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BACKGROUND

The principal objectives of this project at its inception weve
to research and develop simplified and reversibie methods of male
sterilizaticn. Seginning July 1, 1971, Titerature reviews, site
visits, an international workshop (Appendix 1) and a Medical Advisory
Committee [Accendix 1) were amplryed %0 focus cn significant gaps in
knowiedge, detinitive areas of numan need, and ways to meet those
neegs. ne state ¢f knowledge and assessment of goals, based on

these nputs, 15 summarized as follows:

Researc: on the 2enroductive Svstem and i%ts Response to Yas Occlusion

ine general conclusion was that there are large gaps in our know-

th normal meia reproductive physiology and the consequences
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of vasectomy. =~ number 0f ireas needing =xtensive study were identified

Granuioma ~ormation. Yarying opinions nave bern expressed regarding

the formation of granulomas, ooth symptomatic and asymptomatic. These

differences need to bDe resolved.

ffects of Denervation. It is not known whether vas dilation

m

following vasectomy is due to hydrostatic pressure, denervation or both.
Heitner is it wnown whetr: . the contractility and tonus of the vas are
restored after reanastomosis. (Peristaltic contraction does return to

normal in the urethra and bowel after resection.)
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sperm Production and Disposal. A systematic determination of

sperh 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 decreasad or absent sperm 2ro-
duct un. This needs further study. Most patients show only tempo-

rary engorgement of the epididymis ufter 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. It was generally agreed that much more data on the

immunological consequences of vasactomy are required.

Ligation versus Cautery. t was generally agreed that cautery

or electrocoagulation may be a more effective procedure than lisation,
with fewer complications due to granuloma and hematoma format:ion.
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 a e needed, and

simple instruments shouls be daveloped for electrocoaqulation.



External Approaches to Yas Blockade. The feasibility of burning

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

Reversibia Tecnniques

Juring the jate 13¢0s and early 1370s vasectomy emerged as an
imporzant meinod of Tertility control tachnique in the developed and
ike. This proved widely acceptable as a method

ame deliverable on a large scale and had with-
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stood, IO Thnat data, tre intense scrutiny for side affacts made possible
by the =rormous 3rowtn in the oopulation of vasectomized males. The
SUCCess o7 tne method crompted incuiry oy clinical researcrers and
rasearcn diannars 110 the 20s5ibility oF increasing the accentability

R
|

0T mai= steriiizition stil

Turther by devising reversibie methods of
vasal coniracestion. Such methods were orasumed to be zttractive to
indivicuais ccnsigering vasectomy but harboring doubts about the final-
ity 0T the metncd, Y=aring chances in “uture plans or circumstances,
catasiroonic 7/, or loss of sexual identity.

Following tne rapid rise in popularity of vasectomy, increasing
numbers 27 candidates for vasovasostomy, combined with the dismal record

of failure with vasovascstomy technigues then available (less than 30%

D

restoration of fertility), further amphasized the need for more effec-
tive methcds of visectomy 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.
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A principal assumption behind intravasal occlusive device
development 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.

It was 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, sven facilitate
multiple reversals.

In general, the vas deferens was assumed to be a relatively simple
conduit for sperm and, therefore, a passive receptacle for piugs or
valves. Furthermore, the ease with which 90% sterility could be
achieved in man with a simpole nylon thread in the vasal lumen, and the
dramatic decrease in sperm counts that resulted from numerous orelim-
inary trials with simple plugs and clips, provided sufficient support
for the assumption that succassful 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 1ike
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



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. OQOther than these
Criteria, there were no critical guidelines for intravasal device

development.



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 electrocoaqulation 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 apprraches
have altered in some cases due to new deveiopments, which occurred
during the course of the program, and as a result of continued input

from the Medical Advisory Committee.



REVERSIBLE INTR&VASAL OCCLUSIVE DECIVE (RIOD)

Details oFf development of the device known as the RIOD are
documented in pacers publisned during the past five years (Appendix 2).
These developments Tad up to the issuance of U.S. Patent No. 3,990,434,
The RI0D had several advantages over other devices being developed

a2lsewnere:

1. t was installed in the intact (untransected) vas,
thus maintaining muscie, nerve and vessel continuity.

2. The poly{etherlursthane material used to fabricate the
RIOD permittad sufficiently thin walls that the lumen
diameter of the device could approach that of a normal
undilated vas.

3. The device had a2 compliance similar to tha’” of the
vas wall itself, and reauired no clips or ligatures to
nold it in place.

4. The RIOD was inherently cheap to fibricate in large nurbers,
being devoid of sophisticated stopcock arrangements or
expensive materiai.

The RIOD was designed primarily as an occlusive device with povential

for one J3ff-On-0ff cycle during the ucer's lifetime.

tatus
Though animal models were invaluable in developing the RIOD

concept and refining the insertion procadures, they seemed inadequate



for testing the 1ong;term reversibility of the device. Even the rhesus
monkey responded di%ferent]y from man to vasectomy and vas manipulative
procedures (Appendix 2, paper 7). Attempts to improve the rhesus mcdel
were not very successful (Appendix 2, paper 7). Nevertheless, it was

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

qualities:

1. It was easily insertad without transecting the vas and
would stay in place without clips or ligatures.
2. [t 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, 8C112.
Devices from this source were installied 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 toierated. 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 devices.



RIODs were instaliad bilaterally in a 37-year-old volunteer
candidate for eiactive starilization by Edwin L. Adair, M.D.,
Denver, CO0. As with the Austrian cases, no installation problems
were ancountared, 2ven though adhesions, vascularity and vasal
stricture (suggesting a previous injury) were present on the left
side. VYas occlusion was successful and no nroblems have been
reported wich this case .0 date.

3oth Ors. Frick and Adair plan %o continue iimitaed clinical

tests, inciuding instailation oFf the device in the open mode to

determine 17 sperm can pass through the device without impediment.

Prospects for a Practical Reversible intravasal Device

Q

Research activity on intravasal device tachnology has dwindled
to a low level. Since prospects for vasectomy reversal {using micro-

surgical *achnicues) have improved considerably over the past 3 years,

-4

and clear evidence of long-term erfficacy of reversible dsvices has not
emerged, the Tikaiihood of a revival of interast in such devices in the
near future seems slight. However, the possibility that most of the
oroblems associated with devices may be animal model probliems should be
borne in mind. The ease with wnich more than 90% sterility can be
achieved in man using the simplest of devices, a nylon thread, in
addition to the several known limitations of animal models (Andpendix 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, with 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 1671 by the
U.S. Congress, and the increasing availability of 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 dirficult to prove within a reasonabla time
period, and 70% reversibility may be the best that can be axpected,
based on microsurgical vasovasostomy results. There remains the possi-
bility that animal model problems are obscuring a useful method for
human fer.iiity planning and that some existing advanced device designs,
such as the RIND, will eventually prove sufficiently affective in man
without additional aevelopment costs. Furthermore, if recent reports on
circulating antisperm antibodies and immune-ccmplex deposition in the
rabbit glomerulus and in atherosclerotic plagues of rhesus monkeys
presage vasectomy complications yet %o 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



IR

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 Yas 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, C0, 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 1imited 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 Yice President vasponsible for initiating and directing
the project. The VASEAL project was essentialiy 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,
17 they were, were not relayed to the BNW Project Director. Later,
telepnone intarvizws with EMS engineers indicated an early quality

controi problem witn crimping, a type of problem that was not unusual

on Tirst-cun, prototypical equipment. Increased quality control of

crimping appearsd to have post-dated delivery of at least some of the
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Aowevar, cut 0T the investigation on VASEAL electrode failures
several usatul Tindings arose. Some of these, including the finding

that avoidance of heat cculd double the 1ife of the electrode, pertained
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ive use and care of the instrument and were incornorated
1nto 4 revised handbook (Appendix 2, paper ). Another significant
finding was that fascial separation 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 (Appendix 3, paper 7).

Prosoects for a 3ipolar Vas Electrocoagulator

Electro Medical Systems nas recently been taken over by Davol, Inc.,
and the YASEAL 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 bipolar vas electrocoagulator.
Dr. Schmidt has completed 2000 cases, without a failure, using the bipolar

instrument and is using it for routine practice. Or. Juan Giner Veldzquez
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(Head of Family Planning Serviées, 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 contro] 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 mucosa to 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 eiectrosurgical 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-up stud’es in men after vasectomy are detailed in papers
prepared or cudbiisned over the past three years (Appendix 4). The
findings are as follows:

Human lympnocvte antibodies are net formed as a restlts of
standard vasectomy orocedures {Appendix 4, papers 1 and 2).
2. Zlactrocoagulation of the vas does not result in a nigher
incidence of antisperm antitody formation when compared with
vasolication, and may possibly result in a lower incidence
of sperm-immobilizing antibodias.
3. No substantive chances in the gonad-pituitary axis or in
blood chemistry occurs up to =4 months after vasectomy.
4. Antisperm intibodies appearsd in 30-50% of vasectomized men.
5. Men who deveiop antisperm antibodies afier vasectomy tend

to have lower serum FSH lavels both betore and after

vasectomy tnhan 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 ravers-
ible male sterilization.

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

o review the current state-of-the art of male sterilization
procedures and theilr reversal;

® identify the gaps in our knowledge of:

— male reprcductive processes as they affect or are
arfected by sterilization pLocedures;

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

— the long-term 2ffects of vas occlusion on spermato-
gernesis and steroidogenesis;

— the immunological segualae of vas occlusion;

® suggest aporooriate animal models for investigations designed
to £1ll-in these gaps in our unowledge,

o establish performance criteria against which reversible male
sterilization technigques can be comparad (e.g., efficacy.
safety, ccmplicaticns, reversibility, etc.);

o devalop guidelin

nas and P
of experimental pro ur

rotocols for the clinical evaluation
a3 :

.
’

o a2uplore the various approachas to resversible male steriliza-
tion, identifying in each case the advantages, disadvantages,
and limitations oI the approach and the potential contribu-
tions to ics success of the latest materials and erginearing
technolcgy;

® identify the most promising approaches to reversible male
sterilization and develop research and evaluation uprotocols.



PROGRAM

Monday, Decemher 13

Morning

Introduction and Conference Objectives . . . . , . ., . . . . D. J. Prager
Male Sterilizaticn: The RAID Perswpective . . . . . . o « . J. J. Speidel
Session I. Sterilizaticn Procedures: Current Status . . C. A. Paulsen
A. Surgical Vas Ligation
B. Vas Occlusion and Obs*ruction
Afternoon
Session II. Reversibility: The Long-Term Effects
of vas Occlusion . . . . . . . .. ... . .. C. A. Paulsen
A. Vas Structure and Function: Reanastomosis
B. Epididymal Physiology
C. Testicular Physiology
® spermatogenic
® steroidcgenic
e immunologic
Evening
Session III. Materials Technologv: Current Status . . . A. S. Hoffman

Tuesdav, December 14

Morning/Afternoon

Session IV. PResearch and Develoomsnt: Future Directions. . W. J. Clarke

A. Fundamental Rssearch: What Ve Need to Know
B. Identification of Suitable Animal Models
C. Clinical Evaluaticn: Nzed for Unifcormity

# meaningiul vrotocols

2 criteria for success of revarsibllity
D. <omplications: 20 sislogical and 2zvchological Saiuzlan
E. Reversible Technigu2s: The Mcst Promising Approache

D. J. agar

workshop Conclusion . . . . . . . .
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REVERSIBLE MALE STERILIZATION: CURRENT STATUS AND FUTURE DIRECTICNS

Diana Schneider Johnson, Ph.D.

Department of Physiology
Medical College of Virginia
Richmond, Virginia 23219

INTRODUCTICN

A workshop on reversible male sterilization was meld at the Pastelle
Seattle Research Center on December i3-14, 1971, under the sponsorsiip of
the Agerncy for International Cevelopment (AID). The workshop was organized
by Dr. Denis J. Prager >f the lattelle Popuiati.n Study Center: cc-chairmen
were Drs. W, J. (larke of 3attelle and C. Alvin Paulsen ot the University
of Washingtsn. The cbiscrive of this conference was o 2stablish a rational
sasis for future research and development on reversible male s.erilizacion,

Participants were asked 0! 1) review the current state of the art of
male sterilization Srocedures and their reversal; 2) identify the gaps in
our understanding of a) male reproductive processes as they atfact or are
affected by sterilization precedures, b) the structure -nd functior of the
vas deferens in relation to the types Of occiusive measurss that can be
tolerated, c¢) *he long-term effects of wvas occlusion on spermategenesis and
steroidogenesi:, and d4) the immunological sequelae of vas occlusion; 3)
suggest appropriate animal models for investigations designed to fill in
these gaps; 4 establish performance criteria against which reversible mnale
sterilization techniques can be compared [{efficacy, safety, complications,
Teversibility, etc.,; 3 develop guidelines and srotocols for the clinical
evaluation of experimental procedures; 6) 2xplore the various ipproaches 0
reversible male steriiization, identifving :he advantages, disadvantages and
limitations o each approach and the potential centributicns to its success
of the latest materiais and enzineering technology; and 7) identify the most
promising approaches to reversible male sterilizarion and develop research
and evaluation protocols.

STERILIZATION PROCEDURES: CURRENT STATUS

Chairman: <. Alvin Paulsen

Surgical Vas Ligation

ro

Vasectomy is an outpatient procedure that generally requires approximately
20 minutes, The skin of the scrotum is cleansed and a local anesthetic admin-

istered. The vas deferens is isolated and cut, after which the cut ends are
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ligated or fulgurized, 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 successrul.

A frequent ccmplication (up to 5%) of the vasectomy procedure is hema-
toma formetion. Joseph Davis (Mew York City) felt that <he main cause of
hematoma is failure to take sufficient care of the underlying small vessels
in the scrotal wall, rather than bleeding from malor vessels, since the latter
are generally tied off when bleeding occurs during the procedure. The small
blood vessels may not blesed until <he affects of sthe local anesthesis wear
off. Fulguration of the cut eands of the vas may avoid this prcblem,

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. Michael 3edford (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 movement uf sperm during ejaculation requires a powertul 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 that can be obtained when both the original vasectony and
the reanastomosis are carefully performed indicaces that impairment of the
blood and nerve supply can be avoided.

A major ccmplication fellowing vasectomy is <the occurrence of sperm
granulomas, infla=matory responses <o sperm leakage frcm the reproductive
tract into surrounding tissue. Mary granulcmas represent sinply a local foreign
bedy reaction, although others zay result in a major abscess. Scar sissue
formation follewing a sranulcmatcous reacticn may make subsequent resnastcmosis
impossible. It is difficult to find en animal model in vhich to study granulcea
formation, because of marked species differences in immune systems. =mil
Steinberger (University of Texas Medical School, Hcustoa) has found that many
spern are required to induce an irmune response in the rat, vhereas the presence
of only a fev sperm are required in the human. The absolute amcunt of sperm
required to induce granulcma formation in the human needs o0 Ye determined.

The incidence af spontanecus reanastomosis is generally low, and tends to
occur within' a short time after the procedure, althsugh some cases have been
seen up to S-7 years later. Stanwood Schmidt (Eureka, California) noted that
such spontaneous reanastomosis may be associated with a sperm granuloma.
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There was extensive discussion of whether ligation or fulguration produces
a better obstruction with fewer complications. Or. Schmidt emphasized the
superiority of fulguration or :auterization. He has found that the incidence
of sperm granuloma is far lower with fulguration. Dr. Schmidr has alse success-
fully utilized cautery with a hot rlatinum wire for the end of the vas proximal
to the 2pididymus. The cautery procedure destroys the muscosa and submucosa.
The tissue appearance of the cauterized vas is neat and regular compared to the
abnormal tissue seen following ligation., William McRoberts {University of
Washingten Scheol of Medizine) has also feund that fulguration is preferable to
ligation. He has had virtually no granulcema complications following fulguration,
versus 10% roliowing ligation.

It was generally igread that vascctomy could be readily taught to para-
sedical personnel. However, techniques to be used >v paramedical personnel
should be made as simple and mistake-proof as possible.

¥as Occlusion and Obstruction

27pted 10 deveicp an intervasal Jevice [IVD) that would
Se a permanent » 92Ut that cou.d pass through a series of on-off phases
t3 provide true ceversitility. The device, made of Joid with a stainless steel
stem, is covered with 1 nesh designed %o induce tissue ingrowth in order to form
3 Fermanent atiacarent to the vas, The vas is transeccad high in the straight

Jdr. Davis has 3

b
47

portion, the suscosa cored sut, ard the device inserted | om into each side. The
valve stem is placed perpendicular to zhe vas, in the "2 position., In prelim-
tnary clinical tests, atne af 12 voiunteer sudbjects Secame azoospermic and

resembled normal vaseczom:zed Fatiznis.  In the 10th patient, the valve was found

t0 De inproperly positioned; he became izogspermic shen the valve was correctly
placed in the "off" position. In future studies, the valves will e turned to
he "an” sosition o see ~hather spern counts and motility return to normal.,

"

Hee Yong Lee fSeoui VNational Jniversity) described the use of an intervasal
thread 9or :as occlusien, local anesthesia is vsed for the procedure. The IVD
is 3 cm long, ind is made of non-absorbable nylon and siliccme that is flocculated
to permit tissue ingrowth. It is held in place by a filiform thread tied around
the vas. The [VD has a diameter of 0.3 mo (the average vas diameter of Korean
7en is 9.3 mm). Sperm content dropped Selow ~ aillien (2/3 3f these o zero) in
308 :cases, but increased later in 0. In the latzer, the iVD had been extruded
from the vas due 5 :s stiffness. A cocal Joreign Sody reaction has been found
in the region of the VD, Only 1-2 pregnancies have resulted in patients having
3 sperm count below T million .ith this [VD :in place. The procedure requires
15-20 minutes, comparsd to 5-10 minutes for the standard ligation procedure.
Complications are minimal, wi%h oniy ainov inguinal discomfort and some tissue
firmess.

Jr. Llee considers a Sperm tount bdelow 7 millicn n e adequate for steril-
ization; however, others have found that pregnancies can occur even with counts
below 5 million. Jr, davis noted that there is no hard data available from
nornal men for adsguate comparison; cuite low counts have beeu found even in
fertile men, and there is no adequate standard of “normaley". 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 spemm
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 steriiization 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 approack would be similar to all
methods of contraception currently in use; i.e. the patient vould 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 o
male methods.

REVERSIBILITY: THE LONG-TERM EFFECTS OF YAS OCCLUSION

Chairman: C. Alvin Paulsen

Or. Winer described the procedure that he uses for vas reanastomosis. The
scrotal area is exposed, and the vasectomy site is located, disvicted out and
transected distally. The vas is injected with dye to insure that it is patent
through the eiaculatory 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 nylenm splint is placed
in the lumen, and 3 or 4 sutures placed through the muscularis and adventitia,
without touching the rucosal layer; any opening in the mucosa permits sperm
egress, and closure of the vas due to sweiling 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 2
pressure dressing, and the testes are packed with gauze. The patient is kept
relatively inactive for ¢ 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 obtaired in those patients whose
original vasectomy permitted reanastomosis by a vasovasotomy rather than a
vasoepididymostomy.

Dr. Lee has found that only 1 in 1000 Korean patients Tequest 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 psyvchological 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 revers:bility (as measured by subsequent pregnancy)
would appear %o be guite low for surgical vasectomy. Oonald Coffev (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 more than 50% of the patients.

The demand for reversal would appear to vary extensivelv. Or. Lee's obser-
vation of a 0.!% request rate, 3s well as data from other ountviss, would
indicate that reversibility is not of particular importance in many areas. How-
ever, the avarlability of a reversible method might induce more amen to consider
sterilization at a younger age and arfter fewer children, in which case it would
be used essentially as a contraceptive., In the Jnited States, tne number of
requests for reversal range Setween 5-10%. The vast majority of requests in
this country are due to divorce and remarriage.

Or. Potts suggested that the available data indicate *hat vasectomy and
reanastomosis must be considered juite separateiy. The original procedure is
simple and zan e Jone skillfully even by well-trained paramedical personnel,
In contrast, reanastomosis is a difficult procedure that should be attempted
only by highly siilled physicians.

Epididvmal and Testicular Phvsiology

It is important to consider the possibility that the high failure rates
associated with reanastomosis are relatec to an impairment of reproductive
physiology. Or. Bedford has studied the long-term effects of vasectomy in the
rabbit, hamster, rat and Rhesus oonkev. Six szonths following bilateral vasectomy
in the rabbit, there was enormous distention of the vas, although the distention
had not backed ur into the corpus regicn. Testicular tissue was histologically
normal, but examination of the enlarged cauda epididymidis showed masses of
solid sperm and a flattened epithelium. No infiltration by any :ype of leukocyte
~as ever observed unless rupturs of the duct had occurred. Most of the sperm
had lost their acrosomes, and there ~as some separation of heads and taiis, but
no phagocytosis or leukocytic invasicn sas evident. [avolvement cf the corpus
generally occurred by 3 =months, at which time a series of lesions, ruptures and
scars could be seen in the :zaput and/or cauda. Depression of the germinal
epithelium had occurred in those in wnich "apscesses' <ere present in the caput,
with only a few scattersd remnants remaining.

In the rat, epididvmal 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 nmonths 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, out this
tended to decrease by 6 weeks, Discrete lesions of the cauda and vas defarens
could be demonstrated histologically 6 weeks after vasectomy, but they were
too small for visual identification. The lesioned areas did show isukocytic
invasion, as well as degenerating sperm, and active rhagocytosis of sperm by
ronocytes 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 Jue o 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 significant effect on the
testes appeared anly in those cases in which duct distention by sperm reached
the corpus. The situation ia the human may be similar to that of the Rhesus,
whose epi. Jymal architecture is somewhat similar. There are many reports of
the presence of antibodies to sperm in vasectomized men. These might be
induced as a consequence of rupture of the duct with exposure of large numbers
of sperm to immunologically competent cells. Other workers have also been
unable to confirm the occurrence of reabsorption. Or. 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 whon sperm egress
was blocked, Testicular biopsies were found to be normal up to 17 years arter
vasectomy. All patients tested before vasectomy showed counts that were within
the normal range. More work is needed on non-human primates, since the human
and (probably) other primates appear to respond to vasectomy in a markedly
different way than many other species.

Immunologx

The immunological consequences of vasectomy were discussed by P. Riimke
(The Netherlands Cancer Institute) and Rudi Ansbacher (Fort Sam Houston, Texas),
Or. Riimke has been able to irduce a sperinagglutinin response in mnale rats by in-
Jecting autologous epididymal spermatozca 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 3.3% of the infertile individuals 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 these were azoospermic, almost always due to ductal
obstruction rather than to inpaired spermatogeresis,
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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-
azglutinins are probably produced lcecally in the genital tract ia those
cases with relatively high seminal plasma <iters, whereas the antibodies may
diffuse into the seminal {luid from the blood in cther cases., Seminal plasma
generally contains only locw emounts of IgG and IgA, and no IgM. IgG levels
in different semen Iractions were correlated with acid phosphatase levels, and
there was no correlaticn with fructose or spermatozoa, suggesting 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
presence of serum antibodies. It is not yet known whether those who became
fertile had low titers, as might be expected.

or. Ansbacher iescrited immuaological studies on infertile souples,
utilizing seren analyses, a nacrosccpic Selatin spermagglutination test, and
a ccoplement-specific sperm immobilizaticn test. OF 223 infertile ccuples,

18 female and 17 =ale serum samples shoved ei:her pcs itive sperzagzglutinia or
immebiliz asi3. ‘here were no sorrelaticn 2etveen the sexmen anal/ses
and those th speru autcantiltoedies,

n

s o3

17
A5 H
zen wi
Si=milar immunclogical s
at 5 1on71: and 1 year cllcwing vasectomy. Cne zan had a circulating sperm-
agglutinin ctriocr o wvasectomy, whereas 53%.2% had such antitodies § acnths later.
ive respepse cn the sperm imzcbilization test prior to vas-
posit
T

tudias vere cerformed on $° patients prior %o, and

None gave 3 nosit

actemy, but 21.3% Yiad a positive reactizn S zcaths later. Cne year after Yas-
ectamy, the incideace of sperm agglutinating and spern irmobilizing antibodies
was unchanged, hut definita serum sperm antidody <iters increases vere noted,
The censequences 5f these observaticns are not yet understood.

There ary: preliminary data which suggest that those patients vho develop
sperm antiboedies alte: vasectamy have a higher incidence of previous multiple
allergies than patients vho do not develop sperm antibodies. To clarify this
interelaticnship, cazreful ollcw-up studies are clearly indicated to determine
whether alterations in the reproductive immune resgonse mechanism cay be re-

lated to systemic i{m~wclogi: respenses.

Sperm 3anks

The availability of a method for sperm storage that would insure the
availability of healthy sperm %o a vasectomi:zed man who wished to induce preg-
nancy would be 3 majer advance, since the demand for reversibility should no
longer be a problem. Sperm samples could be taken from each patient prior to
vasectomy, and would be available when desired. However, the technicues of
sperm storage ire presently not developed to the extent that this is f{easible.

Pregnancy rates in the humen after freeze-thawving can be quite high. How-
ever, tollcwing prolcnged storage, there are rot sufficient jata to support
statements which heve suggested that there is no major loss of fertilizability.
The major preblem in this approach involves individual 4ifferences in response
to the freezing and thawing procedure. 3perm samples {rcm an individual coa-
sidering vasectcmy should first ve tested by freeze-thowing for a fev vesks
to determine viabhilisy.
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Dr. Steinberger found a differerce in the sperm count of the semen
required to induce pregnancy when frozen and fresh material vas used; the
Dean sper:m couat of fresh semen that successfully induced pregnsacy vas 101
ailliocn, vhile that for frozen material wes 148 million. The mean initial
notility also ne=eded to be higher for frozen material, The cotility after
storage vas 50-50% below that of the original material; this drop was irme-
diate, and vas related to the freeze-thaw process rather than being a function
of time in storage. Some sacples vere highly resistant o such changes, while
others were quite sensitive and shoved large decreases in motility and ability
%o induce pregnancy. The mean of pooled samples shoved a definite decrease
in motility vith prolonged storags. It must be remembered shat pregnancy,
not motility, {s the final test of any method.

[t was agreed that, while it is as yet too early to draw any precise
conclusions, the availability of sperm storage will orobably increase the
desirability of vasectomy. Even if there s very little chance that a given
individual will want to utilize the stored sperm, their availabiity 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 entizement 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

Fundamental Research

The general conclusion drawn from this and previous sessions was that
there are large zaps in our knowledge of both normal male reproductive pays-
siology and the consequences of vasectomy. A number of areas needing extensive
study werc identified and discussed.

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

Effects of Denervation. It is not known whether vas dilation following
vasectomy 1s Jue to hydrostatic pressure, denervation or both. It is also nct ~
known whether the contractility and tonus of the vas are restored after
rednastomosis. Peristalt:c contraction does return to normal in the ursthra
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 Jetermination 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 ®roduction. A systematic determination of sperm counts before
vasectomy and arter reanastomosis is needed., Baseline data are required in
order to evaluate later results, Spermatogenesis reoquires further study to
determine if there is impairment in a given percentage of vasectomized men.
Or. Heller's study, described eariier, would indicate that this is not a
problem; however, only 1 small number of subjects were involved. Or. Coffey
has fcund no difference in the production rate of sperm in rats following
vasectomy, and is now studiying the effects of vasectomy berfore puberty.

Spermatogenic Arrest. The question of what happens to sperm aftesr
vasectomy 1T they are not reabsorbed might be answered by the finding of
decreased or absent sperm production. This needs further study, Most
patients show nnly temorary engorgenent Of the epididymus after vasectomy.

Hormonal Changes. Hormonal vatierns could conceivably be altered by
vasectomy. Ur. St2inberger noted that the testes produce several different
androgens in varying amounts, and that different target tissues are susceptible
to different androgens. It is conceivable that changes in the pattern of
androgen secretion could induce differential changes in target tissues,

Dr. Coffey has looked for such changes in the rat, and has found no differences
that are fuactionally expressed. Or, Steinberger suggested that pasic studies
are needed 0 Jetermine testicular Yiosynthetic activity, One approach would
be o determine the stersid ccmposition of blood entering and leaving the
testeas,

Uric Acid Mewabclism, Ir. Winer has found that vasectcmized men and
individuals wno are az csrernic due to vas blockage for other ressons have
very Righ Slood lsvels of uric acid., The uric acid levels drop following
Teanastimosis. Studies ire needed to Jetermine ‘e uric acid netabolisxz of
aorzal and vasectomized 2en, and to investigate vhether Righ levels of uric
acid are present, Thi cbservation, which. has not been Teported previously,
is the firs: indicaticn <hat there zay be 3 systemic metabolic consequence
of vasectomy. Zlearly, lefinitive studies are required to Jdetermine the ex-
tent and sericusness af these findings.

Immunologx. ¢ #3s generally agreed that much more data on the immunological
consegquences or vasectomy ire required. Studies are also needed to determine
whether immunciogical responses may be rejated to the development of small
lesions of the type Jdescribed by Or. 3edford in the Rhesus.

Ligation versus Cauterv, It was generally agreed trat zautery or fulguration
aay be a more ercective srocedure than ligation, wizh fewer complications due to
granuloma and hematoma formation. Complications appear o be further reduced by
the interposition of fascia between the cut ends. Further comparative studies
of various procedure are needed, and simple instruments should be developed for
cautery. : :

‘External Avproaches to VYas 3lockade. Dr, Schmidt suggested that it auight be
feasiole to burn the vasal 7cosa without naking 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 juite 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. Or. Schmidt's technique for localization of the lumen could be used
for the introduction of many types of substances.

Reversible Techniques: The Most Promising Avproaches

Valves. The major problem associated with the reversibility of valves is
the butldup of tissue debris so that sperm cannot pass sven when the valve is
open. Erich Brueschke (M.I.T. Research Institute) has recently been working
to design a non-fouling valve, which should eliminate this problem. DOr. Schmidt
suggested that tissue abrasion and bleeding 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.

Complications: Phvsiological and Psvchological Sequelae

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

Or. Coffey noted that suddenly, after assuming for so many vea:, 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 Se most 2asily done if
vasectomies vere perfcrmed in clinics, and these o inics, as well as individual
physicians, xept adequate records ‘rom thne start. He noted that the Veterans
Administration acccmplished this quite satisfactorily with their ccoperative
studies involving treatment of prostatic carcinoma with diethylstilbestrol as
vell as treatment of mild hypertension with various appropriate therapeutic
ag=nts.
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I{dentification 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 approdches is the marked species differences that make it difficult <o
transpose data o the human. However, there are many studies which should
be done initially in other species. The concern for animal “esting varied
extensively among the participants. Sevaral felt that no new drug or device
should ever be used ir humans without prior testing in suitable animal models,
while others expressed the viewpoint that so little animal data can be trans-
ferred to the human that such testing is almost useless.

Or. Coffey strongly cbjected to the use of rigid IVDs in human volunteers
before any animal studies wers made. In contrast, Or. Davis fel: that more
data is provided by 3 few 1uman volunteers than by a multitude of animal
studies. He has not found that the animal Jdara is transferable to the human,
Secause the tissue composition of the vas differs significantly., Others felt
that a valance is n2eded zetween the wo tyvpes of studies, and suggested that
animal models are suitable for studies such as bioccmpatibility. or. Brueschke
noted that , while a great deal of information is not transferable %o the human,
such processes as optimization 97 surface treatment to induce ingrowth can be
studied much faster and more easily in arimals, with subsequent transfer to
human subjects,

erials testing should
egun., Howaver, there is
ies. Many surgical
r
r

217 that preliminary safety and
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MATERTALS TEZCHNOLOGY: CURRENT STATUS

Chairman: Allan S. Hoffman

Allan Hof¥man (University of washington) discussed the materials available
for use in prosthetic devices with regard to their structure, biological
compatibility and potential usefulness. DPolymers used for artificial tissues
fall into two categories, the soft materials used in arsificial 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 ignerant of the properties of the materials
used for these functions.

The criteria used for the selection of biomaterials include: 1) they must
have the required physical properties, 2) they must bYe easy to purify, fabricate
and sterilize, 3) they tust 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 300,000.

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 iiver.

It is also important to remember that if chemical agents are used for steriiization,
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 3 pseudo-extracellular fluid whose composition is similar to
physiological conditions,

It was suggested earlier that any substance used to block the vas 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 hydzogel, and 4) a solid or porous core coated with flocculated fibrils,
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Development (1)

of a Reversibie |
Intravasal Occlusive Device

MICHAEL J. FREL, Ph.D.

RATIONALE FOR A REVERSIBLE
INTRAVASAL OCCLUSIVE DEVICE

ke Lestion of reversibility is causing some divergence 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 ot 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 reversibie devices would consti-
tute a significant improvement over surgical reanastomosis when the total
welfare of the patient is considered.

The behavioral question is likely to remain academic uniess surgical ap-
proaches to sterilization become truly reversible. It should be dzbated, how-
ever, with reference to specific populations, customs and economic situations.
We have based our efforts on the particular needs.and problems ot ceveloping
countries where, in the words of Pai (1), *. .. one of the barriers to the ac.
ceptance of sterilization is the fear of death of children or spouse, as ster:iiza-
tion is considered as a drastic, irreversible method. The greater challenge,
therefore, in the mass movement for voiluntary sterilization is the mobilization
of total resources o make recanalization a greater reality. Of the 203,363
sterilized individuals in Greater Bombav, only 291 individuals sought re-
canalizaiion. The need is not great but the confidence reversibility generates
will accelerate the pace of acceptance.”

On a technica: level, reversibilitv of vas occlusion wouid he simpler and
may be more successful if it involved manipulating an implanted occlusive

Michael j. Free, Ph.D., Medical Sciences Section, Biology Departiment. Battelle Pacific
Northwest Laboratories, Richland, Washington.

This work would not have been possitle without the multidisciplinary cooperation aval-
able at the Batteile Pacific Northwest Laboratories. ! am particularly appreciative of the
contributions made by Tom Fish of the Battelle Polymer Engineering Laboratory.
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device rather than surgically reanastomosing the transected vas. With our ob-
jectives we do not see the need for sophisticated valve devices with limitless
on-off cycles. Rather we aim at a reliable combinatien of surgical technique
and implantable device that will markedly improve the success rate of sperm
restoration through one off-on-off cvcle when contrasted to genera] clinical
experience with surgical reanastomosis (2). To achieve this goal with overall
clinical accepuability 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 (o tissue deformation and muscle compression

without damage or irritation.

The closed mode will completely block sperm passage.

. The device will be easily reversible through surgical intervention.

Sperm passage will not be impeced nor will sperm be altered in the open

mode.

. The devices will be inexpensive (0 manufacture.

& oo

~1

We do not know at this time if there are inherent limitations to successful
restoration of fertility after long-term vas occlusion. We are aware of the
probability of autoimmunity that may prevent restoration of fertiiity even
though sperm are restored to the ejaculate (3V and of the possibility of
changes in the epididvmis that may impair sperm transport in the lower tract
(7). Nevertheless, judging by :he fertility rates reported for more successtul
individual series of surgical reanastomoses 35%, (3)} compared with general
clinical experience 209, 12}, inherent limitations o restoration of fertility
after vas occiusion leave much room for improvement. Additionaily, ques-
tions concerning the tertility of sperm after vas occlusion will resolve quite
quickly when vas patency can be easily restored. In the toilowing pages our
concept for a reversible intravasal occlusive device (RIOD) is outlined, our
progress in smail animal modeis is described and our major problems and re-
sponses to them are discussed.

CONCEPT FOR A RIOD .

Our concepe is iliustrated in Fig. 1. which shows a longitudinal drawing
(Fig. LA) of the first prototype ;RIOD,) and a graphic representation of the
device installed in the vas deferens (Fig. 1B). The essential features are as
follows: 1) three simple components are molded from 2 single polvmeric
material: 2) a porous structure is on the outside of the end piece tubes to per-
mit tissue ingrowth; 3} no transection or ligation of the vas deferens and
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RIOD,
SMOQOTH TAPER B80ODY WITH INSIDE TAPER
WITH CONSTANT TO FACILITATE FITTING OVER INSERT
{D TO FACILITATE (CD 1.78 mm)

INSERTION
/ [
— \g —

TUBING WITH INSERT-SNUG FITTING
POROQUS SURFACE AND COLOR CODED
(LENGTH OPTIONAL (OPEN = WHITE

A 0D 0.7 mm - ID 0.5 mm) CLOSED = BLACKX)

RIOD CONCEPT
RIOD,INSTALLED IN VA3 DEFERENS

VAS DEFERENS

FIG. I. The RIOD cencept. 4. Longitudinal section of RIOD,. B. RIOD, installed in
the vas deferens.

associated nerves and vessels is necessarv; and 4) reversai 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 puncture of the vas
is made with a tapered microsurgical tool and enlarged with a blunted 19 g
nypodermic needle. Steps are taken at the time of installation to remove the
vas lumen epithelium at the vas-RIOD interface. These steps 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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“1.3‘4“‘-
y b,

,eé

0 &

FIG. 2. Installation of :he RIOD, ‘open mode) in vas deierens of rabbit. .{.
Proximai end piece instailed. 8. Both end pieces installed. C. Interconnecting tube
inserted into proximal end piece. D. Installation comp.ste,

course of development and ar2 stiil evolving at thit tme. They will be dis
cussed further in the sections on RIOD vrobiems and solutions,

PROGRESS WITH THE RIOD

Details of two types of suriace porosity for tissue ingrowth are shown in *.e
scanning electron photoinictographs iFig. 3). Parts of A and B show wo
different magnifications of a surface treatment used on zthylene winvl acetate
tubing in which surface bubbles are generated in the molding process, then
broken open with abrasives. Pore sizes fange from 29 o 30 um. Parts C and D
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FIG. 3. Scanning =lectron photenticro-
ragisot sorous surfaces for theRIOD-
vy interface. 4. Abraded surface on
2ilveene vinvlacetats tbing. W10 3,
Same as A 002 Dip-coated suriace
on poivurethane :ub;x'.é, <i0. D, Same
as C. s,
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FIG. 4. Morphoiogy o t+e RIODumpiantad vas, 4, Right vas of Juinea 2ig 51 1t 3
months {oilowing RISD. insailation in -he open mode, 3. Same 1s A, with serosal
connecuve tissue incized. L Reoroductive tract of rabbit i, ! montas foliowiag
R1OD, instailation :n the closed mode.
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TABLE 1. Results of Mating Guinea Pigs after RICD, Installation

Time from | ‘treduction

of Fan.ala

Guinea Pig :ICo Births Tn Removal To 8irth
Identification Moge Tstal Live of female .days) of Litter (days)

44 Cloted Q 0 99 -

43 Closed 9 0 99 -

50 Closed 0 0 99 -

47 Cper o} o] 39 -

49 Coen 3 3 38 147

51 Coen 5 2 99 122

* 3oth maoie and ‘emale zied of scute Lactarial infection.

show a treatment used on peivurethane involving dip-coating and subsequent
removai ot aar:.ues avered on the surface of the tube. In tbn example pore
sizes range from 19 w0 20 .m Sut can be varied in size and 3 hape.

Figure 4 shows the morohology of the vas aiter RIOD implantation for 3
months ‘open mode! in a1 zuinea sig (Fiz. $A, BV and for | month iciosed
mode) in i radbbit Fig. 3V, The RIOD bodv, wirich lies outside of the vas.
is characrerfsiicaily overgrown with thin connective tissue (Fiz. 4A). In Fig.
4B this tissue .“.aa been cut 0 expose the RIOD bodv contining the “hue
connecting tube. Tle tvpicai resgonse to vas occlusion. in the rabbit is seen
in Fig. +C. The cauda epidids midis and proximal vas are swoilen and en-
gorged “with sgerm.

H‘snoloqic cross-seciiony of the RIOD-vas interface in the guinea pig after

5> monilis of implaniaton < Fig 3A. BY show sonneciive tissue ingrowth into
the surface pores. In these examples the RIOD surface texture was as in
- Fig 34 and B, and :he epitheiium was destroved ac the time of installation

usim a battery-driven rutery and bipolar slezirode specially designed for use

n the vas deferens 5,

Breeding triais with six :uinea pigs implanted ‘)i‘ale*aily with RIOD, are
siown in Tabie 1. These data {rom the drst prototype demonstrated the feasi-
bility of the RIOD concept. Sperm ¢ounts irom {our rabbits implanted bi-
laterally with RIOD, in the spen mode are shown in Fig. 5. After a brief post-
surgical drop subsequent sperm counts and percent motility were generallv
in the normal range. 3perm counts in rabbizs after biiateral installation of
RIOD; in the closed mode 'Figy 7 ieil to z¢ro aiter the first =jaculate and

remained at zero Zor the 2-month trial peried.

RIOD PROBLEMS AND SOLUTIONS

First prototvpes Fig. 1) were fabricated from ethylene vinyl acezate tubing
with an internal diameter (ID) of 0.5 mm. Although considerably more ¢om-
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FIG. 3. Histology of the RIOD-vas interface. 4. Section tarough the right vas and
indwelling RIOD, of guinea pig 31. 5 months after installation. 330. B. Section
through the right vas and indweiling RIOD, of guinea pig 46, 3 months after
installation. }330.
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FI1G. 6. Sperm counts and motility in 1abbits hefore and alter bilateral installation of RIOD, in the open mode.
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FIG. 7. Sperm counts and motility in rabbits before and after bilateral installation of
RIOD, in closed mode.

TOTAL SPERM PER EJACULATE X 10*

pliant than polvethylene, it was stiff enough to ercde through the vas wall
in some cases (Fig. 3). This erosion usually occurred on the distal end of
the RIOD leaving the vas occiuded by the ingrown proximal end and inter-
connecting plug. The ID of RIOD, (0.5 mm) also appeared inadequate for
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 polvurethane with an ID of 9.75 mm. No erosion
problems were encountered with this prototype, and sperm passage was nor-
mal in the open mode (Fig. 5) . However, in a few animals the Hexible tubing
tended to kink at the tube-body junction (Fig. 10) and some wrinkling of




FIG. 8. Leit visof guinea pig 49, 3 montas following installation of RIOD, in the
open mede. The distal stem has eroded through the vas.

TABLE 2. Sperm Counts and Sperm Anticody Titers after RICD, Instaliation in Rabbity

Soerm Caunt (miilians; mi Antibody Tiiers (K/SIV)*
Rabbit RICD 3efore After 3efore After
Idantification Moce ICD ACD  Reversed R0H RICD Raversed
31 Closed 150 2 1 072 0/2 0/1.5§
‘not matile’
45 Clesed - - - 10/2.1 ic/ 2.1 -
34 Coen i78 40t - 072 0/2: -
!not motile)
49 Cpen - - - 017 o7 -

* K = Kibrick macrascocic scerm aggiutination; SIV = scerm immaoii‘zation vaiues,

* After surgical Aush 1o remove debris.

$ SIV rose ta high ievels Setween $5 ang 77 days afrer instoilation. Autopsy reveaied ‘hat sistol
RIOD stem had browen througn vas an rignt side.

3 Between 13 and 73 days Festraversal SIV rose 10 4.5,
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FIG.9. RIOD, assembled and disassembled.

the tubing wall close to the tube-body junction was evident in most installa-
tions. In addition, the increase in the outer diameter (OD) of the stem
from 0.75 to | mm necessitated by the increase in ID caused the body-stem
junction to be less abrupc and more streamlined, so that in a few instances
prior to being anchored by ingrowth and overgrowth the RIOD twas pro-
pelled into the proximal vas by the peristaltic action of the vas musculature.
The most recent prototype (Fig. 11} is designed to solve these problems. The
compliance of the tubes becomes progressiveiy tfrom the tip to the tube-body
junction to prevent kinking and wrinkling. The rims of the bodv tubes are
extended outward to prevent migration.

In ensuring and Maximizing connective tissue ingrowth it seems necessary
to destroy the epithelium in the vicinity of the tubing pores. Failure to do
this resulted n a laver of atypical. byperplastic epithelium in guinea pigs
that did not grow down into the pores (Fig. 12). A clean cut through the
inner muscle layers wouid seem to be the best way of preparing the vas for
ingrowth as the pores are then adjacent to fresh, uninjured cells that can
Serve as a source of new fibrous tissue. However, the RIOD installation pro-
cedure does not lend iwelf easily to endarterial type stripping techniques.
Special suripping tools are being developed at the present time. Meanwhile,
techniques that destrov the epithelium in situ are being emploved. The vas
cautery (6) with bipolar circumferential electrodes has proved useful, but in
the rabbit it can leave pockets of epithelium and encourage an influx of
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FIG. 10. Lefc vas of rabbit 5, 2 months following installation of RIOD, in the closed
mode. The soft RIOD, has xinked at the body-stem junction causing distortion of the
vas and adhesions.

FIG. 11. Drawing of RIOD,. Se2 text for derails.

RIOD,

BODY WALL EXTENSION

DECREASING
COMPLIANCE
——

P e

IRREGULAR PORES :PLUG:
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FIG. 12. Section :hrough t:e right vas of guinea pig 49 and indwelling RIOD,, 3
months follow:ng instailatien. The <pithelium has not been dewtroved and has become
atypical and hyperplastic. Phagocvtic cells are present in the RIGD pores, <330

o

phagocytic cells. Ethanol (95 was not adsquate to destroy the epithelium
when administered by putting it on and in the pores of the RIOD tubing.

Pore size is also important in oromoting good tissue ingrowth. Pore diame-
ters smaller than 25 um appear inadequate. Good ingrowth is less important
for sperm blockage than for mechanical bonding to withsiand the traction
and manipulation invalved during the reversal procedure.

Extrapolation from animal modeis is a particular problem with procedures
involving the vas deferens. Procedural surgical problems arise irom the
deeply lving vas with reladvely little connective tissue in guines pigs. Evalu-
ation of reversibility is difficult with the rabbic due to the extraordinary
buildup and subsequent siow dispersal of sperm and sperm remnants proxi-
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mal to the site of occlusion. In some cases, however, we feel that we are ob-
serving impor:ant problems in animal models that could occur at a much
lower and less noticeable frequency in man. In :his sense the small animal
models may be serving well. Early trials of a more advanced model system
in the rhesus monkey are planned for the near future.
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Technology for Mechanieal

Fallopian Tube-Blocking Devices

MICIIAEL, J. FREE. Ph.D.
RONALD E. FILIPY, J.S.
ROY R. ADEE, I S.

TOM M. FISH

Based on what is known of oviduct physiology, the clinical literature on tubal
occlusion and the few available preliminary trials of intratubal occlusive
devices, we have attempied to list the imperatives for successful mechanical
tube-blocking devices. From our own experience of bioimplants, particularlv
in the vas deterens, we have attempted *» lay some ground rules, point our
some powible pittails and suggest some agproaches for design ind application
of intratubal occlusive devices. These remarks are offered as a basis for con-
sidering the feasibility, acceptability and cost benefit of this approuch to
female sterilization.

ACCESS TO THE FALLOPIAN TUBES

Access to the tubes can be through the uterus and uterotubal junction,
through the wall of the isthmus or ampulla ar through the fimbria and
infundibulum.

TRANSUTERINE APPROACH

The uterotubal route has a clear advantage over the other approaches because
hysteroscopv or other transuterine techniques may be used to avoid major
surgery. A highly efficacious. transuterine method of tubal closure is tuerefcre
an atractive research objective even without considering tas possible re-
versibility.

Several features enhance the advantages of this method: the interszitial
portion of the fallopian tube is mechanicaliv weil supported and therefore not

Michael J. Free, Ph.D.,, Ronald E. Filipv, M.S., Roy R. Ades, BS., and Tom M. Fish,
Biology Department. Battelle, Pacific Northwest Lakoratories, Richland, Washington 09332,
Fuels and Matenals Department
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easily eroded: it has a narrow lumen: and it is less secretory than other portions
of the tube. Additionally, muscular activities at this site can be controlled w0
some extent with exogenous hormones. a feature that may aid in retaining
devices prior to permanent binding chrough ingrowth or tissue adhesives. The
probiem of Ioumm the wterotubal junction and delivering the device may be
eased by current xoem‘l ad ue\clopmcm on iustrumentation for ‘n»term-
copy. A number ot ingenious sotutions have already been devised in associa-
tion with specitic tube- blocking concepes 1. 2).

Promising devices and procedures for installing them through the uterus
include cured.in- PIJLL’ >1hcone rubber incrusions (1, 3% and an annular
device that consiricts e eparated pgr' luminal tssue lavers (2). Other con-

cepts for waasuterine approaches include prewr ned plugs with potential for
tissue ingrowth: threaded screw devices: I'H(I'OPOK'OLH plugs for filtering out
spermy; and plasite toams, highly compressed for insertion, which expand to fill
and grip the tabe.

ABDOMINAL APPROACH

\Ithouan generaily less desirable than the transuterine approach, tae abdomi-

1l approach may be practical if it invoives a simiiar low failure rate (less
than [95) with no more risk than the present sterilization procedures and, in
addition, otfers substantiai impv'oxc nent in reversibiiies. However, the reversal
procedure is likelv t invelve a1 second major operition with consequent
additional risks.

Using this approach, it mas be nossible 0 interpose valve devices between
the cut end of the transevted tube or install Svpass devices through the wall of
the incact tube as has bc’*n done experimentaily in the vasa deferentia nf
various animal species 4, 3. The tsthunus otfers the best site for implantation.
Although the larger {umen of the ampulia omns the device tabricator an easier
target, the .Ipumen' secretory nature and higher compiiance of the segment,
oaether with the persistent muscuiar activiey o.' the tube, mav conjoin against
permanent intratubular blockage. Some pattern of tissue ingrowth into the
device wauld aimost certainly l\ required for preformed devices instailed in
the transected or puncrured isthmus,

A tew experimental desices have also been installed through or around the
Embria. Fimbriotex+ s received anly »cant attention, but it mav be feasible
(6).

On the other hand, maintenance of nreformed devices in the tul)al infun.

dibulum s {."J"g;‘r. with notential preblems. Since most tubal secretions How

out througi: the inftndibulum. mocqu»: at this point can resuit in hvdrosal-
pinx. Reversibie devices imserted in or through the infundibulum would
probablv have ro He removable piugs in order 0 restore the area o its normal
ovum-coilecting runcuon. Thiy preciudes tssue ingrowth for anchoring the
device, 2ven i such im growth couid be achieved in this highlv secracorv
segment ot the tube. Dt_\t)l[c these poor indications, preinmmnary studies have
shown that smoeoth or notched devices instuiied dl*ough tite infundibulum and
anchored with ligatures or ciips can be made w0 stayv in piace in animals (7
and humans 3%, It is K)omole that these devices permit the passage of Huids
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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 for
compliance matching between the device and the vas deterens, and should
therefore be considered in any implanted tube-blocking device. Metal, ceramic
and other rigid structures, semiflexible plastics such as polvethvlene, and even
Hexible types of ethvlene vim! acetate have frequently eroded through the
muscle ot the vas wall in guinea pigs. rabbits, dogs and monkevs, Oniy soft
devices of polvurethane (3) and silicone rubber () have proved sufficiently
fiexible in the vas deferens. The tissue erosion arising from compliance mis-
match may be due o mechanical stresses on the superficial vas deferens
resulting from movements of the scrowum, If this is the case, the fafiopian tube
may withstand stiffer devices than the vas. On the other nand, if the tssue
erosion in the male tract results from the muscular activity of the hoilow vas
deferens itself, acting againse the stiffer indwelling device. then a similar result
is likely to occur in the temale tube. Therefore. compiiance mutching mav be
an important consideration for indwelling wubal devices. Preliminary trials to
clarify this point should be carried out prior to expensive development of rigid
intratubal devices.

CHRONIC IRRITABILITY

Although irritability may be a desired feature of devices into which tissue
ingrowth is required, the irritating substances should ideally be an adjunct to
the fabric of the device. The device itself, destined for long-term residence in
the bodv, shiould be a well defined inert material and in a pure state, free of
plasticizers and inpurities that may be chemicaily toxic or potentially carcino-
genic. From our experience in the vas defersns, subacute inflammatery re-
sponse at the device-vas wall interface (Fig. 1A) is. unfortunately, a common
response to devices that have no such effect on tissues outside the vas deterens
(Fig. 1Bi. This response, characteristicallv neutrophil and macrophage infil-
tration (Fig. 2}, mav be due to low level mechunical irritation or to disturb.
ance of the immunologic barriers. ailowing antigenic sperm to come in contact
with immunoiogically reactive tissues. The inflammatory response ot the vasal
lumen tissues to an indwelling device occurs in the untreazed vas as well as in
the vas which has been eiectrocongulaied, reamed or treated with cvtotoxic
substances to remeve the mucosa (with the intention of promoting fibrous
ingrowth). The failopian tube may respond in a similar fashion. since it is
similar to the vas in many scuctural respects. is subject to mechanical irrica-
tion and has an immunologic barrier protecting the submucosal tissues from
the more or less antigenic «emen, sperm and ova.

We do not know how to avoid this ;nflammation at present, nor whether it
disappears completeiy in time. It does not appear to be specific to any particu-
lar material used in device fabrication and is still present in the vasa of guinea
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pigs. rabbits and rhesus monkevs after 3, 1.5 and 2 months, respectively.
However, the clear signs of irritation evident at these eariier stages were less
evident after 12 mouths in guinea pigs and, furthermore, neutrophil infiltra-
tion appeared to be associated with e presence of sperm in zach species. Since
accumulated sperm masses do not occur in the female tract it is possible that
irritation due to intratubular Jdevices mav he ubsent or less severe than in the
male counterpart.

FORMATION OF A PERMANENTLY EOUND
TUBE-DEVICE INTERFACE

Tubal occluding substanc:s that are placed into the tubes in a Huid state,
therebv coniorming to rhe invaginatons and contortions ot the tubal lumen
and extending throughout most of the isthmus, appear to remain in place in
animal species (l). Shorter preformed devices may need some tvpe of tissue
ingrowth 1o bind them permanently o the tubal lumen tissues.
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TEXTURED SURFACES FOR TISSUE INGROWTH

Surfaces suitable for ingrowth mav take the form of meshes or flocking bound
onto the outside of suitable tubing. However, when installing devices in the
vas deferens with a view toward reversibility. we have found it essential to
create the largest possible internal diameter through the device to minimize
blocking by cell debri> and to faciiizate the eventual free flow of sperm. In
order to minimize wall thickness in our device conduits, and also to avoid any
additional problems created by bonding different materiais. we have devel.
oped methods of preparing plastic tubes or plugs with integrallv textured
outer surfaces (Fig. 3). These -urfaces are prepared bv coating the tube or
plug with particies graded in size according to the desired size of the pores (we
normally use 30-120 ;. pore diameters for the purpose of tissue ingrowth). The
particles can be plastic powders, metal particles or crvstalline substances; the
surface shown in Fig. 3 was formed with graded sucrose crvstals. The coated
tubes or plugs are brought into contact with a solvent which dissolves the
polymer surface and causes it to flow over the adhering particles. When the
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FI1G. 2. Photomicrograph of
a vas lumen-device interface
in guinea pig, 9+ davs after
installation. n, neutrophilis:
m. macroph-ge: g c., giant
cells. (X330

particles are removed mechanically or with a suitabie soivent (e.g.. sucrose is
removed with water) the cellular tvpe of structure shown in Fig. 3 results.

These and other tvpes of integral surface texture were adequate for tissue
ingrowth as indicated by the response to the devices obtained in areolar
connective tissue (Fig. 41 and in the muscle wall of the rabbit iythmus Fig.
3v. In the latter device «Fig 3), carbon par:icles were incorporated into the
plastic tube to enhance visibility.

FIBROUS INGROWTH IN TUBULAR STRUCTURES

In the vas deferens, active contractions, secretions nd accumulating sperm
combine to kesp tie vas separate from the device, with the result that reepi-
thelization can occur in a t2w dass, even after quite severe destruciion of the
mucosa prior to device instatlation. The new epithelium is invariably atvpical
and hyperplastic (Fig. 5). Except at the cut ends of the transected vas, or
where the walls of the vas are held in apposition, fibrous scar tissue resulting
from preinstaliation destruction of the mucosa is often prevented from pene-
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F1G. 3. Scanning election micrograph of polvurethane tbing with integrally textured
surface. {4. X453, B, X300)

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

Similar problems seem likely to arise with attempts tc induce fibrous in-
growth in the fallopian tubes. Our response to this problem has been to
combine initial destruction of the mucosa by electrocongulation with a sus
tained irritation brought about by a sclerosing agent coated on the device at
the time of installation. Vigorous fibrous ingrowth (Fig. 3) has been much
more prevalent in these preparations. A speciallv designed bipolar electro-
cautery can be used to Jestrov the wbal epithelium (Fig. 9) with minimal
damage to the underlyving muscle lavers 9. Reaming devices have also been
used successtully for removing vasai mucosa prior to device instatlation, but
these may be less aduptable to the more torwous and often remote fallopian
tube. We have used 70v, ethanol, 19, formaidehvde and paraformaldehvde
powder as sustained irritants in an dempt o prevent epithelial regrowth and
to enhance fibrosis. Other agents such as quinacrine and silver nitrate also 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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diffusible form. For example, plastic microspheres may lend themselves to this
“urpose (1,

To facilitate ingrowth in the earlv stages foliowing devics instaliadon, it
ma_ be usetul to minimize muscle activity of the tubai wail. The action of “he
female sex steroids fnight be useiud in riiis respect, aithiough dose levels would

1

have 1o be carefuiis reculated 1o brins about the desired 2ifact 11,
. 2 > |

HISTOLOGIC EVALUATION OF EXPERIMENTAL DEVICES

Plastic devices inside hiologic dssues cannot be deait with easilv using conven.
tionai histologic teciniques due to the efec: of soivents on the polvimer
materials, the diderential erdect of heat on tswue and polymer and distortons
arising from sectioning heterogeneous materials, The tollowing procedure has
worked well for énstatmgplastic devices in the vas deferens.

Tissues, with device in situ, fixed and stored in 109, neutral buffered
formalin were removed from the fixative and washed overnight in 0.2 )M
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FIG. 5. Photomicrograph of
fibrous tissue ingrowth from
the muscie of the wall of
rabbit isthmus into integral
pores on polvurethane tubing.
Carbon particles have been
incorporated into the
polyurethane to increase
visibilizy. (X190}

cacodylate butter, pH 7.4, Theyv were then dehydrated through 30, 70, 25 and
10045 ethanol with a minimum of 30 min at each concentration. After three
changes (of 30 min each) in 100, ethanol, Freon T.F. was substituted for
ethanol throush a graded series -aicohol: Freon I:1, 1:3, and pure Freon T.F.)
with a minimum of | bour at each concentration. The tissues were heid
overnight in pure Freon T.F. and then subjected to ¢ritical point drving using
Freon 13 as the transicional duid. Atter dryving, the tissues were piaced in [B.4
water soluble embedding medium Polvsclence) with a zende vacuum until
thev remained submerged.

The next dav the specimens were polvmerized in the JB-4 =mbedding
medium excluding rhe soluiien B component; wsing a cobalt 80 source.
Sections of about 3.3w in thickness were obtained. using a Sorvall [B-1 micro-
tome with glass knives, and were swined with hematoxviin and eosin.

Staining was accompiished with a2 minimum of wrinkling. A freshiy cut
section was tloated on a drop o water on 2 microscope slide and transterred
onto the surface of warm 63°C) Delafield’s hematoxvlin for one minute.
Using a camel hair brush, the section was transterred and submerged in tap
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FIG. 6. Photomicrograph of
a vas lumen-device interface
in guinea pig. 94 davs after
installadion. The vas is dilated
and hvperplastic epithelium

< 0 Ry has replaced the original
AR, mucoss destroved by

electrocoagulation. (X173)

water for rinsing, tranferred to ammoniated water for blueing and then rinsed
again in tap water. Coumersmmmu was accompiished by submerging the
section held on the brush in room emmperature eosin tor 135-30 sec. After
rinsing in mp water. the section was mounted on a giass slide.

PROELEMS ASSOCIATED WITH VISCOELASTICITY

The walls of hoth the vas and tatloniun tubes are viscoelastic and will accom-
modate 0 an incrensed tension. From this proverty there arise several conse-
quences tor indwelling devices: the elustic component of the wall cannot
necessarily he relied upon to hold 4 device in piace nor to form a seal between
the tube and device. Fiuid or cetls fnrced betwesn the device and the muscular
wall can dilate the tube hevand the diameter of the device. ailowing passage of
materials past the device and facilitating movement ot the device .\uhm the
tube. [t may be useful to design devices with diameters larger than the normal
nondisiended tubai lumen diameter so ti‘.ac the mbc. upon dilatation,
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FIG. 7. Photomicrograph of
a vas lumen-device interface in
rabbit, 78 days after
installation. The mucosa

was destroved by
electrocoagulation prior to
installation of the device.
Substantiai fibrous ingrowth
has occurred in this area.

-
Areas of fbrous ingrowth ‘
occur sporadically in most
cases where the vasal mucosa N

has been adequately
destroyed. (X354)

stretches up to its maximum, Difficulties of installation can be overcome by
dilating the lumen with successively larger probes prior to inserting the device,
although care must be exercised. Too large a device may increase the incidence
of tearing and tissue erosion. The ideal size rangs is usually 2 matter of trial
and error.

SUMMARY: OUTLOOK FOR REVERSIBLE
INTRATUBAL DEVICES

The advantages of the transuterine approach compared with other approaches
for mechanical occlusion of the failopian tubes appear overwhehning. In
addition, reversibiiity, which seems o less feasibie with transuterine than with
abdominal approaches, would be a minor procedure with the transuterine
approach and a major operation with other approaches.

Liquid poiymers injected and cured in situ show promise as tubular plugs,
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because thev can conform to the shape of tubal lumen, extend over a large
segmen:t of the tube and make contact with a large area ot tubal luminal wall.
There remains the problem of damage to the tubal wall when the plug is
removed and the consequences on reversibility.

Cn the other hand. sherter, preformed plugs probabiv would require tissue
ingrowth to secure them in place. To achieve this. the surface of the device
must he suitabiv textured and the tubai epitheiium must be removed in the
area of device installatien and prevented frem rezenerating. Since epithelium
regenerates 2asily in these tubal structures and since the device may act Like a
spling to hoid the tube open, it muav be necessary to extend the irritation at the
device-tissue interface over a period of davs or weeks. For the Jdevice to stay in
lace over this ingrowth period the lrametzr siould be larger than the normal
tubal lumen, e tube siiould be immobilized if possibie and temporary ties,
clips or tissue adhesive mav be necessary. These ingrown devices may be made
reversible by means of & removable plug within a hollow tube. Alternatively, a
thin septum within the tube can be pierced o allow passage of sperm and
ovum.
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FIG. 9. Destruction of vasal epithelium in human resulting from electrocoaguiation
with a speciallv desizned bipolar ¢lecirocautery, 4. Normal human vas deferens,
(X173) 8. Humaun vas deferens atier elecirocoagulation. (N175)
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976 ANIMAL EXPERIMENTS WITH A REVERSISLE INTRAVASAL OCCLUSIVE DEVICE (RIOD). M.J: Tree Ph.n‘
34olcgy Departaent, Battelle, Pacific Nagrthwest Laboratories, Richland, WA, U.S.A,

A x}ca consists of three cozpcnents, twvo {dentical endpleces and a ceotral conpectiog
plug (closed wode) or tube (open zode). Each endplece 13 5 m long, 3.5 = being 1.0 o
OD X 0.75 c= 1D and the remaining 1.5 ta betng 1.50 =a OD X .25 == ID. The plug {a 1.28
za 0D X 3.5 = long; the tube 1a 1.25 = Q0 X0.7S= ID X 3.5 =a leng; each fits suugly
{nto the large portion of the endpleces. Materials used ir R10D fabrication are ethylege
viayl acetate aod poiyurethane, the vuter 60 Y= of the £3al) portfon of the eadpieces
textured into & porous structure to per={t tlssoe {ngrowth. The endpieces are irserted
{nto the vas luzen through needle punctures in the vas wall and connected to each other
outside the vas vith the plug or tude. No lfgatures are used., RI0Ds have been {zplanteq
{n 14 rabbits 20d 16 guinea pigs fo vhich the vas epithelfua had been fulgurated, treated
with & sclerosing agent or left {ntact. ZIpithelfal and/or connective ti{ssue {ngrowth
occurred {a all cases and vas usually sufffc{ant to form 1n apparently co=patible and
perdanent tissue-device union. In fertility tests to date, no pregnancies have occurrey
{n the closed mode and Pregnancies have occurred {n 75% of the zatings {n the open mode,
RIOD luden sfze and cosplisncy are critically izportant {o ainioizing local tissue
reaction and maxizizing sesioal sper» count and motility,
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ingui~2! <anal (inguinal porticn) and runs for
some 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 :he urethera, the
vas fuses with the »=zz.ctory 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 pamvoiniform plexus
around the artery, sympathetic nerves, and the
internal cremaster muscle. The spermatic cord
is surrounded by the tunica vaginalis.

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

Structure

The lumen of the vas deferans consists of
pseudostratified epithelium that is made up of
columnar and basal (cuboidal) cells (Fig. 53-
1) (Brueschke et al., 1974b). The columnar
ell layer is very easily removed. Manipulation
of the vas during surgical procsdures should
be minimal and delicate if the integrity of the
columnar csils is to be maintained. The in-
ternal surfacz of the vas is covered with micre-
villi (stereocilia) and is usually extremely con-
voluted. The vas possesses a thick muscular
coat that consists of an inner and outer longi-
tudiral muscle layer and an interposed circular
muscuiar layer. The epithelium of the vas is
surrounded by a basement membrane and, !o-
ward the exterior, by a lamina propria of con-
nective tissue ccnsisting chiefly of collagen
fibers but also ccmposed of capillaries, fbro-
cytes, and occasionally a muscle cell (Nicander
and Schantz. 1961; Fahrmann 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 distinguish be-
twesn “no resistance™ (normal vas lumen) and
“significant resisiance” (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
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that could be entered into e vas with no re-
sistance was M %5 = 0.07 mm, and the mean
diznicier of the probes that met with signifi-
cant resistance was 1.C6 = 0.12 mm. Analysis
of the data suggests normal distribution (Fig.
53-2). The no-resistance population has a
smaller variance than the significant-resistance
population. As several investigalors were in-
volved in the research, the results suggest that
It is easier to obtain general agreement as o
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 2.835 = 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 ncrepinephrine from the nerve
endings. Approximately 100 to 500 million
spermatozoa pass ihrough 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 transported there
between ejaculatory periods by the spontaneous
motility of the human vas or arz placed there
2s a residue from the previcus 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 f spermatozoa from the
ejaculate (Brueschke 2t al., 1974a), probably
because of the absence of sperm storage out-
side the epididymis.

Knowledge of the functional anatomy of the
vas deferens is obviousl' important in vas
contraceptive methodology. The mucosa is im-
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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 dsvice design and in
devices depending on ingrowth. Such ingrowth
depends on fibroblasts rather than epithelial
cells, due to their natural tendency to regen-
erate. 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 of 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 clectrocautery 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 2
small portion of the vas and making the pro-
cedure as atraumatic as possible. Success rz-



ported din performing vasovasoanastomosis
(Phadke and Phadke, 1967; Schmidt, 1975)
underscores the feasibility of reversing surgical
sterilization and the need to plan for this pos-
sibility while performing the vasectoiny opera-
tion. Surgical vasectomy and surgical vaso-
vasostomy are discussed in Chapter 47. A
starch stent has been used to facilitate vaso-
vasestomy. An artificial vas deferens (anas-
tomosing device) for restoring spermatozoa
production when even large segments of the
vas have bezn removed nas been successfully
tested in dogs (Brueschke et al, 1974d).

Electrocautery
Electrocautery is finding incrzasing ac-
ceptance in the United States 2s 1 :ocl for

impreving simple surgical vasectomy. A series
of 1000 vasectomies has besn reported in
which no segment of the vas was removed and
no ligatures were tiad on the vas (Schmidt,
1973). Instead, the lumen of *he proximal end
was cauterized for 4 mm in such a way that
the elecirocautery lesion was confined o the
epitheiium, lamina propria, and part of the
muscle wall. The distal end was cauterized on
the cut surface cnly. The sheath of the vas was
closed over the distal =nd using 2 single liga-
ture. The number of patients in this series now
stands at {300, with no failures and an oc-
currence of sperm granuicmas or other com-
plications in less rnan | %% of zases {Schmidt,
1975). This ccmpares with Jailure ratss of
0.3% to 3% and a rzte of complications as
great as 10% [ollowing vasectomy oy ligation
(Gursel ¢ al.,, 1971: Steinhardt, 1969). A sig-
nificant advantage is that rzanastomosis is
technically zasisr {ollowing vaseciomy by this
procedure because ncne of the wvas has been
removed. ‘Iranscutzneous electrccautery has
been rroposed. tut the feasibility of this pro-
sdure has not vat been demonstratad.

Chemical and ultrasound approaches

Recently the injection of subsiances that in-
duce scar tissue piugs in the vas has been in-
vestigated. Injection of 2thanol into the rat vas
results in irreversible occlusion and a halt in
sperm transport (Frzeman and Cofiey, 1973;
Coffey and Freeman, 1975). Similar results
nave been rzported in men (Freeman, 1975).
It has also 2een shown that quinacrine dihy-
drechloride has scme occlusive affects in the
rat vas delerens (Setty et al, 1972). The
use of focused ultrasound for transcutaneous
vasal cauterization has aiso besn proposed.
but this approach is stll in the preliminary
stage.
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DEVICE-RELATED PROCEDURES
Extravasal occlusion

One means of blocking the flow of sper-
matozoa involves the appiication of a concen-
trated force sufficient to collapse the lumea at
some point along the vas deferens. If this force
can be controlied to the point where it can
occlude the lumen without inducing too much
trauma, the potential exists for restoration of
sperm transport when the pressure is released.

One such technique involves the closuse of
a V-shaped clip around the vas deferens (Fig.
53-3). This applies a fairly atraumatic, parallel
crushing force that closes the luminal area and
blocks sperm transport (Jhaver et al.,, 1971).
Since the integrity of the vas remains intact
for the most part, removal of the clip allows
repair of any induced damage and hence the
passage of spermatozoa. Unlike blood vessels,
which are highly susceptible to permanent
damage und disintegration, the vas deferens is
a tougn, thick-walled muscular structure that
iends (0 retain healthy tissue aven after sur-
gical vasectomy. The clips can also be usea in
conjunction with surgical vusectomy to oc-
clude the transected ends of the vas and pre-
vent recanalizaticn {rom occurring. It is then
not necsssary for the applied crushing force
to be atraumatic, since any possibility of re-
versibility must depend on surgical vasovaso-
anastomosis. Tantalum clips are currently be-

Fig. 53.3, Weck surgical occluding devices showing
stages from appiication through occlusion using
Hemoclip.
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ing used instead of ligaturss in at least one
clinic (Moss, 1972) and are being promoted
for vas and oviduct occlusion by the manu-
facturer of Hemeclips.*

The externally applied clip does not fully
meet the objectives of a truly reversible device,
however. The major reasnn 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
=nough to occlude the vas, trauma occurs and
sperm transport cannot be restored. To pre-
vent such trauma, the clip must be appiied so
loosely that the passage of spermatozua is not
completely halted. In sum, the placemnent 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 fJow of
spermatozoa. The objects and methods of
placement are generally limited only by the
imagination and creative ability to devise and
apply occlusive system:. Two types of occlud-
ing methodology may e applied. In one case
the device is entirely or aimost entirely within
the lumen of the vas (intraluminal device). In
the other a significant portion of the de-
vice protrudes outside the vas (extraluminal
device).

Intraluming! devices

The intraluminal devicss are placad 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 neesdle.
The blocking device is implanted =ither with
or without a cannula. Devices include cylindri-
cal plugs, spherical beads. or threads of suture
material (Lee, 1569; 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 actuated by magnetic or other
means. A Jong, balloon-type device that can
be inflaied 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 concsption.

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

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

sult in scarring at the incision site, which may

-ovliterate the lumen with fibrous tissue and

result in permancnt 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 avajl-
able. Removing the device doubles the surgery
on the vas and increases the same risks that
are present during insertion.

A iypical example 1s the Brodie reversibla
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 reversibilivy is desired. in a study of 13
men who volunteered to have the device in-
serted for periods of from 5 to 15 months,
3 ot the patients never became aznospermic
because the device ercded through the vas.
Of the 1V azoospermic patients, 9 had their de-
vices removed but in none of inese men was
sperni 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. Obvicusly, an incompietely ob-
structed lumen continues :Q present an oppor-
turity for sperm to pas: around the device.
Ideally the devics size should be slizhtly 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 streich the vas up to
70% or 80% becauss a time-related relaxa-
tion of the vas around the device will protabiy
ogeur as the system graduaily adjusts and ae-
commodates itseif 10 the presence of the lor-
eign body. Size selection therefore becomes an
important problem. The choice of device size
will depend on accurate measurement of the
luminal diameter, since a statistical distriou-
tion of both the luminal diameters and vas
clasticity exists ameng 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 biock-
age causss a swell..g cf the vas testicular o0
the site of occlusion. This is apparently the re-
sult of pressure by the accumulated spermato-
zoa. Such swelling would encourage the trans-
port of spermatczoa around the device. A
comparative study was done between. 52clicns
from testicular and prostatic vas stumps in pre-
viously vasectomized dogs (Brueschke. 1975).
Increases in luminal diameter testicular to
blockags averaged 97% of normal, while the



corresponding increase in the outside diameter
was only ubout 20%, indicating that the lumi-
nal increase 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 ncnobvious biological ef-
fects.

Extraluminal devices

Conceprs. Devices that can fulfill the re-
quirement of being implantabie and fully re-
versible through some mechanical means also
imply a high degres of engineering sophistica-
tion in the design of such a mechanism. This
sophistication takes two forms. One is the de-
sign of the actuating mechanism, the other is
miniaturizaticn of the mechanism so that the
device can be dimensionally compatible with
the vas deferens. The most desirable features
of such a device combination would include
ncninvasive actuation that cannot be deliber-
ately or zccidentally controlled by the patient.
Actuation by scrowal palpation reduces the de-
gree of soohistication but increases the chance
of an unscheduled actuation. The cost/benefit
ratio must also be considered in the develop-
ment -7 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 smail number of
patients. The necessity of minor surgery to ac-
tuate the device, provided that the integrity of
the vas deferens and device are undisturbed,
may not therefore be a deterrent.

The feasibiiity of devices with simple mech-
anisms to interrupt sperm dow is well estab-
lished. Several types of devices and methods
of implantation have been zvaluated through
animal siudies and are described by a number
of irvestigators. 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 interrupted 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. The 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

spcrm transport can be stopped very effec-
tively.

In both cases it is helpful to incorporate a
system 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 lcakage and hence
granuloma formation with the attendant pos-
sibility of recanalization around the device. To
encourage tissuc 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 epithelium beyond the cnds 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: (1) 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 dcvice is made porous,
allowing the ingrowth of tissue. Porosity can
bz achieved with either rigid or fexible (plas-
tic) devices, although the porosity of the sur-
face is more casily 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: (1) all
flexible devices that are almost solely com-
posed of some type of soft plastic, with the
usual excezption of the valving mechanisms,
and (2) rigid devices that are 10 a large extent
made of metal. Rigid devices do not readily
Send; this is a signiicant drawback in that they

- cannot accommodate lateral movement of the

vas deferens, i.c., 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 tuces 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 particies are flame sprayed onto the
stainless stesl 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. 53-4. Batielle-Northwest-AID reversible intra- Fig. 53-5 Textured surface of polyurethane R1OD.
vasal] occlusive device (RIOD) concept.

Stainless steel
shuttie stem

Tissue ingrowth surface

{Dacron, stainiess steel, ceramic) Oetent maintains shuttle

in open position

/ -
/ /Open position Soft silicone rubber

Soft, medical-
Vas c'elefens grade silicon tube full cpen
i

rubber valve body

Stainiess steel L
Four equally spaced shuttle stem 2 mm
interrupted sutures /
through each flange . Detent retains shuttle  Deforming silicone
4 stem in closed position UD€ restricting all

f/low througn tube

Closed position

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.)



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
implantation; in 6 of 18 experiments sperm
passed around the device wher no perforations
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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 dogs on the other. Also 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

z’*‘d‘: .

Vi

."1':&- f.-.w}:x.% ISk
SRS

Fig, 53.7. A, Shuttle stem raversible occlusiva

SPACER with Dacron velour ingrowth surface

and §'cone rubber flexibie pilot tubes. B, Typical surgical implamation of IITRI-NICHD
SPACER in rmu.zerted vas deferens. Disiance between cut ends of vas when sutured to devics

is about 7 mm. (From Srueschke ot 3], 1975b.)
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is compliant. Pore sizes ranging from 20 to
150 x are obtained in the surface of ethylene
vinyl acetate tubing by gencrating 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 censistently
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 speciaily moided
to incorporate a mechanism for reversibly oc-
cluding the transport path of spermatozoa
(Fig. 53-6). The valving mecharism consists
of a stainless steel shuttle stem :hat occludes
the lumen of the device when it is depressed
into the valve body. Two flanges are attached

at cach 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. §3-7, A) and
are inserted into the exposed iumen 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 2 barbed clamp has been
used successfully ta 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 zn 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 preimplant levels.
Even so, four separate breeding trials were suc-
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Fig. 33-8, Typical variations in total sperm count in Jdog associated with SPACER Jevice im-

plant and reversals.



cessful, as cach resulted in the production of
offspring. The devices had been closed for a
period of time prior to two of these trials,
halting the fow cf spermatoczea (Fig. 53-8).
Prior to breeding, the devices were rcturned to
the “on" position, restoring sperm transport.
The SPACER has been implanted in the tran-
sected vasa of &0 dogs and more than 40 of
these are currently under evaluation in lo.g-
lerm experiments (0 determine the efects of
extznded periods of implantation in both the
open and ciose. positicns. To date :he trials
have had a high dagren of success.

The important features of the SPACER are
the soft pilot (indow and cutiow) tubes, the
combined suture rings and ingrowth material,
and the method of implant. Various mecha-
nisms of occlusion can be zdapted to the de-
vice as ong as these impurient Jesign Tealures
are retained. The total concept may in fact be
described as an artificial vas Jdafarens with
material properties that-permit the incorpora-
tion of valve mechanisms. These mecianisms
may e as simple or compl:x as the dJesign
constraints and ingenuity of the Jesigner will
permit.

A modified version of e SPACER has al-
so been used for implantation nto zn intact
vas by inserticn thrcugh two lonzitudinal in-
cisicns similar (0 those used or insertion of
the RIOD. Only :he valve 2cdv protrudes
above the vas. To presvent sperm transport
through the vas, the section Serwesn the fexi-
ole tubes is cecluded with a clip or by electro-
cautery.

Nonocclusive devices

[t is natural to consider how a similar means
of contraception might be osttained without
preventing the normal transport of sgermato-
zoa through the vas deferens. This reascning
leads to the concept of another class of devices
that function in a manner :ntirelv diferent
from these previcusly considered. Specificaily,
a nonocclusive device would not interfars with
spermatezoa trznsport by blocking the gath
cut by redirecting the spermatozea so that they
may be harmlessly exhausted or voided before
Secoming part of the ejaculate. QOperating in
this manner, a scerm shunt impiant might, for
exampie, redirsct the sperm component ! usu-
ally atout 0.5 ml in vciume) to the bladder,
{rom which it could be expelled during mic-
turition. Restoration of fertlity weuld invaive
simply a return of the fow of sperm to the
distal portion of the vas deferens. A ¥ shunt
to divert the spermatczoa over a longer sath
has also been tried (Swartwout and Zaneveld,
1974).
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Implants that release spermicidal reagents
are also a pessivility. A system of this type
would not interrupt the flow of spermatozoa
and would be less likely to impair spermato-
genesis."In addition, the physical response of
a system that must undergo long periods of oc-
clusion with a variable degree of confidence in
restoring fertility is eliminated. Replacing these
problems are. of course, others that involve
the pharmacology of the agent to be released,
the determination of releasing rates, replace-
ment lechniques, and a system of delivery.
Even these new considerations do not appear
as formidable as they might have prior to the
successiul testing of devices implanted in the
transected vas defe,..... With the means to im-
nlant seciions of artificial vas deferens avail-
able, any number of spermicide-releasing sys-
tems  might Dbe integrated into this design
(Brueschke et al,, 1974a<).

VAS DEFERENS CONTRACEPTION
AND FAMILY PLANNING

Although male sterilization requires medical
skill, an important fact that must be carefully
considered is that surgical techniques, whether
they are reversible or irreversibie, are one of
the more effective methods of dzaling with pop-
ulation expansion. Male contraception that
would not reguire the application of a high
level of xnowledge on the zart of :he patient,
as do birth control gills for wornen, wouid
nave an enormous advantage. This is because
contraceptives currently in use {requently re-
quire a Jevel of education on the part of the
patient that is Sevond what is implied by the
simple prescription. Czmplications arise in that
prescriptions muai oe redlled or active preven-
tive measures must be taken prior to inter-
course. IUDs, {or exampie, have a discontinu-
ince rate of about S0% over a 2-vear period.
There is in 2ssence no “discontinuance” among
people who have undergere sterilization, and
this concept may well be of narticular benefit
in sterilization for men. Thus although the im-
plementation of vas deferens contraceptive
methcdelegy reguires special medical skills, it
is 2 potent tool {or familvy planning and con-
seguently for copulation control.

The vasectomy procedures currently avail-
able are essentiaily irreversible because vaso-
vascanastomosis reguires a very hish degree of
surgical skill and the percentage of patients in
whem fertility is restored is not grzat. A truly
reversible method wculd be attractive to a
large number of men whc may not wish to
rermanently interfere with their ferulity and
“ant to reserve the cgtien of restoring their

ferulity at some later date. For most men who
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- have completed their families, this option
would be more a psychological than a practi-
cal benefit. However, for younger men who
wish to postpone reproduction until they are
socially and cconomicaliy better prepared, a
truly reversible procedure would hold greater
attraction than other methods. One can only
speculate on the impact of a reversible method
of male contraception on populaticn 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-
population that plague the world today.

REFERENCES

Alexander. N. 1. 1972, Vasectomy: long-term effects
in the rhesus monkey, J. Reprod. Fertil. 31:399.

Ansbacher, R., Keung-Yeung, K., and Wurster, J. C.
1972, Sperm antitodies in vasectomized men, Fertil.
Steril. 23:640.

Bornemisza, G., and Furka, 1. 1970. Restoration of
the divided ductus deferens by adhesive material,
Acta Chir. Acad. Sci. Hung. 11:335,

Brueschke, E. E. 1975. Unpublished data,

Brueschke, E. E.. and Zaneveld, L. J. D, 1975, De-
velopment and evaluation of reversible vas oc-
clusive Jdevices, In Sciarra, J. J.. Markland, C., and
Speidel, J. J., sditors: Control of male fertility,
New York, Harper & Row, Publishers,

Brueschke. E. E., Wincfield, J. R., Burns, M., and
Zaneveld, L. J. D. 1973a. Development of a re-
versible vas deferens occlusive device. |1, Effect
of bilateral and unilateral vasectomy on semen
characteristics in the dog. Fertil. Steril. 25:673.

Brueschke, E. E., Zancveld, L. J. D., Rodzen, R,,
and Berns, D. 1974b. Development of a reversible
vas Jeferens occlusive device. Il Morphology of
the human and dog vas deferens: a study with the
scanning electron microscope, Fertil. Steril, 23:
687,

Brueschke., E. E., Burns, M., Maness, ]. H.. Wing-
fieid, J. R., Maverhorer. K., and Zaneveld, L. J. D.
1974¢c. Development of a1 reversibie vas deferens
occlusive devica. 1. Anatomical size of the human
and dog vas dJeferens, Fertii. Steril, 25:559.

Brueschke, E. E., Maness, J. H., Zaneveld, L. ]. D.,
Burns. M., Rodzen. R., and Wingheld, J. 1974d.
An artificial vas deferens, Trans. Am. Soc. Aruf.
Intern. Organs 22:108.

Brueschke. E. E.. Zaneveld. L. J. D. Surns, M.,

Rodzen, R., Wingfield, J. R., and Marness, J. H.
1975a, Development of a revarsible vas deferens
occlusive device. 1V, Rigid prosthetic devices,
Fertil. Sieril. 26:29,

8rueschke, E. E., Zaneveld, L. J. D.. Rodzen, R.,
Mayerhofer, K., Burns, M., Muness, J. H. and
Wingfield, J. R. 1975b. Development of a revers.
ible vas deferens occlusive device. V. Flexible
prosthetic devices, Fertil. Steril. 26:40.

Bumpass, L. L.. and Presser, H. B. 1972. Contra-
cepuive sterilization in the U.S.: 1965 and 1970
Demography 9:531.

Cuffey, D. S., and Freeman, C. 1975. Vas injection:
A new surgical procedure to induce sterility in
buman males. In Sciarra, J. ], Markland, C., and
Speidel, 1. J., editors: Contral of male ferulity,
New York, Harper & Ruw Publishers.

Davis, J. E. 1975. Unpubiished data.

Derrick, F. C.. and Frensilli, F. ]. 1974, Experience
with a reversidle vas device, J. Urol. 111:523,
Derrick, F. C.. Yarbrough, W., and D'Acgostino, J.
1973, Vasovasostomy results of questionnaire of
members of the American Urological Associa-

tion, J. Urol. 110:556.

Fihrmann, W., and Schuchardt, E. 1965. Eleciron-
mikroskopische befunde am Egithel des Nebenho-
denganges und des Samecnletters von normalen,
hypophysektomierten und  androgenbehandelten
Ratten, Naturwissenschafien 9:212,

Free, M. J. 1975. Development of a reversible intra-
vasal occlusive device (RIOD). In Sciarra, 1. I,
Markland, C.. and Spewdel, J. J.. editors: Control
of male fertility, New York, Harper & Row, Pub-
lishers.

Free, M. ). and Duncan, G. W. 1975. New technology
for voluntary sieriiization. In Benjamin. B., Cox,
T. R.. and Peel, ]., editors: Pepulation and the
new biology, New York. Academic Press. Inc.

Freeman, C 1975, Preliminary human trial of a new
male stertlization procedure: vas sclerosing, Fertil.
Steril, 26:162.

Freeman, C.. and C:7ey, D. S. 1973. Chemical in-
duction of male sterility Sy injection of vase-
sclerosing agents, Fad. Proc. 32:110.

Freund, M., and Dawvis. J. Z. 1969. Disappearance
rite of spermatozoa {rom the ejaculate {ollowing
‘vasectomy, Fertile. Steril. 20:163.

Gursel, E.. Zinsser, H. H.. and Hrdlicka, G. 1971.
Nonsutured, nonsplinted anastomosis of ihe vas
deferens. A prelimmary report, nvest. Urol, 8:417.

Hulka, J. F.. and Davis, J. 2. 1973. Sterilization of
men. In Hafez, E. S. E.. and Evans, T. N., editors:
Hman repreduction: conception and contracep-

2,

tion, New York, Harper & Row, Publishers.



Jhaver, P.°S.. Davis. J. E., Lee, H., Hulka, ], E.,
and Leight, G. 1971. Raversibility of sterilization
produced by vas occlusion clip, Fertil, Steril. 22:
283,

Klapproth, H. 1., and Young, 1. S, 1973, Vasectomy,
vas ligation and vas occlusion, Urology 1:292,
Lee, H. Y, 1969, Experimental studies on reversible
& yus occlusion by intravasal thread, Fertil, Steril.

20:735.

Maness, ). H,, Brueschke, E, E., Burns, M., Rodzen,
R., and Wingfield, . 1973, Biomalerials requires
menis for reversible maole contraceptive devices,
Med. Biol, 15:204, |

Moss, W. M, 1972, A sutureless lechnic for bi-
interal partial vaseziamy, Fertil, Sieril, 23:33.

Micknder, L., and Schantz, B. 1981, On the ulira-
irhGure of the glandular epithelium of the am-
WG IUCIVE deferentis in rabhils, Acta Marphol,
veerl ssand, 41172

Miami, v 1903, The fing siruciure and histechemis-
Wyl the spithelial cells of the ral deferens, Ara
Aub ming

Nadke, oM and Hhadke, AL G 1967, Experlences
nohe rednasiiumuass al ] + delerens, 1. Urol
11,8480
sUa&F M B And Humpsas I I'he a

AR ' ] L & & ind "o » |
nigs { 1 1 ipecl 41 ld
----- I UL i \ i 1 ke
‘ 1 ] i ! |
1l | i

Vas deferens contracepiive methodology 555



United States Patent 119

Free

(o 3,990,434
(457  Nov. 9, 1976

(54] REVERSIBLE INTRAVASAL OCCLUSIVE
DEVICE

{75} Inventor: Michael J. Free, Pasco. Wash.
(73] Assignee: The United States of America as

represented by the Department of
Health, Education and Welfare,
Washington, D.C.

{22] Filed: Feb. 18, 1975
[21]  Appl. No.. 550,708

{52} US. QL . 128/1 R; 128/334 ©
[S1}] Iat CL: ‘ R VY T R )
[58] Field of Search . 123 R, VMO
[56] References Clted

IRVERNAR
4,704,704
AN
IN-RIRLT!

UNITED STATES PATENITS

IR wotnnnon [ILTAIRI
Vot tioncadea 12K TR
ol Nugets Lra b 1t
AT B | TYTRNY I [ FRRE RN

3,877,435 41975 Bucalo..ooooviiinn 128/334 C

Primary Examiner—Dalton L. Truluck
Attorney, Agent, or Firm—Browdy and Neimark

[57) ABSTRACT

A revensible occlusive device for regulating the How of
the fluid through a body passage and having particular
utility in the vas deferens tor reversible male stenliza-
tion is surgically implanted. The vas 15 punctured by .
micro ool such as o hypodermie needle and then
proxmal tube having u shoulder portuon and opemings
on vither end 15 mserted. A second hole 1s punctured
i this body passage at 4 distance approvimately egual
W twive that of the length o the shoalder portion o
the provunal Wibe. A diatal tude sunbar i Constiue -
Hon o the provunal s then mserted nto this P ture
oy with o closed plug fos the prevention ot the jras
wge of body tHund Hothe adivntual wants the body
Pasauge opene the dlosad plag v saren ally semovet
! boeplaced by an pen phy

ot L, 3 Deawiay Figuses



U.S. Patent Nov. 9, 1976 3,990,434

Yoo
e
/"'“‘
St
RN
A~ ) '
o
v"’ ¥
Ry .
vy U RUE
i { ¥ 4 l -y
g e ey 3 o
Mﬁ..«,.,rg,,.m,m.@‘ Al L0 ’



3,990,434

1

REVERSIBLE INTRAVASAL OCCLUSIVE DEVICE

FIELD OF THE INVENTION

This invention relates to a reversible occlusive device 3
for use in the regulation of the flow of fluid in a body
passage. This device is particularly adapted to be used
in the vas deferens of the adult male as a means for
mile sterilization.

BACKGROUND OF THE INVENTION

In recent years, man has become increasingly aware
thut what was once thought to be o limitless supply of
natural and man-made resources has now become
alarmingly depleted. This depletion is due in great part
to an unparalled increase in the world population. In
the first three-quarters of this century, man's growth
rute has reached the point whereby he is taking much
more out of the world's resources thun he has been
replacing. I this rate continues, man will reach a point
in the near tuture where he cannot clothe cr feed him
swlt properly. To counteract this depletion or resources
and to ensure that the necessities of lile will be avail
1012 1o everyone, increased encouragement and educi
ton has been directed o proper family planning
weomphish this end, muany dilterent devices have been
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It is, accordingly, an object of the invention to over-
come the defects of the prior art as described above.

Another object is to provide an improved manner for
the control of conception and pregnancy,

Another object of this invention is to produce a re-
versible occlusive device which is to be inserted into a
body passage.

One other object of this invention is to produce a
reversible occlusive device which is inserted into the
vas deferens

Sull another object of this invention is to produce a
reversible occlusive device whose surtace 1s porous,
thereby enabling it to become firmly attached to the
vas deferens,

Yet another object of the invention is to produce a
reversible occlusive device which requires no ligatures
to hold it in place pnor to ingrowth,

A lurther object of the present invention is to pro-
duce a reversible ocelusive device that does not require
the triunsection of the vas deferens

Sull another abject of the myention s o produce o
reversible occlusive device which requires surgery 1o
allect the reversal
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5 o . N
xposing ; ; 4 v making an incision: inserting a distal tube having a shoulder into said duct
exposmgapqmon ot"s.nd du‘flb' ‘ng nmcis 9n at said second puncture to a distance where its
puncturing said portion of said duct without severing shoulder abuts said duct;

same to provide a first puncture; inserting one end of a closed regulating plug into said
proximal tube;

inserting a proximal tube having a shoulder into said 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 ncision without first clamping the duct
. . . o to either of the tubes.
punctunng said duct at u distance from said ftirst 8. A method according to claim 7, further including

puncture approaimatels equal to twice the length 10 the steps of: W closed | | d
i o e . removing said closed regulating plug: an
of samd shoulder without sevenng siaud duct to pro- inserting an open regulating P'U§ in 1ts place.
. . L] -

vide a second puncture;
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1

®
WHERE DID ALL THE VAS PLUGS GO?

Y During the late 1960s and early 1970s vasectomy emerged as an
important method of fertility control in the developed and less-developed
world alike. [t 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 maies. The success of the method

) prompted 1nquiry by clinical researchers ANd research ',I|,1I1|Ia-.‘t‘. 1Nnto the
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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 Yasovasostomy,
enacting of the Medical Device Act Amendment of 1971 by the US Congress,
and the increasing avatllability of simplified procedures for female

sterilization nave all undoubtedly altered the cost/benefit equation for

ntrdvasal device development HOweVel', Che primary obstacle has been
the va lelanrgns 1Lselr rapemerly regarded 45 little more than a condutt
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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 occlusicn. [t was generally
supposed that devices could eliminate these difficulties and, at the

very least, by virtue of being gasy to install and reverse, permit tha
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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

/alves. Nevertheless, minimal disturbance to blood vessels, nerve and

muscle continuity was considered an important goal, since prolonged

I1scontinuity wds considered to be one possible reason for low success
5 FOlIow . vasovasostomy. Furthermore, the mechanism concerned
LI deplsiting the CONntents or the vas dersrens 1nco the urethnra was
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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

ease with which 90% sterility could be achieved in man 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
ror the assumption that successtul devices could be developed by

trdal and avpor, at redsonable cost of time and money, using existing
Rowladgs of Che ale reppoductive systen.
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STUMBLING BLOCKS IN THE FIELD OF INTRAVASAL DEVICE DEVELOPMENT

[
<
., using microsurgical techniques suggest that periods of vas occlusion do
) not influence subsequent restoration of fertility sufficiently to pre-
o clude reversal in at 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 1In
® rastoration or fertility in vasectomized men. Less valid, however, was
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Recent successes (Silber, 1977) in improving surgical reanastomosis




of exerting a full range of forces upon the vas contents, thereby
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
1S good for the long-term goal of reversibility is, in this respect, bad
ror the short-term goal of occlusion. Many device developers abandoned

garly attempts at maintaining an intact vas deferens and INstead LOOK to

tnstalling devices between the free ends Oor the transected vas However,

revepsal of such devices is unlikely to De accompa, 24 by reganaration

OF Che proxtimal nerve net L ONg respgc b onits - WUP 3 ENAlL surgical
AR asUE LAY, S1hee 1rerul appas tbiaon aof tha trasnl i ki 1l

(AT \ 1 SRR IR 154 idigdra Lion Il lntendn i |




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 coi.e into contact with the
submucosal layers of the vas wall. In animal 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-qrade 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



studies was the need to avoid materials that are 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 deferenc 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 Tumen 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 objectiQe is to
maxfmize 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 Tumen diameter in freshly excised segments
of human vas yielded a mean and standard deviation of 0.85 + 0.07 mm;
maximally distencdzd, the lumen reached 1.06 + 0.12 mm (Brueschke et al.,
1974). In 22 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 is required 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
egrass 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.

9-4/



| 50

N

LIMITATIONS OF ANIMAL MODELS FOR INTRAVASAL DEVICE DEVELOPMENT

Several observations point to limitations in animal models for
research on the vas deferens. For example, both nerves supplying the
epididymis course along the vas deferens in most species, but in man
one nerve is remote from the vas (Hodson, 1970). Thus, vasectomy is
more likely to denervate the epididymis in animal models than in man.
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 fcllowing 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
monkeys suggests that only the ampullary end contracts during ejaculation
and that transport through the vas is a continuous process {Guha et al.,
1977). Furthermore, vasectomy by electrocoagulation without Tigatures
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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Mcst 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 4Q° of
monkeys following simple vasec:omy (Alexander, 1977). Possibly for the
same reason, extensive adhesions 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 in which human trials are needed to
resolve the model differences, while convincing animal trials are
requ.red to justify clinical testing. In an attempt to resolve this
problem we have attemnted to create an "improved" rhesus model by
installing devices in monkeys rendered aspermatogenic by implantation of
subcutaneous steroid capsules. Steroids are withdrawn at the time of
device installation, and in the interim before recovery of spermatogenesis

the device-vas interface can develop in a snerm-free environment.



J-éd

13

RIOD TRIALS IN RHESUS MONKEYS

Details of early development and laboratory animal trials of a
reversible intravasal occlusive device (RIDD) have been reported in
earlier workshops (Free, 1975; Free et é]., 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 is compared 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 folluwing vasectomy in rhesus
monkeys suggests that rhesus sperm are particularly irritating to
extravasal tissues and that rhesus may therefofe have severe limitations
as a model 7ur numan intravasal contraceptive technology. Thz incidence
of circulating sperm antibodies and macrophages in the 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-imalanted
rhesus monkey revealed that wperm 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 ¢f 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 sperm debris.
In at least five vasa deferentia the electrocoaqulation 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 methoa 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 probiem in man,
since the low incidence of fistulation 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 rroblems 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
assessed by electroejaculation and breeding trials. We are not implying
in this trial that a similar regime will necessarily be required for
RIOD installation in man. Rather, we are attempting to improve the
rhesus monkey as a model for the human vas deferens. The steroid-filled
capsul2s released 20 ug testosterone and 0.72 ug estradiol/kg/day; all
monkeys became azoospermic within 1-2 months of implantation. In most.
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 in animals with open RIODs (Figure 6). Normal
sperm counts throuch the open devices suggest no unusual resistance to

sperm flow with these thin-walled (0.7-0.8 mm ID) poly(ether)urethane

2-¢6
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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 RI0Ds 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 INTRiVASAL DEVICE

Research activity on intravasal device technology has dwindled
to a 1uw 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 1ikelihood 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 installatijon in man will be difficult o 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.
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TABLE 1. Current or Recent Research on Reversible Intravasal Devices

(Principal Investigators)

New York Medical College

School of Medicine
Bronx Co., New York, NY

(M. Freund and J. Davis)

Ortho Corp.
Raritan, NJ
(J. Loe)

I1T1inois Institute of
Tech. Research

Chicago, IL

(E. E. Brueschke and
L. J. D. Zaneveld)

Abcor, Inc.
Cambridge, MA
(E. W. Nuwayser)

Tecna Corp.
Emeryvilie, CA
(T. C. Robinson)

University of Missouri
Columbia, MO
(E. C. Mather)

Funding Agency and
Related References

Concept and Status

NIH
(Davis, 1973)

Ortho
(Polidoro et al.,
1976)

NIH
(Brueschke et al.,
1972, 1975a,b)

NIH

NIH

NIH

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 device with magnetic valve for nonsurgical
reversal; discontinued research after 1 year;
biologic studies in rabbit and dog. (U.S.
Patent 3,731,670 J. M. Loe).

Porous ceramic ard 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 0D of 0.7-0.9. NIH ro 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 tiscue 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.

61
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(Principal Investigators)

TABLE 1 (Continued)

Funding Agency and
Related References

Concept and Status

10.

1.

12.

Medical Engineering
Foundation, Inc.

Little Rock, AR

(J. T. Turley)

Battelle-Pacific
Northwest Laboratories
Richland, WA

(M. J. Free)

Southwest Foundation for
Research & Development
San Antonio, TX

(D. C. Kraemer)

Massachusetts General Hospital

Boston, MA

Carolina Population Center

U. of North Carolina
Chapel Hill, NC
(J. Hulka)

Department of Urology
University of lowa

fowa City, IA (K. H. Moon
and R. G. Bunge)

?

AID
(Free and Duncan,
1974; Free, 1975)

NIH

The Population
Council

AID

(Moon and Bunge,
1972)

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 un-
known. (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 wm long with ID of
0.6-0.75 mm and 0D of 0.8-1 mm. Tested in guinea
pigs, rabbits and rhesus monkeys. (U.S. Patent
3,990,434 M. J. Frec/U.S. Dept. HEW)

Nonocclusive device with copper coils inside a tube
for spermicidal action; copper caused semen coaqu-
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.
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(Principal Investigators)

TABLE 1 (Continued)

Funding Agency and
Related References

13.

14.

15.

16.

17.

18.

19.

New York Medical College
New York, NY (M. Freund)

Korea
(H. Y. Lee)

University of Chicago
Chicago, IL
(J. R. Swartwout)

N. S. Shah
1414 E. 59th St.
Chicago, IL

T. Read
Route 1, Box 470
Tempe, AZ

Dow Corning
Midland, MI
(S. A. Braley)

Biomedical Engineering
Division

Indian Institute of Tech.

New Delhi, India
(S. K. Guha)

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 effeciod by surgically remnving 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.



(Principal Investigators)

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

21. Nathan Brodie, M.D.
1103 Albemarie Rd.
Brooklyn, NY

TABLE 1 (Continued)

Funding Agency and
Related References

Concept and Status

(Laurence, 1972)

(Brodie, 1975)

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.

¢



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

Days Postoperation O - 14 14 - 30 30 - 120 120 - 180

Preoperation Vasectomyb R10D® Shamd Vasectomy RIOD Sham Vasectomy RIOD Sham Vasectomy RIOD Sham
Incidence of Sperm -
Inmobilizing Antibodies (1) o 100 0 73 100 0 27 66 0 27 50 20
Incidence of Sperm
Agglutinating Antibodies (%) 0 3 - 0 a 66 0 0 3 0 0 50 0
Incidence of Macrophage a -
in Ejaculate (1) 10 0 - 1] 7 50 0 27 50 0 7 0
Incidence of 0 33 - 0 a7 0o o 27 0 o 20 6 o
Fistulas (%)
Incidence of
Granulomas (%) 0 0 - 0 0 0 0 0 0 0 53 0 0
jncidence of Sperm 0 - - 0 - 00 66 50 0 - 00 o

Free Ejaculate (%)

A1l 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.

% % of vasectomized group: b n=15 Sn=6: d n=25

€2
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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.

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.

The bipolar electrocoagulator electrode is introduced in

the direction of the ampulla and the mucosa electrocoagulated.

The intermediate segment of vas is electrocoagulated through

the same hole.

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

the direction of the ampulla.

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

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 in RIOD-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 shown to illustrate normal variability of this parameter.

Figure 6. Sperm counts in a rhesus monkey following subcutaneous implantation
of a steroid-containing capsuie, and subsequent installation of
RIODs in the open mode. Silastic cansules released 20 ug
testosterone and 0.72 ug estradiol/!ig body weight/day. Sperm
counts returned tc normal levels following withdrawal of the

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

RIOD placement: 6/7/77 ==QPEN MODE
0.9mm 0.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 proleme. 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
ATTEMPTED RIOD REVERSAL 12/15/77 bilateral castration
left side¥large granulomatous mass, many adhesions around Riod.
Testis excised 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 suiured 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.
-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,
epididymic 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 adjaceat to Riod (granuloma). Able to reverse.
Vasal sheath sutured over Riod with 3-0 Dexon. Routine
closure as ahove.
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Rhesus Q-58
RIOD placement: 7/7/77--CLOSED MODE
0.85mm 0.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 ocutside tunics. Minimal adhesions between vas
and pampiniform plexus. Some yellow fliud filded the proximal
segment and escaped when the body was removed. Reversal
performed. Sheatl 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 0.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

RIOD reversal:

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

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 0.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 pody 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:
0.90mm 0.D
left side-

right side

hormonal i

8/3/77 monkey r
ketaset

8/5/77 monkey p

8/8/77 some ind
suture

RIOD reversal:

left side-

right side

8/2/77--CLOSED MODE
. used both sides
placement of Riod went well with no difficulty.

-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.

mplants removed at time of surgery

emoved last 2 skin sutures on right side. replaced under
restraint

icking at sutures oan right side

uration of wound edzes where animal picking and chewing at

3/7/78-~bilateral vasectomy

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.

-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

RIOD

0.85mm 0.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 f£it 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.

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 was
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
0.85mm 0.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-miniual 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

RIOD

placement: 8/18/77--OPEN MODE
used 0.85mm 0.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

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 8/19/77

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
ingrowth. 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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AN ELECTROCAUTERY INSTRUMENT FOR THE FULGURATION
OF THE VAS DEFERENS DURING VASECTOMY FOR STERILIZATION

John Decker, Scientist

Robert Carmichael, Senior Technician

Battelle Pacific Northwest Laboratories
Richland, WA 99352
United States of America

INTRODUCTION

Vasectomy nas rapidly become an acceptable, common
means of sterilization of adult men in many coun-
tries throughout the world. This operation is
simple yet is beset bv a failure rate ir the U.3,
as high as 2 to 5%,(1) This failure may be due to
several causes, ranging frcam spontaneous reanasto-
mosis to spermatic Zranuloma. Stanwood 3. Schmide,
M.D., has developed a vasectomy technique which
virtually elininates failure and complicaticn.
This technique, tested in =ore than 1,375 vasecto-
aies, relies on fulgzuration of the lumen of the
transected vas.

The first widely accepted 2lectrocautery instrument
was the spark-gap Jdilathermy introduced by Cushing
and Bovie in 1928, For many years the tachnical
advancement of electrocautery instruments las been
limited t> refinements of the sriginal 3Zovie units,
Since the report of a solid state electrocautery
instrument in 1968 by Peccv, Lim and Stanl(2) aany
modern solid state inscruments have become avail-
able. Although these so0lid state instruments are
smaller than the older spark-gap instruments, thew
are not fully portable; and all require a llQ-vol:
AC power source. The versactilirwy of these instru-
nents, necessary for i surgical electrocautery,
adds an expense and comolexicv both unnecessarv and
undesirable in an electrocauterw unit limited :o
vasectomies. 3ased on this report and medical and
technical idvice from Schmidt, we have developed a
solid state =lectrocautery instrument designed
specifically for fulguraction of the vas during
vasectomy. The requirement of a battery-nowered,
portable instrument necessitated the reduction of
power consumption to an absolute minimum, The
development of a concentric bipolar needle alec-
trode reduced the coagulating power by concentrat-
ing the current in the f{mmediate area of the nucosa
of the vas. The extent of the lesion formed by
this wique electrode arrangement is self-limiting
due to tihe concentration of power in a small area.
The more typical arrangement in electrosurgical
instrumenis is a monopolar electrode with a diffuse
ground. “hese i{nstruments require a very subjec-
tive cnrucrol 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 oucput and bv localization of
current to the immediate vicinity sf the LYipolar
electroda tip. The inscrument is inexpensive,
simple to use, and battery-pcwered, therafcre,
ideal for use in extensive male sterilization pr
grams in lesser develoved countries. Ia its fin
form it will weizh approximately swo pounds.
ing on guinea pigs and ZIresnly excised human vas
has been successfully ccompleved,

o-
na

o

]
-
T -

es

INSTRUMENT DESCRIPTION

The instrument was <esigned to leliver low duty
cvcle, high-volrtage, square-wave pulses. A labora-
tory instrument, designated the C.J.3. Cautery,
Mark II, was designed so zhat the variables, pulse
rate, pulse width, and pezk pulse volrage, could he
indepeadentl. adjusted. The versarilizy of rhe
Mark II allowed for optimizacion of these variibles.
This cptimization is necessary in srder o aroduce
lesions in the vas consistent with lesions produced
5v the Schmidt cechnique.

The instrument censiscs Jf several basic circuits
as depicted in the block diagram of Tigure 1, Fig-
ure 2 is a completa elactrical schematiz. The
Pulse Rate Generator {3 :omprised of a4 unijumccicn
relaxacion oscillaczor with adjustable freguencr.
The rate of cthe pulse craia can he varted from 159
to 1,300 pulses per sec. The output of this gen-
arator drives the Pulse Wideth Clontroller, s acno-

scable multivibrator with adjuscable tizme :ionstanc.
The duration of zhe pulses 2mitted f:om the Pulse
Width Conctreller can be varied frem 10 to
The Jutpur amplifier increases the pulse
power level to that necessary o coagulate tissue.
To maintain a2 lew battery Jdrain, =he output ampli-
fier was designed so that the power transistors
draw current only during the short time that 1
pulse is present. The output of the amplifier is
coupled to the cautery electrzde threugh a ste;
pulse transformer which provides the aeces.srv nign
voltage. This transformer also electr : is
lates the output frem the rast sof the
assures patient safecty.

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
output trangilstor must dissipate a self-destructive
amount of power. The Pulse Width Limiter protects
the output transistor under these conditions by
forcing the output of the Pulse Wid:ch Coatroller to
zero if the voltage across the primary winding of
the transtormer 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 limiter. The
detector consists of a monostable mulcivibrator
whicii, similar to the Pulse Width Limiter, monitors
the voltage between the output of the Pulse Width
Cuatrollar and the primary of the pulse transformer.
If the cutput of che controller remainsg high as the
voltage across the transformer falls to zero, the
monostable will trigger on and light the light-
emitting diode (LED) indicator for approximately
100 .sec during each cvcle.

The control portion of the circuit fncludes two
pairs of parallel-connected 22.3 volt, 3-type bat-
teries;* the on-off switching circuic described in
grerter detail below; and a "hi-lo" voltage selec-
tion switch with a nomentary batrery test position.
#hen the 22S-volt "lo" wvoitage output is selected,
the three-position switch connects the two pairs of
bacteries in parallel, supplving 22.5 volts cto the
circuits. When the 450-volr "hi" voltage output is
selected, the two pairs of bhattaries dare connected
in series, supplying <5 wvolts to the circuits.

When che switch i{s in the momentary battery test
position, the 45 volts are :connected through two-
series, back-biased, Ll3-volt zener diodes to

the LED indicaror. Thus, as long as the total
supply voltage exceeds about 30 volts, the LZD

will lighe brightly indicating that the hatteries
are good.

In order to eliminate the necessity of a foot
switch, a finger-controlled switch was included in
the e2lectrode 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 =uoxy of
which the handle is ccnstructed. This embedment
2llows the handle to “~» heat~-sterilized.

The needle is a concentric bipolar electrode origi-
nally intended for deep brain encephalographic
recording (Figure +a). 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 can bre heat-
sterilized.

A photograph of the completed instrumenc is shown
in Figure 5.

RESULTS
Evaluaction 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 (Schmide

*Burgess No. 4156 or Everready No. 763

technique) were compared with lesions formed in
freshly excised human vas by the Mark 1I.

Animal Trials

Bilateral vasectomy was attemptad 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 resulting
from the electrode could Ye clearly followed and
controlled by withdrawing the needl: or switching
off the current.

One animal was vasectomized according to rthe methed
of Schmidt and sutcpsied 13 days later. The right
vas, fulgurated with a pusse width cc 30 usec (450
volts, 300 Hz), exhibited a satisfactory blockage
in both cut ends that withstood the additicnal

pressure of svringe insufflation., In the lef: wvas,
fulgurated with a pulse width 2f 50 Lsec (450 vol:
300 dz), the central cut ead was satisfactorily
blocked; but the pértpheral and zave the impress
of blockage Iollcowed by burst. Sperm appeared s
nave accunulatad in a large =ass in the :2snnecti
tissue surrounding the zord. The cturreat necessary
2o produce the lesions in this anizmal was less thar
50 ailliamps. 1u - second

130
3

va

guined 212 the intacs
vasa were Zulgurated by inserzicn 3¢Y the nrobe
through the wvas sheath and wall. Actopsy 17 davs
later revealed plugs of scar zissuve in both vasa
although they Zid act appear o he forming a com~

plete block as vasal fluid content zould e ex-
pressed through the plug. Complete vasal plug
formation in the guinea pig Zollswing Zulguration
of the vasal ouccsa 3zay be fmpaired by the high
pressure (up to 30 =mm Hg) gzenerated in the vas
lumen rfollowing vas occulsioen.

The evaluation of <zhe use of the Mark Il on human
vas was conducted in the following manner. During
1 outine vasectomv performed by Schmidt, the
proximal end of the transected vas was fulgurized
by a 3irtcher electrocautarv using the standard
Schmidt technigue. A Z-mm segment of <he vas, con-
taining the lesion, was then excised and identiiied
for later histological evaluation. A 2-mm segment
of the distal vas was excised, fulgurized by ihe
Mark II electrocautery and identified for later
histological evaluation. The standard Schmide
vasectemy procedure then followed so aL not :t¢
jeopardize the success of the cperaticn. The re-
sults of the histological avaluaticn are given in
Table I. The aim of fulguration of the vas i3 2
destroy the epithelial lining wizhout Jisrupting
the surrounding vas musculature. Th» coagulated
epithelial cells slough off, and the auscle tissue
gives rise to scar :tissue which permanently bSlocks
the lumen of the vas. It appears that the Mark II
cautery accomplishes this aim gquita well when set
at 225-volt pulse magnitude, 300-sec pulse rate

and 88-usec pulse width. At this setting the en-
tire luminal epithelium is Jestroyed, bSut less
destruction of the musculature occurs than when the
Birtcher electrocautery is used.

The evaluacion procedure was %o be conducted on 10
sections of vas; however, failure of the needle
electrode limited the number %o 2 sections. The
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TABLE I.

Electrocautery
Instrument Used

P! ST RN

FIGURE 5. C.D.S. Cautery, Mark (I

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

Instrument Settings

Microscopic, Histological
Examination Results

Birtcher

C.D.S., Mark II

C.D.S., Mark II

Schmidt Standard

225 volts (pulse magnitude)
300 Hz (pulse rate)
88 psec (pulse width)

225 volts
400 Hz
88 usec

Considerable electrical heat
destruction of the luminal
epithelium, mild coagulation
necrosis of the tissues of the
muscular.s a few cells in
thickness

Electrical heat destruction of
the luminal epithelium, little
coagulation necrosis of the
muscle coat immediately adjacent
to the luminal epithelium

Complete electrical heat destruc-
tion of the luminal epithelium,
coagulation of the muscular coat
for a depth of about 10 to 12
cells around the periphery of

the lining



insulation between the bipolar electrade elements
bruke down as the unit was testad at the 430-volt
serting. This fault was not Jetected Juring Sench
testing and may ! been aggravated dv repeated
autoclaviag o ode. The thickness of in-
z ised to assure zhat the prob-
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FIGURE 5. Zlecirical Scnematic sf C.0.3. Cautery, “ark [I1

This electrode will be stiffer and, therefore, more
suitable for the transdermal technique of vasectomy
described above.

Repeatad autoclaving appears to slightly degrade
the insulaticn between the concentric elements of
the bipolar needle electrode. When used with a
coagulating pulse magnitude of 450 volts, arcing
occurred which shorted the two elements. Increas-
ing the thickness of i{nsulation between the two
elements will solve this problem and result in the
desived increased electrode diameter.

Through test and evaluaticn of the Mark II cautery
the values of the parameters (i.e., pulse zagni-
tude, pulse rate and pulse width) have been defined.
An acceptable fulguration is produced by a square
pulse of 225-volt magnitude and 30-usec width,
Jecurring at a rate of JO0 pulses per sec. Elimi-
nating the variable zontrols of these parametars
will vield 1 smaller, lighter instrument which will
Je easier to cperate, as it will have only one
swiceh., Zliminating cthe excess circultry will re-
luce the current irain from the batteries, thus
eliminating the need for large batteries. A aew
model, designated the £.D.S. Cauterw, Mark Iz,
incorporaces these simplificacions (Figure 6). The
latast in integrated zircuit design has deen used
to reduce the fabrication <osts. 3each tasting of
this acdel has deen completed, and a ccmpletely

-

pacikaged wnit as shown in Figure 7 is presently

oeing field tested.
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VAS CAUTERY: BATTERY-POWERED
INSTRUMENT FOR VASECTOMY

STANWOOD S. SCHMIDT, M.D.

ROBERT CARMICHAEL
JOHN DECKER
MICHAEL J. FREE, Pu.D.

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

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

Fulguration of the lumen is now recognized as
the optimal method of sealing the cut ends of the
vas at vesectomy. Spermatic granuloma of the
vas and its sequela, spontaneous reanastomosis,
are significantly less likely to occur when this
technique is used. In 1973, Schmidt' reported a
series of 1,000 consecutive cases wherein this
method, combined with closure of the fascial
sheath of the vas. was used. This series now
numbers more than 1,600 cases, without failures
and with minimum spermatic granulomas of the
vas.

One disadvantage is the use of standard types
of electrosurgical units {Bovie, Birtcher, and
others). Here, experience and judgment are criti-
cal. The ideal current application shouid result
in destruction of the epithelium of the vas only
and in preservation of the muscular wall, which
would then serve as a source of fibrous tissue to
seal off the end of the vas. Even when a “light
touch™ is used, tissue sections show significant
muscular destruction. Because of the vast reserve
of power in these electrosurgical units, additional
fulgurizing current will destroy the full thickness
of the vas wall. Necrosis. sloughing, and sperm
leakage soon follow,

Moreover, another disadvantage is that the
standard unit requires a 110-volt current. [n some

604

areas of the world this may be difficult to secure.

armichael und Decker,” of the Battelle Memo-
rial Institute, have prodiced a cautery® which
has been expressly desiuned for vasectomies
(Fig. 1A). Its power source is one 22.5-volt dry
batterv. Since it emplovs a bipolar needle,
grounding of the patient is unnecessary (Fig. 1B).
The canterv draws a minimum of current so that
several hundred vasectomies can he performed
with one batterv. The entire unit weichs about
2 pounds.

Tissue sections show that this method produces
complete epithelial destruction. with muscular
destruction limited to only a few lavers of cells.
Since the purpose of ftulguration is to destrov the
epithelium, the use of this cautery is a marked
improvement over that of customary electro-
surgical unit (Fig, 2). The tissue destruction is
selt-limiting, thus excessive necrosis will not
oceur,

This instrument has been emploved ina series
of more than 100 vasectomies in the senior
author's practice. To date, no spermatic granu-

*Cautery development supported by Avency for Iater-
national Development, Contract AlDresd-3132.
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http:disadvanta,.ye

FIGURE 1. (A}Vascautery and
bipolur needle, und B) dia-
gram of hipolar needle.

INSULATION
OUTER ELECTRODE
INSULATION
INNER ELECTRODE

! !
" 0.5 v 0.5 s 0.5 -wme- 0.5+
+ t

!

-

_ v
[ 0.9
31 L |
;-—-— LEADS —_— —/
EXPOSED ELECTRODE
SURFACES

8 INSULATION

and is superior to the usual electrosurgical unit
in performing vasectomies.

M-478, University of California
San Francisco. California 94143
{DR. SCHMIDT)
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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. Qut of this growing awareness
we sec 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
casily forsaken or forgotten, the advantages of a contraceptive method
requiring only ons brief encounter between physician and individual
to deliver nearly 100 per cent lifetime efficacy are overwhelming from
a demographic and individual standpoiat. 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 worid, and particularly in the USA, there is an
increasing tendency for voung 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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Fra. 1. Estimated world prevalence of voluntary sterilization 1972, Percentages are caleulated on the basis of number of sterilized persons
of reproductive age, male and female, per 100 wosen aged 15-44, in order to arrive at a figure indicating what percentage of fertile
marricd couples are currently protected against unwanted pregnancy by this method. Seurce: Population Reports (1973).
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Fia. 2. Percentage of all sterile for contraceptive purposes in 1970 who were sterilized in
each year: 1961-70. Source: Presser and Bumpass (1972b).

Fi4ure 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 tme 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 prophylactc
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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Fig. 3. Diagram showing optimum location for vasectomy. An outline of the testes, epididy-
mides, and vasa deferentia is superimposed on the front view 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. 61. 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 degree that
they occur in these animals, would not be tolerated in man.
Meanwhile, 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
traditonal “‘cut and tie” methods of male sterilization, these studies
are generally supporting the historical aititude of urologists who view
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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 spermatogenesis 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 ef 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 laboratories 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 innervadon of the
epididymis. The middle spermatc 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 ¢t al.,
I971) 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 dme. Our own model , (Fig. 3), 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 facilirate restoration of fertlity 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). In the near future there will 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 current practice 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 {rom regenerating.
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TABLE |

Current or recent research in the U.S.A. on reversible Intrayasal devices

Institution

(Principal investigators) Funding agency

Concept

New York Medical College, NIH
Schooal of Medicine (NICHHD)
(M. Freund and J. Davis)

Ortho Pharmaceutical Ortho
Corporation,

Baritan, New Jersey.

Hlinois Institute NIH

of Technology (NICHHD)
Research Institute

Chicago, IlL,,

(E. E. Brueschke)

Abcor Inc. Cambridge, NIH

Mass. (NICHHD)

(E. W. Nuwayser)

Tecna Corp. Emeryville, NIH
California.

Illinois Institute of AID (?)
Technology

Reseirch Institute

Chicago, Il

{M. Burns and E. E.

Brueschke)

University of Missouri NIH
Columbia, Mo. {NICHHD)
{E. C. Mather)

Medical Engineering
Foundation Inc. .
Little Rock, Ark.

(J. T. Turley)

2

Battelle Northwest AID
Laboratories, Richland,

Wash,

(M. J. Free)

Gold and stainless steel stop-
cock installed in the sectioned
vas with gold mesh for in-
growth,

Metal device with magnetic
valve for nonsurgical reversal,

Porous ceramic and etched
stainless steel operated through
a small opening in scrotal sac
or by palpating scrotum. I
sections conduits used.,

Hollow fibre tube with bonded
flock. Centre pin made of
steel, vitallium or plastic.

Plastic tubes with micropor-
ous surface for tissue ingrowth,

Ferivasal occlusive device—
occludes by external com-
pression,

Reversible vasectomy pros-
thesis.

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.

Flexible plastic device with
textured surface installed into
the unsectioned vas in two
hajves. Halves are joined
around a plastic plug und
uncoupled and  rejoined
around open tube for reversal,
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ABLE | (cantinued)

Institution

Princioal investigarors Funding acency Cencept
Southwest Feundaten or NIH Nonocclusive device with cop-
Res. and Dev, NICHHD: per or iron coils or threads
San Antoaio, Tox, inside  a  tube—spermicidal
D. ¢ Kraemer action.
Mussachusetts General Papuiation Council Removable silastic obturator.
Hospral, Boston, Mass, Inc.
Carolina Popuiation AID Polvpropyvienc tube with teflon
Center. UL North Carolina, velour. Also a proplast sponge.
Chapei il N.C
J. Hulka
Deot, of Urclozy ? Tap=red poivethviene tubing
Univ, of Fawa, Towa Civ, [a. ‘nstalled in unsectioned vas
K. H. Moon ind with ends protruding. Ends
R. G. Bunge are anchored with siiver clips.

The electrocautery is finding En asing acceptance in the United
states as v ozool 'br i'rprovin le vasectomy. Schmidt recently
reported u series of eciomins in which no segment of the vas
was removed and no f"f:nures were tied an the vas ‘Fig. 81 “Schmidt,
1973°. Rather, the lumen of the proximal end was cauterized for 4
mm in such a way that the lesion was confned to the epithelium,
lamina propria and part of the muscle wall. The distal end was
cauterized on the cut surface onlv and the sheath of the vas was closed
over it with a single yuture. This series now stands at 1,500 with no
fatlures and less than er centof sperm granuiomas or other compli-
cations ‘Schmidt. S. 3. persenal commurication;. This compares with
around :3=3 per zent ailures and up to {9 per cent of complications
following ~asectom~ 5y lgaton Fig. 50 Klapproth and Young, 1973);
Schmidr, | 3.0 An 2ddidonal advantage is that reanastomosis is
technicaily »asier hilowing vaseccomy by this procedure,

A bipolar =lectrezautery specificallv designed for vas occlusion has
om-n deveioped in our laboratory under the s sponsorsiip of AID {Fig.

. This small solid-state instrument is completely self-contained and
d;a,a, verv dittde power from it 223 wolt battery. The probe is
sterilizaple and the nendle clectrode interchangeable. Current flow is
confined o the arew bLetween the two bands around the dp of the
needle Fig. 30 and i thus self-limiting. This device is currently under
clinical evaluation and shows promise for imp rmmg simple vasec-
tomies under field, railway station, bus or clinic conditions.
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BATTELLE-NORTHWEST — A...D. REVERSIBLE
INTRAVASAL OCCLUSIVE DEVICE({R.1.0.D.}

‘/—~ FULGURATED

PORTION OF
VAS LUMEN
CONTAINING
suacx couoned ) rien,
BODIES OF RIQD
CONTAINING
OPEN OR CLOSED
INSERT
FULGURATED
PORTION OF
VAS LUMEN
CONTAINING
BNW TUBING
STEM OF RIOD

BLACK BODY WITH INSIDE TAPER
TO FACILITATE FITTING OVER INSERT
(0D 0.07°%

SMOOTH TAPER BNW TUBING
WITH CONSTANT WITH MATRIX SURFACE
1D TO FACILITATE INSERT SNUG FITTING | LENGTH QOPTIONAL
INSERTION AND COLOR CODED 0D 0.03" - ID 0.02"
{OPEN = WHITE .
CLOSED = BLACK)

Fic. 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 fuiure, 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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covzred over with fascial sheath. II1, vas cut, proximal lumen fuigurated, distai 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 ¢f 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 fertility (Table TI). A more successful individual
series yielded 53 per cent pregnancy with 83 per cent return of sperm
in 76 patients (Phadke and Phadke, 1967). Indications are that
these observations are linked with others showing an increase in



76 POPULATION AND TIHE NEW BIOLOGY

Fic. 7. A miniature, battery-powered bipolar cautery unit for use in the vas deferens.
Source: Decker and Carmichael {1973,
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F1c. 8. Detail of the bipolar needle cicctrodc for vas cautery unit. Source: Decker and
Carmichael 71973,

antibody titers in 50-60 per cent of men following vasectomy (Phadke
and Padukone, 1966; Ansbacher ¢f al., 1972; Shulman et af., 1972). If
these antbodies are found to impair Cpldld\mal 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. Additionall~, the long-ierm pathological
consequences, if any, of autoimmunity to sperm are unknown and are
the subject of considerable research activity at the present time.
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TABLE Il
Survey of vasovasostomy
No. of physicians Technique No. of cases % pregnancy

103 No splint 188 109
281 Wire splint 804 19:9

98 Caunulae splint 242 20-9

60 Nylon splint 196 26-0
542 19-3

Return of normal sperm in 38 ¢

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-
fllation 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 Guuierrez-Najar, 1972; Havashi,
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 applyving these latter clips in conjunction with culdo-
scopy or colpotomy may significantly simplify the overall procedure and
further increase its practicability and acceprability in the next few vears.

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 af., 1971; Falb et af, 1972), barriers
(Rakshit, 1968 and 1972; Omran and Hulka, 1970}, sclerosing agents
(Richarrt ¢t ¢/, 1971; Zipper and Insunza, 1972; Zipper et al., 1970}
or combinations of these, or may involve electrecautery (Hulka and
Omran, 1972b) or, more remotely, cryvocoagulation {Droegemueller
et al., 1971}, laser beams (Halbrecht, in press) and ultrasonic cautery.

Quinacrine has proved to be the most effective chemical rtubal
occlusion agent to date (Zipper and Insunza, 1972, although it
requires two applications to achieve effective tubal obstruction in 20
per cent of cases. Among the adhesive agents, gelatin-resorcinol-
formaldehvde {(GRF.} has shown promise [Grode ¢t ai., 1971},

Devices are being developed to deliver chemical occiusive agents
precisely to the fallopian tubes without endoscopic visualization
(Thompson et al., 1972). They would act to seek out the uterotubal
junction and torm a gasket around it to prevent the back flow of
injected chemicals. The chemicals may then b« injected into the tubes
from an cxternal syringe. Such devices are the key to making female
sterilization a paramedical procedure, thereby increasing its avail-
ability in more remote and sparselv-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 inevitable 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 acceprability 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 role in the birth control programmes of the
developing world. More reversible methods of vas occlusion, feasible
within the next five vears, should boost the acceptability of this
procedure in a yvounger and therefore more demographically-signifi-
cant segment of the developing world population.
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ABSTRACT

Whether antisperm antibodies develop atter vasectomy probably depends on several variables, |
of which may be the surgical technique. The levels of serum antisperm antibodies were compared in
men vasectomized by 2 techniques: vasoligation and tulguration. 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 vasolization but in only 29 per cent of the men

vasectomized by tulguration.

Antisperm antibodies develop in ahout haif o the vasecto-
mized men.'' However. why they develop in some and not in
others is not well understoad. The explanation invoives several
variables. including not onlv the basic immunocompetence of
the individual but probably also such factors as the rate of
sperm ouiput. the sites of sperm resorption and extravasation,
ard the possibility of adjuvant inflammatory effects at the
time of sperm extravasation. Moreover. difterent surgical
procedures mayv lead o the formation of ditferent kinds of vas
blockage, which may or May not accentuate sperm extravasai-
tion. Therefore. antibody formation may be related to the
surgical method. The rulguration method developed by
Schmidt involves sectioning and fulguration of the vas without
the conventional vasoligation.* It is suggested that rhe firm
scar that forms on the cut and rulgurated ends ot the vas is
etfective aganst granuloma formation.*” On the other hand,
there may be a short interval hetore scar formation during
which time sperm have access 1o rhe scrotal tissues: it so. either
tolerance or rapid sensitization and immunization may resuit,
The reported low incidence of sperm sranulomas associated
with the fulzuration techmique prompted a retrospective study
of 94 patients vasectomized hv Schmidt during the last !!
vears to compare them with an unmatched Jroup of men
vasectomized by ligation tor a comparabie period.

METHODS

Single 2 ml. bicod sampies were taken (rom 94 men vasectn-
mized between January 1965 and Decembher 1974 by the
tulguration method described by Schmidt.* These samples
were compared with sera from 37 men vasectomized hy the
conventional vas ligation technique by several dirferent 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 assayved by the macroscopic spermagglutina-
tion technique' and the sperm immobilization procedure. !
The spermagglutinin titer was reported as the rectprocal of the
last positive dilution. Spermaggelutinating antibodies equal to
or more than 20 were considered positive. Sera were consid-
ered positive for sperm immobilizing antibodies it the ratio ol
control percentages to test motility percentages was equal to ur
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more than 2.0. The incidence and titers of sperm antibodies
were examined tor the following time intervals after vasec-
tomy: D to *: c:to 1) o2 23 3t 5 and more than 3
vears,

RESULTS AND DISCUSSION

Or the 37 men vasectomized by means ot vasoligation during
the last 10 vears 43 per cent exhibited sperm-immobilizing
actuvity. while only 29 per cent of 94 men vasectomized with
tfuiguration of the vasa had sperm-immobilizing antibodies
tabie 1. An X* analvsis of these data shows the ditferent
frequencies to he significant only at p less than 0.10. When
broken down into respective time periods this discrepancy
diminishes. No ditferences in agglutination activity were
ohserved between the 2 zroups itable 2).

Testicular ends of the vas examined at the time of vasovasos-
tomy reveai that about 20 per cent have had demonstrable
spermatic granulomas. In addition. others have had epididy-
mal obstruction which mayv be caused by spermatic granu-
lomas. Schmidt and Morris report that fewer granulomas re-
sult from vasectomy by the fulguration technique than by vaso-
ligation.* * They observed that the testicular end or the vas is
capped by a firm scar without evidence of ¢ranuloma. The re-
sults of our studv on antisperm antibodies reveal similar or
slightly lower sperm immobilizing antibody levels in the fulgy-
ration group as compared to the vasolization group. Alexander
showed that sperm immobilizing antibody titers in vasecto-
mized rhesus monkeys correlated with the incidence of sperm
granulomas.*? Her study involved vas fulguration similar to
Schmidt's, vet exploratory operations showed that granulomas
developed in 4 of the 6 monkevs. This high rate of sranuloma
formation atter vasectomv may reflect a species difterence be-
tween man and the rhesus monkev or a difference in surgical
technique. Because human and rhesus sperm counts normally
vary within the same order of magnitude per elaculate, 1T is
not expected that the rate of sperm vutput would account for
the differences observed.

Brannen and associates have suggested that 4 low incidence
of antisperm antibodv levels mav indicate cell-mediated
immunity.** High antibody levels developed in rats with
lizated vasa, whereas ceil-mediated immunity developed ex-
clusively in those with no ligation after vasectomy. However,
granulomas developed in both groups. The tvpe of immuie
response may well depend upon the rate and time of exposure
to spermatozoa'™ '* and the type of vasectomy performed may
produce ditferent immune responses. For at least a short while
atter vasecromy ligation completely prevents extravasation,
and it is only after a certain lag that the combination of pecro-
sis at the site of constriction and buitd-up of back pressure
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A barterv-powered, bipolar electrocoagulator has been specifically developed for sealing
the ut ends o the divided vas at vaseccomy. With @ minimum of »lectric power.

e electracoagulaior destorys onlv the mucosa and one or fwo muscle cell layers of

the vas. ichieh lvads o opumai ribroses of the cur ends.
This instrurent has bevn used n more than 1000 vasectomees without a known

sarlurs and worch o runemum of complications. An analysis of these cases s

reported with emphasis upon the method's siueeess tn sealing the vas.

Vasectomy 1s the most popular means of sterili-
zation for rertility control. Although many tech-
niques exist tor this operation. the electrocoagula-
tion. fascial interposition tecnnique “appears 1o
have the best chance of preventing complications
as well as permitting easier reversibility.™ The
senior author has performed more than 3000 ¢on-
secutive vasectomies by this methnd—without
a failure. In spite of this record. the aperation
can still be improved upon.

When a monopelar =lectrosurgical unit Bovie
or Birtcher tvper is used {or fulguration. ex-
perience and judgment are critical in determining
the end-point. Tissue destruction may be inade-
quate; on the contrary. it mayv be 50 extensive
that the end of the vas sioughs, leaving the
lumen open. thus allowing leakage of sperm and
the formation of a granuloma. Furthermore,
areas of the world exist where electric power is
either unavailable nr undependable. Transection
of the vas. together with suturing its sheath,
deprives the =pididyinis and proximal vas of in-
nervation.” This lack of innervation could inter-
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fere with sperm transport after a fiture vaso-
vasostomy.

All present techniques are those of open sur-
gery. 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 artempted by the senior aurhor some
20 vears ago with the use of a monopolar
needle. [t failed—weak heat was created but
electrocoagulation was not. owing to the relatively
large surface area of the needle in contact with
the tissue. Clearly, 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. 1 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-
cnagulator 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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Fii. 1. Bipolar cautery system: 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.

3RASS DOUGHNUT

Lidem ———

EPOXY INSULATION

!5 TUBE QUTER
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SUBJECTS AND METHODS

Equipment. All vasa were electrocoagulated
with the same basic equipment and circuitry.”
The 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-
tvpe. 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. Twao 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
ascribed to the autoclaving. One pencil lasted
for 475 cases, another for 463,

Twenty needles were used to the noint 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 :arlier model and obviously
improved) lasted an average 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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young couple, a waiting period was occastonally
set. to vontirm that the decision was correct.
Single men and childless couples were aceepted
when their motvaton was udeged 1o be sincers
and mature
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but did not ensure proper needle function, which
was demonstrated only by the bubbling. Since a
greater degree of anesthesia is required against
electrical stimuli than against cutting, additional
anesthetic was always injected into the sheath of
the vas, around the cut ends, before electrocoagula-
tion. After electrocoagulation, the sheath of the
vas was closed over the urethral end and the skin
was then closed.

Patient Analysts. Members of our group of
patients are considered fairly typical of American
men who request a vasectomy. Their ages range
from 20 to 68 vears (85.2% were between the
ages of 20 and 40 vears and 14.5% were 40 years
or older). The number of living c¢hildren whom
these men had fathered before their tasectomies
ranged trom 0 to 9 (11.2% had one child, 53.2%
had two children, 17 4% had three children, and
0 4% M

morer: 85.2% of the men (o this
group had never tathered a child and, of this 8
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the muscle between lumen and cut may be de-
stroved. leaving an area proximal to the cut end
which 15 susceptible to blowout and leakage.
Such an area. when recogmzed. should be excised,
and electrocoaguiation pertormed on the intact
portion of the vas

The low inctdence st aranuiomas indicated that
the bipotar newdle s an offective mstrument for
sealing the cut vas without higatures. clips, or
other devices A planned u test a
moditled needle with a sharpened tip. for sealing
the undivided vas Shouid this trial prove suc-
vesstul, we shall then have both the technique

rial s

and the cquipment S percutianecs viasectomy
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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 mala 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

Tha powaer unit should be positioned close anough to
the operating table so that the hand control cable will
allow the hand control and electrods to be manipu
lated within the surgical field, The power unit may ba
placed on a table, chair, shell, w1e, Since controis on
the power unit are not used dur g the pioondurs, i
may avean be positioned bensath the tabin. out of
SIVIAL

For datails tegarding the surgionl ARpROts of the
prodsdire plonke sne the seotion Hledl  Surgionl

Mrotes ol




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 shotld be
inserted approximately 6 mm into the lower (testicular)
and of the cut vas. The surgeon should then press the
button on the hand control with his thumb or fore-
finger for 4 to 5 seconds while slowly withdrawing
the alectrode. Some blanching of the tissues

will be avident upon close inspection. In addition,
some bubbling, foaming and steaming of the vas
contants can often be seen at the cut and, This
blanching of the tissue 18 visual evidence that alactro-
coagulation has taken place, Note that if coagulation
5 continued bayond the paint of blanching, the
voagulating gurtent will continue 1o hedal and char the
Heaue a0 that (L tarns brown. Codagulation to this
pxlenl 8 undesirable and Unnecessaly Also note thal
(o lanahing s abheaived, gaagulation may not
Hwve takoiy place T e eyvaind, e bDatlary shiould
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Checking the Elactrocoagulator

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 graduaily 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 appear to be in good
working order, be of round geoinetry and the pin
contained therein should be strimght. The tip of the
electrode should be in line with the shaft and tha fillar
insulation should be pruesent betweasn up and whaft,
filling the gap. This insulation should contam no signiti-
cant chips, vords or cracks. Should the electrode yxhibnt
obvious wedr or damage as noted above, dshould by -
placed. Discoloration of the ciectrode tp and hatt
porttons rasutts from ropeatod gue withouat prapg
cloaning tiea woction on Cleanimg and tenibization)

Hooach of tho thron party of tho oyvcatorm oot ol
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Note:

Buzzer may be relied on to show when power unit

is on. However, buzzer will operate at low battery
voitages, 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
elactrode when button is pressed. Since this electrical
energy is quite miid, 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 increasa sensitivity.

An alternative method of testing for electrical eneray
at up ot biputar clectrode 15 to dip the tp into saline
solutiun or salt water. Whun hand control button is
pressed, tilin of simall bubbles will immadiately form
o the olectiude sutacas, indicating the presence of
alouliieal siuigy

4 Hothase o Leeka i ate Hal tig it s waiking
hopery b iay Lo daud et Condidone o oy g
Casuidonng oo G Thosvavat Doaa SHioudd abwaday
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Surgical Protocol

The foll‘owing 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" needle:
¢ Bard-Parker handle with #15 blade

* 2 curved mosquito clamps with sharp tips

¢ 2 straight Kelly or mosquito clamps

o 2 Allis clamps

® Electrocouguiator, hand control and nsedle slectrodes

®  Noudle holdar and suture with neodla (Curved
cutting odge, plam gut, cotten, walk, ote.)

* Mayo clamp

o Towol ciip
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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"
or larger

Procedurs
1. Upper scrotum 18 palpated 10 locate vas, and 1o

dalact possible congenital absance or reduplication

Ul Vs

SUTGEQn grasps vas (0 uppar scerotum batwaan thumob

and index tinger. The averlying skin s inbitratad tor
ol & ame with 2% Lidocaing withoutl gpinuphrring
[

BEIVABAl Tisaiien aro then irirated with tha siime
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5. Sheath is incised longitudinally until vas muscle

is exposed free of fascia. Care must be taken not to

incis2 the vas. If this occurs, that segment is later
® discarded.

6. Curved mosguito c!lamp—or one point of a towel
clip—is passed benzath vas to separate it from its
sheath. Clamp is spread, and vas is grasped with
smooth forceps. Allis clanip is removed and sheath is

® clamped with mosquito clamp to guard against it
slipping away.

7. Vas is civided. *

8. Holding vas with smcoth forceps, electro- .
® coagulator needle is inserted about 6 mm into the lumen

of testicular side of vas and lumen is coagulated.

Needle is then inserted 2 mm into lumen of upper end of

vas and that lumeu is also coagulated, If electrocoagtila-

tion is adequate, bubbles may appear around needle at

cut end of vas, or center of vas will become opaqus.

Note: Care should be taken against excessive electro-

o coagulation, which may cause the entire vas to turn
opaque, to “pon," or to turn black; the muscla must be
" 15
laft alive,

9. With the electrocoagulater, power is applied for
approximately 4-5 seconds in the testicular and of
- the vas and for 2-4 seconds in the upper and

10 Shaath (s shtured over upper and of vus, using
A single ar igure-al=aight sutur

C1 U Blaeding oGurs, aupuciaty from the vas o
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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-
ceptives are necessary until testing shows the semen
to be sperm free.

Semen Testing Procedurs
1. Start testing after 10-15 ejaculatiors.
2. Inspect 10 or more high-power microscopic fields.

3. If no sperm are seen (including nonrotile), ratest
in 1 month,

4, If sperm are still absent, contraceptives may be
discontinued.

Cleaning and Sterilization

The power unit itself requirés unly occasional cleaning
with a mild detergent and damp cloth.

The electrede should be cleaned with household
scouring powdar: wet thumb and index finger, cover
watled area with scouring powdar, place tip of electrode
balwean thumb and index linger and, grasping the
connector and of the needle In the othyr hand, move
alpgirode back and forth. Hinsa periodically and repsaat
as (aduired untl discoloration has besn reamoved, Do
not uge sHIT Drush, abrasives (Gandpapsr) or staal wool
0 disan aleciiode since these Mathods can damage

dalivate slevtioda L agsaimbly

FLORIY e vl ot 550 el sleciiode imay bo el sterihized
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Electrode and hand control may be sterilized separately
(disconnected) or together (connected) by the most
appropriate cold sterilization nnethod. Care should be
exercised in handling the electrode to avoid damage

to the small tip.

When the electrocoagulator is used at frequent
intervals, having two hand controls and two alectrodes
(with one cautery unit) will allow one set to be sterilized
while the other is in use.

Battery Care
Testing the Battery

Prassing the battery test button should cause the red
lignt above it to light. Simultaneously pressing ha: *
control button and battary test button tests battery
undar load, This should indicate that sufficient battery
veitage is prasent for vasectomy procedures, Howevaer,
If the buzzar sound changes when the battery 18 under
load (1 s, during use of the sloctrode), the ballery

should be replaced

If the indicator doed not Hght, the battery should be
foplaged at once

Qaplaoing the Qattery

1 Hamove the power undl cover by csiviig e
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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 cove}, making sure that sponge rubber
liner is properly pcsitioned over battery.

Replacement Batteries

The power unit is designed to accept inexpensive,
commercially availabie batteries, generally available
through radio repair shops and electronics parts
dealers.

Acceptable batteries are:
Eveready #763 — 22 1/2-volt radio battery
Burgess #4188 — 22 1/2-volt radio battery
NEDA #710 — 22 1,/2-volt radio battery
Battery Life

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 (22°C). At elevated
temperatures, expected shelf life (four months at

32°C) 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 proionged periods.

VIl. 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 thne method. Peel and Potts? 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.”¥ In a
summary of the workshop, ' Dr. William McRoberts
is reported to have round electrocoagulation preferable
to ligation and to have observed virtually no granu-
loma complications following electrocoaguiation,
versus 10% following ligation.



FAILURES : FAILURES AND
SPERMATIC
GRANULOMA

3% A 1-cm Segment Excised 7.3%

0% B Fascial Sheath Sutured 9.7%

0% C  Fulguration 1.0%

Figure 1. Results of different methods of vasectomy

A. Vas cut, doubly ligated and 1 crm segment excised

B. Vas cut doubly ligated, ! 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, Edwarcs!®
commented that he had changed from the traditional
procedure of excising 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 disability. In an addendum to
his review this clinical investigator reported on 200 steril-
ization procedures by electrocoagulation with no failures.

Klapproth and Young'® 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.'® A similar result was obtained by
Esho, Ireland and Cass.'”® 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%) comparad 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 smail segment of vas for
histological examination, although vasaoligation was
avoided and fascial separation of the cut ends was
performed in all cases. In one additional series,®
electrocoagulation was used in conjunction with
tantalum clips.

Although sperm granuloma is often difficult to detect
without histologic examination,!'® the incidence

of verified sperm granuloma in monkeys has been
correlated with sperm-immobilizing antibody titers.!'™:
In view of the lower incidence of sperm granulomas

F- vy



following electrocoagulation compared with vasoliga-
tion, reported by Schmidt,'" McRoberts, and

Esho, et al.,”" 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."'?

Traditionally, the monopolar surgical e'ectrocautery
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 cof 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 weakenad vas
wall un:ler the pressure of dammed-up sperm. In
order tc facilitate these objectives, elirninate 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, @ miniature, battery-
driven bipolar electrocoagulator was designed
specifically for electrocoagulation of the human vas
deferens.''2.'4 Numerous refinements and

tests of these prototypes have culminated in the
present vas deferens electrocoagulator. A foilow-up
survey of 1,000 cases performed with the bipolar
electrocoaguiatort'® 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 slectro-
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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Figure2. Histology of the human vas deferens fouryears
after transection and electrocoagulation

A. Transverse section through extreme tip of proximal
end. Histopathology: Three layers of muscufature 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.
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Transverse section 1-2 mm from tip of proximal end.
Histopathology: Three distinct layers of musculature,
with the scar in the center. There appears to be a group
of epithelial cell nucler showing through at the center
of the scar.
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Transverse section 2-3 mm from tip of proximal end.
Histopathology: An apparently normal epithelium is
present in the centra! portion. Some subepithelial scar
tissue is present. as well as some epithelial infiliration
of easinophils. The lumen is distended.



Table 1. Comparison of Results of Various Vasectomy Techniques (a)

Ligation Monopolar Bipolar
No. of Patients 288 1600 1000
vasectomy failure {spontaneous anastomosis) 3.3%“’) 0.0% 0.0%
Spermatic granulomas of vas 4.2%(6) 0.4% 0.4%
Wound infection requiring antibiotics 4.2% 1.3% 1.3%
Hematomas (none required drainage) 1.4% 0.4% 0.2%
Suture extrusion 3.1% 0.3% 0.0%
Congestive epididymitis (reporied to physician) 5.6% 2.8% 3.8%
Patients having undergone later vasovasostomy No data 0.4% 0.2%

{8) From Schmidt, S.S. and Free, M.J., Urology (in press), 1978
b) of the 150 cases in this series without fascial interposition
(€) 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 twe
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 in.a
series of 40 men. Interposition of the fascia was performed in-

12 cases and was not performed in 28 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 in different
fascial planes as an adjunct to the vasectomy procedure has baen
widely advocated for many years. This adjunct can be used vith 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 studv are

herein reported.
History

In 1923 Ro]nick] 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 énd directing
the path for epithelization. It is most reasonable to assume that
if the sheath of the vas were sealed over one end of the severed vas
then recanalization could not occur. This adjunct procedure became

widely adopted.z"]]
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.

359
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Advocates of this procedure claim that an impenetrable wall of fascia
is thus created, one which will prevent spontaneous anastomosis. In
other words, it is believed that with the sheath blocked, regeneration

cannot occur.
Study Backgrodnd

A unique opportunity to study the effectivenéss of this procedure
presented itself when surgical occiusion of the vasa during vasectomy
was inadvertently not performed in an 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 in all respect, except that in an undeterminable
number of cases, vasal occlusion was not achieved. Interposition of the
fascia was performed in 12 cases and not performed in 28 cases.

Follow-up began after 15 ejaculations.
RESULTS

The results are summarized in Table 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. In one 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
fo]]owfup and is considered a potential failure because the number

of sperm was 98 or over per HPF after six ejaculations.

If the assumption is made that the proportion of non-occluded vasa
was similar in each group, then application of the Fisher's Exact Test]2
indicates no significant difference in the failure rates of the two
procedures (p = 0.5485). In other words, placing the two cut ends of
the vasa in different fascial p]énes as a integral part of the vasectomy
procedure does ﬁot 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.

In order to ascertain the fate of the fascial barrier, vasal tiﬁsues
excised at the time of repeated vasectomy in two 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 interbosed 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

is given proximal or distal to the site of transection).
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(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 contigﬁous with the original lumen and one
deep in the longitudinal muscle layer. Scarring was evident in the

musculature at this level (Fig. 1).

The muscle layer was fragmented into separate pieces with consider-

able scarring evident around the site of the original lumen.

(Proximal 1.5 mm) Progressing further towards the site of tran-

section the vas became ralatively normal (Fig. 2). No sperm were

evident in the lumen.

(Proximal 0.7 mm) The vas remained relatively normal but some
sperm nuclei appeared in the muscle layers and whole spermatozoa
and mononuclear inflammatory cells were evident in the connective

tissue external to the muscle (Fig. 3).

(Proximal 0.2 mm) The lumen was intact (Fig. 4). Sperm granulomas
with epithelial 1ined 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 Tamina propria (Fig. 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,



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 the ampulla while
becoming progressively less severe. The vas Jumen remained normal

throughout.
Comment

The proximal damage was probably due to handling during excision of
the tissue. Since no fascial separafion was used between distal and
proximal vas segments the cut ends were probably lying in apposition.

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 faséia 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
Tumen. The inflammatory reaction subsided in the external connective
tissue (Fig. 9) and the vas became essentially normal with a few

spermatozoa in the lumen.
J-5E
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(Proximal 0.8~1 mm) Inflammatdry reactions reappeared in the
external connective tissue, characterized initially by the presence
of sperm and mononuclear inflammatory cells and eventually by
macrophage and foreign body giént cells. They gradually eroded

the outer longitudinal muscle (Fig. 10) and foci of granulomatous
reaction appeared in the lamina propria and junction of the
longitudinal and circular muscle. The epithelial lining cells

became atypical and hyperplastic (Fig. 11).

(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.

The region between the cut vas ends was made up entirely of
granulomatous intlammatory cells although numerou§ epithelial

Tined channels containing sperm were present (Fig. 13).

(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

in evidence (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.



Comment: The interposed fascia had apparently been eroded away
by the granulomatous reaction. Although the cut ends of the vés
where much further apart than was the case in the absence of fascial
separation, large channels were présent 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 faildre of vasectomy and may not improve the
chances ot 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.



Table 1

Summary of the Results of 40 Vasectomy Procedures
In An 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 Zxact Probability Test showed that
there was 0 significant difference in the failure rates of
the two procedures (p = 0.5485).
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FIGURE 1. Patient #1, 23 Weeks After Unsuccessful Vasectomy.
Left Side 4 mm Proximal to Transection. (65X)

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.

Right Side, at the Site of Transection.
Epithelium-Lined Channels Through the Granuloma.
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PREVALENCE OF CIRCULATING HL-A LYMPHOCYTOTOXIC
ANTIBODIES IN MEN AFTER VASECTOMY™
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ANDJOHN N. WETTLAUFER, M.D.

Clinical Research Service, Madigan Army Medical Center, Tacoma, Washington 98431

An increasing number of vasectomies
are being performed in the United
States for the purpose of birth con-
trol. It has been suggested that im-
munologic events occur following vasec-
tomy; these may lead to systemic
disease later in life, or may induce
failure of a future reconstructive vaso-
vasostomy.

Vasectomy has been reported to lead
to the production of anlibudies with
HL-A speciticity, or at least antibodies
which cross-react with antigens of the
HL-A system.! The HL-A site is the
major histocompatibiiity locus in humans
and affects the response to organ and
tissue grafts.’ It has also been suggested
that it plays a role in the suscepti-
bility of certain individuals to immuno-
logic tautoimmune! disease.' A surgical
procedure which might presensitize a
patient to histocompatibility antigens
could jeopardize future treatment of im-
munologically related conditions.

Men undergotng vasectomy at Madi-
gan Army Medical Center (MAMC) were
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screened for circulating HL-A lvmpho-
cvtotoxic antibodies before and at three-
month intervals atter surgery.

MATERIALS AND METHODS

Surgery was performed on 37 men by
the Urology Service at this institution.
Blood samples were tuken before and 3,
6, 9, and 12 months after vasectomv.

Control and postvasectomyv patient
ITS WOr sovelnnd . piusiaoe oo LA
reacting antibodies against the patient’s
own cells and against a random tyvped
panel of 25 lymphocvte donors.

Heparinized blood samples '3 cc) and
clotted bload tfor serum were coilected
from each patient, and pure suspensions
of lvmphocytes were prepared. using
the ilcoll-nypaque separation technigue.’
Each patient's lymphocyvtes were typed
against a panel of human lvmphocyie
antisera, using the microdroplet lvmpho-
cyte cytotoxicity test.” A total of 115
numan sera were utilized to identi-
fv. 23 HL-A antigens: iirst sublocus:
HL-A, 1, 2, 3, 9, 10, 11, W-.19, W.28;
and second sublocus: HL-A 3. 7, 8.
12, 13, W.5, W-10, W-14, W-15, W.17,
W-18, W.22, W.27; 4a, 4b.

RESULTS

Thirty-seven men returned after vasec-
tomy for at least two blood samples.
Of these, 32 men remained in the study
fur a vear 1ithey missed only one or two
bload samples). Eighteen of the 37 men
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had preoperative and four postoperative
bloed samples drawn.

The results of testing the preoperative
and postoperative sera from the 32
vasectomized men who remained in the
study for one vear against a panel of
25 typed lymphocyte donors are sum-
marized in Table 1. The sera of two
patients (10 and 14) showed a definite
increase in positive reactions between
six and 12 months after surgery. In
patients 18 and 21, a slight increase
in serum reactivity was noted at the
12-month sample; in patients 31 and
32 a slight increase was noted at
three, six, and 12 months. The sera of

TABLE 1. Prevalence of Preoperative and
Postoperative Lymphocytotoxic Antibodies in
Vasectomized Men

No. of positive reactions tntal 125

Postoperative

Patient Preoper- 3 [ 3 12
no. ative months months months months
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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
23-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.”3 [t 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 lymphocvte donor panel. Nei-
ther of these men had any additional
surgerv during the studv. nor did thev
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 period were magni-
fled at six, nine, and 12 months in
patient 10, and at 12 months in pa-
tient 14. Only one man once showed
a weakly positive reaction against his
own lymphocytes.

Of the noted positive reactions in
these patients, 638 were weak (50%
cyvtotoxicity-—a 4+ reaction in the Tera-
saki scoring method); negative results
were 1+ (same viability as the nega-
tive control); or, 2= (10% to 19% cyto-
toxicity).!

[t has been suggested that extravasa-
tion of spermatozoa into the tissues as a
result of urogenital inflammation, or
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trauma to the vas deferens, may pro-
voke 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.™® 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-
athy) in six patients, one to two years
following elective vasectomy.''"?

HL-A antigens probably have a hap-
zoa."  Possibly, 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 davelop.' How-
ever, surgery at this institution in-
volves division and ligation of the
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 antibedies. 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 involved may be
factors. A long-term study is needed,
which traces the activity of the HL-A
system  for several years inoa large
number of vasectomized men.
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SUMMARY

Thirty-two men undergoing vasectomy
were studied for one year to deter-
mine presence of HL-A antibodies after
surgery. Blood samples were taken
prior to vasectomy and at three, six,
nine, and 12 months following surgery.

Twenty-six men showed no increase
in antibody activity during the study
when their sera were matchrd against
a 23-member tvped lymphocyte donor
panel. Sera of two men showed a
definite increase in positive reactions,
six to 12 months after surgery. The
sera of four men showed slight in-
creases in reactivitv between three and
12 months after vasectomy. The serum
of one man showed a single positive
reaction against his own lymphocytes
three months 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
vasectomnized patients may be needed to
make definite conclusions.
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Ninetern vesectomized men were followed ior 21 to 42 months after surgery, and

their sera were tested for the presence of HL-A Iymphocytotoxic antidodies. In a previous
study, the sere of two of these men had shown a definite increase in serum reactivity
6012 months after surgery. Onlyone of the nineteen tested in the studv demonstrated .

a stngle, weakiy positive, reaction 24 months aster surgery. It was considered that
theintnal stimuius for lvmphocytotoxic an tibody production wes related o surgerv. There
was 1o evidence of antidbody 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 year
postoperatively.! 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 resporse over the 1-vear test period.

In the presen. -tudy, certain numbers Jf the
original group of 32 vasectomized men were tested
for HL-A lymphocytotoxins, 21 to 44 months
following the operative procedure.

MATERIALS AND METHODS

Nineteen of the original 32 vasectomized men
volunteered to continue in the study for a total
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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-AL, 2, 3, 9, 10, 11, 28, 29, wl9,
w23, w24, w26, w30, w31, w33; B locus—HLA-B5,
7, 8,12, 13, 14, 18, 27, w15, w17, w35, w40. The
tvped 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, accord-
ing to the method of Terasaki et al.? Preopera-
tive serum samples also were available from the
previous study and were utilized as controls.


http:Support.ed

Vol. 28, No. 4

TABLE 1. Number of Months after Vasectomy Where
Serum Samples Were Provided

Patient Sample | Sample 2 Sample 3
mo
-2 28 31 38
4 27 30 39
5 34 42
6 34 43
7 32 36 44
9 30 34 42
10 27 35
11 26 29 36
12 31 34 42
13 24 28 34
14 240 27
15 24 26 34
20 26 29 36
22 26 32
23 31 38 42
26 31 34 4
2 24 27
30 21 29 33
32 34

*One 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-
Bw17, 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 12 months after surgery, demon-
strated weak reactivity (+4) against one panel

TABLE 2. Number of Times HL-A A ntigens Were Represented

A locus B locus
29-Member  19-Member 2%-Member 19-Member
Antigen donor vasectomy Antigen donar vusectomy
panel group panel group
Al 6 3 B5 6 5
A2 16 12 B7 3 7
A3 6 4 B8 6 3
A9 6 5 B12 9 4
Al0 1 3 B13 1 1
All 8 0 Bl4 6 9
A28 3 12 B18 3 1
A29 1 0 B27 11 1
wlg 1 1 wl5 3 3
w23 2 0 S wl? 0 2
w24 3 0 w35 1 7
w26 1 0 w40 4 2
w30 4 0
w3l 1 0
w33 5 0
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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 within
the 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 follow-
ing surgery. Only patient 14 reacted positively
on one occasion with donor cells. This patient’s
control serum was reactive as in the previous
study, so some immunologic stimulus other than
vasectorny might explain this hyper-reactivity.!

Perhaps our observations might be compared
with those of Ansbacher,® who demonstrated a
peak in activity of sperm-immobilizing antibody
at 12 months after surgery, and almost complete
disappearance of activity within 3 years.** 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 of the men

vasectomized by tulguration.

Antisperm antibodies develop in about half of the vasecto-
mized men."’ However. why thev 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 intflammatory 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 zroup 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
spermatcozoa were assayed by the macroscopic spermagglutina-
tion technique'® and the sperm immotilization 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
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more than 2,0. The incidence and titers of sperm antibodies
were exaniined for the following time intervals after vasec-
tomy: 0to 'z, ‘2tol. 1 to2 2103, 3to05and more than 5
vears.

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
tfulguration of the vasa had sperm-immobilizing antibodies
ttable 1). An X? analysis of these data shows the ditferent
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. [n addition, others have had epididy-
mal obstruction which may be caused by spermatic granu-
lomas. Schmidt and Morris report that fewer granulomas re-
sult from vasectomy by the fulguration technique than by vaso-
ligation.* * They observed that the testicular end of the vas is
capped by a firm scar without evidence of granuloma. The re-
sults 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.'? Her study involved vas fulguration similar to
Schmidt's, vet 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 ohserved.

Brannen and associates have suggestec' 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 hoth groups. The type of immune
response may well depend upon the rate and time of exposure
to spermatozoa'® '* 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 vaseétomy. 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 subfle
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 immobilizing
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 73 men
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 a]thouéh hormone assays from both
groups were performed in the same laboratories.

On the basis of blood chemistry prior to and follewing vasectomy,
the two groups were distinctly different. All of :he serum chemistry

parameters with the exception of blood urea nitrogzn and potassium
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showed statistically significant differences between the two study
groups (see Table 3).

Thfs 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 S, compared with 36.0 + 8.3 S 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 sampling 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:
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Statistical Methods: Raw data were analyzed initially by comparing

means between study populations and between time intervals within each
population and the combined pdpu]ation.

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 batients 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 is to be expected from one
measurement time to the next. The two tailed # test was used to test
the hypothesis that the means for responders and nonrgsponders are
equal.

The final stage of statistical analysis involved selection of a
group of patients in which 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 fhis group both with and

without regard for sperm antibody (responder/nonresponder) status.
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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 ofder to determine if mén 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 develuped
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 MAMC 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
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Tower FSH values for responders compared with nonrasponders at all time
intervals through 36 months in the MAMC group and 42 months in the HV
group strongly suggest that responders and nonresoonders are different
with resgect to circulating FSH levels, even prior to vasectomy and the
consequant development of measurable antisperm antibody titers. There
were no significant differences in the aces of responders (MAMC,

32.3 * 8.4; HV, 28.4 + 5.6) compared with nonresponders (MAMC, 3}.8 +7.2;
HV, 30.4 + 3.9). These results imply that men with low circulating FSH
Tevels are more likely to develop antisperm antibodies after vasectomy.
Since FSH has classically been associated with sperm production in a
negative-feedback re]atiohship, prevasectomy total sperm counts (available
only for HV group) were analyzed in a similar fashion. Mean total sperm
count for responders (235.] +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 §
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 chemistry 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
8-12 months after vasectomy, with a pattern of low probability va]ués

particularly in the larger and more balanced HY sozulation.
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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 evaluatad 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 dramatie
changes in any of the parameters following vasectomy.

In 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.

-4

nificant diff

/]

Additionally, analysis of variance revealad no si rences

u)

between any mean within each parameter. The lowest probability value
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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 pro;ein, 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 pfesented in this paper offer a more comprehensive picture
of systemic physiciogical 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 develcp antisperm antibodies after vasectomy tend to have lower
FSH levels before and after vasectomy than thosa 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 éhose who did not. This fihding poses some intriguing questions about
both the role of FSH in the adult male and the etiology of antisperm
antibody formatjon. .

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 héd 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, when sodium wae taken into account together with FSH the predictive
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 lower chloride
Tevels 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

418
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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 a]though 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 Jevel
arnd 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,
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FIGURE 1

8lood 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 intervq]. Intervals at which less
than 5 men returned for follow-up were rejected in this analysis.
The 95% confidence Tlimits for the means are shown as bands '

eijther side of the mean.
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TABLE 1. Anticperm Antibodies, HV Group

Months After Vasectomy
0 1.5 3 6 ) 12

Number of'Responders/
Number of Nonresponders 0/0 25/27 22/23 25/22 22/24 22/30

Percent of men with
detectable levels of:

Sperm agglutinating
antibody alone 0 8 11 1 N 8

Sperm immobilizing
antibody alone 0 2 7 4 7 10

Sperm agglutinating
plus immobilizing 0 4 13 28 28 23

Percent of men
responding 0 14 31 43 46 41
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. TABLE 2. Antisperm Antibodies, MAMC Group

Months After Vasectomy

0 3 6 9 12

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 6 8 0
Sperm immobilizing
antibody alone 0 4 3 0 8
Sperm'agglutinating
plus immobilizing 0 17 12 ‘12 19
Percent of men responding 0 21 21 20 27



TABLE 3. Variable Means Before Vasectomy

Study Study
Variable HV MAMC  Prob. Variable HV MAMC  Prob.
Age (years) N 73 58 ALBUMIN N 72 45
X 29.1 36.0 ' (g/100 m1) X 46.5 48.9 0.006
s, 5.3 8.3 <0.001 | S, 2.7 6.4
FSH N 68 48 CA N 73 45
(mug LER 907/ + v
ml serun) X 181.9 210.5 0.052 (mg/100 m1) X 99.8 92.5 <0.001
S, 74.4 81.3 S, 5.0 12.9
X X
TESTOSTERONE N 66 46 ALKALINE N 77 45
(vg/700m1) X  66.5 63.7 0.539 PHOSPHATASE X 61.3 56.0 0.057 .
S, 244 22.2 (units) s, 14.7 14
LH N 68 49 BILIRUBIN N 72 45
(mIU 2nd IRP/ <. -
nl serum) X' 99,6 69.1 0.001 (mg/100 m1) X 4.4 <0.001
S, 44.5 53.6 S, 1.9
NA N 73 12 BUN N 73 12
(mEq/Titer) X 140.7 133.7 <0.001 (mg/100 m1) X 15.3 13.4 0.123
S, 2.4 12.5 S, 3.8 4.6
K N 73 12 GLUCOSE N 73 12
(mEq/liter) X  43.3 41.1 0.070 (mg/100 m1) X 101.7 84.1 <0.00
s, 3.8 4.2 S, 12.3 28.2
cL N 72 12 URIC ACID N 70 45
(mEq/liter) X 103.2 98.9 <0.00] (mg/100 m1) X 58.3 56.1 0.308
5, 2.4 6.1 s, 1.3 111
co, N 73 12 CREATININE N 72 45
{(mEq/liter) X  25.7 28.7 0.007 (mg/100 m¥) X 10.5 10.0 0.108
s, 3.2 5.0 ’sx 1.5 1.8
TOTAL PROTEIN N 73 45 CHOLESTEROL N 46 45
(/100 m1) X 74.4 €8.6 <0.001 (rg/100 m1) X 202.0 218.1 0.094
S 4,1 8.5 S, 39.2 50.8

>
X
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TABLE 4.

FSH (mug LER 907/m1 serum)

Nonresponder

Responder

N
X
Sx
N
X
S

Prob.

TESTOSTERONE (ug/100 ml)

Nonresponder

Responder

LH (mIU 2nd IRP/m}
Nonresponder

Responder

N

Twelve-Month Follow-Up of Sex Hormone Levels:

HV Group
Months
1.5 3 6 12
30 29 25 27 26 31
202.8 198.5 201.8 193.3 192.5 203.7
74.7 77.9 65.3 70.6 86.7 70.6
26 7 15 22 20 2]
163.4 119.0 151.2 182.0 169.3 188.2
70.6 61.4 81.5 82.1 67.6 64.3
0.049 0.017 0.037 0.605 0.328 0.425
30 23 19 24 23 26
0.644 0,598 0.669 0.632 0.613 0.638
0.282 0.241 0.293 0.247 0.200 0.247
25 7 10 16 17 18
0.648 0.207 0.725 0.659 0.595 0.629
0.168 0.207 0.244 0.231 0.176 0.181
0.951 0.070 0.613 ~ 0.731 6.760 0.896
30 29 25 27 26 30
10.52 9.12 9.60 8.88 8.71 10.04
4.73 3.41 3.60 4,52 3.54 4.52
26 7 15 22 20 21
9.74 11.01 10.63 10.09 10.59 .89
4,38 4,47 4,31 5.49 4.23 .68
0.528 0.222 0.424 0.401 0.109 0.965



TABLE 5. Twelve-Honth Follow-Up of Sex Hormone Levels: MAMC Group
Months
12
FSH (mug LER 907/ml1 serum)
Nonresponder N 26 20 22 20 19
X 241.3 242.1 228.9 250.8 238.9
Sy 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
S, 74.8 118.6 81.7 38.7 71.0
Prob. 0.045 0.651 0.368 0.062 0.290
TESTOSTERONE (ug/100 m1)
Nonresponder N 25 19 22 20 19
X 0.630 0.689 0.644 0.668 0.646
Sx 0.138 0.185 0.201 0.219 0.208
Responder N 12 5 8 5 7
X 0.678 0.684 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/m1 serum)
Nonresponder N 26 20 22 20 19
X 6.39 7.85 7.04 8.19 7.91
S, 2.94 5.28 2.¢t4 4.54 4.38
Responder N 13 5 ] 5 7
| X 6.01 6.34 7.45 5.48 g.17
S, 2.€9 1.86 3.35 4. 21 2.23
Prob. 0.694 0.540 0.729 0.454 0.883
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TABLE 6. Twelve-Month Follow-Up of Blood Chemistry: HV Group

NA (mEq/1iter)
Nonresponder

Responder

K (mEq,iter)
Nonresponder

Responder

CL (mEg/1iter)

Nonresponder

Responder

] =

wn <

wn x| =

Prob.

Months
_ 1.5 3 6 12
31 ) 30 27 26 25 31
141.3 141.3 140.5 140.8 141.2 141.2
2.2 1.8 2.6 1.8 2.4 2.2
29 9 14 22 20 21
139.8 140.4 140.1 140.0 139.7 140.1%
2.5 1.4 5.7 2.1 2.8 3.8
0.015 0.226 0.732 0.202 0.065 0.213
31 30 27 26 25 31
4.30 4.33 4.19 4,32 4.19 4.20
0.41 0.26 0.33 0.34 0.34 0.34
29 9 - 14 22 20 21
4.35 4,29 4,36 4,30 4.37 4,39
0.39 0.20 0.48 0.31 0.36 0.33
0.597 0.641 0.166 0.835 0.096 0.054
30 30 27 26 25 31
103.2 103.2 104.0 103.5 102.8 103.7
2.2 2.2 2.4 2.0 2.0 2.5
29 9 14 22 20 21
102.9 101.9 101.9 103.6 102.8 103.2
2.6 1.8 4,6 3.6 2.1 t.0
0.671 0.116 0.057 0.867 0.948 0.824



TABLE 6. Continued.
Months
0 1.5 3 12
ng (mEq/Y1ter)
Nonresponder N 31 30 27 25 25 3
X 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 v 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 m1)
Nonresponder N 31 30 27 26 23 30
X 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
X 7.43 7.40 7.47 7.43 7.40 7.30
SX 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 m1) '
Nonresponder N 31 30 26 26 25 30
X 4.61 4.57 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 4.59 .60 4.61 4.55
SX 0.27 0.18 0.31 .23 0.31 0.23
Prob 0.397 0.1¢8 0.200 775 . 353 0.816

-39




CA (mg/100 m1)

Nonresponder N
X
Sx
Responder N
X
Sx
Prob.
ALK. P'TASE (1)
Nonresponder N
X
Sx
Responder N
X
Sx
Prob.
BILIRUBIN (mg/100 m1)
Nonresponder N
X
Sx
Responder N
X
Sx
Prob.

TABLE 6.

Continued
Months
1.5 3 6 12

31 30 26 26 24 31
9.98 9.78 10.01 9.80 9.89 9.77
0.66 0.39 0.73 0.48 0.47 0.42
29 9 14 21 20 2]
9.98 9.94 10.08  10.10  10.05 9,95
0.37 0.27 0.70 0.68 0.40 0.71 .
0.973 05243 0.780 0.078 0.239 0.262
3] 30 27 27 23 29
61.7 59, 62.3 59.5 59.8 63.0
16.1 . 13. 170 14.8 17.3 16.0
27 9 14 22 20 2]
59.2 62.3 59.7 60.0 61.8 60.0
13.3 14.3 12.6 11.5 15.7 13.5
0.527 0.616 0.617 0.926 0.699 0.454
30 30 27 26 25 31
0.78 0.63 0.80 0.68 0.75 0.74
0.49 0.26 0.2¢ 0.25 0.34 0.46
29 9 14 22 20 21
0.70 0.70 0.53 0.61 0.70 0.69
0.30 0.18 0.13 0.32 0.28 0.28
0.456 0.485 0.333 0.394 0.586 0.652
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BUN (mg/100 m1)

Nonresponder N
X
sx
Responder N
X
Sx
Prob.
GLUCOSE (mg/100 m1)
Nonresponder N
X
Sx
Responder N
X
Sx
Prob.
URIC ACID (mg/100 m1l)
Nonresponder N
X
sx
Responder N
X
sx
Prob.

TABLE 6. Continued

Months
0 1.5 3 5 12
3] 30 27 26 25 3
15.1 14.8 5.2 15.2 16.3 15.7
3.4 3.3 5.0 3 4.3 4.6
29 9 14 22 20 21
15.8 15.1 7.2 16.0 14.8 15.4
4.1 3.4 2.8 3.7 3.5 3.8
0.521  0.828  0.170  0.461 0.196  0.798
3 30 27 26 25 31
102.4  108.5 101.9  106.1 99.4  103.8
12.8 24.9 0.9 12.1 14.4 14.6
29 9 14 22 20 21
101.7 99.2  100.1  100.0  98.3  104.0
1.1 8.1 8.1 15.2 14.0 13.3
0.806  0.284  0.593  0.130  0.791  0.955
30 29 27 26 25 29
5.59 5.61 5.72  5.56 5.86 5.68
1.03 1.19 .27 1.04 1.22 1.20
27 9 14 21 20 20
5.89 5.92 5.51 5.01 6.16 5.85
1.01 0.70 0.88  1.05 1.09 0.0
0.274  0.467  0.587  0.148  0.410  0.600
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Responder

Responder

CREATININE (mg/100 m1)
Nonresponder

N

x>

n > =

X

Prob.

CHOLESTEROL (mg/100 ml)
Nonresponder

TABLE 6.

Continued

12

30
1.01
0.14

29
1.06
0.15
0.266

18
196.8
39.0

16
187.6
32.7
0.467

30

1.06
0.14

2]

1.08
0.16
0.654

28
203.3
34.7

20
197.1
32.2

0.533



TABLE 7. Twelve-Month Follow-Up of Blood Chemistry: MAMC 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
S, 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
Sy -- 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
X 4.16 4,33 4.33 4.26 4.37
S, 0.52  0.29  0.36 0.35 0.31
Responder N ] 2 5 4 7
X 3.90 4.45 4.34 4.68 4.53
s, -- 0.35  0.62 0.3 0.46
Prob. -- -- 0.968 0.056 0.328
EL.(mEQ/Titer)
Nonresponder N 8 15 13 12 19
X 100.1 101.4 101.1 102.4 103.6
S, 6.7 2.7 6.4 3.6 2.1
Responder N 1 2 5 4 7
X 88.0 105.0 ¢9.8 103.8 104.1
Sy -- 2.8 8.2 2.5 1.1
Prob. -- -- 0.731 0.508 0.541

4.2y
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EQZ (mEq/Titer)

Nonresponder

Responder

TOTAL PROTEIN (g/100 m1)

Nonresponder

Responder

-ALBUMIN (g/100 m1)

Nonresponder

Responder

TJABLE 7. Continued

= < ><|

>

S

Prob.

N
X

> = x

S

Prob.

N

>4

= X

X

Prob.

Months

0 3 6 3 12
8 15 7 8 17
26.8  28.2  29.3 28.6 27.2
2.5 3.7 6.2 4.5 3.8
1 ] 2 2 6
31.0  29.0  25.0 23.0 23.7
- -- 4.2 1.4 4.1
-- -- -- -- 0.069
25 19 21 14 19
6.89  7.10  6.98 7.12 7.05
0.87  0.42  0.52 0.42 0.32
n 5 8 3 6
6.66 7.12 6.9 7.23 6.95
1.08  0.88 0.84 '0.40 0.50
0.402  0.941  0.958 0.679 0.559
25 19 21 14 19
4.90  4.85 4.7 4.70 4.57
0.69  0.50  0.49 0.48 0.28
1 5 8 3 6
4.86 5.04  4.85 5.07 4,63
0.81 0.83 0.9 0.12 0.32
0.891  0.525  0.513 0.219 0.666



CA (mg/100 m1)

Nonresponder

Responder

ALK P'TASE (U)

Nonresponder

Responder

>

> = x

Prob.

Prob,

.BILIRUBIN (mg/100 m1)

Nonresponder

Responder

N

>

= X

>

Prob.

TABLE 7. Continued
Months
0 3 6 12
25 19 21 14 19
9.35 9.59 9.55 9.7 9.64
1.33 0.68 0.64 0.39 0.56
11 5 8 3 6
8.92 9.66 9.38 10.33 9.65
1.58 1.01 1.40 0.06 0.69
0.400 0.865 0.649 0.017 0.963
25 19 21 14 18
54.4 57.4 57.7 56.3 58.7
15.0 19.4 14.7 12.5 14.7
11 5 8 3 6
56.3 £2.4 54.0 53.7 54.7
14.2 9.6 10.6 8.4 8.1
0.733 0.589 0.520 0.737 0.536
25 19 21 14 19
0.41 0.49 0.41 0.43 0.45
0.23 0.20 0.16 0.22 0.21
11 5 8 3 6
0.39 0.64 0.49 0.53 0.42
0.17 0.36 0.25 023 0.33
0.529 0.229 0.325 0.462 0.786



TABLE 7. Continued

Months
0 3 12
BUN (mg/100 m1)
Nonrespander N 8 15 13 12 19
X 14.3 14.3 13.5 13.6 14.1
S, 5.5 -+ 2.3 3.5 2.7 4.4
Responder N 1 2 5 4 7
X', 12.0 12.0 13.8 16.0 14.4
Sy -- 2.8 - 2.2 4.2 2.6
Prob. -- -- 0.845 0.196 0.858
GLUCOSE (mg/100 m1)
Nonresponder N 8 15 13 12 19
X 72.5 89.3 97.1 88.8 91.4
S, 27.3  17.2 25.0 16.0 27.8
Responder N ] 2 5 4 7
X 80.0 87.0 76.8 71.5 91.0
Sy -- 2.8 16.5 9.5 "23.2
Prob. -- - 0.115 0.062 0.975
URIC ACID (mg/100 ml)
Nonresponder N 25 19 21 14 19
X 5.42 5.75 5.12 5.02 5.39
Sy 1.07 0.97 0.86 1.25 1.28
Responder N 11 5 8 3 6
X 5.37 6.08 4.99 5.23' 5. 30
Sx 1.06 1.08 1.56 1.44 1.34
Prob. 0.903 0.497 0.764 0.798 0.985
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CREATININE (mg/100 m1)

Nonresponder N

>|

=z X

Responder

>

Sx

Prob.
CHOLESTEROL (mg/100 m1)

Nonresponder - N
X

Sx
Responder N
X
Sx

Prob.

TABLE 7. Continued

Months
0 3 g 12
.25 19 21 13 19
1.01  0.94 1.00 0.88 1.32
0.17 0.15 0.19 0.20 0.89
11 5 8 3 6
0.95 1.10 0.88 1.13 1.52
0.20 0.24 0.40 0.06 1.27
0.386  0.071  0.253 0.055 0.667
25 19 2] 14 19
224.1  236.5  233.0 231.6 222.4
45.7 32.6 29.4 23.0 33.0
1 5 8 3 6
196.7  237.6  189.3 1236.7 229.5
48.7 55.9 47.3 51.4 44.3
0.114  0.956  0.005 0.785 0.676
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CHLORINE, m EQ/liter
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ALBUMIN, mg/100 m
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GLUCOSE, mg/100 ml
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TOTAL BILIRUBIN, mg/100 m
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CHOLESTEROL, mg/100 ml
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CARBON DIOXIDE, m EQ/liter
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CREATININE, mg/100 ml
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