, subacute inflaninatorv re­sponse at the de, ice-vas wall interface ,Fig. IA) is. unfortunately, a common 
respon.e to devices that have no such effect on tissues outside the vas deferens(Fig. I 'Thiv, re!spone. characteristically netutrophil and macrophage inil­tration (Fig. 2). inay. bt dute to low level mechanical irritation or to disturb­ance of the immunologic barriers. allowing antitenic sperm to come in contactwith immunoiogicallv reactive tisiues. The inrl.i'mmatorv resoonse of the -asallumen tissues to an ildwelling device occurti in the untreated vas as well as in
the vas which has been eiectrocoagulated. reamed or treated with cvtotoxicsubstances to theremove mucoSa ,,with th.. intention of promoting fibrousingrowth) . The fallopian tube may re_,pond in a similar fashion, since it issimilar o the vas in many st:'uc:urai respects. is subject to miechanical it-rita­tion and has an immunologic barrier protecting the )ubmmcosai tis~lues from 
the more or !ess anti,,n ic emn, snierni and ova.

\"e do not know how to avoid thi, illammation at present, nor whether itdisappears completeiy in time. It does not appear to be specific to any particu.lar material used indevice fabrication and is still present in the vasa of guinea 



242 / New Agents 

// 
''  ,3 -" /I . il, 

. . _, 1 p' 
4 

.A 

Y.1 
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vas-device interface in rabbit. 7!1 
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the vas, sho%,ing the absence of 
inflamrnmation in :,he %as mu,'cle 
tissues associated xith etx:ra- A A 

luminal oortions of the i:cvice. d> 
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pigs, rabbits and rhesus monke'-s after 5. 2.5 and 2 months, respectively. 
However, the clear -ign of irritation evident at these earlier stages were less 
evident after 12 months in zinea irgs and, fur hermore, neutrophil infiltra­
tion appeared to be assoctated with the presence or -perm In each species. Since 
accumulated ,perm masies do not occur in the female tract it is possible that 
irritation due to intratubular devices may be absent or less severe than ;n the 
male counterpart. 

FORMATION OF A PERMANENTLY BOUND 
TUBE.DEVICE INTERFACE 

Tubal occludirz substances :hat are placed into :he tubes in a Oiuid state. 
thereby coniorming to the ivaginations and contortions of the tubal lumen 
and extending throughout 11o1t of te isth us, appear to remain in place in 
animal species il). Shorter" preforined devices may need some type of tisue 
ing owth to bind them pernanently to the tubal lumen tissues. 
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TEXTURED SURFACES FOR TISSUE INGROWVTH 

Surfaces iiuitable for iniarowvth miav take the formIT Of mieshes or flocking bound 
onto the outside of iuitable ubing. However, when installing devices in the 
vas defierens withi a view towardL rever, ibilitv. we have found it essential to 
create the laruest p)ossible inlternal dliameter throueh the device! to minimize 
blockingr b%- cell dlelbri, mnd ~o faclitate the eventulM free flow of spermn. In 
order to minimize wall thickness in our device conduit, and also to avoid an%, 
additional problems created b)%hbnding different materials, we have deve]. 
oped methods Of preparing- plaitic tubes or pILugs With integrally textured 
outer surfaces (,Fig. 3)*These --urfaces are prepared by coating the tube or 
plug with parricies graded in ize according to the desird size of the pori wive 
nor-malix use 30)-120 !. ore diameters for the purpose of tissue ing-owth) * The 
particles can be plastic powders, ietal particles or cristalline Substances: the 
surface shown. in Fig. 3 was farmed with graded sucrose crstals. The Coated 
tubes or plugs are brought into contact with a solvent which dissolves the 
poly er surface and causes tE to flow Over the adhering particles. When the 
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FIG. 2. Photoicrograph of
 .
 

--,.a.,,.,. a vas lumen-device interface..,7,, .. :._• , guinea pig 94 days after
-in 


i.talation. n.neutrophilis:
 

m. macroph.ge: Zc.. giant 
cells. (X350' 

particles are removed mechanicalk or with a suitable solvent (e.g.. sucrose is 
removed with water) the cellular t'pe of structure shown in Fig. 3 results. 

These and other t0es of integral surface texture were adequate for tisiue 
ingrowth as indicated !V the resuonse to the devices obtained in mieolar 
connective tissue ,Fig. 4, nd in the muscle wall of the rabbit i Ethn s ,Fig. 
Y). In the latter device ,Fit. 5) . carbon par:icles were incorporated into the 
plastic tube to enhance visibilitv. 

FIBROUS INGROWTH IN TUBULAR STRUCTURES 

In the vas deierens. active contract:',n , secretions -ind accimulati ng sperm 
combine to keep the vas ,euarate !rom the device. ,ith the resuit that reepi­
thelizaton can occur !n a tlv, da -een .ter quite destruction of tie-s. severe 
mucosa prior to device instalation. The new epitheliuni is invariably atypical 
and hvuerplastic Fig. ,.Except at the Cut ends of the transected vas. or 
where "he .valls of tE,.- vat- are held in apoositon, firous scar tisue resulting 
from p -einstailation destruction oi die anucosa is often prevented from pene. 

http:macroph.ge
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FIG. 3. Scanning election micrograph of polyurethane tubing with ir.-eg-ally textured 
surface. 11..X43, B, XJ00) 

tratino the device by this regenerated epithelium. Nevertheless, patches of 
fibrous inzrowth de occur (Fig. 7). 

Similar problemns eerm like!% to arise with attempts to induce fibrous in­
growth in the fallopian tubes. Our respone to this problem has been to 
combine initial destruction of the mucoia bv electrocoagulation with a sus 
tained irritation brought about bv a sclerosing acgent coated on the device at 
the time of installation. Vigorous Fibrous ingrowch tFig. ) has been much 
more prevalent in these preprations. .-\ specially des.igned bipolar electro­
cauter can be used to destroy the tubal epithelium Fig. 9) with minimal 
damage to the underl%ing muscle !avers. 91. Reaming devices have also been 
used successfully for removing vasai mucosa prior to device installation, but 
these may be less adaptable to the more tortuous and often remote fallopian 
tube. We have used 70 ethanol, 10- forinaiLehde and paraformaldehvde 
powder as sustained irritant. in an ttempt to prevent epithelial regrowth and 
to enhance fibrosis. Other agents such as quinacrine and silver nitrate aho lend 
themselves to this procedure. A more controlled release of irritant may be 
achieved by incorporating the agent into the surface of the device in a 
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 FIG. 4. Photomicrograph of 

T facilitate, " . fibrous tissueineao'rol'h fromareolar coninective ti~stueinto 
• "'" *'f• r.) #e ,D) ,, integral pores on etha,'ene..
 

diffusible form. For example, pla,.tic microsoheres :may lend thetmael'es to this 
urpome 0'.

To facilitate ingrowtis in the ear! stage, foiiowinz device iihtaiiation, it 

ma be u~eful to minimize musc~e activitv of the tuba-.,ail. The action oi -hefemale ,ex 'teroids .n. ightbe UsefUl in tii respect. aithou ,, (Io-e !eveliouidhave to be carefui:. regula'ed to biing about :e desired e(1ect .i 

HISTOLOGIC EVALUATION OF EXPERIMENTAL DEVICES 

Plastic devices inside hiologic ,:ues cannot be dealt with eaiiv using conven.tionai histologiric echMiques di: e o the effec: of :olvents on the pov1nermaterials. the 1iderentiai erfect oi heat on t:.,ue and polymer and distort:onsarising from sectioning heterogeneous materials. The foilowing procedure
worked well for 6rmtai-.i-platic devices in the vas deferens. 

has 

Tissues, xiti device in itu, fixed and stored in 10% neutral bufferedfornialin were reraoved from the fixative and washed overnight in 0.2 M 
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FIG.y5.ethetonincregase of .d.o.-374isthmu vabi --. .inT in-g- 4,XI* chanes opo u r aine a in O, ethano , o W.. sub titut 
Carbon particles have been r W " 

thecmuslteethan.oltoirououferwallragradeph~pHh.Te s'~o~hy ro :1 :3 ro .. 
polyuretmane to increase 
incorporated into the ofe deyatedtruh.,7.adpr n 

&A%rabbit isthmus ,it "nnmmoah ocnrton fe heical 0 anaa4
wth mucl ofirhewal of I hor a eahcnetain Th ise eea~ 

onorernh uren tuiongT.Fadthnsbeedtcrialontryguig 

cacodvae bufter. PH 7..Thev .ere then dehyedrated throuh 50, 70, 95 and 
10e)C ethnol With a i oiuion of A m at each concentration. After three 
chanctes of 31) min. each) in !01-- ethanol, Freon T.F. waSsub-tituied for 
ethanol ithr -,aIgraded SerieS -a Freon 1:1. 1:3, and pure Freon TE.) 
with a minimU oi I lour at eacih concentration. rhk tissues verehld 

oenght inl Dure Freon T. F. and thenl subjected to cr-itiCal point drvina tviin-
Freon 1')as tLe mithroe see placed ill JB.4ransitionalruod.After dr'n tis 
water soluble embeddi ni:aediu PO'I ;Ciect- wei:h a -en te vacumn until 
the remnained abmeered. 

the niext dat. the Ipcilie'l-wer poi merized in teJ B4 !niheddinz 
mledium~l exldnthe i~i~Cn 1BCOMponent U Winga Cobalt 61, sOurce. 
Sectioni of about -1.3 ,. in t!hickne-Si er obtained, using a Sorvall JB-1 mnicro­
tomne with zlass knilves, and w.ere icained ith h1eMatEox-i'.n and 'eo in. 

Staining w as acc orpiished i%-uh a miniimumi of wrinklin-. A ireshly cut 
section was floatedi onl a drop of water on a mnicrosicope slide 2nd transferred 
onto the surface of wvarm i65'C) Delafield's hemnatoxx lin for one minute. 
Lsing a camiel hair brush, the section w-as transferred and submlerged in tap 
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FIG. 7. Photomicrogph of'., " 7 
avas lumen-device interface in /­
rabbit. 8 ays after i 
installation. The Q' .nucosa 
was destroved bed'vc. ' 4 
electroco-agulation prior to ell~/~
installation of h J.i-
Substanti fibrous ing.owEh 
has occurred in this area. i I i 
Areas of ibrous ingrowrh - ) 
occur sporadically in most. 
cases where the asal a £nco 
has been adequately t 
destroyed. (X554) L i 

stretches up to it maximum. DirfCUILieS of installaton can be overcome by 
dilatin the lumen with succe)sively larger probes prior to inserting the device, 
altheouh care must be exercised. Too large a device may increase the incidence 
of tearin and tiss e erosion. The id size rang is usually a matter of trial 
and error. 

SUMMARY: OUTLOOK FOR REVERSIBLE 
INTRATUBAL DEVICES 

The advantages oi the transuterine approach comoared with other approaches 
for mechunical occlusion of "he fal0pia tbes appear oioerwheemein. In 
addition, reversibiiit. which sesi n o less feasible with transuterine than with 
abdominal approacest , Would iea procedure with thevinor transucerine 
approach and a major operation with other approaches. 

Liquid pok.mers injected and cured in situ hiow promise as tubular plugs, 
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- .	 FIG. S. Photoicrograph of 

a vas lumnen-device interftace 
% 	 in rabbit. 63 days af'ter 

installation. The nmucosa 
was destroyed b% 
elecrocoagulation prior o 

installation andhe uevice 

%as coated witd I- formalin 
in ethanol. Fihroui ir.growth 
was common throughou: the 

vas-device interface. (X350) 

because the,. can conform to t:ie ihape ot tubal lumen. extend over a large 
segment of the tube anti make contact "Witih a large area oi tubal lMinal wa!l. 
There rennains the nroblem of damage to the tubal watl when the plug is 
removed ind the consecuences on reeriibi!it'v. 

Gn the other h:and. ,iorter. uLreforttied pugp robabi% Woul require tissue 
ingrowth to )ecu're tnem i place. To -'chie',e his. the turface of !lhe device 
must be Sitabi' textured -1d 1he t,,bal enitlheiium must be ,,'emoved in tile 
area of device til~aticri and preente "rc ,ezener'tit,.Sine epitelirim 
regenerates easi, 'n these tubai ,tructures an arice :e dvce may act 1mke a 
spli nt to hoid t.e tube onen. it nia be necessarv to extend .he Irritation a, the 
device-tissue ;ntertace over a ner:od oi ,.ia.s or week,. For the device to itcay :n 
place over this ingrowth period te diameter saou!d be larger titan the norniaI 
tubal lumen, tile "ube si:ould be immobilized if possible and tensporary ties. 
clips or tissue adlieqsie mav. be mecesiar:. The)e ingrown devices niav be made 
reverible by means of a rensovabe: pLig widhin a hollow tube..\ lternativelv, a 
thin septum within the tube ,an be pierced to allow passage of sperm and 
ovum. 
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976 A1 'A.A E $TSWrTH A MlUSI3LE I'rRAVASAL OCCIUSVE3iol 7yDepartrCn, DEVICE (RIOD). H.J;atelle, Pacific ,orthvest LAborator es, RIchland, Free Ph.
U.S.A.
 

A RICO consista of three coopcnents, rwo 
Identical endpleces and 
a central connectiog
plug (closed mode) 
or tbe (open ode). Ech endpiece Is 
5 a long, 3.5 = being 1.0
OD X 0.75 cm ID and the remaiing 1.5 =a being 1.50 m, 
0D = OD X 1.25 = ID. The plug is 1.25mm X 3.5 = long; the tube ia 1.25 =9 0 1 0.75 mmO X 3.5 == lcng; each fits Soulyinto the large portion of the sodpieces. 
 .ater-ala used in M1OD fabrication are ethyleat
vinyl acetate and polyurethane, the outer 60 " of the 
sall portion of the endpleces
textured into a porous structure to permit tissne ingrcwth.
into the yam The endpleces are inser'ted
lumen through needle puncture's in the vas 
 all and connected to each other
outside the 
vas with the plug or tube. .o ligatures are used.
in 14 rabbits and 16 guinea pigs in which the 

Rl0-s have been imPlanted
 
as
with a sclerosing agent 

epttheliumhad been fulgurated, treated
or left intact. Zpithel"al and/or connective tissue ingrovth
occurred in all 
cases and was 
usually suficient to form an apparently compatible andpermanent tissue-device union. 
In fertility tests 
to dat,, no pregnancies have 
occurre
in the closed mode and pregnancies have occurred in 
751 of the racIrgS in the open mode.
RIOD lumen size and compliancy are 
critically important In minimizIng local tissue
reaction and maximizing sininal sperm count 
and motility.
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the valve at infrequent, selected inrer,':',s 2r:--
neering to external control 
need only be solved after the true practicality 
of such devices is demonstrated. 

In developing a vas deferens contraceptive 
method, a number of complex questions arise 
relating to the dimensional properties and 
morphology of the vas, the mechanism of 
sperm transport and storage, the ability of the 
vas deferens to grow into a porous surface ma-
terial, the eftTact of various substances on 
sperm motility, the length and diameter of 
tubes through which spermatozoa can pass, 
the best types of material to use, methods of 

A 

vas dtftr:Is occlusion, etc Th,. ,.,,iied infor­
matiun wil! depend ,,tt!le 'echnique to be 
used. e.g., chemical occlusion, noningrowth de­
vices, or devices that will adhere to the vas by 
tissue ingrowth into the device. These concepts 
will also vary if the technique is to be reversi­
ble. 

THE VAS DEFERENS 
Anatomy 

The vas deferens is an extremely muscular, 
tubular structure connecting the epididymis to 
the urethra. Starting 3L the epididymis, the 
scrotal portion of the -vas ascends into the 

a 
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Fig. S3-1..-A, Cross sec:ion of" human vas deferens. Note re!ati',e hiclie s of luminal epi­
theliun (e;and muscle and connectve ussue Ia crs ,:c:. B. Lancitudinal section of Jcg as 
de."erens showing estreme ccnvolutions of luminal surface. lunminai egithetium tel and muscle 
and connective tissue (mc,. C. Microvilli of human vas. D, Human vas deferens showing 
columnar ccll a,er partially lifted art underlying basal c:ells ibc; and basement membrane. 
Note microvillus 3urface ',m. Columnar cells appear to be attached by cconnec'ite material. 
Two typs of c'olumnar cells are present. "re":anrular" ,clls i."and "stalked" ,cells i.s). E.,Hu­
man •vasdeferens connective tissue layer 'cii. basement membrane ;bntj, and basal cells (bc . 
t,--40. B '125. C '5000. D '1000. E ,,1000.) From Brueschke Ct al., t974b.) 



ingui,-i! .',nal (inguinal portion) and runs for 
-me distance in the pelvic cavity. At this ter-

minal portion it is frequently surrounded by
glandular enlargements, which are termed :~e 
ampulla. Just before entering :'a urethera, the 
vas fuses with the -7::.ctorv ducts of the semi-
nal vesicles and forms the ejaculatory duct. 
The scrotal vas is part of the spermatic cord,
which also contains several other structures, in-
cluding the lymphatics. the spermatic artery 
and veins that form the pamoiniform plexus 
around the artery, sympathetic nerves, and the 
internal cremaster muscle. The spermatic cord 
is surrounded by the tunica vaginalis. 

The vas deferens rcceives its motor innerva-
tion from the lumbar sympathetic outflow. The 
sympathetic fibers -each the pelvis via the hy- 
pogastric nerve. The musculature of the vas it-
self possesses a very dense adrenergic innerva-
tion of short neurons; the cell bodies of these 
neurons are located close to the target organs. 
They possess large amounts of catecholamines, 
chiefly norepinephrine. The vas receives its 
blood supply from the deferential artery, a 
branch of the inferior vesicle artery (Sjistrand,
1965). 

Structure 


The lumen of the vas defercns consists of 
pseudostratified epithelium that is made up of 
columnar and basal (cuboidal) cells (Fig. 53-
I) (Brueschke et al., 1974b). The columnar 
cell layer is very easily removed. Manipulation 
of the vas during sureical procedures should 
be minimal and delicate if the inte2ritv of :he
columnar cells is to be maintained. The in-
ternal surface of the vas is covered with micro-
villi (stereocilia) and is usually extremely con-
voluted. The vas possesses a thick muscular 
coat that consists of an inner and outer lonei-
tudinal muscle layer and an interposed circular 
muscular layer. The epithelium of the vas is 
surrounded by a basement membrane and, to-
ward the exterior, by a lamina propria of con- 
nective tissue consisting chiefly of collagen 
fibers but also ccmposed of capillaries, fibro-
cytes, and occasionally a muscle cell (Nicander 
and Schantz. 1961; F*hrmann and Schuchardt, 
1965; Niemi, 1965; Wendlar, 1968). 

Precise techniques have been developed for 
measuring the lumen of the vas (Brueschke et 
al., 1974c). Because the vas has invaginations
and stretch, it is necessary to distin-uish be-
tween "no resistance" (normal vas lumen) and 
"significant resistance" (the largest diameter 
to which the vas can be stretched) luminal 
sizes. Based on a study of 25 human vas spec-
imens, the mean diameter of the largest gauge 

Vas deferens conlraceptive methodology 545 

that could be entered into "'jevas with no re­
sistance was 0.07 mm, and the mean 
,'zn.,=ter of the probes that met with signifi­
cant resistance was 1.06 ± 0.12 mm. Analysis 
of the data su2gests normal distribution (Fig.
53-2). The no-resistance population has a 
smaller variance than the significant-resistance 
population. As several investigators were in­
volved in the research, the results suggest that 
it is easier to obtain general agreement as to 
what "no resistance" feels like rather than to 
obtain consensus on the feel of "significant 
resistance." Identical results are normally ob­
tained whether the measurements are per­
formed in situ or after excision. The lumen of 
the vas varies from patient to patient and from 
one vas to the other in the same patient. The 
external mean diameter of 23 human speci­
mens was 2.S5 - 0.43 mm. 

The dog has a vas that is similar to but 
slightly smaller than that of the human. The 
mean no-resistance luminal diameter is 0.77 
_-0.07 mm, and the mean significant-resistance 
diameter is 0.98 ± 0.08 mm (Fig. 53-2).. 
These dog vas mean values differ from the 
mean size of the human vas by 0.086 mm (no
resistance) and 0.084 mm (significant resist­
ance).
 

Physiology 
The majority of spermatozoa are stored in 

the epididymis and are transported through the 
vas at the time of ejaculation by a series of co­
ordinated contractions that are controlled by 
the release of norepinephrine from the nerve
endings. Approximately 100 to 500 million 
spermatozoa pass through the vas at one time, 
a fact that explains the necessity for the heavy 
musculature that surrounds the vas deferens. 
Approximately 30% of the ejaculated sper­
matozoa originate from the ampullary portion 
of the vas. They are either tram'ported there 
between ejaculatory periods by thef spontaneous 
motility of the human vas or are placed there 
as a residue from the previous ejaculation. Due 
to this storage phenomenon, 10 or more ejac­
ulates or a period of 5 to 6 months after vas­
ectomy are frequently required before all 
spermatozoa disappear from the ejaculate 
(Freund and Davis, 1969). On the other hand, 
bilateral vasector.,y of the dog results in im­
mediate absence 'ifspermatozoa from the 
ejaculate (Brueschke -t al., 1974a), probably 
because of the absence of sperm storage out­
side the epididymis. 

Knowledge of the functional anatomy of the 
vas deferens i obviously: important in vas 
contraceptive methodology. Tne mucosa is i­
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Fig. 53-2. A, Relative size distribution between "no resistance" and "significant resistance" 
luminal sizes in men. Central values indicate mean for each population. B, Relative size 
distribution between "no resistance" and "significant resistance" luminal sizes in dogs. (From
Brueschke et al., 1974c.) 

portant in techniques involving its removal or 
obliteration. The extent of muscular mass (vas
wall thickness, relative muscle mass vs vas epi-
thelium) is important in dvice design and in 
devices depending on ingrowth. Such ingrowth 
depends on fibroblasts rather than epithelial 
cells, due to their natural tendency to regen-
crate. In those cases in which device implan-
tation into the vas is contemplated, knowledge 
of the size of lumen of the human vas defer-
ens and any animal model is essential. 

NONDEVICE-RELATED PROCEDURES 
Surgical vasectomy 

Surgical vasectomy is a simple procedure. It 
requires only a local anesthetic and can be 
performed with a minimum of medical formal-
ity. While certain small variations in technique 
do exist, the operation is fairly standardized. 
The vas deferens is exteriorized through a 
small incision in the scrotal sac, and a section 
0.5 to 1.0 cm in length is removed. The cut 

ends ot the vas are then treated in a variety 
of ways to ensure that spermatozoa are per­
manently sealed into the proximal vas and 
that both ends are physically prevented from 
rejoining. Despite these precautions, some in­
stances of sperm granuloma have been noted, 
and recanalization of the sperm path between 
segments of the transected vas has occurred in 
a small number of cases. Some means of ob­
literating the vas lumen" is helpful before su­
tures or clips are applied to close the vas ends. 
Curettage and electrocautery are probably the
most effective methods currently available to 
accomplish this. 

While it is important to ensure that the vas 
ends are permanently sealed and restrained 
from rejoining. there is an increasing aware­
ness that some opportunity for future vas re­
joining (vasovasostomy) should be built into 
the vasectomy procedure by removing only a 
small portion of the vas and making the pro­
cedure as atraumatic as possible. Success rt­
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ported in performing vasovasoanastomosis DEVICE-RELATED PROCEDURES 
(Phadke and Phadke, 1967; Schmidt, 1975) Extravasal occlusion 
u'nderscores the feasibility of reversing surgical One means of blocking the flow of sper­
sterilization and the need to plan for this pos- matozoa involves the application of a concen­
sibility while performing the vasectomy opera- trated force sufficient to collapse the lumen at 
tion. Surgical vasectomy and surgical vaso- some point along the vas deferens. If this force 
vasostomy are discussed in Chapter 47. A can be controlled to the point where it can 
starch stet has been used to facilitate vaso- occlude the lumen without inducing too much 
vasostomv. An artficial vas dcferens (anas- trauma, the potential exists for restoration of 
tomosing device) for restoring spermatozoa sperm transport when the pressure is released. 
production when even large segments of the One such technique involves the closu,'e of 
vas have :eent removed has teen successfully a V-shaped clip around the vas deferens (Fig. 
tested in dogs (Brueschke et al., 197-1d). 53-3). This applies a fairly atraumatic, parallel

crushing force that closes the luminal area andElectrocautcrv blocks sperm transport (Jhaver et al., 1971). 

E!ectrocauterv is finding increasing ac- Since the integritv of the vas remains intact 
ceptance in the United Stares as a tol for for the most part, removal of the clio allows 
improving simple surgical vasectomv. A series repair of any induced damage and hence the 
of 1000 vasectomies has been reported in passage of spermatozoa. Unlike blood vessels, 
which no segment of the vas was removed and which are highly susceptible to permanent 
no ligatures were ti-d on *he vas (SChmidt. damage and disintegration, the vas deferens is 
1973). Instead, the lumen of :he proximal end a tough, thick-walled muscular structure that 
was cauterized for 4 mm in such a way that tends to retain healthy tissue even after sur­
the electrocau~ery lesion was confined to the Tical vasectomy. The clips can also be usee in 
epithelium, lamina propria, and part of :he conjunction with surgical vasectomy to oc­
muscle wall. The distal end was cauterized on c!ude the transected ends of the vas and pre­
the cut surface only. The sheath of the vas was vent recanalization from occurring, it is then 
closed over the distal end using a single liga- not necessary for the applied crushing force 
ture. The number of patients in this series now to be atraumatic, since any possibility of re­
stands at 1500, with no failures and an oc- versibifity must depend on surgical vasovaso­
currence of sperm granulomas or other com- anastomosis. Tantalum clips are 'urrently be­
plications in less 'nan 1% of zases (Schmidt, 
1975). This compares with failure rates of 
0.5% to 3% and a r-.te of complic:.utions as 
great as 10% following vasectomy by lization 
(Gurse! ,Tal., 1971: Steinhardt, '969). A s;g­
nificant advantage is that reanastomosis is 
technically easier following vasectomy by this 
procedure because none of tne vas has been 
removed. Transcutzneous e!ectrccautery has 
been proposed. but the feasibility of this pro­
cedure has not vt.been demonstrated. 

Chemical and ultrasound approaches 
Recently the injection of substances that in­

duce scar tissue plugs in the vas has been in­
vestigated. Injection of ethanol into the rat vas 
results in irreversible occlusion and a halt in 
sperm transoort (Freeman and Coffey, 1973; 
Coffey and Freeman, 1975). Similar results 
havr been reported in men (Freeman, 1975). 
It :ias also been shown that quinacrine dihy­
drcchloride has some occlusive effects in the 
rat vas deferens (Sety et al., 1972). The 
use of focused ultrasound for transcutaneous 
vasal cauterization has also been proposed. Fig. 53-3. Weck surical occluding device showing 
but this approach is still in the preliminary stages from application through occlusion using 
stage. Hemoclip. 
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ing used instead of ligatur-s in at least one 
clinic (Moss, 1972) and are being promoted 
for vas and oviduct occlusion by the manu-
facturer of Hemoclips.* 

The externally applied clip does not fully 
meet the objectives of a truly reversible device, 
however. The major reaso-n is the lack of re-
liability either in the occlusion of the vas or 
the restoration of function when the clip is re-
moveu. Generally, if the clip is applied tightly 
enough to occlude the vas. trauma occurs and 
sperm tran-sport cannot be rrstored. To pre-
vent such trauma, the clip must be apphied so 
loosely that the passage of spermatozoa is not 
completely halted. In sum, the placement of 
the clip is really the only part of the system 
that is under the complete control of the sur-
geon. The actual reversibility of the procedure 
is dependent on inherent biological forces. 

Intravasal occlusion 

One method that suggests itself because of 
the nature and objectives of the problem con-
sists in placing an object into the luminal area 
of the vas deferens to interrupt the flow of 
spermatozoa. The objects and methods of 
placement are generally limited only by the 
imagination and creati',e ability to devise and 
apply occlusive system.. Two types of occlud-
ing methodology may te applied. In one case 
the device is entirely or almost entirely within 
the lumen of the vas (intraluminal devi,'.). In 
the other a significant portion of the de-
vice protrudes outside the vas (extraluminal 
device). 

Intraluminal devices 
The intraluminal devices ire placed into the 

vas either through a small incision, which re-
quires one or two sutures for closure, or a 
puncture using a suture or hypodermic needle. 
The blocking device is implanted either with 
or without a cannula. Devices include cvlindri-
cal plugs, spherical beads, or threads of suture 
material (Lee, 1969; Klapproth and Young, 
1973). Reversibility is achieved in these cases 
by removing the object. Some thought has also 
been given to intraluminal devices that can be 
externally ac:uated by magnetic or other 
means. A long, balloon-type device that can 

be inflatd to obstruct the lumen has been pro-
posed. Although such ideas may ultimately 
prove to be impractical, there is great merit 
in the novelty of their conception. 

The disadvantages in this approach are sev-
eral. however. The invasive procedure can re-

'Edward Weck & Co., Inc., New York. N.Y. 

suit in scarring at the incision site, which may
cnoliterate the lumen with fibrous tissue and 
result in permanent blockage. The device may 
migrate within the lumen, and therefore it must 
be radiopaque so that it can be located unless 
some means of anchoring the device is avail. 
able. Removing the devie doubles the surger­
on the vas and increases the same risks that 
are present during insertion. 

A Zypical example is the Brodie reversible 
intravas device (RIVD) that is composed of 
polypropylene and consists of a series of con­
nected, prcgressively smaller spheres. This de­
vice is inserted into tne vas and removed later 
when revcrsibili,,y is desired. in a study of 13 
men who volunitered to have the device in­
serted for periods of from 5 to 15 months, 
3 ot the patients never became az'rosp:ermic 
because the device ercded through the vas.
Of the lu azoospermic patients, 9 iad their de. 
vices removed but in none of .hese men was 

sperm transport restored (Derrick and Fren­
silli, 1974). 

In order for the blocking device to be ef­
fective, it must be matched to the diameter of 
the vas lumen. Obvicu;Lsly, an incompletely ob­
structed lumen continues :o present an oppor­
tur-ty for sperm to pas- around the device. 
Ideally the devic.' size should be sli-.h tly great­
er than the lumen size, so that the elastic prop­
erty of the vas may be used to advantage in 
forming a right seal around the device. At the 
time of device placement attempts should 
probably be made to stretch the vas up to 
70% or 80% because a rime-related relaxa­
tion of the vas around the device will probabiy 
occur as the system grad' aily adjusts and ac­
commodates itself to the presence of the for­
eign body. Size selec:ion therefore becomes an 
important problem. The choice of de'yice size 
will depend on accurate measuremeni of he 
luminal diameter, since a statistical distribu­
tion of both the luminal diameters and vas 
clasticity exists among individuals (Brueschke 
et al., 1974c). Device diameters must be 
available to provide the best fit for the partic­
ular vas. 

Even with such - .;autions, luminal block­
age causes a swell,. of the vas testicular to
the site of occlusion. This is apparently the re­

suit of pressure by the accumulated spermato­
zoa. Such swelling would encourage the tra-ns­
port of spermatozoa around the device. A 
comparative study was done between. -ectic .s 
from testicular and prostatic vas stumoS in Pre­
viously vasectomized dogs (Brueschke. 1975). 
Increases in luminal diameter testicular to 
blockage averaged 97% of normal, while the 



corresponJing increase in the outside diameter 
was only about 20%. indicating that the lumi-
nal increasc is partially due to a loss in wall 
thickness. The vas deferens distal to the side 
of blockage did not show any significant 
changes from the normal. Blocking sperm 
transport by the insertion of a device within 
the vas lumen is therefore a technique compli-
cated by many other nonobvious biological ef-
fects. 

Extraluminal devices 

Concepts. Devices that can fulfill the re-
quirement of being implantabie and fully re-
versible through some mechanical means also 
imply a high degree of engineering sophistica-
tion in the design of such a mechanism. T-his 
sophistication takes two forms. One is the de-
sign of the actuating mechanism, the other is 
miniaturization of the mechanism so that the 
device can be dimensionally compatible with 
the vas deferens. The mdst desirable features 
of such a device combination would include 
ncninva ive actuation that cannot be deliber-
ately or accidentally controlled by the patient. 
Actuation by scrotal palpation reduces the de-
gree of soohivtication but increases the chance 
of an unscheduled actuation. The costubenefit 
ratio must also be considered in the develop-
ment -,"these devices. It is unlikely, for ex-
ample. that the frequency of reversal will be 
very high. occurring perhaps no more than 
several times in the life of a small number of 
patients. The necessity of minor surgery to ac-
tuate the device, provided that the inte2rity of 
the vas deferens and device are undisturbed, 
may not therefore be a deterrent. 

The feasibility of devices with simple mech-
anisms to interrupt sperm flow is well estab-
lished. Several types of devices and methods 
of implantation have been evaluated through 
animal studies and are described by a number 
of ir,vestigators. Two principal methods of im-
plantation are used. One technique requires a 
longitudinal incision that is several millimeters 
shorter than the device along the princip 'l 
axis of the vas. The device is implanted 
through the incision and held in position by 
several simple inter'upted sutures. An advan-
tage of this technique is that the neuromuscu-
lar continuity of the vas is preserved, and 
peristalsis or other contractile forces necessary 
for sperm transport are interfered with to a 
lesser degree. tne other technique involves 
transecting the vas and connecting the two 
ends by a device, which would contain a 
valve to either permit or prevent sperm trans-
port. This technique is advantageous in that 
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sperm transport can be stopped very effec­
tively. 

In both cases it is helpful to incorporate a 
systcm for tissue ingrowth into the device. This 
is particularly important in the longitudinally 
implanted devices, since the continuity of the 
vas is uninterrupted and sperm passage around 
the device may occur. Tissue ingrowth into a 
device placed in the transected vas deferens is 
important to prevent sperm leakage and hence 
granuloma formation with the attendant pos­
sibility of recanalization around the device. To 

encourage tissue ingrowth, the vas epithelium 
must be removed along the device, since in­
growth depends on the activity of the connec­
tive tissue fibroblasts (Maness et al., 1973; 
Brueschke and Zaneveld. 1975; Brueschke et 
al.. 1975a). Care must be taken to avoid de­
struction of the coithelium beyond the ends of 
the device inlet and outlet tubes, however, 
since this may cause scar formation. 

Two types of tissue ingrowth systems may 
be designed for a device: (I) material such as 
Dacron velour, a type of material consisting 
of many small fibers, is added to its surface, or 
(2) the surface of the device is made porous, 
allowing the mngrowth of tissue. Porosity can 
be achieved with either rigid or flexible (plas­
tic) devices.'although the porosity of the sur­
face is more easily controlled in the rigid de­
vices. 

Rigid devices. The devices that can be used 
as extraluminal vas deferens blocking mecha­
nisms may be divided into two classes: (I) all 
flexible devices that are almost solely com­
posed of some type of soft plastic, with the 
usual exception of the valving mechanisms, 
and (2) rigid devices that are to a large extent 
made of metal. Rigid devices do not readily 
bend; this is a significant drawback in that they 
cannot accommodate lateral movement of the 
vas deferens, i.e., excessive motion of the scro­
tal area may result in the perforation of such 
devices through the vas. This was shown by 
experiments in dogs where devices with rigid 
inflow and outflow tubes invariably perforated 
the vas deferens (Brueschke et al., 1975a). 
Such rigid devices therefore were not con­
sidered satisfactory for practical purposes and 
their use was abandoned. 

The rigid inflow and outflow tubes original­
ly seemed practical, since the stainless steel 
and ceramic used for them are easily made 
porous. Ceramic materials impregnated with 
copper particles are flame sprayed onto the 
stainless steel tubes to the desired thickness. 
The copper is then leached from the opposite 
tube, leaving a porous surface that hopefully 
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Fig. 53-6. Cross section of IITRI-NICHD spermatozoa controller (SPACER) shuttle stem 
reversible occlusive device, indicating one closure mechanism. Silicone rubber tube extends 
through valve body. with constant uniform diameter in spermatozoa passage channel. Tube 
also serves as vas deferens pilot tube. (From Brueschke et al., 1975b.) 
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permits ingrowth of connective tissue. A clear-
cut evaluation of whether effective tissue in-
growth occurred in such tubes was never ob-
tained because it was difficult to section such 
tubes and because the use of such devices was 
abandoned when it was shown that they in-
variably perforated the dog vas deferens. Ad-
ditionally, the Dacron velour method of tissue 
ingrowth was so successful that the porous sur-
face studies were abandoned (Brueschke et al., 
1975a). 

The use of a rigid valve with gold mesh in-
growth has been studied in guinea pigs (Davis, 
1975). A longitudinal incision was used for 
implantaion; in 6 of 18 experiments sperm
passed around the device wher. no perforations 

e.. 

A 

II I 

were reported. This result may be attributed 
to the anatomical differences between the scro­
tal area of the guinea pig on the one hand and 
that of men and does on the other. klso the 
vas deferens of the guinea pig is much less 
muscular. 

Flexible devices. A plastic device combining 
the surface porosity and texture required for 
tissue attachment with flexible end tubes has 
been tested in guinea pigs (Free and Duncan, 
1975). This device, called a reversible intra­
vasal occlusive device (RIOD) (Fig. 53-4), is 
easily and cheaply fabricated. It can be in­
stalled in the vas with a minimum of dis­
turbance to blood, nerve, lymph, and muscle 
continuity, it permits tissue ingrowth, and it 
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Fig. 53.7. A, Shuttle stem reversible occlusive SPACER w.viti Dacron velour ingrowth surface 
:oneand S71* rubber Rexibie pilot tubes. B, Typic=I sursical implantation of IITRI,.NICHr)

SPACER ic ,-,r...--ed vas deferens. Die:ance between cut ends of vas when sutured to devir.­
is about 7 mm, (From 3'ie~zke !! a31.1975b.) 
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is compliant. Pore sizes ranging from 20 to 
150 ja are obtained in the surface of ethylene
vinyl acetate tubing by generating bubbles in 
the molding process that are subsequently 
broken open by means of abrasives. More re-
cent versions of the RIOD have utilized poly-
urethane in place of ethylene vinyl acetate; 
these have an outside diameter of 0.8 to 1.0 
mm and an inside diameter of 0.5 to 0.7 mm 
(Fig. 53-5). Normal sperm counts have been 
achieved in rabbits when this device is in-
stalled in the open mode. The RIOD is re-
versed through surgical intervention by replac-
ing a blocking plug with a patent insert (Free,
1975). 

Other flexible device systems developed to 
date require transection of the vas deferens. 
Although the objections to interrupting the 
neuromuscular integrity of the vas deferens are 
still valid, one procedure that has consistently 
yielded favorable results uses an all-soft Sili-
cone device called the spermatozoa controller 
(SPACER) (Brueschke et al., 1975b). The 
device body is fabricated entirely of medical 
grade Silicone rubber and is specially molded 
to incorporate a mechanism for rccrsibly oc-
cr!ding the transport path uf cpcrmatozoa 
(Fig. 53-6). The valving mechanism consists 
of a stainless steel shuttle stem -',at occludes 
the lumen of the device when it is depressed 
into the valve body. Two flanges are attached 
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at each end of the device body and are rein­
forced with Dacron mesh to act as suture rings.
Material for tissue ingrowth (Dacron velour) 
is also applied to these rings and makes di­
rect contact with the cross-sectional area of the 
transected vas. The ingrowth surface thus pro­
vided has proved to be highly effective, and 
sperm leakage has never been observed. Flexi­
ble pilot tubes (0.6 mm outside diameter, 0.3 
mm inside diameter) of silicone rubber extend 
4 mm beyond the flanges (Fig. 53-7, A) and 
are inserted into the exposed lumen at the 
transected end of the vas without removal of 
the epithelium. Four simple interrupted sutures 
are used to attach the vas end to the suture 
ring (Figs. 53-6 and 53-7, B). Sutureless im­
plant techniques have been studied, and one 
method employing a barbed clamp has been 
used successfully to attach the device to the 
vas end. 

The SPACER has been implanted in dogs 
that are ejaculated weekly, using an artificial 
vagina (Brueschke et al., 1975b). Typical 
sperm counts as a function of sample number 
for an animal implanted with this type of de-
Vice are shown in Fig. 53-8. An average drop 
in sperm count of 80% after implant is char­
acteristic. Increasing or decreasing the length 
or luminal diameter of the device did not in­
crease these sperm counts to preimplarit levels. 
Even so, four separate breeding trials were suc-
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Fig. 53-8. Typical variations in toinl sperm count in dog associated with SPACER device im­plant ;nd reversals. 
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ccssfui, as eac resulted in the production of Implants that release spermicidal reagents
offspring. The devices had been closed for a are also a possibility. A system of this type
period of time prior to two of these trials, would not interrupt the ltow of spermatozoa
halting the flow of spermatozoa (Fig. 53-8). and would be less likely to impair spermato-
Prior to breeding, the devices were returned to genesis. In addition, the physical response of 
the "on" position, restoring sperm transport. a system that must undergo long periods of oc-
The SPACER has been implanted in the tran- clusion with a variable degree of confidence in 
sected Vasa of 60 dogs and more than 40 of restoring fertility is elimina-ted. Replacing these
:hose are currently under evaluation in lo,;g- problems are, of course, others that involve 
term experiments to determine the effects of the pharmacology of the agent to be released,
extended periods of implantation in both the the determination of releasing rates, replace­
open and close, positions. To date :he trials ment techniques, and a system of delivery.
have had a high degre'. of success. Even these new considerations do not appear

The important features of the SPACER are as formidable as they might have prior to thethe soft pi!ot (inilow and outflow) tuJbes, the successful testing of devices implanted in the 
combined suture rings and ingrowth material, transected vas defe ... With the means to im­
and the method of imolant. Various mecha- plant sections of artificial vas deferens avail­
nisms of occ!usion can be a-daoted to the de- able, an:, number of spermicide-releasing sys­
vice as ;cng as chese inr :!nn desien f."atures ierns might be integrated into this design 
are retained. The total concept may in fact be (Brueschke et aL., 1974a-c).

described as an artificial 'vas deierens with
 
material proerties :hat ,m e incorpora- VAS DEFERENS CONTRACEPTION
tion of valve mechanisms. hese mecanisms AND FAMILY PLANNING 
may be as simple or complx as :he design Although male sterilization requires medical
constraints and ingenuity of the designer will skill, an important fact that must be carefully
permit. considered is that surgical techniques, whether 

A modified version ot tie SPACER has al- they are reversible or irreversible, are one of 
so been used for implantation :nito an intact the more effective methods of dealing with pop­
vas by insertion :hrcugh two !ongitudina! in- ulation expansion. Male contraception that
 
cisions similar to zhose used ta)r insertion of would not require the application of a high

the RIOD. Only :he valve bc dv .orotrudes level of knowledgze on the part of :he patient,

above the vas. To prevent spcerm transoor: as do birth control :iils for women, would
 
through the .as, zhe sMtion 'et.eenthe flexi- have an enormous advantage. This is because
 
ble tubes is occluded '.vith a clip or by e!ectro- contraceptives currently in use frequently re­
caute'r. quire a level ,f education on the part of the
 

patient that is beyond -.,hat is implied by the
Nonocclusive devices simple prescri.tion. C:moiications arise in that 
It is natural to consider how a similar means prescriptions mu.t .e refilled or active preven­

of contraception might be obtained without rive measures must be taken prior to inter­
preventing the normal transport of spermato- course. !UDs, for exampie, have a discontinu­
zoa through the vas deferens. This reasoning ance rate of about 50% o%,er a _-year period.
,ead_ to the concept of another class of detvices There is in essence no "discontinuance" among
that tunction in a manner ,ntirelv different people who have undergcne steriization, and
from those previously considered. Soecificailv, this ccncept may weil be of particular benefit 
a nonocclusive device would not interfere with in sterilization for men. Thus although the im­
spermatozoa transpor by blocking the path plementation of vas deferens contraceptivebut by redirecting :he spermatozoa so that they methodology requires special medical skills, it 
may be harmlessly exhausted or voided before is a potent tol for family planning and con­
becoming part of the ejaculate. Operating in secuent!y for ocpulation control.
this manner, a soerm, shunt implant mieht, for The ",asectom'v rocedures currently avail­
exampie, redirect the sperm, component (',su- able are essentiailv irreversible because vaso­
a!ly about 0.5 ml in volume) to *he bladder, .asoanasommosis recuires a very high degree of
from which it could be expelled during ric- surgzicat skill and :he percentage of patients in
:urition. Restoration of fertility wouL!d involve 'hcm fertility is restored is not great. A truly
simply a return of the flow of sperm to the rev'ers;bie method would be attractive to a
distal portion of the vas deferens. A Y shunt !arzo number of men who may not wish to 
to divert the spermatozoa o'ver a longer path permanently interfere with their fertility and
has also been tried (Svartwout and Zaneveld. -%ant to reservte oction of restoring their
1974). f at some inter date. For most men who 
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have complCted their families, this option 
would be more a psychological than a practi-

rwho 
cal benefit. However, for younSer men wFertl. 
wish to postpone reproduction until they are 
socially and economicaliy better prepared, a 
truly reversible procedure would hold greater 
attraction than other methods. One can onlyspeculateion then imacthofareel methods.Oprosthetic
speculate on the impact of a reversible method 
of male contraception on population growth, 
since there is little doubt that such a develop-
ment would be highly beneficial in control-
ling many of the problems secondary to over-

S tt phuman
population that plague the world today. 
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It is,accordingly, an object of the invention to over.
REVERSIBLE INTRAVASAL OCCLUSIVE DEVICE come the defects of the prior art as described above. 

Another object isto provide an improved manner for 
othecontrol of conception and pregnancy 

. .This invention relates to a reversible occlusive device 5 Another object of this invention is to produce a re. 
for use in the regulation of the flow of fluid in a body versible occlusive device which isto be inserted into a 
passage. 'This device isparticularly adapted to be used body passage.
in the vas deferens of the adult male as a means for One other object of this invention is to produce a 
male sterilization, reversible occlusive device which is inserted into the 

10 vas deferens.BIACKGROUND OF THE INVENTION Still another object of this invention is to produce a 
In recent years, man has become increasingly aware reversible occlusive device whose surface is porous,

that what was once thought to be a limitless supply of thereby enabling it to become firmly attached to the
natural and man-made resources has now become vas deferens. 
alarmingly depleted. This depletion isdue in great part 15 Yet another object of the invention is to produce a 
to an unparalled increase in the world population, In reversible occlusive device which requires no ligatures
the first three-quarters of this century, man's growth to hold it in place prior to ingrowth, 
rate has reached the point whereby he is taking much A further object of the present invention is to pro­more out of the world's resources than he has been duce a reversible occlusive device that dos inot require
replacing, If this rate continues, man will reach a point 20 the trans ction of the vas deerens. 
in the near future where. he cannot clothe or feud him- Still nother objuct of the invention is to produce a 
self propurly. To counteract this depletion of resourcus reversible occluhive devi: which requires surgvry to
and to ensure that the:necesilies of life will Ibeavail- ctTe¢t the rcversiil 
able to veryon v,ilncreubd n ourUg enlnt and edtica. .....,...... D R A WIN G 
tion hIa been directud to, propr fullily plaminiti To ; IIRII DI it7Iql I'l0 OF IW DAWlt
.iccuuipihO tis4 ond, niany iiffotonl duviculi have hoeen 11wv thokv anld additionall oblvects n.1110~ t~e
deIelopd to ploventunkopliol l 110 inhelrnt thelI'reoenl ilooumtul) k ill!r tlti tIh porita- i i h~nie1i )nure
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exposing a portion of said duct by making an incision; inserting a distal tube having a shoulder into said duct 
at said second puncture to a distance where its 

puncturing said portion of said duct without severing shoulder abuts said duct; 
same to proide a first puncture; inserting one end of a closed regulating plug into said 

inserting a proximal tube having a shoulder into said s proximal tube;
" pushing said distal tube over the second end of said 

duct at said first puncture to a distance where said regulating plug; and 
shoulder abuts said duct: closing said incision without first clamping the duct 

to either of the tubes. 
puncturing said duct at a distance from said first 8. A method according to claim 7, further including 

puncture approxiniatek equal to t~kice the length io the steps of: 
Su rithutseering said duct to pro- removing said closed regulating plug, and

of said shoulder htinserting an open regulatingpluf in its place.
 
vide a second puncture,
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WHERE DID ALL THE VAS PLUGS GO?
 

During the late 1960s and early l970s vasectomy emerged as an
 

important method of fertility control in the developed and less-developed
 

world alike, It proved widely acceptable as a method of family limitation,
 

became deliverable on a large scale and has withstood, to date, the
 

intense scrutiny for side effects made possible by the enormous growth 

in the population of vasectomized males. The success of thu method 

prmo.pd inq iry by clinical resea rchers and research planne rs into the 

I)(§pihility of increos irg the acceupLablllty of male 5terIll Iatior til1 
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Now, just 2-3 years since the zenith of vas device research and
 

development, only two or three projects remain active to any degree.
 

The development of promising microsurgical methods of vasovasostomy,
 

enacting of the Medical Device Act Amendment of 1971 by the US Congress,
 

and the increasing availability of simplified procedures for female
 

sterilizat'lon have all undoubtedly altered the cost/benefit equation for
 

inLtravasal device developmont, 
 However, the primary obstacle has been
 

the vat ddlor'lns itsel f, Foninrly reag rlod as 
little more thlan a condwlit 

tfor *p)rOI, tndtv4 LIN lloLL n ol to b tile p~zisivd recap~aclo for 
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RATIONALES AND ASSUMPTIONS BEHIND INTRAVASAL DEVICE DEVELOPMENT
 

A principal assumption behind intravasal occlusive device develop­

ment was that the root of the difficulty in vasectomy reversal by
 

surgical means lay in the vasovasostomy and vasectomy operations per_se
 

rather than in the consequences of vas occlusion. Itwas generally
 

suppos1 that devices could eliminate these difficulties and, at the 

v.ry Ied5t, Oy virtqe of being easy to install and reverie, permit thu 

enerol prptitioner to achieve the success rate of the uxporIonchd 

pwo L q ptjilly reqainq the cost of the uprocudurq, At, b 

1:AW'U raliity rollo~jing W45 uccluslon boyond~ thu brgqt, ll'mfjf), ovyt$ IA 



each off-on cycle, all of which would certainly extend the interval 

of infertility, did not appear to disturb protagonists of these devices. 

In general, the vas deferens was assumed to be a relatively simple 

conduit for sperm and, therefore, a passive receptacle for plugs or 

valves. Nevertheless, minimal disturbance to blood vessels, nerve and 

muscle continuity was considered an important goal, since prolonged 

discontinuity was considered to be one possible reason for low success 

rates follow'o vasovasostomy. Furthermore, the mechanism concerned 

.ith depositing the contents of the vas doferens into Ole urhra wo 

"nown to be controlled by i unlqu o, I c1tay d ipa hLi nerve ipptI 
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It is clear from the earlier observations on vasal form and
 

function that assumptions of a passive vas deferens were hardly
 

warranted at the outset of vas-device development. However, the
 

0
ease with which 9 ' sterility could be achieved inman with a simple
 

nylon thread in the vasal lumen (Lee, 1972; 1973; 1975) and the
 

dramatic decrease in sperm counts that resulted from numerous prelimi­

nary trials with simple plugs and clips provided sufficient support 

for the d5sumption that successul devices could be developed by 

tri l ind arpr, at raasonable cost of time dnd money, using existing 

ntiWdu jof to m system,i11111a ! Pqdodtiva 
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STUMBLING BLOCKS INTHE FIELD OF INTRAVASAL DEVICE DEVELOPMENT
 

.*.Recent 
 successes 
(Silber, 1977) in improving surgical reanastomosis
 

using microsurgical techniques suggest that periods of vas 

9 

occlusion do 

not influence subsequent restoration of fertility sufficiently to pre­
clude reversal inat 
least 70% of cases. This gives some validity to
 

the original assumption behind intravasal device development that
 

limitations of the surgical methods were 
the reason for poor success in
 
rostoration ol 
fertility invasectomized men. 
 Less valid, however, was
 

the assumption tnat devices could be easily designed t ot,,ercomo hw
 

limitation of surgical technique,
 

Three characteristics of the vl 
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Of exerting a full range of forces upon the vas 
contents, thereby ' ,L
 

disturbing the vas-device interface during the ingrowth phase, driving
 
the accumulating sperm into the implant segment, buckling and kinkinr>
 

soft devices and pushing more rigid devices through the vas wall. 
 What
 

isgood for the long-term goal of reversibility is, in this respect, bad
 

for the short-term goal of occlusion, 
Many device developers abandoned
 
early attempts at maintaining an intact vas deferens and 
 instead took to
 
Installing devices 
 between the free ends of the transected vas, However,
 
reversal of such, devices is unl Ikely be
to aiompa, by lrgan1r
 

of tho preoim11 narye nlet Inonhrspe; 011 
 i U siur ir tl
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be disturbed by intense vasal contractions. Additionally, the porous
 

surface can be confined to that part of the device adjacent to the cut
 

end and no further destruction of the vasal mucosa may be necessary. On
 

the other hand, when the device is placed in the intact vas, porosity
 

and mucosal destruction must extend over the entire implant segment.
 

Not only is the device subjected to the full force of vasal contrac­

tions, but if mucosal destruction is not complete or sufficiently exten­

sive, the epithelium will rapidly grow back and leave a loose layer
 

of cells, easily penetrated by sperm, adjacent to the device. However,
 

an even more pervasive problem arises when, as a result of mucosal
 

destruction, spermatozoa are permitted to co.,e into contact with the
 

submucosal layers of the vas wall. Inanimal trials the sperm irritates
 

vasal smooth muscle, causing an accumulation of inflammatory cells.
 

Since the keratinoid elements of spermatozoa are not easily broken down
 

and removed (Bedford, 1976), the inflammation can persist in the vas
 

wall for months or years. Sometimes this low-grade inflammation will
 

surround the device, but often fibrous ingrowth will enter the device
 

pores while pockets of inflammation persist in the vas musculature.
 

These conditions may facilitate recanalization around the closed device
 

or mechanical erosion of the weakened vas wall by muscle movement acting
 

on the device.
 

Choice of suitable materials for intravasal devices was not easy
 

because the variety of known biocompatible materials turned out to be
 

either too rigid or too fragile. A common finding in early device
 



9
 

studies was the need to avoid materials that dre substantially less
 

compliant than the vas itself. This precluded all the metals, ceramic,
 

nylon, polyethylene and fluorinated polyolefines. The compliancy range
 

that could be tolerated in the mobile vas deferenE was apparently quite
 

small, since too much flexibility resulted in buckling and kinking of the
 

device. The primary candidate material for device fabrication, silicone
 

rubber, required minimum wall thicknesses that imposed a severe limit
 

upon maximum lumen diameter obtainable through the device.
 

When most intravasal devices are in the open position, sperm pass
 

through an artificial conduit on their way to the ampulla. The size of
 

that conduit is important in determining the resistance of the device to
 

sperm flow. For example, a lumen size of 0.5 mm wa, found to seriously
 

impede the egress of sperm through the rabbit duct, whereas 0.75 mm gave
 

normal sperm counts (Free, 1975; Kraft, 1975). A general objective is to
 

maximize the internal diameter of the device while maintaining the external
 

diameter within the constraints set by the maximum distensibility of the
 

vas wall. Measurement of the lumen diameter in freshly excised segments
 

of human vas yielded a mean and standard deviation of 0.85 + 0.07 mm;
 

maximally distend-, the lumen reached 1.06 + 0.12 mm (Brueschke et al.,
 

1974). In22 men undergoing vasovasotomy the lumen diameter on the
 

ampullary side of the vasectomy site was 1.03 + 0.2 mm (Schmidt and
 

Brueschke, 1976). Since the maximum possible outside diameter is in the
 

region of 1 mm, a wall thickness of no more than 0.10 mm isrequired to
 

maintain a normal lumen diameter. This thin wall is very difficult to
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achieve especially since many device designs require an additional layer
 

of porous material over the surface of the device. The result is that
 

most intravasal devices will impose a significant resistance to sperm
 

egress which, even assuming no other problems, may seriously affect
 

reversibility of the device.
 

Most device development has been carried out using animal models,
 

yet in areas where comparison is possible between these species and man
 

some significant differences have come to light. It is possible, therefore,
 

that some of the problems discussed here are peculiar to, or aggravated
 

by, the particular animal species used.
 



LIMITATIONS OF ANIMAL MODELS FOR INTRAVASAL DEVICE DEVELOPMENT
 

Several observations point to limitations inanimal models for
 

research on the vas deferens. For example, both nerves supplying the
 

epididymis course along the vas deferens inmost species, but inman
 

one nerve is remote from the vas (Hodson, 1970). Thus, vasectomy is
 

more likely to denervate the epididymis inanimal models than inman.
 

Additionally, most small laboratory species have much more elastic vasa
 

deferentia with little connective tissue when compared with man. Extreme
 

enlargement of vasa and epididymides takes place following vas occlusion
 

in these species, generally resulting in irreversible changes.
 

Rhesus monkeys exhibit several vasal characteristics and responses
 

that differ from'the human vas. About 60% of sperm in the human ejaculate
 

appears to be transported directly from the proximal vasa deferentia
 

and caudae epididymides during ejaculations as judged by sperm depletion
 

following vasectomy (Freund and Davis, 1969). On the other hand, direct
 

observation of the vas deferens in conscious and anesthetized rhesus
 

ronkeys suggests that only the ampullary end contracts during ejaculation
 

and that transport through the vas isa continuous process (Guha et al.,
 

1977). Furthermore, vasectomy by electrocoagulation without ligatures
 

has worked well in men over the past 10 years (Schmidt, 1973), while in
 

rhesus monkeys vasectomized by this technique the scarred ends of the
 

proximal vasa invariably blow open within six months (Alexander, 1975).
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Most animal species so far examined exhibit some degree of inflam­

matory reaction when their sperm are permitted to come into contact with
 

submucosal tissues. 
 In rhesus monkeys, however, this reaction seems
 

particularly extreme, leading to fistula formation in more than 40% of
 

monkeys following simple vasectomy (Alexander, 1977). Possibly for the
 

same reason, extensive adhesion,, are common between the vas, 
tunica
 

vaginalis and scrotal wall after any surgical manipulation of rhesus
 

monkey vas deferens. In contrast, extensive adhesions are not commonly
 

observed during vasovasostomy in man.
 

These limitations of animal models for intravasal device development
 

can lead to a "Catch 22" situation inwhich human trials are 
needed to
 

resolve the model differences, while convincing animal 
trials are
 

requ~red to justify clinical testing. Inan attempt to resolve this
 

problem we have attemoted to create an "improved" rhesus model by
 

installing devices inmonkeys rendered aspermatogenic by implantation of
 

subcutaneous steroid capsules. 
Steroids are withdrawn at the time of
 

device installation, and in the interim befo,-e recovery of spermatogenesis
 

the device-vas interface can develop in
a suerm-free environment.
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RIOD TRIALS INRHESUS MONKEYS
 

Details of early development and laboratory animal trials of a
 

reversible intravasal occlusive device (RIOD) have been reported in
 

earlier workshops (Free, 1975; Free et al., 1976). Some of the dis­

cussion on stumbling blocks to vas device development covered in
 

previous paragraphs will be amplified by a summary of our experience
 

with the RIOD in rhesus monkey.
 

Preliminary trials were carried out on six intact adult rhesus
 

monkeys. These monkeys were not subjected to supression of
 

spermatogenesis prior to installation as occurred in more recent trials.
 

The RIODs were inserted in the vas deferens according to procedures
 

shown in Figure 1.
 

The incidence of immunological and pathological events following
 

RIOD installation iscompared in Table 2 with those following vasectomy.
 

Disappearance of sperm from the ejaculate took up to 3 months 
in these
 

animals, although a similar result was also apparent in vasectomized
 

rhesus. The incidence of palpable granulomas and fistulas after RIOD
 

installation compared favorably to those following vasectomy. 
The
 

extraordinarily high incidence of fistulas following vasectomy in rhesus
 

monkeys suggests that rhesus sperm are particularly irritating to
 

extravasal tissues and that rhesus may therefore have severe lmitations
 

as a model 7ur numan intravasal contraceptive technology. Th2 incidence
 

of circulating sperm antibodies and macrophages inthe ejaculate following
 

RIOD installation were higher and more persistent than after vasectomy.
 

This result was, perhaps, a reflection of destruction of the vasal
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mucosa during the installation procedure, allowing the sperm to come
 

into contact with layers of vasal muscle unprotected by the immuno­

logical barrier of the mucosa. The sperm were apparently retained
 

within the vas, since the incidence of palpable graruloma was 
low.
 

Histopathology of the vas deferens from the RIOD-imolanted
 

rhesus monkey revealed that wper- were generally present in the
 

musculature of the vasa and were associated with areas of apparent
 

irritation (Figure 2). 
 This irritation was not sufficient to be
 

observable by external examination of the exposed vas deferens.
 

Sometimes fibrous tissue ingrowth into the RIOD was 
evident (Figure 3
 

and 4), but any beneficial mechanical binding by this ingrowth was
 

negated by the persence within the vasal musculature (Figure 2) or at
 

the vas-device interface (Figure 4) of areas of irritation, characterized
 

by the presence of scattered spermatozoa and keratinoid .;perm debris.
 

In at least five vasa deferentia the electrocoagulation in
 

combination with 1% formalin had apparently destroyed too much of the
 

vas wall and the distal 
end of the RIOD had sunk into the submucosal
 

tissues. This did not change the effectiveness of occlusion but
 

obviously impaired reversibility (Figure 5). Mild electrocoagulation,
 

similar to that used for the Schmidt method of vasectomy, is probably
 

sufficient to elicit fibrous tissue ingrowth. 
 Limitations on effective
 

ingrowth due to the irritability of sperm in the submucosal layers may
 

be unavoidable in rhesus but may be much less of a problem in man,
 

since the low incidence of fistulition and effective vasal blockage
 

after electrocoagulation in man suggest that human sperm are much less
 

irritable to somatic tissues.
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Sperm counts in a monkey with RIODs in the open mode were within
 

the normal range after a rec 
!ery period of 80-120 days. Similar
 

periods of depressed sperm count are 
seen after sham vasectomy operations
 

in rhesus monkeys (Alexander, 1977).
 

An advanced primate trial is
now being conducted in collaboration
 

with Dr. Larry Ewing at Johns Hopkins University School of Public Health.
 

Ten rhesus monkeys have been rendered reversibly azoospermic by means of
 

steroid-filled silastic capsule implants. 
 RIODs have been installed
 

under these sperm-free ccnditions to eliminate the problems associated
 

with irritability of monkey spermatozoa during the ingrowth phase.
 

Implanted steroid capsules were withdrawn at the time of RIOD installation
 

to. permit return of spermatozoa, and the efficacy of the RIODs is being
 

asse5sed by electroejaculation and breeding trials. 
 We are not implying
 

in this trial that a similar regime will necessarily be required for
 

RIOD installation inman. Rather, we are attempting to improve the
 

rhesus monkey as 
a model for the human vas deferens. The steroid-filled
 

capsulis released 20 ug 
testosterone and 0.72 igestradiol/kg/day; all
 

monkeys became azoospermic within 1-2 months of implantation. Inmost.
 

cases, accessory gland secretions were eventually eliminated so that no
 

emissions occurred at ejaculation, even though penile engorgement and
 

rhythmic contractions of the ejaculatory muscle were evident. 
 Spermato­

genesis returned to normal following withdrawal of the capsule, as
 

indicated by sperm counts inanimals with open RIODs (Figure 6). 
 Normal
 

sperm counts through the open devices suggest no unusual resistance to
 

sperm flow with these thin-walled (0.7-0.8 mm ID)poly(ether)urethane
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RIODs. Eight animals with closed RIODs have remained azoospermic
 

even though accessory gland secretions have returned in six of them,
 

suggesting that the RIODs are effectively blocking sperm egress.
 

Reversal of closed devices will be carried out in two monkeys at
 

3-month intervals.
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PROSPECTS FOR A PRACTICAL REVERSIBLE INTRAVASAL DEVICE
 

Research activity on intravasal device technology has dwindled
 

to a liw level. Since prospects for improved vasectomy reversal
 

(using microsurgical techniques) have improved considerably, and the
 

major problems associated with device development have not been solved,
 

the likelihood of a revival of interest in such devices in the near
 

future seems slight. However, the possibility that most of the problems
 

associated with devices may be animal model problems should be borne in
 

mind. The ease with which more than 90% sterility can be achieved in
 

man using the simplest of devices, a nylon thread (Lee, 1975), in
 

addition to the several known limitations of animal models discussed
 

earlier in this paper gives support to this contention. Furthermore,
 

reflection on the consequences of vasectomy in even the best-regarded
 

animal models leads to the conclusion that vasectomy itself would not
 

be considered suitable for human trials on the basis of animal 
studies
 

alone.
 

Reversible sterilization by means of an intravasal device must
 

still be considered technically feasible and, with sufficient effort,
 

could be realized. However, the cost-benefit assessment has changed.
 

Development has proved more difficult than envisaged, reversibility
 

after long-term installation in man will be difficult to prove within a
 

reasonable time period, and 70% reversibility may be the best that can
 

be expected based on microsurgical vasovasostomy results (Silber,
 

1977). There remains the possibility that animal model problems are
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obscuring a useful method for human fertility planning and that some
 

existing advanced device designs will eventually prove sufficiently
 

effective in man without additional development costs. Furthermore. if
 

recent research on circulating antisperm antibodies and immune-complex
 

deposition in the rabbit glomerulus (Bigazzi et al., 1976; Alexander and
 

Tung, 1977) gives a presage of vasectomy complications yet to be uncovered,
 

nonocclusive intravasal devices may offer an alternative approach to
 

intravasal contraception since extravasation of sperm and antisperm
 

antibody formation are much less likely if sperm passage is not impeded.
 



TABLE 1. 
Current or Recent Research on Reversible Intravasal Devices
 

(Principal Investigators) 


1. 	New York Medical College 

School of Medicine 

Bronx Co., New York, NY 

(M. Freund and J. Davis) 


2. 	Ortho Corp. 

Raritan, NJ 

(J. Loe) 


3. 	Illinois Institute of 

Tech. Research 


Chicago, IL 

(E. E. Brueschke and 

L. J. D. Zaneveld) 


4. 	Abcor, Inc. 

Cambridge, MA 

(E. W. Nuwayser) 


5. 	Tecna Corp. 

Emeryville, CA 

(T. C. Robinson) 


6. 	University of Missouri 

Columbia, MO 

(E. C. Mather) 


Funding Agency and
 
Related References 


NIH 

(Davis, 1973) 


Ortho 

(Polidoro et al., 

1976) 


NIH 

(Brueschke et al., 

1972, 1975a,b) 


NIH 


NIH 


NIH 


Concept and Status
 

Gold and stainless steel stopcock installed
 
in the sectioned vas with gold mesh for
 
ingrowth; works in "on" and "off" position

in guinea pigs; human work initiated and
 
terminated. (U.S. Patent 3,742,933 L. Bucalo).

Further clinical studies reportedly underway
 
in Florida.
 

Metal devicp with magnetic valve for nonsurgical

reversal; discontinued research after 1 year;

biologi- studies in rabbit and dog. (U.S.
 
Patent 3,731,670 J. M. Loe).
 

Porous ceramic and etched stainless steel device
 
with valve; second generation device of silastic;
 
dog experiments show tissue ingrowth and sperm
 
passage. Device is 13-17 mm long with ID of
 
0.3-0.45 and OD of 0.7-0.9. NIH no longer funding.
 

Hollow fiber tube with bonded flock and removable
 
center pin made of steel, vitallium of plastic;

quinacrine used to promote tissue ingrowth.
 
Status unknown.
 

Plastic tubes with microporous polyurethane

surface for tissue ingrowth; rabbit experiments
 
show good tissue ingrowth and near-normal sperm
 
passage. (U.S. Patent 3,699,957 T. C. Robinson).
 
Status unknown.
 

Reversible vasectomy prosthesis of silastic with
 
dacron sheath; tissue ingrowth achieved on
 
transected bull vas; work discontinued.
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TABLE 1 (Continued)
 

(Principal Investigators) 


7. Medical Engineering 

Foundation, Inc. 


Little Rock, AR 

(J. T. Turley) 


8. 	Battelle-Pacific 

Northwest Laboratories 


Richland, WA 
(M. J. Free) 

9. Southwest Foundation for 

Research & Development 


San Antonio, TX 


(D. C. Kraemer)
 

10. 	 Massachusetts General Hospital 

Boston, MA 


11. 	 Carolina Population Center 

U. of North Carolina 

Chapel Hill, NC
 
(J. Hulka)
 

12. 	 Department of Urology 

University of Iowa 

Iowa City, IA (K. H. Moon 

and R. G. Bunge) 


Funding Agency and

Related References 


AID 

(Free and Duncan, 


1974; Free, 1975) 


NIH 


The Population 


Council
 

AID 


(Moon and Bunge, 

1972) 


Concept and Status
 

Ball-valve device made of fluoro-plastic material;

flexible stems install through a slit in the un­
sectioned vas by means of a special 
inverted V
 
clamp; valve kept in place by rolled plastic clip;

ball valve has slotted head. Present status 
un­known. (U.S. Patent 3,820,528 W. P. Rogers)
 

Flexible plastic device [Poly(ether) Urethane] with
 
textured surface installed in the unsectioned vas
 
in two halves; halves are joined around a plastic

plug 	and uncoupled and rejoined around open tube

for reversal. Device is 16-20 im long with ID of
0.6-0.75 mi and OD of 0.8-1 irn. Tested in guinea

pigs, rabbits and rhesus monkeys. (U.S. Patent
 
3,990,434 M. J. Free/U.S. Dept. HEW)
 

Nonocclusive device with copper coils inside a tube
 
for spermicidal action; copper caused 
semen coagu­
lation and occlusion; 
now seeking new spermicides.
 

Removable silastic obturator. Status unknown.
 

Polypropylene tube with Teflon velour, also a
 
proplast sponge; work discontinued.
 

Tapered polyethylene tubing installed in unsectioned
 
vas with ends protruding; ends are anchored with

silver clips; work discontinued because of pain

and leakage in human trials.
 

http:0.6-0.75


(Principal Investigators) 


13. 	 New York Medical College 

New York, NY (M. Freund) 


14. 	 Korea 

(H. Y. Lee) 


15. 	 University of Chicago 


Chi 	 aro,
IL 

(J.c°Swartwout) 


16. 	 N. S. Shah 

1414 E. 59th St. 

Chicago, IL 


17. 	 T. Read 

Route 1, Box 470 

Tempe, AZ 


18. 	 Dow Corning 

Midland, MI 

(S. A. Braley) 


19. 	 Biomedical Engineering 

Division 


Indian Institute of Tech. 

New Delhi, India 

(S. K. Guha) 


TABLE 	1 (Continued)
 

Funding Agency and
 
Related References 


AID 

(Pathfinder) 


(Johnson, 1972; Lee 

1972; Lee, 1973; 

Lee 1975) 


AID 


(PARFR) 

(Swartwout and 

Zaneveld, 1975) 


Dow Corning 


(Guha 	et al. 1975) 


Concept and Status
 

Intravasal 
silastic balls used successfully in
 
guinea pigs. Status unknown.
 

Intravasal nylon or silastic thread caused infer­
tility in dogs and man but 6% failures over time.
 
Reportedly in clinical 
use in Korea.
 

Animal experiments with "Y-valve" show transit
 
through long leg of device resulted in sperm damage

and infertility; only slight impairment of semen
 
quality through short leg. 
 Project status unknown.
 

Plastic and metal device inserted into the transected
 
vas and opened and closed by means of a metal 
clamp

manipulated through the skin. 
 Present status unknown.
 
(U.S. 	Patent 3,613,661 N. S. Shah)
 

A by-pass device for diverting sperm into the scrotal
 
tissues. 
 Present status unknown. (U.S. Patent
 
3,042,021 T. Read)
 

Liquid, self-curing silastic injected into the vas.
 
Reversal is effecLte' by surgicall-y removing the plug.

Present status unkriown. (U.S. Patent 3,422,813
 
S. A. 	Braley, Jr. and J. D. Delmer)
 

Device tubes made of stainless steel with spiral of
 
silver wire held on with enamel. Body of device
 
contains a Teflon plunger that can occlude or join
 
up the two end tubes. Opening the device auto­
matically flushes the tubes. 
 Testing in rhesus
 
monkeys.
 



9. 

TABLE 1 (Continued) 

20. 

21. 

(Principal Investigators) 

The Rockefeller Univ. 
New York, NY 
(K. A. Laurence) 

Nathan Brodie, M.D. 
1103 Albemarle Rd. 
Brooklyn, NY 

Funding Agency and 
Related References 

(Laurence, 1972) 

(Brodie, 1975) 

Concept and Status 

Liquid silastic mixed with catalyst just prior to 
injection of 0.05-0.08 ml into the vas deferens. 
Trials in rats, guinea pigs and rabbits. 

Polypropylene device, beaded and tapered. The 
device is fitted through a horizontal incision 
in the intact vas and ligated in place with 6-0 
stainless steel. 80% of 60 insertions became 
azoospermic. 

"3 



TABLE 2. 
Incidence of Events Following Vasectomy (Vas Section and Vasoligation),
 
RIOD Installation (Closed Mode) and Sham Vas Occlusion.
 

Days Postoperation 0 - 14 14 - 30 30 ­ 120 120 - 180 
Preoperation Vasectomyb RIODC Shamd Vasectomy RIOD Sham Vasectomy RIOD Sham Vasectomy RIOD Sham 

Incidence of Sperm 
Immobilizing Antibodies (%) 0 10 0 73 100 0 27 66 0 27 50 20 

Incidence of Sperm
Agglutinating Antibodies (1) 0 93 0 47 66 0 0 33 0 0 50 0 

Incidence of Macrophage 
in Ejaculate(%) 

a 
10 0 - 0 7 50 0 27 50 0 7 - 0 

Incidence ofFistulas ()0 33 - 0 47 0 0 27 0 0 20 16 0 

Incidence of 

Granu l o m as ( )00- 
00 - 00 

000 
0 00 

000 0 005 5 

Incidence of Sperm 

Free Ejaculate ()0 - 0 50 0 66 50 0 100 0 

A11 procedures were carried out at 
the Oregon Regional Primate Research Center under Dr. Nancy J. Alexander.
 
Vasectomy and sham trials were part of a PARFR-funded project under Dr. Alexander.
 

a % of vasectomized group: b n - 15: c n - 6: d n = 5
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FIGURE LEGENDS
 

Figure 1. 	Installation of the Reversible Intravasal Occlusive Device (RIOD)
 

in the vas deferens.
 

A. 	The vas has been punctured with a fine pointed microtool,
 

dilated with a series of probes (0.86-1.24 mm) and the
 

mucosa electrocoagulated with an EMS VASeal (ElectroMedical
 

Systems, Denver, CO). One half of the RIOD mounted on a
 

23 ga catheter stub is inserted into the vas in the direction
 

of the epididymis. The catheter stub is then withdrawn.
 

B. 	The RIOD insert (black = closed; white = open) is inserted
 

into the body of the first RIOD half. A second puncture
 

is made approximately 1 mm from the free tip of the RIOD
 

insert.
 

C. 	The bipolar electrocoagulator electrode is introduced in
 

the direction of the ampulla and the mucosa electrocoagulated.
 

D. 	The intermediate segment of vas is electrocoagulated through
 

the same hole.
 

E. 	The second RIOD half mounted on a catheter stub is inserted in
 

the direction of the ampulla.
 

F. 	The body of the second RIOD stub is pushed on to the free
 

end of the RIOD insert.
 

G. 	A completed installation. The intermediate segment scars
 

shut while tissue grows into the pores on the narrow portions
 

of the device. Reversal consists of exposing the vas, slipping
 

out the closed insert and substituting the open one.
 

http:0.86-1.24


Figure 2. 	Response of sub-mucosal tissues to spermatozoa inRIOD-implanted
 

rhesus monkey vas deferens.
 

A. Spermatozoa at the tissue-RIOD interface and within the
 

adjacent muscularis. Elements of a chronic inflammatory
 

process are present. Monkey 7086-R. H&E, 500X.
 

B. 	Chronic inflammatory response to spermatozoa within the
 

musculature. The response is characterized by mononuclear
 

phagocytic cells. Monkey 7086-R. H&E, 1750X.
 

Figure 3.	Fibrous ingrowth into the porous surface of the RIOD.
 

Monkey 7080-R. H&E, 250X.
 

Figure 4. 	Spermatozoa and associated inflammatory response at the tissue-


RIOD interface. Ingrowth of a fibrous element into the porous
 

RIOD surface has occurred. Monkey 7086-R. H&E, 1750X.
 

Figure 5.	Sperm counts in rhesus monkeys following RIOD installation in
 

the clcsed and open mode. Sperm counts from an untreated monkey
 

(5320) are shoqn to illustrate normal variability of this parameter.
 

Figure 6.	Sperm counts in a rhesus monkey following subcutaneous implantation
 

of a steroid-containing capsule, and subsequent installation of
 

RIODs in the open mode. Silastic caosules released 20 pg
 

testosterone and 0.72 1g estradiol/: g body weight/day. Sperm
 

counts returned tc normal levels following withdrawal of the
 

steroids, demonstrating adequate potency of the open RIOD.
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Rhesus Q-59
 

RIOD placement: 6/7/77 --OPEN MODE
 
0.9mm O.D. used is both vas deferens
 

left side-did not cut vas sheath prior to making entry hole.
 
tunics were sutured with 4-0 prolene, simple interrupted

3-0 Dexon used to close subcutis and skin closed with 3-0 prolene
 

right side-vas sheath incised prior to making entry hole. 
 Following

placement 6-0 prolene used to close sheath, simple continuous
 
pattern. 4-0 prolene used to 
close both tunics. 3-0 Dexon
 
to close subcutis, 3-0 prolene to close skin.
 

6/10 some swelling of left side; 
remove hormone implants from back
 

6/20 slight perisuture reaction.
 

7/5 attempt first ejaculation--slight amount of fluid produced; penis

engorged but no sperm found microscopically.
 

RIOD REVERSAL: 12/15/77 --bilateral excision of vas
 

Left side-no adhesions on outer layer. Sheath adhered to vas. Riod
 
appeared in place but difficult to visualize body portion.

Cut down made over distal Riod stem. 
Riod stem was in lumen,

did not appear to be firmly bound into vas wall. 
Vas wall sutured
 
over stem before entire segment containing Riod was excised.
 
Excised vas pinned out and immersed in 10% BF. Vas ends
 
ligated and transfixed ligated with 5-0 prolene prior tc 
 ex­
cision. 
Tunics sutured with 3-0 Dexon, simple continuous.
 
Skin closed with 3-0 prolene, simple interrupted.
 

Right side- more adhesions evident. 
Sm all yellow cyst evident over RIOD
 
implant. 
 Implant segment of vas dissected out and excised after
 
ligation and transfixation with 3-0 prolene. Closure similar
 
to left side.
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Rhesus Q-60
 

RIOD placement: 6/7/77--CLOSED MODE
 

0.9mm O.D. used in both vas deferens
 

left side- vasal sheath incised. 
 Some difficulty experienced in

Riod placement. 
 Sheath sutured with 6-0 prolene. Both

tunics closed with 4-0 prolene. Subcutis with 3-0 Dexon
 
and skin with 3-0 prolene.
 

right side-sheath cut, some difficulty in insertind stem into proximal

(epididymal end). 
 May have gone through vasal wall on initial
insertion. 
 Suture sheath with 6-0 prolene, simple continuous,

tunics with continuous 4-0 prolene, subcutis with 3-0 Dexon
 
skin 3-0 prolene.
 

6/10 some slight swelling of left side. 
 Remove T implant, unable to locate
 
E implants.
 

6/20 some scrotal swelling and preputial edema. No evidence of hernia
 
development. 
Sutures removed, skin healed
 

ATIEMPTED RIOD REVERSAL 12/15/77 
bilateral castration
 

left side-large granulomatous mass, many adhesions around Riod.
Testis excited with epididymis and vas. 
Fixed in Bouin's.
 
Riod buried in granuloma, fixed in NBF.
 

right side-As above. 
Riod appeared inplace. Testis and vas fixed
 
as above.
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Rhesus Q-69
 

RIOD placement: 6/30/77--CLOSED MODE
 

left side- proximal portion of vas 
tore numerous times. 18.5 probe
stretched vas considerable, 
unable to cauterize the small
portion distal to the second hole (between the holes).

Proper Riod placement questionable. Sheath sutured over Riod.
6-0 silk sutured over both stem portions. Tunics closed with
3-0 Dexon, simple continuous. 
 Skin closed with 3-0 prolene.
 

right side- omentum herniated through inguinal ring. 
 Placement good.
6-0 silk sutured over both stem portions of Riod. 
Routine
 
closure as above. No procedure done to close external ring.
 

hormonal implants removed following above surgery.
 

RIOD Reversal: 4/6/78
 

left side- difficult to locate Riod. 
 Eventually found in region of
epididymal head. 
Possibly had migrated proximally secondary
to the poor placement. 
Elected to remove the left testicle,

epididymis and vas. 
No adhesions external to 
the spermatic
 
cord.
 

right side-adhesions of vas to tunic. Large amount of blood oozing when
Riod finally dissected free. Whitish-yellow material escaped

from area adjacent to Riod (granuloma). Able to reverse.
Vasal sheath sutured over Riod with 3-0 Dexon. 
Routine
 
closure as above.
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Rhesus Q-58
 

RIOD placement: 7/7/77--CLOSED MODE
 

0.85mm O.D. used both sides
 

left side-placement good, distal stem portion slightly harder to insert.

Sheath sutured over stem ends with 6-0 silk.

Closure of tunics,subcutis, and skin routine as described
 
in previous cases.
 

right side-unable to insert proximal stem end all the way into the
 
vas, otherwise no problems encountered. Routine closure
 
as above.
 

hormonal implants removed at time of surgery
 

RIOD reversal: 2/16/78 
 unilateral vasectomy, unilateral reversal
 

left side-granuloma palpated in tail of epididymis. 
 Difficult to locate

Riod. No adhesions outside tunics. 
 Adhesions of vas to

pampiniform plexus moderate. 
 Only able to find distal stem
 
segment with closed body segment intact. Appears as though
proximal segment is encapsulated in a portion of the vas.
Distal piece slipped out easily as vas was manipulated. Vasectomy

performed. Closure routine.
 

right side-no adhesions outside tunics. 
 Minimal adhesions between vas
and pampiniform plexus. 
 Some yellow fliud filled the proximal

segment and escaped when the body was removed. Reversal
 
performed. 
Sheat sutured with 5-0 prolene. Routine
 
closure as described.
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Rhesus Q-64
 

RIOD placement: 7/26/77--CLOSED MODE
 

0.85mm O.D. used both sides
 

left side-placement went smoothly. Unneccessary to suture over the
 
sheath. Small amount of omentum herniated through the
 
external inguinal ring, but this was easily pushed back
 
into the abdominal cavity.
 

right side-proximal portion experienced some difficulty inserting
 
the probes into the lumen. Riod may have been slightly
 
wrinkled during placement.
 

routine closure of incision as described.
 

hormonal implants removed at time of surgery
 

RIOD reversal: 2/28/78 unilateral reversal, unilateral vasectomy
 

left side-small amount of omentum still in spermatic cord. No adhesions
 
between spermatic cord and skin. Moderate amount of
 
adhesions between the vasa and the external tunic and adjacent
 
pampiniform plexus. A small amount of yellow,pasty material
 
is in the adhesions between the vasa and pampiniform. The
 
Riod is easily visualized and the body is easily removed.
 
Slight amount of movement of stem from the distal portion, but
 
this was easily corrected. Closed body replaced with open
 
body. No granulomas in the testis or epididymis.
 

right side-No granulomas can be palpated in either the testis or epididymis.
 
There are no adhesions between the tunic and skin. The vasa
 
is firmly adhered to the tunic in the region of the Riod. The
 
distal segment of the Riod lay outside of the vasa. The entire
 
Riod and vas deferens was excised and put in neutral buffered
 
formalin.
 

Routine closure performed
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Rhesus Q-62
 

RIOD placement: 7/27/77--OPEN MODE
 

0.85mm O.D. used both sides
 

left side-placement went well with no difficulty.
 

right side-proximal portion of the vas tore and difficulty was experienced

in placing the Riod properly. The distal portion went
 
smoothly. This size Riod fit tightly.
 

routine closure as described
 

hormonal implants removed at time of surgery.
 

The testes and vas of this animal are smaller than any of the other
 
animals done to this time.
 

RIOD reversal: 2/23/78 bilateral reversal
 

left side-no adhesions of the tunic to the skin. 
Moderate amount
 
of adhesion of the vas to the pampiniform plexus. Able to
 
isolate Riod and change body from open to closed.
 

right side-palpable granuloma in epididymis. No adhesions of tunic to
 
skin. Minimal amount of adhesion of vas to adjacent tissue.
 
Able to isolate and reverse body of Riod from open to closed.
 
Unnecessary to suture sheath over Riod
 

routine closure as described
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Rhesus 	Q-68
 

RIOD placement: 8/2/77--CLOSED MODE
 

0.90mm 	O.D. used both sides
 

left side-placement of Riod went well with no difficulty.
 

right side-vas tore after cautery of the distal segment. Both edges
 
of the tear could be utilized and the Riod was inserted.
 
Also some difficulty inserting proximal segment.
 
6-0 silk suture over Riod in sheath.
 

hormonal implants removed at time of surgery
 

8/3/77 monkey removed last 2 skin sutures on right side. replaced under
 
ketaset restraint
 

8/5/77 	monkey picking at sutures on right side
 

8/8/77 	some induration of wound eeges where animal picking and chewing at
 
suture
 

RIOD reversal: 3/7/78--bilateral vasectomy
 

left side-no granulomas palpated in testis or epididymis. Large amount
 
of fat in the spermatic cord. No external adhesions of the
 
tunic to the skin. 
There were a minimal amount of adhesion
 
of the vas to the adjacent tissue. I was unable to locate
 
the Riod. Tracing the vas to the tail of the epididymis

I was able to locate two enlargements in the vas approximately
 
one centimeter apart in the region where the Riod should
 
have been. I assumed the Riod migrated out of the vas and these
 
two enlargements were where the vas was entered. 
The intervening
 
area between these two enlargements appeared somewhat thinner
 
than the rest of the vas. The entire vas including these segments
 
was excised and fixed in neutral buffered formalin.
 

right side-abundant fat around the spermatic cord. 
 Minimal adhesions
 
between the vas the the tunic. Proximal segment of the Riod
 
was lying totally out of the vas. Entire segment excised
 
and fixed in N.B.F.
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Rhesus Q-61
 

RIOD placement: 8/4/77--CLOSED MODE
 

0.85mm O.D. used both sides
 

left side-placement of Riod went well with no difficulty. it was necessary
 
to immerse the Riod in 70% alcohol because a 0.9mm Riod would
 
not fit and no 0.85mm were ready to use.
 

right side-no difficulty in Riod placement. Also had to immerse in
 
70% alcohol.
 

routine closure as described. Unnecessary to place any sutures over
 
the Riod.
 

RIOD reversal: 2/14/78--bilateral vasectomy
 

left side-No adhesions external to the spermatic cord. Unable to visualize
 
the Riod when tunic opened. Many adhesions in area, bleeding
 
continual. Granulomatous inflammation around the pampiniform
 
and the vas. The Riod was finally found lying outside the
 
vas, with the proximal segment bent at an angle. Distal to
 
the Riod these was yellow fluid in the vas. Entire segment
 
of vas excised and fixed in N.B.F.
 

right side-No adhesions external to the spermatic cord. Adhesions of
 
vas to pampiniform plexus in area of Riod insertion. Riod wao
 
exposed and closed plug removed. Upon attempting to replace with
 
an open body, the entire device slid out of the vas. No
 
ingrowth of the tissus into the Riod stem had apparently
 
taken place. This portion of the vas was excised and fixed
 
in N.B.F.
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Rhesus Q-66
 

RIOD placement: 8/9/77-CLOSED MODE
 

0.85mn O.D. used both sides
 

left side-while cauterizing the vas the cautery grabbed. 
 Some tearing
 
of the vas occurred. Able to insert Riod. 
Routine closure.
 

right side-initially had same problem with cautery. 
Changed electrode

which stopped any grabbing. Proximal segment inserted
 
a bit too far away from the distal segment. When body inserted

both stems had to be retracted from the hole slightly. 
Sheath
 
sutured over proximal segment with 6-0 silk.
 

hormonal implants removed at time of surgery
 

RIOD reversal: 12/16/77-bilateral reversal
 

left side-miniial adhesions. 
No sirn of ingrowth into RIOD. Some sperm

Riod reversed. Sheath repaired with 5-0 prolene.
 

right side-no adhesions. Cauda palpated--vas engorged. No sign of
 
sperm. Riod reversed.
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Rhesus Q-63
 

RIOD placement: 8/18/77-OPEN MODE
 

used 0.85mm O.D. both sides
 

left side- placement accomplished with minimal difficulty
 

right side-some tearing of vas while inserting proximal segment. 
 Sheath
 
closed over proximal segment with 5-0 silk.
 

closure routine as described
 

hormonal implants removed 8/19/77
 

RIOD reversal: 4/18/78
 

left side-minimal adhesions of vasa to adjacent tissue in region of
Riod. Able to reverse from open to closed. 
 5-0 prolene used
 
to suture sheath over device. Routine closure
 

right side-more adhesions in region of Riod. 
Difficult to expose Riod,

because it
was adherent beneath the vas and adjacent tissue.
Reversal accomplished with some difficulty. 
Unable to suture
 
sheath over the device.
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Rhesus Q-65
 

RIOD placement: 8/18/77-CLOSED MODE
 

left side-some tearing of vas when proximal segment inserted.
 

right side-minimal difficulty, Riod inserted. Small amount of bleeding
 
from pampiniform plexus.
 

Closure routine as described
 

hormonal implants removed 8/19177
 

RIOD reversal: 12/15/77-unilateral reversal, unilateral vasectomy
 

left side-some adhesions. Granuloma at proximal end. 
Distal end
 
appeared to be out of vas. 
Vas ligated and transfixed ligated.

Implant segment excised with Riod in place. Fixed in
 
10% N.B.F. Routine closure
 

right side-minimal adhesions. 
Riod in place, no granulomas. Proximal
 
Riod tube slipped out of vas as plug was removed. No sign of
 
ingrow-th. No sperm evident at proximal end. Riod tube
 
reinserted, open body inserted between stems. 
 Sheath closed
 
over Riod with 5-Oprolene. Pampiniform plexus nicked during
 
surgery, bleeder ligated with 3-0 dexon. Routine closure.
 
Small nodule palpated in right epididymis.
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INTRODUCTION 


Vasectomy has rapidly become an acceptable, comsmon 

means of sterilization of adult men in many coun-

tries throughout the world. This operation is 

simple yet is beset b" a failure rate in the U.S. 
as high as 2 to 6%.(l) his failure may be due to 
several causes, ranging from spontaneous reanasto-

mosis to spermatic granuloma. Stanwood S. Schmidt, 

M.D., has developed a vasectomy technique which
 
virtually eliminates failure and coa.plication. 

This technique, tested in more than .,375 vasecto­
mies, relies on fulguration of the lumen of the 

transected vas. 


The first widely accepted electrocautery instrment 

was the spark-gap diathermy introduced by Cushing 

and Bovie in 1928. For many years the technical 
advancement of electrocaucery instruments has been 

limited to refinements of the original 3ovie units. 

Since the report of a solid state electrocautery 


2
instrument in 1968 by Petty, Lim and Stahl( ) many 
modern solid state instruments have become avail­
able. Although these solid state instr.uments are 
smaller than the older spark-gap instruments, they 
are not fully portable; and all require a .10-tolt 
AC power source. the versatility of these instru-
ments, necessary for a surgical electrocautery, 
adds an expense and comolexit': both unnecessary and 
undesirable in an electrocauter: unit 1imated to 
vasectomies. 3ased on this report and medical and 
technical advice from Schmidt, we have developed a 
solid state electrocautery instruiment designed 
specifically for fulguration of the vas during 
vasectomy, The requirement of a battery-powered, 
portable instrument necessitated the reduction of 
power consumption to an absolute minimum. The 

development of a concentric bipolar needle elec-

trode reduced the coagulating power by concentrat-

inq the current in the immediate area of the mucosa 
of th'e vas. The extent of the lesion formed by 
this ucique electrode arrangement is self-limiting 

due to thmeconcentration of power in a small area. 

The more typical arrangement in electrosurgical 

instrumeni*s is a monopolar electrode with a diffuse 

ground. These instruments require a very subjec­
tive censtrol of the lesion by adjusting the with-

drawal rate of the electrode from the vas lumen, 

Patient safety is assured by the transformer-


isolated, low-power output and by localization of
 
current to the immediate vicinity of the bipolar
 
electrode tip. The instrument is inexpensive,
 
simple to use, and battery-powered, therefore,
 
ideal for use in extensive male sterilization pro­
grams in lesser developed countries. 7n its final 
form it will weigh apprcximately two pounds. Test­
ing on guinea pigs and freshly excised human :as 
has been successful!y cr.pleted.
 

INSTRU.:,NT DESCRIPT!O.; 

The instrument was designed to ieliver 1ow cut 
cycle, high-voltage, souare-wa.e pulses. A labora­
tory instrument, designated the C.D.S. Cautery, 
Mark !I, was designed so that the variables, pulse
 
rate, pulse width, and peak pulse voltage, could be
 
indeptn.eni, adjusted. The versatility of t-e 
Mark 1i allowed for optimizacion of these varibles.
 
7his -otimization is necpssar-; in 3rder to roduce
 
lesions in the vas consistent with lesions produced
 
by the Schmidt technique.
 

The instrument consists of several basic circuits
 
as depicted in the block diagram of Figure I. Fi ­
ure 2 is a Complete electrical schematic. 7he
 
Pulse Rate Cenerator is :omDried of a unijunct:cn 
relaxation oscillator with adjustable frequent..
 
The rate of :he ulse :rai:i can be varied froni5 
to 1,500 pulses per sec. The output of this gen­
erator drives the Pulse Controller, mono­onidth a 
stable multivibrator with adjustable time constant. 
The duration of the pulses emitted itom the ?ulse 
Width Controller can be varied from 10 to iCO se:. 
The Output Amplifier increases the oulse train 
power level to that necessary to coagulate tissue.
 
To maintain a low battery drain, the jutout am'li­
fier was designed so that the power translstors 
draw current only during the short time :hat a 
pulse is present. The output of the am.'pitier 4 
coupled to the cauter-, electrde thrcugh a sep-up 
pulse transformer which provides the neceser. oign 
:oltage. rhis transformer also electrically iso­
lates the output from the rest cf tne ci:rcuit which 
assures patient safety.
 

A combination of high pulse rates and wide pulse 
widths causes a degradation of the square-wave 
shape of the pulse due to the limitations of the 

Superior numbers refer to similarly numbered references at the end of this paper.
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output transformer. When the pulse degrades, the 

outpurt transistor must dissipate a self-destructive 

amount of power. The Pulse Width Limiter protects
 
the output transistor under these coiditions by 

forcing the output of the Pulse Wid:h Controller to
 
zero if the voltage across the primary winding of 

the transformer begins to diminish. This action 

terminates the pulse and assures a fast fall time. 


The Maximum Duty Cycle Detector energizes a light-

emitting diode indicator under the identical condi-

tions that operate the Pulse Width timiter. The 

detector consists of a monostable mulcivibrator 

whici,. similar to the Pulse W;idth Limiter, monitors
 
the voltage between the output of the Pulse Width 

Cuntrollar and the primary of the pulse transformer, 

If the cutput of the controller remains high as the 

voltage across the transformer falls to zero, the 

monostablo will trigger on and light the light-

emitting diode (LED) indicator for approximately 

100 sec during each cycle, 

The control portion of the circuit includes two 
pairs of parallel-connected 22.5 volt, B-type bat-

teries;* the on-off switching circuit described in 
gre:,ter detail below; and a "hi-lo" voltage selec-
tion switch with a momentar batter- test position. 
When the 225-voit "Lo" voltage output is selected, 
the three-position switch connects the two pairs of 
batteries in parallel, supplying 22.3 volts to the 
circuits. When the 430-volt "hi" voltage output is 
selected, the two pairs of batteries are connected 
in series, supplying 45 volts to the circuits. 
When the switch is in the momentary battery test 
position, the 45 volts are connected through two-
series, back-biased, I-volt zener diodes to 
the LED indicator. Thus, as long as the total 

supply voltage exceeds about 40 volts, the LED 
will light brightly indicating that the batteries
 
are good. 


In order to eliminate the necessity of a foot 
switch, a finger-controlled switch was included in 

the electrode pencil. The switch is comprised of a 

magnetic reed switch operated by a sliding magnet 

(Figure 3). The reed switch and all wiring in the 

pencil are completely embedded in tne cuxy or 

which the handle is constructed. This embedment 

allows the handle to '-P heat-sterilized. 


The needle is a concentric bipolar electrode origi-
nally intended for deep brain encephalographic 
recording (Figure 4a). Approximately half of the 
needle is embedded in an epoxy base along with a 
connector, allowing the base to be plugged into the 
pencil (Figure 3). The electrode also car, be heat-
sterilized. 

A photograph of the completed instrument is shown 

in Figure 5. 


RESULTS 


Evaluation of C.D.S. Cautery., Mark II instrument is 

based on visual examination of vasectomies per-

formed on guinea pigs. Also, lesions formed in
 
human vas by a Birtcher electrocautery (Schmidt 


*Burgess No. 4156 or Everready No. 763 

technique) were compared with lesions formed in
 
freshly excised human vas by the Mark II. 

Animal Trials
 

Bilateral vasectomy was attempted in two guinea
 
pigs using the Mark II unit. Additionally, the
 
unit has been used prior to the insertion of vas
 
valve and tubing in three additional guinea pigs.
 
In all cases, the degree of blanching result'ng
 
from the electrode could be clearly followe. and
 
controlled by withdrawing the need!! or switching
 
off the current.
 

One animal was vasectomized according to the method 
of Schmidt and autcosied 18 days later. The right 
vas, fulgurated with a pu1.3e width o! d0 '..ec (450 
volts, 300 Hz), exhibited a satisfactor7 blockage 
in both cut ends that withstood the additional 
pressure of syringe insufflation. In the left 
fulgurated with a pulse width of 60 _sec (43 vo'lto, 
300 Hz), the central cut end was satisfactorily 
blocked; but the pripheral end gave the tooresion 
of blockage followed by burst. Sperm appeared to 
have accumulated in a large oass in the :snctive 
tissue surrounding the ord. The current necessaur: 
to produce the lesions in this aniral -as less than 
0 milliamps. u, ' second guinea o g the intact 
jasa were fulgurated b' inserticn f the Trobe 
through the 'vas sheath and wall. Autopsy jays 
later revealed plugs of scar tissue in both vase 
although they did not appear to be foring a oco­
plete block as vasal fluid content could be ex­
pressed through the plug. Complete vasal plug 
formation in the guinea pig foll-wing fulguration 
of the vasal mucosa may be i-paired by the high 
pressure (up to S0 mm Hg) generated in the 'vas 
lumen following ,as occulsicn. 

The evoluation of the use of the Mark 11 on human 
vas was conducted in the following manner. During 
a outine vasectomy performed by Schmidt, the 
proximal end of the transected vas was fulguriced 
by a 3irtcher electrocauer-: using the standard 
Schmidt 'echnique. A _-mm segment of the :as, con­
taining the lesion, was then excised and identified
 
for later histological evaluation. A 2-m segment
 

of the distal vas was excised, fulgurized by the
 
Mark !I electrocauterv and identcfied for later
 
histological evaluation. The standard Schmidt
 
vasectomy procedure then followed so i. not to 
jeopardize the success of the operation. The re­
sults of the histological evaluation are given in
 
Table I. The aim of fulguration of the vas Is to
 
destroy the epithelia! lining without disrupting
 
the surrounding vas musculature. Th' coagulated 
epithelial cells slough off, and the muscle tissue
 
gives rise to scar tissue which permanently blocks
 
the lumen of the vas. :t appears that the Mark I1
 
cautery accomplishes this aim quite well when set
 
at 225-volt pulse magnitude, 300-see pulse rate
 
and 88-usec pulse width. At this setting the en­
tire luminal epithelium is destroyed, but less
 
destruction of the musculature occurs than when the
 
Birtcher electrocautery is used.
 

The evaluation procedure was to be conducted on 10
 
sections of was; however, failure of the needle
 
electrode limited the number to 2 sections. The
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INSTRUMENT OPTIONAL
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FIGURE 3. Electrode Pencil Showing Sliding Magnet Finger-


Operated Switch and Optional Pushbutton Switch
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FIGURE 5. C.D.S. Cautery, Mark II
 

TABLE I. 	 Histological Comparison of Fulguration by Birtcher
 
and C.D.S. Electrocautery Instruments
 

Electrocautery Microscopic, Histological
 
Instrument Used Instrument Settings Examination Results
 

Birtcher Schmidt Standard 	 Considerable electrical heat
 

destruction of the luminal
 

epithelium, mild coagulation
 
necrosis of the tissues of the
 
muscularzs a few cells in
 
thickness
 

C.D.S., Mark II 225 volts (pulse magnitude) Electrical heat destruction of 
300 Hz (pulse rate) the luminal epithelium, little 
88 psec (pulse width) coagulation necrosis of the 

muscle coat immediately adjacent 

to the luminal epithelium 

C.D.S., Mark II 225 volts 	 Complete electrical heat destruc­
400 Hz 	 tion of the luminal epithelium, 
88 psec 	 coagulation of the muscular coat
 

for a depth of about 10 to 12
 

cells around the periphery of 
the lining 
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insulation between 
the bipolar electr,;de elements 
 This electrode will be stiffer and, therefore, more
bruke down as the unit was 
tested at the 450-volt suitable for the 	transdermal technique of vasectomy

setting. This fault was not detected iuring bench 
 described above.
 
te!sting and aw :ave 0cen aggravated by repeated

auoc 'aving of the eiuc¢rode. The thickness of in-
 Repeated autoclaving appears to slightly degrade
suat in 'i e incre-ased to assure that the prob- the insulation between the concentric elements of'l± i.:es nct reoccur. the bipolar needle electrode. 'Then used with a
 

coagulating pulse magnitude of 450 volts, arcing

D S S:ONoccurred
3C'-*I 
 which shorted the two elements. Increas­

ing the thickness of insulation between the two
ielectrode which is charaz-
 elements will solve this problem and result in the
_"e , Cauter-: may pcssibly: simplif- desi-ed increased electrode diameter. 

... :31, "tansde-mal" procedure.o 

.ale easily palated, beneath Through test and evaluation of the Mark II cautery
izror'.u. After Local anes- the values of the parameters (i.e., pulse magni­

,: va:s would_ e pushed into a small tude, pulse rate and pulse width) have been defined.

:r~t1 -:ormn-is.
A :c,wl-clamp would An acceptable fulguration is produced by a square

t.e skin f the fold be-
 pulse of 225-volt magnitude and 30-usec width,
 
.. this occurring at a rate of 300 pulses per sec. 
eu:ev in 
 Elimi­

sn.
:':n -hebilarneedle 
 nating the variable controls of these arnmeters
 
"- - n into the
e h will yield a smaller, ighter instrument which will
 
:e e applied be easier to operace, as it will have ,nly one
 
.a trasermal switch. Eliminating the excess circuitr will re­n-at sufficientscar iuce the current drain 
from the batteries, thus
 

ss.t. n .
n, .a erma- eliminating the need for large batteries. 
 A new
 
.odel, designated the C.D.S. Cauterv, '!ark Ill,
.
 - . . s incorporates these simplifizations Figure 6). The


'nig 
 at ur latst in integrated :ircuit 	design has been used
D"r 3.- 7 ,t') , resul- "-i=notcc encouraging as to reduce the fabrication costs. Bench resting of
 
-as 2rckas pres-croen .y tne this model has been completed, and a ccmoletelv 

:-_
vos. packaged urit as shown 	 in Figure 7 is presently 
being field tested.
 ma reveraiorrcr ngs : one . .5. Cautent 

becamre a~oarenr g e.'aluation. All Df these __E__NC7S-u 


proems ccn -ned ";.- neele electrode or the elec­
:roze pencil. etna "n the human vas shcwed that I. Schmidt, S. S., 1973. 	 Prevention of Failure ine:raI orona t aould bdemace between -he 
 Vasectomy. J. Urol. Feb. 
(in Press)


Iu=_na. eritn- an. the two electrode elements 
the needle were 
elig itl, larger 4n :iazeter. 2. ?etcy, P. 0., A. J. Lim and R. Stahl, 1968. 
 A
ne prcoocsec rde is depicted in'ie r 4b. 	 Solid State Pulsed Coagulating Diathermy Instru­

ment: Preliminar-, Report, Aust. N.A. J. Surg., 
Vol 38, 172-176. 

,.,
, ..,,4..	 5..,.,, 

,_4,t
 

P_ £El
.ect.rical 5¢nerm tic f. 	 C.O.Z. Zaller),,mark III 

FIRM 1... C.O.S.Clery, Mart Ill 
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VAS CAUTERY: BATTERY-POWERED 

INSTRUMENT FOR VASECTOMY 

STANWOOD S. SCHMIDT, M.D.
 

ROBERT CARMICHAEL
 

JOHN DECKER
 

MICHAEL J. FREE, PH.D.
 

From the Division of Urology, University of California 
School of Medicine, San Francisco, California 

ABSTRACT-Fulguration is the best means of gealing the cut ends of the cas at casectomy, but the 
classic electrosurgical units can destroy the muscular wall of the cas and create complications. The 
cautery described herein, designed expressly for uasectomy, effects epithelial but no muscular de­
struction sufficient to produce hazardous side effects. 

Fulguration of the lumen is now recognized as areas of the world this may be difficult to secure. 
the optimal method of sealing the cut ends of the C.rmichael and Decker,-' of the Battelle Memo­
vas at vsectony. Spermatic granuloma of the rial Institute, have prodiced a cauter.. which 
vas and its sequela, spontaneous reanastornosis, has been expressly designed for vasectomies 
are significantly less likely to occur when this ('Fit. 1A). Its power source is one 22.5-volt dry 
technique is used. In 1973, Schmidt' reported a battery. Since it employs a bipolar needle. 
series of 1,000 consecutive cases wherein this grounding of the patient is unnecessary Fig. 1B). 
method, combined with closure of the fascial The cauterv draws a minimum of current so that 
sheath of the vas, was used. This series now several hundred vasectomies can he performed 
numbers more than 1.600 cases, without failures with one battery. The entire unit weighs about 
and with minimum spermatic granulomas of the 2 pounds. 
vas. Tissue sections show that this method produces 

One disadvanta,.ye is the use of standard types complete epithelial destruction, with muscular 
of electrosurical units (Bovie, Birtcber, and destruction limited to only a few layers of cells. 
others). Here, experience and judgment are criti- Since the purpose of fulgturation is to destroy the 
cal. The ideal current application shouid result epithelium, the use of this cautery is a marked 
in clestriction of the epithelium of the vas only improvement over that of customary electro­
and in preser'ation of the muscular wall. which surgical unit (Fig. 2). The tissue destruction is 
would then serve as a so,1rCe of fibrous tissue to self-limiting, thus excessive necrosis will not 
seal off the end of the vas. Even when a "ligfht occur. 
touch" is used, tissue sections show significant This instrument has been en)loyed in a series 
muscular destruction. Because of the vast reserve of more than 100 vasectomies in the senior 
of power in these electrosurgical units. additional author's practice. To date, no spermatic granu­
fulgturizing current will destroy the full thickness 
of the vas wall. Necrosis. sloghim, and sperm 
leakage soon follow. 

Moreover, another disadvantage is that the "Cauterv development suported b. .\enc, for Inter­
standard unit requires a 110-volt current. In some national Development. Contract AIDicsd-3152. 

UROLOGY . MAY 1974 VOLUME II. NUMBER .5 604 

http:disadvanta,.ye


-, 

FIGURE 1. tA) Vas cauter and 
bipolar needle. and ,B) dia­
gram of bipolar needle. 
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7I Z.-,7-o5.-- .-., 0 9
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EXPOSED ELECTRODE 
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and is superior to the usual electrosurzical unit 
in performing vasectomies. 

.'77"-7..."M-478, University of CaliforniaSan Francisco. California 94143 
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New Technology for Voluntary
 
Sterilization
 

M. J. FREE and G. W. DUNCAN 
Battelle
 

Pacific Northwest Laboratories,Richland, Washington, U.S.A.
 
and 

Population Study Center, Seattle, Washington, U.S.A. 

The technologically-developed world has begun to see, feel, touch, 
smell and choke on the manifestations of over-consumption and over­
population. The pioneer proponents of fertility control in the lesser 
developed countries are seeing their efforts outstripped by more easily
practised and readily accepted death-control measures and impeded by 
cultural practices and religious dogma. Out of this growing awareness 
we see emerging the phenomenon of mass voluntary sterilization. 

In the lesser-developed countries where the follow-up of individual 
patients is an impossible task and where repetitive procedures are 
easily forsaken or forgotten, the advantages of a contraceptive method 
requiring only one brief encounter between physician and individual 
to deliver nearly 100 per cent lifetime efficacy are overwhelming from 
a demographic and individual standpoint. Public health officials in 
some countries are realizing this and responding with vasectomy clinics 
in railway stations, country buses and camps. India has more than 19.3 
sterilizations per 1,000 population (Pai, 1973). Eleven million steril­
izations were recorded in that country by the end of May 1972. Only
Bangladesh approached this rate of sterilization in the Eastern world 
although several other countries are on the way (Fig. 1). 

In the Western world, and particularly in the USA, there is an 
increasing tendency for young people to accept sterilization as an 
irreversible commitment to limiting their families (Bumpass and 
Presser, 1972) and, apparently, as a way to get out from under the 
barrage of pills and paraphernalia (Presser and Bumpass, 1972a). 
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FIG. 2. 	 Percentage of all sterile for contraceptive purposes in 1970 who were sterilized in 
each year: 1961-70. Source: Presser and Bunpass (1972b). 

Figure 2 shows the trend in US vasectomies since 1961 (Presser and 
Bumpass, 1972b). One third of all people sterilized up to 1970 were 
sterilized in that year. Since that time the rate has doubled but is 
probably levelling off at the present time. 

Male 	Sterilization 
Male sterilization, or vasectomy, is a relatively simple doctor's office 
procedure (Fig. 3) salvaged from the arsenal of urological prophylactic 
procedures. It was formerly used to prevent the spread of urinary 
infection and made somewhat obsolete by antibiotics. In the 1920s, 
vasectomy was thought to increase sexual Vigour (Steinach, 1920) and 
at the present time more than 13 million men are vasectomized 
throughout the world. Yet if vasectomy were a brand new procedure 
that had to be approved for human testing on the basis of animal 
experiments, it would have little chance of approval. The startling rise 
in popularity of the procedure, the dearth of organizable retrospective 
clinical information or controlled-perspective clinical studies and a 
spate of anecdotal clinical reports have stimulated a lot of laboratory 
activity in recent months. From these and earlier published studies we 
have learned of the spermatocoeles, adhesions and scrotal inflam­
mation in rat (Smith, 1962; Flickinger, 1972; Alexander, 1973a; 
Sackler et al., 1973), the antibody-induced degeneration of germinal 
cells in guinea pig (Alexander, 1973b), the apparently pressure­
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F.c. 	3. Diagram showing optimum location for vasectomy. An outline of the testes, epidid. 
mides, and vasa deierentia is super-imposed on the front .iew of the scrotum. 
Surgical incisions are shown over the straight portion of the vasa. Through these 
small incisions the vasa can be exteriorized and closed off by several alternative 
methods (see Fig. 6. Source: Schmidt (1972). 

mediated necrosis of the testis in rabbit (Bedford, 1972), the epididymal 
and vasal granulomas in goat (unpublished data), all following
occlusion of the vas deferens. All these changes are extensive and 
readily apparent to the trained observer and, to the deg-ree that 
they occur in these animals, would not be tolerated in man. 

Meanwh-ile, studies have been proceeding in a somewhat more 
dogged fashion on primates, including the human species itself. So far,
while certainly revealing the room and need for improvement in 
traditional "cut and tie" methods of male sterilization, these studies 
are generally supporting the historical attitude of urologists who view 



69 VOLUNTARY STERILIZATION 

vasectomy in man as a relatively innocuous procedure: as safe, cer­
tainly, as most alternative forms of pregnancy prevention and other 
everyday probabilities. For example, testosterone levels remained 
unchanged over a four-week study following vasectomy in fifty men 
(Bunge, 1972). Gonadotrophins and hematologic and blood-chemistry 
parameters remain unchanged over 0-12 months of a continuing 
study following vasectomy in ninety-five men (unpublished data). Of 
particular interest, serum uric acid and cholesterol remained un­
changed over this time period. Normal spcrmatogenesis has been 
observed in testicular biopsies up to seventeen years after vasectomy 
(Johnson, 1972), although some transient changes may occur im­
mediately following the operation (Derrick et al., 1973) and sperm 
granulomas occur in up to ten per cent of cases depending on the 
method of vas occlusion employed (Schmidt and Morris, 1973). 
Evidence that many reported effects in man are psychological is 
suggested by the unaltered sexual activity of Rhesus monkey following 
vasectomy (Phoenix, 1973). The one clear-cut change that does 
occur following vasectomy in a significant percentage of men is 
the build up of sperm antibody titers (Phadke and Padukone, 1966; 
Ansbacher et al., 1972; Shulman et al., 1972). This will be discussed 
later in the context of reversibility of vasectomy. 

At least ten additional studies are presently being conducted in U.S. 
clinics and labora:ories on vasectomized human volunteers or sub­
human primates. Thus much more information on the sequelae of 
vasectomy in these key species will become available in the next one or 
two years and will hopefully make unnecessary any further extrapol­
ation of experimental data from unsatisfactory animal models. One 
reason for the differences in response to vasectomy between man and 
lower mammals may well have to do with the innervation of the 
epididymis. The middle spermatic nerve courses safely along the 
spermatic artery in man, whereas in lower mammals its equivalent 
accompanies, and probably suffers the same fate as, the vas deferens. 

There is now the debatable question that is causing some divergence 
in the objectives of medical scientists and clinicians working in this 
field: Would significantly more people accept vasectomy if it were a 
reversible procedure? In some of the lesser-developed countries, where 
the dependence on children for support in old age and concomitant 
fear of child mortality is a major factor for birth control acceptability 
(Pai, 1973), the answer to the question is most likely to be "yes". In the 
technologically developed countries, where the motives for voluntary 
sterilization may perhaps have a higher ideological or philosophical 
content, the answer to the question is less certain. 
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Within the ranks of those who view vasectomy as a reversible or 
potentially reversible procedure, there is another divergence of 
opinion. Firstly, there are those who view the reanastomosis of the vas 
deferens by surgical means as a practical and potentially generally
applicable procedure and see a need for technological innovation only
in the surgical tools for carrying out this procedure. These tools may
include tissue adhesives (Bornemisza and Furka, 1970; Gursel et al.,
1971) or various types of splints (Steinhardt, 1969). On the other 
hand, there are those who believe that reversibility of vasectomy would
be facilitated by the development of a valve-like device which could be 
implanted into the vas deferens in lieu of vasectomy and would allow 
sperm to stop or go at the will of the individual and the hand of the 
surgeon. Several laboratories and clinics are pursuing the idea of a 
reversible intravasal occlusive device (Table I). These devices range
from the well publicized gold and stainless steel Bionyx "Phaser" 
currently being tested in human volunteers at New York Medical 
College (Fig. 4) to various plastic, ceramic and metal devices. Details 
of some of these devices including the gold Phaser are not public
information at the present time. Our own model. (Fig. 5), as an 
example of the plastic genre of devices, incorporates much of the 
current thinking on optimizing anatomic and physiologic conditions 
for reversal of vas occlusion. It is easily and cheaply fabricated, can be 
installed in the vas with a minimum of disturbance to blood, nerve,
lymph and muscle continuity, will bind to the vas by allowing and 
promoting tissue ingrowth, is sufficiently compliant to respond to tissue 
deformation and muscular compression, will totally block the passage
of sperm through the vas, is easily reversible by surgical intervention 
and permits verification of potency at the time of reversal. It is 
currently being tested in animals. 

Common to both objectives, the intravasal device or surgical reanas­
tomosis, is a need for improved methods of simple vasectomy that 
would facilitate restoration of fertility if that need arose in the indi­
vidual. A large number of variations of the basic procedure of vasec­
tomy are utilized on a routine basis around the world (Klapproth and 
Young, 1973). the future willIn near there undoubtedly be some 
extensive comparative studies of these methods. There is now a grow­
ing awareness of the need to maintain nerve, blood vessel, lymphatic
and even muscle continuity in the vas deferens if reversibility is to be 
optimized. It seems likely that the practicecurrent of removing 
segments of varying lengths from the vas deferens will be found to be 
unnecessary providing the mucosal lining of the vas is interrupted and 
effectively prevented from regenerating. 
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TABLE / 
Current or recent research in the U.S.A. on reversible intravasal devices 

Institution 
(Principal investigators) Funding agency Concept 

New York Medical College, NIH Gold and stainless steel stop.
School of Medicine (NICHHD) cock installed in the sectioned
(M. Freund and J. Davis) vas with gold mesh for in­

growth. 
Ortho Pharmaceutical Ortho Metal device with magnetic
Corporation, valve for nonsurgical reversal. 
Baritan, New Jersey. 
Illinois Institute NIH Porous ceramic and etched
of Technology (NICHHD) stainless steel operated through
Research Institute a small opening in scrotal sac
Chicago, Ill., or by palpating scrotum. I
(E. E. Brueschke) sections conduits used. 
Abcor Inc. Cambridge, NIH Hollow fibre tube with bondedMass. (NICHHD) flock. Centre pin made of
(E. W. Nuwayser) steel, vitallium or plastic. 
Tecna Corp. Emeryville, NIH Plastic tubes with micropor-
California. ous surface for tissue ingrowth.
Illinois Institute of AID (?) Fe,-vasal occlusive device-
Technology 
Research Institute 

occludes 
pression. 

by external com-

Chicago, Ill. 
(M. Bums and E. E. 
Brueschke) 
University of Missouri 
Columbia, Mo. 

NIH 
(NICHHD) 

Reversible 
thesis. 

vasectomy pros­

(E. C. Mather) 
Medical Engineering 
Foundation Inc. 
Little Rock, Ark. 
(J. T. Turley) 

Ball valve device made of 
fluoroplastic material. Flexible 
stems installed through a slit in 
the unsectioned vas by means 
of a special inverted V clamp. 
Valve kept in place by rolled 
plastic clip. Ball valve has 
slotted head. 

Battelle Northwest 
Laboratories, Richland, 
Wash. 
(M.J. Free) 

AID Flexible plastic device with 
textured surface installed into 
the unsectioned vas in two 
halves. Halves are joined 
around a plastic plug and 
uncoupled and rejoined
around open tube for reversal. 
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TABLE I (con inued) 

Ins itut ion 
Principal investicaors Fudinz avetcv Ccncept 

South.~ 
Res. and 

r CFndat~en 
DW,. 

:.r NIH 
NICHHD, 

NonoccIusivc device with cop­
per or iron coils or threads 

San .kneo.T:x. inide a tube-spermicidal 
D. C. Kraemc: acton. 

la',.ici~t:-s >G,:,cral Population Council Remokable sila;tic obturator. 
H,,,,tai. Bi>on'. M ass. Inc. 

Caroiinia ?opuiatlor. AID Polkpropvhne tube: ith terlon 
Center. L'.N'rth Caraiina, velour. .so a proplst sponge. 

.hapei I~Hiil.N.C. 
j. Hulka 

DCot. if Uso:z.- ? Ta.'-red poi,,,hyiene tubing 
"no.. af Io,,a. Ia Ci:v, Ia. ,stalled in unsectioned vas 
K. H.i L:a v,ith ends protruding. Ends 

r. G. Bin,". are anchored with silver clips. 

Thu e:ctr.,auzerv s indinz increasing acceptance in the United 
.:orates as tool .or im;roving simpl vasectony. Schmidt recently 
reported a si . vasec.omis in 'ghih no sczment of the vas 
was removed and no .i:tures w,,ere tied on "he vas Fiz. 6) 'Schmidt, 
'973. Rather, h iutnen fitf proxrnmai a:nd was catterized for 4 
mm in sucn a .%'hat "he lesion .'a; confined to the epithelium, 
lamina propr-a an:d art of the nusdce wal. The distal end was 
cautenzOd on the cut sur:ace onlv and the .heath of the vas was closed 
over it with a singie iiturz. Tnis -cries now ;tands at 1.500 with no 
failures and less than DO: oer 'ent ,-,fsre.- gr anuiomas or other compli­
cations 'Schmidt. S.S. rnai communication. This compares with 
around 115-3 per :n: :ailures and uo :a o per cent of complications 
fbllowin, .'asectorniv )' :*, atin gf,. Kapproth and Young, 1973) ; 
Schmidt, 573. An .Aditionai advantag, is that reanastomosms is 
technicaly -asier :;61o.ing "as_, tomv hv this procedure. 

A bit(ular :ictrrnautery mpecficall. designed Jor 'as occlusion has 
aeen dc' tn Our under the sponsorship of .\ID Fig.ioned aroratorn, 
7'.This .mail -;olid-.,tate instrument is completely self-contained and 
draw'; '.r. Oe power Nom. Wts22 volt batter. The probe is 
zeriixa-!e and 'ho :Cedl, e!ectrode interchangeable. Current flow is 
crnE.n.d to :ie area jt,.'e,:n the two bands around the tip of the 
needle 'ig-, and i,thus e!f-Iimiting. This device is currently under 
clinical ,vaiuatin aud %hows promise for improving simple vasec­
tomies undr Acid.,riway itation, bus or clinic conditions. 
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BATTELLE'-NORTHWEST - A.I.D. REVERSIBLE
 
INTRAVASAL OCCLUSIVE DEVICE CR.0.)
 

"-	 FULGURATED 
PORTION OF
VAS LUMEN 
CONTAINING 

BNW TUBING 
STEM OF RIOD

BLACK COLORED (
BODIES OF RIOD 

CONTAINING
 
OPEN OR CLOSED
 
INSERT ___
 

- F:ULGURATEO 
PORTION OF 
VAS LUMEN 
CONTAINING 
BNW TUBING 
STEM OF RIOD 

BLACK BODY WITH INSIDE TAPER
 
TO FACILITATE FITTING OVER INSERT
 

(OD 0.07")
 

SMOOTH TAPER BNW TUBING 
WITH CONSTANT WITH MATRIX SURFACE 
ID TO FACILITATE INSERT SNUG FITTING LENGTH OPTIONAL 

INSERTION AND COLOR CODED OD 0.03" ID 0.02" 
(OPEN WHITE 

CLOSED BLACK) 

FIG. 5. 	The plastic "RIOD" device for reversible occlusion of the'vas. See text for details. 
(Upper) Cross section. (Lower) The RIOD installed in the vas deferens. 

An incisionless approach to vas occlusion has already been made by 
Sekhon in India using transcutaneous diathermy to transect the vas in 
one or two places 'Sekhon, 1970). Other approaches to simple vas 
occlusion include the insertion of silicone plugs, thread and tubes that 
simply fill up the vas lumen Lee, 1969; Klapproth and Young, 1973). 
It seems unlikely that these indwelling plugs will stand up to extensive 
testing without some form of adhesion or ingrowth with the wall of the 
vas. Tantalum clips are currently being used instead of ligatures in at 
least one clinic (Moss, 1972) and are being promoted for the purpose 
of vas and tubal occlusion by the manufacturer of hemoclips (Edward 
Weck and Co. Inc., New York). Looking further into the future, the 
use of injectable substances that induce scar tissue plugs in the vas 
remains a possibility. Amongst the latter studies, the recent report of 
Freeman and Coffey, (1973) using ethanol injection into the rat 
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Failures. .. .... . . . Failures
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Fio. 6. 	 Results of different methods of vasectomy. I, vas cut, doubly ligated and 1 cm
 
segment excised. I, va, cut, doubly ligated, 1 cm segment excised and distal end
 
cov.red over with fascial sheath. III, vas cut, proximal lumen fulgurated, distal end
 
covered over with fascial sheath. Source: Schmidt (1973). 

vas is of notable interest. In addition, quinacrine dihydrochloride has 
shown some vas occlusive effects in the rat vas (Setty et al., 1972). The
 
use of focused ultrasound for transcutaneous vasal cauterization has
 
also been proposed by our laboratory and is in the preliminary design
 
state at the present time.
 

Assuming that sperm can be returned to the ejaculate in sufficiently
 
large numbers, will that achieve the objective of restored fertility? The
 
currently available figures (Derrick, 1973) for surgical reanastomosis
 
show a large discrepancy between success in restoring sperm levels
 
and restoration of fertilty (Table II). A more successful individual
 
series yielded 55 per cent pregnancy with 83 per cent return of speri
 
in 76 patients (Phadke and Phadke, 1967). Indications are that
 
these observations are linked with others showing an increase in
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Fio. 7. A miniature, battery-powered bipolar cauter" unit for use in the vas deferens.
 
Source: Decker and Carmichael (1973.)
 

INSULATION 
OUTER ELECTRODE 

INSULATION 
INNER ELECTRODE 

- oIDo0.0 oaso -­

___ O S 

I r0LEADS SHAFT 25 

EXPOSED ELECTRODE 
SURFACES
 

INSULATION 

Fic. 8. Detail of the bipolar needle electrode for vas cautery unit. Source: Decker and
 
Carmichael 11973.
 

antibody titers in 50-60 per cent of men following vasectomy (Phadke 
and Padukone, 1966; Ansbacher el al., 1972; Shulman el al., 1972). If 
these antibodies are found to impair epididymal function or sperma­
togenesis it may well be that all methods of vasectomy reversal will 
have only limited success unless some more sophisticated immunolo­
gical precautions are taken. Additional]%-, the long-term pathological 
consequences, if any, of autoimmunitv to sperm are unknown and are 
the subject of considerable research activity at the present time. 
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TABLE II
 

Survey of vasovasostomy
 

No. of physicians Technique No. of cases % pregnancy 

103 No splint 388 10.9 
281 Wire splint 804 19.9

98 Carnulae splint 242 20.9 
60 Nylon splint 196 26.0 

542 19.3 

Return of normal sperm in 38 0/ 

Female Sterilization 
Occlusion of the fallopian tubes in the human female presents many of 
the same ponderables as vas occlusion: to section or not to section; 
to remove a segment or not; to use clips or ligatures; to cauterize or 
not, to determine the optimum site of occlusion. In addition, female 
sterilization poses other sets of alternatives and attendant problems
concerned with preoperative treatment, timing of the procedure and 
approach to the site of occlusion. Many of these alternatives are falling 
into line behind a few key technological innovations. The most profound
of these innovations has been the development of fibre optics and the 
evolution of the endoscope to the status of an everyday surgical instru­
ment. This instrument in the form of a laparoscope has turned female 
sterilization into an outpatient procedure in some clinics (Wheeless, 
1972a, b; Wortman and Piotrow, 1973a), eliminating the risks asso­
ciated with general anaesthesia, the expense associated with inpatient 
care, and the scar associated with the traditional laparotomy approach.
Although most laparoscopists use general anaesthesia and two punc­
tures to accommodate laparoscope and occlusioning tools 'Neuwirth, 
1972; Wortman and Piotrow, 1973a), the instrumentation and tech­
niques have been developed for viewing and doing through a single
abdominal puncture (Wortman and Piotrow, 1973b). Lower surgical 
risk, less scarring and greater acceptability of local anaesthesia are
likely to make single puncture laparoscopy a major method in the 
future. 

Another endoscopic technique, culdoscopy, approaches the occlud­
ing site through the vagina rather than abdomen (Fig. 9). It has all the 
advantages of laparoscopy. Additionally, it does not require insu­
fflation of the abdominal cavity, leaves no external scarring and avoids 
the psychological trauma associated with abdominal surgery 
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suited to post-partum or post-abortion sterilization, it is unlikely that 
the traditional methods will die out completely. In particular, the 
non-endoscopic transcervical procedure, colpotomy, requires the min­
imum of surgical equipment, can be done under local anaesthesia and 
is probably adaptable to outpatient procedure, making it ideal for 
widespread application in developing countries (Wortman and 
Piotrow, 1973c). 

Methods of actually occluding the fallopian tubes have "ncluded 
ligatures usually accompanied by sectioning, cautery with or without 
sectioning, tantalum hemoclips (Gutierrez-Najar, 1972; Havash-i, 
1972) and more recently plastic and metal spring loaded clips which. 
maintain constant tension on the tubes, thereby preventing necrosis 
and recanalization (Hulka and Omran, 1972a). Refinement of the 
surgical tools for applying these latter clips in conjunction with culdo­
scopy or colpotomy may significantly simplify the overall procedure and 
further increase its practicability and acceptability in the next few years. 

For the longer term, it seems certain that non-surgical procedures of 
sterilization will become practical. These will utilize the transcervical 
approach and need, therefore, no more skill than that required to 
install an intrauterine contrac -ptive device. Use of the hysteroscope 
will allow direct visualization of the uterotubal junction if necessary. 
The methods of occlusion may be by chemical or inert liquids in the 
form of adhesives (Grode et al, 197 ; Falb et aL., 1972), barriers 
(Rakshit, 1968 and 1972; Omran and Hulka, 1970'), sclerosing agents 
(Richarrt et a!., 1971; Zipper and Insunza, 1972; Zipper et al., 1970) 

or combinations of these, or may involve electrocautery (Hulka and 
Omran, 1972b) or, more remotely, crvocoagulation (Droegemueller 
et al., 197 1, laser beams 'Halbrecht, in press) and ultrasonic cauterv. 

Quinacrine has proved to be the most effective chemical tubal 
occlusion agent to date (Zipper and Insunza, 1972!, although it 
requires two applications to achieve effective tubal obstruction in 90 
per cent of cases. Among the adhesive agents, gelatin-resorcinol­
formaldehyde iGRF.) has shown promise JGrode et al., 1971 . 

Devices are being developed to deliver chemical occlusive agents 
preciseiy to the fallopian tubes without endoscopic visualization 
(Thompson et al., 1972). They would act to seek out the uterotubal 
junction and form a gasket around it to prevent the back flow of 
injected chemicals. The chemicals may then b., injected into the tubes 
from an external syringe. Such devices are the key to making female 
sterilization a paramedical procedure, thereby increasing its avail­
ability in more remote and sparsely-doctored areas of developin )un­
tries or regions. 
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Summary of Future Trends 
Although a temporary slowing of the current rate of voluntary vasec­
tomy in the technologically-developed countries seems ine'itable as the 
once-only demands of motivated individuals are satisfied and the 
procedure undergoes close scientific scrutiny, the demands for female 
sterilization may continue to grow unabated as procedures become 
simpler, safer, and cheaper. In the developing countries, delivery of the 
means rather than acceptability of family limitation is the limiting 
factor. While instrument costs and maintenance problems may hobble 
the increase of female sterilization procedures until transcervical 
methods become practical, it seems likely that female sterilization will 
play a steadily increasing rrle in the birth control programmes of the 
developing world. More reversible methods of vas occlusion, feasible 
within the next five years, should boost the acceptability of this 
procedure in a younger and therefore more demographically-signifi. 
cant segment of the devc-loping world population. 
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ABSTRACT 
Whether antisperm antibodies develop after vasectomy probably depends on several variables. 1of which may be the surgical technique. The levels of serum antisperm antibodies were compared in men vasectomized by 2 techniques: vasoligation and fulguration. No difference in the incidence ofspermagglutinating antibody was found in the 2 groups. However, immobilizing antibodies wereobserved in 43 per cent of the men undergoing vasoli-ation but in only 29 per cent of the men 

vasectomized by fulguration. 

Antisperm antibodies develop in about halt' i the vasecto-
mized men."' However. A'hy they develop in some and not in
others is not well understood. The explanation invoives several 
variables, includin, not only the basic immunocomperence ,t
the individual but probably also such factors the ,t'as rate sperm output. the ,ites of sperm resorption and extravasation.
and the possibility of adjuvant intlammatory effects at the
time of sperm extravasatiin. Moreover. different surgical
procedures may lead to) the formation of different kind. Afvasblockage, which mav or may not accentuate st;erm extravasa-
tion. Therefore. amtibodv formation :nay he related to the
surgical method. The fulguration method deveio ed by
Schmidt involves sectioning and tulzuration of the 'as without
the conventioinal vasoligation. It is su.ested, that the firm 
scar that forms on the cut and fulgurated ends of -he isvas
effective against granuloma formati n." On the other hand.
there may he a short interval before scar formation during
which time sperm have access to the .crotal t.issues: it'so. either 
tolerance or rapid sensitization and immunizat:on may result. 
The reported low inc:dence ot sperm granulomnas associated
with the fulzuration technique prompted a retrospective study
of 94 patients vasectomized bY Schmidt dur:ng the last 1l 
years to compare them with an unmatched ,r'up f men
vasectomized by ligation for atcomparai)ie period, 

MIE'THODS 
Single 2 ml. bilood samples were taken from 94 men vasecto-

mized between January 19463:and December !97, by the
tulguration method described bv Schmidt." These samples
were compared with sera from 37 men vasectomized by the 
conventional vas ligation technique by several different phYsi-
clans. Thirteen additional samples taken from these men at
different intervals are included in the comparison of time
intervals but not in the comparison of the totals. Antibodies to 
spermatozoa were assayed by the macroscopic spermagglutina,
tion technique' and the sperm immobilization procedure.!,
The spermagglutinin titer was reported as the reciprocal of thelast positive dilution. Spermagglutinating antibodies equal to 
or more than 20 were considered positive. Sera were consid-
ered positive for sperm immobilizing antibodies if the ratio of
control percentaves to test motility percentages was equal to ir 
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more than 2.0. The incidence and titers of sperm antibodies 
were examined for the following time intervals after vasec­
tomv: i) to .. to 1. 1 to 2. 2 to :;. 3 to 5 and more than 5 
years. 

RESULTS AND DISCLSSION 
Of the 57 men vasectomized bv means ofvasoligation during

the 'ast 11)-.-ears 4:3per cent exhibited ;perm-immobilizing
activit,. while only 29 per cent of 94 men vasectomized with
fuiguration ot the vasa had sperm-immobilizinz antibodies
table 1I. An X analysis of these data shows the different

frequencies to he significant only at p less than 0.10. When
broken down into respective time periods this discrepancy
diminishes. No differences in agglutination activity were 
observed between the 2 groups itable 2).

Testicular ends of the vas examined at the time of vasovasos­
tomv reveai that about 20 per cent have had demonstrable 
spermatic granulomas. In addition, others have had epididv..
mal obstruction wihich may be caused by sperrnatic zranu­
lomas. Schmidt and Morris report that fewer 4ranulomas re­suit from vasectomy by the ful.unraton technique than by vaso­
ligation."' They observed that the testicular end of the vas is
capped by a firm scar without evidence of z-ranuloma. The re­
suits of our stud' on antisperm antibodies reveai similar or 
slightly lower sperm immobilizing antibody levels in the fulu­
ration zroup as compared to the vasolization group. Alexander
showed that sperm immobili::ing antibody titers in vasecto­
mized rhesus monkeys correlated with the incidence of sperm
granulomas.11 Her study involved vas fuluration similar to
Schmidt's. yet exploratory operations showed that granulomas
developed in 4 of the 6 monkeys. This high rate of granuloma
formation after vasectomv may reflect a species difference be­
tween man and the rhesus monkey, or a difference in surgical
technique. Because human and rhesus sperm counts normally
vary within the same order of magnitude per eiacuiate. it is 
not expected that the rate of' sperm output would account for 
the differences observed. 

Brannen and associates have suggested that .a low :ncidence
of antisperm antibody levels mav indicate cel!-mediated 
iimunity.' High antibody levels developed in rats
ligated vasa. whereas cell-mediated immunity developed 

with 
ex­

clusively in those with no ligation after vasectomy. However,
granulomas developed in both Th e ofpups. immute 
response may well depend upon the rate and time of exposureto spermatozoa 'j 1 and the type of vasectomy performed mayproduce different immune responses. For at least a short whileafter vasecomv ligation completel, prevents extravasat;on. 

.
and it is only after a certain !ag that the combination of necro­sis at the site of constriction and build-up of back pressure 
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A batierv-Doured.bip!ur ehicrcoagutrhas been spec: eceloped fhr sealingdca/lv 
the ':t c.zds .,(':he Oictd,,d Las at vasecomyv. With a mznirunm of t,lectric power. 
;he' ele'Ctf.ek',btor at'cisorvs nl the .'nuCosa and ,ne or wtU)niuscle cell lavers of 
,he ,as. ,c,/ , 'a&s p a ,To rflsis ,t"the cur cods. 

This :nsr:u'no 7as T'ctn tiseczI :z norc ihan !001) ,asectomles azthout a k.wiOt' 
! :Iroinc;a ' n ,,nu.ima , r':,mpications.A i anal. sis of these casts :S 

rep,)re:d c'cthe'm!!?hass "ip)W :h ?.!?!thoa i s6gCCeSS Mniealing the as. 

Vasectomy is the postpopular means ofsterili-
zation for fertility control. Although many tech-
niques exist for this operation. the electrocoagula-

tion. fascial interposition technique "appears 
have the best chance of preventing complications 
as well as permitting easier reversibility."! The 
senior author has performed more than 3001) con-
secutive vasectomies by this method-without 
a failure. in spite of this record, the operation 
can still be improved upon. 

When a monopolar electrosurgical unit Bovie 
or Birtcher type, is usfd for fulguration. ex-
perience and judgment are critical in determining 
the end-point. Tissue destruction may be inade-
quate: on the contrary. it may be so extensive 
that the end of the vas sioughs, leaving the 
lumen open. thus allowing leakage of sperm and 
the formation of a -anuloma." Furthermore. 
areas of the world exist where electric power is 
either unavailable or undependable. Transection 
of the vas, together with suturing its sheath, 
deprives the epididymis and proximal vas ;of in-
nervation. This lack of innervation could inter-

Rccei'.-d J,nuarv 17 ,75; acc .pted F,:bruary 16. 1978. 
'Presentrd :, r T rh.-Furth Meeting 4, TheOw Annual 
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lniversitv f ( jlifrnia Schuoo f Mdicine. San Francisco. 
Calif. 94143. 
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fere with sperm transport after a future vaso­
vasostomy. 

All present techniques are those of open sur­

gojery. requiring skin incision by a surgeon. If a 
method for nondividing, percutaneous vas obstruc­
tion could be perfected, the operation would be 
performed faster and more simply: such an oper­
ation was attempted by the senior author some 
20 years ago with the use of a monopolar 
needle. It failed-weak heat was created but 
electrocoagulation was not. owing to the relatively 
large surface area of the needle in contact with 
the tissue. Cleariy. different electric circuitry 
was needed. 

These problems were discussed in 1971 at a 
meeting sponsored by the Agency for Inter­
national Development and held at the Battelle 
Population Study Center, Seattle. Wash. ' In re­
sponse to these proceedings. a battery-powered. 
bipolar electrocoagulator was developed for use 
in vasectomy."" This instrument has recently 
been refined and manufactured by Electro Medical 
Systems. Inc.. Denver, Colo., under the trade 
name Vaseal 'Figs. I to 3). In this model. 
current flows from the tip to the shaft of the 
needle electrode across a collar of insulation. 
Using a minimum of electric power, this electro­

coagulator destroys only the mucosa and one or 
two muscle cell layers of the vas, leaving adequate 
live muscle to serve as a source of the fibro­
blasts which will seal off the vas lumen (Fig. 4). 
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Fi(.1. Bipolarcauterysystem: power unit. hand control, and 
needle electrode. 

Although not designed for this purpose, it is 
weakly effective in cauterizing small blood vessels, 
Since 1973, this unit has been used by the senior 
author in more than 1000 vasectomies-without 
a known failure and with a minimum of com-
plications. An analysis of these cases is reported 
here with emphasis upon the method's success 
in sealing the vas. 
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SUBJECTS AND METHODS 

Equipment. All vasa were electrocoagulated 
the same basic equipment and circuitry.' 
first unit, a handmade prototype electro­

coagulator, was succeeded by a commercially 
made unit (the Vaseal) which incorporated re­
finements based on studies of the early proto­
type. Performance, except for needle life, was 
identical. 

Because some components of the equipment 
used were withdrawn for study while they were 
still in working order, only a few were used until 
they ceased to function. Two batteries were used 
to failure. One lasted for 483 cases, the other for 
264. The pencils, with switch and cord. were auto­
claved between cases, and deterioration is 

to the autoclaving. One pencil lasted 
for 475 cases, another for 463. 

Twenty needles were used to the point of 
failure (751 patientsi. All needles were auto­
claved and were lightly cleaned between cases 
with a chlorine-containing pumice cleanser. 
Needle life varied from 9 to 88 procedures.
The first 10 needles were used an average of 27 
times per needle. The second 10 ,manufactured 
after study of the ,'rlier model and obviously 
improved) lasted an :iverage of 48.1 times of use 
per needle. Recent studies suggest that needle 
life can be further prolonged if the needles are 
lightly cleaned with pumice without chlorine, and 
if they are cold-sterilized. 

Patient Selection. Prospective patients were 
given a booklet which explained the procedure 
and its possible complications and which included 
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but did not ensure proper needle function, which TABLE 1. Comparisonof Results 

;:,-- . Since a,.i Ser rmnoS~ri"pdar, bitdlariU Sries III• .	 gationIi* was demonstrated only by the bubbling. 
288 ptient16, oopati.nts IOO, p.a.nto igreater degree of anesthesia is required against 

_ .... .............. electrical stimuli than against cutting, additional Vasectomy failure 3.%L 0,. 9oO%_o 

anesthetic was always injected into the sheath of (spontaneous anasto­
mosis)

the vas, around the cut ends, before electrocoagula- SSpermatic graniulomas 4.2rr 0.4% 0A4% 

tion. After electrocoagulation, the sheath of the of as 
* 	 vas was closed over the urethral end and the skin Wound infection 4.2% 1.3% 1.3% 
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The 
Vas Deferens 
Electrocoagulator 
System 
The vas deferens electrocoagulator 
is a reliable, effective, durable, yet simple and 
inexpensive instrument for vasectomy. It 
provides bipolar electrocoagulation of the vas 
deferens lumen to achieve closed healing of 
the vas with minimal trauma, scar tissue or 
sperm antibody formation. It provides maximal 
effective male sterilization while maintaining 
the best possible conditions for surgical
reversal. This manual provides instructions for
operation, cleaning and maintenance of the 
unit; surgical protocol; and a review of 
relevant scientific literature. 

Operating Instructions 
The power unit should be positioned close enough to 
the operating table so that the hnd control cable will 
allow the hand control and electrode to be manipu.
led within the surgical field. The power unit may be 

placed on e table, chair, ahelf, atc, Since controls ;in
the power unit fre not used during the prooedure, it 
may even be positioned beneath the table, out offlight, 

jor letills regarding the surtloaul iaspect of the 
proopdu(re, Plase se the 1111teintitled "'Surglo"IPreoooi." 



During the procedure, prior to actually electro­
coagulating the lumen of the vas, it is suggested that 
the surgeon, while holding the hand control and 
electrode so that the patient may see it, press the 
button so that the patient may hear the buzzing noise 
accompanying electrocoagulation, simultaneously 
explaining to the patient that this is what he will hear. 

Electrocoagulation takes place when the bipolar 
electrode is inserted within the lumen of the vas and 
activated. The tip of the bipolar electrode should be 
inserted approximately 6 mm into the lower (testicular) 
end of the cut vas. The surgeon should then press the 
button on the hand control with his thumb or fore-

S finger for 4 to 5 seconds while slowly withdrawing 
the electrode. Some blanching of the tissues 
will be evident upon close Inspection, In addition, 
some bubbling, foaming and steaming of the vas 
contents can often be seen at the cut and. This 
blanching of the lissue is visual evidence that electro. 

* coagulation has taken plac., Note that If coagulation 
is continuo.d btoyond the poin of blanching, the 
uoagulating ourrent will ontinuw to ht and char the 
liotio so thai it turno Drown. Coaguliatlon to this 
xIi. *ll14 undoilrobiW 4iwd u!inwooory, Also not that 

It no tItl ting I4ohooryio , qoogwtstlon may not 
*1 ItaV11 10lttit 11111G1In 11ii U1115VliIti 11ilttlry 4ilould 
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ils oploof ilitplllAy) anti ksf JIhu oqi I0 its 
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Checking the Electrocoagulator 

To insure best results, the electrocoagulator, hand
 
control and electrode should be routinely checked before
 
each use. (Damage can occur when the unit is dropped;
 
the hand control, electrode and battery can be
 
expected to gradually degrade with use.)
 

Visual Examination
 

The bipolar electrode should be visually examined
 
with a magnifier of at least 2 power. (A microscope
 
eyepiece, inverted, is ideal to examine the electrode.)
 
The connector on the end should a~pcar to be in good
 
working order, be of round geometry and the pin
 
contained therein should be strmight. The tip of the
 
electrode should be in line with the shaft and the filler
 
insulation should be prusent htwee3n tlip and :,haft,
 
filling the gap. This insulation ;hould Contain no signifi­
cant chips, voids ,r,.rjck;. 'Should tho ,h'citrod ,ixhibtit 
obvious weuar or amtIi( ,isnoted .0ovo. it , )iJIldbt tIr­
placed. Diicoloiition )Ith ' le i ra.i'ttit)nlstn 
portions roti l r . 1J',1 tlit tlt I)Iii Ill.; i ill iti'd w i 

" 
cl antr il !, 'I l )lI i ,11111 i j ,h1 

If 1O-iju o f( !III, illlif I ll . !111 ,, ,~llh ).I",IIq''1l t l , 
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Note: 

Buzzer may be relied on to show when power unit 
is on. However, buzzer will operate at low battery
voltages, when coagulation current is also low. Battery 
test light should be relied on as the only index of 
battery adequacy. Even when battery test light indicates 
adequate power, battery should be changed after 
every 200 procedures, or if buzzer sound changes 
during use of electrode. 

3. Test for coagulating current at tip of bipolar
electrode by laying tip of bipolar electrode on dry 
fingertip. Pressing hand control button should cause a 
slight tingling sensation to be felt in fingertip. This 
indicates that electrical energy is at tip of bipolar 
electrode when button is pressed. Since this electrical 
energy is quite mild, it may be present without 
producing tingling sensation. If tingling is not felt with 
dry fingertip, moisten fingertip with saline, tap water, 
or saliva to increast, sensitivity. 

An alternative medthod of testing for electrical enero~y 
fit up (l bJiPlcU uloctroolu is to dip the tip into saline 
xL)lUllui Ior djlt wctur. ~huui hiand (controlbutton is 
plabbutl, 1l11 'Atllill tubblus will Illllodfil Iuly form 
oil tliu rl 'llituoU . Lltlj iiflicat litj lt€i p1it± onci of 

m iit; h1aIU d IU ijyi
. 

I Ii I I I3 I , I ) I 14 111 f I tj l 
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Surgical Protocol 

The following is the surgical protocol employed by

Stanwood S. Schmidt. M.D.; other methods are
 
discussed in the Review of the Literature.
 

Instruments 

* 	 Sterile gloves 

* 	 20-cc Luer-Lok syringe with 25-ga, 5/8" needlei 

* 	 Bard-Parker handle with #15 blade 

* 2 curved mosquito clamps with sharp tips 

0 2 straight Kelly or mosquito clamps 

0 2 Allis clamps 

* 	 Electrocua1;ulator. hand conitrol Ond nttodlo oloctrode 

• 	 Ntuwitlo holdtir m tj .Itiirj Wiltti n~u.1tjll (cnI.Ivtj
Cutllnj ,odl~p , quliL, : l( t ,l , l , 

* 	 MVlyL) <llniii 

* IIf)t, 1 ill o 

1 	 (f 'I I t, 

it ( f' It 1 44 41 ii 



Preparation 

1. Patient lies supine on table, with fingers laced 
over chest. 

2. Patient is cautioned to keep hands away from 
surgical field and instruments. 

3. Genitalia are shaved. 

4. Skin is washed with warm antiseptic soap and 
water solution, followed by an aqueous Zephiran-type 
antiseptic (not mercurials). 

5. Scrotum is draped with an eyesheet, 24" x 30" 

Sor 	 larger. 

Procedure 

1. Upper scrotum is palpated to locate vas, and to 
detect possible congunital absence or reduplication
ot vet. 

. $urgeon grwlpt vas in upper scotuum betweun thumb 
anu indiu fingUr, The overlying skin is infiltrutud for 
dl~i)U i"[11 Wili '2% Lidoanaem withuu.! pinuphrlne. 
Pi ivatiti iltoiouta dfu then inilirntwd with th iwine 

;] Mofl~ 
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5. Sheath is incised longitudinally until vas muscle
 
is exposed free of fascia. Care must be taken not to
 
incisa the vas. If this occurs, that segment is later
 
discarded. 

6. Curved mosquito c'amp-or one point of a towel 
clip-is passed beneath vas to separate it from its 
sheath. Clamp is spread, and vas is grasped with 
smooth forceps. Allis clamp is removed and sheath is
clamped with mosquito clamp to guard against it 
slipping away. 

7. Vas is divided. 

8. Holding vas with smooth forceps, electro­
coagulator needle is inserted about 6 mm into the lumen 
of testicular side of vas and lumen Is coagulated.
Needleis then Inserted 2 mm into lumen of upper end of 
vas and that lumt,, is also cosgulated. If electrocoagula­
tion l= adequate, bubbles may appear around needle at 
cut end of vas, or center of vas will become opaque. 
Note: Care should be taken against excessive electro.
coagulation, which may cause the entire vas to turn 
opaque,,to p,, or to turn black; the muscle must be 
left alive, 

9. With the electrocoaguletor, power is applied for 
approximately 4-5 seconds in the teeticular nd of 
the yas and for 2.4 seconds in the upper end, 

10. Shelth is Wulrod over uppur end of vau, ising 
a single or figuref.uat ight suture, 

11 Ifbleeding u curs, espulelly irom the VOl tirIstI 
OlUi40h, 1 Is ,;W1truliuCI , 

1 .Vou 16iOw lum d and 41kit I o owild with 1111e olh ioielo 

Ji1i01 U 3111111[ UU! 

Ptruuiil Ii1 HI. s iii 1illwatoll onI h)A ;A'I1O itiV0 

!uI.Jli Il!
!V wli!I ni|Ili11 l i ~ iy il!~!ll 
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15. Patient is discharged and advised to lie down for 
2 hours. 

16. Activity may then be resumed, as comfort permits. 
Bandages are removed after 2 days, when bathing 
and sex may be resumed. Patient caution - Contra­
ceptivesiare necessary until testing shows the semen 
to be sperm free. 

Semen Testing Procedure 

1. Start testing after 10-15 ejiculatiors. 

2. Inspect 10 or more high-power microscopic fields. 

3. If no sperm are seen (including nonmotile), retest 
in 1 month. 

4. If sperm are still absent, contraceptives may be 
discontinued. 

Cleaning and Sterilization 

The power unit itself requires only occasional cleaning 
with a mild detergent and damp cloth. 

The electrode should be cleaned with household 
scouring powder: wet thumb &nd index finger, cover 
wetted area with scouring powder, placo tip of electrode 
betwoen thumb and Index finger and, grasping the 
connector end of the needle in the othor hand, move 
olectrode bock and forth. Rinse periodically and repeat 
ov reouirod until 01looloration nou bean removed, Do 
not uoe ulf bruhh, abiraoi (standpaper) or steal wool 
io ciean olhotrocia oinot these methods can damage 
(llitot Ilewro1e t ai itihly, 

hiothl tlnl lutrilnzdho'n A(d tllatrodea may he cold 
hy w or lfw1101 h!4t1im)n (ethylene oi4ds). Do not 
---- ---- l .. .e....... l. e.u..,.... e..
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Electrode and hand coiitrol may be sterilized separately 
(disconnected) or together (connected) by the most 
appropriate cold sterilization method. Care should be 
exercised in handling the electrde to avoid damage 
to the small tip. 

When the electrocoagulator is used at frequent 
intervals, having two hand controls and two electrodes 
(with one cautery unit) will allow one set to be sterilized 
while the other is in use, 

Battery Care 

Testing the Battery 

Prissing the battery test button should 	cause the red 
*. 	 lignt above it to light, Simultaneously pressing ha, i 

control button and battery teast button tests battery 
under load, This should Indicate that suf iclent battery 
vc ltage Is present for vasectomy procedures, However, 
if the buzzer sound changus when the battery Is under 
load (Ie, during usa of the oloctrod#), the battery 

Sshould 	 be replacud, 

Ifthe Indicator doe not Illt, th" buttafy ohould ho 
replacod at onae, 

4eplAaIng the B0ttery 

1, R01moVe th 
fuur (4) screws on thIdes iuf 

, i~Owor 11lt uuvfel by fivj1tH1tllthw 
thejIltl 

2, Uneaoww bivIsry post ust,, .nd tiistivo bism- H 
Mind rod (') wires fronti 4ttty vtith 

3. 1 im old battery 41t!lltit)iti sti 0I t't 

4 Insert new battetly ttiln V41e. 

5 COnnect bO (IMnid ?fod tIN th4t~hoi 
r Mot5,rnkirg %orqblark 1 !k*ierhjpis1&, 

* otan tdINtrin ~
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6. Press battery test button and confirm that indicator 
lights. (If battery is connected with polarity reversed, 
indicator will not light.) 

7. Replace cover, making sure that sponge rubber 
liner is properly positioned over battery. 

Replacement Batteries 

The power unit is designed to accept inexpensive, 
commercially available batteries, generally available 
through radio repair shops and electronics parts 
dealers. 

Acceptable batteries are: 

Eveready #763 - 22 1/2-volt radio battery 

Burgess #"4156-- 22 1/2-volt radio battery 

NEDA #710 - 22 1/2-volt radio battery 

Battery Lfe 

The battery can be expected to last for approximately 
two hundred (200) vasectomy procedures. It can be 
checked from time to time by pressing the battery test 
button and observing the red light that indicates a 
satisfactory battery condition. Since testing the battery 
in this fashion uses some of the battery energy, 
excessive testing of the battery will soon cause it to 
be depleted. 

Battery Storage 

Spare batteries can be stored with no difficulty for up 
to 1 year at room temperature (221C). At elevated 
temperatures, expected shelf life (four months at 
32 0C) is reduced. It is therefore recommended that 
batteries be stored in a cool place, if possible. Batteries 
stored in a refrigerator will last almost indefinitely. 
If batteries are refrigerated, ample time (approximately 



1 hour) should be allowed for them to reach room 
temperature (and full power) before using. 

NOTE: 	 Do not store the power unit with the battery 
in it for prolonged periods. 

VII. 	 Review of the Literature 

The electrocoagulator is finding increased acceptance 
as a tool for improving simple vasectomy. In 1972, 
Schmidt' reported a series of 1,000 vasectomies in 
which no segment of the vas was removed and no 
ligatures were tied on the vas (Figure 1). Rather, the 
lumen of the proximal end was electrocoagulated for 
4 mm in such a way that the lesion was confined to 
the epithelium, lamina propria and part of the muscle 
wall. The distal end was electrocoagulated on the cut 
surface only and the sheath of the vas was closed 
over it with a single ligature. This series now stands 
at over 2,000 with no failures and less than 1% of 
palpable sperm granuloma. This compares with ap­
proximately 0.5-3% failures and up to 10% of complica­
tions following vasectomy by ligation. An additional 
advantage is that reanastomosis following vasectomy 
is technically easier after this procedure since no 
segment of vas is removed and less than 1 cm of vas 
is affected by the coagulating current. 

A number of other clinical investigators have also 
reported on the method. Peel and Potts2) described 
the procedure briefly in their "Textbook of Contra­
ceptive Practice", and the merits of electrocoagulation 
compared with ligation procedures were discussed 
in a 1971 workshop on male sterilization. 3) In a 
summary of the wozrkshop, 4) Dr. William McRoberts 
is reported to have Tound electrocoagulation preferable 
to ligation and to have observed virtually no granu­
loma complications following electrocoagulation, 
versus 10% following ligation. 



FAILURES 	 FAILURES AND 
SPERMATIC 

GRANULOMA 

3% A 1-cm Segment Excised 7.3% 

0% B Fascial Sheath Sutured 9.7% 

01% C Fulguration 	 1.0% 

--	 - ' " 

Figure 1. Results of different methods of vasectomy 

A. 	 Vas cut doubly ligatedand 1 cm segment excised 
B. 	 Vas cu doubly ligated, 1 cm segment excised and 

distal end covered with fascial sheath 
C. 	 Vas cut lumen electrocoagulated and distal end covered 

with fascial sheath 



In a review of follow up after vasectomy, Edwarc!s'l s 

commented that he had changed from the traditional 
procedure of e:cising 4 cm of vas and ligating, to 
electrocoagulation without resection in order to lessen 
the trauma of the operation, preserve more of the vas, 
and lessen postoperative disabilit/. In an addendum to 
his review this clinical investigator reported on 200 steril­
ization procedures by electrocoagulation with no failures. 

Klapproth and Young,61 reported on experience with 
four different vasectomy procedures, including 
excision of 1.5 cm of vas with ligation of the ends, 
side-by-side ligation, or double-back ligation. Compared 
with these techniques the electrocoagulation pro­
cedure was the preferred method and was said to be 
"closest to perfection" with respect to recanalization. 
A total of 8 recanalizations out of 800 vasoligations 
were reported by these clinical investigators as com­
pared with no recanalizations out of 200 electro­
coagulations.161A similar result was obtained by 
Esho, Ireland and Cass.' 7, 8' Six failures occurred 
in 487 vasoligation patients compared with no failures 
in 283 electrocoagulations. The incidence of "possible 
sperm granuloma" was also lower following electro­
coagulation (0.7%) compared with vasoligation (2.2%), 
although in this series there were more wound 
infections (7.4% vs 4.9%) and greater discomfort with 
electrocoagulation. 

In some of these series, electrocoagulation has been 
combined with removal of a small segment of vas for 
histological examination, although vasoligation was 
avoided and fascial separation of the cut ends was 
performed in all cases. In one additional series,(9g 

electrocoagulation was used in conjunction with 
tantalum clips. 

Although sperm granuloma is often difficult to detect 
without histologic examination,'10 the incidence 
of verified sperm granuloma in monkeys has been 
correlated with sperm-immobilizing antibody titers. 1 ' 
In view of the lower incidence of sperm granulomas 



following electrocoagulation compared with vasoliga­
tion, reported by Schmidt,." McRoberts, 4

1 and 
Esho, et al.,171 it is pertinent to note that the incidence 
of sperm-immobilizing antibody activity tended to be 
lower following electrocoagulation compared with 
vasoligation, even though sperm-agglutinating anti­
bodies were similar with each procedure.0 21 

Traditionally, the monopolar surgical etectrocautery 
with a diffuse ground plate has been used'to perform 
these operations. These instruments are designed for 
powerful electrocoagulation or cutting procedures and 
are not ideal for electrocoagulation of the vasal 
mucosa. In vasectomy it is necessary to destroy the 
epithelium and lamina propria while preserving most 
of the muscle of the vas wall. It is believed that the 
immediate reaction is edema, and that later the 
muscle becomes the source of a fibrous tissue plug 
that forms at the cut end of the vas (Figure 2). The 
site of tissue destruction is cone-shaped, with the 
lesion becoming shallower further away from the cut 
end. This ensures against bursting of a weakened vas 
wall un.!er the pressure of dammed-up sperm. In 
order tc. facilitate these objectives, eli.ninate the 
danger of stray current damage to surrounding tissues, 
minimize the possibility of user error, make the pro­
cedure independent of electricity supply, and eliminate 
the need for expensive equipment, a miniature, battery­
driven bipolar elect.rocoagulator was designed 
specifically for electrocoagulation of the human vas 
deferens.0 3. 141 Numerous refinements and 
tests of these prototypes have culminated in the 
present vas deferens electrocoagulator. A follow-up 
survey of 1,000 cases performed with the bipolar 
electrocoagulator"5 1 is summarized in Table 1, 
comparing results with those from use of the mono­
polar cautery and standard resection and vasoligation 
techniques. These data indicate that the bipolar electro­
coagulator can be effectively used in the Schmidt 
vasectomy procedure while retaining all of the safety, 
flexibility and utility of the bipolar system not found 
in monopol3r electrocautery use. 
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Figure 2. Histology of the human vas deferens four years 
after transection and electrocoagulation 

A. 	 Transverse section through extreme tip of proximal 
end. Histopathology: Three layers of musculature visible. 
There is no lumen in the center of the vas. but the central 
area contains much fibrous connective tissue, indicative 
of a scar. There are no remnants of epithelium present. 

.',".Y4 . -"..
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Hitpa-loy Thr.ee dist. . of,musculature.--layer 

with the scar in the center. There appears to be a group 

of epithelial cell nuclei showing through at the center 

of the scar. 
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C. Transverse section 2-3 mm from tip of proximal end 
Histopathology: An apparently normal epithelium is 

portion. Some subepithelial scarpresent in the centra 
as well as some epithelial infiltrationtissue ispresent 


of eosinophils. The lumen is distended.
 



Table 1. Comparison of Results of Various Vasectomy Techniques(a) 

No. of Patients 

Vasectomy failure (spontaneous anastomosis) 

Spermatic granulomas of vas 

Wound infection requiring antibiotics 

Hematomas (none required drainage) 

Suture extrusion 

Congestive epididymitis (reported to physician) 

Patients having undergone later vasovasostomy 

Ligation Monopolar Bipolar 

288 1600 1000 

3 .3%b) 0.0% 0.000 

4 .2%(c 0.4% 04% 

4.2% 1.3% 1.3% 

1.4% 0.4% 0.2% 

3.1% 0.3% 0.0% 

5.6% 2.8% 3.8% 

No data 0.4% 0.2% 

(a) From Schmidt. S.S. and Free, M.J., Urology (in press), 1978 
(b) Of the 150 cases in this series without fascial interposition 

(c) Additional cases were diagnosed but not operated upon 
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Vasectomy: Efficacy of Placing the Two Cut Ends
 
of the Vas Deferens in Different Fascial Planes
 

ABSTRACT
 

A unique opportunity to study the efficacy of placing the two
 
cut ends of the vas in different fascial planes as an integral part
 
of the vasectomy procedure presented itself when surgical occlusion
 
of the vasa was inadvertently not performed during vasectomy inca
 
series of 40 men. Interposition of the fascia was performed in
 
12 cases and was not performed in28 cases. Application of the
 
Fisher's Exact Test showed that there was no significant difference
 
in the failure rates of the two procedures. Histological examination
 
revealed that sperm graulomata has the capability of eroding fascia
 
and the wall of the vas.
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Vasectomy: Efficacy of Placing the Two Cut Ends
 
of the Vas Deferens in Different Fascial Planes
 

INTRODUCTION
 

Placing the two cut ends of the vas deferens indifferent
 

fascial planes as an adjunct to the vasectomy procedure has been
 

widely advocated for many years. This adjunct can be used 0'ith any
 

method of vas occlusion that includes transection of the vas deferens.
 

An opportunity to study the effectiveness of this adjunct procedure
 

inadvertently presented itself and the results of this study are
 

herein reported.
 

History
 

In 1923 Rolnick reported on a study of 30 dogs. He concluded
 

that recanalization is aided materially by the sheath of the
 

vas deferens, the former acting as a splint promoting and directing
 

the path for epithelization. It is most reasonable to assume that
 

if the sheath of the vas 'qere sealed over one end of the severed vas
 

then recanalization could not occur. This adjunct procedure became
 
ll
 

widely adopted.
2 "


The Procedure
 

After the vas ends are treated (ligated, clipped, coagulated) and
 

the treated ends withdrawn into the sheath of the vas, the sheath
 

(the internal spermatic fascia) is sutured over the end. Most surgeons
 

suture the fascia over the distal end and most use a single suture.
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Advocates of this procedure claim that an impenetrable wall of fascia
 

is thus created, one which will prevent spontaneous anz.stomosis. In
 

other words, it isbelieved that with the sheath blocked, regeneration
 

cannot occur.
 

Study Background
 

A unique opportunity to study the effectiveness of this procedure
 

presented itself when surgical occlusion of the vasa during vasectomy
 

was inadvertently not performed inan undeterminable number of vasa
 

within a series of 40 men. The procedure was performed through double
 

vertical scrotal incisions. The vasa were separated from their
 

sheath and transected, but no segment of vas was removed. The occlusion
 

procedures were identical inall respect, except that inan undeterminable
 

number of cases, vasal occlusion was not achieved. Interposition of the
 

fascia was perfDrmed in12 cases and not performed in28 cases.
 

Follow-up began after 15 ejaculations.
 

RESULTS
 

The results are summarized inTable I. Among the 28 cases where
 

Fascia was not interposed between the two cut ends of the vas, there
 

were six (21.4%) failures. Of these, four of the patients had 98 or
 

more sperm per high power field) HPF) after 35 to 54 ejaculations and
 

in the sixth case, the number of sperm was 55 per HPF after
 

33 ejaculations.
 

Among the 12 cases where fascia was interposed, there were two
 

(16.7%) failures. Inone case, the number of sperm per HPF was
 

98 or over after 38 ejaculations and in the second case, the number
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of sperm was 98 or over after 50 ejaculations. Another patient in
 

this group where fascia was interposed was lost to subsequent
 

follow-up and isconsidered a potential failure because the number
 

of sperm was 98 or over per HPF after six ejaculations.
 

Ifthe assumption ismade that the proportion of non-occluded vasa
 

was similar ineach group, then application of thd Fisher's Exact Test 12
 

indicates no significant difference in the failure rates of the two
 

procedures (p= 0.5485). Inother words, placing the two cut ends of
 

the vasa in different fascial planes as a integral part of the vasectomy
 

procedure does not reduce the incidence of failure. 
 Even without the
 

assumption of parity between the two groups with respect to unoccluded
 

vasa it is apparent that fascial separation is no guarantee against
 

failure of vasectomies.
 

Inorder to ascertain the fate of the fascial barrier, vasal tissues
 

excised at the time of repeated vasectomy intwo patients were obtained
 

and fixed for histological examinaticn. One set of tissues was from
 

a patient whose vasectomy included the interposition of fascia between
 

the cut ends of the vasa while the other set of tissues were from a
 

patient whose vasectomy did not include this adjunct.
 

Patient 1 had a repeat vasectomy 23 weeks after the first procedure.
 

This patient did not have fascia interposed between the cut ends. The
 

histological examination revealed that the initial vasectomy had failed
 

on the left side only. On this side, from the epididymal towards the
 

ampullary end, the following sequence was noted. (Approximate distance
 

isgiven proximal or distal to the site of transection).
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1. 	(Proximal 4 mm) The transition from normal to abnormal vas
 

occurred abruptly over the space of 0.5 mm. Epithelial lining
 

cells were absent from the original lumen and two cavities appeared
 

in the musculature, one contiguous with the original lumen and one
 

deep inthe longitudinal muscle layer. Scarring was evident inthe
 

musculature at this level (Fig. 1).
 

2. 	The muscle layer was fragmented into separate pieces with consider­

able scarring evident around the site of the original lumen.
 

3. 	(Proximal 1.5 mm) Progressing further towards the site of tran­

section the vas became relatively normal (Fig. 2). No sperm were
 

evident inthe lumen.
 

4. 	(Proximal 0.7 mm) The vas remained relatively normal but some
 

sperm nuclei appeared inthe muscle layers and whole spermatozoa
 

and mononuclear inflammatory cells were evident inthe connective
 

tissue external to the muscle (Fig. 3).
 

5. 	(Proximal 0.2 mm) The lumen was 
intact (Fig. 4). Sperm granulomas
 

with epithelial lined channels appeared in the connective tissue
 

external to the muscle layers (Fig. 5). 
 A focus of mononuclear
 

inflammatory cells with epithelial lined channels was present in
 

the 	lamina propria (Fig. 6).
 

6. 	(Distal 0.2 mm) The original lumen appeared to divide into approxi­

mately ten very small lumena, each surrounded by a single layer of
 

atypical epithelial cells (Fig. 7). The granulomas were more
 

extensive.
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7. 	(Distal 1.2 mm) A normal lumen appeared again at this level while
 

the external granuloma became more extensive (Fig. 8).
 

8. 	The external granuloma extended for 14 mm toward theampulla while
 

becoming progressively less severe. 
 The vas lumen remained normal
 

throughout.
 

Comment
 

The proximal damage was probably due to handling during excision of
 

the tissue. Since no fascial separation was used between distal and
 

proximal vas 
segments the cut ends were probably lying inapposition.
 

New lumena had formed through the inflammed areas within the lamina propria.
 

These were probably sufficient to connect the proximal and distal lumens
 

of the vas although additional epithelial lined lumena were present in
 

the granulomatous tissue outside of the muscular layer..
 

Patient 2 had a repeat vasectomy after the first procedure. This'
 

patient did have fascia interposed between the cut ends. 
 The histological
 

examination revealed that the initial vasectomy had failed on the right
 

side only. On this side, from the epididymal towards the ampullary end,
 

the following sequence was noted.
 

1. 	The transition from normal 
to abnormal vas was characterized by an
 

appearance and increase in the number of sperm and inflammatory
 

cells in the connective tissue exterior to the muscle layer.
 

2. 	 (Proximal 5.5 mm) A second channel became evident adjacent to the
 

lumen. The inflammatory reaction subsided in the external connective
 

tissue (Fig. 9) and the vas 
became essentially normal with a few
 

spermatozoa in the lumen.
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3. 	(Proximal 0.8-1 mm) Inflammatory reactions reappeared inthe
 

external connective tissue, characterized initially by the presence
 

of sperm and mononuclear inflammatory cells and eventually by
 

macrophage and foreign body giant cells. They gradually eroded
 

the outer longitudinal muscle (Fig. 10) and foci of granulomatous
 

reaction appeared in the lamina propria and 4unction of the
 

longitudinal and circular muscle. The epithelial lining cells
 

became atypical and hyperplastic (Fig. 11).
 

4. 	(Proximal 0.5 mm) The lumen disminished in size. The musculature
 

was nearly obliterated by granuloma formation and scar tissue.
 

Some epithelial lined channels were present (Fig. 12) at first
 

followed by a large channel which appeared to run to the end of
 

the proximal vas.
 

5. 	The region between the cut vas ends was made up entirely of
 

granulomatous inflammatory cells although numerous epithelial
 

lined channels containing sperm were present (Fig. 13).
 

6. 	(Distal 2 mm) The external granuloma diminished rapidly along the
 

distal vas although the central granuloma persisted with sperm,
 

lymphocytes, macrophage and numerous epithelial lines channels
 

inevidence (Fig. 14). This central reaction diminished generally
 

over the next 2 mm progressing toward a normal vas. A lumen appeared
 

to be present throughout the distal vas.
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Comment: The interposed fascia had apparently been eroded away
 

by the granulomatous reaction. Although the cut ends of the vas
 

where much further apart than was the case in the absence of fascial
 

separation, large channels were present in the interposing granuloma
 

through which sperm were apparently able to pass.
 

CONCLUSION
 

Sperm granuloma has the capability of eroding fascia and, from the
 

outside in, the muscle wall of the intact vas. Interposition of fascia
 

between the cut ends of the vas as an adjunct to vasectomy does not
 

provide a guarantee against failure of vasectomy and may not improve the
 

chances of success of the vasectomy. Furthermore, any circumstance or
 

technique that results in an unoccluded proximal vas (tnereby permitting
 

extensive granuloma to form) seems likely to be subject to a higher risk
 

of failure even in the presence of a fascial barrier or an occluded
 

distal vas end.
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Table I
 

Summary of the Results of 40 Vasectomy Procedures
 
InAn Examination of the Efficacy of Placing the Two
 

Cut Ends of the Vas Deferens in Different Fascial Planes
 

No. of No..of % 

Patients Failures Failures 

With interpostion of fascia 12 2 16.7 

Withour interposition of fascia 28 6 21.4 

Total 40 8 ---

NOTE: 	 Application of the Fisher Exact Probability Test showed that
 
there Nas -osignificant difference in the failure rates of
 
the two procedures (p = 0.5485).
 

'.f 
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FIGURE 1I. Patient #1, 23 Weeks After Unsuccessful Vasectomy.
 
Left Side 4 mm Proximal to Transection. (65X)
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FIGURE 2. 	 Patient #1, 23 Weeks After Vasectomy. Left Side 1.8 mm
 

Proximal to Transection. (175X)
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 Patient #2, 16 Weeks After Unsuccessful Vasectomy.
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PREVALENCE OF CIRCULATING HL-A LYMPHOCYTOTOXIC
 
ANTIBODIES IN MEN AFTER VASECTOMY'
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AND JOHN N. WETTLAUFER. M.D.
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An increasing number of vasectomies screened for circulating HL-A Iympho­
are being performed in the United ctotoxic antibodies before and at three-
States for the purpose of birh con- month intervals after surgery. 
trol. It has been suggested that im­
munologic events occur following vasec- MATERIALS AND METHODS 
tomy; these may lead to systemic Surgery was performed on 37 men bydisease later in life, or may induce the Urolo' Service at this institution. 
failure of a future reconstructive vaso- Blood samples were taken before and 3, 

Vasstom ha 6, 9, and 12 months after vasectomy. 
Va bn rControl and postvasectomy Datient 

to the productiui of anltibudies with 	 ... .... .. .... .. . 
HL-A speciicity, or at least antibodies reacting antibodies against the patient's 
which cross-react with antigens of theHL-Asvsem.Th HLA nsit istheown cells 	 and against a random typed 
HL-A system. The iiL-A site is the panel of 25 lymphocyte donors. 
major histocompatibijity locus in humans Heparinized blood samples 5 cc) and 
and affects the response to organ and clotted blood for serum were coilected 
tissue grafts.- It has also been suggested from each patient, and pure susoensions 
that it plays a role in the suscepti; of lymphocytes were prepared. using 
bility of certain individuals to immuno- the 'icoll-hvpaque separation technique.' 
logic autoimmune. disease' A surgical Each patient's lymphocytes were typed 
procedure which might presensitize a against a panel of' human lymphocyte 
patient to histocompatibility antigens antisera, using the microdroplet lympho­
could jeopardize future treatment of im- cte cvtotoxicity test." A total of 115reloateditconditiootns. cyteoicll 	 Imunoloicall," relatedl conditions. human sera were utilized to identi-

Men undergbing vasectomy at Madi- fy 23 HL-A antigens: tirst sublocus: 
gan Army Medical Center .MAMC) were HL-A, 1, 2, 3, 9, 10, 11, W-19, W-28: 

and second sublocus: HL-A 5. 7, 8. 
Received April 26. 1974. 12, 13, W-5, W-10, W-14, W-15, W-17, 
"Presented at the Annual Meeing of he Pacific W-18, W-22 W-27 4 

Coast Fertility Society. Sctt.,idale. Arizona, Octo- -, a, 4b. 
ber. 1974. 

Supprtd hv Chnical Research Service, Madi­
gan Army Medica! Cnter RESULTS 

R.prini. . Dr Paul B J,.innincq. Box 99, Thirty-seven men returned after vasec, 
Mad imLnArirv M,.dicvt .'.nter, l'aconia. Wii.h tomv for at least two blood samples. 

S1:1r ,, Of these, 32 men remained in ihe studv 

fleatii t Ariiv .Miic:il C',iocr KI Pasli Tex 	 fur a ar;Ir they nli.s.tc( only one or two 
blood samples, E ightcen of the 37 men 

5.3 
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had preoperative and four postoperative 
blood samples drawn. 

The results of testing the preoperative 
and postoperative sera from the 32 
vasectomized men who remained in the 
study for one year against a panel of 
25 typed lymphocyte 
marized in Table 1. 
patients (10 and 14) 
increase in positive 
six and 12 months 
patients 18 and 21, 
in serum reactivity 
12-month sample; in 

donors are sum-
The sera of two 

showed a definite 
reactions between 
after surgery. In 
a slight increase 

was noted at the 
patients 31 and 

32 a slight increase was noted at 
three, six, and 12 months. The sera of 

TABLE 1. Prevalenceof Preoperativeand 

PostoperativeLymphocytotoxic Antibodies Sn 


Vasectornzed en 


No. or,,,tve gtnsntI 12s... 
Postopra,ve 

Patient Prtopr. a 
no. ative months 

1 0 2 
2 0 0 
3 0 0 
4 n 1 
5 0 0 
7 0 0 

8 0 0 
9 0 1 

10 1 4 
11 1 1 
12 0 0 
13 0 0 
14 3 2 
15 1 1 
16 1 1 
17 3 2 
18 0 0 
19 0 1 
20 0 ... 
21 0 1 
22 1 0 
23 0 0 
24 0 .. 
25 0 0 
26 0 0 
7 0 o 

28 0 0 
29 2 
30 4 4 
31 0 4 
32 1 2 

6 
months 

1 
0 

1 
0 
0 

0 
0 
6 
0 
0 
1 
'3 

0 
0 
0 
1 
2 
0 
0 
0 
0 
0 
0 
0 

"1' 
. .. 

0 
... 
3 

9 
months 

0 
0 
0 
n 
1 
0 

2 
1 

10 
0 
0 
0 
3 
1 
2 
1 
1 

0 
... 
... 

... 

0 
... 
.. 
"0 
... 

. 

. 

.., 
months 

0 
0 
0 
11 
0 
0 

1 
0 
4 
1 
0 
1 
6 
1 
0 
0 
3 
.2 
0 
3 
0 

0 
0 
0 
0 
1 

0 
3 
3 

"25.rneniblrHL-A.tyl'd Iynphocyte donor panel. 

two patients (17 and 30) showed a de­
crease in positive reactions postopera­
tively. Serum of only one of the 32 
vasectomized patients (25) showed a 
weak positive reaction with the pa­
tient's own lymphocytes (at the three­
month postsurgery sample). However, 
sera from this patient showed no posi­
tive reactions at any time with the 
25-member lymphocyte panel. 

DISCUSSION 

Widespread interest was generated by 
a preliminary report of a 75% inci­
dence of cytotoxic antibodies to HL-A 
specific antigens, or cross reactive to 
HL-A antigens, after vasectomy in 12 
men."', It implied that autoimmune 
disease might result from vasectomy." 

The sera of two of the vasectomized 
men in our study showed a definite 
increase in positive reactions in the 
lymphocytotoxicity test when measured 
against the lymphocyte donor panel. Nei­

ther of these men had any additional 
Qurgerv during rh ,riudv. nnr did they
have prior or subsequent blood trans­
fusions. Preliminary analysis of the 
sera from these two patients suggested 
a general nonspecific hyperreactivity to 

many HL-A antigens. Weak, infrequent 
responses to certain antigens in the 
early postoperative 

fled at six, nine, 
patient 10. and at 
tient 14. Only one 

period were magmi­

and 12 months in 
12 months in pa­
man once showed 

a weakly positive reaction against his 
own lymphocytes. 

Of the noted positive reactions in 

these patients, 68% were weak (50% 
cytotoxicitv-a 4- reaction in the Tera­
saki scoring method): negative results 

w.ere 1-- isame viability as the nega­
tive control); or, 2- (10% to 19, cyto­
toxicitv).' 

It has been suggested that extravasa­
tion of spermatozoa into the tissues as a 
result of urogenital intlammation, or 
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trauma to the vas deferens, may pro-
yoke sperm antibody formation and ex-
plain infertility in men.' Sperm-aggluti­
nating and sperm-immobilizing anti-
bodies have been detected in men fol-
lowing vasectomy,' and some researchers 
feel accumulation of spermatozoa or 
their extravasation outside the normal 
epididymal channel after surgery may 
be the antibody stimulus.7 - The long-

term postvasectomy effect of such sperm 

agglutinins or immobilizing antibodies 
is not clear at present, although one 
report stated an increased incidence of 
unexplained systemic disorders (thrombo-
phlebitis, arthropathy, lymphadenop-phlebiti ar patnts, nphatotwop 
athy) in six patients, one to tvo years 
following elective 

HL-A antigens 
ioid expression 
zoa.' 4 *Possibly, 

vasectomv. l'' 

probably have a hap-
on Lur.., sperrmato-
if vasectomy without 

simultaneous vasoligation were per-
formed, a draining sperm fistula would. 
be produced. Antibodies to the anti-
genic components of sperm (capsule, 
tail) then might well develop. 5 How-
ever, surgery at this institution in-

division and ligation of thevolves 
vas.' The antigens of the HL-A sys­
tem are present on most cells of the 
body, including spermatozoa. Thus, it 
is conceivable that the host would recog-
nize these as "self," even though in 
haploid expression, and not produce 
specific HL-A antibodies. This does not 
rule out some cross reactivity between 
antibodies produced to sperm structural 
components and the HL-A system. 

We cannot explain the wide discrep-
ancy between our results and those of 
Henry et al.' The surgical technique of 
vasectomy and the degree of sensitivity 
of the test systems involvd may be 
factors. A long-term study is needed, 

which trac,,s the activity of the IIL-A 
s e fAs.wiatiun 

system fi)r sevt~r, il .yealrs lin a large 
number of Vast-el.rtiliz mntl. 

SUMM1ARY 

Thirty-two men undergoing vasectomy 
were studied for one year to dete-r­
weresdemine presence off HL-A antibodiesartodeterone after 

surgery. Blood samples were taken
prior to vasectomy and at three, six, 
nine, and 12 months following surgery.

men showed no increaseTwenty-six 
in antibody activity during the study 
when their sera were matchd against 

a 2-eiber wype mphct donor 

anel. Ser two meho ed a 
panel. Sera of two men showed a 
definite increase in positive reactions, 
six to 12 months a.fter surgery. The 
sera of men showed slight nfour 	 in­sr ffu e hwdsih 
creases in reactivity between three and 
12 months after vasectomy. The serum 
of one man showed a single positive 

reaction against his own lymphocytes
three nionths after surgery, but nu 
positive reactivity against the lympho­
cyte donor panel. 

These studies suggest that HL-A anti­
bodies are not regularly formed as a 
result of standard vasectomy procedures, 
but that further long-term evaluation of 
vasectomized patients may be needed to 
make definite conclusions. 
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of an extensive examination into the conse­
qucnces of vasectomy, conducted by Dr. C. Al­
vin Paulsen, Department or Endocrinology, Uni­
versity of Washini.ton. Seattic, Subcontract B.470, 

Battelle Pacific Northwest Laboraturies. Seattle. 

REFERENCES 
1. 	Henry JB, Choi YJ. Sandle'r M, et al: Im­

muniologicil consviluenci.s of vn.ectomy: cyto­
toxic ntilvdliei in vaqrtnmizd nin. Pre. 

.tent.d at the r-.n~fusfmi Congircs.. Amerian 
of EIi,,,,I llriok. and lntornationi 

K.ii.tv of IlIood Tran.iiion. Waiu..,hgiun (', 

August *29, iT2. (Unpuhlished daa) 



56 

2. 	 Falk JA. Falk RE: 
cal transplantation. 
403, 1972 

3. 	 Naito S, Namerow 
Multiple sclcrosis: 

Tissue Antigens 2:1, 
4. 	 Morris PJ, Forbes JF: HL-A and Hodgkins' 

disease,-Transplant Proc 3:1275, 1971 
5. Boyum A: Separation of leukocytes from 

blood and bone marrow. Scad J Clin Lab 
Invest 21: (Suppl 97) 77, 196d 

6. 	 Terasaki PI, McClelland J, 4cCurdy B: 
Manual of Tissue Typing Techniques. Na-
tional Institues of Health, Bethesda, Mary-
land, 1973, p 54 

7. 	 Davis JE: Consequences of vasectomy. Urol. 
ogy 1:82, 1973 

8. 	 Henry JB: Immunological effects of vasec-
tomy. JAMA 225:642, 1973 

JENNINGS ET AL 	 January1975 

HL-A antigens In clini-
Med Clin North Am 56: 

H, Mickey MR, et al: 
association with HL-A 3. 

1972 

9. 	Rumke P. Hellinga G: Autoantibodies against 
spermatozoa in sterile men. Am J Clin 
Pathol 32:357. 1959 

10. 	 Ansbaher R: Sperm-agglutinating and sperm. 
immohilizing antibodies in vasectomized men. 
Fertil Steril 22:629, 1971 

11. 	 Roberts JH: Delayed thrombophlebitis and 
systemic complications after vasectomy: pos­
sible role of diabetogenic hyperinsulinism. J 
Am Gcriat Soc 16:267, 1968 

12. 	 Hackett RE, Waterhouse K: Vasectomy-re­
viewed. Am .1 Obstet Gynecol 116:438. 1973 

13. 	 Derrick FC: Immunological effects of vasec. 
tomy. JAMA 225:642. 1973 

14. 	 Fellous M. Dausset J: Probable haploid ex­
pression of HL-A antigens on human sperma­
to0oa. Nature ILondl 225:191. 1907 

15. 	 A!exander NJ: Vasectomy: long.term effects. 
Science 182:946, 1973 



(2)
 

FERTILTYlAND STERILITY 
Copyright' 197" Th. American Feniht .cts t Vol 28. No.4, April 1977 

Prnted in U.S A. 

ABSENCE OF CIRCULATING HL-A LYMPHOCYTOTOXIC ANTIBODIES 
IN MEN 21 TO 44 MONTHS AFTER VASECTOMY-

PAUL B. JENNINGS, V.M.D.M.Sc.T 
JOHN N. WETTLAUFER, M.D.; 

C. ALVL PAULSEN, M.D. 
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and Divisic,'i of Endocrnoigy,Unzue-satv of Washington. 
Seatt'e. Washinon 981.4 

Ninete,- rasec:omized men were followed iTr 21 to 42 months after surgern, and
their sera :cere ested fbr the presence of HL-A lynphocvtotoxic antibodies. ina previous
stud., :he serc oft:zo of these men had shown a definite increase in serum reactrvitv
6 to 12 mon chs aftersurgen'.Only one ofthe nieteentested in the study demonstrated. 
a single, wzeakly postite.reaction24 months after surgern,. It was consideredthat
the 'itial stmZs )r. ",,ph'totoxicantibodi oroductionwas related:o surgery. There 
was zo evidencc of antiboddy stimulation 21 to 44 months postoperatively. 

In a previous report from this facility, 32 vasec-
tomized men were tested for the presence of cir-
culating HL-A lymphocytotoxic antibodies, be-
fore surgery and at 3-month intervals for 1 y'ear
postoperativelv. Only two patients in this study
showed a definite increase in positive reactions 
between 6 and 12 months following surgery.
The other patients showed minimal or no lympho-
cytotoxic response over the i-year test period.

In the presei-i. =tudy, certain numbers if the 
original group of 32 vasectomized men were tested 
for HL-A lymphocytotoxins, 21 to 44 months 
following the operative procedure. 

MATERLALS AND METHODS 

Nineteen of the original 32 vasectomized men 
volunteered to continue in the study for a total 

Accepted November 4. 1976. 
*Support.ed by the Clinical Investigation Service. Madigan

Army Medical Center. and Battelle Special Agreement B-470,
Battelle Sponsor Agreement 2311100679, with the Agency 
for International Development.

Clinical Investigation Service. Madigan Army Medical 
Center. Reprint requests: Dr. Paul B. Jennings, Box 99 
Madigan Army Medical Center. Tacoma, Wash. 98431. 

,Urolog Service. Madigan Army Mdical Center. 
Division of Endocrinolrqv. University of Washington. 

of 36 months. Postoperative blood samples for 
serum were collected at the time intervals listed 
in Table 1. The sera were frozen at -80' F until 
all samples were collected. Some samples were 
not available, since not all patients reported 
at the required time intervals. The numbers as­
signed to each patient in Table 1 are in the same 
numerical sequence as in the previous study.'

A panel of 29 random donors was HL-A-typed,
using the microdroplet lymphocyte cytotoxicity
test." The panel used in the prior study was 
not available at this time. Consequently, a new 
29-member panel was selected which would con­
tain as many of the total antigens of the A and B 
loci as possible. A battery of 112 human typing
sera was used to identify the following antigens: 
A locus-HLA-A1, 2, 3, 9, 10, 11, 28, 29, w19,
w23, w24, w26, w30, w31, w33; B locus-HLA-B5, 
7, 8, 12, 13, 14, 18, 27, w15, w17, w35, w40. The 
typed lymphocytes of each of the 29 donors were 
then used to screen the sera of the 19 post­
vasectomy patients for presence of lymphocyto­
toxins, using the same microdroplet lymphocyte 

cytotoxicity test. Reactions were scored on the
percentage of dead lymphocytes per field, accord­ing to the method of Terasaki et a1. Preopera­
tive serum samples also were available from the
previous study and were utilized as controls. 
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TABLE 1. 	Number of Months after Vasectomy Where 
Serum Samples Were Provided 

Patient Saml pl 2 Sample 3 

S2 28 314 27 30 39 
5 	 34 42 
6 34 43
9 30 34 42 

10 27 35
11 26 29 36 
12 31 34 42 
13 24 2814 24' 27 34 

15 24 26 34
20 26 29 36 
22 26 3223 31 38 42
26 31 34 44
28 24 27 
30 21 29 3332 34 

4One positive reaction noted (-4) against 29-member 
lymphocyte donor panel. 

RESULTS 

All of the lymphocyte antigens present in the 
vasectomy patients, with the exception of HLA-
Bwl7, were represented in the 29-member donor 
panel (Table 2). Thus, it was possible not only to
determine whether any of the postvasectomy pa-
tients' sera reacted against antigens present on 
the patients' own cells, but also against other HL-A configurations. 

Patient 14, who demonstrated several positive
reactions 6 to months12 after surgery, demon-
strated weak reactivity (- 4) against one panel 

TABLE 2. Numberof Times HL-A.4ntigens Were Represented 

Alocus a locus 

Anugen 
29-Member 

donor 
panel 

19-Member 
vasectomy 

group 
Antigen 

2q-Member 
don-ir 
panel 

!9-Member 
a sectomy 
group 

Al 
A2 
A3 
A9 

6 
16 

6 
6 

3 
12 
4 
5 

B5 
B7 
B8 
B12 

6 
5 
6 
9 

5 
7 
3 
4 

A10All 
A28 

18 
3 

30 
12 

813814 
B14 

16 
3 

19 
9 

A29 
w19 
w23 
w24 
w26 

1 
1 
2 
3 
1 

0 
1 
0 
0 
0 

B27 
w15 
w17 
w35 
w40 

11 
3 
0 
1 
4 

1 
3 
2 
7 
2 

w31 4 0 
w33 1 0 

member 24 months postoperatively. This panel
member contained one A-locus antigen (HLA-A2)
in common with patient 14. Patient 10, the other 

patient who showed increased reactivity withinthe 1st year after surgery, did not react with 
any of the panel members 27 or 35 months after 
surgery. Sera from all of the other patients
tested was unreactive. 

DISCUSSION 

A continued absence of lymphocytotoxic activity
was seen in all patients in the 3 years follow­ing surgery. Only patient 14 reacted positively 

on one occasion with donor cells. This patient's
control serum was reactive as in the previousstudy, so some immunologic stimulus other than 

vasectomy might explain this hyper-reactivity.' 
Perhaps our observations might be compared

with those of Ansbacher, 3 who demonstrated a
peak in activity of sperm-immobilizing antibodyat 12 months after surgery, and almost complete 
disappearance of activity within 3 years.3-. The
general reduction in such immunologic activity
in time may reflect gradual reduction in the acute 
tissue reponse to surgery, i.e., urogenital inflam­
mation or extravasation of sperm antigenic com­
ponents. 
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ABSTRACT
 

Whether antisperm antibodies develop after vasectomy probably depends on several variables. 1 
of which may be the surgical technique. The levels of serum antisperm antibodies were compared in 
men vasectomized by 2 techniques: vasoligation and fulguration. No difference in the incidence of 
spermagglutinating antibody was found in the 2 groups. However, immobilizing antibodies were 
observed in 43 per cent of the men undergoing vasoligation but in only 29 per cent .)f the men 
vasectomized by fulguration. 

Antisperm antibodies develop in about half of the vasecto-
" mized men. However. why they develop in some and not in 

others is not well understood. The explanation involves several 
variables, including not only the basic immunocompetence of 
the individual but probably also such factors as the rate of 
sperm output. the sites of sperm resorption and extravasation. 
and the possibility of adjuvant inflammatory effects at the 
time of sperm extravasation. Moreover. different surgical 
procedures may lead to the formation of different kinds of vas 
blockage, which may or may not accentuate sperm extravasa-
tion. Therefore. antibody formation may be related to the 
surgical method. The fulguration method developed by
Schmidt involves sectioning and fulguration of the vas without 
the conventional vasoligation.' It is suggested that the firm 
scar that forms on the cut and fulgurated ends of the vas is 
effective against granuloma formation. " On the other hand, 
there may be a short interval before scar formation during
which time sperm have access to the scrotal tissues: if so, either 
tolerance or rapid sensitization and immunization may resuit. 
The reported low incidence of sperm granulomas associated 
with the fulguration technique prompted a retrospective study 
of 94 patients vasectomized by Schmidt during the last 11 
years to compare them with an unmatched group of men 
vasectomized by ligation for a comparable period. 

METHODS 

Single 2 ml. blood samples were taken from 94 men vasecto-
mized between January 1963 and December 1974 by the 
fulguration method described by Schmidt.' These samples 
were compared with sera from 87 men vasectomized by the 
conventional vas ligation technique by several different physi-
cians. Thirteen additional samples taken from these men at 
different intervals are included in the comparison of time 
intervals but not in the comparison of the totals. Antibodies to 
spermatozoa were assayed by the macroscopic spermagglutina-
tion technique"0 and the sperm immobilization procedure." 
The spermagglutinin titer was reported as the reciprocal of the 
last positive dilution. Spermagglutinating antibodies equal to 
or more than 20 were considered positive. Sera were consid-
ered positive for sperm immobilizing antibodies if the ratio of 
control percentages to test motility percentages was equal to or 

Accepted for publication June 13. 1975. 
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Applied Research on Fertility Regulation and Contract AID/CSD-3153
from the Agency for International Development.

Publication No. 813 from the Oregon Regional Primate Research 
Center.
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more than 2.0. The incidence and titers of sperm antibodies 
were examined for the following time intervals after vasec­
tomy: 0 to .. to 1. 1 to 2, 2 to 3. 3 to 5 and more than 5 
years.
 

RESULTS AND DISCUSSION 
Of the 87 men vasectomized by means of vasoligation during 

the last 10 years 43 per cent exhibited sperm-immobilizing 
activity, while only 29 per cent of 94 men vasectomized with 
fulguration of the vasa had sperm-immobilizing antibodies 
lable 1). An X2 analysis of these data shows the different 
frequencies to be significant only at p less than 0.10. When 
broken down into respective time periods this discrepancy
diminishes. No differences in agglutination activity were 
observed between the 2 groups (table 2). 

Testicular ends of the vas examined at the time of vasovasos­
tomy reveal that about 20 per cent have had demonstrable 
spermatic granulomas. In addition, others have had epididy­
mal obstruction which may be caused by spermatic granu­
lomas. Schmidt and Morris report that fewer granulomas re­
suIt from vasectomy by the fulguration technique than by vaso­
ligation.'- They obrerved that the testicular end of the vas is 
capped by a firm scar without evidence of granuloma. The re­
suits of our study on antisperm antibodies reveal similar or 
slightly lower sperm immobilizing antibody levels in the fulgu. 
ration group as compared to the vasoligation group. Alexander 
showed that sperm immobilizing antibody titers in vasecto­
mized rhesus monkeys correlated with the incidence of sperm 
granulomas.1 Her study involved vas fulguration similar to 
Schmidt's, yet exploratory operations showed that granulomas 
developed in 4 of the 6 monkeys. This high rate of granuloma 
formation after vasectomy may reflect a species difference be­
tween man and the rhesus monkey or a difference in surgical 
technique. Because human and rhesus sperm counts normally 
vary within the same order of magnitude per ejaculate, it is 
not expected that the rate of sperm output would account for 
the differences observed. 

Brannen and associates have suggeste(a that a low incidence 
of antisperm antibody levels may inaicate cell-mediated 
immunity. High antibody levels developed in rats with 
ligated vasa, whereas cell-mediated immunity developed ex­
clusively in those with no ligation after vasectomy. However, 
granulomas developed in both groups. The type of immune 
response may well depend upon the rate and time of exposure 
to spermatozoa'l- ' and the type of vasectomy performed may
produce different immune responses. For at least a short while 
after vasectomy ligation completely prevents extravasation, 

and it is only after a certain lag that the combination of necro­
sis at the site of constriction and build-up of back pressure 
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At least 11 studies of pituitary-gonadal function after vasectomy
 

have been reported (4,5,8,9,11,12,13,14,15,16,17) without evidence of
 

change attributable to vasectomy. While these studies provide ample
 

testimony for the absence of dramatic changes in sex hormones resulting
 

from vasectomy they do not preclude the possibility of more subtle
 

effects arising out of other endocrine, metabolic or immunologic responses
 

to vasal occlusion.
 

In the present study 14 serum chemistry parameters were measured in
 

combination with circulating levels of follicle stimulating hormone
 

(FSH), luteinizing hormone (LH), testosterone (T), sperm innobilizing
 

antibodies and sperm agglutinating antibodies prior to vasectomy and
 

intermittently, up to 44 months following vasectomy in 122 men.
 

MATERIALS AND METHODS
 

The Study Population: Two groups of volunteers were drawn from patients
 

requesting vasectomy for contraceptive purposes. One group of 73men
 

was from the Harborview (HV) hospital and another group of 49 men from
 

Madigan Army Medical Center (MAMC), both in Seattle, Washington. The
 

two groups were studied independently although hormone assays from both
 

groups were performed in the same laboratories.
 

On the basis of blood chemistry prior to and following vasectomy,
 

the two groups were distinctly different. All of the serum chemistry
 

parameters with the exception of blood urea nitrogen and potassium
 



showed statistically significant differences between the two study
 

groups (see Table 3).
 

This difference may be attributed in part to the significant age
 

difference (P <0.001) between the two groups. HV volunteers averaged
 

29.1 + 5.3 Sx compared with 36.0 + 8.3 Sx for the MAMC group. 

Difficulties of follow-up resulted in less than 50% of patients
 

being sampled at each of the time intervals during the first 12 months
 

with the exception of zero time at which more than 90% of patients were
 

sampled. Time intervals for sampli-ng postvasectomy were 1.5 (HV only),
 

3, 6, 9, and 12 months. Thereafter, loss to follow-up increased markedly
 

and less than 20% of patients became available at irregular intervals up
 

to 44 months.
 

Surgical Protocol:
 

Analytical Methods:
 



Statistical Methods: Raw data were analyzed initially by comparing
 

means between study populations and between time intervals within each
 

population and the combined population.
 

Patients from each of the HV and MAMC studies were then divided
 

into a nonresponder group and a responder group. 
 A patient was classified
 

as a responder if his sperm agglutination measurement was equal to or
 

greater than 40, or if his sperm immobilization measurement was equal to
 

or greater than 500 for any sperm antibody measurement made after vasectomy
 

but not before vasectomy. All other patients were classified as nonresponders
 

providing antibody data was available before vasectomy and at 9 or 12 months
 

after vasectomy.
 

Means for each variable for nonresponders and responders were
 

compared at each time, to see if there were any significant differences.
 

Since the number of men sampled varied considerably between sampling
 

times a fairly large amount of variation isto be expected from one
 

measurement time to the next. 
 The two tailed t test was used to test 

the hypothesis that the means for responders and nonresponders are 

equal. 

The final stage of statistical analysis involved selection of a
 

group of patients inwhich each individual had a blood sample taken
 

before his vasectomy and then at 3, 6, 9 and 12 months after vasectomy.
 

This group came entirely from the HV study since only 2 patients qualified
 

in the MAMC study. Analysis was performed on this group both with and
 

without regard for sperm antibody (responder/nonresponder) status.
 



RESULTS
 

No men from either population had agglutinating or immobilizing
 

antibodies at the time of vasectomy. However, 29 men from the HV group
 

and 13 men from the MAMC group developed measurable levels of one or
 

both antibodies within 1 year after vasectomy. Since 13 men from the HV
 

group and 10 men from the MAMC group had insufficient data to determine
 

antibody status the responders constituted 48% and 33% of the measurable
 

population for HV and MAMC respectively. The incidence of sperm antibodies
 

for each time interval are shown in Tables 1 and 2.
 

Comparison of mean blood chemistry or sex hormone values from HV
 

and the older MAMC men at the time of vasectomy revealed significant
 

differences between the two populations for most of the parameters
 

studied (Table 3).
 

In order to determine if men who developed sperm antibodies in
 

response to vasectomy were different from those who did not, with respect
 

to blood chemistry or sex hormone levels at any time before or after
 

vasectomy, each study population was divided into men who developed
 

antisperm antibodies (responders) and those who did not (nonresponders).
 

Data for sex hormone parameters analyzed in this way are shown in Tables 4
 

and 5. No significant differences between responders and nonresponders
 

were found for testosterone or LH values in the HV or r-IAMC populations.
 

However, the pattern of low probability values associated with FSH in
 

both HV (Table 3) and MAMC (Table 4) study groups and the consistently
 



lower 	FSH values for responders compared with nonresponders at all time
 

intervals through 36 months in the MAMC group and .42 months in the HV
 

group 	strongly suggest that responders and nonresponders are different
 

with 	respect to circulating FSH levels, even prior to vasectomy and the
 

consequent development of measurable antisperm antibody titers. There
 

were 	no significant differences in the agds of responders (MAMC,
 

32.3 + 8.4; HV, 28.4 + 5.6) compared with nonresponders (MAMC, 37.8 + 7.2;
 

HV, 30,4 + 3.9). These results imply that mcn with low circulating FSH
 

levels are more likely to develop antisperm antibodies after vasectomy.
 

Since 	FSH has classically been associated with sperm production in
a
 

negative-feedback relationship, prevasectomy total 
sperm counts (available
 

only for HV group) were analyzed in a similar fashion. Mean total sperm
 

count for responders (235.1 
+ 212.5 millions of sperm) was almost identical
 

to 	that for nonresponders (232.6 + 179.2 millions of sperm).
 

Blood chemistry data for the two study groups are shown in Tables 6
 

and 7. Because of the large number of statistical tests and, in some
 

cases small sample sizes, isolated statistical differences are unlikely
 

to be meaningful physiologically. No consistent pattern of differences
 

between responders and nonresponders, and low probability levels, were
 

evident for any blood chemfstry parameter. However, some suggestion of
 

differences in a few parameters is worthy of note. 
 Serum potassium
 

tended to be higher for responders compared with nonresponders from
 

9-12 months after vasectomy, with a pattern of low probability values
 

particularly in the larger and more balanced HV population.
 



Another pattern suggesting lower serum sodium concentrations in the
 

responder population both before and after vasectomy was reflected in the
 

data from the HV group (Table 6) but could not be evaluated in the MAMC
 

group because of the lack of responder data for this parameter (Table 7).
 

Apart from a slight suggestion of lowered serum chlorine levels in the
 

responder population in the first 3 months following vasectomy no other
 

blood chemistry parameters showed remarkable differences between responders
 

and nonresponders.
 

Comparisons of mean pre- and postvasectomy values were carried out
 

using all the data for each parameter within each study group. These
 

data are of limited value since they do not take into account changes
 

occurring in the unvasectomized population throughout the period of
 

study. In addition, transient changes over time may be distorted or
 

obscured by the variable loss to follow-up at each time interval after
 

vasectomy. Consequently, only dramatic changes resulting from vasectomy
 

would be evident from this analysis. As expected, there were no dr~mmair
 

changes in any of the parameters following vasectomy.
 

rn order to remove distortion resulting from the fluctuating population
 

at different time intervals we selecced out of the HV group all of the
 

men for whom data was available at all or most postvasectomy intervals.
 

Means from these 29 men (21 nonresponders and 8 responders) are plotted
 

over time for each parameter (Figure 1). At no time did a mean value
 

for any parameter fall outside of the normal range for adult men.
 

Additionally, analysis of variance revealed no 
significant differences
 

between any mean within each parameter, The lowest probability value
 



encountered was 0.292 for serum albumin. There was, however, a tendency
 

for transient changes to occur in a number of parameters (Figure 1)
 

during the first 6 months of the study. Additionally, small net downward
 

trends were evident for total protein, albumin, LH and testosterone
 

while net upward trends were evident for Co2 and creatinine. In the
 

absence of a control population of unvasectomized men over the same time
 

period we have no way of assessing the impact of aging, seasonal and
 

other environmental factors on these parameters.
 

DISCUSSION
 

The data presented in this paper offer a more comprehensive picture
 

of systemic physioiogical events surrounding vasectomy than has been
 

offered heretofore. They substantiate previous studies (4,5,8,9,11,12,
 

13,14,15,16,17) suggesting no dramatic changes in the gonad-pituitary
 

axis following vasectomy and further suggest that no substantial changes 

in blood chemistry result from the operation. The appearance of antisperm 

antibodies in 30-50% of men following vasectomy has been well documented 

( ) and, for the present, remains the only clearly measurable 

change in blood parameters resulting from vasectomy. 

A new perspective is offered in this study by comparison of the blood
 

picture before and after vasectomy in those men that develop antisperm
 

antibodies and those that do not. The most outstanding finding is that
 

men who develop antisperm antibodies after vasectomy tend to have lower
 

FSH levels before and after vasectomy than those who do not develop these
 

antibodies.
 



This finding is strongly supported by data from each of the two groups
 

of men vasectomized at different centers and otherwise very different
 

with respect to blood chemistry values. The relationship between FSH
 

and postvasectomy antisperm antibody formation is not obvious. 
 It does
 

not appear to 
involve simple numbers of sperm since the prevasectomy total
 

sperm count did not differ for men who developed postvasectomy antibodies
 

and those who did not. This finding poses some intriguing questions about
 

both the role of FSH in the adult male and the etiology of antisperm
 

antibody formation.
 

A pattern of lower serum sodium levels seen both before and after
 

vasectomy in men who develop sperm antibodies after vasectomy also presents
 

difficulties in interpretation. Although the evidence is less strong than
 

for FSH primarily because of lack of meaningful numbers of responders
 

measured for this parameter in the MAMC group, the suggestion of a serum
 

sodium differences nevertheless warrants further study.
 

FSH levels do not appear to have predictive value for antisperm
 

antibody formation since in the HV population studied here, only .54% of
 

men developing antisperm antibodies after vasectomy had prevasectomy FSH
 

levels below the median value. Conversely only 53% of men who never
 

developed antibodies had prevasectomy FSH levels above the median value.
 

However, .qhen sodium waL taken into account together with FSH the Drsdictive
 

value for nonresponder increased to 83%.
 

No strong evidence was fcund for changes in blood chemistry or sex
 

hormones related to antisperm antibody production. There was some indication
 



of higher potassium levels 9-12 months after vasectomy and lowver chloride
 

levels within the first 3 months after vasectomy in men who developed
 

antisperm antibodies compared with those who did not.
 

Discussion of this point: Paulson & Alexander
 



A group of 29 men for whom largely complete sets of data were
 

available throughout the study period provided a basis for examining
 

general trends in all the blood parameters throughout the period of
 

study. Some strong trends were apparent in this data although the means
 

never moved outside of the normal range, nor did the difference between
 

any two sampling intervals ever approach statistical significance.
 

There was, however, some recurring features among the family of trend
 

curves, including perturbations in the first 3 months following vasectomy
 

and net upward or downward trends. Since this present study suffers
 

from the same limitation of many that have come before it,namely, of
 

monitoring no control population of unvasectomized men during the study
 

period, it is entirely possible that these trends reflect environmental
 

factors influencing the population. Presumably, vasectomy itself would
 

represent a mildly traumatic event that would be expected to result in
 

transient nonspecific changes in blood chemistry and endocrinology.
 

In summary, we can state on 
the basis of this study that, other
 

than antisperm antibody formation, no other significant changes in the
 

blood picture have been found following vasectomy. However, the popu­

lation of men who develop antisperm antibodies have a lower FSH level
 

and may have a lower sodium concentration before and after vasectomy
 

compared with those who do not develop antibodies. These findings and
 

other suggestive evidence for antibody related changes and postvasectomy
 

perturbations warrant further investigation including studies with
 

carefully matched populations of vasectomized and unvasectomized men.
 

A-//0 



FIGURE 1 	Blood Chemistry and Reproductive Hormone Status of 29 Men
 

(HV group) at the time of, and up to 3 years after Vasectomy.
 

Each point is the average of all men from the group of 29
 

returning 	for follow-up at that interval. Intervals at which less
 

than 5 men returned for follow-up were rejected in this analysis.
 

The 95% confidence limits for the means are shown as 
bands
 

either side of the mean.
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TABLE 1. Antisperm Antibodies, HV Group 

Number of Responders/
Number of Nonresponders 

0 

0/0 

Months After Vasectomy
1.5 3 6 9 

25/27 22/23 25/22 22/24 

12 

22/30 

Percent of men with 
detectable levels of: 

Sperm agglutinating
antibody alone 

Sperm immobilizing
antibody alone 

Sperm agglutinating
plus immobilizing 

0 

0 

0 

8 

2 

4 

11 

7 

13 

11 

4 

28 

11 

7 

28 

8 

10 

23 

Percent of men 
responding 0 14 31 43 46 41 



TABLE 2. Antisperm Antibodies, MAMC Group
 

Months After Vasectomy
0 3 6 9 

Number of Responders/

Number of nonresponders 0/0 8/15 11/22 6/19 8/18
 

Percent of men with
 
detectable levels of:
 

Sperm agglutinating

antibody alone 
 0 0 8
6 0
 

Sperm immobilizing

antibody alone 
 0 4 0
3 8
 

Sperm agglutinating

plus immobilizing 
 0 17 12 "12 19
 

Percent of men responding 0 21 27
21 20 




TABLE 3. Variable Means Before Vasectomy
 

Variable HV 
Study 
MAMC Prob. Variable HV 

Study
MAMC Prob. 

Age (years) N 73 58 ALBUMIN N 72 45 
7 29.1 36.0 (g/100 ml) X 46.5 48.9 0.006 

S 5.3 8.3 <0.001 Sx 2.7 6.4 

FSH 
(mpg LER 907/ml serum) 

N 
-X 

68 
181.9 

48 
210.5 0.052 

CA 
(mg/lO0 ml) 

N 
X 

73 
99.8 

45 
92.5 <0.001 

Sx 74.4 81.3 Sx 5.0 12.9 

TESTOSTERONE N 66 46 ALKALINE N 71 45 
( g/lO0 ml) X- 66.5 63.7 0.539 PHOSPHATASE T 61.3 56.0 0.057 

Sx 24.4 22.2 (units) Sx 14.7 14.1 

LH 
(mIU 2nd IRP/ 
ml serum) 

N 
X, 

Sx 

68 
99.6 

44.5 

49 
69.1 

53.6 

0.001 
BILIRUBIN 
(mg/lO0 ml) 

N 
X 

Sx 

72 
7.0 

3.9 

45 
4.4 

1.9 

<0.001 

NA N 73 12 BUN N 73 12 
(mEq/liter) 7 140.7 133.7 <0.001 (mg/lO0 ml) " 15.3 13.4 0.123 

Sx 2.4 12.5 Sx 3.8 4.6 

K N 73 12 GLUCOSE N 73 12 
(mEq/liter) X 43.3 41.1 0.070 (mg/100 ml) X 101.7 84.1 <0.001 

Sx 3.8 4.2 Sx 12.3 28.2 

CL N 72 12 URIC ACID N 70 45 
(mEq/liter) 103.2 98.9 <0.001 (mg/lO0 ml) X 58.3 56.1 0.308 

Sx 2.4 6.1 Sx 11.3 11.1 

CO2 N 73 12 CREATININE N 72 45 
(mEq/liter) 7 25.7 28.7 0.007 (mg/l00 ml) 7 10.5 10.0 0.108 

Sx 3.2 5.0 Sx 1.5 1.8 

TOTAL PROTEIN N 73 45 CHOLESTEROL N 46 45 
(/100 ml) 7 74.4 68.6 <0.001 (a.g/100 rl) 7 202.0 218.1 0.094 

Sx 4.1 8.5 Sx 39.2 50.8 



TABLE 4. Twelve-Month Follow-Up of Sex Hormone Levels: HV Group 

0 1.5 
Months 

3 6 9 12 

FSH (mpg LER 907/mi serum) 
Nonresponder N 30 29 25 27 26 31 

202.8 198.5 201.8 193.3 192.5 203.7 
Sx 74.7 77.9 65.3 70.6 86.7 70.6 

Responder N 26 7 15 22 20 21 

163.4 119.0 151.2 182.0 169.3 188.2 
Sx 70.6 61.4 81.5 82.1 67.6 64.3 

Prob. 0.049 0.017 0.037 0.605 0.328 0.425 

TESTOSTERONE (ig/1O0 ml) 
Nonresponder N 30 23 19 24 23 26 

- 0.644 0.598 0.669 0.632 0.613 0.638 
S 0.282 0.241 0.293 0.247 0.200 0.247 

Responder N 25 7 10 16 17 18 
0.648 0.207 0.725 0.659 0.595 0.629 

S 0.168 0.207 0.244 0.231 0.176 0.181 

Prob. 0.951 0.070 0.613 0.731 0.760 0.896 

LH (mIU 2nd IRP/ml serum) 
Nonresponder N 30 29 25 27 26 30 

7 10.52 9.12 9.60 8.88 8.71 10.04 
Sx 4.73 3.41 3.60 4.52 3.54 4.52 

Responder N 26 7 15 22 20 21 
X 9.74 11.01 10.63 10.09 10.59 9.99 
Sx 4.38 4.41 4.31 5.49 4.23 3.68 

Prob. 0.528 0.222 0.424 0.401 0.109 0.96-05 



TABLE 5. Twelve-Month Follow-Up of Sex Hormone Levels: MAMC Group
 

Months 
0 3 6 9 i2 

FSH (mv.g LER 907/ml serum) 

Nonresponder N 26 20 22 20 

7 241.3 242.1 228.9 250.8 238.9 

Sx 82.7 89.6 82.1 103.4 100.7 

Rasponder N 13 4 8 5 7 

X 185.9 218.5 197.9 157.2 193.9 

Sx 74.8 118.6 81.7 38.7 71.0 

Prob. O.04S 0.651 0.368 0.062 0.290 

TESTOSTERONE (ig/1O0 ml) 

Nonresponder N 25 19 22 20 19 

X 0.630 0.689 0.644 0.668 0.646 

S 0.138 0.185 0.201 0.219 0.208 

Responder N 12 5 8 5 7 

7 0.678 0.584 0.576 0.802 0.717 

S 0.368 0.131 0.247 0.384 0.593 

Prob. 0.560 0.956 0.450 0.305 0.312 

LH (mIU and IRP/mil serum) 

Nonresponder N 26 20 22 20 19 

X 6.39 7.85 7.04 8.19 7.91 

Sx 2.94 5.28 2.64 4.54 4.38 

Responder N 13 5 8 5 7 

X 6.01 6.34 7.45 5.48 8.17 

S 2.69 1.86 3.35 4.21 2.23 

Prob. 0.694 0.540 0.729 0.454 0.883 



TABLE 6. Twelve-Month Follow-Up of Blood Chemistry: 
 HV Group
 

0 1.5 3 
Months 

6 9 12 

NA (mEq/liter) 
Nonresponder 

Respond;r 

N 

Sx 

N 

7 

Sx 

31 

141.3 

2.2 

29 

139.8 

2.5 

30 

141.3 

1.8 

9 

140.4 

1.4 

27 

140.5 

2.6 

14 

140.1 

5.7 

26 

140.8 

1.8 

22 

140.0 

2.1 

25 

141.2 

2.4 

20 

139.7 

2.8 

31 

141.2 

2.2 

21 

140.1 

3.8 

Prob. 0.015 0.226 0.732 0.202 0.065 0.213 

K (mEq,' iter) 
Nonresponder N 

X 

Sx 

31 

4.30 

0.41 

30 

4.33 

0.26 

27 

4.19 

0.33 

26 

4.32 

0.34 

25 

4.19 

0.34 

31 

4.20 

0.34 

Responder N 

Y 

S0x 

29 

4.35 

0.39 

9 

4.29 

0.20 

14 

4.36 

0.48 

22 

4.30 

0.31 

20 

4.37 

0.36 

21 

4.39 

0.33 

Prob. 0.597 0.641 0.166 0.835 0.096 0.054 

CL (mEq/liter) 
Nonresponder N 

X 

Sx 

30 

103.2 

2.2 

30 

103.2 

2.2 

27 

104.0 

2.4 

26 

103.5 

2.0 

25 

102.8 

2.0 

31 

103.7 

2.5 

Responder N 

Sx 
Prob. 

29 

102.9 

2.6 

0.671 

9 

101.9 

1.8 

0.116 

14 

101.9 

4.6 

0.057 

22 

103.6 

3.6 

0.867 

20 

102.8 

2.1 

0.948 

21 

103.2 

4.0 

0.624 



TABLE 6. Continued
 

Months 
0 1.5 3 6 9 12 

L02 (mEq/llter) 

Nonresponder N 31 30 27 25 25 31 

25.9 26.2 25.3 26.2 26.6 26.8 
Sx 2.6 2.0 2.8 3.8 1.9 2.3 

Responder N 29 9 14 22 20 21 
X 25.5 27.7 26.3 25.5 26.3 26.7 
Sx 3.7 2.3 1.9 1.8 1.9 2.7 
Prob. 0.586 0.064 0.259 0.492 0.503 0.861 

TOTAL PROTEIN (g/100 ml) 
Nonresponder N 31 30 27 26 23 30 

y 7.41 7.43 7.36 7.35 7.43 7.39 

Sx 0.47 0.40 0.46 0.30 0.29 0.47 
Responder N 29 7 14 20 19 21 

T 7.43 7.40 7.47 7.43 7.40 7.30 
Sbx 0.34 0.26 0.62 0.40 0.30 0.25 
Prob. 0.867 0.853 0.528 0.498 0.740 0.384 

ALBUMIN (g/100 ml) 
Nonresponder N 31 30 26 26 25 30 

X 4.61 4.51 4.55 4.62 4.69 4.53 

Sx 0.29 0.32 0.30 0.25 0.26 0.20 
Responder N 28 9 14 22 19 21 

X 4.67 4.66 4.69 4.60 4.61 4.55 
Sx 0.27 0.18 0.31 0.23 0.31 0.23 
Prob. 0.397 0.198 0.200 0.775 0.353 0.816 



TABLE 6. Continued
 

0 1.5 3 
Months 

6 9 12 

CA (mg/100 ml) 
Nonresponder N 31 30 26 26 24 31 

1 9.98 9.78 10.01 9.80 9.89 9.77 
Sx 0.66 0.39 0.73 0.48 0.47 0.42 

Responder N 29 9 14 21 20 21 
7 9.98 9.94 10.08 10.10 10.05 9.95 
S 0.37 0.27 0.70 0.68 0.40 0.71 
Prob. 0.973 0.1243 0.780 0.078 0.239 0.262 

ALK. P'TASE (U) 
Nonresponder N 31 30 27 27 23 29 

61.7 59.6 62.3 59.5 59.8 63.0 
Sx 16.1 13.9 17.1 14.8 17.3 16.0 

Responder N 27 9 14 22 20 21 
7 59.2 62.3 59.7 60.0 61.8 60.0 
Sx 13.3 14.3 12.6 11.5 15.7 13.5 
Prob. 0.527 0.616 0.617 0.926 0.699 0.454 

BILIRUBIN (mg/100 ml) 
Nonresponder N 30 30 27 26 25 31 

T 0.78 0.63 0.60 0.68 0.75 0.74 
Sx 0.49 0.26 0.26 0.25 0.34 0.46 

Responder N 29 9 14 22 20 21 
0.70 0.70 0.53 0.61 0.70 0.69 

Sbx 0.30 0.18 0.13 0.32 0.28 0.28 
Prob. 0.456 0.485 0.333 0.394 0.586 0.652 



TABLE 6. Continued 

0 1.5 3 
Months 

6 9 12 

BUN (mg/lO0 ml) 
Nonresponder N 31 30 27 26 25 31 

X 15.1 14.8 15.2 15.2 16.3 15.7 
Sx 3.4 3.3 5.0 3.0 4.3 4.6 

Responder N 29 9 14 22 20 21 
" 15.8 15.1 17.2 16.0 14.8 15.4 

Sx 4.1 3.4 2.8 3.7 3.5 3.8 
Prob. 0.521 0.828 0.170 0.461 0.196 0.798 

GLUCOSE (mg/lO0 ml) 
Nonresponder N 31 30 27 26 25 31 

102.4 108.5 101.9 106.1 99.4 103.8 
Sx 12.8 24.9 10.9 12.1 14.4 14.6 

Responder N 29 9 14 22 20 21 
X 101.7 99.2 100.1 100.0 98.3 104.0 
Sx 11.1 8.1 8.1 15.2 14.0 13.3 
Prob. 0.806 0.284 0.593 0.130 0.791 0.955 

URIC ACID (mg/lO ml) 
Nonresponder N 30 29 27 26 25 29 

X 5.59 5.61 5.72 5.56 5.86 5.68 
Sx 1.03 1.19 1.27 1.04 1.22 1.20 

Responder N 27 9 14 21 20 20 
y 5.89 5.92 5.51 6.01 6.16 5.85 
Sx 1.01 0.70 0.88 1.05 1.09 0.90 
Prob. 0.274 0.467 0.587 0.148 0.410 0.600 



TABLE 6. Continued
 

Months 
0 1.5 3 6 9 12 

CREATININE (mg/lO0 ml) 
Nonresponder N 30 30 27 26 25 30 

X 1.01 1.00 1.03 1.02 1.06 1.06 
Sx 0.14 0.12 0.13 0.16 0.18 0.14 

Responder N 29 9 13 22 19 21 
1.06 1.07 1.09 1.06 1.12 1.08 

Sx 0.15 0.14 0.24 0.15 0.14 0.16 
Prob. 0.266 0.139 0.264 0.438 0.273 0.654 

CHOLESTEROL (mg/lO0 ml) 
Nonresponder N 18 18 18 24 23 28 

196.8 197.4 203.8 192.0 202.3 203.3 
Sx 39.0 40.6 42.3 43.2 44.3 34.7 

Responder N 16 5 11 20 20 20 
7 187.6 186.6 200.5 196.9 204.1 197.1 

Sx 
Prob. 

32.7 
0.467 

24.8 
0.579 

36.0 
0.830 

29.5 
0.670 

34.2 
0.890 

32.2 
0.533 



TABLE 7. Twelve-Month Follow-Up of Blood Chemistry: 
 MIAMC Group
 

Months 
0 3 6 9 12 

NA (mEq/liter) 

Nonresponder N 8 15 13 12 19 

X 133.6 139.9 139.5 142.2 140.6 

Sx 14.9 2.7 9.6 6.0 3.6 

Responder N 1 2 5 4 7 

X 122.0 143.5 139.0 143.5 141.1 

Sx -- 3.5 12.0 4.8 2.3 

Prob. -- - 0.922 0.695 0.729 

K (mEq/liter) 

Nonresponder N 8 15 13 12 19 

4.16 4.33 4.33 4.26 4.37 

Sx 0.52 0.29 0.36 0.35 0.31 

Responder N 1 2 5 4 7 

3.90 4.45 4.34 4.68 4.53 

Sx -- 0.35 0.62 0.33 0.46 

Prob. -- -_ 0.968 0.056 0.328 

CL (mEq/liter) 

Nonresponder N 8 15 13 12 19 

X 100.1 101.4 101.1 102.4 103.6 

Sx 6.7 2.7 6.4 3.6 2.1 
Responder N 1 2 5 4 7 

X 88.0 105.0 99.8 103.8 104.1 

Sx -- 2.8 8.2 2.5 1.1 

Prob. -- -. 0.731 0.508 0.541 



TABLE 7. Continued 

Months 
0 3 6 9 12 

CO(mEq/l iter) 

Nonresponder N 8 15 7 8 17 

X 26.8 28.2 29.3 28.6 27.2 

S 2.5 3.7 6.2 4.5 3.8 

Responder N 1 1 2 2 6 

31.0 29.0 25.0 23.0 23.7 

Sx -- -- 4.2 1.4 4.1 

Prob. -- -- -- -- 0.069 

TOTAL PROTEIN (g/100 ml) 

Nonresponder N 25 19 21 14 19 

X 6.89 7.10 6.98 7.12 7.05 

S0x 0.87 0.42 0.52 0.42 0.32 

Responder N .11 5 8 3 6 

1 6.66 7.12 6.96 7.23 6.95 

S1x 1.08 0.88 0.84 0.40 0.50 

Prob. 0.402 0.941 0.958 0.679 0.559 

ALBUMIN (g/100 ml) 

Nonresponder N 25 19 21 14 19 

4.90 4.85 4.71 4.70 4.57 

S0x 0.69 0.50 0.49 0.48 0.28 

Responder N 11 5 8 3 6 

4.86 5.04 4.85 5.07 4.63 

Sx 0.81 0.83 0.94 0.12 0.32 

Prob. 0.891 0.525 0.613 0.219 0.666 



TABLE 7. Continued 

Months 
0 3 6 9 12 

CA (mg/100 ml) 

Nonresponder N 25 19 21 14 19 

S9.35 9.59 9.55 9.71 9.64 

Sx 1.33 0.68 0.64 0.39 0.56 

Responder N 11 5 8 3 6 

X" 8.92 9.66 9.38 10.33 9.65 

Sx 1.58 1.01 1.40 0.06 0.69 

Prob. 0.400 0.865 0.649 0.017 0.963 

ALK P'TASE (U) 

Nonresponder N 25 19 21 14 18 

54.4 57.4 57.7 56.3 58.7 

Sx 15.0 19.4 14.7 12.5 14.7 

Responder N 11 5 8 3 6 

56.3 52.4 54.0 53.7 54.7 

Sx 14.2 9.6 10.6 8.4 8.1 

Prob. 0.733 0.589 0.520 0.737 0.536 

BILIRUBIN (mg/lO0 ml) 

Nonresponder N 25 19 21 14 19 

X 0.41 0.49 0.41 0.43 0.45 

Sx 0.23 0.20 0.16 0.22 0.21 

Responder N 11 5 8 3 6 

X 0.39 0.64 0.49 0.53 0.42 

Sx 0.17 0.36 0.25 0 23 0.33 

Prob. 0.529 0.229 0.325 0.462 0.786 



TABLE 7. Continued 

Months 
0 3 6 9 12 

BUN (mg/100 ml) 

Nonresponder N 8 15 13 12 19 

14.3 14.3 13.5 13.6 14.1 

Sx 5.5 2.3 3.5 2.7 4.4 

Responder N 1 2 5 4 7 

12.0 12.0 13.8 16.0 14.4 

Sx -- 2.8 2.2 4.2 2.6 

Prob. -- -- 0.845 0.196 0.858 

GLUCOSE (mg/lO0 ml) 

Nonresponder N 8 15 13 12 19 

72.5 89.3 97.1 88.8 91.4 

Sx 27.3 17.2 25.0 16.0 27.8 

Responder N 1 2 5 4 7 

80.0 87.0 76.8 71.5 91.0 

Sx -- 2.8 16.5 9.5 23.2 

Prob. -- -- 0.115 0.062 0.975 

URIC ACID (mg/lO0 ml) 

Nonresponder N 25 19 21 14 19 

y 5.42 5.75 5.12 5.02 5.39 

Sx 1.07 0.91 0.86 1.25 1.28 

Responder N 11 5 8 3 6 

5.37 6.08 4.99 5.23 5.3c 

Sx 1.06 1.08 1.56 1.44 1.34 

Prob. 0.903 0.497 0.764 0.798 0.985 



TABLE 7. Continued 

Months 
0 3 6 9 12 

CREATININE (mg/lO0 ml) 

Nonresponder N 25 19 21 13 19 

1.01 0.94 1.00 0.88 1.32 

Sx 0.17 0.15 0.19 0.20 0.89 

Responder N 11 5 8 3 6 

0.95 1.10 0.88 1.13 1.52 

Sx 0.20 0.24 0.40 0.06 1.27 

Prob. 0.386 0.071 0.253 0.055 0.667 

CHOLESTEROL (mg/100 ml) 

Nonresponder - N 25 19 21 14 19 

224.1 236.5 233.0 231.6 222.4 

Sx 45.7 32.6 29.4 23.0 33.0 

Responder N 11 5 8 3 6 

196.7 237.6 189.3 236.7 229.5 

Sx 48.7 55.9 47.3 51.4 44.3 

Prob. 0.114 0.956 0.005 0.785 0.676 
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