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Preface

sisee 1972, the Program for Applied Research on Fertiliy Regulation (PARFR)
has constituted w rescarch program ammed at the development of new meth-
ods of fertilinn control, and 1he application ot vesearch technology 1o the
solution ol clinical problems in the hield of contra eptive research.

One mportmt pane of the PARFR program over the vears has been an
annual workshop tiraered g yven spedficinea o high research interest,
bringing together leaders m e held for a scholarly mrerchange of ideas.
Fen such workshops Tune been offered, and e been intended 1o aid in
defming the stare of the wtin o arenarcaand in arriving at some conchisions
that might help PARFR. the Unired States Agenay for International Devel-
opment.and other nernational tunding wgendes o determine the best di-
rection for furare rescerrch and o chnical trials.

The subjecr of the worksbop on which this volume is hased. the non-sur-
gicibor anscervical methads for tahal occusion, holds great inrerest for the
contraceptive resercd conmunin i generaland for PARFR Ivestigators
- pavticalar, becanse of the Ipotce of voluntany stevilization i inter-
national tamily planning Prograins,

Over the past decade, several of the PARFR workshops have deal divecthy
with femade stevilization: the s wuch workshopoin 1973, covered the then-
Hew topic ol hysteroscapic stevilization, I 1975, o PARFR workshaop ad-
dhiessed the Advances in Female Steril; adon.and at thi mesting 4 number
ol rescarchers st reviewed their work with quinacrine. with methyl cvano-
aervhares and with Silasti looking ar these o cmpounds s potential agents for
tubad occhusion.

Because O the macasing worldwide interes in stertlization in the mid-
P70 mother conterence. held in P77 was devored (o the reversal ol ster-
Hization Then i 1980, a1 warkshop in Mexico G, participants discussed
nevwoethods of temale seerilization. ine wding mechanical devices and phar-
mcologically acive agenis, s, PARVR has had an ongoing interest in and
commitiment 1o the developrent of such new methods of stenlization,

Interescin tanscervical imcthods o female seerilization is growing, net only
m the research cos mamin bur samong the potential users of such methocds,
Thus in Jane, 1952, sone 66 msestigators and family pliuming specialists
from I3 coumries mer in Chicigo 1o participate in o program designed to
comprehensively consider the Liboratory, animal. and clinical stucies with
quinaciine and methnd cvanoucrvlate, and 1o review the carrent status of
hysteroscopic tihal ocusion with both mechanical devices and with Silastic
plugs. The participants looked critically o these new e exciting methods,
from the mose simple 1o the most complex. constdering their shortcomings
and then advans ges,

Phis volume | owvides o compendinm of the reports and discussions pre-
sented i the meeting, and suggests that ranscervical methods hold consid-
crable promise. ad should be wel ome 10 the many wonien throughour the
world for whom g simple. safe, nonsugical means of tertiliny regulation would
be a highhy anractive option,

Gerald 1. Zavuchni, sy s
James Do Shelton, s anpr,
Alfredo Goldsniith, s g
John ] Sciarva, sn. rin.
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The Need for Nonsurgical Sterilization

JAMES D. SHELTON
J. JOSEPH SPEIDEL

The vears since 1960 have witnessed a widely recognized contraceptive revo-
lution throughout the world. Perhaps less well appreciated, in the vears since
1970, @ revolution has occorred in the use of voluntary sterilization. Largely
asaresult of new wechuigues and widespread availability, voluntary sterili-
ation has become by Enthe most prevalent methiod of contraception in the
world todav. Although the changes in the past decade have been dramaiic,
there is considerable evidence tha a large unsatisfied demand for sterilization
services remains. Good technigues for nonsurgical female sterilization have
a number of potential major advantages over carrent techniques and thereby
ofter consicterable potential to help meet that unsatisfied need.

DEMAND FOR STERILIZATION SERVICES

Estumates of worldwide use of contra cptive methods adapted by the authors
from several sources are shown in Table [-1# F2990 Ghee 1970, he esti-
mated use of stevilizaton services has increased dramatically. In fact, we es-
timate thae in 1982, stevilization accounted for approximately one thivd of
overall contraceptive nse snd was ronghly cqual ta the use of oral contracep-
tives and the TUD combined (Fable 1-2). This increase in use of sterilization
was associate-bwith the introduction of new techniques, such as Laparoscopy
and minilaparotomy. These e Imiques greatly improved the practicality, ac-
ceptabiliy . and safety of temale sterilizaion procedures by allowing an in-
patient procedure Guried out under general anesthesia 10 he performed more
quicklv and with Tess debility on an ontpatient basis using local anesthesia,
Use of steriization also increansed during this period because donors of inter-
nationad population assistnce and medical facilities in both developed and
developing countries increased the availability of sterilization services. The
Ageney for International Development (ATD), for example, mcreased fund-
ing for sterilization activities from a few thowsand dollars in Liscal vear 1970
to over 525 million in fiscal ven 1981,

Although these technologies have had considerable mmpact, there is good
evidence for a lairge unmet demand in developing countries for sterilization
services. I Table 1-3 data trom 33 developing countries are presented de-

Pottow PL Populanon Tnfonmanon Mogram. Personal communication, May 1952,
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TABLE 1-1. Estimated Number of Couples Using Contraception
Worldwide by Method. Selected Years (Millions)

19790 1977 1982
Voluntary sterilization 20 80 110
Developed world 16 28
Developing world 64 g2
Oral contraceptives 30 54 52
Developed world 28 27
Developing world 26 25
Condom 25 35 40
Developed world 23 25
Developing world 12 15
IUD 15 45 60
Developed world 10 1
Developing world 35 49
Other methods _€0 65 70
Totat 150 279 332

rived from the World Fertility Survey (WIS) and Contraceptive Prevelence
Surveys (CGPS) Of pnu(uln mterest is the percent of currenty married
women of reproductive age who indicate they want no more children. In
most countries surveved this proportion approaches or exceeds 509 . Clearly,
the proportion of women who say they want no more children is only one
indication of the demand for stertlization serviees, and not all these women
would actually wish o sterlization procedure. Nevertheless, the very high
proportion of such women in almost every coantry, and the wide (ll\uqcmc
with the proportion actually curremtly using sterilization or any other method,
15 powerful evidence that aovast unsatisfied need continues to exist (Table
[-3).

POTENTIAL ADVANTAGES AND DISADVANTAGES
OF NONSURGICAL STERILIZATION

Since the role of any fertlity control modality in a seting results from a
compiex interplay of factors, the potential of a new technology such as non-
surgical stertlization cannot be acenrvately predicted. These factors include

TABLE 1-2. Percent Distribution of Estimated Contraceptive Users
Worldwide by Method, Selected Years

1970 1977 1982
Voluntary sterilization 13 29 33
Oral contraceptives 20 19 16
Condom 17 13 12
IuD 10 16 18
Other methods 40 23 2

Total 100 100 100
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TABLE 1-3. Selected Survey Responses by Currently Married Women uf Reproductive Age
in Selected Countries

PERCENT PERCENT
WHO WANT PERCENT USING ANY
NO MORE CURRENTLY USING METHOD OF
CHILCREN STERILIZATION CONTRACEPTION

Brazil {Piaui, CPS—1979) 70 15 31
Brazil (Sao Paulo, CPS—1978) 66 16 64
Colombia {CPS—1978) 70 8 48
Costa Rica (CPS—1978) 52 14 65
El Salvador (CPS—1978) 60 18 34
Guatemala (CFS—1978) 47 6 18
Jamaica (CPS—1979) 67 10 55
Mexico (CPS—1978) 56 8 41
Panama (CPS—1979, 80) 65 30 61
Dominican Republic (WFS— 52 14 36
1975)

Guyana (WFS—1975) 55 9 35
Haiti (WFS—1977) 46 0 20
Paraguay (WFS—1979) 32 2 41
Peru (WFS—1977) 61 3 36
Trinidad & Tobago (WFS—1977) 47 4 56
Venezuela (WFS—1977) 55 8 52
Bangladesh (CPS—1979) 56 3 12
Korea (CP5—1979) 74 20 54
Thailand (CPS—1978) 65 16 53
Fiji (WFS—1974) 50 18 46
Indonesia (WFS—1976) 39 0 33
Malaysia (WFS—1974) 45 4 36
Nepal (WFS—1976) 30 2 3
Pakistan (WFS—1975) 43 1 7
Philippines (WFS—1978) 54 6 39
Sri Lanka (WFS-1975) 61 11 35
Kenya (WFS—1977) 17 1 8
Lesotho {WFS—1977) 15 1 7
Senegal (WFS—1978) 0 4
Sudan (North, WFS—1978) 17 0 5
Tunisia (Jendouba, CPS—1979) 50 16 32
Jordan (WFS—1976) 42 2 29
Syria (WFS—1978) 37 0 23
Turkey (WFS-—1978) 57 0 45

CPS, Contraceptive Prevalence Surveys; WFS, World Fertility Survey.

salens, costy ease of delivery of services, and individual and social accepit-
biliry.”

A number of the advimtages of nonsargical sterilization are intervelated
and draw on the potential technical simplicity of these techniques, as opposed
to consentional procedures. These include the need Tor less training of per-
sonnel: improved geographic availabilite; and decreased cost, complexity, and
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time required prior to, during. and alter the procedure. Other potential
advantages include improved safety and side-effects, and, very importantly,
freedom from the negative psvehological and cultural factors related o sur-
geryinelfand from fear of “operations.” These potential advintges apply,
to v greater or lesser extent. to the varions techniques under development.

SIMPLICITY AND PRACTICALITY

Animportant reason for the vapid inercase inuse of voluntary sterilization
in the decade of the 19708 was the advance in sterilization technology that
made sterilizaton practical i nmany settings where previously it was not. Fur-
ther simpliication of techuiques is likely o result in further increases in use
of the procedure.

The need tor dess wechnical traiving of personnel would be acompelling
advantage Tor nonswgical stevilizaton, particalarly in developing countries.
Almost all developing countries huinve asevere lack of physicians.™ Further-
more, while current methods ol female stevilization are simple enough in
principle o be performed by generad pracitioners and even paramedical
personneloin actaal practice these procedures drary primarihy on the skills of
more speciized surgeons and obstetricians gvnecologists, who are in even
shorter supphy in developing countries. For exanple, i 1978 there were only
nine specialists i obstetrics and gynecology working in Nepal, cauntry of
Fmitlion people Anyv procedure that could casilv utilize nonspecilist phy -
sicrms and nonplhivsicians could make sterilization services much more avail-
able, The geographic availabiliy of services also relates to the distribreion of
physicians, Phereis amajor imbalance in physician distribution in developing
countries, and vural aveas are particularhy neglected., For example, in India,
up to four hfths othe })]l\\i( lans are inurban areas, which include only one
ttith ot the popualation.™ Ao related 1o the geographic anbalince of service
avadlabilies is the concentration o hospitals and other fixed health facilities
- urban areas. Insolar as nonsurgical sterilization can be freed (rom haspitals
and reftively sophisticated health facilities, these services could be mch
more ceessibles particunly 1o people inorural arcas, who are potentially in
the greatest need of services.

Several other advantages o nonsurgical stevilization relate 1o potential sim-
phiciny. It anonswrgical procedure could approach the technical simplicity of
an LUD imsertion e could of fer major advamtages in terms of decreased time.
decreased costoand Tewer of the niaerials, supplies.and equipment required
for cuntentinethods. This is particalarly tone for developing countries where
fmndial vesources e scavce and logistical supply svstems are notoriously
poor." In-developing countries the general adinonition to Keep things simple
must be considered a fundamental asion.

SAFETY
Although female stenilization is one ol the salest methods of contraception,'

it does have an assodiated mortading risk. One recent analvsis of sterilizanion-
attributable deaths in Bangladesh identibied anesthesia overdosage, tetanus,
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TABLE 1-4. Reasons Not Interested in Sterilization of Currently Married Women Aged 15-44
Whe Do Not Want More Children—Selected Surveys, Latin America
{Percent Distribution)

SAO
PAULO PIAUI
EL GUATE- STATE, STATE, NORTHEAST
SALVADOR MALA BRAZIL PANAMA BRAZIL BRAZIL*

REASONS (1973) (1978)  (1978) (1979) (1979) (1980)
Fear of operation 20.4 408 24.0 32.1 52.2 36.7
Fear of side-effects 10.0 56 7.8 3.6 253 211
Menopausal subfecund 11.4 116 10.1 12.2 6.4 t
“Thinks she can't get

pregnant anymore” 10.3 3.9 t 3.8 1.6 6.9
Prelers temporary

method of

contraception 47 7.6 25.3 7.9 0.4 5.1
Rehgious reasons 121 57 1.5 3.3 4.7 7.3
Hushand doesn't permit 9.8 11.0 t 49 1.9 3.1
“Does not want like™ 11.8 2.9 6.9 13.9 t 6.5
Other reasons 95 10.9 24.4 18.3 7.5 13.3

Total 100.0 100.0 100.0 100.0 100.0 100.0

“Includes the States of R.G. do Norte, Paraiba, Pernambuco, and Babhia.
tincluded in other reasons.

miraperitoneal hemorrhage, ind other infections, in decreasing order of im-
portance, as the princey crases of death in the cases studicd.? While the
various methods of nonsurgical sterilization have potentitl associated risks,
they dlewrly alvo have considerable porential for obviating the current visks
of conventiorsl sugical procedures,

FEAR OF SURGERY

Aswith many other decistons, the deciston of whether to undergo sterilization
s influenced by many factors, Although current female sterilization proce-
dures e quite simple, they are ultimately viewed essentially as a form of
surgeny and carny with them the major emotional and intelléctual connoti-
tons of an operation.”™ While it is difficult to evaluate the importance of this
Factor, some surves mfornuion indicares that it is o substantial impediment.
Responses of Latin Aterican womett in six survess who wianted no more
children e presented moTable 115 Asked win they were not mterested in
sterilization. the women in all six surveys indicared that fear of the operation
and fear of side-ctiecs, taken togethier, were the most important reasons. h
is reasonable o believe that these Lictors also Tune signilicant influence on
the dedision of niany other women as 1o whether 1o undergo sterilization.

*Maorrs L Unpablished dana
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Anatomic and Physiologic Factors
Affecting tiie Development of
Transcervical Sterilization Techniques

CARLTON A. EDDY
CARL J. PAUERSTZIN

Birth is the culmination of a series of complex physiologic events, many of
which occur within the oviduet. The male and female determinants of cach
new person e first brought together within the oviduet, Therelc ce the ovi-
duct v alogical torger for methods designed o prevent this union,

The weras and wibes link the peritoneal cavity, into which the ovum is
released, and the vaging, into which spermatozon cre deposited. As under-
standing ol reproductive physioiogy and inedical technology have improved,
this divect and accessible arca of communication, the oviduct, offers an ever
More tempiing site for contraceptive intervention.

The widely accepied concepts that tubal patency denotes ferndity and tha
lack of patency is s ronvimous with infevtihey aest that the anatomic coni-
plexitynd functional diversity oo the ovidaer have been underestimated.
Fabal sterilization techimques, particularly those designed 1o oblirerate the
tabal hamen, must confrom the oviduct's complex anatomy and physiology,

Vhis chapter will focus on tubad anatomy and physiology as refated 1o the
development of tubal sterilization techiiques using “nonsurgical” transcer-
vical approaches. We will adso consider some practical aspects of tubal steri-
hzation procedures, including reversibility,

THE ANATOMY OF THE OVIDUCT

The ovidudts are paired, hollow, seromuscular organs that extend from the
superior-Tateral aspect of the uterine fundus to the ovaries (Fig. 2-1). Fach
oviductis supported throughout its length by o peritoneal fold., the mesosal-
pinx. and is bordered anteriory by the round ligament and posteriorly by
the ovarian ligament and mesovarium. The oviduct is attached medialiv to
the uterine fundus and Luerally 1o the infundibular pehvie lig;uncm and ovary
by wiav ol an clongated mucosal iold. the Timbria ovarica, 2

The extriuterine oviduct s sheathed throughout it length by a serosal
covering consisting ol a4 Lwver of loose connective tissue covered by i single
Liver of mesothelinm continuons with the mesosalping. Beneath the mesothe-
lial Taver, smooth musele fibers, distina from those of the tubal muscularis,
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FIG. 2-1. Female internal genitalia. (Lefty Morphology of the tubal lumen
demonstrating its confluence with the uterus, cervis, and vagina, (Right) Arvterial
blood supply to the ovidua. (Abore) Representative cross sections of the oviduct at
various levels.

are present. The connective tissue is highlv vaseular and contains numerous
Ivmphatic vessels. These originate primarily along the mesosalpingeal border,
extend parallel to the oviduct, and branch extensively, penetrating into the
muscular and mucosal Livers of the oviduct,

Fhe middle muscular Taver, the mvosalping, consists of smooth muscle
arvanged i Lavers, the orientation of which approximates their planes of
contractton. The Tavers ave not alwavs dearly delineaied from cach other.
Toward the uterine end of the oviduet, three muscle Lavers are present: (1)
an ower longitudinal laver, (2) a prominent middle civeular laver, and (3) an
mner longitudinal Liver. The outer longitudinal and middle circular layers
can be distinguished throughout the length of the oviduct, In contrast. the
mner longitudinal Laver becomes discontinuous within the distal two thirds
of the oviduct, wheee it persists as scattered muscle bundles within and at the
base of the mucosa.™

The macosas or endosalping, lines the tabal lamea. It is composed of an
cpithelial Liver resting onaccore of limina propria. The lamina proprii con-
sists of loose connective tissue interspersed with numerous blood vessels and
vmphatic spaces bonnd within a collagen fiber matrix.? The mucosa is thrown
o folds that project into the lumen. "The height and complexity of the folds
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vary among the segments of the oviduer, The cpithelim is made up pre-
dominantly of ciliated and seoretory eells. The relative proportion of the cell
tvpes varies within ditferent regions of the ovidact, Ciliated cells predominate
i ihe distal oviduct ind decrease toward the uierus, whereas the inverse is
true of seeretory cells. Two additional cell tpes are seen occasionally. Wedge-
orcone=shaped “peg” cells may represert depleted seeretory or ciliated cells. ™
Round “hasal™ celis iy e the precurors of epithelial cells. The later two
cell tvpes collectively represent less than 24 of the epithehal cell population,

The length of the oviduet varies from 6 cm o 15 em. with 11 cm being
average Length may also vy according to the organ’s state of contractility,
blood flow. and Tvimphatic dramage. all of which i change in response 1o
the organ’s endocrine status, On the basis of its andatomy. the oviduact is di-
vided o the infundibalary anpulboy, isthiic, and intramugl segments,

The infundibulum is the shor tumpetshaped distal enlirgement of the
ampulla containig the fimbriated tubal abdominal ostium, 1 his portion ol
the oviduct constitutes the normal functional connection between the oV
and oviduct and s responsible for ovum pickup. It contains the largest u-
minal dimerer of v segment. up to 2 cnacits widest diameter. The cone-
shaped ostinm apens into the abdonminal cavin, The cpithelium is densely
aliated: the velative distvibution of cliated celis approaches 700 in fertile
women. ' Ciliary beat iy toward the uterus, os it is i cilia thronghout the
oviduct The mucosais compliexh folded qand completely fills the Tamen, The
mvosalpinx is extremel thin,

Fhe ampullacis the longest portion ol the oviduer, consttuting approxi-
mateh owo thirds o is length, The Tumen varies in disaneter from 2em o
s distal end o from T nim o 2 man at s pnction with the istlamus. The
endosalpiny is extensively tolded Numerous longitudinally oriented folds.
together with extensive secondany folds, collectivels 1] the entire lumen,
rendering iva potential space. Ciliared cells predominace in the distal ampulla
and graduadh decrease in number toward the isthinuas, The thin mvosalpinx
i casil distended and casily collapsed. Peritubal adhesions. even if mild, may
functionadlv acdude the Timen,

Fheisthmus makes up the remaining one third of the extanterine ovidued.
Fheisthune lomen s nanrow, ranging in diameter from 1 mm 1o 9 mm
its junction with the ampulla o 0.1 i at the werine janction. The endo-
slpins s composed of numerous low primary folds that run longidinally,
They desaribe a crucitornn cross section near the uterine end undergo
transition vather abrupthv into the extensively folded endosalpins at the am-
pulliav-isthmic junciion. Secretony cells predominate over cihated cells, The
isthinus is the most densely musealar segment of the extranterine oviduct,
with well-developed longiiadinal and circalar muscle avers. as deseribed above,

Fhe interstitial segment of the oviduct traverses the uterine wall and s
surrounded by thick onvomenium. Fhe longivndinal and circular muscle lav-
crs of the ischmus continue into the aterus. Vascular rings accompanied by
wers s muscle huandles sarronnd the intramural portion of the oviduct. An
addivonal inner Taver of musculature is arranged mospivals thar encirele the
mtramural portion™ This segment varies in length from I em to 3.5 em. It
has aomanrow lumen, virionsh described as ranging from “hairlike™ 1o several

e

millimeters in diameter 5 The path deseribed mav be straight or tortuous.
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FIG. 2-2. Seindigranmane representation of the uterorubal junction. The
mvamural oviduct s composed of longitadinadly and crcalaoh wrranged musdle
fibers within amaaris of spivally arranged tibers of the antochithonous laver of
mvomettm it enccle the tebal umen. Numerous anatomical Teatures
compheate the free passage of material intrabumimally. See test and other figures

fanr detals.

Avthe endomenial cnvinyis approached, the Tumen enlarges 1o terminate in
the funnel-shaped uterime ostinm. The inucosa lining this segment is more
densels ciliated than that of the isthimus and is of a i pe intermediate between
that of the endometrivm and that of the oviduct. Mucosal folds e few, are
ongitudinally wranged. and become continuons with the endometrial mu-

cosa (Frg. 220

BLOOD SUPPLY

Phe oviductis awell-visculanized organ. “The blood supply is derived from
the uterme and ovarian arteries. A najor branch of cach artery anastomoses,
aiving vise to reduplicated vasculin arcades, The magnitude of the contri-
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bution of the oviwiin and werine blood vessels 1o the oviduet may vary be-
tween individuals, e most commaonly deseribed pattern is one in which the
aterine arters and it branches pertuse the imterstitial and medial two thirds
of the oviduct.= whereas the ova b artens supplies the distal oviduet. " The
ability o the tube o wutoregulite its bloodd supply can lead, under extreme
mstances. 1o cither the ovarian or uterine artery alone supplving the entire
ovidect Venous dramage follows the anerial supply. Venous plexuses are
present i the endosalpina . mvosadpiny, and serosat lavers. "The three plex-
uses hecome conflient in the serosa and drain into extrinsic veins associated
with the ovarian and uterine arteries.

LYMPHATIC DRAINAGE

The oviduct contains o well-developed svstem: of Iviphatic vessels that s
more extensne i the isthmic region than in the ampullary segment. Lym-
phatic networks dvain the endosalpins, the myosalping, and the serosa, On
ciierging brom cach region, the Ivimphatic vessels combine 1o enter the me-
sosalpix and o diain into the pari-aortic nodes, '

TUBAL PHYSIOLOGY

Fhe primay fundion o the ovidud is transportation; initially i simultane-
oushy comvess the ovunr and spermatozon in opposite directions, and then it
tansports the developing embrvo into the uterus, A second important func-
tHon is provision ol an appropriate milicu for gamete survival, fertlizuion,
and carh embivo development,

Gamete tansport throuceh the oviduct is a complex phnsiological process
that nvolves the conversion of metabolic enerey into mechanical energy by
stnooth muoscle and diliaed and searetory cells. The relative importance of
cach of these components is not known. It is probable that there are regional
ditferences in the conibution and importmce of cach. In the infundibulum
and ampualla wirth their thin mvosalpins . laree lumen., and complex, densely
abiared mucosal folds, cilian activine may be of IO importanee in ovum
tansportowith contractile activiny a subordinate effector, In contrast. 1rans-
port through the isthmus, with its prominen tnosalpimx, narrow lumen, and
sparsely ciliwied endosalpins. appears 10 resuls primarily from contractile
ety

TUBAL CONTRACTILITY

Becanse of the arrangement of musdle fibers in Livers oriented in civealar
and longitadinal tashion, the oviduet is capable of generating a variety of
contractle pattern including peristaliic., antiperistaltic, and segmental con-
tractions. Undike the alimentny i, the ovidua does not generate regalar
peristaltic contractions. Tnstead. it demonsts ates scegmental contractions that
propagate simultncoush in opposite divections over short distances. Ovinm
tansport, thevetore, assumes o discontinuons pattern ol reciprocal move-
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ments mowhich the ovum s forced out of arcas of contraction into inactive
regions. Thus, ovum transport appears 1o occur inaseries of random move-
ments thats over several davs, acquire a gradual net bias woward the uterns.

Therole of tabal contractilioe i sperm transportis less clear. Spermatoroa
are motile and may actively participate in their ransport through the female
tact. The segmental contractions of the mvosalpins man compartientalize
the oviduct, randomby moving i contents throughiout the tube, This inech-
anisi. moconcert with the nate motilinn of spermiatozod, may result in the
transportaton of the spermatozoa to the vicinty of the newh ovulated ovan.

Fhe oviducr exhubits continuous, spontancons activit Complete quies-
cence never occurs bven duning pregnanac when the aterus is lirgel quices-
centcowing o hngh levels of coculating progesterone, the oviducts remain
spontancoush active, althoueh o a reduced 1ae simila 1o that seen in the
Late Tureal or canlv moliterative phiases of the menstruad avde,” Two peiths of
contractlity occur: one at the tme ol ovublation, when estrogenn levels are
highestz the other during menstruation, when progesterone levels e lowest.
Fhe relive rebracroriness of the oviduct 1o the inhibitory influcns ¢ ol Pro-
posterone may he imlmll.ml 1o enswe tha Sdhete transport can ])l'l)(('(‘(l
despite rising progesterone levels after ovalation.

SECRETORY ACTIVITY

Fhe rabe turnshes the convitonment ton eamete survival, tertilizion, and
carthv cimbivo deselopment. Pubal Haid s o complex produoce devived pri-
maridy from hormone-dependent searetony acrivity of the tubal epithelivm
and selective namnsadation trom the blood with vaving contributions from
the wrerus the pertonea v and, i the postov ulatony interval. the ovar-
o folhcles Tubal secretony aaiving, o predonmiantly estrogen-dependem
phenomeron, is antagonized by progesterone and is nasimal at the time of
manimu estiogen produection,

Fabal ~earetony cells undergo morphologic changes durtg the ovarian
avedes buring the catly proliterative stage, unde low-estrogen conditions, the
tubal nnicosa s thing exhibiting alow cuboicdal prohle, Seaetorn activity s
Lirgeh absentat this time. Asthe cuoele progresses, tising estroven levels result
i progressive nucosal thickening. Secretony cells morease in neight and he-
come domed. Fo" owing the preovulaton estiogen peaks the mucosad epithe-
hume anains aneizoal thickness, The domed. microvilli-covered apices ol
seeretory ccls protrude into the limen above the tps ol the dliated cells,
rendernne their olorclanm el iconspictous. At ovalaion, the secretony cells
discharge then contents into the Tumen. During the Late lateal and menstrnal
phases of the cvdles the muncosa again thas and secetony acvi Stops.

Quanttative ditferences i secrcion exist i ditferent seaiments of the ovi-
duct” The magor volume of secretio s is produced by the isthimus, Qualitative
ditterences have also heen detonstiared. Histochemical studies inedicae thn
tegtonalizanion ot ghcoprotem searetion also occus '™ The isthmus s the
primay sie of prodoacnon ol mudin, product that nun he of importance
mospernand ovuann transport.
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CILIARY ACTIVITY

The ciliated cell is characterized by the presence of 250 10 300 clongated,
regularhy arranged kinocilia at the cell apex. As noted above. ciliated cells
predomisate at the level of the fimbrias Fheir number diminishies somew hat
i the ampulla and signmibcantdy decdines in the isthimus, As the tibe enters
the uterus, there s a tinsient inerease in the number of ciliated cells.” How-
evers this general pattern ot distribution o ciliated and secretory cells may
be mterrapred in certain highhv localized arcas in which one or the other cell
npe predominates. I general, dliated cells tend o be found in- greatest
numbers on the apex and sides of mucosal folds, whereas seeretory cells
occupy it more bhasal position.

Ciha exhibiv o highlv organized and ssnchronized pattern ol contractility
i which a propulsive povwer stroke is followed by a nonpropulsive retracting
strokes The alinwithin individual cells ire amanged in rows. The beating of
alia proceeds row by row within individual cells. Morcover, adjacent ciliated
cells exhibit svnchronized metacdhonal integration with cach other so that
waves of ciliany bearing proceed inarderh fashion across Loge areas of en-
dosdpims. The e of dliay beating is relatively constant., except {ora tran-
sient imerease during the postovultory period.”

Phnsiologists disagree abont specific changes in the morphology and dis-
tribution of dliated cells during the menstruad cvde Human tabal cpitheltam
does notappear to undergo marked avdic, estrogen-driven cihogenesis. Some
changes, such as increase in cell size and subcellnla organization, may occur
as the avde progresses. Some renewal of dliated cells does occur, hut there
s e evidence tor cvdlic deciliation reciliation or Tor the regular transfor-
nation of chiated oo secretory cells,®

MECITANISM OF GAMETE TRANSPORT

We hine integrated the above observations into a tentative schema of the
meddimisim of gamete transport. Following ovalation, ovum pickup occurs by
wav ol contractle and aliiony activiey involving the ovarian and tbal mes-
enteries that bring the surface of the ovary and the fimbria into proximity.
Concurrenth o spermatozoa. present in the upper vagina, have colonized the
cervix. the wterine anvpts.and possible the proximal isthmus, In response 1o
segmiental contacriling ol ahe isthimus and their own flagellar movements,
spermascend the oviduc Estrogen-induced secretony activity of the isthmiie
mncoseand the inareased height of the secreton cells protect the sperm from
the pro-uterine ciliany beat The production of thick raacin aids this Process
by agelunnating the diliacand by blling the isthunic limen. The mucin plug
s aho enbance spenn ensport inca manner analogous to that of mid-
ovele cervical mucos. The ovum, slowhy taveling down the ampull, where
secretory activity s spanse but ciliany beating is prominent. encounters the
spermatozoaand s tertlized. Duving the fentifized ovan's 3-day sojourn in
the oviduct, marcasing progesterene levels dea the isthmie lumen of mucin
and cause retraction of the secretony cells, cnabling the pro-uterine acceler-
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ated beat of the isthmic cilia to assist the pro-uterine segmental costractions
of the tube iv propelling the developing embryvo through the isthmus into
the uterus.

PRACTICAL CONSIDERATIONS

Techmiques of nonsurgical, tramscervical sterilization seek either o induce
tocalized tranma leading to closure of the oviduet or o insert invaluminal
occluding devices to achieve asimilar end. Because of the oviduet's anatomy
and function, these can be formidable tisks.

We know now thai the humin reproduciive teact has evolved functional
redundancy, which allows fertiliey to he maintained in the face of considerable
anatomical and funcrional moditcation. The abilin of the oviduct o recan-
atize and 1o heal neeld is quite remarkable and contributes o the difficulty in
developing tibal sterilizaion wechnignes thatare technically simple, that avoid
eatensive destruction of the oviduet, ind that are associed with low mor-
badity,

ANATOMY

Phe oviductis o hollow organ, the hydrauldios of which influence the aclivery
ol occlusive agens or devices, The diameter of the tubal lumen undergoes a
reduction of up 1o 95 trom 2 am oa e abdominal ostinm 1o 100w within
the nreros, The thickness of the mvosalpiny is greatest inarcas where the
himmal diameter is smallest. This relationship reaches an extreme e the level
of the intramural segment. in which a threadlike Tamen s surrounded by a
massive thickness of muscle, Thus, it one secks 10 deliver druass or tissue
adhesives involumes adequeane 1o rammatize the entive laminal circmmference
of wlength of oviduct sufhicient to ensure sterilizaion. spillage into the per-
noncal civite with resaliant chemical pevitonitis would be difficalt to avoid.
Lhe constricted Tumen and timied complinnce of the intramural segment of
the oviduce mean that delivery of asathicient volunic of marerial through this
segment, particalo v it the material is viscous or begins to polvmerize or
adbere vapidlvo mas vequire unacceprably high proessures. Rapid injection
high pressure could lead 1o embolization of the marcernal into the dense vis-
cular plexuses sivvounding the innaunmal segment of ovidur.

Fhe Tumen of the mnamural portion of e tube man deseribe any of a
variens ol pathwans through the wall of the uterns: sometimes these are stradght,
curved, or tortuous (Fig. 2-3) When such pathwins are long and incorporate
abrupt angulatons, passage of material from the endometrial cavity into the
lumen of the oviduct may he ditheult

The nterotubal junction s tancnon as . physiological sphinaer regulat-
my the passage of ovaand spermatozoa hetween the ovidue and uterus.
Alithough no anatomical sphincter i present, the arrangemer s of blood ves-
sels and muascle hibers favor dhe possibiling of actnve closnre 2 the Tumen
under appropriate conditions. The blood vessels that eacirde e oviduct in
the visomusculin Taver e sunounded by perivasealin niiscular sheaths with
fibers that are oriented paratlel o the Tong axis of the hlood sessels. Conges-
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Cc \ D
FIG. 2-3. Typical pathw s deseribed by the itrainural oviduct ()
Steght (8 Convex. () Tortous () Angalated.

ton of these vessels with blood or con vaction of their perivascular muscle
hers could result i constriction of the tibal Tumen (Fig. 2-1). Similarly,
contraction of the autochthonous spival musele fibers that surround the in.
tramural portion of the tube ctiectively closes down the lumen (Fig. 2-5).
Contraction of the intrinsc inner longitadinal fibers of ie ovidue could also
create transient acute anguletion and dosure of the tumen. Thus, during
periods of spontancous musde activiny or vascalar distention, the intramural
hnen may be phasiologicaly manrowed and resistant to the passage of ma-
teral Atemnprs o force marerial throngh this wrea under pressure might
mduce more spasns and edems, !

COMPLIANCE

Compliance is the designation given w the ability of the oviduct 1o vield 1o
muraluminal pressare by expanding or distending. For small deformations,
the tbe responds to vadial siresses with vadial compliance or ballooning. The
mucosi, as well as the muscalaris, vields in response toan ovum or fluid, for
example. Cross sections of - distal oviduct with and without an ovum are
shown in Figures 246 and 27, In the absence of the ovum, the lumen is



FIG. 2-4. Avrangement of blood vessels within the vascular

laver of the intramural oviduet, (Jusert) Anatomical
ortentaion and location.

16

FIG. 2-5. Occlusion of the
intramural oviduer through
contsaction of spiral muscle
fibers. () Relaxation. (4)
Contraction.
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FIG. 2-8. Rabbit isthmus
containing o 1200n diameter
Silastic sphere lodged in the
lumen. Despite the presence
of such an object occluding
the lumen, pregnancy was
consistently achieved. White
objectto the leltis the
comparative size of an

O\ LI,

luminal pressure™ In contrast, the isthmus and intramural segments, with a
thick invosalpinx, are less compliant. The physiological arrest of the ovin
the smpully isthmic junction appears to be a function of Tuminal diameter;
the isthnic lumen is wo small 1o acconmmodate the ovum until tbal contrae
tling or other propulsive, pressure-generating forces push the ovum into the
sthius, thereby difating s walls, Compliance of the oviduet wall appears 1o
he hormonally controlled. since apening pressure during transuterine insud-
Hation ditfers according 1o the stage of the menstrual (vele, ™

Forbe elfective, ocdusive inmaduminal arerial or devices must totally oc-
clude the Tamen and remain in place. Tabal conplizmee works against this,
Lhe elasnciny of the tabal wall connor be relied on 1o anchior an intraluminal
plug or device unless the plug or deviee ac upies along seement ol oviduet.
Hoatght seal is made, there is rish of mducing tissue erosion if the pPlug or
occlusive device soigids Fdeallv, the Tumen shoubd he masinmally stretched by
the device 1o anchor n and o seal oft the homen,

Introduction of plastic or Silastic spheres 12000010 1300 in diameter into
the abdominal ostia of vabhit oviducrs resulted in their transport through the
tmpullas They sere worested ar the ampullary isthimic junction owing to the
mability ol the tbe 1o distend sulficientls 1o accommodate them (Iig. 2-8).
Despire cubad distenton by i objec whose diameter was three times that of
the tahal Tumen. 21 of 2% animals with these spheres lodged i thenr oviducts
becune pregnant.”™ Ferrilization vequited thar spermatazon by pass the spheres
m-order to reach the ovie More reninkably . the fertilized ova had to squeese
past the spheres toreach the uteras. 1 his study demonstrates the rennarkable
persistence of Tertility and suggests that dyastic procedures are necessary for
niterference with pregnancy by way of innieabal plugs.

TRAUMA AND HEALING

Successtul occlusion of the tube requives trauma suthicient to destroy the
tssue parencivima so that i is veplaced by nonfunctional scar tissue, which
occludes the Tamen. Tissue repair entails replacement of dead cells and dan-
aged nssue by new parenchyvima or connective tissae. Resolution of anv injury
depends on the nature and duration of exposure to the causative agent, on
the extent of tissue destruction, and on the tvpe of tisshie mjured,

The mitial trawma thar damages or destrovs cells is followed by an inflam-
nutory: phase characterized by vascnkn permeabilitg, edema, hbrin forma-
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FIG. 2-9. Tvpes of intraluminal
triawma commonly achieved in
transcervical sterilizaion attempts,
(Y Trauma tnvolving onlv the
epitheliom. Such traama is repanredd
through epithelial proliteration and
regeneration, which may restore
normal function, (8) Maore extensive
i leading oo destraction of the
epithelinm with noasde involvenment,
Healing cenerally cnails replacement
of funcional nssue with granulation
tssues Phe vesaliamt scarring nun

toradhv occude the Tamen. feading 1o
sterthiv, Partial ocdusion man '
predispose o ectopic prednan, B

ton. wnd inbilivation of tissue with leukocvies. Healing then hegins, If the
trienic s midd, the mflammaton resolves ina short time through proteolysis
ol ibrin, debridement by macrophages, and regeneration of functional tissue.
Following moderarely extensive tissue destruction, chronic inflanmmition oc-
curs. Phis prolongs healing hecanse a lrge quantty of dead and damaged
cells must be phagoovized and removed from the area before repadr can he
completed. Hothe offending agent, such as o tabal plug or chemical irrmem,
cannot be removed. fibrinolvsis is ineftective and healing s further delaved.,
AMicrvervestensive traunie Lesolution by vepair is not possible and healing
acars by fittoblastic proliferation and formation of nonfunctional scar tis.
\“(,‘l\ 20

Fhe tvpe ol tissue injured and s regenerative abiliny wie important. In
genertl the more highly specialized the tissue is, the less the capacity for
regeneration. Cells that continue o muliiply throughout life have the best
regeneratne capaciy. The nvosalping is in the former group, whereas the
endosatpin is in the Luter,

Mitd and extensive trauma 1o the intrmural segment of the oviducet s
shown i Figure 2-9. Inthe first example, tanma s essentially limied o the
cpithelinm. Theve has been linde loss of tissue, and healing will ocenr by fivst
intention by way o epitheliadization. This tpe of auma s characteristic of
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F1G. 2-10. Epithelializution
following mechanical trauma
to the oviduet, Numerous
migrating epithelial cells are
seen i transit from an bntact
rone o an area of Linina
propria denuded of
epithelium. Pseudopodii
conveving locomotion are
seen, i the cells appear o
be engaged in phagocviasis
ol cellular debris (SEM,
PR © vabbit oviduct, 24 hours post

w1 anastomosis, < 2200,

mid chermical and physical injury of briet duration. Within hours. epithelial
cells begin migriving into the area o bridge the gap and 1o ingest and digest
Iibrin and other material within the wound. Other epithelial cells undergo
multiplicaton to replace lost cells and fmally andergo maturation to restore
funcion. In Fignre 2-100 individual epithelial cells migrating across an ex-
posed area ot Lnnina propriccare shown. Pseudopodia conveving locomotion
weevidentand the cells appear o he engaged in phagoeytosis of cellular
debris: Tnthe case of extensive bl tauma represented in Figure 229, wide-
spread destruction hias occurved. The epithelinm hae disappeared and much
of the mvosadpins hus been destroved. Healing will occur by second intention
and will enval tormation of granulation tissue, leading o gross defects in
oviduct anchitecnne aned oss of funaion. Concurrent epithelialization may
occur 1o vinving degrees. conferring some residual funcion. 1 his npe of
trima s more characenistic of corrasive substances or clearocautery cur-
rents of high wintages applicd tor long duration.

The anwomy of the ovidua tends 1o minimize tauma and 1o promote
healing. The oviduc, panticutirly the imranmural segment. is highly vascular,
Thermal triuma indeced avosurgicallh or by cauatery requires a prolonged
exposure to-overcome the butfering of tissiie temperatare vesulting from
bload How, which tends 1o keep tissue temperature normal. Since delivery
tps of instraments must be sathaenty soadl to enter the merine tibal ostinm
to-destrov the innamural segment without extensive endometrial and -
omenial destraction. the establishient of an appropriae thermal gradien
to achieve approprine depth of coagulation necrosis poses a problem. The
rich visculinization also supports tapid growth, healing, and restoration of
funcrion,

Finallv the well-developed vinphatic svstenn provides etficient removal of
excess mtensttial Huid, macromolecules, debris, and cells, Following Injury.
the lvmphatics dilate and become more permeable. aiding in increased Ivinph
low and uptahe of cellular debris,
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FAILURE OF STERILIZATION ATTEMPTS

Cuarrent hysteroscopic techniques resali in bilateral tnbal closure rates of 16%
o 100 Patients must cr.plovadditional contraceptive techniques for sev-
cral months after operation, presamably until luminal obliteration and sear-
ring are completed. Pregnancy may oceur as a result of amy of the following
conditions subsequent 1o attempied hvsteroscapic sterilizaton:

The oviduer remains andamaged and tully functional.

The ovdace sustains minimal damage consistent with maintenance or early
return of function and pateney.

The severely damaged and occluded ovidu undergoes deiaved sponta-
neous recnalization,

Unilateral closure man resalt when an occluding agentis blindlv introduced
into the endometrial cavity under pressure and Hlows into only one oviduert,
owing to dilferentiai opening pressures. Alermuivelv, failure 1o visualize the
aterime tbal ostivm and 1o confirm correct plicement of sterilizing instru-
ments cnlead o maintenance of function, 1 the e s inadequate, the
oviducts mavy sustain mild damage that inmvolves the cpithelium only super-
ficially. Finallv, in severelh tranmatized oviducts, chronic milimmation may
lead to reestablishment eb patency through delaved formation of tubouterine
hstulas. Pregnancies that occur soon afier failure of mid-tubal sterilization
are associated with a lower ectopic rate than are pregnancies that occur after
Lulare of Laie sterilizanion. "This may indicate minimal damage and main-
tenance or rapid reestablishment of o relatively normal Tumen mimediately
after stenlization but chronic damage and Joss of tubal function in oviducts
that Luer hecome patent through fistula formation. 1 his sime temporal dis-
tribution i poststerilization pregnancy appears following transcervical hys-
teroscopic sterilization.” The patient who has been so sterilized s thus
mereased risk Tor caopic pregianay. The canses of tbal gestation are ob-
scure and mav indude the invasiveness of hunim trophoblastic tissue, the
ability of the bliastocust o mplant in and use substrate e extranterine sHOS,
the fatlure of tahal transport mechanmsms within the oviduct and, most sig-
nificindy, pavtial occdusion of the oviduat inconsistent with passage of the
developimg blastocvst, A disproportionate number of cctopic pregnancies that
follow Insteroscopic sterilizznion are cormual, 1hese are more ditficult 1o di-
agnose and treat, and they oy the threat of i disastrons outcome.

Some myestigators have suggested that damage 1o the muscle of the intra-
maad portion of the oviduct, or alieration in the oviduct's ability 1o cffect
gamete transport, is the basis lor the apparent elficacy of sterilization tech-
niques inowhich tbal pateney is maintained,>1®

REVERSIBILITY

Reversibility of hysieroscopic sterilization is contingent on the extent of tubal
destraction. The achievement of long-term bilateral wibal closure seems in-
consistent with reversibility, if one aceepts that effective sterilization requires
aninsultsufficient to discourage tissue regenerition,
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The Use of Chemical Agents

in Female Sterilization

RALPH M. RICHART

Vasectomy is i simple echnique that can readily be applied 1o Large popu-
lations using an outpatient approach. Although it is a surgical procedure,
male stecilization does not require entering the abdominal cavity and the
mision and surgical manipulation are not associated with o high degree off
risk. Because the procedure and the anatomy of the vas are relatively straight-
forward, paramedical rechnicians can be traimed to pertorm vasectomices and
stgnihicant numbers of male sterilizations have been performed by nonmed-
ical teams ina number of countries.

I contrast. convendional temale sterilization using anv of the standard
surgical approaches requires abdominal entev because the fllopian tubes are
located within the abdomimal cavine. A woman who is in the postpirtim
period or i thin el cooperative G be sterilized surgicallv through a rela-
tvely simall indision. as with Laparoscopic tubal sterilization. Even in highly
Fvorable cases using stare-ol-the-art technology, however, a surgeon's skills
ave requited momost settings becaase vieal internal structures are close to the
arcabeing treated and may inadvertently be injured. The procedure s highly
skill dependentand most he pertormed in relatively protected environment.

Stevilization vequires of the patient only asingle motivaton, following which
it is, in demographic terms, the most ef fective tamily planning procedure in
ihe cateteric of contraceptive methods. As surgical procedure, however, it
is essentiallv uninailable to much of the developing world, owing (o an in-
adequate number of phyvsicians, particularly trained surgeons, in rural areas
where most of the population lives: further. the sargically rained physicians
who da pracuce in rural areas are overwhelmed vith other problems, which
to them are more pressing than clective sterilization. Even in the developed
countries and even with the use of new echnologies, iemale sierilization is
an expensive procedure and absorbs wsignificant part of the available health
Funds.

Clearh i femalde stevilizaion procedure that s simple, inexpensive, non-
morbidand wonsurgical wounld e acusetul adjunct o the delivery of family
plmning services, particulanly in the rural aeeas ol developing countries.

Investigators hive made a number of atempts 1o develop a nonsurgical
female sterilization technique using crvotherapy, clectrocoagulaion, mechan-
teal plugs, the instillation of hot water, and chemical materials o produce
tocal epithelial necrosis and fibyosis, and obliteration of the lumen through
scarring. The phvsical methods, such as cryvotherapy and silicone rubber in-
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stillation, and certain chemical applications, are discussed elsewhere in this
volume. It is the purpose of this chapter to review, principally from a histor-
il perspective, the work with those agents not considered in more detail in
other chapters,

STRONG CAUSTIC AGENTS

Strong caustic agents, including silver nitrate, zine chloride, copper sulfate,
and formaldebvde, were all studied extensively in animals. and with the ex-
ception ol copper sultate, cach was also studied in humans (Table 3-1). All
these agents produce signihcant local necrosis when applied topically 1o any
epithelial surtace with accompanving acute and chronic inflammation and
cdemiae Their acion is produced in part ' protein coaguliion, and the
depth and extent of injury is dependent on the amount of material applied
andd the concentraton of the active jon. The extent of the injury with these
agents iy dithoalt o controland the tssie necrosis may he so extensive as to
produce significnt morbidins and even mortality in small animals,

hnamost of the animal experiments and in some of the hunan applications
as wellmissive tubal necrosis of the epithelium, the Lunina propria, and
even the muscularis, wis described forsilver nitrate, zine chloride, and copper
sultire. Formaldehyde also produced necrosis bu appeared to be more casily
controlled. Despire extensive tibal chnnage, however, the comimon experience
among investigators studving these potential tube-closing agents was that tibal
regeneration was routine following asingle acute applivanon. towould appear
that the wcute msult lete behind ishinds of cpithelim thar were capable of
regenerating vaptdhy and recovering the Tuminal surfaces before they were

TABLE 3-1. Strong Caustic Agents

CHEMICAL TYPE OF STUDY SOURCE
Silver nitrate Rabbit Richart et al*
Omran & Hulka™
Monkey Neuwirth et al*?
Pig Omran & Hulka®
Human Richart et al"!
Ringrose**
Babcock®
Froriep'®
Zinc chloride Rabbit Richart et al*?
Mankey Neuwirth et al*?
Rat Zipper et a)**
Human Babcock?®
Copper sulfate Rabbit Schenker & Polishuk*®
Rat Zipper et al*¥
Formaldehyde (alone or Rat Zipper et al*
with ethanol) Rabbit Schenker & Polishuk*t

Human Davis (in men)?
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TABLE 3-2. Clinical Trials With Ethanol-Formalin

CUMULATIVE BILATERAL

SOURCE NO. PATIENTS NO. APPLICAT'ONS CLOSURE RATE (%)*

Zipper et al (1972)" 8 1 n
18 2
21 3 35
30 4 76
12 5 93
K 6 95

Total 93

“After 2 ye~rs' follow-up, 8.7% of patients who had a diagnosis of tuhal closure had
become pregnant.

scrred dosed. Even when massive injuries using high concentrations of silver
nitrate were produced, a significant proportion of the fllopian tubes re-
mained open, despite major svstemic reactions in the animals or humans
treated with the substance, It became clear that chronicity was important in
producing closure, even with highlv active chemicals, wnd attempts were macle
to improve the closure rate cither by multple Livages, i the case of formal-
debivde: by combining one of these agents with another agent, such as for-
maldehvde with ethanol: or by suspending an active agent in a vehicle that
would prolong the release vate and the cpithelial exposure,

In the case of formaldehivde, Zipperand his associes used the substanee
dlone and with ethanol, with repeated applications, and reported asignificant
mcrease inthe dosure rates as the nunher of applications was increased
Clable 3-2) The number of applications 1o produce o high degree of dosure
was ncceptable chimicdv, however, and despie the benign response of the
patienis to repeated doses of ethanol-formalin, the approach was eventually
abindoned. Other investigators combined <ilyer nitrate with a bland carrier
andreported good dosure rates in anhnis and in Burans, but ar higher
concentrations there were significant clinical sequeliesincluding severe chen-
ical pelvic peritonitis' and the silver nitrite=dermabase creim combination
was athandoned s not heing appropritte for human use,

Ourgroup cominued to study silver nitrate because of it good tube-closing
properties inislow-release form and. in collaboration with Gregor and his
colleagues.™ devised o thixotropic silver acette=alginate svstem that ap-
peared o he promising. Experiments in primates, however, were unsatisfic-
onvsince cveninaslow-relen s vehicle, the silver acetate could not be controlled
with sufhicient precision 1o ensure a lack of unacceptable clinical side-effects.

STRONG ACIDS AND BASES

Strong acids and bases produce an inmmediate acute inflammatory response
and tissue nearosis, accompanied by severe inflammation and edema. Inves-
tgations of their ase i animals and humans are listed in Table 3-3. The
tissue response is similar 1o that found with other highly polar groups. As
with strong caustic agents there s no specificity inthe response 1o strong
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TABLE 3-3. Strong Acids and Bases

CHEMICAL TYPE OF STUDY SOURCE
Sutturic acid Rabbit Richart et al*®
Salicylic acid Rabbit Richart et al*?
Phenol Rabbit Richart et al*

Human Salgado*®

People's Republic of China®?
Sodium hydroxide Rabbit Richart et al*®

acids and bases and their application leads 1o widespread damage, which is
dose refared. Sodium hvdroxide, sulfuric acid. and salicvlic acid have not been
applied to the human fallopian wibes. since the experience inoanimals was
unsatisfactory. Although tubal damage could be produced, tabal closure was
dithcult 1o secure atier i acate injuny, the agents were artficuli o contro,
and systemic effects and pelvic chiemical peritonits were common. In con-
trast, phenol has been used inasslow-release carrier by investigators from the
People’s Republic of China. who have reported good results. Their experi-
ence is detatled in Chapters 17 through 19,

SCLEROSING AGENTS

Various sclerosing agents are used by vascular surgeons to produce venous
thrombosis i the treument of vavicosities. Three representatives of this group
ob drugs——sodinm morrhuate, sodinm tetradecyd sulfate (Sotradecal), and so-
diunt Luovl sulfate—have been applied o the Fallopian tabe, but as single
igents they produce livde or no effect on the tbal epithelium and they fail
to produce tabal dosiee. Sodinm morrhuate has been used in humans in
assoctation with tubal livacon but appears otherwise not to be clinically usetul
m producing tubal closure (lable 3-1).

GRANULOMA-PRODUCING AGENTS

My agents produce granulomas when placed subcutancously in animals
(Fable 3-5). The heryllium compounds are particularly active in this regard
and vapidly produce very Targe nodules when ijected subeutancously, Tal-

TABLE 3-4. Sclerosing Agents

CHEMICAL TYPE OF STUDY SOURCE
Sodium morrhuate Rabbit Richart et al*?
Human Dieckmann & Harrod'?
Pitkin3*
Sodium tetradecy! sulfate Rabbit Richart et al*?

Sodium lauryl sulfate Rabbit Schenker & Polishuk?*®
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TABLE 3-5. Granuloma-producing Agents*

CHEMICAL TYPE OF STUDY
Talc Rabbit
Humant
Asbestos Rabbit
Monkey
Cellobiose Rabbit
Monkey
Silica Rabbit
Monkey
Diatomaceous earth Rabbit
Monkey
Beryllium nitrate Rabbit
Monkey
Quartz Monkey
Plant cells Monkey

‘Richart BM, Taylor HC, Neuwirth RS: Experimental
studies of fallopian tube occlusion. In Richart RM, Pra-
ger D (eds): Human Sterilization, pp 360-367. Spring-
field, I, Charles C Thomas, 1972.

tRingrose C: Office tubal sterilization. Obstet Gynecol
42:151, 1973.

cum powder i produced granulomas in the peritoneal cavity, and asbestos
s classic granuloma-producing agent atany site. When these substances are
mbilirared into the nvometrivam in the region of the interstitial Fallopian tube,
however, velatively small gramonmias are produced. and they enlarge only
slowlv over a prolonged period. Even bervliiom nitear produces only micro-
scopic granulomas afrer S months mowne None of the granulomas produced
by any agents reached suthicient size 1o close the interstitial fallopian tube
mechanically. Except for Ringrose’s use ol tale as a potentiating agent along
with silver nitrate, ' the granuloma-producing agents have not been ap-
plicd chemically and appear o offer no potential for Inm use in producing
tubal blockade.

CYTOTOXIC AGENTS

A viniety of cviotoxic agents exist and have been tested for their tube-closing
abilities (Table 3-60. These include thio TEPA. colehicine, cadmium, podo-
phviiin. and quinacrine. The use of quinacrine is discussed in detail in other
portions ol this volume. The other ovtotoxic agents produce focal epithelial
necrosis but not 1o sathicient degree o ablate the epithelinm. More inmpor-
tanty, they fail to produce fibrosis and tubal blockade and appear o have
no potential for human use, Incaddition, most cvtotoxic agents are mutagenic
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TABLE 3-6. Cytoloxic Agents

CHEMICAL TYPE OF STUDY SOURCE
ThioTEPA Rat Zipper et al*?
Quinacrine Rat Zipper et al*?
Rabbit Zipper et al*°
Richart et al*?
Human Zipper et al**
Davidson &
Wilkins”

Benoit et ai®
Israngkun et al**
Mehtaiji et al?®
Bhatt et al*
Alvarado et al'

Calchicine Rat Zipper et al*?
Cadmium Rat Zipper et al*?
Podophyllin Rat Zipper et al*?

and have distant cellular effects, even when applied locally, and thus would
not he suitable tor hunim use even if thev closed tubes.

TISSUE ADHESIVES

Lissue adhesives, principally from the cvanoacrylate series, lave also been
studied extensively and are ireated i greater detail in other sections of this
volume. Gelatin resorcinol formalin (GRF) was fabricated by Battelle Me-
morial Institcute and was studied extensively i aninals but was apparently
dithculeto control, was inconsistent in producing tubal closure, and was aban-
doned prior o instivuting clinical wials (1able 3-7).

TABLE 3-7. Tissue Adhesives

CHEMICAL TYPE OF STUDY SOURCE
Methyl cyarioacrylate Rabbit Corfman et al®
Richart et al*
Monkey Neuwirth el aP?
Pig Omran & Huika®
Human Stevenson &
Taylor'®
Neuwirth et ai®
Ethyl cyanoacrylate Rabbit Richart et al*3
Monkey Richart et al*?
Isobuty! cyannacrylate Rabuit Richart et al*?
Pig Omran & Hulka®
Gelatin resorcinal formalin (GRF) Rabbit Grode et al?!

Faib et a!'?
Mouse Davis et al'
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OTHER AGENTS

silicone rubber instillaton and intratubal devices have been used o mechan-
ically block the fallopian tabe of rabbits™ 42 and both have reached the
stage of chinieal trial 7 Drocgemueller and associates have used crvosur-
gery to occude the Edlopian tibes of baboons and also of women, '™ 1¥
Moulding and his collaborators have reported the use of hot water applied
to the fallopian tabes of rabbits through a cannula to produce tibal necrosis

and (hrosis.” = hut the iethod appears to be ditheult to control and clinical
triads have not been undertaken,

CLINICAL TRIALS

Clinical vrials have been performed with stver nitrate (Fable 3-8), ethanol-
formadin (see Fable 3-2) phenol-mucilage (Tables 3-9 and 3-10), methyl cy-
anoacrvlae (MCA) (Table 3-11), and quinacrine. These trials have used a
variens of delivery systems, ranging from simple Livage. o a hvsteroscopically
guided tabal cannulation =" 1o w blind delivery svstem using o soft rubber
batloon s piston o force the material o the fallopian tibes, ™

b additon o these svstems, Cortman and Tavlor described @ handheld
canula the Batelle group fashioned @ wube-finding triimgulaton deviee,

TABLE 3-8. Clinical Trials With Silver Nitrate (AgNO.} in Hydrophilic Cream

NO. CLOSURE
SOURCE YEAR PATIENTS RATE PREGNANCIES COMMENTS
Richart et al** 1971 14 100% None Culdoscopic delivery of
10% AgNO,. Pelvic
tenderness and low-
grade fever were noied.
Ringrose** 1973 100 50% 5 Blind cannula delivery of
10% AgNQ, in
dermabase cream.
100 70% 1 Blind cannula delivery of
15% AgNOQO, in
dermabase cream.
60 Not stated Not stated Blind cannula delivery in

20% AgNOJ in
dermabase crean.

Patients suffered major
complications particularly
with higher doses,
including two cases of
paralytic ileus and other
untoward effects. Talc
was added to some
preparations.
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TABLE 3-9. Chnical Trials in 3940 Patients Treated With Phenol-Mucilage, 1979*
% BILATERAL OCCLUSION COMMENTS

Ranged from 77.6° to 33.5% A senes of compounds was used in which active agent was
phenol. In some, salicylic acid was added. No data were
given for composition of formutation in each of 7 series, but
rate continued to improve until last series reached 93.5%.

*Research Group of Tubal Occlusion by Drugs: Sterilization by occlusion of the fal-
lopian tubes with mucilago phenol: A seven years' clinical observation. Chinese J Obstet
Gynecoc! 1479, 1979.

TABLE 3-10. Relaticnship Between Tubal Filling Length and Pregnancy
Rate With Phenol-Mucilage

LENGTH OF FILLED TUBE (CM) PREGNANCY RATE (%)
1-2 7.1
o_4 33
4 1
Ampulla 0.08
Fimbria 00

*Adapted from data in Research Group of Tubal Occlusion by
Drugs: Sterilization by occlusion of the fallopian tubes with muci-
lago phenol: A seven years' clinical observation. Chinese J Obstet
Gynecol 14:79, 1979.

TABLE 3-11. Results of Clinical Trials With MCA

BILATERIAL
NO. CLOSURE
SQURCE YEAR PATIENTS (°0) COMMENTS
Stevenson & 1972 12 Prehysterectomy application
Taylor""
Stevenson®” 1976 34 66 Hysterosalpingography at 8 weeks
1 90 Reapplication of MCA
Neuwirth et al" 1980 131 72 Closure rates of 54° {0 78% in
three series with various volumes
of MCA (0.4-0.65)
19 74 Reapplication of MCA
Richart & 1981 180 80 0.6 m! MCA; modified FEMCEPT
Neuwirth* device
19 98 Reapplication of MCA following

patency detected by
hysterosalpingography

*‘Unpublished data.
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and Moulding and associates atempted o isolate the cornua with a balloon
to facilitate tabal injection.® These methods were largely unsuceesstul,

Therewre anumber of factors that constrain the design of wdelivery svstem
for caustic chemicals o the fallopian tubes. The principal oue among these
is thecany substance 1oxic o the tubal cpithelium will also be toxic 1o the
perttoneal cavine, Thus, the svstem must reproducibly deliver the wibal scle-
rosing agent 1o the tbal lamen withou producing an mvaperitoneal spill.
Fhis constraing s been met in the FEMCEPT MCN svstem by carefully
controlling the volume and viscosity wnd by the precision of the blind delivery
swsteme I the case of quinaaiine, the drug appears not o produce significant
side-cffeas when delivered 1o e peritoneal cavity, but the constraint bas
also been mer by nsing deliven swtems that ditfuse the drug slowh into the
Lllopian tube. minimizing the quantity that reaches the peritoncal cavity,
Other more canstic agents have heen diffioult to apphyin acclinically aceept-
able fashion and have Lirgely been abandoned. Fhese considerations have
been discussed in grearer detail elsewhere,

DISCUSSION

Attempts to close the tallopian tubes by the use of caustic chemicals date back
to 1519 when Froviep used anitric acid-coared probe to Graterize the mabal
nnen.™ Babeock also vsed @ chemical contraceptive approach in 19212 Other
dttempts atan ontpatient-oviented sterilization approach used principally hot
cautens imnl the carly TOGOS when systematic stidices divected toward achem-
Wal cauteriznion technigque were undertaken, Livrge numbers of chemical
agents from virtuallv every cliss of compound that iight he appropriate
candidates tor this procedine were soreencd, hut most were tound wanting,

Atpresentoonly thiree chemieal agentsare actively being pursued incelinical
s quinaaine, phienol, and metlng cvanoacrdate. The etficacy of these
three compounds is comparable, but they differ stanificantdy in their modes
of delivery, The phenol-hased systemn apparently requives i high degree of
shill i blindh plicing o cannula at the ol ostim. s not clear 1o what
degree this Skill s taosterable 1o Loge numbers of operators. The quinacrine
mvestigatons hisve ver 1o setde on o delivers mode, but the newer approaches
o delivery . using 1D vectors o slow -1 elease pelletsowill provide grea sim-
pliciy il the experiments produce acceptable dosure rates, The FEMCEP|
ssstenis more comples i s enginecring and is a more expensive delivery
ssstem than arensable cannala or an 1UD vedor, but it has produced in-
creasmg v satistactony hitateral dosure rates, and the delivery technique ap-
pears to he veadily transterable, since most of the fourteen investigators who
live used the svstenm obin comparithle cdosure raies,

Phe nonchemical medioncal mbal bloc ke svetems, including the innra-
tubal devices and the stlicone rubher e hnique, use Insteroscopy o identify
the tubal ostiacand 1o adniinister the the-bloo King device, Hysteroscopy s a
highly sophisticated, mechanicalls complex technigue that requires great skill
o ats application and service ac essibility . 1t is not clear whether AV sVSTen
that wses a hsteroscope tor delivery will be widelv applicable, particulindy in












Evaluation of the Acceptability
of Nonsurgical Sterilization

ROCHELLE N. SHAIN
SUSAN C. M. SCRIMSHAW

Physicians and reproductive physiologists engaged in contricceptive research
seldom have formal training in social science. Yet the hard-won products of
their work must ultimately be used by people—people who may not perceive
the contraceptive as the researcher had intended or hoped, people who might
even reject it Clinical triads may go poorly because of the “human element,”
and the researcher irained only in biology may not suspect the extent to which
individaal preferences have affected results, Ldeally. the rescarcher should
have access 1o social science information on potentiad aceeptability of a method,
with- attention paid to allits attvibutes, as it is being developed.™™ At the very
least, clinical trials, even very carly ones with small samples, should be accom-
panicd by data collection instruments designed o measure acceptability.
This chapter vresents asample data collection instrument for assessing the
acceptabiiity of nonsurgical methods of sterilization, cither before their intro-
duction (porential acceptability) or during clinical trials (actial acceptahility).
The model questionnaire presented in Appendix -1 is based on quinacrine
or methvl evanoaarylate (MCA) occlusion, but the accompanving discussion
is intended 1o facilitue adaptation of the questionnaire 1o other methods,
The questionnaire is itself an adaptation of one used to assess the potential
acceptability of reversible sterilization.™ Dataanalysis is also briefly discussed.

BACKGROUND
CONTRACEPTIVE ACCEPTABILITY

The development of new contraceptives during the 20th century has been
chavacterized fivstand Yoremost by the search for sate and effective methods.
The concept of methed acceptability was something of a luxury. However,
researchers have since discovered that good (but not vet perfect) technical
solutions are not necessarily universally embraced. This failure to ase the
products of science can be attributed both o variations in individual percep-
tions of «w method and o cultural norms that influence acceptability.

Gratetul acknowledgment is made 1o Dis, [aold D Dickson and Gerald 1. Zatu hni for their
advice regarding statistical analysis and 1he des viption of chemical occdusion, respeatively.
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Ou the individual level, with the growth of the consumer movement in the
United States, there has been acorresponding change in the individual from
Passive acceptor to reactor to both physicians and medical technologv.! This
has been well documented in the medioal sociclogy literature, For example,
Fricdson discusses the tapped feeling physicians have as they are caught
between patient demands and their own feelings abour optimal care.* While
there s not been the sime consumer activism in medicine meernationally,
mostindividuals stll do ot aceept new technology without question.

Cross-cultinradlv s there has been wide sariation in preferred contraceptive
methods.” ™ Polgar and Maeshall provide an anabvsis tha clribes aceept-
abiliv from both the individual and the Cross-cultural perspective. ™ In their
kevianncde, " The Search for Calorally Acceprable Fertility Regulting Meth-
odsthey describe the points of intervention in the human reproductive evele
and how some of these are perceined m different societies.” They ilso delin-
cate attributes of the various methods, with examples of how these affect
acceptabiling . As discussed by Nooshall in another papers foainy regulation
methods e viewed as dusters of attibutes, not simplyas material objects,
These anributes incude actual facs abow the method tege s a femle
method) s well as perceived atmibuees i man not be based on reality (g,
using it will imake ane weaky The decision to use o given comraceptive will
be based on weights given 1o the posttive and negative attributes, as well as
on the mtensiee of the desire 1o postpone or present another pregnaney. Of
cotrse, the assessment of aoeiven method will vy somewha Brom mdividual
to individual cnd wilb veflecr calinral perspectives as well The measurement
of the perception of hoth veal and percened wnhuates will help ahe re-
searcher understnd more precisels which aspeats ol aomethod are most at-
tactive and which make it less kely o be used,

Untl very recently, mas acceptabiliny vesearch was conduered fost facto,
alter problems had developed with specilic methods or programs. We em-
phasize that methods shonld he evaluated ar e licr stages i thenr develop-
ment Fhere are nations 1o this approach: for exanplesas noted by Keller,
people dlimge and may eventualh aceeptianethods thes previoushv thoughi
thes would not use. Nonetheless. the resultan data serve important func-
tons. parncula v when all the atvibutes of given method e known. In
the carliest stages of method development. vescarch provides insight into
mdividual characieristios thar e so unacceptable thac thes should he mini-
mized or elniminated and those that are so highly desirable thae they should
be given additional emphasis. At the time a method s muroduced. aceepta-
biliv vesearch adds aredibilin tor Cinical trials. Although subjects of clinioal
trids e anpical. since they are selt-selecred, often paieland receive consid-
crable arrention, knowing and underanding their reactions to specihe method
s essenttal D Lasilv, acceprabiling data G be used 1o guide acrual progrioms
e tenns of the methods otfered. the amount and tpe ol educionad nuuerial
provided. and the explanations and sttpport appropriate to the methaod,

It s not enongh for social scientisis 1o measure acceptainlinn on the one
hand and for biomedical vesearchers to develop new methods and improve
existing ones on the other hand. The two must work together for optimum
vesults: wood. acceptable comraceptive methods that e widely used. The
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protocol presented in the remainder of this chapter is offered as a step toward
the goal ol appropriate integration of biomedical and social rescarch.

EVALUATION OF THFE. ACCEPTABILITY OF REVERSIBLE STERILIZATION

I 19771978, o stndy was undertiaken o assess the potential importance of
reversibiline on selection of tubal sterilization. Despite increasing biomedical
rescarchiin this arca and positive feelings amony professionals concerning its
unportance, there were no baseline data on how much more acceptable ster-
Hization might be if it were reversible. 11 overall receptivity 1o new technology
could be determined hefore i achieved its tinal form, women could be pro-
vided with o voice in contraceptive development and seientists could obtain
the kind of informaton duiv could Tead 10 maximizing acceptance of that
technology. Alhough it appeired self-evident tha reversibility would signif-
icantiy enhance sterilizanion acceptabiling, a fundamental question demanded
an answers b steritization retained its basic clinacter, would the appeal of
reversibitin be overshadowed and perhaps be eliminated by the prospect of
two surgical procedures?

Incorder 1o focus o the atribute of veversibitity, all other characteristics
of conrent methods, sudh as surgery, costs, and effectiveness were held con-
stant. Study participants were told 1o mike the following asssumptions about
reverstble sterilizanon: it would he as elfecuve as current techniques in pre-
venting pregmaov it would cost the same as an initial ligiion; 1t would be
reversible 950 of the time: and cach operation, the one (0 tie women’s tubes
and the one to antie them, would be o relatively simple procedure involving
sargery performed i the hospital under 2eneral anesthesia, H, under such
crcunistances, signihcanth moe women believed they would undergo ster-
ieation il i were reversible, reversibility could be idemified as a singululy
important vintable,

Completed questionnaives were obtained from 1071 randomly selected ob-
stetrie and gyvnecology patients in oftices and clinies throughout San Antonio,
Corvent antudes snd itentions toward permanent sterilization were com-
pared with what women helieved their attitudes and intentions would e
towird by pothetcallv reversible steritization. Resubs indicated a highlv sig-
nificant inerease inoselection of reversible surgical sterilization over all other
existing contraceptive methods.!” Tnterestingly, however, of the women ob-
jecting to perniurent sterilization, 145 did so prinmarily hecause of its surgical
character. Even more important, wimecessary strgery was the most promi-
nent objection to reversible surgical stevilization: 136 of subjects who rejected
the procedure did so primarily hecanse of s surgtcal requirements.” These
dacr indicate that there mav be a sizable proportion of women for whom
nonsurgical stevilization nay be the ideal contracepiive method,

v order 1o evaluate porential and actual aceeptabiliny of nonsurgical ster-
lization. the questionnaire and methodology of the prior study have heen
adapted o curvent purposes. As a'veady noted, the model questionmaire ap-
pearing in Appendis 1-1is hised on chemical (quinacrine or MCA) occlusion.
Quinacrme and MCA were selecred beciuse many of their characteristics are
already known and can he deseribed 1o potential aceeptors, Because decisions
made by study subjeas regarding potential acceptability will hive been based
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on full information about chemical sterilization, results can e expected
correspond better to actual behavior than do those of the previous study.

ALDAPTATION OF THE RESEARCH INSTRUMENT

The most important overall principle in adapting the basic questionnaire to
this and other studies is nse of appropriate language. Vocabulary and sen-
tence structure must be suthiciensty simple so that the questionnaire is fully
understandable 10 non=high s hool graduates but not so simple that it is
offensive 1o beiter educated women. Where literacy levelsare low, the ques-
tionuaire should be available in the subject’s preferred Linguage and should
be administered by an interviewer who is fluent i the given Linguage.

The stracture of the model questionnaire is almiost identical 1o that of its
predecessors section | provides an explanation of the studv, section 1 elicits
sociodemographic information, section TH elicits attitudes aad intentions to-
ward current methods of surgical sterilization. and secton IV elicits attitudes
and mrentions toward the tpe of sterilization under study, in this case quin-
acrine or MCA occlusion. The current questionnaire vontains an additional
section (section V) for use only during clinical trials. T will be discussed briefly
measeparate section toward the end of this chapter,

Ieshould be noted that, although men plav arole in deciding for or against
female sterilizuion, the veseardr instrument is divected toward women, The
questionnaire has been adapted and cmploved o study couple decisions re-
garding reversible male and female sterilizaion. However,in the interest ol
sunplicity: (subject recruitment. data anabvsisc and interpretion), only the
female version has been adapted 1o carrent purposes.

SECTION I—EXPLANATION

The explacation page defines birth control, describes current methods of
male and female stertliznion and provides a deseription appropriite to either
quinacrine or MCA occlusion. 'T'his deseription is hased on what the charac-
tevistios of chemical occlusion are hkely o be ar the time these procedures
are made publich available, 1 he nnportance of providing a clear and thor-
ough description of the study procedure cannot be overemphasized. Results
are highhy suspect in the absence of appropriate explanation. Negative as well
as posttive differences between the study procedure and the method with
which it is heing divectly compared should he delincated. Similarities between
the new procedure and existing contraceptive methods should be noted where
appropriate. Because adequate explimation is so critical 1o the success of any
study, the following paragraph desaribing quinacrine or MCA sievilizaton is
mcluded within the text. It provides informa. on on tvpe and duration of
treatment. overil characerisiicos, permanence, effectiveness, site of treatment
i terms of hospital versus doctor’s office, surgery and anesthesia require-
ments, side-cffects, and costs:

Research iy being conduacted 1o develop various s pes of sterilization procedures
for men and women that do no requite sargers. In this questionnaire, we are
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concerned with eie method of nonsargical sterilizaton for women. Howould in olve
inserting w0 chemical into the mowth o the uterus (womb) through the vagina,
followed by another reatment. | monts Lter. This would cause the tubes 1o close
within 6 to 12 weeks. During this time ather contraceptive methods should be used
1o prevent pregnancy, Inothes questionnaire we will vefer o this method of non-
surgical sterilizanon as hanving one's tubes blocked or closed. Such procedure
could never he undone or reversed. We expect that, when st innodoced, it will
not be as successtul s surgical srervilization in preventing pregnanc, We exped it
will be successtul i 9370 af Cases. compared with dose 1o 1004 for the strgieal
procedare. Your tubes would be blacked i the doctors otfice, without need for
anesthesia There shoald not e any short- or tong-termn effects, except lor some
mild cramping pain at the tme of teatment. We estimate than this procedure will
cost much less than sureicad stenfization.

Tos paragraph corsenve as aomaodel for deseribing other methods of non-
surgical stevilization,

SECTION H=-SOCIO-DEMOGRAPIHIC QUESTIONS

This section elicits information on the following mdependent vindables: age,
ital statass ethnidn, - cligion. education, employment status. total Lol
income. pregnaney statas, fecunding, health problems during pregraney, par-
v mtended paringintention 1o have more Children. status of last pregoancy
tnterms of being wanted or unwanted ), willingness 1o consider o future
abornon. prior abortion expericnce, use ol CONTACeP es, carrent contri-
ceptive hehavior, contiaceptive method, satisfaction with cotitraceptive method,
and previous discontinuation of o method hecuse of dissatisbaction.

SECTION HI—RECEPTIVITY TOWARD CURRENT METHODS OF STERILIZATION

Phis section fose establishes whether or not the subject is part of o stertlized
couple. Onlv those women who respond negatively are invired 1o complete
the vemamder of the quesnonnaive. Women's Knowledyge of sterilizanon and
thens triends” prion experience with such procedures are also ascertained.

Most questions focus on subjecs” approval of and acnal intentions toward
surercal stentizaton. Women are ashed it they would vy conseder having
thew tubes ted atter having fmished childbeaing: it they actually intend to
cventuallv undergo sterilizadon: and. i they are fnished childbewring, whether
they plan o be stervilized within: he following 12 months. Uhus, cach successive
question mare doselv measures potential behavior,

Inorder o understand negative responses. subjects who would no sertonady
consieder stevilization or e e e ashed 1o explain their feelings (see
question: 3. Eleven possible explanations are provided, mchuding fears of
plivsical and defeminizing atteretteas: partner objections: preference for
vasectomy forone’s pantner: and objecions to peninanenaoy, surger. expense,
and Himting one's repraductive potential. Women are ashed 1o chieck all re-
sponses that apphy o themselves and o double dhiedk their primary objection,
Frvthermore, women swhe do not imtend o undergo pernment sterilization
are also asked 1o note then altereanive contraceptive courses. The options

provided e “orthe contraceptive methods”™ “vaseconn tor partner,” “use
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of no method,” and “preference for tubal stervilization if less expensive.” Al-
though the latter is not i alternative course, it was determined in the first
survey that some women felt it was their hest response 1o the question. Again,
man attempt o understand win some women niay ohject to sterilization,
subjects are asked i they helieve sierilization makes women more or less
atracive to men. nrerestingdv, i the priov siady significantdy more Mexican-
than Anglo-Americm women were concerned aboun possible negative changes,”

I ovder to ulimarel determine i increased aceeptabiling of i new pro-
cedure v make ademographic impact in terms of births or pregnancies
averted. women who intend o be stenlized are asked how many vears they
will wait 1o undergo the procedure afrer having their Tast wanted child and
how many childven they will have ar that thne, A in the cise of other ques-
tons i this section. responses e compared with their respective counter-
petis i osection [V

SECTION IV—RECEPTIVITY TOWARD NON-SURGICAL METHODS
OF STERILIZATION

Questons m section IV essentially duplicate those from the previous section,
Fhe dise of objecions provided to women who cither will not serioushy con-
sider nonsurgical stevilizanon or are unsine have heen appropriately modi-
fred tsee question T Nine of the 12 objections are identical 1o those in
section T Objecions to singery and 1o the expense have been rer oved.,
Fhiee addinonal objections have been substitured. These aee: 1 do not like
the Lact thar there would be we chance o undo or reverse the procedure:”
“although nonsugical stevdization wonld present pregiimay in 95 of 100
wowmen. EBameatvaid thar nemy case e would Ll and “alihough nonsurgical
stevtlizanon wonld cost mnch Tess than surgical stevilization, it still miyv be o
expensive.”

Incovder o adapt this question to other inethads of nonsurgical sieriliza-
ton,appropriate objecions should be sabstitared tor the IApPropriate ones.,
For examplesm the case of tuture methods of nonsurgical sterilization tha
may be reversible the item abjecting 1o the absolute permanence of quina-
crine o MO occdusion would be removed. e would e replaced by i more
appropriate response, suchas, “Although remaoving the plugs should allow
S of 100 women 1o become pregnant again, Uam advaid that in my case it
wonld nor won k.

SUB)ECT RECRUITMENT AND DATA ANALYSIS

Methads of sabject recruinment and questionnaive adiministration cimploved
mthe prior stady proved cost ethcient and productve of consistent and
rehable dane Phey ae theretore tecommended for this study.

A ahsterie gynecologic patients texcept those obindy Tong past repro-
ducove auer appearing on randomh seleced dins i particuliar office or
chotccor all womens or o vandom sample thereot, vesiding in villagre in
developmg conmty, shauld be asked 1o anonsy monshy complete the question-
nanes A researchassistant should explinn the purpose of the study and check
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the completed questionnaire in the subject’s presence for completeness and
consistency of response. Although almost all women are asked to participate,
analvsis should be contined 1o responses from potemtial acceptors of nonsur-
gical sterilization, tha is, those women of reproductive age who are neither
stevile, already sierilized, nor in a sexual union with @ vasectomized male.
Using this procedure, i random distribution of respondents will be achieved:
nonproductive coding and stadistical analvsis will be eliminated, and feelings
o discrimination (e.g.. on the part of deceptively older-looking women) will
beavoided. The researeh assistmt, i answre that a wonran is under a0, should
assume it

The questionnaire is casilv coded, and studv o results lend themselves to
straightforwanrd stistical anelvsis, In order 1o determine if nonsurgical ster-
Hization is significanth maore acceptable than surgical procedures, FeSPONSes
to the questions onattitudes and intentions toward nonsurgical methods should
be compared with responses 1o the cquisilent questions on sorgical proce-
dures. Specifically, the following computations must be made: - those women
mitidhy vejpecting sargical stevitization. wha proportion accept nonsurgical
methods: and of those women initialh aceeptng surgical sterilization, what
propordon accept and what proportion reject the nonsurgical procedure.
The necdifference is then computed and analyzed for statistical significance
using MoNena's one-tailed 7 test tor corveluted proportions. The same tvpe
of analvsis s used 1o determine whether women's perceptions of female at-
tactiveness tollowing sevgical stevilization are e different from those fol-
lowing nonsurgical sterilization.

I order o predicr the topes of women most likely 1o be alfecred by de-
velopment of nonsargical sterilizaton, anv or all of the dependent variables
concerning attitudes and intentions toward hoth sargical and nonsurgical
stertliziion should he cross-tabulated with the independent variables con-
tined insecton Hand with one of the fiems contained in section I friends’
experience with tubal stevilizuion.”™ Afrer the influence of the VUrious socio-
demographic and atitudinal variables on intention o he sterifized (hoth sur-
gicalby and nonsurgicallyy are considered, step-wise discriminant function
analysis should be used 1o determine which variables have o significant in-
dependent impact on mrention o undergo nonsurgical sterilization and on
the response change trom initially rejecting surgical sterilizaion 1o aceepting
nonsurgical procedures.'!

In order o determine whether the availubiliny of nonsurgical sterilization
wonld induce women to wait less time after having their tast wanted child 1o
be sterihized Cuid thus avert the possibiliny of an unwanted Preginey) or to
have fewer childrean, the appropriate comparisons must be made. MeNciar's
one-tadded 1rest for corvelared means should be used 10 determine the sig-
nificance of possible differences. !

USE IN CLINICAL TRIALS
Al padicnts involved in clinical trials should be asked 1o complete the ques-

tions in section V' of the questionnaire. Responses will help the clinician or
rescarcher anderstand women's feelings toward nonsurgical sterilization im-
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mediately after they have undergone the procedure, The questions address
the women's feelings about the particular method, specitically, perceived ad-
vantages, suggestions for possible improvements, perecived detriments, ad-
equacy of the intormation provided, current well-bemg, unanswered concerns,
treatment by sttt and funae recommendations 1o friends. Analvsis of re-
sabtant datic wilh provide aguick overview of how the procedure inelf and
the service delivers systenr can e improved 1o inerease acceptability,

The deseription ot chemical occusion provided in section 1. or an adap-
tation thereol. can he given o patients betore they undergo the actual pro-
cedure. Most questions in section 1 (those to be elimned or moditicd are
appropriately ninked) shoald be administered to all patients if the clinician
or rescarcher wimts o know which tvpes of women hind nonsurgical sterili-
sation most and least acceptable and why, Sections T and 1V are not appli-
Gthle tory use in dinical trials,

SUMMARY AND CONCLUSIONS

[ sumnians . the maodel questionnaive is a very flexible instrument that pre-
vioislv provided consistent and reliable dat T was casily adapted to evaluate
the acceprabitin of nonsurgical sterilizuion by way ol chemical occlusion.
With minor modifictions involving description of the study procedure and
delineation of possible objections o that procedure, the revised (questionnaire
can be readilvadapted o siudy the acceptabiliny of other forms of nonsurgical
sterihization. Teis cisilv adiministered and coded, and study resalts lend them-
selves tostraightforwand stadsicd analssis, o addition 1o its use in evaluating
the acceprabiline of nonsurgicad sterilization before is actual introduction, two
sections (Hand Ve designed Tor use i cincal tials, TE translated with
appropriate attention to nuances of meaing within the given language and
to overadl cultural cquivalence, this rescarch strument., or simplified ver-
stion. e he emploved s a protonpe in developing countries as well as in
developed ones T use will serve o imtegrate biomedical and social research,
thus helpimg to reduce costhy trial and error.,
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Appendix

Questionnaire on a Nonsurgical Method
of Sterilization for Women

I. EXPLANATION OF STUDY

Lhis questionnaire is part of a stdy on sterilizion procedures for women,
sponsoved by [the vame of fundimg agenecy or wneeratyl. Wene conducting the
study because we want to understand women's feelings toward various meth-
ads of stenilization. We, theretore, will be asking vou questions about sterili-
ation operations that involve surgery and about another sterilization procedure
that does not require surgen. Your answers (o these questions will help us
decide the importance of developing nonsurgical method of sterilizadon.
Pleiase aniswer cach question as carefully as vou possibly can. Every question
has ananswer that applies 1o vouw. However, von may reluse 1o ANSWeT Sy
orall questions. No one will know how vou answered this questionnaire be-
cause o naime is never ased, Morcover, the cire vou recenve will in no way
he atfeced by vom participation in this studv, We greatly appreciate vour
cooperation in this marter and will he Nitppy tonsiwer iy question YOU Iy
have,

Inorder to help vou answer these questions, we will fiese explain the mean-
g of some of the words we use. Birth control refers wo avthing men and
women do o avoid pregmandies. Sterilization refers to any procedure per-
formed on men o wonen so s 1o make it impossible for them o e
children. There are various wans in which 1o surgically stevilize women, All
ob these operations basically involve tving of f the tihes (Lallopian tabes) which
crry the eges orvemoving the tabes and the womb tarerns), | hese vpes of
operations wre usually perfonned in hospital, novmally under general anes-
thesiae Inthis questionnaive we will reler to these sterilization operations for
women as tubal igation, o having one's bes tied. Male sterilization involves
a nnor operation in which the tubes or cords thin cars the sperm ceells, or
made seed. are cut and ded off. Phis operation s called aovaisectomy and can
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be performed ina doctor's oftice under local anesthesia, Today, sterilization
operations performed on men snd women involve surgery. Althongh they
are considered permanent operations, occasionally thes can be successfully
reversed through additional surgery,

Rescarchiis being conducied 1o develop various types ol sterilization pro-
cedures for men and women thin do not require surgers. In this question-
naire we e concerned with one method of nonsurgical sterilization for women,
Ieowonld imvolve inserting o chiemical into the mouth of the uterus (womb)
through the vagina tollowed by another treanment T month later, This would
Gause the tihes to dose within 6 1o 12 weeks., During this time other contra-
ceptive methods should he used o prevem pregnancs. Inthis questionmaire,
we will reter to this methad of nonsargical sterilization as having one's tubes
blocked or dlosed. Such a procedure could wever be undone or reversed, We
expect thats when fist inrodaced, it will nor be as suceessiul as surgical
sterlization in preventing pregnancy. We expect it will be successtul in 959
of casesccompared with close ta T005 for the surgical procedure. Your tuibes
would he Dlocked i the doccors othee, without need for anesthesia, There
should not be any shore- or long-term side-etfects, except for some mild
crampmg pain . the time of oeatment. We estimate that this procedure will
cost el less than surgical stevilization,

II. GENERAL BACKGROUND QUESTIONS

Lo What is vour bireh daer __

Whit is vour present ager ___ vears.

= How minny veans of education have vou completed? Cirele the highest
level tgrader ol cducation von hane completed.

Grade school: 1023, 10,6, 78,9, 10, 11, 12
Business or vocational school: 1, 2.8, 1
College: 12030

Postgraduae educcation: 1.9,3, 1

3o What is vour manital statuss Chieck one:

S a0 Marvied. for the hiest thne ¢. Widowed

b Married, tor the second or — 1. Divorced
third time
—— ¢ Marned. conmmon law . Never married

et Sepaarated trom hushand

I o e marved: How long have vou heen married 1o vour present
hushand> Years ——__ Months .

Lo What s vour relicion® Check one:

———a. Catholic — . Jewish
—— b Protestam — . Other (specify)
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5. What ethnic/racial group do you belong to? Check one:

——— & Mexican-Amecican —¢. Black
———b. Anglo —— d. Other (specify)
6. Do vou work? Yes No

If yes: What Kind of work do vou do?

~1

Does vour hushand work or £o to school? Yes No
I have no husband __

If you have a husband who works: What does he do?

8. How much income do vou and vour hushand carn (hefore taxes)? Check
one number in both columns () and (b):

() Hhshand's income (il vou are (b) Your income
unsure, please give us vour
best guess)

Yearh Weekly Yearly Weekly

— L. Nohushand ................. — L lIdonotwork ...............
—— 2o Hushand does not work. ... 92, Under $3.000 .. Under S58
— 3. Under $5.000 . Under 897 4, S3000-1,9949 ... SHR-Y6
| S.")J)()l)—f},‘.".i‘.)..‘...S‘.??-‘lfH L SH.000-6,999 ... &t SU7-1 H
e DL STLO00=8 04y S135-173% . 5. S7.000=8,994 ., ... S135-17
e BOSY000--100994, . STT1-9] | S9.000=109494. . S17. 1-21 ]
e 7COSTHO00=12 994 S22-eh0 7. "w'l 100012999  S919_950)
e NUSIRO00= 09 SO51U8S S, SELOU0-11.999 0§ SO51-U88
e OO STHOOO-106, ‘_l‘_",', SUSYLRYT g, S1H.000-16.994 SO8G-_397
1O ST7.000=19.999 S328-381 0, S]?.()(N)~19,9‘.)9 L S398.-381
L S20,000-2-0.999 U S385- 181 1. $20,000-21.994 . S38H—181
— 120 Over S25.000. . Over SI8Y 20 Over S25.000. .. Over $489

2o Are vou receivie 3 weltare paviments® Yes No

H0. Does sy other person help support vour Yes No

If yes: Approxim; wely how much does he or she contribute each Veir?

FT. Do vou have any children? Yes No

If yes:  (a)  How nany do vou have?

Number of bovs —__ Number of [T 3 C—
(h)  lhow old are lh(\' List their ages:
Bovs Girls
120 Are vou pregnant now?: Yes No
If no: Have you ever been pregnant?
Yes No Unsure

*Eliminate pant 1 of iy question for use i dinieal trials,
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13, Are you trving to become |regnant now? Check one:
Yes No Fdow'tcare —— Pmalready pregnant

FL Have vou ever wried 1o bhecome pregnant for 2 vears or longer and could
not Yes No

15. Do vou think vou can have (are physically able to have) any (more)
children® Yes No Unsore
If noorwswre: Why do von feel this wav: — —

16, When vou are preguant or deliver a baby, do vou have anv serious
health |nul)l(nn or have vou been told vou will have such ditficulties
with vour next pregnancy s Check one: Yes No
Unsure - Never been pregnant - -

17, Do vou intend 1o have any morey children®
Yes No Unsure
If yes or wnire: Gy What is the total number vou intend o haver
(h) What is the oldest tmaximum) age vou would want
to-be when vou hive vour fast child? vears

I8, Do s vour husband (partner; want vou o hive (more) children:
Yes —— No . Unsure — No hushand (partner) .
If ves: What is the total Hllllll)(l In wants vou to hiver

P Fave vou at any time inovowr life used 2 method of birth control or
pmlulul voursell i other wavs against pregnaneys
Yes o No ..

20, Do vou now use a method of birth control or protect vourself in other
winvs agatst pregianay: Yes . No__ . I'm pregnant —
Already stevilized (either patner) o

If yess G Which method do vou now use?

e Lo The P e 6. Rhyvthm

— 2. IUD —— 7. Withdrawal (pulling our)
— 3 Diaphragim and jelly e N0 Douche

— b« nn(lmn (rubber) — O Breast-feeding

0. Foum or jelly — o Other ¢spediivy

(hr Do vou use it regukoh s (Are vou protected every time vou have
sexual relations, or it vou now ttke the Pill. do you alwavs remember
to tiahe one cach d; i that vou are supposed lt"

— Lo Yesoall of the time —— 3. Just sometimes
— 2 Yesomost of the time —— 1L No

If no: At this pointin vour lite, do vou engage in sexual relations? Yes
No . Sometimes o

I Iunln e lul ase e Chineal s,
PModiby for use in chinical tials telimimate intent, refer w wanting more children).
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IFYOU ARE PREGNANT, TRYING TO BECOME PREGNANT, OR IN
THE PAST 2 MONTHS HAVE DELIVERED A BABY OR IIAD AN
ABORTION OR A MISCARRIAGE, ANSWER QUESTION 21, 117 T1HHS
DOES NOT APPLY TO YOU. GO TO QUESTION 22,

l)l

- 1.

Were vou using a method of birth control hefore this pregnancy or
before vou started wrving to become pregnant Yes No

If yes: () Which method did vou use most recentlv? Check one or more:

1. The Pill

2.1t

3. Diaphragm and jellv

4. Condom (rubber)

5. Foam or jelly

6. Rhivthm

7. Withdrawal (pulling out)
8. Douche

0. Breast-feeding
10, Other (specily)

B

(b) Did vou use it vegulindy: (Were vou protected every time you
had sexual relations, or il vou were taking the Pill, did vou
always remember 1o ke one cachr day that you were sup-
posed toz) Check one:

LoYes, all of the e

2. Yes, most of the time
3. Just sometimes
1. No

i

Are vou sadishied with the method of birth control vou are now using?

Check one: (I vou are not using a method of birth control now because
vou e preguant. tving to hecome pregnant, or in the past 2 months
have delivered a baby or Tud i abortion or a miscarriage, please refer
to the birth control method vou used most recently.) Check ones

it Vervisausfied  __ dl Dissatshied
b Suanshed e o Nery dissatishied
. Unsure e b Ddon't use any kind of birth control

23 Thave vou ever stopped using a method of birth control because you

were unhappy with itz Check one:
Yes —— No 1 have never used a method of birth control

If yes: G0 Which method was this? Check one or more:
——— L. The Pill

—_ 2.IUD

——— 3. Diaphragm and jellv

Maodits for use in cinical tials eliminate relerence o arrent pregoaney and current at-
tempts at conception, reterting only o recent delivers o termination).
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4. Condom (rubber)

5. Foam or jelly

6. Rhythin

- Withdrawal (pulling our)
8. Douche

9. Breast-feeding
1. Other (specity)

11111

(h) Wi were you unhappy with itz

Do youw intend to use any method of birth control in the future? Check
one:

Yes No Unsure Already sterilized (cither partner)

If yes: Which method do vou intend 1o use? Check ones

—— 1. 'The pill ——— 8. Douche

—_ 21D —— U Breast-feeding

—— 3. Daaphragm and jelly ——— 10, Tubal ligation

—— L. Condom (rubbery (have your tubes tied)
—— 0. Foam or jelly —— 1. Vasectomy for hushand
—— 6. Rhvthm (partner)

———— 7. Withdrawal (pulling out) —— 12 Other (specity)

e 13, Unsure

Have voueverhad (0 an abortion: Yes No
(b)) a miscarriager  Yes - No
Unsure

Did you want to become pregnant this Last time (vour last pregnancy)?
Check one:

it L have never heen pregnant,

— b Yes

——— ¢ No.notar that time, T wanted to wait longer.
—— . Noo Fwas finished having children.

——— . No. Fdid not want any children,

e Lo Pdidne care,

- Mvouhadan unwanted pregnaney, wonld vou seriously consider having

an abortior? Yes . No . Unsure

QUESTIONS ON SURGICAL STERILIZATION

Have vou or vour hushand (partner) had an operation that makes it
impossible to have childrens Yes, T lhave . Yes, my husband (part-
neryhas .o No ...

SEhmnate for vse i cdineal tals,
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-

IFNO, GO TO QUESTION 24,

IFYES, COMPLETE QUESTIONS (). (). AND (0) AND TTIEN YOU

ARE FINISHED. THANK YOU FOR YOUR COOPERATION.

(i) Did you or yvour hushand (partner) have this operation because of
medical problems or because vou wanted 10 stop having children?
Check one:

Medical problems . "To stop having children
Both

(by How old was vour voungest child when this operation was per-

formed:

Years Months
() I were possible. would vou want to have this operation reversed
so vou could have children? Yes No

Some women get operated on (have their tibes tied) so as not 1o have
more children. Fave vou heard of this operation before today?
Yes No

Do vou approve of women laving thetr tubes tied (tubal ligation) after
thev have finished having children? Check one:

——— . Stronglhv approve
b Approve

— . Disapprove

——— d. Svongly disapprove
et Feelits up to them

- Have vou ever discussed tubal ligation with your hushand (partner)?

— it Yes, many times
b, Yes o onlv once or twice
U, No.never

— . d. No hushand (partner)

S After o woman’s tubes are tied, do vou think she becomes cither more

or less attractive to men® Check one:

— . No change . Yes.oalivde less
— b Yes, a hinde more auractive

altracuve ———¢. Yes, much less auractive
—_— . Yes,o much more — . Unsure

altractive

If yes or wnsioe: In which wav:

- Have anv of vour female friends or members of vour familv (women)

had their tubes tied? Yes No Unsure
If yess Ave they satished? Yes . No —_ . Some YOS, SOme o
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Would you seviowsly consider hawving vour tubes tied after vou have fin-
ished having children? Check one:

Yes No Unsure

If no or unsure: Why do vou feel this wav: Cheek () all of the reasons
that apply to vou, and double check (1) the one reason that IS most
inportant.

Lo T might change myv mind and want another haby.
—— 2. Imight lose i child and want another baby.

3. T might lose my hushand cither through divorce or death and
then remarrys I might want another baby with my new hus-
band.

For drvorced, sepavated, and widmoed women: | might remarrry
and want another baby with my new hushand.
I want to have as many children as 1 can,
5. The operaion is oo expensive,
. L do not want o have amy surgery I do not absolutely need.
——— 7. Lthink myv husband (pariner) should have a vasectomy, (I
vou cheek this vewson, please explain why)

Fam afvaid Twill be less of 2 woman (I vou check this reason,
please explunwhyy

9. Famvabvaid of phvsical problems vesulting from this operation,
(I vou check ihis reason, please stie what vou think such
problems would hey . e

——— 10 My hashind {partner) would object. (1 vou check this reason,
please explain why) , _

—— L Other reasons (specify) — —————

- Do yowmtend 10 have vour tubes tied sometime after vou have EBished

having children? Yes No Unsure

If no or unsure: Is this because:

It is 100 expensive. I it were free or cost the same as other
methods of birth conrol., T would eventually have my tubes
tied.

2. 1 preter other imethods of birth control,

——- 4 Fwill not use any method 1o prevent future pregnancies,
My hushand (partnery may have a vasectomy instead.

—_l
If yes: o After vou have fmished having children, how many months
or vears will vou wan before having vour tubes tied?
—— Months or  ___ Years

(b How many children do vou think vou will have at this time?
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I vou are himished having children, do vou plan 1o have vour tubes tied
within the next 12 months: Check ones

e it Eiim not (mav not be) linished ¢. Unsure
having children

—— b, Yes

d. No

. Some men get operated on (vasectomy) so as not to have more children,

Have you heard of this operation before today? Yes No

- Have vou ever discussed vasectomy with vour hushand (partner)? Check

one:
i Yes, many times

e b Yes, only once or wwice
— ¢, No, never

—d. No husband (partner)

QUESTIONS ON NONSURGICAL STERILIZATION

- Letussuppose that techniques of nonsurgical sierilization were available

for women and men. This would mean that g woman or man could have
herhis tabes permanently blocked or closed without having to undergo
an operation. Hsuch me thods were available, would vou approve of them
for women who have finished having childrent Check one:

it Strongly approve
e b, Approve

— . Disapprove

——d. Srongly disapprove
— . Feehi's up o them

I woman's tubes were permanently blocked or closed without surgery,
do vou think she would become either more or less attractive to men?
Cheek one:
— . No chinge ——d. Yes, alitde less
b Yes, a litde attractive

more stractive . Yes, much less attractive
e . Yes, much more

attractive — 1. Unsure

If yes or unsure: In which way

- Would youseviowsly consider having vour tubes permanently blocked or

closed atter vou have finished having children il vou did not have 1o
hive an operation? Check one:
Yes No Unsure .
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If no or wnsure: Why do vou feel this wavr Check () all of the reasons
that apply 1o vou and double cheek () the one reason that IS most
important.

—— L. I'might change myv mind and want another haby.

——— 20 might lose a child and want amother bahy,

—— 3 Dmightlose my hushand either through divorce or death and
then remarey. T might want another buby with my new hus-

band.

For divorced, separated and wudviecd woomen: | might remarey and

want another baby wah myv new husband.

Ido not like the fact that there would be no chance o undo

or reverse the procedure,

—— Do Although nonsurgical sterilization would prevent pregoancy

in 95 of 100 women, Tam atvaid that in v case iwould fail,

Iwant 1o have as many children as 1 ean,

Althongh nonsurgical stervilization would cost much less than

surgical sterilizaton, it still nay be oo expensive.

bk my hushand (partier) should have o vissectomy, (I

vou check this reason, please explain why)

Fam atraid Twill be less of o woman (I vou check this reason,
pleaseexplainwhyy oo

—— 10 Tamadraid of physical problems resulting from this opervation,
(Hyou check this reason. please state what vou think such
probloms would hey _ e

——— PLMy husband (parinery woald object. (1f vou check this reason,
Please explainwhyy o

. Other reasons (Specifvy o

e 12

I sterilization for men and women did not require stgery, would vou
ttend 1o have vour tubes permanently blocked or closed sometime after
vou have iimished having children? Yes — No Unsure _____

1 no or wnsire: s this becise:

It may be too expensive. I it were free or cost the same as
ather methads of birth control, 1 would eventually have my
tubes blocked.,

N

20 I prefer waditional tabal ligiaion.
3. L prefer other methods of birth control.,
Lo Lwill not use any Kind of method 1o prevent future pregnan-

cies.

S My hushand (partner) might have o vasectomy instead,

6. My hushand (parmer) might have 2 nonsurgical vasectomy
instead.

i
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If yes: ) After vou have finished having children, how many months
or years would vou wait before having vour tubes blocked or closed if
vou did not have 1o have an operation? ___ Months or Years

(b) How many children do you think you would have at this times

I oyvou are hinished having children, would vou plan o have vour tubes
permanently blocked or closed within the next 12 months it you did not
have 1o have an operation® Check one:

—— . Laun not tmay not be) linished having —¢. Unsure
chaldren
— b Yes —d. No

V. QUESTIONS ON NONSULGICAL STERILIZATION
FOR WOMEN WHO HAVE UNDERGONE THE PROCEDURE

l.

- What could have been done to make it even hetters

Your tubes have just heen blocked without surgery. How do you fecl
about itz Chedk one:

it Py pleased
— b I Eave some regrets
I am sery i was done

— .

If not pleased: Whye

What were the advantages of the treatment

- Do vou think anvihiing should be changed abonr the treanments Check

one;
o Yes - b Noo__ CooIsure
I yes or e Whian especiidly bothered vou?

- Were vou given enough information abour the treatment betore vou

decided to have it dones Check one:
wYes b No____
If no: Please explain

1 bs there anvihing that was not told 1o vou that vou wished you had

knownr Chedk one: as Yes . b No
If ves: What was it?
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. How do you feel now? Check one:

— . I feel well
—— b. T teel moderately well
—— . L teel poorly

s there anvthing about the treaument that vou are now worried about?

Check one: o Yes b No ¢, Unsure
If yes or onsure: Please explain

- How were vou treated by the staft? Check one:

Very nicely
b, Not nicely but not poorly
— . Poorh

——

If xou were not treated weely: Please explain

Would vou recommend this procedure 1o friends \\h() are hnished hav-
ing childrens Check one: a. Yes h. No . Unsure
If no o unsure: Why notr
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Discussion: Feasibility and Acceptability
of Transcervical Sterilization

JOHN J. SCIARRA. MODERATOR

IN DEVELOPING COUNTRIES, WHERE PHYSICIANS ARE SCARCE,
HOW FEASIBLE IS SURGICAL REVERSAL, AND HOW IMPORTANT
IS REVERSIBILITY AS A CRITERION, IN EVALUATING A
TRANSCERVICAL STERILIZATION METHOD FOR PROGRAMS?

Fhere is considerable discassion of reversibility: of sterilization procedures,
but considering the physician population ratios and 1he distribution of phy-
sicians o the developing world, o woman seeking reversal would have diffi-
culin hinding agvnecologist who s teained o doveversals, A few centers have
been establishied wround the world 1o olfer reversal of carventh used steri-
hzaion mcthods, bur thei capaaity for reaching Large numbers of people is
hinned. Relwive o the number of sterilizations being done, the demand for
reversal s very small,

Reversibilion hecones important when it is a maor advantage of a method,
aswiththe silicone plug or the funbrial hood. | hese techniques might have
wide appeal and applicabibi especiadly in comntries where onventional pro-
cedures are often prohibired.

WHAT ARE THE MINIMUM REQUIREMENTS OF A
TRANSCERVICAL METHOD, IN TERMS OF EFFICACY,
FOR PROGRAMMATIC USE?

Opinions ditfer on this question. A conservative stndard would he arate of
cHectiveness fairly close 10 that achieyed with the TUDL perhaps a0 24 10 3¢
Faihare vate inoterms of pregancy, preferably with one application, or with
some way of determining whether or nor the dosure has heen successtul.

I considering effectiveness standards, it s unportant o distinguish he-
tween tubal closare vates and pregrancy rates: the actual pregnancy rae may
be lower than one would expedt,on the basis of the tabal closure vate. Wil
quinacrine. for example, an 854 bilaeral tubal closure rate mav not seem
adequate, whereas the actnal pregiancy vates achiieved with the method niy
be dow enough 1o meer program standads,

Panddnts Canl ) Pauersiem, Ralph M Richaon, Rochelle N Shan, James Do Shelton, D -
wents Lov Brandon Moo HoCabbak, Rolert S Neawnth, Madcolin Poas, Rodolta Quinones,
Eanle WO Wilson, Lourens J D Zaneveld, Gerald 1 Zatachn,

56
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Alsocitis eritical from i progrannmnatic viewpoint not o consider fatlure
rites for chemical stevilization procedures on the same basis as the rtes for
comentional surgical sterilization procedures. The generallv accepted preg-
nancy rate tor TUDs over o S-vear period is 97100, and the usual rate for
surgical stevibization s less than 0.5, although in some instances, the rate is
higher.

HOW ACCEPTABLE, CULTURALLY AND PROGRAMMATICALLY,
IS A METHOD REQUIRING TWO OR EVEN THREE TREATMENTS
(AND VISITS TO THE CLINIC) TO ACHIEVE REASONABLE
EFFICACY?

A twosreatment procedure is veasonahly acceptables provided thae the first
VisIE s ot an anpleasant one: however, much depends on the woman's ex-
perience dining the fust vsit, 1 he acceptabiline neratare provides infor-
mattion on factors that imight seerm like il wo e v estigator bhut are inportan
deternimators of acceptance, sach as avilabilinn of Child cre, not Keeping
women watting 6ot 8 hours for 4 procedire but tneating them in perhaps
hait o howr provision ol good support trom the staff, te 1 bive eise witly
which the service is provided, the distance the wornan his 1o tavel 1o the site
of the procedures and other factors, T at the bast visit the experience does
not costa wornian i s absence from ey work and i s not humliating or
unduly paimtal then she s kel o et tor aosecond teatment. 1001 is
itficade tor hers then geting her 1o return will be difficalt. There s an
chormous variation i the quabinn of sernvice provided i different programs
around the world.and these Lactons can Greate an cnormons yariation in the
success et acceprabiling of o procedure,

Another aemibicant consideration is the availabilinn of other contraceplive
options. Assunnng that for much of the populiion o the developing world,
sterilizaton s unieailable, i werms o the physichn populition ratios, then
the chonce is tor the wornan to hecome pregnant again and again using in-
clieaive methods or no methods, or (o hanve a lower pregoancy rate by using
the more suiphvapplicd and cheaper methad, which might be avaalable through
less highilv nioned phasicians o paramedical personnel. or which might ve-
Guite several visies 1o i,

One concept of program sinategy is o offer - broad enough range of
options.ina kind of Loanily planning catereria, with methods varving i price,
ceanin. and case of delivery and permanence. so than almost everyone will
like something on the men.

WHAT PHARMACOLOGIC MEANS ARE AVAILABLE TO
RELAX THE TUBAL OSTIA TO ENSURE ADEQUATE
INSTILLATION OF AN AGENT?

Swedish nnestigatons are having faith good success in humans using .-
adrencrgic agents for the relaxation of the intramunal part of the oviduet,
The relaxation etfect Tasts for 1510 20 minutes.,
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ARE THERE ANY DATA INDICATING THAT PROGESTIN
SIGNIFICANTLY INHIBITS TUBAL REPAIR AND THAT
IT WOULD INCREASE THE EFFECTIVENESS OF ANY

OF THE TRANSCERVICAL METHODS?

There does not seem to be any evidence thiu progestin would bhe useful for
inhibiting vepair. Some investigators have ried unsuceesstully o aceelerate
healing in Laboratory animals by hormonal methods.

I study of patients treated with methyl cvanoacndate, the data were
anahvzed for differences in closure rates in paticnts using Depo-Provera or
oral contraceptives versus dosure rites in patients using condoms and dia-
phragms. No statistically significant ditfer nee was seen,

One observition min be pertinent: a study of the pregnaney rates of women
whoare operated on hecanse they have trne tibal ocelusion and who undergo
salpingostomy shows that i Large proportion of pregoancies occurring in the
first 6 months idter the operaton we ectopic, whereas nearly all the intra-
uterine pregnancies cluster in the third 6 months after the operation, with
some inrauterine pregnancies in the middle 6 months, One possible, al-
thongh weak. inference from this is that some tvpe of regeneration has taken
place over time: but what Kind is not known,

WHAT IS THE INCIDENCE OF ECTOPIC PREGNANCIES
WITH CHEMICAL STERILIZATION TECHNIQUES?
ITAVE ALL THE FAILURES BEEN INTRAUTERINE?

One ol the major concerns with the nonsurgical or chemical methods of
Lemade sterilization has been failures resulting ininrauterine pregnancies,
bur more importanty, pethaps, are those resulting in cctopic tubal pregnan-
ces. A review of the litermure of the chemical techniques used at present, as
wellas o those used in the past, does not reveal any cases of cctopic preg-
nancy with these methods, The numbers are very small, however, and the
follow-up is Limited.

DOES HYSTEROSCOPY AID IN IDENTIFYING THE TUBAL OSTIA?

[ one center. where ivestigators are highly skilled in hvsteroscopy, they
hive observed through the hvsteroscope that the wibal orifice modifies its
shipe as pressure is increased and they have tound tha if the pressure inside
the nterus s kept constant, whichever distending mediun is used, that jden-
tiftcation of the tabal orilices is casv. They use @ specil uterine insutflator
for thaids thar keeps the pressave constant i 180 1 Ha. Besides providing
casy visualization of the tubal ostia, this approach avoids bleeding in the
uterine cavinv, even during training sessions lasting 10 or 15 minutes.

I group of 1284 patients andergoing steriliziion by clectrocoagulation,
the operators failed (o adentify the tbal orifices in only two patients. One
womitn had a polyp in the cornual region, and the other patient was in the
wrong phise of the avde, The mucus plugs were casily removed from the



Discussion: Feasibility and Acceptability of Transcervical Sterilization | 59

tubal orifice through o Storz hysteroscope with @ double surgtcal channel.
Most tubes could be catheterized i no more than 1 em 1o 1.5 em of the
catheter was introduced into the tibe,

However, very few hysteroscopists have the skill and experience to visualize
the tubal ostiacalmost every time. The procedure must be performed during
the carly proliferative stage of the evele, and even then there is about a 109
failure 1o iind both tabal ostia. This is an important consideration when
hvsteroscopy is evaluated for progrimmatic use.

WHAT EFFECT DOES THIL LITERACY OF THE SUBJECTS
HAVE IN THEIR ABILITY TO RESPOND TO THE
ACCEPTABILITY QUESTIONNAIRE?

Obviowshv i arveas where literaey is very low, the woman hersell does not fill
out the questionnaire: an interviewer administers i, 1 is quite extensive, and
Awoman must e fancly Ticevae to GlE i out. However, with a population such
ay one i Los Angeles of newly arrived women from Mexico, use of an in-
terviewer works very well amd the datiseem reliable. ‘The investigators tested
- tor veliabiline inapoor Mexican-American dinic in San Antonio. 11 the
wonnu Iilled ow the questionnaire before she went in to see the physician,
shewasasked 1o repeat heranswers to certain questions alter she had finished
her appomiument. and the reliabilitg was close 1o 974

IS PATIENT REFERRAL OF FRIENDS FOR PARTICIPATION IN A
STUDY PROGRAM A RELIABLE INDEX OF ACCEPTABILITY OF A
METHOD UNDER INVESTIGATION?

[ vaions cinrcal nials over the vears, one good measure of acceptability has
heanrwhether patients would subsequenthy refer their friends for treatment.
T acceprabiling studies this is considered areliable index of acceprabiliny that
the mdividual researcher nught use. In one swiithysis of the results of study
lookig ar characteristics of women most al fecred by the atvibure of rever-
sibilits. one ot the variables having a4 strong ipact on selection of steriliza-
ton, cither a permanent or veversible method, was a friend’s prior experience
with stevilizaion. "That Lo overwhehned almost all of the ther variables.

WHAT NAME IS SUITABLE FOR THE PROCEDURES
BEING DISCUSSED?

Chenmical transcervical methods of sterilizuion are hopeful as another “dish
on the meme” e providing a proper name for them that will he casily
understandable and acceptable o constmens is problem. These procedures
probably should nor be called nonsurgical stevilization hecause people asso-
ciate sterlization with surgery, so it wonld sound 1o people like nonsurgical
strgeny. Logicalbythese are contraceptives with alow failure race aod a 1004
continuation rate. However, that is dithicnlt o explain to a Ly audicence, so
a new name s needed,
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Pharmacology of Quinacrine
Hydrochloride With Emphasis
on its Use as a Tubal Occluding Agent
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THEODORE M. KING

Anintensified program for idemific “on of synthetic antimalarial drugs was
conducted in Germany during the 19205, Quinacrine was one of 12,000 sVh-
thetic chemicals fonnd o be effective in wreating malaria and was widely used
priov 1o World War [L Quinine remained the chief antimaliial drug, how-
evercuntil the Japanese mvasion of the South Pacific cut supplies and ex-
panded US production of quinacrine became imperative, mereasing from a
prewan level of 1200 b vewr o ahnost one toniday. Much of the pharma-
cologic knowledge abour guinacrine was acquired from observations and studies
iade duving that thme '

Quinacrine is a bright vellow crvstalline powder. The structure of quina-
crme hvdrochloride is shown in Fignre 6-1. The metabolic fate of quinacrine
is incompletel understood. In humans, winary products include the un-
metabolized form s well as the O-demerhn lued dervivative, the side-
chain-deaved amine devivative, and an- O-demethvlaed side-chain—cleaved
amine." The phirmacokinetics of quinacrine has been studied primarily in
regard toangestion of the drag.™ Because the mode of administration may
alter the absorption of a diug and s distribution., we investgated the pha-
macokinetic properties of guinacrine following intrauterine injection. The
dataare presented Luer inthis chapter,

Besides ity use i the management of malaria, quinacrine lis been used to

Phese studies were suppotted by contracts from the International Fertilin Research Prograun
(TERP)Y #6071 and #603 and ATD DSPE-C 005,

[/
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FIG. 6-1. Structure of quitkicrine and urinary imetabolires,
Metabolites deft 1o vight) are O-demethylaed, side-chain cleaved,
and O-demethvared side-chain cleaved derivative (hased on Steck
FA: (Ih('nmllu-l;qp\ of Protozoan Disease, vol 111, pp 23-172
Walter Reed Arimn Tistitune of Research, US Government Prinmting
Ofhee, 1982

treat tapeworm ntection, cutaneouns leishmaniasis, and lupus ervthematosus
and o control neoplastic effusions in the pleural and peritoneal cavities,

Numerous toxic effects ol quinacrine have been reported, some of which
are listed below:

Skin:
Lenmon-vellow pigmentation
Dermarnits
Atrophy of sebaceous imnd swea glinds

Gastromntestinal tract:

Nausei

Voming
Abdominal cramps
Dutrrhea

Cinrdiovascular svstem:
Lowering of bloo | pressure
Decreased Gudig output
Bradveardin

Centrad nervous svstemn:
Motor acceleration
Epileptiform convulsions
Delusions
Flallucimations

Othier:

Fever
Headache

The occurrence of these symptoms depends on dose, length of treatment,
mode of delivery, and patient susceptibility. For a more detailed discussion
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of side-etfects, the l'c'ulc' is referred to Goodman and Gilman® and an ex-
tensive review by Findlav.” The toxic etfects of quinacrine as a tubal occluding
agent are discussed later in this chapter.

QUINACRINE ADMINISTRATION TO MONKEYS

INTRAVASCULAR VERSUS INTRAUTERINE INJECTIONS

Quinacrine was administered to (\1.0111()1;,r us monkeys by means of intravas-
cular or intrauterine injections.'” The cynomolgus monkey was chosen for
these studies because its reproductive anatomy is similar to that of the human,
and s cervical canal, although more convoluted than that of & woman, can
be penetrated by a blunt-end needle.™ Thus, quinacrine can be deposited
directly into the uterine ¢ v A solution of quinacrine was used, so that
“worst case” exposure to quinacrire could be evaluated. The dose given (30
mg in 1 mb is approximately two tnnes the dose, ona bodyv weight basis, that
would currently be placed i a woman’s uterus at any one time (250 mg is
the current human dose).

Following mtravascular injection of o T-ml solution of 30 mg quinacrine,
P19 = 42 ng/iml (no= 3) was observed in the plasma at 0.5 hours (Fig. 6-2).
The level declined during the next 3% hours, with an estimated half-life of
2 hours. Less than 1% of the adprinistered drug was found in the urine over

INTRAVASCULAR
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FIG. 6-2. Plasma (|uinu('rim-
concentrations at various times after
intravascular or intrauterine
administration of 30 mg quinacrine
hvdrochloride solution to nonpregmant
monkevs. (NI, not detectable; number
in bars represents number of

HOURS AFTER ADMINISTRATION observations; Vertical line is + SEM)
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the first 4-hour interval. At 24 hours, the plasmi level was 23.5 + 8.5 ng/mi.
Tissues obtained following necropsy at this time were found 1o have high
concentrations of quinacrine. "The tissue-plasmia ratios are indicated in ‘Table
6-1.

Following intrauterine injections of the 30 mg quinacrine solution, plasma
quinacrine levels were 77.1 = 37.0 ng/ml = 7) and declined at a rate
similar to that in the group receiving mtravascnlar injections. 'T'has, quina-
crine rapidly enters the circalation when deposited into the uterine cavity.
Twenty-four hours after administration, quinacrine was found not only in
the uterus and other reproductive organs but also in all orgians listed in Table
6-1, except cerebellum and skeletal muscle, 1t is significant that high concen-
trations of quinacrine could he detected in the isthmus and ampulla of the
oviduct, indicaring the possibility of spill into the peritoneal cavity, Many of
the tissues from animals that received intrauterine quinacrine and were nee-
ropsicd I week Tater also contained signilicant amounts of quinacrine: how-
ever, these concentrations were, in-general, significantly less than those
concentrations found at 24 hours, By 28 davs, all tissues had undetectable
levels of quinacrine or levels near the limit of detection,

Following both intravascakn and intrawterine injection of Gquinacrine, serum
glutamic oxalowcetic transaminase, serum glutamic pyruvic transaminase, and
lactic dehvdrogenase showed significant elevations compared with these
measurements in control monkevs receiving Il physiologic saline by way
of the ntrauterine route. The elevitions were moderate and transient, re-

TABLE 6-1. Tissue-Plasma Ratio of
Quinacrine 24 Hours After
Intravascular Administration of
30 mg Quinacrine to
Cynomolgus Monkeys

TISSUE RATIO
Liing 1676:1
Adrenal 1345:1
Kidney 12111
Pancreas 1041:1
Liver 994:1
Sp'een 9L 41
Heart 723:1
8one marrow 445:1
Lymph node 378:1
Myometrium 256:1
Ovary 2191
Hypothalamus 200:1
Endometrium 184:1
Cerebellum 1711
Uterine cervix 158:1
Midbrain 138:1
Isthmus (oviduct) 131:1
Ampulia (oviduct) 94:1

Skeletal muscle 68:1
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turning to preinjection levels within 48 hous. Histologic examination of tis-
sues listed i Table 6-1 revealed no pathology, except for the reproductive
tissue inthose aninials receiving intranterine mjections of quinacrine.”

Following intravasculir injection of 30 mg quinacrine, two of three mon-
kevs vomited or retched within 3 minutes of the injection. While nausea has
been reported following oral administration of quinacrine in humans, this
has implicd w divecr gastrointestinal effect. Since in these monkevs, the symp-
toms were seen following intravasculior administration., this effect appears to
be indivect, possiblv acting through the central nervous svstem. No other toxic
cHieas were observed in these animals that could be atributed 1o quinacrine
admmistation.,

INTRAUTERINE INJECTIONS DURING PREGNANCY

Inrauterine injections of quinacrine were also administered 1o pregnant
monkevs between pregnanc davs 3 and 6. Administrinion of 30 mg quin-
acrine resulted inplasma concentrations that were at least comparable 10
those I nonpregnant imonkess receiving intravascular achministration ol the
same dose (Fig, 6-3)0 This may reflea increased visculariny: of the uterus
during pregnanay, and more vapic absorption of the drug, Foliowing intra-
uterine administation ol 35 g of the drag. plasma concentrations were ap-
prosintels TO-fold Tess than those in monkeys receiving the 30-mg dose.

One pregnant monkey swas tound dead in s cage IS hours alter intra-
werne adminisiation of 30y quinacrine. Autopsy did not reveal the cause
ob death, Whitle there was no direct o statistical evidence tha qUinaerine was
the case of death, we were concerned., simce we b never had o death in
A preguantanonkes following intuterine injections in our studies involving
other dings " Ao, 1he plisnic quinacrine concentration ar 30 minutes wils
15 ngmlo which was higher than amy other 30-minute concentration, in-
cuding concentaions following intraaseulian mjecions i nonpregnant
monkessc Teis also signihicant thin we were not able 1o obtain any urine from
thisannnalalthongliis bladder was cathieterized for the A-howr postinjection
collection period. | hus, mpaited dearance of (he drug mav account in part
tor hugh plasma fevels,

The etlea of quinacrine administration on the fetuses of these pregnant
monkevs is discussed in Chapter 7.

INTRAPERITONFEAL ADMINISTRATION

A dimger of intramerine adminisaation of drugsis cither spill of the drug
through the oviduas into the perttoncal cavity or perforation of the uterns
with direc applicaion of the diag into this caviy. To determine toxicity in
cise such i event occurs, 1he following study was performed.

Cuder Ketamine anesthesio, a0 needle was inserted through the cervical
cavaband the wieris was puncined. A Tand solution containing 30 my quin-
acrme was then applicd direcdy into the peritoneal cavity. Three monkeys
were subsequenthv observed for 3 divs and showed no abnormal behavior.,
Laparotony performed on dav 3 res caled slight adhesion of one tube to the
uterus in one monkev, but no other effects were obser ed.
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FIG. 6-3. Plasia quinacrine concentrations
followimyg intrauterine administration of
cither 30 or 3 g quinacrine hvdrochloride 0.5 2 4
solution to pregnant monkevs. HOURS AFTER ADMINISTRATION

A report by Chandra and Malaviva indicated that when high intraperito-
neal doses of quinacrine suspension were administered o rhesus monkeys,
death occurved within 10 minutes; lower doses caused hyperactivity, The
siune doses, placed in the nterus of those animals, had no ¢ffect,!

These studies prompted ns 1o test higher doses of quimcrine in the peri-
toncal cavity of cvnomolgus monkeys. Sinee pellets are the current form m
which the drug is used in women, we elected 10 use pellets i this stady.
Three monkeys were stadied at one time. Fach was immobilized with keta-
mine and placed under halothane anesthesia, Each received a midabdominal
incision and a pellet applicator (supplicd by TFRP) was inserted through the
incision and pellets were released o the peritoneal cavity, One applicator
contained seven pellets (250 g ol dose). one contained 3% pellets (125
my). and one contained no pellets (sham controly. The animals were then
allowed 1o recover from anesthesi. Periodically, blood was taken from the
femoral vein for quinacrine determination. 'This experimental procedure was
repeated on different monkevs on two other occasions, so that each treatment
group consisted of three animals.
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Of the three monkeys receiving 230 mg quinacrine, two died approximately
2 hours after administration. The third had a seizure, beginning a2 hours
after treatment, which asted for approximately 1 hour. This animal re-
covered and appeared o be healthy thereatter, The three monkeys receiving
125 mg quinacrine all survived. One demonstrated slight tremors of the limbs
while recovering from anesthesio. Al animals receiving intraperitoneal quin-
acrine pellets, regardless of dose, demonstrated crouching behavior that may
hiave been mdicative of abdominal pain. No by peractivity wis observed. The
sham monkevs showed more activiey than did the treated animals during a
A-hour observation period following treatment.

10000
250 MG PELLETS 1P

1000
3
NEL L
0
z

3 2 1 |

z
o
& 10000
z
2
o
« 125MG PELLETS 1P
z
a
«
e

FIG. 6-4. Plasma quinacrine
concentration following
intraperitoneal
administration of 250 or 1925

100 mg quinacrine
3 3 hvdrochloride pellets 1o
05 2 4 24 ag 72 nonpregnant monkevs, Note

HOURS AFTER ADMINISIRATION that ovdinate is logarithmic,
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FIGO6-5.0 Pentoneal idlamimaton and adliestons i monkes 3 oy folowing

mtapentones admimistranon af 120 g quitnicnne pellets,

Plasnie quinacnme levels were very high at 30 minotes adter teatment (Fig.
G- These concennations mcrcased and we observed the highest levels ar @2
howrs the nme when the monkevs neared with the Igh dose died or had
comvulvionse A blood sample, obtained from one monkes at the time of s
death veveded woqumacrme lesel o 11,700 ng ml Inthe surviving monkevs
teated sl quinacome plasina concennations of the d, ug rennned elevared
for Sdacs atrer neanment, although they demonstared . de Ity tend (see
Froo 6

Surviving iy were aniopsicd Sdass abier treament. No pellet material
could head-nntied nnthe pertoncal cavties. One monhes recening 250 g
dquiacnine and another receving 125 g quinacrine had an aei ol itlam-
tation and adhesion doecly below the arca of incision. « orresponding 1o the
area ol diig apphoanon thig 6000 Such areaction conld be a sotwnce of pain.

COMMENTS

Fhe studies wide ccammolg s monkess indicared thice elfecrs that cuase Coll-
ceriabout the use of quainacrne as a tbal occusion agent: (1 abdominal
prean e cential nervous sestemn (CNS) stimnubation, and ) death following
adimnistiation of the diug,

Sotne mdicaion of the elfea of apphing quinaciine divecty o the ingre-
pertoncealcaviee of humans can be acquired trom stadies in whicl quikerine
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was used inthe control of neoplastic etfusions. In one study, -100-myg doses
placed directly into the peritoneal cavity caused abdominal pain. The pain is
thought to be due 1o an inflanimatory response of the peritoneum to the
drug.™ Inanother study, instillation of less than 1200 mg resulted in minor
toxic svimptoms, such as pain or nausea’ As thie dose exceeded 1200 mg,
however, more severe toxic elfeas were reported, including tansient CNS
svimptows, such as hallucinaory episodes and “other cerebral difficulties.”

The convulsions that occurred inone monkey in our study are ol particular
significance, hecause CNS effects were previously reported in people receiv-
g oral quinacrine for veatment of makaria and in women receiving intra-
uterine quinacrine as o tubal occusive agenc' CNS excitation following
treatment of makiie with quinierine had been noticed and characterized
varioustv as psvehie stimulation, motor acceleration, restlessiiess, insomnia,
mcreased work capacity and epileptitorn convulsions.”

A Ttoxic psvchosis™ seenis 1o be of two distinet tvpes. Inone, there s
sudden mcrease in motor activiny, auditory and visual hallucinations,
detusions. The other tvpe s chanacterized by gradual doading of the sen-
soriin, disorientation. wmesia for recent events, and confabulation.” Tha
quinacrine, and not the disease, is the source o the svmptoms has been
demonstrated by the tollowing studies using healthy subjecis, In one study,
ST people who had never suttered from maliariowere given inareasing doses
of quinacrine (fron 100 mg w0 1200 mg daily . orallv). ™ Twentv-four reported
CNS disturbances of vanving degrees. Severe psvchie distirbances occurred
m 12 subjecis. S ol whony developed trank psyehoses with hallucinations and
delusions. Control subjects receiving aplacebo veported only mild sy mptoms,
suchas msamnia and tension,

Branother studv e subjecs were given oral doses of quinacrine, ranging
from 200 10 1200 g dav. unul plasmaclevels of the drag exceeded 100 ng/
ml." Flecnoencephadograms were obtained from bipolar fronto-occipital trac-
mas. Brequenay ol bran waves accelerated when the plasma level of drug
exceeded 30 ng ml Psvchological svmptoms, from restlessness to acure pinic
reaction, occurred concurent with acceleration in the clectioencephalo-
graphic patierns,

Followimg instllaion ol quinacrine suspension into the nterus, “CNS ex-
ctation” wis 1eported in 200 of the patients, However, the svinptom has not
heen veported when pellers e admimstered '

Todate. more than 1000 women hive received intrniterine administration
ol quinacrne, either in solutions or pellets, with no drug-relaed deaths re-
ported. The studies in avnomolgus monkevs described above, and those in
rhesus monkess, cmpliasize that e peller dose that Gused death in the
avnomolgas monkes was, onca body weight basis, 17 times the dose normally
given to women. and the drag was place Vdivecly into the peritoneal cavity.,

A0y dose ob intapentoneal gquinaciine resulied in the deaths of two
of the three monkevs, Xssuaing an approximate weight of 3 kg tor a CVno-
molgus monkey, this would be abour SO mge ke Toraes, the masimal tolerable
dose i reported to he 250 my kg Tollowing inraperitoneal administration, '
A A0-mg dose of quinaciine injeaed into the v uterus resalted inoa 32
death vate " The mechanism by which death ocours in FESPONse to quuaerine
is not known, butitappas o be related to the circalating levels of the druu.
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CSSUTE B FAL i response (o increasing doses of

intravascular quinacine. Injection was made into jugular venn, and

pressure recording
transducer attachec
Recovery 1o preing

was given, With 2.0

died. (Q, quinacrin

We hine done
mjections of qui

was made from carotid artery by winy ol pressure
Fro polvaraph. Each vertical division is 20 nim Hy.
ction pressure wis allowed 1o occur betore next dose
ving quitiicrine, there was no recovery and animal

¢ hvdirochloride)

prefiminary studies in vas demonsrating that intravascular
erime, heginming with 1 mg, will Gase @ deerease in blood

pressure from TEVYSO mm Hy (svstolic/diastolicy to 70485 mm Hy (Fig. 6-6).

This occurs alter
recovery after 29

im blood pressure

however, blood ]

alag period of 6 or 7 seconds and s followed by complete
seconds. Withrinereasing doses, there is a greater depression
-with prolonged recovery time. Following a dose of 2.5 mg,
ressure dropped o 2015 mm Hg, there was no recovery,
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Teratologic and Mutagenic Studies With
Intrauterine Quinacrine Hydrochloride

DAVID A, BLAKE
NORMAN I DUBIN
MARIA (. DIBLASI
TIM 1. PARMLEY
GAIL STETTEN
THEODORE M. KING

TERATOLOGY

Since 1969 intrauterine quinacrine has been used clinically in various devel-
oping conmntries as a means of etfeaing tbal dosure, The advantage of this
procedure s that ivis a nonsurgical method of accomplishing stevilizion.
Becamse of the possibility tian some padients who receive quinacrine migly
be pregnant ac the tme of introduction of the drug into the uterus, it is
necessary o consider the fetal ouwtcome of such exposwre, The following
studies were direcred oward determining the cmbrvopathic effect and ma-
ternal toxian of anintsnterine injection of quinacrine on pregnant monkeys
and rars,

MONKEYS
Methods

Female avnomolgus monkess were followed for evelic bleeding and mared
during a timited period (3 davsy at Hazelton Texas Primate Center, Alice,
Fosas. 1 padpation on two occasions vevealed that pregnaney had oceurred,
the monkess were shipped o Baltimore aapproxinately $0) davs of preg-
nancy and were placed moindividual cages. Pregnanas was confirmed by our
personnel by padpation, and trearment was instituted prior 1o 50 davs ol
pregoiney. We gave a L-mlintraaterine injection of either 0.9 saline, 3 my

Fhiese stinies were supponted by contracts lionnthe nrenaional Fertiline Reseandh Program
#oul and #uos

71
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quinacrine HCL or 30 mg quinacrine HCHQuinacrine HCE No. Q 0250FD,
F&D ot No. 7-3-2, Sigma Chemical Co., St Louis, Missouri), While the animal
wis under ketamine anesthesia, injections were made using i 12-cm 18-gauge
blunt-cnd stainless steel needle inserted throngh the cervical canal.

Prior 1o treatment, blood was obtained for blood chemistry and hematol-
ogv. Blood chiemistry determinations included serum glutamic oxalacetic
transaminase (SGOT) serum glutumic pyruvie transaminase (SGIPT), y-ulu-
tumyvtranspeptidase, alkadine phosphatase, Lictic dehvdrogenase (1.DID, cho-
lesterol. trighveeride, 1ol protein, albumin, globulin, blood wea nitrogen,
creatinine, divect and total bilivubin, uric acid., glucose, iron. magnesinm,
sodinm, potassium, calcium, phosphorus, and chloride. Hennuology analvses
included leukocvies, neatraphils, lvniphocytes, ervthroevies, hematocrit, and
hemoglobin, Food was withdrawn 21 hours prior to treatment, Water was
available at all nmes. Following the teatment, monkevs were returned 1o
thenr cages and observed datlv. Additional blood samples were obtained at 7
and 28 davs after vreatment tor hlood chemistryind hematology analvses.
On day 28 afier treatmient, the monkey was repalpated to establish the progress
of pregnana, Hopregnanay continned., approximately 120 davs” gestation,
the fetus was removed surgicadly and examined.

Results and Discussion

Al monkess received from the Texas Primate Center appeared in good health,
although they appeared thin. Also, after arrival they did not ¢t for several
dins, possibh due 1o the new enviromnent, Pregnancy e all amimals was
conhrmed by palpation. Blood chemistory vilues PrIor to tretment were come-
pared with those values obtained Trom nonpregnant ovnomolgus monkevs
(obtamed trom Primate hinports, Port Washington, NY). T was noticed tha
some vidues were signilicanth different. Fon example, the pregnant group
of monkevs had higher SGOT (1137 207 v 506 0 3.7 TU ier J
D00, LD SHT - 156 s 100 - 5010 e, fo 0000 and y-glutmyl
transteriase 1228 0 L7 2600« 201U e, f D001) possibly resulting
from the stress o the shipping procedure or from pregiuanoy,

Following mjection ol intrauterine phsiologic saline. all three animals lost
their preginncies cither by spontancous abortion (e, passed fetal tssue: No.
FIEN and Noo 171N) or resorption of the fetas (Noo 138N, as indicated by
Enhure of the uterus to grow nornadly when palpated on day 28 alter injection
Clable -1 This was unexpected, hecanse previons studies indicated that
mtauterine plivsiologic sine injection vesalicl in o high percentage of nor-
mal pregranaes in ovnomolgus monkevs (9713, 7007000

Al monkess receiving 3 ng quinacrine resorbed their pregnancies, as in-
dicated by palpatien 28 s alter injection see Table 7-1), Following an
jection of 30 my quinacrine one monkey (No. 161N) was found dead in
the cage 2 dins Buer. An awtopsy disclosed focal peritoneal necrosis and
peridonitis, winch possiblv could have heen the resnlt ol quinacrine injection
but were nocbhelieved 1o be extensive cnongh o canse death, The possibility
thart the uterus was pertoraed and injecion made diree th into the peritoneal
anin was considered. Because of this possibility,aseparate study was insti-
tuted 1o examine the eftea ol imtraperitoneal injection o quinacrine (see
Chapter 6). The tetas and placenta showed signs of antolvsis indicating tha
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TABLE 7-1. Summary of Treatment of Each Monkey and Pregnancy Outcome

OBSERVATION
PREGNANCY AT 28 DAYS
ANIMAL INJECTION DAY OF POST
NUMBER DOSE INJECTION INJECTION FOLLOW-UP
191N Control 40 Uterus enlarged Passed tissue 30 days after
but hard injection
171N Control 35 Aborted on day High leul ocyte count before
27 and atter abortion
158N Control 45 Not pregnant
170N 3 mg QHCIt 39 Not pregnant
200N 3 mg QHCI 36 Not pregnant
180N 3 mg QHCI 46 Nct pregnant
176N 30 mg QviC! 42 Uterus growing Deformed fetus at
but small pregnancy day 115
obtained by hysterectomy
173N 30 mg QHCI 44 Not pregnant
161N 30 mg QHCI 34 Day 2—mother
dead

QHCI, quinacrine hydrochloride

death of the fetns preceded tiat of the mother, This was maost likelv a resuli
ol the quinacrine injection.

When palpated ondav 98 afier mjection, the fetus of the third monkey
receiving 30 g quinacrine (No. F76N) was “growing but smaller than ex.
prated™ as described by he primate technician, The letus was removed on
proguancy din 11 and examined. Tt was tound 1o hive multiple congenital
deformities, including critmorhiachischisis, scoliosis. epitheliogenesis imper-
fectasanelectasis, ankyvlosis of the lef tarsus, multiple skeletal abnormalities
e the digits of pases and feet, and patent formnen ovale, it should be noted
that the newal tahe completes its dlosure by din 20 of development in mon-
hevs and since the diag wis administered on dav 120000 ver unlikely that
tcould have heen the Gusative factor Detects such as ankvlosis can oceur
atam stage of davelopment: however, Jower limbh defects are often associaned
with neural tabe defects in humans andd thus there is o ressonable chance
that the other defecs observed were part of iespontancous multiple congen-
tal defec swndiome. The indidence of Sspontancoasly occurring grossly ob-
servable abnormalities in newhorn hesus monkevs s approximately 67 2
Comparable daa 1o anomolgas monkevs are not available.

Some hemaologic changes occurred following treatment. Since there were
few anmmalds inany one group.all prevrement daa were pooled, regardless
ot the treatmem sroup o which the monkevs were asstgned. This value was
compared with all other dana points by -test, The onlv differences thin
could be atribured 1o quinacrine were a decine in ervthrocvies on day 7 for
aninals receiving S (H20 0 oo - cellseu mmy or 30 myg (1575 +
195 10 cellvcu mm) compared with the mitial value (3688 + 337 « 10*
cellsien mmy. Companed wit pretreatment levels, there was significantly
lower ematocrin (998 L2V 368 o 8. o=t 0.00 ) and h(-nmglnl)lin
concentration (GoF 2 0.7 v 102 05 ghvdlop 0,00 in monkeys 7 davs
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after treatment with 3 my quinacrine, but levels were normal 28 days after
treatment. None of these etfects was dose related.

Similar analvses were made with blood chemistries. Total protein was sig-
nificantly less in monkeys treated with 3 g quinacrine, compared with pre-
treatment concentrations (6.1 = 0.2 vs, 7.3« 001 gm/dl, < 0.01). By day
28, this value nad returned o normal.

There was wslight, but significint (p 2 0.05) elevation in SGPT at day 7 in
monkevs receiving cither dose level of quinacrine.

RATS

Methods

Virgin female Sprague--Dawley rats were bred by Charles River Breeding
Labs, Wilmington, Massachusetts, or Harkim=Sprague Dawley ol Indianapo-
lis. Indiana. In cach of the seven treatment groups. approximately 706¢ of the
rats were obtained from Harlin=Sprague Dawlev, The day on which a sperm-
positive specimen was obtained was designated as day 0 of gestation. The
animals were honsed in a constant temperatnre and humidity room and were
fed Charles River RMEL-TO00 formula, Waer was provided ad libitum from
an automatic svstem. Cages were med with "Sani-Chips™ hedding. The preg-
nant duams were wetghed onarrival ac owr taalite (dav 6 of gestation), on the
dav of treatment, on gestation day 15, and on the day of necropsy (day 19).

Quinacrine hvdrochloride (QHCL was obtained from the same fot used in
the study with mnnh v, Quinacrine was dissolved in 0,28 sodium l)hmph e
butfer. plT 7.0 Bedause ol limited solubility, the highest dose given in the
NI 111‘;((1.1|)I« O -ml volume was L0 mg. The low dose was 01 mg in
a O -ml volume.

Laparotomy was performed with the vat under ether anesthest The num-
ber of visible implantations in each horn was recorded. Intraaterine injections
were made with o Hamilton svringe (0 Tl eapacioy). Inadl treatment groups,
one horn of cach animal served as accontrol, receiving only the butfer vehicle,
[hose vats teated carly in gestation (day 8) receved asingle O F-ml injection
ol quinacrine at the cervical end of the wterine horn, The ntralateral horn
received a single 0 1-mlb injection of the butfer. Those vas treated Later in
gestation (dav 12y received the drug in two 0.05-ml injections, one at the
cervical end ot the horn and the other ar the ovarian end. The contralateral
horn was treated similarhy with hutfer. The inasion was sutured and the skin
wis dosed with “autochps.” A bulfer-shinm trearment group had one horn
treated with the butfer (.1 mb and the contralateral horn subjected 1o shin
injections gnsertion of the needle only).

To provide a positive control treatinent group, pregnant rats were treated
with -1- llilrm]uim»lin('»\' coxide CINQNOT KKK Labs, Phinview, NY) at a dos-
age of H0 mpike by intrauterine injection on day 12 of gestation. The contra-
Lateral horn received 0.1 mi of the vehide dimethvl saltoxide (DMSO: Fisher
Scientific Co, Silver Spring, MD).

Allimimals were killed by decapitation on day 19 of gestation. "The fetuses
were delivered by Laparmtomy/hsterotomy, measured  (crown o rump),
weighed, and examined tor external anomalics. \|)|)I()\Illl.l|( v one of every
three fetses was ixed in Bouin's Quid (Allen's Modification B-15) for visceral
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examination by Wilson's techuique. The remaining fetuses were cleared by
glveerin—potassivm: hydvoxide and stained with alizoin ved S for skeletal
study, Uteri were examined for resorption sites. Oviies were examined for
nmber ol corpora lutea, Fach uterine horn with attached ovary was fixed

m 1090 neutral butfered tormalin,

The occurrence of resorptions, fetal death, and skeleral and visceral anom-
alies i specihc reanment groups was examined by % analvsis using the Yates

COrTection.

Results and Discussion

Resorption. QHCE ciased dose-related vesorptions when given as a direct
mtrauterine injection on cither dayv 8 or dav 12 ol gestation (Tables 7-2 and
7-8). Because there was an unequal number of implantations in the treated

TABLE 7-2 Teratogenicity Evaluation of Quinacrine Hydrochloride (QHCI)

Following Intrauterine Injection on Day 8 in Rats

Number of utenne
horns evaluated

implantations
Total number
Mean (- SE) horn

Resorptions
Total number
Mean ( + SE) horn

Percent hornt 15.0 -

Viable fetuses
Total number
Mean ( - SE) horn

Percent hornt 85.0

Maltormations
Total number of
matformed fetuses
Percent malformed
horn§

© 24 874 - 38

TREATMENT®
QHCI QHCI
BUFFER 04 MG BUFFER 4 MG

20 20 20 20

108 114 103 137
54 - 04 57-04| 52:02 69 =05

(P < 0.01)

20 35 19 71
10:19 18-03| 10+02 355~ 04
184 - 33 312 - 53 | 184 - 39 51.8 = 5.2

(p - 0.05) (o - 0.001)

87 78 84 65

44 - 04 39 - 04
806 - 52 68.0 + 52

103 - 45 59 - 28

42 + 03 33 =+ 04
816 + 39 476 ~ 52
(o -~ 0.001)

10+ 10 60 =50

‘Injections made directly into uten of anesthelized rats. For each ral, one ulerine horn was
treated with buffer and the other with buffer plus QHCI. Sham treatment involved insertion of the

needle but no injection.
tPercent resorptions

}Percent viable  number of living number of implantations -
number of fetuses malformed number viable ~ 100.

§Percent malformed

number of resorptions number of implantations = 100.
100.



W

TABLE 7-3. Teratogenicity Evaluation of Quinacrine Hyarochloride (QHC!)

Following intrauterine Injection on Day 12 in Rats

TREATMENT®
QHC! QHCI 4NQNO
BUFFER SHAM BUFFER 0.4 MG BUFFER 4 MG DMSO 1.25 MG
Number of uterine 19 19 18 i8 19 19 19 19
horns evaluated
Implantations
Total number 127 97 87 120 93 125 97 114
Mean (= SE) horn 6.7 = 0.3 51 =04 48 =~ 0.4 6.7 = 0.3 49 - 04 6.6 = 0.4 51 =05 6.0 =04
(p < 0.01) (p -= 0.01) (p - 0.01)
Resorptions
Total number 18 22 18 34 28 86 48 92
Mean (= SE) horn 1.0 = 0.2 1.2 =03 1.0 - 03 1.9 = 04 1.5 =03 45 = 0.7 25 =05 48 = 0.3
(o =2 0.001) (p < 0.001)
Percent hornt 149 = 33 225 =601 233-60 270-05 276 = 4.4 655 = 8.3 450 =79 450 = 49
(p -~ 0.001) {n << 0.001)
Viable fetuses
Total number 109 75 69 86 64 a9 49 22
Mean (= SE) horn 57 =04 39 =05 38 =05 48 - 0.3 34 =03 21 =05 26 =04 1.2 = 04
(p < 0.01) (p < 0.05) (p < 0.05)
Percenthornt 851 = 33 77.5 = 6.0 76.7 = 6.0 73.0 = 5.0 713 = 44 344 =~ 83 550 =79 15.0 + 49
(o - 0.001) (p < 0.001)
Ma'formations
Total nurinber of
mziformed fetuses 10 7 4 9 1 1 4
Percerii maiformed 99 = 4.1 6.8 = 3.3 55 =30 9.1 = 33 26 = 18 1.3 =13 53 +53 10.0 = 58
horn§

“Injections made directly into uteri
vith buifer plus QHCI or sham: excep

tPercent resorptions

§Percent malformed

= number of

of anesthetized rats. For each rat,
t for ANQNO, which was dissolved

= number of resorptions/number of implantations x 100.
$Percent viable = number of living‘number of implantations x 100.

DMSO, dimethy! sulfoxide: 4NQNO, 4-nitroquinoline-N-oxide.

fetuses malformednumber viable x 100.

one uterine horn was treated with buffer and the other
in DMSO.
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and control horns inmost treatiment groups. it was necessary tomzhe these
dataas absolute values and also alier normalizing the dara by expressing as
4 percentage of implintations observed an the time of the treatment, A sig-
nificant etfec was observed inthe high-dose groups when cale Jdated either
wiv. Susceptibilitn 1o QHC-induced resorprion appeared 1o ne somewhat
areater i early pregnamay since on day 8, the Jow dose (0, 1 mg) caused a
significanc effect whereas onday 12 this dose swas ineltecive. The magnitude
of the resorption effect caused by the high dose of QHCLCE gy was similar
on div Samd dan 120 Gking into account the difterences in control (hutfer-
mduced) resorption rates at these sestitional agest the etfect auributable 1o
the drug was approximately 314 and 289 for dan 8 and day 19 treatments.
respectivelv . Injection of the butter vehice had no significant effect, since
the resorption vate was not difterent hetween but'or and sharn-treated (e,
msertion of needle witho defivery of am liquid) groups at either stage of
gostation,

Becase INONO IS known 1o be o divecr-u g muragen as s quinacrine),

Howas ised as apositive conol. ™ An intraaterine dose of 1,95 mg given on
goestaion dav 12 bad somarked resorption effeat (see Table 7-3). DMSO was
the vehide nsed for INQNG, and it alvo appeared to have a significant re-
sorpion etfecralthough notenough 1o account for the entire effect observed
with DMSO and INQNO.
Malformations. A lew vate of malformation, less than 100 of viable fetuses,
was ob-crved i contro! (hutter. DMSO)., shinmy gronps (Tables 7-2 and 7-9),
Fhere was no ahaerved inarease i this overall malformation 1rate in any of
the groups treared with QHCE o INONO.

I order 1o be certain thae o v aogenic effect oi o specific tvpe had not
been obsaired by gronping all maltormed fetuses, we also analvzed the resnlts
according o separate cassthication by npe of malformation (skeletal, Table
b viscerals Table 7500 No evidence of treatment-relared nudformations
ericrged rom this analvsis, Some madtormations e 5ot listed n ihese -
ulations hecause they were obserced ony i control groups, perhaps because
of then greater munber of Tetuses,

The mallonnation data e presented s manner appropriate for eval-
wating the possible ocourence of meatiple malformaion svndromes inreat-
ment ¢ooups e Lable 7-60 This analvsis alo failed o dentily areratogenic
cticct of ciher (|llill'l( e o I.\'(‘_),\'().

This stady s demonstraced thar intranterine administration of solutions
of QHCT 0 pregiant vas during the pertod of ctbrvogenesis results in 2
mhed and dose-telated vesorprion etfect, L he porency (e, dose required
to produce a signihcam effect) of quinacrine for induocic - resorptions ap-
peared o be grearer incearly embivogenesis, whereas the efficacy of the drug
tmagnitude of etfectat o masimal doser was similar in el and Lae cmbry-
ogenesis. There was no evidence ol any malformations associated with quin-
acrme treatment. M viable fetiuses were carelulhy examined for aross evidence
ot malformatons:, Skeletal and visceral examinations were performed on two
thivds and one thivd, respeciivel . Therefore, the drug appears 1o have no
teratogente e mallormation-inducing s effea, Likewise, the positive control,
INOQNO did nor have o tennogeme effeas although like quitierine, it did
mduce resorptions.
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TABLE 7-4. Results of Skeletal Examinations: Specific Malformations

NUMBER OF
VIABLE INCOMPLETE
FETUSES NO SKULL METATARSALS METACARPALS 14 FAIRS
TheATMENT EXAMINED STEARNABRAE BONES NOT OSSIFIED NOT OSSIFIED OF RIBS ADACTYLE
Control 1 (0.9%)
Sham 112 7 (6.3%)° 1 (0.99)
Buffer 353 25 (7.1%) 4(1.1%) 2 (0.6%) 1 {0.3%) 1 (0.3%)
Total 465 32 (6.9%) 5 (1.1%) 2 (0.4%) 1(0.2%) 2 (0.4%
QHCI
Day 8
0.4 mg 50 5 (10.0%) 2 (4.0%) 1 (2.0%) 1 (2.0%) 1 (2.0%)
4.0 mg 44 1(2.3%
Total day 8 94 6 (6.4%) 2 (2.1%) 1(1.1%) 1(1.1%) 1 (1.1%)
Day 12
0.4 mg 58 4 (6.9%) 1(1.7%) 1 (1.7%) 1(1.7%)
40mg 26 1 (3.9%)
Total day 12 84 5 (6.0%) 1(1.2%) 1(1.2%) 1(1.2%)
Total 178 11 (6.2%) 3 (1.7%) 2(1.1% 1 (0.6%) 2 (1.1%)
DMSO control 32 1 (3.1%) 1(3.1%) 1 (3.1%)
4NQNO 16 2 (12.5% 1 (6.3%) 1 (6.3%) 1 {6.3%) 1 (6.3%)

“Numbers in parentheses are the percentage of number examined with abnormality.
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TABLE 7-5. Results of Visceral Examinations: Specific Malformations

NUMBER OF MISSING
VIABLE ONE KIDNEY,
FETUSES CLEFT CAVITY IN OVARY, AND HYDRO-
TREATMENT EXAMINED PALATE ADRENAL UTERINE HORN NEPHROSIS ANENCEPHALY
Control
Snam 55 1 (1.8%) 2 (3.6%)
Buffer 167
Total 222 1 (0.5%) 2 (0.9%)
QHCI
Day 8
0.4 mg 28 1 {3.6%) 1 (3.6%)°
4.0 mg 21 2 (9.5%)
Total day 8 49 3 (6.1%) 1 (2.0%)
Day 12
0.4 mg 28 1 (3.6%) 2 (7.1%)
4.0 mg 13
Total day 12 41 1 (2.4%) 2 (4.9%)
Total 90 1(1.1%) 5 (5.6%) 1 (1.1%)
DMSO 17
4NQNO 6 1(16.7%)

"Only fetus from the pregnancy, no corresponding control horn.
(%), percent malformed/number examined.
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TABLE 7-6. tiesults of Skeletal Examinations: All Malformations

NUMBER OF NUMBER OF MALFORMATIONS
VIABLE
FETUSES 1 OR 2 OR 3 0R 4 OR 5 OR
TREATMENT EXAMINED MORE MORE MORE MORE MORE
Control
Sham 112 9 (8.0%) 1 (0.9%)
Buffer 353 29 (8.2%) 7(2.0%) 2(0.6%) 1 (0.3%)
Total 465 38 (8.2%) 8(1.7%) 2(0.4%) 1 (0.2%)
QHCI
Day 8
0.4 mg 50 6 (120%) 2 (4.0%) 2 (4.0% 1 (2.0%)
4.0 mg 44 1 (2.3%)
Total day 8 94 7 (7.5%)  21(2.1%)  2(21%) 1(1.1%)
Day 12
0.4 mg 58 6 (10.3%) 1(1.7%)
4.0 mg 26 1 (3.9%)
Total day 12 84 7 (8.3%) 1(1.2%)
Total 178 14 (7.9%) 3 (1.7%) 2 (1.1%) 1 (0.6%)
DMSO 32 1 (31%)  1(3.1%) 1(3.1%) 1(3.1%) 1(3.1%)
4NQNO 16 3 (18.8%) 1(6.3%) 1(6.3%) 1(6.3%)

‘Numbers in parentheses are the percentage of numter examined with abnormality.

MUTAGENICITY
BACTERIA

Materials and Methods

Fhe following compounds (obtained from Sigma Chemical Co.. St Louis,
MOy wereested in the Salmonellamimnalian-microsome IMUGIECHICIY assiy:
acridine, chloroquine diphosphate, primagaine diphosphite, and quinacrine
hyvdrochloride, Five dose levels (1,000 pg. 100w TOpe, Tpg. and O pg/plate)
were assaved with and without exogenons metaholic activition. Higher doses
of chloroquine (l0.000pg and 2.500ig plae) were also tested 1o achieve the
maxunum nommhibitory dose. Al test compounds except chloroquine di-
phosphate were dissolved in DMSO (Fisher Scientific, Fair Lawn, N . Chlor-
aquine was dissolved in doubte distilled water and then filter-sterilized using
a 0:22pm disposable unic OMillipore Corp, Bedford, MA) Al dilutions of 1est
drugs were prepared immediatels prion to use. Purihied sodinm azide (NaNy)
(Fisher Scientibic, Fair Tawn. NI and AINOQNO (K&K Labs, Plainview, NY)
were ased as direc-acting mutagens. BenzoGopyrene (BP: Aldvich Chemical
Co. Milwaukee, W and 2-<anthramine (Stgne Chemical Co., St Louis, MO)
were ised as positive controls requiring metabolic activaion,

The Sabnonella sphimrnon sivaios used (LA 98, TA 100, T'A 1535, 'T'A
1537, and TA 1538) were provided by Dr. Bruce N, Ames, University of
California, Berkelev. On receipt of the strains, the aracteristic markers of
cich were checked as outlined by Ames and associates. ! Overnight cultures
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were prepared from frozen (- 70°C) stocks by incubation with 2.4 Oxoid
nutrient broth (KC Biologicals, Tne, Lenexa, Kansas) tor 16 1o 17 hours
375 C

Rat hiver SO was used s i source of exogenous metabolic activation. Livers
were obtained aseptically from adult male Sprague-Dawley rats, 5 davs after
mtraperitoneal treatment with Aroclor 1254 (Monsiuto Chemical Co. St ouis,
MO) e dosage of 250 mg/kg. The excised tissue wa fomogenize 1 1°C
with three volumes of 0.15M KCH using o Brinkmann Polviron. The homog-
crate was centrifuged ar 9000 < g for 15 mimutes at 1°C. 1 he sHpernatant
fraction (S9) was stoved ina 70°C Reveo freczer, Protein content was de-
termined by aomodificd Lowiy procedure.™ The cofactor mixtre contained
per mliliter: My CL (s panole), KCHES pomoie), glucose-6-phosphate 9 pmole),
NADE ¢ pmole)and sodium phosphate, ptE 7.0 (100 wmole). The SO was
ddut-with 0.15M KCEso thar when added to the cofactor, the iimal coneen-
tration of S9 protein was 1O my per milliliter of S9-colactor mis.

he ascans were pertormed as suggested v Ames snd associates using
Vogel Bonner Medim E-mimimal glucose aga plates.! Brietlv, 0.1 ml of
the overnight broth culiure. containing approxinaely 1Y OFGUnismsS, wis
added 1o 2 nibmoltenop agin supplemented with 0,54 NaCl, Iopg histidine,
and 22pg bonn, The appropriate dose of test compound. solvent, or positive
control e 000 ml volume was then added. For metabolic activation ASNVS,
the moben agan received 0.0 mlof the rat liver S9-cobactor mix. This molten
agar overloew vortes-mined ader cach addition and then poured over the
buse plate. tiardened plates were inverted and incabated at 37°C for 48 1o
60 iowrs. Colonies were counted by direct inspediion using a colony counter
(Fisher Saientifics Fair Lawn, N Resulis ie expressed as the ratio of the
number of revertant colonies i the presence of test compound to the average
number of revertant colonies i the absence of 1est compound (spontancous
revertans).,

Results and Discussion

The vesalis of Salmonella muageniciny tests with acridine, chloroguine, pri-
nicuine, and quinacrine are shown in “Lable 7-7. Acridine, didoroguine, and
prinacuine had no detecable mutagenic activing with or without a rat liver
metitholizing svstem. Quinacrine was clearly matagenic to TA 1537, frame-
sttt test s the mutagenic activies appeared to be slightly enhanced In
rat Iiver acivaion. Aaidine, chloroquine, and primaguine are chemically
related o guinacrine, and the later two compaounds are commonly used
antimalinial agents. A review of published stadies on the mutiagenic activity
ol quinacrine s presented e Lable 7-80 These resalts provide evidence of
significant gencsic toxicing of quinacrine, particalah i bacterial svstems,
Quinacrine is known toantercalate in deoxyribonud leic acid, soid this property
s utilized monany kanvon ping aboratories for banding of diromosonies,
Mammalian mutagenicing tests did not show a high level of activiey, and con-
ficting results appear in the Jirerature, Oue unpublished study ol kiarvorvpes
ol bmphocvies from quinacrine-treated monkevs failed 1o demonstrate any
chiromaosomal abnormalities (see helow),

I summanry. quinacrine s direc-acting frameshife mutagen in hacterial
sustems. Tis genotosic potential i manmudian cells is equivocal. The lack of



TABLE 7-7. Salmoneila typhimunum Mutagenicity Tests: Ratio of Revertants With Test Compound to Spontaneous Revertants

COMPQUND nG TA98 TA 100 TA 1535 TA 1537 TA 1538
PLATE  pNa- S9t NA S9 NA S9 NA S9 NA S9
Acridine 1.000 Toxic TNxiC Toxic Toxic Toxic Toxic Toxic Toxic Toxic Toxic
100 0.38 0.55 0.53 0.69 1.23 0.83 1.26 7.00 1.00 1.14
10 0.57 0.83 0.92 0.79 1.23 0.89 0.85 1.00 0.71 1.00
1 0.74 0.83 1.05 0.91 0.82 1.04 1.00 1.00 0.81 071
C1 074 0.62 1.05 0.82 0.86 1.14 074 1.00 0.62 1.07
Chloroquine 10.000 0.29 0.486 0.34 0.66 0.52 0.65 Toxic 1.18 Toxic 0.61
2,500 0.82 0.66 0.96 0.96 1.16 0.59 0.64 112 0.78 1.04
100 092 0.83 0.88 0.94 ND ND 1.50 1.00 0.85 +.00
10 1.04 093 0.85 0.94 ND ND G.50 0.67 1.08 1.13
1 0.88 1.10 1.02 0.91 ND ND 0.63 0.58 0.92 0.93
0.1 0.92 0.90 1.00 0.99 ND ND 1.00 0.75 0.92 1.13
Primaquine 1.000 Toxic 0.40 Toxic 0.41 Toxic 0.68 Toxic 1.18 Toxic Toxic
100 1.14 0.86 0.98 1.10 0.64 0.89 1.00 0.73 0.71 1.21
10 1.14 074 0.76 0.88 0.82 0.7 0.67 0.9 1.00 0.86
1 0.95 0.64 0.76 106 1.0 1.29 0.44 0.64 1.29 1.21
0.1 0.91 0.74 0.66 1.03 1.50 0.71 0.56 0.55 C.64 1.07
Quinacrine 1,000 Toxic 0.86 Toxic Toxic ~oxic Toxic TNTC Toxic 0.7 1.74
100 0.83 0.84 0.76 1.07 1.27 0.82 6.48% 11.42% 1.29 0.61
10 0.57 1.06 0.90 0.93 1.23 0.96 0.67 1.00 0.67 1.03
1 0.38 0.86 0.88 0.87 V.27 0.82 0.67 0.74 0.81 1.03
0.1 0.38 0.83 0.84 0.83 1.00 0.64 0.67 0.89 0.67 0.97
4NONO 05 1317¢ 17.95¢ ND ND 23.67¢
QHCI 100 ND ND ND 11.80¢ ND
NaN, 1 ND ND 25.06t ND ND
BP 5 5.96% 6.721 ND 4.22% 8.89%
2-anthramine 5 67.50% 28.60% 2.21% 26.21% 63.29%
1.0 ND ND 6.83% ND ND

*NA, no addition

1S9 = 9C00 x g supernatant fraction of rat liver homogenates (Aroclor pretreated).
tPositive mutagenic response.

ND. not determined; TNTC, too numerous to count.
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TABLE 7-8. Mutagenicily Tests With Quinacrine

TEST SYSTEM DRUG METHGD RESULTS REFERENCE
Bacterial tests

Salmonelia typhimurium Quinacrine 5ug plate Ames test “"Weak mutagen™ (n¢ data 3
C207 (frameshift) provided)

S. typhimurium TA 1537 Quinacrine 100.g plate - Ames test contrel 12: control <+ S9 12 19
(frameshift) S9 drug 1000; drug + S9 1000

S. typhimurium his G436 TA Quinacrine diHCI Ames test positive in TA 1532 only 28
1530. 1531, 1532. 1534

Bacillus subtilis his Quinacrine HCI crystal or Reversion to his - Positive with his B103 13

his B102. B201, B204 solution spot test

Escherichia coli K-12 strain Quinacrine HC! as positive  Score lac* revertants Positive 9
ND 160 lac control 10pg ml medium

E. coli B r strain = deficient Quinacrine HCI Druiz incorporated in Positive enhancement of U-V 8
repair; trp 10ug mi medium postirradiation medium induced str' mutational yield

20pg mi medium score st mutants, in strains with intact repair
score trp mutarnts similar results with trp * yield

S. typhimunum TA 1535, Quinacrine diHCI 4 conc. Ames test Positive, but no! listed which 15
1537, 98. 100 = 53 tut amts not listea strain, concentration, etc.

S. typrtmurium gal E 503 Quinacrine diHCI Screen for mutagens that Incapable of generating such 2

cause deletions deletions
S. typhimurium Quinacrine In vitro spot test for his - Negative in both tests 20

C 46 mouse host
BP substitution

revertants

In vivo host mediated
assay plate peritoneal
fluid
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TABLE 7-8. Mutagenicity Tesis With Quinacrine (Continued)

TEST SYSTEM DRUG METHOD RESULTS REFERENCE
S typhimurium Quinacrine Spot test with saturated Positive with frameshift 6
G48 vase pair disc Negative with base pair
C3076 framestit
Man.~ alian (norhuman; Quinacrine diHC! 160 mg Bominant lethal test Equivocal. too few animals 12
Ra. kg
Mouse sperm Quinacrine diHC! Score sperm head Negative 15
abnormalities
Mouse polychromatic Quinacrine diHCI Micronucleus assay for Negative? 15
erythrocvies of bone chremosome breakage
marrow
Mouse bone marrow Quinacrine diHC) 0.28 mg Micronuclei Positive: increase of 17
erythrocytes kg b wt. 1P micronucleated erythrocytes
(up to 65% increase)
Mouse bone marrow Quinacrine diHCI 35, 70. Micronuclei Negative: disputes reference 21
erythrocytes 85. 142 mg kg 17
Chinese hamster ovary cells Quinacrine diHCL Sugml Determining cell survival Sensitized cells to killing by x- 26
medium after preirradiation and rays: greater effect with
postirradiation to drug preirradiation exposure to
drug may inhibit GNA repair
Chinese hamster ovary cells Quinacrine diHCI 0.2uM. Score chromosome Frequency of chromosome 16

2n M, 20uM

breaks in metaphase
Score abnormal
anaphases

breakage 3 to 5 times that of
coritrol {not considered high)
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Mouse leukemic cells L 1210

Rat sarcoma cells {(Jensen)
asparagine

Miscellaneous systems
Silkworm pupae

Saccharomyces cerevisiae

Human cell tests

Human sternal marrow cells
(D-98)

Human peripheral leukocytes

Quinacrine HCI 0.2.g m!
medium

Quinacrine HCI 0.01pg.
0.1ug. 1.0ug. 50pg mt

Quinacrine HCI 0.25 mg
capita 0.50 mg

Quinacrine

Quinacrine HC1 0.06p.g ml

Quinacrine HCI 0.3 g for
14 davs

Score ara C* -~ ara C'

Score asp -- asp cells

Score mutaticns by
specific locus method

Auxotropnic —
prototrophic revertants
drug-saturated disc
placed in center of
plate. score ring of
mutants

Score azaguanine
resistant mutants

Treated for protozoan
infection karyotyped
three times pretreatment
and posttreatment

Frequency reduced 5- to 16-
fold “Antimutagenic”

Ineffective in increasing or
decreasing mutation
frequency

0.5-mg dose increased number
of mosaic type mutations in
females only

Negative with both strains

Cultures with drug contained
‘2>="2 the mean of mutants
found in control cultures

No abnormalities prior to
treatment

After treatment modal no. of 48
chromosomes. abnormat
marker chromosomes

24

23

18













Histologic Changes Following
Intrauterine Administration
of Quinacrine Hydrochloride

TIM If. PARMLEY
NORMAN I, DUBIN
J. STRANDBER(,
LEONARD E. LAUFE

1T he histologic chinges that oc ur when quinacrine is placed into the uterus
have not heen well docamented.! In addition, the sequential process involved
renains unclear.

B this chapterowe will brietly describe asequence ol histopathologic changes
tihing place i the cornual portion of the Lallopian tube subsequent o ex-
posture to quinacrine. Lhis desaiption provides @ coherent basis for the two
Known outcomes of such exposure, tubal dosure or tabal patency. Since imost
of the changes were not observed as part of a prospective timed protocol, the
mterpretation rennns hy pothetical

METHOD

Two pig utertwere examined approsimatcdy 2 weeks after the pigs had been
teated with quinacrine. In the operation. the uteri had heen opened and
125 my quinacrine was held forcefully against the cornua tor 15 10 20 min-
utes. We also exaanined the atert of nine monkevs removed 240 hours (from
thiec monkevs) 7 davs drom three monkevs), and 28 davs (from three mon-
Kevs) .Ill(l the mtramerme mstillation of 30 my quinacrine in 1l sterile
Waler.

HYPOTHESIS

The minal reacton ol the tissue lining the endometrial cavity and the cornual
portion ol the tube s autolvsis, Tnomost cases, this dimage s superficial. For
(\'nnpl( i the cornna, the tube wis ivolved no more deephy than the
innermost hbers of muscle swrounding the interstitial tabe, Despite gross
vellow discoloration of the tube hevond the isthmus in monkevs examined

&Y
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FIG. 8-1. An arca of central
necrosis, subsequent 1
autolysis, is being invaded by
ancinflanmatory infiltrate. As
vet, there is no proliferative
repair. Human tissue,

21 hours alter imrauterine qumacrine appliication, tubal damage did not ex-
tend bevond the cornua, On the oiher hind., in those sime monkevs, consid-
crable endometrial damage was found., In most cases, the damage looked
seperheid with vespect 1o he epithelium, but it evtended along this ¢pithe-
ium deep iaro the glands 1o the basalis in several spots. In the Later cases,
the stronisurvounding the eland might vemuin relativelv intact. There was
also one moakey in which there was <o sndocervical daaiege, but this
dinage might beve been due 1o the cenie A manipulation vequired 1o piss
the instllinion needle o the uters,

Inosescral specamens obtained from pigs. Lowever, the damage extended
allthe wan through the myvometrium o (e serosal surface, It should be noted
that the methodology nsed in these e s wars stignilicantlv different from that
ol the rest of the manerial,

Alter the itial reaction. the weean of awtol sis becomes inflamed (Fig. 8-1)
and then ovganized by fibroblastic proliferatiom and scar (Fig. 8-2). In the
cornmal portion of the tube, it as the result of the dlose apposition of the
walls ol this iavow portion of the tube. organization occurs in such a ramner
that the limen 1y obliterated, sterilization has been achieved. Occlusion is not
abwiys successtul, owever, I the central or lumimal portion of the necrotic
atca “drops out” presumabh because of liquetaction, then this caviy will
become recpithelialized before organization oecars (Fig. 8-3), Subsequent or-



FIG. 8-2 Scar, subsequent 1o
proliferanve repair, has almost
totally replaced the area of
autobvsis and necrosis, There s
no central epithelinn, and the
sugeestion s that the tubal
Tamen will e completeh
searted across, Huonan tissuee.

FIG. 8-3. Although o cennal
ared of pearosis and
illanination i prosent, Jiere
appears o he a lamen, which
aircady has an epithelil g,
Phis epithehal Tiing might be
expected to remain even afe
organization tihes place,

Human tissue,



92 / Female Transcervical Sterilization

FIG. 8-4. Organizaton and
repatr appear to have occurred
around two persisting islands of
epithelium, Since | pithelial
surfaces do not adhere,
presumably the lnmen will not
be obliterated in this case.
Humuan tsue.

,*'
WL B

FIG, 8-5. Almost complete reorganization of the tabal lumen
s occurred, with only subepithelial inflammarion persisting.
Fhe fattened tubal epitheliim looks metaplastic in places,
consistent with its repaiving nature. Human tissue,
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FIG. 8-6. "T'his normal tube has
been totallv repaired. Human
HIsste. e - e

ganizaton does notin this circumstance produce tbal closure (Fig. 8-1) but
only the gradual vesolution of the inflanimatory process (Fig. 8-3) and, even-
rually e normal-appearing tube (Fig. 8-6). The frequency with which either
outcome occurs is not clear from these dace bhut s suggested by elinical
elhcoy studies reported in Chapters 90 10, and 12

In the endomerrium of the monkess examined 1 week and 1 month alter
the mirauterine of instillation quinacrine, there were two animals in which
focal scars were seens s not dlewr that these were related 1o the quinacrine
treatient.

CONCLUSION

Intrauterine administration of quinacrine effectively occludes the central por-
ton of the fallopian tabe in o certain proportion of cases. the factors that
determine the frequeney with which this occurs are stll unclear, but inra-
uterine chemical sterilization with this or o similar agent seems promising.
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Lobtmis seostasnsire foc ok e o erals Ftea of inttauterime and intravisonlar quinacrine

adimimistaon on histopathology, blood chemistry and Bematology in anomolgus monkevs,
eathimined oy publication, 1982)
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Surgical female sterilization is the most effective method of contraception for
women who desire no additional children. In developing countries, the de-
mand for female sterilization usually exceeds the ability of the countries to
provide services; therefore, the deveiopment of a rapid, effective, and safe
nonsurgical method that can be performed by paramedical personnel re-
mainzs ahigh priovite, In developed countries. such as the United States, a
nonsirgical method of sterilization could considerably 1 duce the high cost
of sierilization services, therehy making the method aceessible 0 more women.

For-over adecade, Zipper and associates have evaluated the use of the
transcevvical instillation of quinacrine hvdrochloride for clfecting permanent
sterilization. The vesalts from initial animal studies indicared that quinacrine
selectively produced significant morphological changes in the reproductive
tract and caused permanent tabal fibrosis and tubal occlusion in the rat? In
subsequent clinical trials, various doses, concentrations, and solvents for the
quinacrine instillion schedules were evaluated 7 These trials demonstrated
that the use of quinacrine was potentially an effective method of permanent
sterilization. Other investigators have also found the use of quinacrine to be
ciective for pernument femaie stervilization.! !

This chapter presents an overview of the results of three clinical studies
conducted to evaluate the safety and cthcacy of quinacrine as a method of
nonsurgical female sterilization,

MATERIALS AND METHODS
The studies on the satety and effectiveness of quinacrine were conducted at

an outpatient clinic in Santiago, Chile. The first study involved 200 patients
and evidwated the efficacy of the repeated transcervical instillation of 1500

Partial suppore tor this work was provided by the International Ferality Research Program,
with tands from the US. Agenes for Iiernational Development,
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myg quinacrine hydrochleride dissolved in 3 ml 24 lidocaine (Nviocaine). All
instillation proceaures were performed during the proliferative phase of the
menstrigd evele. The second instilliarion was made in the firss menstrual cvele
following the inftial instillion, and the thivd and Lt instillation at 6 months
after the fst. None of the patients used v adjuncive contiaceptives. Fol-
fow-up visits were scheduled ar 6-month intervals arter the Tast instillation.

The second study, in 165 women, evaluated the cthciey of vanseervical
insertions of 250 mg quinacrine pellets preceded by asingle pellet of 20 mg
sodicm thiopental, o hvdroscopic agent nsed 1o increase the viscosity of the
uterine Huid inan atempt to improve the weerine retention of the quinacrine.
The procedure for inserting the quineesine was essentiallv the same as is used
for mserting an 1UD. Insertions were performed only during the prolifera-
tve phase of the menstraal avde, Uhe procedure wis repeated T month and
again 2 months after the st insertion. None of these patients used any
adjunctive contraceptives. Clinical follow-up was scheduled at 6-month inter-
vals alver the st insertion.

Phe thivd studhv s involving 158 weonen and abvo using quinacrine pellets,
tollowed the same protocol as the secend but withour the sodinm thiopental
pellets.

For all studies.onlv those women who requested sterilization for Family
planning reasons and who did not have a history of psvchiatric disorders
were selecred as subjeass Amc woman excluded from the study was either
scheduled for a suraical sterilization procedure or provided with another
method of contraception. In these studies on the eficacy of quinacrine, the
study end pomnt wos pregnanay and not abal pateney as demonstrated by
Insterosalpimgogran.

RESULTS

Mean age and number of Tive births of women entering the three studies are
provided in Table 9410 Mean age vanged from 313 w0 33.5 vears. and the
mean pamber of ive births ranged from 3.7 10 1.7,

Of the women entering the quinacrine solution study, 304 did not com-
plete the three quinacrine instillinion schedule, compared with 10,34 in the
study of pellets with sodium thiopental and 1234 in the study of pellets
without sodium: thiopental ¢Table 9-2)0 In part, this was a reflection of a
ditference in protocol, since in the quinacrine soluiion study there wis a 6-

TABLE 9-1. Age and Live Births for Women Entering Studies of Quinacrine Hydrochloride
QUINACRINE PELLETS QUINACRINE PELLETS

QU'NACRINE WITH SODIUM WITHOUT SODIUM
SOLUTION THIOPENTAL THIOPENTAL
(N 200) (N - 165) (N - 138)
Mean age (years) 31.3 334 33.5
Mean number of 4.1 4.7 3.7

live births
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TABLE 9-2. Reasons Women Did Not Complete Three Administrations of Quinacrine Solution
and Quinacrine Pellets

QUINACRINE
QUINACRINE PELLETS
PELLETS WITHOUT
QUINACRINE WITH SODIUM SODIUM
SOLU™ION THIOPENTAL THIOPENTAL
(N = 200) (N = 165) (N == 138)
NO. % NO. % NO. %
Reasons for not performing
second administration
Pregnancy 18 9.0 4° 2.4 5t 3.6
Transient psychosis 4 2.0 0 0.¢ 0 0.0
Ovarian cyst 1 0.5 1 0.6 0 0.0
Cervical synechia 0 0.0 0 0.0 1 0.7
Adnexitis 1 0.5 0 0.0 0 0.0
Amenorrhea 3 1.5 0 0.0 0 0.0
Severe headaches 1 0.5 0 0.0 0 0.0
Nerves 0 0.0 1 0.6 0 0.0
Patient choice 0 0.0 2 1.2 0 0.0
Patient failed to return 4 2.0 2 1.2 3 2.2
Total 3z 16.0 10 6.1 9 6.5
Reasons for not performing
third administration
Pregnancy 23 11.5 0 0.0 2 1.4
Cervical synechia 0 0.0 1 0.6 0 0.0
Possible perforation 0 0.0 0 0.0 1 0.7
Cystic mass 0 0.9 0 0.0 1 0.7
Amenorrhea 1 0.5 0 0.0 0 0.0
Metrorrhagia 1 0.5 0 0.0 1 0.7
Intense vaginitis 0 0.0 0 0.0 1 07
Allergic skin reaction 0 0.0 1 0.6 0 0.0
Pelvic pain 0 0.0 1 0.6 0 0.0
Headaches 0 0.0 2 1.2 0 0.0
Patient choice 2 1.0 0 0.0 0 0.0
Patient fal'ed to return 1 0.5 2 1.2 2 1.4
Totai 28 14.0 7 4.2 8 5.8

"Two women were pregnant at first insertion and one failed to return for second
insertion as scheduled.

tTwo women were probably pregnant at first insertion and one failed to return for
second insertion as scheduled.

month time period hetween instillation two and msullation three, compared
with & l-inomh period for hotl peller stadies. The daa show that the un-
acceptably high pregnanay rate associated with the solution procedure in the
tme between the o and second msullations dappears to have been reduced
in the pellet studies. Four of the women who had quinacrine inserted and
who were diagnosed s pregoant atter the hist insertion were thought 10
have been preginmt ar the time of corollment in the studyv, Two of these
pregnancies were tenmimated by induced abortion. and two ended in spon-
tancous iahortions,
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TABLE 9-3. Gross Life-Table Pregnancy Rates Per 100 Women Completing Three
Administrations of Quinacrine Solition and Quinacrine Pellets

QUINACRINE PELLETS QUINACRINE PELLETS

QUINACRINE WITH SODIUM WITHOUT SODIUM
SOLUTION THIOPENTAL THIOPENTAL
(N 131) (N 147) (N = 122)
6 month rate 65 - 22 14 - 10 3.1 ~22
(95.2)* (96.6) (42.0)
12 month ratet 99 - 27 43 - 1.7 31 - 22
(£8.9) (93.0) (33.9)
24 month rate 131 - 33 65 ~ 2.1
(49.6) (79.0)

‘Follow-up rate.

tDifference in the cumulative rates over 12 months (Mantel-Cox): quinacrine solution,
quinacrine pellets with sodium thiopental. p - 0.11; quinacrine solution, guinacrine
pellets without sodium thinpental. p - 0.22; quinacrine pellets with sodivm thiopental,
quinacrine peliets without sodium thiopental, p - 0.70.

Fhe use ot quimacine pellers appears to have reduced the imcidence of
tanstent psvehiosisaside-effear that has been observed i studies using intra-
were quiticrine selutions. No women in the pler studies developed tran-
sient psvchosisccompared with 2.0 inhe solution stady. Tn the pellet study
without sodimm thiopental, one women, after the second insertion, developed
an acute pelacinthommarony veaction that Lsted 18 hours, We suspected that
the pellets fad perforaed mto the peritonea caviv, The woman was treated
with penicilhing Noaddinonal problems were encountered., and no more treat-
ment was requned.

Fhe peller method ol quinaciine insertion appears to be more effective
than the soluton method Clable 9-3), ddhough the ditferences in the cu-
mulative vates e not stanstcally significant (p - 0.05) The gross life-table
vate per 100 wonen at 12 months afrer the thivd quinacine adiministration
was L o the solution method, 13 tor the pellers with sodium thiopental,
aned 31 tor the pellens withonr sodinen thiopental. To date. 16 women who
completed the three mstllations of Guiracime solution, 10 who completed
the pelless with sodion thiopental vegimen. and 7 who completed the pellets
without sodivm thiopental insertions hine become pregnant (Fable 9-1),
Pregnanaes have ocanred from 2 10 27 months atier the thivd administra-
tion: in some women. the tubes were probably never occluded. and in others,
recanalization masy have ocanned, None of the pregnancies was ectopic. Most
pregramcies were terminated by induced abortion. Four women carrvied - cir
pregnancies 1o tevn without amy apparent il etecs to the mother or fetus.

Orher evenrs reported abter thee administrations of quinacrine are shown
i LFable 91T is not known whether all of these events are a resalt of the
quinacrine procedure or are merel the usual problems that would he seen
i any gvoecologic dintc o addition o the two hysterceaomies for chronic
pelvicimflanmatony discase reported in Lable 9-1, two other hyvsterectomices
were pertormed for genmal prolapse, a condition unrelaed 1o the quinacrine
procedure,
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TABLE 9-4. Events Occurring After Three Administrations of Quinacrine

QUINACRINE
QUINACRINE PELLETS
PELLETS WITHOUT
QUINACRINE WITH SODIUM SODIUM
SOLUTION THIOPENTAL THIOPENTAL
(N = 124) (N = 145)t (N - 83)t
NO. % NO. % NO. %
Events§
Pregnancy 16 12.9 10 6.9 7 84
Menstrual
Amencrrhea 12 9.7 4 2.8 0 0.0
Menorrhagia 8 6.5 2 1.4 0 0.0
Dysmencrrhea 0 0.0 1 0.7 0 0.0
Pelvic
Pelvic inflammatory disease 4 3.2 3l 2.1 0 0.0
Endometritis 1 0.8 7 4.8 1 0.3
Leukorrhea 3 24 1 0.7 0 0.0
Urinary tract infection 3 24 3 2.2 3 3.6
Ovarian cyst 2 1.6 4 2.8 0 0.0
Adnexal mass 0 0.0 1 0.7 0 0.0
Uterine synechia 2 1.6 3 2.1 2 2.4
Myoma 0 0.0 4 2.8 0 0.0
Transient complaints
Pelvic abdominal pain 7 5.6 2 1.4 2 2.4
Headaches 3 2.4 6 4.1 0 0.0
Dispareunia 1 0.8 1 0.7 0 0.0
Total women with one or more
events 50 40.3 40 27.6 16 19.3

*Of the 140 patients completing three instillations of quinacrine solution, 124 returned
for one or more follow-ups.

tOf the 148 patients completing three insertions of auinaciine pellets with sodium
thiopental, 145 relurned for one or more follow-ups.

10f the 122 patients completing three insertions of quinacrine pellets without sodium
thiopental, 83 returned for one or more follow-ups.

§Multiple events may be reported for each woman.

(Two women underwent hysterectomies.

CONCILUSION

Extensive research has been undertaken 1o develop i simple method of non-
surgical female sterilizaion, The intrauterine use of quinacrine hydrochlo-
ride as a method of nonsurgical sterilization has evolved from stlltions of
asolution, to the development of pellets used with potentiating agent, and
then to the use of quinacrine pellets alone,

The major adverse effect of quinacrine solution administration was (rin-
stent psvehosis (2.09): the use of pellees seems o have eliminated the risk of
that complicaion (0.0¢/), probably hecause the pellet dissolves relatively slowly
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(=10 minutes) within the uterine cavity, reducing the risk of rapid intravas-
cular absorption,

Animal studies were initiated o identify problems occurring if perforation
occurs and quinacrine is accidentally placed in the peritoneam. Athigh doses,
several annnals died (see Chaprer 6),

Excessive peritoneal absorption produced a high blood level ol quinacrine,
leading to death, and perhaps crused by central nervous svstem reiction,
High doses of quinacrine when administered mtraperitoneally arve clearly
toxic. Additona animal studies ave planned o determine if, by prolonging
the o utero vate of release of quinacrine. the toxic side-cffects may be avoided
without atfecting the ability of the drug 1o Grase tabal fibrosis.

A comparison of vesults from varions studies condugted by Zipper show
that the pellet method of quinacrine delivery is an improvement over the
solution method. Sodivm thiopental does not seem 1o be a necessary adjunct
to the procedure. However, the procedure still requires three administrations
of quinacrine to be etfective. thus falling short of the altine voiul of an
cHedive, blind. onc-iserdon procedure.

Fhe erratic perfornamce of the quinacrine pellets in occluding the tibes
is probably cansed by the uneven distribution of the quinacrine to the tabal
ostiae. Tinprovements in the delivery of quinacrine are being explored, in-
cudimg the use of an 1TUD 1o deliver the quinacrine to the tubal ostia, Another
ctiort will explore the efficioy of o sustained-releise pelletsystenn in the hope
that extended exposure of the drug will produce a higher rate of tbal ¢lo-
sure.
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Clinical Report:

Quinacrine-Fused Pellets

RENE GUZMAN-SERANI
ALFONSO BERNALES
LYNDA PAINTER COLE

Inan elfortto meet a demand tor female sterilization services that far exceeds
the current medical care system worldwide, attention has been given to the
development of asafe, ettective nonsurgical method that can he performed
by paramedical personnel.

Zipper i assoctes Tave worked incthis area tor many vears and have
identihed quinacrine hvdrochloride as a chemical likelv o produce tubal oc-
clusion when placed in the weras 42 Zipper's work led o the development
ol quinacrine hvdrochloride pellets, imtended 1o eifect a delivery svstent that
would bring the chemical into prolonged conact with the tubid ostia through
utenne retention. Results of an carly study were encowraging: at 1 vear after
three insertions of 250 mg quinacrine pelles, the gross life-table pregnancy
rate wis 31 per 100 women.!

Lhe eflicooy ol manscervical insertions of quinacrine pellets o produce
tubal occlusion hus heen farther evaluared ina three-center wrial, ' This chapter
reports the tesulis from one of the centers.

MATERIALS AND METHODS

Fach quinacrine hvdrochloride pelletis eviindrical and has a diameter of less
than b mm. The pelles are compacted 1o contain 10 mg quinacrine per
millimeter ol length. Insertion i accomplished by placing the pellets in a
plastic tube with a push rod positioned behind thenn. The insertion procedure
is essentially the siume as that Tor inserting an 1UD.

From March through December, 1979, 151 women entered the studyv, giv-
g informed consent at an outpatient clinic a the Universidad Austad de
Chile School of Medicine, Valdivia, Chile. Seven pellets containing a total of
250 mg quinacrine hyvdrochloride were 1o be inserted at admission and again
at month and 2 months after admission. Insertions were performed during
the proliferative phase of the mensoruad evele in women who had not recently

Ihuhd~qunlhu|hw\unk\un|nnndmlh\lenuwmnhmalthM\lhmunleHmnum
with fundsy from the T45 Agenay fon Taternational Development
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heen pregnant (>42 davs since Last pregnaney terminated). No additonal
contraceptives were used. Clinical follow-up was scheduled at 6, 12, and 24
months after the third insertion and atany time when complications or com-
plaints occurred. In this studv, tabal pateney was evaluated by hysterosalpin-
gographyv performed -t least 3 months after the thivd insertion.

Only those women who requested sterilizaion for family planning reasons
and who did not have . ¢ histony ol medical or psvehiatric disorders were
selectedas subjecis T the patient appeared 1o be unduly nervous or had any
pathologic pelvic condition (except cerviditis), she was excluded from the
studhvand was cither scheduded for a surgical stevilization procedure or pro-
viced with another method of contraception.,

RESULTS

The women entering the study had o mean age of 31.8 vears and a mean of
3.3 live bivthse At admission, 351 veported an iregular menstrual evele.
Onlv owo women (1390 didd not complete the scheduled three insertions of
quinacrine pellers. For one wonian, chronic pelvic imflimmatory disease, which
had been missed at admission, was didgnosed before the second insertion; a
bilateral salpimgecomy was performed. The second woman contracted a vl
micctous hepatits atter the hist isertion: the hiepatitis had o prolonged
comse, but 6 months Luer the wonman had fulls recuperated. Although she
iy not presenny using addiional contraception and never received the third
quinacrine msertion, she has not become pregnant.

Fhe procedure was deemed sate Chable 10-1)0 onh minor complications
and complunts were reported atinsertion o1 hetween insertions. Inomost
cases. the complicuions or complaints were o a temporary natire, disap-
pearing within o tew hours or a few davs after the procedure. Menstrual
distirhances associated with the quinacine procedure were also transicnt
CTuble 02200 OF those women with regular aveles at the nime ol the fist
misertions, 35,7 missed one or two cvdes nthe 3 monthis it ook to complete
the proceduressall had retimed o menses by the 6-month follow-up visit.
OF those with irregular cveles, 3779 missed one or more oveles. and only
one reported ameirorthen at the Gamonth follow-up: she was prvgn;ml.

Four-tifths of the woen have rened for 2-4-month totlow-up. Table 10-
A shows the qrin llll( pelier method to be very effective. 'The gross life-table
pregriancy aate s L per 100 \\nnl( noat 28 months, Five pregnancies have
been reported: they occanved o 10150 180 T9, and 20 months after the third
msertion. Toee were I('Il:lill.ll('(l by aninduced abortion procedure, one
ended ma spontancous abortion, and one was Guried o term. The term
pregnancy occurred T8 months atrer the third insevdon: the infant was born
without any problem.

Histerosalpimgogn, |})||n results tor women who completed three insertions
of quinacnne pellets e given i Fable To- 1 The hvsterosalpingogrms showed
no patency or three women who liter became pregnant,

Othrer than the pregnancies, follow-up problems were reported by cight
women (4 i the 2 months since the third msertion. Most problems
were minor and transitory, induding two cases of menorrhagia, twe ot head-
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TABLE 10-1. Complications Comglaints Associated With Insertion of Quinacrine Pellets
PELLET INSERTIONS

! 2 3
(N = 151) (N = 150) (N = 149)
NO. % NO. % NO. %
Cecmplications

Psycho-emotional reaction 1 0.7 0 0.0 0 0.0
Vomiting 1 07 0 0.0 0 0.0
Infectious hepatitis*t 1 0.7 0 0.0 0 0.0
Pelvic inflammatory disease't 0 0.0 1 0.7 0 0.0
Trichomonast 1 0.7 2 1.3 0 0.0
Vaginal discharge 1 07 1 0.7 0 0.0
Fever 0 0.0 1 0.7 0 0.0
Vaginal bleeding 1 0.7 2 1.3 0 0.0
Vaagina! spotting 0 0.0 2 1.3 0 0.0

Total women with one

complicalion or more 6 4.0 9 6.0 0 0.0
Complaints

Pelvic'abdominal pain

At insertion 21 139 12 8.0 18 12.0

Postinsertion 25 16.6 19 12.7 1 0.7
Headache 2 1.3 1 0.7 0 0.0
Muscle pain 1 0.7 0 0.0 0 0.0

Total women with one complaint

or more 43 28.5 32 213 19 12.8

"Resulted in discontinuation of procedure.
tUnrelated to quinacrine.

achesand one cach ol reduced menstrual flow. irvegular cycles, episodic
pelvic paingand an ovarian CVSL.

CONCLUSIONS

The vesults of this stady suggest that the intrauterine insertion of quinacrine
pelles can he an effective, safe. nonsurgical sterilization procedure. In gen-
cral. complications and complamts associated with the insertion were mmor
and ol a4 van.itory nature, Ouly 1.1 of the women had become pregham
by 2 vears after the third insertion.

Three women who showed no tabal pateney by hvsterosalpingogram larer
hecame pregnant, | he possibiliv of recanalization seems more likelv than
that the hysterosalpingogram failed o determine tubal oc-lusion.

Although no deaths have been reported in studies condoeted in conjunc-
ton with the Intermational Fertiliny: Rescarch Program, two have heen re-
ported following the intruterine instillation of quinacrine solution by other
IVestgators. T he Grase of these deiths is unknown hut mav he related 1o

“Atabrine ndrochlenide, Irodu mlotmation, Winthrop Laboiatories, November 1075,

“Chowdhurny AL Personal conmmunicaniion, August 1976,
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TABLE 10-2. Amenorrhaa Associated With Insertion of Quinacrine Pellets by Menstrual
Regularity at Admission

IREGULAR CYCLE REGULAR CYCLE

LENGTH LENGTH
REPORTED AT REPORTED AT
ADMISSION ADMISSION
(N = 53) (N = 98)
NO. % NO. %
At insertion 1l 17 32.1 22 22.4
At insertion i1 14 26.4 24 24.5
At 8-month follow-up 1° 1.9 0 0.0
Total women reporting amenorrhea at one or 20 37.7 35 35.7

more visits

*Pregnant at time of follow-up.

the rapid absorption of quinacrine. It has been reported that high svstemic
blood levels of quinacrine from vapid absorption may result in arrhythmias,
ncart block, impaired cardiac output, hvpotension, peripheral vasodilation.
and depression of the vasomotor and respiratory centers of the central nervous
ssstent® The peller method probablv decreases the absorption rate, thus re-
ducing the hlood level of quinacrine. he decreased absorption rate was pant
of the reason the peller method was developed.

A problem with all known blind procedures is that more than one appli-
cation v he necessary. The quinacrine pellet method used in this study

TABLE 10-3. Gross Life-Table Pregnancy Rates for Women Who
Completed Three Insertions of Quinacrine Hydrochloride

Peliets
PREGNANCY RATE FOLLOW-UP RATE
6 months 0.7 - 07 98.0
12 months 0.7 - 07 97.3
24 months 38 - 1.7 82.8

TABLE 10-4. Hysterosalpingographic Results for Women Who
Completed Three Insertions of Quinacrine
Hydrochloride Pellets

RESULTS NO. PATIENTS %
Neither tube patent 121° 81.2
One tube patent 1 0.7
Both tubes patent 0 0.0
HSG not performed 271 18.1

Total 149 100.0

‘Three women became pregnant.
tTwo women became pregnant.

“Atabre Lvdrodionide. Pooduer information, Winthiop Laburatories, November 1975,






11

Delivery Systems for Applying
Quinacrine as a Tubal Closing Agent

ROBERT . WHEELLR

The use of quinacrine hyvdrochloride as an effective chemical agent for trans-
cervical female sterilization has been established primarily through the pi-
oncering work of Jaime Zipper.™ U Cureent research is concerned with
making the method comuercially available through the development of dos-
age lorms that will enliance the acceptinee of the method and through tox-
icology or related studics thar will document the safeny of quinacrine chemical
sterilization (QCSY. The general subject of chemical sterilization has been
revicwed by Richant.”

The nitmine mcasure o the suceess of a specific quinacrine dosage form
is the number of faihures. mcasured by pregnana aes, provider acceptance,
aser aceeptance, and incidence of side-effects, More than 12 vears of clinical
studies of QCS have been spent in developing a dinically effective method
and documenting the vesubis, 1 the regimen consists of depositing 250 mg
quinacrine in tablet form incthe wierus three times e monthly intervals, about
2 men per 100 will ever become pregnant again. Available data indicate
that quinacrine sterilization is permanent, although efforts to reverse the
carly stages of occlusion with high doses of estiogen have been successful !
Other dosage forms under consideration are shurries of quimacrine powder,
pastes, sustained-release tablews, gels, fibess, and plugs intended for direct
msevtion o the werotubal junction. TUDs have been iested as vectors 1o
deliver the quinacrine proximal 1o the werotubal junction and 1o provide
sll])pl('lll('nl;n"\ (tmll';u‘(‘p(iun.

Quick wavs to screen these alternative dosage forms are needed 1o achieve
the benelits of an improved delivery sysiem. A theoretical model of quina-
arine sterilization supports the beliet that the controlled release of quinacrine
could protong the exposure of the uterothal iunction 1o high concentrations
and reduce the risk o serions side-effects as avesult of systemic absorption
or accadental delivery of the drag into the peritoneal cavity, Modeling, as
presented i i preliminary stage in this chapter. can help focus research on
activities that will ensure safe and effective use of QCS systens.

REPEATED EXPOSURE TO QUINACRINE

CHEMICAL STERILIZATION

As bt approximation. the probabilie: of successful QCS appears to be
constant when quinacrine instillations e repeated weintervals, That s, if

one mstillation has 4 504 probability of occluding a tube, the second instil-
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TABLE 11-1. Probability of Producing One and Twa Tubal
Occiusions, Assuming Both Tubes are Initially

Open
NUMBER OF INSTILLATIONS

TUBES CLOSED 18T 2ND 3RD 4TH
50% Effective

0 0.25 0.063 0.016 0.004

1 0.50 0.375 0.219 0.117

2 0.25 0.562 0.765 0.879
80°% Effective

0 0.04 0.002 0.001 0.000

1 0.32 0.077 0.016 0.003

2 0.64 0.922 0.984 0.997

lation will have a 504 chance of occluding any tubes not previously occluded.,
Thework of Westrom on infertilite resuling from repeated episodes of pelvie
mfimmatory disease shows the same vend: repeated cases of pelvic inflam-
matory discase cach have a constant probabyiiny of occluding the fallopian
tubets) not previously occluded.” Gains 1o be made if a 50 el fective dosage
form s inproved te 809 effectiveness, assuming constant probability of tubal
closure, ave shown i Table 11-1.

[Cis apparent thar i takes twice the number of instillations of 4 509 ef-
fective dosage Torm as . e required foran ¥0% cffective dosage form (o get
the siune tabal occhusion vare, In real situations when multiple instillations
are used, pregnancies occur between instillations. The mumber of pregnancies
that occur betore the regimen s completed depends on the fecundability of
the couple, the eftectiveness of the QCS dosage form 1o occlude tubes, and
the use or nonuse of supplementary contri cptives. There are probably a
few women whose tubes would not be occluded by any number of QCS 'in-
stllitions. None of the advantages of one dosage form or another comes
withouta price. In this chapter, the chavacteristics of several dosage forms
are described along with the advantages of cach.

QUINACRINE SOLUTIONS AND PASTES

Incthe initial cinmeal evaluation of quinacrine as a chemical sterilizing agent,
the dosage form was a solution or slurry delivered into the uterine cavity
through & cannula avached 10 a svringet Solutions and pastes provide a
continuuny of quinaciine coneentrations up (o a maximum in the paste form
ot approximately 800 me/ml. Since an acqueous solution will hold only 29 mg/
ml Zipper and associates vesorted 1o shirries to achieve the 100 1o 1000 my
needed o produce tabal oeclusion. ™ This mode of delivery is mostly of his-
torical interest now, since it has heen superseded with the solid form because
of the low efficacy of the slurries and oceasional cortical excitation (toxic
psychosis) they produced.™ High intrauierine pressure can be developed
madvertently when shurries are delivered by i svringe with the possibility of
scadentabintravenous or intraperitoneal delivery, Use of lidocaine with quin-
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acrine slurries was once thought w be benelicial, but the practice is now out
of favor hecanse the lidocaine appears 10 be unnec essary and possibly hig-
ardous.

Various dispersing agents have been used o make quinacrine pastes and
te increase the quacrine-holding capaciny of slurries. I any agent normally
safe tor food and drugs is used as an additive, care should bé taken to ensure
that it does not react with the quinacrine ind decrease its effeciivencess. Poly-
cthndene oxide has been an effective binder tor tablets and dispersing agent
for shurey dosage forms over a wide range of polvethvlene oxide concentra-
nons. Malaviva and coworkers ok advantage of the gel ransition temper-
ature of 2 agueous agar solution containing 800 mg quinacrine per millitier.
Phey mstlled the dose at 50 Cin the fallopian tabes of monkeys as a liquid
that quickiv reverted o a gel i it a hods temperature, Forming the gel in
vl slows down quinacrine absorption and dissolution, thus providing a sus-
taned release. Gel-fornug additives in the rablet dosage form also cause gel
formaton movte. Quinacrine powder ina gelatin capsule is i possible alter-
natve to pellets for delivering solid quingcrine.

QUINACRINE TABLETS

Quinacrine tablets fust used by Zipper were made with a simple die and
phuinger ser (Fig 112" The quinacrine powder was moistened 1o cause
binding of the powder into a solid tiblet, and the tooling was dusted with
ngnesium stearate as o lebricant. Two tiblets 1,95 ¢m long and weighing
P25 g cach were deposited in the aterus through b mm-diameter polyv-
cthvlene inserter. Quinacrine has been produced in seineh diameter 3h-myg
tablets using connmercial tbleting cquipment. Fest lots of tblets were made
b the Universing of North Caroling Division ol Pharmacy Services from quin-
acrine hvdvocdoride obraned from Sigma Chemical Compuny, St. Louis,
Missownt. o produce free-lowing powder, the dquinacrine was granulated
duough a S5-mesh screen. Tablets were produced with fla-faced 's-inch
diimerer punches ona Stokes Model single-cavity tablet machine. Tablets
with nomimal dissolution thimes of 10, 100, and 800 minutes were produced
as described by Onin and associates.” Cholesterol was the principal additive
tused to delny dissolution. The proportions of quinacrine in the tablets varied
mversely with the dissolution tme and were S99, 794 and 169 | respectively.
Avnassembly for insertion ot the pellers is illustrated in Figure 11-2,

DELIVERY SYSTEMS FOR TABLETS

Asimple polvethvlene or polvpropylene stra and push rod system (Fig, 11-
2) has beenran entively satistactony method for intrauterine insertion of tib-
lets. There should be some trictional resistance between the inserter stra
and the pushovod o prevent the rod from falling ont and spilling the tablets,
Arvolled tp on the inserted end of the straw has two functions, 1t guides the
straw through the cervis without scraping and holds the tablets within the
straw until they are discharged by pulling the straw over the push rod. Four
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FIG. 11-1. Die and plunger
set for fabrication of

quinicrine tablets,

dizmetrically opposed slits in the nosed portion of the straw allow the aper-
ture o expand and pass the tablets. Although curved inserters intended o
deliver quinacrine closer to the wierotubal junction have been proposed, there
are no published daticindicating acurved inserter increases the probability
of tubal closure.

The International Fertiliy Reseineh Program (IFRP) has used a [wWo-step
method o ensure the steriliny of the quinacme tablets, The tablet are gamma
stevilized i bulk ac 2.5 M rad, a dosage that does not denature the quinacrine.
The assembled kits are ethvlene oxide sterilized. The gamma sterilizaion
step might be avoided it the bioburden of the quinacrine is monitored
throughout the production process according 1o USP guidelines.

UTEROTUBAL PLUGS

The TFRP has cooperated with Dr. Ro Quinor es in developing i system for
placement of small vods of quinacrine directs in the uterotubal isthnis by
way of ahysteroscope. A system such as the one illustrated in’ Figure 11-3
has been tested on specimens from women who have undergone hysteree-
tomy, but no clinical trials have been attempred.
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FIG. 11-2. Quinacrine tablet inserter assembly,

QUINACRINE 1UDS

A novel combination of family planning methods occurs when an TUD is used
as i vector to deliver quinacrine ine the aterine cavity and 1o position the
quinacrine dose to the uterotubal junctions. (See Chapter 12 for details on
this method.) The TUD provides back-up contraception as long as it is re-
taned. Quinaciine aself s spermicidal only at concentrations approaching
saturition (20 g to 30 myg mh.* The succeess of quinacrine FUDs as QCS
swstems de pe nds on obtiining a hn,ll |>mlnl)|ln\ of tubal cosure with one
LUD insertion. One insertion of quinacrine pellets when the patient returns

*Chyvapl M: Pesting the cpermicidal effectiveness ol quinacrine and potassivn sorbate, Per-
sonal cotmunicition, Oaober 1981
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FIG. T1-3. Avsembly lon dired insertion of qonaciine wio the wrerotubal junction

|l\~|l'1«-\unim A

to fave the TUD vemoved conld signihcanthy ncrease the probability of tubal
dosure without mcreasing the amount of medical mterventior, Since the 101
displaces avolume tha conld otherwise e occupied by quinao e, the amount
o quinacime that can be delivered is Tess and the amonnt of ervical dilution
sgrearer for the quinacine TUD waten than for quinacrine tablets.

A THEORETICAL MODEL OF THE QCS SYSTEM

Atheorcucd maodel of (he QESsstene povides i helptul frime of reference
for the evaluation of vaions dosage torms, even though sonie of the phvs-
ological paramerers of the niodel are onlh estinntes. A simple: mechanical
anvog ol the svstent is shown in Praone TI-1 The e prior o insertion
ol the quinacme tabiens s tepreseiredan Figore T4 Phe aterine Gnvin
v expandable as indicared by e spring-loaded piston. £ nder normal con-
ditions, the aimonnt of o Howing into the uterus s less than e wiler
absorprion capacy of the neetos, suc that the orerine volume 1eimains con-
santand there s no cervical dis haree.

I Frgine T B wtier the misertion o quinacine tables, the warer influx
eveeeds the e of absorprion and Giuses the utine o in volunie to -
crse untl there s o discharge of the escess flow out ob the cervix, The
peasticulae Dleer e the mednanic .l andlog cnstures that anhy dissolved quin-
acrme s absorhed sostenmicalv s bur the cervieal di hanee contains hoth dis-
solved and parnculane quinacine. A sequence ol events might be as follows:

Lo Lablets containing 250 niy quinaciine ae deposited into the werus
e zero.
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A FLUID FLOW

Cervical Discharge

Discharye s zero until
PISTON I uterine canty volume equals
1.5 times inttial volume.

UTLRINE CAVITY

Infl Absorption is constant and

nHux s constant shiyhtly greater than inftux
Mus o l1]nm.u tie concentration when quinacrine is absent.
dependent mereass

B QUINACRINE FLOW
PISTON
Cantrolled refease of L] e B B Both dissolved and particulate
vither prarticulate o > I8 ] quiniacrine discharged out cervix.
dissolved guinacrine S X 4 w
a P
<
Dissclved quingerine - ~
PN
Particulate quimacning g = §

Particulate
filter

Only dissolved quinacrine

Water in misreases
absorbed,

aodisotved guinacning

HHITegsey

FIG. 114, Schematic imput-caput model of the How of intrterine quinacrine. ()
Uterus prion w insertion of the quinacrine tablets, (8) Uterus after quinacrine
ISCTTION

2. Every minute one Lalf of the weight ol quinacrine in blet form converts
tosturey of particulive quinacrine in the werine fnids.

3. The particulate quinacrine goes into solution at a rate depending on the
concentration of dissolved quinacrine wnd particle size until the solution
becomes sanrared atavalue of 29 my quinacrine per williliter of solution,

-

- Quinacrine in solution produce s a concentration-dependent osmotic in-
aease of water flow o the uteras unnl it reaches a maxinnim value of
LS tmes the nominal premsertion value of 10 mi/hr.
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TABLE 11-2. Predicted Distribution of Quinacrine After Placement of 250 mg Tableted
Quinacrine in the Uterine Cavity

FRACTION OF QUINACRINE

AMOUNT OF REMAINING DISSOLVED
QUINACRINE QUINACRINE QUINACRINE QUINACRINE IN UTERINE
PER 250 MG RELEASED ABSORBED DISCHARGED FLUIDS AFTER
OF TABLETS PER MINUTE SYSTEMICALLY  FROM CERVIX 30 MINUTES

250 0.5 96 154 16.3

200 0.07 113 82 16.8

125 0.01 112 13 0.94

5. Since the increased water influx s not balanced by an inereased water
absorption. the excess influx causes the uterus 1o expind to L5 times its
nominal volume of 1.0 ml.

6. When the werine cavity volume veaches 1.5 times “ts nominal volume, all
the excess influx s discharged owe the cervix, carrving with i both dis-
solved and particulate guinacrine.

7. Svstemic absorption of quinacrine is lincarly dependent on the concentra-
ton of quinacrine in the werine lhaids and. in the example represented
- Fable T2 was assumed o be 120 nesdne ar sacuration.

Given the above assumptions, the results obtained with 230 myg of tablets
having three ditferent quinacrine release rates are presented in Table 1142,
Fhe decrease i the ianount of quinacrine available as the release rate de-
creases represents anestimate of the amount of diluent necessiny o delay
release. For example, 250 g of wablets with an 800-minute dissolution time
containconhy 125 g quinacrine hvdrechloride. The dosage form that releases
007 of ity contained quinacrine evoy minute appears 1o be beter than the
brstexiunple because itis just as etfective in maimtining a high concentration
af dissolved quinacrine in the uterus, I aiso has the added safery of using
less quinacine that is released slower, The estimated concentration ol dis-
solved quinacrine i the aterme Quids as o function of time alter insertion
tor the T00-minute dosage form iy 16.8 mg at 30 win. Since it takes five o
seven tablets to make up 250 mg. there is the option of mixing tabicts with
different release vanes,

Moreaity risk may set i npper: boundan on sustemic absorption. 1 the
tisk is 1o be similar o the visk of ioveadie from surgical steriliznion in the
United States, it would he 10,0007 1 the plisma level of quinacrine exceeds
athveshold vidue, there appears to be s smali visk of 1oxi psvehosis, a side-
elfect that carmies e mortaline visk.t Based on ey work on the use of quiin-
actine mthe teannentand prevention of malaria, the plaso limits of quin-
acrine concentration may be around L0010 gAnk! Sinee pavchosis is potentially
the most serious known side-effe ol QCS, thie following is quoted directhy:!

Lidz and Kahn (1916) hase sugyo s ol that mepacnne (quinaetine hvdrochloride),
without giving tise o actaal psveh - somay prodice mental inpaivment as Judged
by scares on the Kohs-Block testo i which the mental age is assessed by forming
standard patterns with colowed cubes, whenever the serum levels are above 18
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pune per 100 ml Thas doses of 201 e of mepactine inoseven divs were without
actton i causing impatrment of the mentad facultios, but 1.9 g i six davs caused
averydehnite impanment. Twould thus seem tha mepacrine psvehoses ave kel
tordevelop ondv it the plisir oo sernm levels are allowed 1o remain at consistenthy
hich Tevel,

Fostinn below a plasma concentration limit, an upper boundary on the vate
of quimacrine release from the dosage form should assuwme that it has acci-
dentally been delivered into the peritoneal caviy, A guess at this it is a
acexinnnn ol 300 g delivered in Fohour or less, The product of o low
probabiline of 1oxic psvehosis and @ low probahility of aterine perforation
conld make the Timie considerably higher unless other effects of mterperito-
neal quitaerine are controlling,

Phe estimane of witer voluane exchange in the uterine civiny is based on
the defmiive studies of vitaed water volume snd exchange in the uterine
cavtties ol rhesas monkevs reported by Shany and associanes.? They found the
apparent volume of the monkey wterine cvine o be onlv 0.032 ml and the
hadf-hie of the water mthe Gaviny o e 117 minutes. This half=life is cquiv-
dentioac ? hour tnover of 195l Dubin and co-wor kers found the half-
Ble ol plasig Guinacanne 1o he 2 hows in rhesas monkevs (see Chapter 6).
When Dnbol warer satcged with quinacrine (29 mo ity was placed in the
wreris of the monkevs . blood phasina measaroment 30 minates alter quin-
actine pstllaion tell on the 20w halt-ite decay curve, This Lailure 1o
ainerve an il vise i plasoa quinacrine levels indicates an absorption of
At Teast 2600 e b Teas probablv sabe 1o assume i quinacrine absorption
will be cqual 1o the product of ware absorpoon and the concenttion of
quinacre i sobion. Phis cosimmnption would give o nominal value of 300
me f when the uterine Huid s satunared with quinacrine,

Phe e ob qumacrine absorption may correlate wirly the surface area of
the tenme cavive Aecording o data frosn Lewis and Zuspan,t the sirface
area o the werns tollows the slightlv cavilinear relanonship: area = 8.5
colume) Vg om over the vange of 1o 6 an om volume, 1 his relationship
was not used anthe imodel, hoar the work of Lewis and Zuspan was used as
veference to estimate an upper hmitof 1.5 mil for the ntetine volume,

FUTURE DIRECTIONS

Resselund Momlord estinine that only one tourth 1o one thivd of the ]o-
tential dememd tor stenilization in developing conntries, exe lnding China, can
be met by surgical sterilizanion in the T980s snd that quinacrine methods
otfer the best hope of meetmg the demand ? Although chinical application of
QS and dosage torm development Tor QCS is inan advimced stage, knowl-
cdge of the phannacologe of QCS IS ess deve'oped. Basic rescarch on the
plunmacokinencs of innarerine quinacine, arerine Huid exc hange, cervical
disclinrges and e mitcgral of quinacrine concentation effects on tbal oc-
chusion would provide arational basis for sele tng an optimum dosage form.
Feis frkely tha dinical QS will continue 1o he developed outside the United
States where sirgical seerilizaion is phasicalls and inancially out of reach of
these most i need of stevitization,
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Quinacrine IUDs

LEONARD E. LAUFE
ROBERT .. WHEELER

Itis 15 vears since Corfiman reviewed wanscervical oviduct occlusion and
chronicled the history of the concept.? In 1849 » technique was developed o
produce tabal occlusion with the application of silver nitrate to the cornua,
Many other agents have sinee been evaluared tor their tabal occlusive capa-
bilities, such as zinc, phenol, chloride, sodinm morrhuate, salicvlic acid, a
nixture of gelatin-resorcinol-formaldehyde, and cvanoacrvlates.t Richart and
others at Cohumbia University have worked extensively with a variety of these
drugs and methods, and currently, they are working exclusively with methyl
cvanoacrvle,

Zipper. ol Santiago, Chile, has worked extensively with quinacrine and his
technique has inally evolved into the quinacrine pellet concept discussed in
Chaprers 9 and 10,

EVOLUTION OF IUD DELIVERY SYSTEMS

As our interest in the further development of the concept of chemical steri-
lization with quinacrine was pursued, we realized that we must determine the
exact pathologic changes induced by quinacrine. In 1980, Bhatt and associites
reported on the quinacrine-induced pathologic changes in Fallopian tubes,!
s Timited study was accomplished by inserting one application of 250 mg
quinacrine pellets into the uterine cavity of 28 women awaiting hysterecto-
mies: therelore, 46 tbes were studied, The changes induced by quinacrine
were docamented, and inabout 50 of the cases an obstructive lesion com-
mensarate with tabal cosure was induced.,

A resalt of ahis study, g concept was developed o provide a beter
defivery svstem ol quinacrine (o atempt o ensuve cmore accurate applica-
ton oi the diug 1o the tbal ostia and 1o reduce the delivery svstem 1o a
single event. A thae time, studies were initiated using the TUD as a vector
tor delivering quinacrine. Requirements for these studies were that the par-

Phe anthors wisho e express then graitude 1o the many collihorators in the TFRP network
who have contribied data used i the preparation of this chaptet. Appreciation is expressed to
the manutaciurer of the No-Gravd device ind 1o the contributors in England, Chile, India, and
Bangladesh who parnapated in these studies,
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FIG. 12-1. Copper-T' 220 with
300 my quinacrine.

deipants were awaiting an elecive hasterectoms and had no distortion of the
merme bods such as nvomas and no severe endometrial distirbances. Most
ol the Insterectomies were in women with prolapse or a premalignant lesion
ol the corvine To date, 72 women lunve been studied. No patient has had any

adverse reaction.

Incthe st fnve procedures done in Simtiaco, Chile, a Favector wats inserted,
carrving an ethvlene simvlcerate (FV ) marriy containing quinacrine. The
release e of the quinaanne rom this matis proved to be extremely limited,
and i only ane woman couldd tabal occusion e demonstrated by histerosal-
pigographv. Nest it e of S0 quinaciine and 204 polvetdivlene oxide
(PEOY was vsedd PEO o wates oluble, biocompatible plastic and acts as a
binder o hold the quinacrine forms together. | he powder misture was nixed
with water to form a very thick pastes FPhe paste was allowed 1o drv almost
completelyand was then loaded into o splic die and pressed mto s final
torm. The quimacrine PEO forms were then placed on the arms of the 1UD,

The nextapproach was 1o add a total dose of 300 g of the drag 1o T
vector, with 75 mg quinacrine ar the ends of cach of the Taterval arms and 2
central bolus of 150 mg on the seem (Figs 12-1), The results were erratice, and
the central holus appeared 1o comribute nothing o the selerosing effect ob-
served i the tabes, ANbowt 5090 of the tubes contained o dehimitive lesion., as
with the pellet studies, Results weve highly variable, One tube ina given
specimen could be totally occhuded and the other untouched. The T-veator
was next used withe the arms upy ard. as with the original device. hut withont
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>

L 1 i 1 1 1
0 ] 2 3 4 5
cm FIG. 12-3. No-Gravid 1UD.

and the tubes appeared untouched. The patient had a clinical situation that
was unusual. The woman was over 35 vears of age and had suffered from
extensive menometrorrhagia for the past vear. Since a dilation and curettage
performed 6 months prior to the TUD insertion revealed no malignancy, she
had been reated extensively for 5 consecutive months with high doses of
brogestational compounds. With this information, we hypothesized that per-
haps the extensive use of a progestational compound had made the epithe-
lium resistant to the effect of quinacrine. Another possibility is that her persistent
bleeditig might have produced rapid dissolution of the quinacrine material
and washed i from the uterus.

0 ] 2 3 4 5 6 FIG. 12-4. No-Gravid skeleton
with 100 mg quinacrine per
cm arn.
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FIG. 12-5. No-Coravid TUD i hived Insterectonn spedimen,

I the carle prehvsterecromy stadies with quinacrine pellets, there was
great concern abour how the quinacine aced and whether it operated on
the Linmina piopri e those cases in which the epithelium was intact or had
regenerated. One specimen brom London, which contained the =1 device,
wasremoved within JO davs of TUD insertion. and we were able 1o determine
that aehough the cpnheliun had been danged 1owas able 1o regenerate
betore selerosis could g,

Simce the epithehal vegeneration of the endometriom and the tmbal epi-
thelnm s stmnolied by estrogen and depressed I progesterone, the next
Sn enes were provided Tigh-dosage progestational therapy 5 das prior o
and Sodbnsfollowma 10D insercon. Megestiol acetare (Megace), SO mg/day,
was ased. T these cases ten thes were tound 1o have definitiv e Large lesions
that could onlv ead 1o tubal dosure. In one tibe of one of e specHnens,
the epithelhmm was unronched: i one tihe of anothen specimen, there was
womld degree of damages bur whether in wonld hane healed o1 sclerosed
conld not be dertermimned.

When these siv No-Gravid insertions ave added 1o the hiest six insertions,
definmve tibal lesions e found in 20 0f the 24 tubes, 1 owe climinate the
patient with severe distunctional bleeding who did not fin the protocol and
had vecetved 5 months of intensive progestational therapy, 200 of 22 tubes
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have definitive lesions that should provide permanent sterilization of the in-
tramural portions of the tubes.

Fo construct i confidence imterval for the proportion of the Fallopian tubes
closed. cach tube is considered an independen experimental unit. Hoall 24
tubes e included, the 95 confidence interval for the proportion of closures
is (.66 10 0.98. 1 the one woiman is disqualified on the hasis of the arguments
presented carlier, the 954 confidence imerval for the proportion of closures
15 0.79 o 1,00,

DISCUSSION

The results with the No-Gravid device appearost enconraging and the use
of the TUD as a vector 1o deliver quinacrine to the tubal ostium should be
pursned. Current plans call for variation on quinacrine delivery to the tbe,
The TUD vector will renrin the same. Sustained-releise pellets have been
developed that Teech the GUINRCITNG OUL OVer Gl pertod of between 800 and
[200 minutes (13 10 20 hours). These ive been fixed 1o the No-Gravid
skeleton (Fig. 1265 ind are bemyg studied ina limited number of volenteers,
One can speculate as o whether a vapid release of quiniterine, such as
occwrred i the carlier experiments, is more cllective than o sustained release
atalower dosage. One cnnalso hyvporhesize that the misture of these release
svstenns night be necessary for tiha! closure. The sustained 7-dav release
svsten, developed by the Southern Research Institute with PARFR support.
should also be applied woan TUD wnd may provide a hetter dosure rate.
The original hypothesis o using an 1TUD as the vector for quinacrine in-

FIG. 12-6. No-Gravid [UD

witl sustained-release

qutnacine pellets.
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Evaluation of Slow-Release
Quinacrine Pellets in the Pig

LOURENS J.D. ZANEVELD
ALFREDO GOLDSMITH

A number of studies have established that the uterine instillation of quina-
crine in women causes the selective obstruction of the uterotubal junction
(L"IP. So tar, the procedure has been approximately 90% effective. How-
ever, most of the clinical studies pertormed have emploved quinacrine in a
suspension or slurry. A number of side-effects have been reported with the
use of quinacrine inslurry, including oligomenorrhea, hypomenorrhea, pel-
vic inflanimatory disease, abdominal pain. nervousness, distress, central nervous
svstemn excitation, abdominal distention, fever, and chemical vaginitis. Zipper
presented evidence that most of these problems can be avoided if the trans-
cervical uterine instillation of the quinacrine is done by a controlled release
peller rather than the injectien of Huid. Based on this observation, PARFR
contracted the Southern Research Institute to prepare slow-release pellets
that liberated quinacrine over a 7-dav period (see Chaprer 1.

The objective of the prosent study was to evaluate the cthicacy of these
slow-release pellets i causing the obstruction of the UT] and to determine
the tissue levels of the quinacrine after ic was released from the pellets. The
pig was used as the aninal medel because the pig oviduct is structurally
similar o that of the human fdlopian tube. Additionally, the pig has two
uteri, so one uterus can be used as control and the other uterus as the test.

EXPERIMENTAL PROTOCOL

Pellets were constructed by the Southern Rescarch Institute under the direc-
tion of R, L. Dunn see Chapter ). Each pellet was tube-shaped and measured
5.0 mm in length and 3.8 nmun i dianeter. The core of the pellet consisted
of 65"¢ quinacrine dihydrochloride in polveaprolactone and was surrounded
by sheath consisting of polveaprolactone, The core contained a central hole
that was 0.5 mu in diameter, Zu vito the pellet had been shown to release

The anthors gratetully acknowledge the wid ot D R Richast, Columbia University, New
York, i the histologic studies; Dro NC Dabin and Mo ML DiBlasi, of Johns Hopkins University,
Baltimore, i the quinacrine assassy and Myo R L Dunn, Southern Reseinel Institate, Bir-
minglam, Akibama, in the preparation of the pellers. "The projea was supported by a contract
from the Program tor Applied Rescarehr on Fertility Regabation.
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all the quinacrine in 7 davs. Three of the pellers were held together by 1-0
prolene suture that passed through the central hole in the core of the pellets.
The average amount of quinacrine in the pellets was 1210 = 0.5 mg. Blank
(comrol) pellets were identical to these pellets, except that they did not con-
tain quinacrine,

Fen mature female pigs of mixed breed were puschased and isolated for
Pmonth to ensure that they were free of diseases. Before surgery, thev were
fasted for 12 hours, aithongh water was allowed. The animals were premed-
icted with aropine (0005 mgke, 1My and svlazine (Rongpun) (2.0 mg/kg,
IM). The Ltter is anonnarcotic drag that produces sedation, analgesia, and
muscle relaxation. Anesthesia was induced with thinnivlal sodium (2.5, [V
to effeco. The animals was intubated with a tracheal tabe and maintained on
ESC 10 259 halothane with NLO and O, inoa 132 raio, During the anes-
thesia, the arimals were monitored clecorocardiographically and with an
esophageal stethoseope.

With one exception, none of the imimils showed any complications during
the surgery and recovery was normal. One animal began to show signs of
malignant hyperthermia atrer the admimstration o halothane. and the anes-
thesi was immediiely discontinued, A a lter date, the pig was reated
propinlacocally with dantrolene 3 mg/kg). 1 hours hetfore induction of the
anesthesias The surgical procedure and POSTOPCTIVE TCCOVETY WETC Unevent-
ful.

At the thme of surgery. amidline Lipavotomy was made and the uteri were
exposed. The juncion between the aterus and the oviduet was isolated, and
an indision was nade i the uieras., approxiniuely 2 om long, starting 5 em
tromthe UFL A needle o which the 1-0 prolene suture with the three pellets
was attached. was passed through the incision and threaded throngh the
uterine lumen antil i was approsimately 0.5 em from the uterotubal junction,
Fhe needle was then pushed chrough the uterine wall, and the pellers were
pulled through the inciston into the uterine lumen until the first pellet becane
sitiated immediately adjacent to the U], with the other pellets divectly ad-
jerring cach other. The needle was removed, and the two ends of the stture
were tied 1o cach other. The knot was pulled through the incision so that it
became sitated immediately in front of e st pellet. This prevented the
pellets from moving awin from the U] Fae nterine incision was closed with
3-0 Dexon.

The same procedure was repeated on the other uterine horn. One of the
uterine horns received the quinacrine pellets and the other received the blank
(control) pellers. Afrer the abdomen and skin were closed, the pig was allowed
to recover and then was returned 1o her pen.

Ihe pigs were cuthanized atter the peller had been inserted for either 9,
16,8 0r 10 weeks. Two pigs were cuthanized at each time pertod. Imme-
dianelv on cutharasia, the cervix, wteri, and oviduers were excised. These were
divided into several sections 1o e studied cither for histologic changes or for
quantitation of guinacrine,

The tissues collecred for histology were as follows: 1) the UL area, con-
sisting of 5 cmof weerus attached 1o 2 cmof oviduct: 9) a0 S3-cm portion of
the more cranial uterus, excised 12 em from the U'L]o3) a 2-cm portion of
the isthmus, excised $em from the U]z and ) a portion of the ovary, These
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tssues were byed in phosphate-buftered formaldehy de and shipped 1o New
York, where they were studied by Des R Richart ar Columbia Uninersity,

For quinactine ouanuraion, the following tissues were collecred: 1) a0 T-cm
strip of endomenium, seuting 5 om from the U] ceraniad endomeniam™;
D T-an suip of anometium Caaead nvometrinm ™, underlving the era-
ol cndomenium: S a 7-om strip of Codometriun obrained trom the middle
ob the uterus Cmiddle endometriam™: 4) a 7-om stip of nnvonretrinm Cmid-
dHe nnvomern™ic underlving the middle endometrinm: 5) 4 T-om pottion
of the stimus starting 2 amcfromn the U] 6y 0 7-om portion of the ampulb;
71 pornon of the ovary s and Sy the cenving Additionally picces of the hiver,
Kdvovoand the adrena elainds were collecred fon UG THCASHUCTHCTH S,
Fhe nssues were brozen w20 Coaned shipped on dis we 1o Dro N Dubin
Al Johns Hopkins Universiny.

Atfter 1the ])(‘“('I\ were temosed, they were nirsed 1o leanse Ih\'lll of I)I()()(l
and sent o RO T Dunn, an the Southern Research Tistitute, ton quinacrine
aahvses,

RESULTS

Nene ol the anmals showed any side-elects from the surgery or the quin-
dcvme Thev conted (o gain weight and appeared healthy ar the time of
cuthanasie Ataitopsy. none of the animals showed any visible Tesions. except
that occasional adhesions were present among some of the nierine toops.
Fhese ocomred wath equal frequency on the connol and test sides, so ey
are et kel due o the hundlirg of the wieri durmyg pellecimplantation.
Fhe masions inthe wient were completeiv Tealed and showed some small
scarss bnone arterus conbarng g Hne lu’”('l\, SOlHe gl.lllllh'lll.llull\ -
ternal was detecred oncthe onside wall of the uterus where the indsion Wits
made  The sunire matenabwas i place inceach case and did not Cause ruprure
ot stanelanon oF the grene wall,

When the uterus was ncised, the l)('“('l\ were found 1o be sill m l)l.l(l'.
that s the fost one was adpacent o the U] No peller was visihly altered.
Inchoth pras mowhich pellens had heen implaited for 2 weeks, the endone-
e showed vellowsh discoloranon, stoting w the U I and extending tor
FO Gt 1 cmrtowand the cenvin, None of the pras with unplantaions of
onger duraron sloseed this, with the e cption of one pig with implantiions
for Fawecehks oNo s and one prnnplanted tor 6 weeks (Nao 7960, In these
sumals some vellowish discoloration was seen at the U L]. No visible lesions
were detected iy of thie e i

Fhe residual quinacrine i the pelletis shown in Table 13-1, Essentiatly all
ob the quimacrve was raeased from the pelletsn all of the animals, even the
cnes with nnplintations tor only 2 weeks, Therelore, the creo (uerne)
release vate of the pellet is less than T dass, cortoboranmg the 7-day release
vate found e oo,

Fhe tissue levels of quanacime are shown i Lable 1329 1 regand 1o the
test sidescvery high levels were present in the cranial endomenium ol the
amnls mnplated tor 2 weeks, Thgh cranial endometrial levels were also
found i one of the faweek aninals (NOC SO and one of the G-week animals



Evaluation of Slow-Release Quinacrine Pellets in the Pig | 125

TABLE 13-1. Residual Quinacrine in Pellets Recovered Frem Pigs

RESIDUAL
QUINACRINE QUINACRINE

WEEKS CONTENT IN RECOVERED % OF
PIG IMPLANTED OF IMPLANTED PELLET AFTER QUINACRINE
NO. WITH PELLETS PELLETS (MG) EUTHANASIA (MG) RELEASED
797 2 120.8 0.074 99.94
805 2 120.9 0.133 99.89
798 4 120.8 0.037 99.97
801 4 120.9 0.059 99.95
796 6 121.9 0.046 99.96
799 6 120.6 0.042 99.96
802 8 120.8 0.045 99.96
800 8 122.2 0.088 99.93
804 10 120.7 0.040 99.97
803 10 120.7 0.146 99.88

Measurements of quinacrine periutined by R. L. bunn, Southern Research Institute,
Birmingham, Alabama.

(No. 796), corresponding to the visual presence of vellowish material (see
above). Much less quinacrine was present in the cranial endometria of the
other 4-and G-week implanted animals. Significant amounts were still present
in the crantad endometrinm of the T0-week implanted pigs. Fairly high amounts
ol quinacrine could also be found in the cranial myvometrium and middle

endomernrium of the pigs implamed for 2 weeks, the middle endometrium
of one of the pigs implanted for -F weeks (No. 798), and the ampulla and
ovary ol one of the pigs implanted for 2 weeks (No. 797). Significant amounts

ol quinacrine were also present in the cervix and isthmus of one of the 9-
ween implanted pigs, and in the isthmus and middle mvometrium ot one of
the 10-week implinted pigs (No. 800, The ovaries of most pigs tended 10
possess auinacrine inlevels thac were often higher than those of the isthinus.
In all other cases, tissues showed a concentration of less than 10 ng/100 mg
tissue, many of the levels being below detection (<2 2.5 ng/100 g tissue).

The control tracts only showed low levels of quinacrine. Interestingly, the
levels tended to be the highest when the corresponding est side was also high
m quinacrine (eg, see the 2-week implanted animals). Tt was further notable
that the ovaries of both the test and control sides possessed approximately
the same levels of quinacrine.

Of the nonreproductive organs, only extremely low levels of quiracrine
could be detected in the liver and Kidney, with the exception of one of the
2-week miplanted annnals (No. 797). The adrenal gland tended 1o contain
more quinacrine than the liver or kidney, but the levels were only higher
than 10 ng/100 myg tissue in the 2-week implanted pigs.

Histologically, all the sections of the oviducts, uteri, and ovaries appeared
within normal limits. No evidence of tubal or peritubal changes was noted.
One exception was a fragment of granulation tissue in the uterine lumen in
pig No. 801, but no further evidence of pathology was found. The UTJs were
open in cach case, on both the control and the test side.



TABLE 13-2. Tissue Levels of Quinacrine®
WEEKS TEST. CRANIAL CRANIAL MIDDLE MIDDLE

PIG PELLETS CONTROL ENDO- MYO- ENDO- MYO- ADRENAL

NO. IMPLANTED SIDE METRIUM METRIUM METRIUM METRIUM CERVIX ISTHMUS AMPULLA OVARY GLAND LIVER KIDNEY

797 2 Control X X 18.3 15.3 21.7 X X 50.3 18.8 12.1 71
Test 5176.5 394.4 2993 27.3 22.7 80.5 729

805 2 Controi 6.9 5.2 6.1 -.2.5 12.0 5.6 9.6 19.6 259 <25 4.7
Test 6965.2 00.3 76.9 4.7 29.3 8.9 16.7

798 4 Control <2.5 3.5 - 25 ~12.5 45 25 X 13.9 2.5 3.0 <2.5
Test 156.6 4.7 45.7 3.0 3.4 X 11.1

801 4 Control 2.8 2.5 <25 <25 w25 <25 X 8.5 9.9 <25 <25
Test 1280.4 2.5 -2.5 2.5 3.0 X 12.1

796 6 Control 3.8 9.2 3.1 2.5 X 2.5 X 8.9 94 <2.5 <2.5
Test 1259.5 31 4.4 4.0 3.1 X 8.7

799 6 Control 2.5 2.5 X <25 ~25 <25 2.5 5.1 3.9 25 2.8
Test 104.6 5.3 2.5 2.5 25 <2.5 3.1

802 8 Control <25 2.5 3.2 11.0 <25 <25 X 3.4 <2.5 <25

<2.5 110.6 2.5 2.6 2.5 X 29 2.8

800 8 Control <25 <2.5 2.5 <25 <25 =25 <25 2.5 2.5 <2.5 <2.5
Test 4.1 4.1 2.5 <2.5 =225 <2.5 13.6

804 10 Control 29 3.0 3.0 3.2 <2.5 3.0 2.6 34 6.5 3.1 2.8
Test 71.7 9.5 5.3 28.6 12.4 4.4 7.5

803 10 Control 4.7 5.3 2.5 2.5 2.7 <25 3.1 2.7 6.6 3.8 <2.5
Test 44.6 4.3 4.2 4.0 5.4 2.6 3.1

“Values are in ng/100 mg tissue. The tissues were analyzed for quinacrine by Dr. N. Dubin and Ms. M. DiBlasi of Johns Hopkins
University, Baltimore, Maryland.

X, Not tested.
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DISCUSSION

The data show that the slow release of quinacrine over a 7-day period at the
U] of a pig does not result in the obstruction of the oviductal amen. This
is indirect contrast to the results obtained in women and primates with the
quinacrine inslurry or with the I-day release pellets. Qninacrine solutions
were also shown to be active in rats but ineftective in rabbits. These vesnlis
indicate that the female genital tract of the pig i less receptive to the action
and migration of quinacrine than the genital vact of some other species,
including the hunan and nonhuman prinmate.

Evidence that this hyvpothesis is correct can be obtained from a study that
wits performed by researchers by Johns Hopkins University (see Chapters 6
and 7). Fhese investigators injecied 30 mg quinacrine into the uteri of ev-
nomolgus macagque monkevs, Tissue levels were measured 94 hours and 7
davs alter the injection of the quinacrine. Since our quinacrine pellets re-
leased their content in 7 davs, quinacrine levels in the tissues of the Pigs
cutlamized 2 weeks after insertion of the pellet are comparable to the levels
- monkevs observed 7 dins atier the single instillation of the quinacrine.
The endomerrial tissne levels were much higher in the pigs than in the mon-
Kevs G average of 5129 ng 100 mg vs, 231 ng 100 mg tissue). By contrast,
the eveis of quinacrine o the isthmus of the pigs were much lower than
those i the monkevs (26 ng 100 mg vs, 1190 ng/100 mg). as were the levels
- the ampulla (15 ng 100 g v 1368 ng/ 100 mg). This i be terpreted
to-mean that the quinacrine in the pig has a tendency to concentrate in the
werus rather than the UT] or the oviduet, whereas the quinacrine in the
printe conccomates inthe oviduet, causing diomage 1o the U],

From @ more positive standpoint, the small amount of quinacrie in the
nonteproductive organs is very encouraging. In the primate study deseribed
above much higher imounts of quinacrine were found in the adrenal glands,
Kidnev, and liver 7 dins after the adininistiztion of a solution of 30 my
quinacrine than was found in the pig (respectively, 285, 212 and 120 ng/100
mg s 206 and 7og 100 mg). Unless species ditferences exist in this regard,
the slow release of quinacrine appears to result in much lower nONrepro-
ductive tissue devels of quinacrine than the acute administration of quinacrine
and should therefore be less ©xic, Sinee high levels of quinerine can be
released from the slow-release pellets, it can be expected that, in the primate
or the womim, the slow release of quinacrine from the pellets should etfec-
tively obstruct the UL, while causing minimal, il anv, side-cffects,
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Controlled Delivery Systems for
Quinacrine for Femazle Sterilization

RICHARD L. DUNN
DONALD R. COWSAR
DANNY H. LEWIS

The ranscervical instillation of quinacrine hydrochloride into the fallopian
tubes 1o effect permanent sterilization, as practiced by Zipper and associates,
wis found o have two limitations: (1) reflux of quinacrine from the uterine
cavity to the vigina” and (2) leakage of the drug through the ostial opening
of the Fallopian tubes into the peritoneal cavity? ‘T'o overcome these prob-
lems, investigators sought @ svstem 1o deliver, ata controlled rate, only the
minimum cmonnt of drag needed 1o induce ocelusion of the Fallopian wibes.

The quinacrine hydrochloride pellets developed by the International Fer-
tiliey Research Program were the fiestattenipt 1o sustain the delivery of quin-
acrine. The dissolution of the pellets within the uterine cavitr reduced the
reflux of the drag from the uterus and abso reduced the visk of rapid intra-
vascular absorption. As aoresult, this svstem decreased both the side-cffects
and the pregnaney vate associated with the use of quinacrine as an occluding
agent. Release of quinaerine from the pellets was sustained for only a few
minutes, howeversand longer delivery tmes were desired.

A fibrous polvmer delivery svstem appeared to offer an advantage over
other systems in delivering quinacrine to the uterus, because the soft, flexible
fibers could be attached o the tips of “T- or Yeshaped 1UDs and could deliver
quinacrine divectly 1o the falloptan tabe openings when the 1UD was placed
i the wieras.,

Previous studies showed that a fairly Lirge initial dose of quinacrine was
needed for effecive occlusion and that a fst-order delivery system was de-
sirible in which a relatively Lirge dose of drug s released initialty, followed
by a gradual dedine inamount with time.! Fibrous polymer delivery systems
displaving first-order release kineties wre normally obtained with monolithic
fibers.and the drag is dissolved or dispersed within the polymer matrix.?

Pheauthors e gratetul to the Program tor Applied Researddy on Fertilin Regulation (PARFR)
fon providimg support for this research o Ms. Amelia G, Potrer and Ms. Brenda 1 Perkins for
assstance i the Lboratory work: 1o Do Lee R Beck and Ms, Valerie D. Pope, of the Departinent
of Obstetnios and Gynecalogy at the University of Alabama in Bivmivzham. tor conducting the
stuchies i ratss i 1o D Renzo Antomn in Sao Paulo, Brazil, for conducting the studies in
inonhess
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With these considerations in mind, we undertook the studies of librous
debivery svstems. deseribed in the following sections, with the hope of effec-
tvely delivering quinacrine o the fallopian tubes ata controlled rate to pro-
duce tabal oedusion.

MATERIALS AND METHODS

PREPARATION OF DELIVERY SYSTEMS

Fibers are novmally produced by wet-, div-, or melt-spinning processes, Be-
cause melt spriming is the most convenient and the least CXPCRSIVe Process,
itwas used to produce all the tibers inthis study., Ouinacrine dihivdrochloride
eSigniy Chemical Compamy, St Louis, MO) quinicrine, prepared as the
free bise by precipitation oi the sale from aqueons solutions with sodinm
hydroxide, were incorporated into nonbiodegradable polviners (polvethvlene
and polvpropylences aed biodegradable polvmers (polvDE-lactide | and poly-
caproliuctoner These diog-polvimer mistures were then extruded into mono-
lihic fibers with a laboratony mel rheometer.,

Coaxtd hibers. i which o drug polviner core was surronnded by adirug-
free rate-controlling polvineric sheath nuaerial, were prepared by drawing
the highhv loaded monolithic hbers through a svringe needle that contained
solutions of the shearh material inan appropriate solvent. The solvent was
evaporated.and the procedme was vepeated several times to obtain the de-
sired sheath thicknesses.

Finge monohidhic rods ¢ -3 minin diamerer), « ontaiming high levels of quin-
acrine dilvdvochlonde in polveaprolacione, were prepared ona melt rheom-
cter by the same procedure that was used o prepare the smaller Gibers. The
monolithic rods were then coated with adrug-tree sheath of polymer, as
descrtbed for the hibers, 1o give coaxial rods.

DETERMINATIONS OF IN VITRO RELEASE RATES

The e wato velease vates ol the quinacrine-loaded fibers were initiallv deter-
mined with areceiving Huid (2754 by weight ethanol and 72,5 by weight
witter), to provide infinite-sink conditions for both the salt and the relatively
watci-insoluble free hases Later. i vino velease studies were conducted with
the 2759 aqueaus ethanol. distilled water, and acidibied saline solution. Ali-
quots of the receiving thiid were removed periodically and anadvzed for guin-
acrmie ot quinacine hvdrochloride by ulisvioletr (CV) SPECIIOSCOPY.
Appropriate Beer's L plots of absorbance versus drug concentrations were
prepared o quantity the mass of drug released from the fiber samples.

DETERMINATION OF IN VIVO RELEASE RATES

The st vreo velease studies were conducted by inplanting 1-cm sections
ol the hest candidaes imonolithic hibers in the weri of sexually miaure female
Chanles River vats and recovering the sections afier specitied periods of ex-
posure. The individual fiber sections were secured o a 7-0 silk suture that
was attached to o gliass bead and then implanted in rats (under general anes-
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thesia) by puncturing the uterine horn with g 19-gauge needle and inserting
the quinacrine-loaded fiber into the uteras by way of the punciure hole, The
bead remained free inthe peritoneal anvity and prevented the fiber from
being expelled from the uterus. Three vas were sacriliced at 2-hour intervals
tor the fiest 12 howrs after treanment. A-ddidonal animals were sacrificed at
Fo2odoSoand 16 dass, The ihers were 1erieved. cat into soall fragiments,
and exvaced with additied saline solution. The quantty of residual drog
extracted from the fibers was determined by UV spectroscopy. Inaddition,
a blood simple from cacy of the sacrificed rats was assay ed by spectroftuor-
ometry oy concentration of quinacrine to establish the cewrimee e of the
drag ”

Asccond sevies ol i tests was conducted in Crbin monkevs by Antoning
e Sao Paulo, Brazil. Polvcaprolacione coaxial Tibers loaded with quinacrine
were nserted into the utert of ten Cebis monkevs, and 1wo monkevs cach
were sacrihiced ar 12050 o and 5 weeks following treatment. The medicated
fibers were removed and analy zed for residual quinecrine dibhvdrochloride.

RESULTS ANMD DISCUSSION OF FIBER STUDIES

MONOLITHIC FIBERS

Monolithic ibers wer prepared with levels up to 507 by weight of quinacrine
and quinacrine ndrochloride inpolyethylene and polvcaprolactone. with the
other polvmers giving much lower Joadings. T generale bbers containing
quinacrine as the bree hase were of good quadity and uniforin those spun
sith the dibvdroddoride were uniform but of poor qualin, owing 1o the
heterogencous polviner mixtine areated by the nonmelting o1 the salt. The
hihers containing the frec hase conld be drawn and oriented o give mechan-
wal properties approaching those of ormal textile vanns: Bowever, the dihy-
drochloride Bibers were fragile and no driwing or mechanical properties could
he obtaimed. The vesalis of the spming wrials showed that quinacrine as the
free base gave hetter hibers than the salt and tha polvcaprolactone was the
Best niatvis polviner,

Phe tracoon of the ol diag veleased from the varions polviiers, when
plotted versus time inchows, showed thar the vare of release rom the nono-
liehic ibers was st order, as expeced. and dependent on the polvmer ma-
tix. the quinacrme composition, and  the loading. Polvcaprolactone and
polvethvlens gave the Lastest telease vates, with release (rom polvpropvlene
betng very slow. Bncthe fist two polviners an the 30° loading, quinacrine
dihvdrochlovide was released ara faster rate than the free base, athough this
clfecowas reversed at low Toadings.

Fhese resalis indicare that ai ithe high loadings of quinacrine, dissolution
ol the quinzarine from the polvmer s is the rate-controlling step. Be-
cuse the saltis more water soluble, and s dispersed throughou the iber as
discrere particles, i dissoives Faster and areates pores for the penetration of
water into the fibers where the water dissolves more salt. At the Jower dirug
loadings. dittusion of the ding through the polvmer membrance is the rate-
controlling step and quinaciine as the free base is more permeable than the
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FIG. 14-1. Correlation of v vitro and in vivo release vates ol quinacrine
dihvdrochloride.

dihvdrochloride sait. No major differences in the release rates of either form
of quinacrine were observed in the three receiving Huids evaluated.

Becanuse the polveaprolactone monolidhic fibers had the best mechanical
properties and release vates, samples ol these fibers containing quinacrine or
quinacrine dihvdrochloride (304 by weight) were inserted imto the uteri of
rats, as described cavlier. The cumulative fraction ol drug released from cach
fiber was plotted versas time in hours, These release profies, given in Fignres
FE-T and 1420 show o good corvelation between i vitre and in vivo release
rates for the salt. The data for the i vo release of the free hase were
scattered, owing to several factors, including fiber nonuniformiry, location
within the uterus, and incomplete vecovery of fiber samples: however, com-
parison with the in aatg velease vates showed the same trend. These results
confirmed that the oo model was asuitable system tor predicting release
rates o - quinacrine-loaded fibers.

The amount of quinacrine absorbed into the body was alvo determined,
and Frgures T3 and H-1 show the corvelation ol in wuvo release with drug
levels i the blood of the rats. Although the concentration of quinacrine in
the blood was quite lov, the levels corvelated with the masimum release of
quinerine and is alt

COAXIAL FIBERS

The release data for the highly loaded monolithic ibers indicated that the
delivery of quinacrine and s salt from these systems was too rapid. To in-
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FIG. 14-2. Correlation of i vitro and in vive release rates of quinacrine,

crease the duration of drug release of the fibers, quinacrine-loaded coaxial
Gheath-core) fibers were prepared with an Estane 5711 or 4 polycaprolactone
sheath and @ core matrix of QUIDACHINE Or quinacrine dihvdrochloride (50%
by weight) and polvcaprolactone (304 by weight).

The e vino velease of samples of these fibers sealed on cach end was
determined inaciditied saline solution. With both fibrous systems, the free
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FIG. 14-3. Correlation of in vivo release with quinacrine dibvdrochloride blood
levels,
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FIG. 14-6. Correlation of in vitro and m viva velease rates ol quinacrine
chhydrachloride from coaxial fibers.

base gave the expected decrense in initial burst, but the fiber loaded with the
salt gave almost no release ar all. These results also indicated that a simple
cutting of the coaxial fibers to varions lengths should give a controlled deliv-
ery of quinacrine dihvdrochlovide at a rate dependent on the fiber length,
beciuse fibers of the sime size, when cut 1o different lengths, have different
catios of unscaied 1o sealed surfaces. As the salt dissolves from only the un-
sealed portions, the velease rates should correspond. In Figure 14-5, the
cumulative fraction of drug released as a function of time for vavious lengths
ol unsealed polycaprolactone coaxial fibers shows tha the rate and duration
ol release are indeed dependent on the length of the fiber.

Because of these in vitro results, small sections (1 em in length) of the
polycaprolactone coaxial fibers unsealed at the ends were placed in the uteri
ol Cebus monkeys. Although the fibers had a high expulsion rate from the
uterus, samples retrieved afier the monkeys had been sacrificed were ana-
lyzed for residual gquinacrine and the e of i vivo release was compared
with that determined in vitvo. The close correlation between the two, with the
m vivs velease being somewhar faster than tha predicted by the in vitro data,
is shown in Figure 11-6,
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COAXIAL RODS

Becanse of the high expulsion rate of the quinacrine fibers in primates and
the low quantities of drug available, it was necessary to change the shape of
the fibrous quinacrine system for futher evaluations in pigs. In these new
studies, i 7-day delivery system with an inereased dosage was desired. There-
tore, the diameter of the coaxial quinacrine fibers was increased to the size
of rods,

The coaxial vods were cur to various lengths, and the release rates were
determined in saline solution. These data, and caleulations based on the re-
quired amount of quinacrine dibvdrochloride 1o be delivered, indicated that
the S-mum length of coaxial rod wis the most promising. However, the dura-
ton of release from a rod this Tength was greater than the desired 7 days.
To limit the duriion of release, two approaches were tried.

The firstapproach was to drill o hole lengthwise through the core of cach
S-mm rod. The hole would creane more uncoated surface area and increase
the release vate with corresponding decrease in time of release. Although the
Lrger holes gave faster velease vates, the duration was only decreased o 11
havs,

e second approach was 1o increase the ding loading of the core of the
coaxial rod. The increased drug content would produce 4 more porous nut-
N as the quinacrine salt was dissolving and would increase the rate of dis-
solution of salt from within the coaxial vod. In vitre release dia on the 654
loaded rod showed a decrease in retease of quinacrine o abowt 9 davs.

A combination ol the two approaches gave the desired delivery ‘system.
Fhe opumum coaxial rod was 3.7 num in diameter and 5.9 mim in length,
with @ center hole diimeter of 0.6 mm. The rod contained a core of 659
quinacrine dihvdrochloride in polveaprolactone, and the sheath was a drug-
tree Liver of polveaproliactone. "Uhe i zuno release of this system, as given in
Figie 70 shows anapproximately zero-order release of quinacrine dihy-
drochloride for about 7 davs,

Ten devices for convrolled delivery of quinacrine dihvdrochloride were
prepared for use i fallopian-tube occlusion studies with pigs. Fach device
contained five of the optimum quinacrine coaxial rods, held together with a
polvpropylene monofiliment sutwre running through the hole of each rod.,
Ten adduional devices, cach containing three of the optimuni rods, were
prepared inthe same manner. Fach device was scaled in plastic bags and
stevilized with ethvlene oxide, which bad been shown (o have no effeet on
release rates, The devices were then implanted in pigs near the uterotubal
Juection by Zuneveld (see Chaprer 13), The vods were recovercd at prescribed
tmes and analvzed Tor residual quinacrine, These anmalvses showed that es-
sentially all o the quinacrine had heen released within 7 days, as predicted
by the i vitro velease data,

CONCLUSION

‘The results from this study show that modified monolithic delivery systems
cair be prepared from quinacrine or quinacrine dihydrochloride with poly-
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FIG. 14-7. In vitro velease of quinacrine dihvdrochloride from 7-day pellets with
polycaprolactone sheath, 65:35 quinacrine dibydrochloride/polycaprolactone core.

caprolactone, a totally biodegradable polvier. These systems, in the form of
coaxial fibers or rods, can be designed 1o give almost zero-order release of
quinacrine dihvdrochloride for various times. ranging from several days 1o
several weeks. Although the fibers are limited in the quantity of drug they
deliver, owing 1o size and flexibility, hoth systems provide an effective method
of delivering quinacrine aa controlled rate 1o the fallopian tubes.
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Quinacrine Hydrochloride:
Future Research

THEODORE M. KING
NORMAN . DUBIN
DAVID A, BLAKE
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Without doubt, there is a need and a demand for a chemical method of wubal
sterilization. Chemicals of various categories, including caustic, sclerosing,
granuloma-producing, and eviotoxic agents and tissue adhesives have heen
tested in both animal models and humans.? The most effective agent appears
to be quinacrine. and. depending on the node of delivery, it can cause bi-
lateral tubal closure rates i excess of 907 Clinically, quinacrine has been
used in several developing countries.

Etforts have been divecred toward improving the cllicacy of quinacrine by
mazipulating the mode of delivery. One approach has been a change from
its administration as a shory 1o 4 compacted pellet. V- or T-shaped 1UD
vectors. with quinacrine located at the tips, have been espeaially designed to
cnsure delivery o the drug to the cornual region ol the uterus nenr the
uterotubal junction.

As efficacy of yuinacrine sterilization improves. safety comes o the fore.
In evaluiing the elusive risk/benefit ratio of o drug treatment, the therapeu-
tic index is an important consideration. The therapeutic index is the rela-
tionship between the dose of a drug tha produces an undesirable effect.,
compared with the dose that produces the desired effect. That index rep-
resents, in essence, the "margin of safety” of the drug. A low index, that is,
one i which the toxic dose is very dose 1o the effective dose, mity be ac-
ceptable in the treatment of a life-threatening discase. Thus, digitalis, which
has i very low therapeutic index. is nevertheless an acceptable agent for the
treatment of congestive heart failure.

Inregind to quinacrine, there are numerous known toxic effects: vet, these
were of minor importance when this agent was used (o trea patients with
malaria. However, the risk/benefit assessment of a drug for the treament or
prevention of a debilitating disease like malaria may not be the siume as when
the agent is used for voluntary wibal sterilization. As an agent for chemical
stervtlization, it must be assessed against the risks of current methods of sur-
gical contraception, as well as against the risks of other methods of contri-
ception, and of pregnancy itself,

138
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Most of our experience with quinacrine toxicity was gained through its
widespread use as an antinadarial during World Wi 11 More pertinent,
however, is consideration of potential etfects that mav oceur tollowing intra-
uterine administration of the drug. Solutions of the drug administered into
the uterus are known to be quickly absorbed into the blood and distributed
throughout the hodv. This appears not 1o canse any toxicity as long as the
plisma fevels do noe exceed come critical level,

That some of the more serious toxic etfects of gquinacrine are related o
clevited plisma fevels is shown by the following fimdings:

Accelerations in cleciroencephalograms and physiological symptoms oc-
curred in quinacrine-treated human subjects when plasma levels of the drug
exceeded 36 ng ml

In monkes studies. death or convalsions occurred after quinacr.ne adminis-
tration, at the tme when plsma fevels were at peak concentrations,

In vac studies, i decrease in blood pressune occurred immediately after inra-
venous infusion of quinacrine. with recovery occurring a short tme Later,
undess the decrease was so severe as to resule i death Gee Chapter 6).

Central nervous ssstem (CNS) excitation syndromes have heen reported
h)”()\\lll“ intrauterine admimstraion of quinacrine solutions in 29 of treated
women! Studies using pellets suggesta lower incidence of this NS effect.
Possiblv, the plasmac level achiieved in v men receiving pellets is less than in
those women receiving solutions, but inis has not been documented. Thgh
plisti levels of quinacrine could also vesult from madvertent administration
of the drug to pregnant women. Increased plasimaclevels were observed when
the same dose of quinacrine was administered o pregnant as compared with
nonpregint monkess,

Another consideration s that perforation of the tterus is an imevitable
complication, it an nrauterine instrument s used for drug delivery, The
subsequent admimisuation of the diug direaly ino the peritoneat cavity might
be expected o result i more rapid absorption of the drug into the blood,
and hence tagher plasma levels and greater likelihood of 1oxic reaction (see
Chapter 6).

Aseparate issue s that o potential caanogenicity of the drag. Heis known
that quinacrie binds 1o deoxyvribonueleic acid (DNA)Y and thar it acts as a
frame shife mutagen i bacterial mutagenicin tests (see Chapter 7). However,
no associttion of gquinacrine with mucrgenicity or cancer has been demon-
strated e mammals, and. theoretically, asingle exposure would cause less
concern lll.ll] would a long-term exposure. However, such potential hazards
must be constdered. Teas notable thar other analogues of quinacrine were
tound not to he mutagemc in bacterial test systemis (see Chaprer 7). However,
the ciftcacy of these drugs as tabal occluding agents has not been docu-
mented.

By what mechanism (]uin tcrine closes the tabe is sull not known, e has
Been saggested that quimacrine action s related to it ability o intercalate
with DN A and s filure to veork in some species, such as the vabbit, is relived
to the concentration of zine in the tssue, which inhibits binding with DN A,
Lo possible, however, that the species differences i response to quinacrine
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may involve anatomical rather than biochemical actors, For instance, it may
be that the close apposition of the Tuminal surf.es of the uterotubal junction
of some species mav be more conducive 1o fibrotic connections between sur-
faces, rather than 1o veepithehadization (see Chapter 8).

Furthermore, tibal occlusion may ot be the sole modus operandi in the
antifertility property ol quinacrine. Tt is conceivable that quinacrine affects
the reproductive tract in some as vet unknown way to impair the function of
the tabe, endometvium, or werine environment,

Further research on quinacrine is needed. Such rescarch might include the
following:

Development of atimed release swstentfor quinacrine to give i rate of release
that would cnsure low plasmia levels of this agent. even i e is accidentally
placed in the peritoneal cavity, while ar the same time vielding high eflicacy
i causing tibal occlusion

Determination of the tubal occlusion ctiiciey of nonmutagenic drugs chem-
iallv related 1o quinacrine

Continued testing of alternative drags with potentially heer therapeutic in-
dices for their abiliny o Gise tubal occlusion

More precise defmition of the process by which quinacrine results in de-
creased fertilin

Determination of the mechinism by which quinacrine causes tubal closure
On developnient of improved drug andior delivery sestems, institution of
clintcal twials, o that such a sterilization technique would altimately become
available.,
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Discussion: Research and Clinical
Experience With Quinacrine

ALFREDO GOLDSMITH
LEONARD E. LAUFE
THEODORE M. KING, MODERATORS

ARE THERE ANY HISTOLOGIC CLUES AS TO
THE MECHANISM OF ACTION OF QUINACRINE?

The mechanism ol action of quinacrine m producing tubal occlusion is un-
known. and the only information presently available has been gained from
what can be seen at the histologic level, The term autolysis has been used,
suggesting a self-dissolving mechanism, and some histologic studies have shown
damage in which the neutrophils migrated in from the periphery, as in a
classic infarct.

In the linmited studies described, the electron microscope was not used, and
inonly a few cases was the time of injury definitely known to be within 24
hours, soas to provide information on the initial result of injury. The studies
suggested that the primary dimnage was to the evtoplasim and cell wall, rather
than to the nuclens, Tnthe carly lesions, some nuelet looked reasonably intact;
the external structure of the cell was gone, and fragments of nuclei were left
floating around ina “soup™ that contained no cell membranes.

I o cell wall mechanism were involved, however. then in the i vitro tests,
at feast in the tissue culture systems, one would expectadirect evtotoxic effect,
but this lias not heen seen.
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DO THE “SKIP” LESIONS SUGGEST THAT THE QUINACRINE
DCES NOT ACT DIRECTLY ON THE EPITHELIUM DURING
INTRAUTERINE ADMINISTRATION BUT AS A LOCAL VASCULAR
TRANSPORT MECHANISM, FINDING ITS WAY THROUGH THE
VARIOUS LAYERS OF THE TUBE TO THE EPITHELIUM?

Not much information is available on the K™ lesions, except thae if one
looks carefully ar the lesions the damage does no really skip. The histologic
findings suggest a direct although superficial elfect of the drug. In some of
the endomertria, the affected area runs down the gland, along the epithelium,
all the wav o the basalis on the epithelial surtace. then up the other side of
the gland and down into the adjacent gland, leaving o columm of stroma
untouched in between. There is no evidence that the drug leaves untouched
anvareas with which it comes in contat,

The only exceptions are sires exposed towchigh concentration of the drug.
When quinacrine solution is put mto the werus, it runs oul the fimbriated
ends of the fallopian tubes; however, invariablv, the damage is confined 1o
the interstitial portion and no damage is seen in the fimibrial portion of the
tube. Also, no damage is seen on the ovarian surface o) peritoneun. These
are not skip arcas, however, Possibhv, in the expansion that takes place, as
the drug gets through the isthmus and tbe, the concentration decrenses
dramatically and local anatomical factors, not the tissue tvpe or drug effect,
have plaved the significant role.,

HAVE ATTEMPTS BEEN MADE TO RADIOLABEL THE
QUINACRINE TO DETERMINE IF ITS EFFECT IS A SURFACE
PHENOMENON, AND WHETHER THERE IS LOCAL
MICROCIRCULATION OR INTRINSIC VASCULAR REGULATION?

Livesugations with Huorescence have provided usable pictures, showing a
dircct diftusion from the sarfuace in contact with the drag into the subepi-
thelial tissne in o de reasing manner, suggesting surface contact and then
diffusion. I'ritiated studies with relared compounds of quinacrine (not quin-
acrine itself) show the same O pe ol distribution. A Targe amount of the com-
pound staved in the endometrial tssues: some diffused into the myometrinm:
lesser amonnts went down ino the cervixand the fllopian tabes: and @ small
amount went into the ovaries.,

WILL INCREASING THE LENGTH OF THE QUINACRINE
LESION IMPROVE THE OCCLUSION RATE?

No studies to answer this question have heen done, In general, ihe lesion
produced by the quinacrine instillation is small, 2 e or 3 em in length, in
the intramural portion of the tuhe, As vet no investigator has serial-sectioned
cnough quinacrine-treated tibes 1o sav that o more extensive injury would
be more effective. The tesion seems inviriably to be confined o the portion
of the interstitial tube small cnough for wall-to-wall apposition to occur, and
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that determines the length of the lesion. As some investigators have shown,
there is considerable vaviation in the path that the quinacrine takes, and the
size of the lesion varies accordingly.

Eight vears ago, dlinical trials in Mexico with quinacrine instillation were
discontinued becanse ahigh percentage of the patients were found to have
patent tubes: the quinacrine had been kept in the tube for only about 30
seconds. which is obvioushv not assuflicient duration of exposure 1o the drug,
even with increased concentrations of the quinacrine solution,

One possible means ol improving effectiveness is 1o place a pellet directly
it the tube, instead of near it sinee the epithelial damage occurs only in
the smidl narrow arca near the tabal orifice. The problen is 1o keep the pellet
in the tube and o know the proper daration of tme 1o produce sufficient
cpithelial dimage. Theoretically. hecause the quinacrine would be in direct
contact with the epithelivm, it would not have 1o be left in place very long
and the side-cffecrs would be minimized.

Aditiicudty with this approscliis that very few operators have the necessary
skill and expertise with the hysteroscope o place the pellets corre “tlv.

DOES QUINACRINE PRODUCE A LESION
THAT IS HISTOLOGICALLY UNIQUE?

Quinacrine-induced changes are not characteristic of any of the rowtine dis-
cise states known to ocour in the haman female, so in looking at a quinacrine
lesion, one would certainly suspect that some sort of trauma had occurred,
but whether the lesion is unique to quinacrine is not certaing in fact, other
agents are known to have similar etfects.

Mostobservations of the quinacrine lesions are more a reflection of a repair
process than of anv intrinsic initial effect of the drug,

DOES THE METHOD OF QUINACRINE INSTILLATION
AFFECT THE RATE OF ABSORPTION?

Nodata are available on this, but one would expect that with the quinacrine
i solution, the rate of absarption might be increased.

HAVE SPECIES DIFFERENCES IN THE EFFECTS OF QUINACRINE
BEEN CONFIRMED, AND IF SO, DO THEY PROVIDE ANY CLUES
AS TO THE MECHANISM OF ACTION?

Unlike all the other chiemical agents that have been used in the fallopian
tubes, which seem o have similar elfecis inall species, quinaerine apparently
acts dilterentdy in some species than i others, although there is no evidence
that iny species has an epithelium that is particularly resistant to the effects
of quinacrine.

The variability in species vesponse may be related 1o the nature of the
isthmus What probably happens is that in some species the interstitial portion
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of the fallopian tibe is sufficiendy small in- diameter that adherence oceurs
during the healing process and occlusion is effective, T the interstitial portion
W large, or the drag delivery systen produces a hole so big that reepithelial-
ization zkes place before adherence takes place, the drug s inelfective,

This may explain why quinacrine has not worked well in the pig. an aninl
in which the juncion between the endomerrial cavity and the tube is relatively
large. In pig studies, even when the drag was sutured divectly against the
corntia and appewred o completel destrov it some dans Tater the cornua
appeared undamaged and healthy.

HAVE ANY STUDIES CONFIRMED THAT ESTROGEN CAN AFFECT
RECANALIZATION OF QUINACRINE-INDUCED LESIONS?

There s very linde intormation on the role of estrogen in recanalization: sinee
the etfeciveness of quimaciine seems 1o result fronn the outcome of a race
between estiogen and the prohteation of the Iihroblasts, it would be inter-
esting to do studies i women inoa it al v poestrogenic plase—for ex-
amples during calv Lwcnion or tollowing danazol treatment - therehy possibly
ninimizing the ettect of endogenonshv produced esirogdn.

Zapper has provided the ondy report of work in this e, but in s studies
wamen were excluded who had had isnllations 10 10 50 days postpartun,

HAVE ANY SERIOUS SIDE-EFFECTS OCCURRED WITH THE
QUINACRINE TUD, AND CAN THE CLOSURE RATES
BE CONSIDERED RELIABLE?

Noneobthe 72 patients who ave worn quinaciine [UDs have had ANV Serious
adverse etteas, The worst event that accarred in these women wins @ scanty
vellow discharges which asually Lasted 110 6 hours and was gone by the next
v

Phe TUD vearon seemed ar fist to he aningenious solution to one of the
mam: problens with quinacvine and other cChemical agents - the complexin
obthe delivery svseeme Te provided dose prosimine for dittusion of the drug
and dissociated the delivers from the etecrivin, Tt also provided internediate
protection through i TUD mcehanisim.,

In-assignihcant number of tallopian tibes, however, no histologicallv de-
monstrable effear iy produced v che quinacrine-laden 10D, The presumed
dosure rate i hased o projecions from histologic reniiniscences, and al-
though the dosare rare inmonkevs is SO% (o 924, depending on what de-
nominator s used, these frgares should not be considered real rtes. hecase
m nrmy cases, althougeh o signihcant amount of tibal dimage was produced
at fists epithehalizanon was extraorduiily ethicient. The tube seems 1o he
programmed o sty open, and it does so extremel well,

Fhe problenm of how 1o enhance the activine of the quinaerine is an im-
portant one. A promising dead that should he pursued s the concept of
prolonged progestational therapy following instillation of quitkierine, with
the hope of suppressing epithelial proliferation. Investigators are also looking
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a toxic chemical with a slow low-level release rate will probably suppress
cpithelial regeneration while the scar tissue can form and the tubal occlusion
will be effective. Withowr the scar tissue, recanalization is likelv 1o occur,

WHAT IS KNOWN ABOUT THE QUINACRINE DOSE AND
DURATION OF EXPOSURE REQUIRED FOR TUBAL OCCLUSION:

The problem related 1o the quinacrine lesion in the intramural portion is a
matter of tme and drug concentration, The time required for dissolution of
the pellet is about 10 minutes: st what the actual concentration is in the
tube is not known, becuse the amount of material extruded through the
cervical os varies in different patients. Stadies inoras indicated that tme and
concentraton are important; a4 slow-releise pelletis required, but a suitable
con.entration to produce damage is not known and the amount of material
mside the uterine Gty apparenty nust be increased. With a pelle that will
Last 1 howr, the concentration of the small T0-minate pellets would need to
be mncreased 1o six tmes the present size and thin would he impractical.

Ltis doubttul that the slow-release approach alone will produce an adequate
cllect A pellec will he required that will give a0 naximuns of 30 minutes
instead of T4 minutes. Possibly one can duplicate the size of the pellet, so as
to-have the same concentration in the blood. bat the instable and higher
concentration wil beinthe uterus. Tomay be usetul to combine the quinacrine
with another substance, such as tetracveline or perhaps a chelating agent. i
would also be desirable (o bhe able 1o use a single pellet. Investigators are
looking ar these possibilities,

HAVE TOXICOLOGY TESTS BEEN DONE WITH
THE QUINACRINE ANALOGS?

Fhe US Ay has done some 1oxic ology studies of the analogs, but very linle
of the testing has heen done in humans. and none has been done with intra-
uterine administation,

DO QUINACRINE ANALOGS INTERCALATE WITH DNA?

Whether the analogs moleculirly insert themselves between DNA strands s
not known. I they do, intercalation is probablv not done casilv: the anidogs
have fan dess avidiny for tissae and for DN A thin quinaerine does,

WAS THE HIGH BACKGROUND LEVEL OF MALFORMATIONS IN
THE SHAM GROUF (6% TO 7%) INFLUENCED BY SOME SPECIAL
FACTOR, SUCH AS THE STRAIN OF RATS, DIET, SEASONAL
VARIATIONS, OR THE DEFINITION USED TO IDENTIFY A
MALFORMATION?

Sprague-Dawley vats, which were used in the study presented, have a higher
spontancons nudformation vate than do Long-Fvans rats, but this factor alone
could notaccount for the high malformation rate. The dehinitions used could
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also make a ditference i the matformation rate; many ol the matformations
were not gross or unusual and might be considered by some investigators o
be retivded growth vather than malformations. Al malformed fetnses were
grouped together, vegirdless of madformation or number of malfornstions
perfetus, Subsequent analvsis of the datc by malformation and by svndrome,
i terms of combinations of mallormations. indicated a dose-related effect.

o similar study by wmother group, using Long-Evims vats, the back-
ground level was much lower, although serions mallormations. including
meningomveloceles and ophthalmia, and minor ones. such as loss of the XV
phoid process, were found.

WITH A SLOW-RELEASING DOSAGE, MIGHT THE RESORPTION
EFFECT RE AVOIDED AND THEREFORE A HIGHER NUMBER
OF MALFORMATIONS BE SEEN?

Flis is ancimporent poine. With a dose svstem such as a bolus or aqueous
npeswhich delivers the guinaceine vapidly, the number of resorptions in-
acasescthereby preduding some ot the malformations that might be noted
vith the quinacrine peller, where administranion is of an intermediate dura-
ton and ocaurs over many hours o man e ovor several davs,

WHEN QUINACRINE WAS USED AS AN ANTIMALARIAL DRUG,
AND WAS TAKEN BY PREGNANT WOMEN, DID IT AFFECT
FETAL GROWTH AND DEVELOPMENT?

Tovestigatons have looked for such veports. Some articles on quinacrine tha
predate the thalidomide episode daim tha quinacrine does no produce mal-
formattons. However, a critical wstematic evaluation of 1his problem, either
tettospective or prospective, s vet 1o he done,

WHAT BLOOD LEVELS OF QUINACRINE ARE ASSOCIATED WITH
CENTRAL NERVOUS SYSTEM EXCITATION, HEART BLOCK,
AND OTIIER SERIOUS COMPLICATIONS?

Probably the only dat in humans come from an carlyv study by Engle and
avsaciates, wha looked an the effea of quinacrine on cleciroencephalograms
and psvchosis-nope phenomena i patients who never had makinia, The stuly
showed that blood levels of about 30 ng il were associated with aceelerations
in the cleciroencephalographic frequencies, Tligher quinacrine levels were
assaciited with nervousness and other central nervous svstem phenomena,
and levels ol abour 1200 e ml were associated with pavehionc episodes ind
hallucinations.,

L one quinacrime studv, the investigators cannulated 1he jugnlar vein of
fvorals tor mjeciion ef various doses of quinacrine and also cmnulated the
crond arteny and attached the canrnla to pressure transducer. Thev found
that injecied sddine hind o eftea on the blood pressure, nov did 0.5 myg
quinacrime injected direcl into the hlood. However, ] mg of the drug began
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to lower the blood pressure within about 6 seconds, and recovery of normal
pressure took about 30 seconds. Higher doses produced lower levels of blood
pressure and longer recovery times. With 2.5 mig quinacrine, the blood pres-
stre dropped very low and the animals died.

HAVE ANY DEATHS BEEN ATTRIBUTED DIRECTLY
TO QUINACRINE USE?

The two deaths mentioned i association with quinaciine instillation were not
related 1o the quinacrine but 1o other drug effects,

WHAT IS THE DANGER OF ECTOPIC PREGNANCIES
IN QUINACRINE-TREATED WOMEN, IF THE TUBES
ARE NOT SUFFICIENTLY DAMAGED?

In Chile, the general ratio of normal to ectopic pregnancies is about 250:1,
but in the Chilean quinacrine studies no ectopic pregnancies have heen seen
i almost 250 pregnancies. The reason for this has not been explained.

WHAT TREATMENT WAS GIVEN TO THE CHILEAN PATIENTS
EXPERIENCING CNS EFFECTS FOLLOWING QUINACRINE
INSTILLATION? DID THESE PAVIENTS EXPERIENCE

OTHER SIDE-EFFFECTS?

Three 1o 5 minutes following the instllation, several women hecinte over-
excited. They were given phenobarbital, and ater resting for 1 or 2 hours
thev were able o deave the dinicand go home, where they continued o take
phenobarbital for 2 dins. The process was usuallv over in 12 10 24 hours.
One woman was hospitadized for observation, bur she, oo, recovered after
2 hours: Her blood pressare was normal. but her urine was vellow, presums-
ablvas i resalt of e massive penetration of the quinacrine slurey into the
bloodstreant. No hematologic studies were performed onsiny ot the woren,
but none of the women experienced amy prolonged complications.

HAS ANY WORK BEEN DONE ON THE EFFECTS ON NEONATES
OF THE PASSAGE OF QUINACRINE IN BREAST MILK?

Informaton on this question is not presentdy available, but it this method is
to be promoted for developing countries. where i majority of women are
cither pregnant or lactaringanadif ivis 1o be promoted asa method preferable
during the quiescent phase ot the endometrinm, the efteas of giving this
drug 1o a lactiting wontan must be evaluated.
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IF THE QUINACRINE IUDS BECOME WIDELY AVAILABLE IN
DEVELOPING COUNTRIES, OR IN THE DEVELOPED WORLD,
WHAT WILL THE CONSEQUENCES BE IF THE QUINACRINE
DEVICE IS MISTAKEN FCR A REGULAR 1UD AND
ACCIDENTALLY INSERTED IN A WOMAN?

This possibiliy points up the need o find o name for the quinacrine TUD
that totally dissociates it from an TUD, which as ireversible method of con-
traception is significnthy ditferent inintent and effect from the quinacrine
1D,

Every complication that one could imagine and perhaps others that have
not even been thought of may occur i one uses this approach of delivering
QUINACTIE; SOIMCONe Ny pe rforate i uterus, someone may put an [UD into
a pregnant uteras, and so forth. Sull ether problems come into question; for
example, what will happen if the quinacrine TUD s put into @ woman who
has a uterine body distorted by mvomas: Obviousty, the drag will wot be
detivered unitormiv o both sides. And other pelvic abnormalities obviously
could contrmndicate the nse of such an approach,

At present, however, investigators are just pronsgating this ;1|)|)r<ru'h as
a vector tor delivering the drug more effecnvely o the tabal ostum; they
are sull tving to (\nl\( the vight device with the right dose and the ll;,lll
release rate. They have nomtention at this point of beginning clinical trials
ol the device, Every case presented thus B has beena prehivsierectomy case
and will continue 1o be undl the investigators feel they have enough experi-
cnce o begin i very cuetulhy controlled phase T trial.

I investigators do succeed i hinding the vight veetes with the right dose,
thev niy be able to make the TUD uselt a biodegradable component of a
whole delivery svstem, so at the end of T or 2 vears perhaps, it would com-
pletely disappear. However, those possibilitios are in the future. Meanwhile,
it seems obvions that there is o desire and a need for chemical sterilization
aned this work will coniinue.

WHAT IS THE MEXICAN EXPERIENCE WITH QUINACRINE?

When clinical trials with quinacrine in Mexico ended about 8 years ago, some
60 paients had been treated with qmn CINEe suspension, The drug was in-
stilled in two concentrations: (1 23 myp in Tl of saline solution and (2) 50
my in mbof saline solution. No problems occurred with introduocing the
gquinacrime, buat 1090 of the itempts tailed. Patients were very carefully se-
lected-—only women with grosshv normal utert were .u((plul—‘ln(l all pro-
cedures were performed with the l)‘mu'l m thie proliferative phase of her
oveles I the preliminany repor, 6 of 15 patients had both tabes occluded,
as shown by a hvsterosadpingegram (1HSG) 3 months after instillition. The
HSG was repeated every 3anonths for o vear,

The fiest instillations were done on hysterectomized uteri, to be sue that
the quinacrine was being properly introduced inmo the tibe. Thie procedure
was then done in five patients who were waiting to be opervated on fovanother
reason. Fhe piathology veport on the tissues removed from a patient who was
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operated on T month atter the instillation showed an infliammatory reaction
in the tbal lumen.

Another patient was operated on | vear after instillation of quinacrine in
one tube and clectrocoagulation in the other, ' he clectrocoagulated tube was
found 1o be occnded, but the quinacrine-treated tahe was completely normal.
This indicated 1o the investigators that they needed 1o inerease the length of
time that the chemical agent was i contact with the tubal epithelium, It
provides an impetus foy investigating the pussibility of o tabal block with a
stow-releasing svstem that conld be placed mto the intramurl portion of the
tube.

Al the patients had side-cttects from the quiacrine, but none of them was
serions or of the tvpe described by other investigators, "The 1y peand severity
of side-cttects seemed o depend on thie amount of quinacrine instilled. For
example, those paticuts in whon asmall amount of quinacrine was instilled
prior o operation had no damage ol the titraperitoneal structures and no
problem with toxicin .

WHAT IS THE EXPERIENCE IN INDIA
WITH TIHE QUINACRINE PELLETS?

I chemieal sterilization can be made s ctlective as the sargical methaods.
women - developing countries as well ws in the developed world would he
Hkely 1o preder i o surgicd sterilization. However, since it s not presently
as elfectuv e, ds use in developing countries requires careful consideration.

A Binodas Tudiag investigators e introduced quinacrine pellets into about
Sy wormen and have follow-up ol 2 vears, The selection criteria were standard:
wormen had to be i the proliteraive stage of the ovde and in the reproductive
ARC-Rronp average age wias 311 venrs, party was L) Two patients con-
ceivedatrer completing the hst instilltion and dropped out of the progran,
Seventeen ol 85 women complained of mild 10 moderine discomfort in the
ower abdomen, Menstrual i regulinies idelved cvele and extended period)
were espervienced by LY of the women, s preguancy tests were done in
woinen fearing pregoana, In g majoring of the women, normal (veles re-
turned i about Fmonths, Thus far, six pregmncies have occurred, none of
then caopic: one pPregnancy ocamred a2 months, one occnrred a8 morths,
and one occurred w16 months alier o thivd instillition.

The stady has shown that 1he pellets are more convenient 1o introduce
than quinacrine suspension, which cGime ow through the cervix shorty alter
instillation. 1'he pellets are sustained o wtero Lo longer time, Pain in the
st A8 howrs could be prevented or redued by giving inalgesic drugs, then
beginning the procedure. There s delin - the retirn of menstrwition in
ahout 1070 of cses, and the wonten worn about possible pregnancy,

The Indin investigators have found tha their nitial experience with the
quinacrine pellets is very encouraging, especiallv because friends of women
in the study are mquiring about whether theyv oo, can have the treatment.
Now the investigators e looking torward 1 the third generation of 10D
quitiicrine pellets, which promise even hetter results than have been seen so
Ear "Phe 85 women who have had the treatment will he followed for longer
than 2 vears, in the hope of learning whether amy turther pregnancies will
result,
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Nonsurgical Procedures for Manual
Instll]atl(m of a Phenol-Atabrine Paste
(PAP) for Female Tubal Occlusion

Yo'-HAU WU
PEL-LI QIAN
SHUEH-PIN(G; TIEN

There is inercasing scientibic and public interest in the potential of nonsur-
gical methods for female wibal stevilizaton. I these methods prove both
clicaive and safe, they are bound o meet with wide aceeptance throughou
the world, With this objecrive in mind, we have coried outiaseries of research
projects manimials and humans since 19649,

In the prelimpray period from 1968 10 19720 we studied the pharmaco-
Iogical actions and veacnons of 11 Kinds of chemicals on the mucosi of the
tubes of animals and humans, o vivo and e =772 Ao result of our
cHorts and those of other ivestigators, " " we determined that phenol-
Atbrine (quinacrine) paste (PAP) showed promise, and we sought a method
by which we could instll the compound into the fdlopian tubes transcervi-
cally,

MATERIALS AND METHODS

Fhe constituents of the “thiee inone™ PAP are phenol (30 ), Aabrine (55
gl and biligraphine ¢35 gy The phenoi destrovs the tabal lining by causing
necrosis of the ncosis Atabrine inhibits the regrowth of tubal epithelium
and stimulates the tabal submucosal nssues to proliferate into granulation
tissues, ocduding the tabal Tumen: and biligraphine casts ashadow on the
rocntgenogriam to estiabhsh thar occhusion has occurved and 1o determine the
amount of PAP msnilled o the taubal lnmen and the exeent of tabal damage.

INSTRUMENTS

We used a stainless-steel cannulia about 22 crocin length, with a lumen of 2.5
m in didmeter, Phe instrament could be hent at an angle of about 1140°
Buerally, soas 1o bt the curvature of the uterine cavity, A heavt-shaped plae
was attached e the proximal end of the cannula to serve as a guide. A short
picce of rubber tubing was Lastened at the distal end of the cannulicto prevem
trama ol the werine wall (Fig. 17-1).
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FIG. 17-1. (/) Mewallic canula,
(2) Polvethvlene tabe, (3) “Paste
driver.”

A polyethylene or plastic tbe 45 e in dength, with an external diameter
of L4 mm. aninternal diaancter of 0.9 mm, and the distal end cut evenly
and smoothlv, was connected at its proxemal end o a 12-gauge needle for
instilling PAP into the tabal lumen.

“Paste driver.” asspecially designed apparatus, was used 1o push the thick
PAP, which would otherwise be difficult to mistill into the wibe, from a tubereulin
svringe into the plastic tube by spival action.

METHOD

The procedure was carried out in married women, upon their request, and
with their hushand’s consent. e was done in the first half of the woman's
menstrwal cveles either - months after delivery, during the lactation period,
Fomonth after carly abortion, 1 months alter Lue abortion. or soon after
removal of i TUD. Women were not included in the study it they had
tichomonal ov monilial vaginits, pelvic infliinmmiatory discase, pelvie cellulitis,
pelvic masses, hepatic or renal disease, neuropsvehiric disturbance, or preg-
ey,

The mamual, nonsurgical procedure was done in the outpatient operation
toom withont the use of anesthesia. The patient was placed in the lithotomy
position for deaning and sterilizing the vulva and vagina. Pelvic examination
was done to determine the condition of the cervix and the size, position, and
maobility of the werus and also 1o rule out any pelvie pathologic conditions.
The werine caviey was sounded 1o determine s depth, and the carvature,
dirccion, and svmmeny of the uterus were ascertained. This preliminary
examimation was done to locate the uterotubal orifice if possible by means of
manual manipulation,

Before ns innoduction, the cannulia was hent to fitin the curvature ol the
wterine horn, espectally an the tabal orifice, 'The plastic tube was inserted into
the cannula until its tip protraded from the opening ol the cannula 0.5 em,
the position was marked on i, and the tip of the plastic tube was retracred
mto the cannula, The cannnli with plastic tahe was then inroduced into the
uterine cavity toward the tabal oritice in one of the aterine horns, and the
tp of the plastic tbe was pushed from the cannula into the twbal orifice; if
the tip could not be pushed in Father, the plastic tube, together with the
cannulias was drawn back from the uterine nucosa for about 0.5 cm. The
plastic tube was then manipulated i different divections in search of the
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mbal orifice, one more time incach direction, 1o acquire the feeling of en-
tering the tubal Tumen. Inasuccessful entey the tip of the plastic tube could
be inserted 0.5 aminto the tbal orifice without resistance. "This sensation of
manipuliation could be obtained by constant practice.

To test the entry of the plastie tube into the tubal orifice. with the tip of
the plastic tabe inthe tubal Tumen, about 200l sterifized normal saline was
injected, and it the solution did not leak back through the cannulicor cervical
os, then it was time to inject 0.6 ml o 0.8 ml of 5047 sodium saccharide,
followed by 5 ml o 10l of saline through the plastic tabe, Sensations of
soreness and hearing down around the anal vegion, or lower abdominal pain,
indicated that sodium saceliride had passed into the shdominal cavity and
was stimulating the peritoneum. indivectls proving that the tip of the plastie
tube was well inside the tbal fumen,

To instill the PAP, the ninerial was pushed through the phistic tube into
the tabal orifice by the spival action of the “paste driver,” Aol of 012 ml
PAP was used. 030 ml of which filled the plastic tabe white 0,12 ml was
pushed into the interstitial portion of the tbe. After that wmount off PAP
was instilled, the cannulicand the plastic tube were withdrawn together. "The
whole procedure was repeated onthe cpposite side ot the tabes.

A plain roentgerogran was tiken soon alter the procedure, 1 the result
wats not satistactory, the procedure was repeated vight awav, The incar shadow
of PAP in the tube of more than I om was considered suceess, H possible,
the procedure wis done under screening, so that direct visualizition could
he obtained (Figs. 17-2 through 17-5).

[ he pathologic processes in the tubal lumen were necrosis ol the wbal

Fsr

FIG. 17-2 Rocnigenogrion shows opaque media i aterine
ity and interstivial defo and isthimic arighty portion ol
tuhes.
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FIG. 17-3. Roenrgenop,
portion ol tubes,

i shows filling of PAP iy atpullar

epithelimn (Figs. 17-6.and 17-7), exudation, and sloughing off of the necrotic
tubal mucosa. Figures 17-% and 1729 show pathologic effects alter 5 months,
Figure 17-10 shows the temale tabe months alter influx of PAP, with re-
sichual chemical granules, probfervation ol submucosal granulation tissues,
gradual disappearance of toreign hody giant cells and milammatory cells,

FIG. 17-1. Roentgenogram shows hilling of PAP i ampullar
portion of tubes frather thick shadows).



Nonsurgical Procedures for Manual Instillation of a Phenol-Atabrine Paste | 155

FIG. 17-5. Roentgenogram shows lling of PAP in awmpullar
portion of tubes dong and thin shadows),

veplacement of librotic tissues, formation of scar tissue, and, finally, occlusion
of the tubal lnmen.

RESULTS

Following initiation of the study in 1972, the Shanghai Non-Surgical Coop-
cratve, under Drc Wa's supervision, performed 1837 PAP instillations into
fennale tubes for occlusion over almost o -veir period. About ten medical
workers from hve units of the Cooperative took part in the program alter a
shore period of wraining. Follow-up of the women was done in two groups
CLable 17-1. Bocthe 837 women undergoing the procedare during a J-vear,
S-month period. vidiographic studies revealed that in 129 paticnts the pro-
cedures were considered failures because the linear shidow of PAP was less

FIG. 17-6. Thstologie pictane of
vabbit tabe 20 hows e
instillition of PAD,




FIG. 17-7. High-power view of
rabbit tube in Figure 17-6
shows polymorphonuelear
mhiltration.

F1G. 17-8. Histologic picture of
rabbit tube 5 months alter
instlliation of PAP,

FIG. 17-9. High-power view ol
vabbit tube in Figure 17-8
shows the tabal lumen
completely obliterated.
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FIG. 17-10. Histologic piciuare
of hunun female tube 3 )
months after instillation ol PAP -
shows complete obliteyation,

than I aman length (Fable 17-1) Thevetore, the procedure failure rine was
70200 (1290837 and the sucoess rate was 2984 (1708/1837).

At tollow-up, Fto 7 ovears after the procedure. onlv 1637 women were
availuble for studv . OF these, IH women were veported pregnant, thus giving
aopregtianey vate ol 09290 (15 1637,

From Jnary to Mav, TOSO o owne st b performed 201 procedures at
the N Hua Hospual in Shanghan ¢ able 17-2)0 OF these procedures, 15
Fuled. as detenmmed by aradiographic report of tess than T am linean shadow
of PAT 1 the tabes: This was o Bolure rate of 7359 and a suceess rate of
92657 Ob the 189 remaning women with successtul procedures, 36 women

TABLE 17-1. Results of PAP Instillations i Women
Treated at the Shanghar Non-Surgical

Coaperative
RESULT NO. PATIENTS (%)
Orniginal study
Total group 1837
Suceess!ul procedures” 1708 {92.98%)
Failed procedurest 129 { 7.02°%)

Follow-up at 4 to 7 years

Total group 1637
Patient not pregnant 1622 (99.08°)
Pregnancies 15 { 0.92%)

“Linear shadow of PAP more than 1 ¢cm in length
on roentgenogram.

tLinear shadow of PAP less than 1 cmin length
on roentgenogram.
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TABLE 17-2. Results of PAP Instillations Performed at Xin Hua Hospital, Shanghai, 1980-1981

TIME
FOLLOWING TOTAL SUCCESSFUL FAILED
TREATMENT PROCEDURES  PROCEDURES® PROCEDURESt PREGNANCY
January-May 1980 204 189 (92.65%) 15 (7.35%)
1 year 153 152 (99.35%) 1 (0.65%)

‘Linear shadow of PAP more than 1 cm in length on roentgenogram.
tLinear shadow of PAP less than 1 ¢cm in length on roentgenogram.

TABLE 17-3. Length ot PAP Shadow as Shown on Plain Film 3 10 5 Weeks Following Instillation

PAP SHADOW
OUTSIDE
OF TUBE 05CM 1CM 2CM 3 CM 4CM TOTAL
Number of tubes 26 27 66 137 222 34 512
Patency on 22 4 2 0 0 0 28

hysterosalpingography

TABLE 17-4. Length of Tubal Blockage as Shown by Linear PAP Shadow on
Roentgenogram in 15 Women Who Became Pregnant Following PAP
Instillations

TYPE OF LINEAR PAP SHADOW
PREGNANC 1 CM 2CM 4+ CM TOTAL
Intrauterine 6 4 3 13
Tubal 2 2
Tota! 6 " 5 15

were lost o follow-up and 153 were followed for I vear. Only one woman
become pregiant and subscquentlhy underwent abortion. Therefore, the
preguancy vate ar Fvear was 0.65 (1/154).

Inmother stady, 1o determine the optinium length of wabal damage, 256
of the 359 paticns treated during 1973-1974 were chosen at random for
hvsterosalpingography 3 10 5 weeks afrer mstitlion, and atotal of 5192 tubes
were cirefolly stiadied. he comparison of the length of injury and the num-
ber ol patent tabes. as indicated Dy hsterosalpingography, is shown in Table
P23 e 5% mbes in which the linein PAP shadow was less than 1 em in
length. or was outside the tihe, 26 tabes were patent. When the shadow was
Famindengih. only two patencies were seen, and hen the shadow was longer
than 2 cnng no patendies were seen, ' herefore, we considered a PAP shadow
longer than | an o be, in seneral i imdex Tor a suceesstul instillation.
However as we will show in Table 17-1, the length of the linear PAP shadow
does not necessarily corveliate with the occurren e ol Lver pregnancy.

Among the IH women who hecame preguant, analvsis of the radiographic
sttidies of their tubes indicated that six womnen had linear PAP shadows longer
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TABLE 17-5. Intervals Between the
Procedure and Pregnancy

INTERVAL NO. PATIENTS
3-6 months 4
6-12 months 5
1-2 years 4
2-3 years 2°

‘Both ectopic.

than 1oy tour had shadows longer than 2 cm, and three had shadows longer
than L em Clable 17-1). Tn the two women experiencing ectopic pregnancy,
the linear shadow wis no more than 4 cm.

The intervals between the procedore and preginaney are shown in “Table
17-5. The two ectopic pregnancies occurred 210 3 vears following what was
described s ac leasta F-am linear PAP shadow,

SIDE-EFFECTS

The side-cttecs experienced by some patients during the procedure were
paleness:sweating., dizziness, nansea, and vomiting. Some felt backache, fower
abdominal distention, or o bearing down sensation around the anal l‘q.,;nn
durimyg the fust 2 weeks after the procedure, possiblv due 1o congestion,
cdema, and distention of bhoth tubes. A rave pelvie mass man have resulted
trons toa mach PAP injeaed into the tube, with acleakage through the fimbrial
opening o the peritoneal cavitv, T these cases, the mass sabsided Laer wich
treatinent. A Lew patients had Toss of appetite or some vellowish or blood-
statned vaginal discharge swhich usually disappeared in about 10 davs.

Fhere were two cses of uterine pertoration during the carly period of the
studv. Both perforatons happened i the carly Tactation pertod, within -1
months adter daldbinth. One of these women had profuse uterine bleeding,
probablv due to ranma of werine mucosa. The women were treated con-
servatvelv and reconvered without surgery.,

TABLE 17-6. Febrile Reactions and Success Failure Rates Among 1708 Women Following PAP

Instillation
35G NO 175 G
ATABRINE* ATABRINE t ATABRINE
NO. NO. NO.

RESULT PATIENTS ° PATIENTS % PATIENTS %
Fever 854 50.0 89 56 34 19.65
Success 1698 99.41 1526 96.34 172 99.42
Pregnancy failure 10 059 58 3.66 1 0.58

Total 1708 1584 173

*1972-1974.

11975-1976: paste contains only phenol and radiopaque malerial.
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In 1972-1971. 853 of 1708 patients (50%) experienced fever (38°C 1o $9°C;
[TOU1 10 102.2°F]) within 10 davs after the instillation of PAP, when 35 ¢
Atabaine was mixed in the paste (Fuble 17-6). In order 1o lower the incidence
of fever, we removed the Atabrine from the paste during the studies carried
out between 1975 and 1976, As w result, the febrile reaction occurred in only
SOl IS8T patients (5.6, When the sterilization vate of this group was
considered. the group in whom Atabrine was used in the paste experienced
a il rate ol 0599 whereas those without the Atabrine had o failure rate
of 3.66% . We then used only halt the amount of Atabrine (17.5 ) on 173
wormen i 980 for 5 months, and 3 patients developed fever (38°C 1o 39°()
within I week atter the instillion (19,654 ).« nmuch lower rate than in those
paticnts in whom 35 ¢ Atabrine was used. One pregnancy was encountered,
resulting ina pregnaney rate of 0.65¢

DISCUSSION

The searet ol successtul instillaion of PAP into the tuibes s 1o acquire the
sensation ind skl in inroduding the tip of the polvethvlene tube into the
tubal lumen The manual 1e Imiques cin be traght incashort time: in general
the technique o be mastered afier about 20 gl instilliticns. A person with
more sensitive fingers mav need less experience. OF conrse, this procedure
can better be carried out under i s reening w paratas for divect visualization,

Fhe constitients of PAP st invitate the (bl lining so as 1o cause scar
formiion. therehy accluding the tubal famen for sterilization. The addition
of i opague medinm 1o 1he paste for andivea vision s essential, so as 1o
determime the imnmediate vesult of the procedure. The PAP must not be too
thick or oo thin, or it may be dithcalt to instill or may flow away,

Fhe linear PAP shadow on plain rocntecnogran that is longer than 1 ¢m
v regarded s an index of success tor tabal occusion in stertlization,

CONCLUSION

A nonsurgical method by manual instillaion of o phenol-Atabrine paste (PAP)
o the tubes tor occlusion has been evaluated., In a period of 3 vears and 9
months in 19721976, 1837 procedures were carvied ot by the Shanghai
Non-Surgical Cooperative, composed of five medical units, and the proce-
dures were cuccesstul in 1708 Gises, giving aate of 92984 1 follow-up
studv of 1637 immediarel successtul cases in the 1 1o -vear period, the
Secess rate was YOO8 dnterms of oceluded tuhes).

Fhe totad number of procedores done to date i all of Shanghiti between
FH72 and TOST s 9500, with a sticcesstal occlusion rate ol 997,

Among the 200 nedical nnis otfering this procedure, astudy of 33 such
units, located i five provinees, indicares that between P75 and TUST, 30,000
woren have had the procedure, and in those women who have had a follow-
up obmore than 2vears.asaccesstul occhusion vate of 995 has heen obtained,
The tailures resulted from nnproper instilliion and PAP that was 100 thick.
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A Study of Phenol-Mucilage—Induced
Tubal Occlusion for Sterilization
(Analysis of the Resnlts in 4,784 Cases)

HUI-GUO ZHENG
XUE-HUANG CHEN

‘The use of pharmacologic ally active agents 1o induce occlusion of the fallo-
pian tube for sterilizuion by instrumentation through the uterine Caviey wis
tried in the carly part of the 1 century, but it was soon abandoned because
ol serious complications and the uncertinty of the contraceptive result. It
has onhv been since the 19605 thar his method had been restudied by a
namber o investigators 1o determine the cftie acy ol the drugs and o establish
the projer e honques {or clinical application.® "7 \Wih (he increasing social
demand for fertitiny vegubation and for Improvement of the techniques, chemical
sterilization has become more and more popular in Chi, and a number of
gynccologine ' e heenvery enthosiastic in carrving out this work 1o accom-
modate the v Lol o nationwide project on Lunily planning,

Sthnce 1970 developed amethod using specilly prepared phenol-mu-
alage. This o pound was Tist studied manimals to determine s selerotic
action on the abal mucosa and was then applicd clinically i large series
of cases,

PREPARATION OF PHENOL-M UCILAGE

The phienol-mucilages are prepared by mixing liquid phenol, gum rag-
acanth, ghveerin, and other componcents in the following proportion:

Phenot-mucitage |

Liguid phenol 35 anl
Gum tragacanth Hml
Glyeerin 200l
Distilled water added up o 100 ml

Phenol-mucilage T was the major preparation used for the fiest group of
sterilization: procedures perfocmed between August 1970 and December 1979,

The authors thank Professo Fien-Chi Ho, MDD far his cncouragement and assistance in
the prepatation of the muanus 1pt D Shang-Wu Huang, ALK Jo) teading and explaining the
salpingo-toentgenagram; and Mr. Shi-Ye Yao, of the Department of Pliarmacy, for initiaion
and prepatation of the phatmacologic agents,
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Phenol was the main component because of its corrosive action and sclerotic
effect. Gum ragacanth was added for increasing the viscosity 10 make the
mucilage more adherent and thus o prelong contact.

Phenol-muctlage 1

Liquid phenol 35 ml
Gum tragacanth Hml
Glveerin I ml
Meglucamine iodipamide 35 ml
Distilled water added up 1o 100 ml

Phenol-mueilage T was used Lier in the study for simultaneous roentgen-
ography. Mcglucaumine iodipamide was the contrast medium added for the
purpose of viswalizing the location and contour of the mucilage in place.

TECHNICAL PROCEDURES

A thin narrow metatlic cnnula was introduced through the cervical orifice
and the uterine ity o reach the uterine tbal ostia. The tip was conical so
that it would iiewell ino the cornual recess. When the cannula was in place,
a polvethvlene carherer T mm in caliber was passed through o the lumen of
the fallopian tube (Fig. I8-1). A\ test for accuraey of insertion of the catheter
was made by injecting S mlsterile normal saline to see il there was any leakage

FIG. 18-1. Instillation of
phenol-mucitage through the
catheter,
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F1G. 18-2. "T'esting occlusion of
fallopian tabes by means of
forcing pressure test. (A,
double-lumen tibe; 8,
sphygmoninometer; €, svringe
for injecting normal saline
under pressure),

of it from the uterus, Then 0.10 mlto 0.15 ml mucilage was injected carefully
with i small svringe dirough the catherer. Three months later, complete
occlusion of the fallopian tubes was tested by the werine forcing pressure
test, using it double-lumen catheter anached 1o a preumonic sphygmoma-
nometer (Iig, [8-2),

CLINICAL MANIFESTATIONS AND RESULTS

From August 1970 10 May 1981, 1784 wonen were studied inour outpatient
clinic, They were divided into two groups for comparison:

Group A includes 1336 women treated between August 1970 and Decems-
ber 1979 with phenol-mucilage 1. Among them, 2915 were injected from
August 1970 1o Febriary 1977, with o success rate of 8H.gRe Subsequently,
another 21 women were injected in the same wayv,and the success rate
went up to 93175 T'he AVETage suecess rate was 87.89¢4 (Table 18-1).

During injection, some of the women felt aching and slight lower abdom-
inal distention. In the following davs, some felt feverish but actualdly had no
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TABLE 18-1. Result of Occlusion of the Fallopian Tubes With Phenol-Mucilage, as Shown
by the Ulerine Forced Pressure Test 3 Months After Injection in 4784 Women
Treated From August 1970 to May 1981

NO. NO. %o
PHARMACOLOGIC DATES OF WOMEN SUCCESSFUL SUCCESSFUL
AGENTS INSTILLATION INJECTED INJECTIONS INJECTIONS
Phenol-mucilage | Aug 1970 to
(nonradiopaque}) Feb 1977° 2915 2,487 85.32
tMar 1977 ',
Dec 1979 1421 1,324 93.17
Total 4336 3.811 87.89
Phenol-mucilage Il Jan 1980 to
(radiopaque) May 1981 488 438 97.77

‘Previous cases published in Chin J Obstet Gynecol 14(2):79, 1979.
tUnpublished data.

fever. Fores women developed pelvie indlammation later, but it was well con-
trolled by the use of antibiotics and supporive measures. This complication
may be ascribed o conmination by spilling of niucilage into the pelvic cavity,
tothyee Lactating wormen, the wreri were accidentally perforaed. All of them
healea promply after surgical vepair,

Al of the successtully imjeaed women i group A, not including those
mjected adter Febnwary 1977 were followed tor 5 1o 10 vears, and 64 women
2087 becune preguant. most of then (33 within 6 months 1o 2 vears after
mjection. N number of the 909 women were rechecked by o hyvdrotubation
testand or hnsterosalpingography for deteriination of complete tubal ocelu-
sion Towas found that the tubes had reopened i 15 patients (1.655).

Group B induded 1S women who were treated between Jamrry 1980
and Mav 1981 with phenol-mucilage 11 The procedures were the same as in
group A Roentgenography was done within I hour afier injection. We noted
that the hlling shadow vivied trom 1 am to 6 cm, with the majority hetween

TABLE 18-2. Complete Occlusion® of the Faliopian Tubes With Phenol-Mucilage Il in Relation to
the Status of Filling as Shown in the Roentgenograms

LENGTH OF OPACITY (CM)
1.0-2.0 2.1-3.0 3.1-4.0 4.1-50 51-60 6.0 (2.1- -6.0) TOTAL

No. women
injected 43 77 104 101 68 55 (405) 448
No. successful

procedures 37 75 104 100 68 54 (401) 438
Rate of

complete

occlusion (%) 86.05 97.41 100 99 100 98.18 (99.0) 97.77

‘Determined by the uterine forcing pressure test and-or hysterosalpingographic ex-
amination 3 months after injection.
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demand 5 em. Women who had a shadow of less than | em underwent
reinjection immediately or the nest morning.

With such management, 138 of the L8 women (97.777) experienced suc-
cesstul injection (see Table 18-1). We have found that a good lilling of the
mucilage to both tubes is important for achieving greater pharmacologic ac-
tion on the tubal mucosa. With the radiopacity of 2 cm or less, ol 13 women,
only 37.(86.057) proved to be successfully injected; whereas in the 109 cases
with the opacity longer than 2 cm, 401 women (99.047) showed evidence of
suceesstul mjection (Fable 18-2),

PATHOLOGIC FINDINGS

Pathologic examinations were done for 157 Fallopian tibes of 107 women
under the tollowing conditions: tabal ligation alter failure of phenol-mucilage
ijection: tubal ligition alter pregninay: vesidual pelvie inflammation with
the possibilite of concomitant associated discise: or some other abdominal
lesions vequiving Lipavotomy and the women voluntail receiving an injec-
ton of the mudlage 1o 2 hours betore the operiion. With the specimens
avatlable tor pathologic exammation, we found that the tbes hid undergone
successive changes throaghout stage T ot tissue damage and inflammation (in
the specimens obtained 6 hows 1o davs after mjection). stage Hof phag-
acvtosis and forcign hody granuloma formation tin the specimens o 1o 6
months). and stage ot hbous tissae forntion (1 or more vears), The
tubes might have been - ompletely ocduded atany stage, but it was by fibrous
tissue formation that pertinent mbal occlusion could be obtained. However,
recanalizaton, as denoted by the presence ol crvpis i the microscopic lield,
had been seen in some of the specinens. This histopathologic feature of
resolation might have resulted inreal recanalizaion il it conmmunicated all
the wan through. The deils were described elsew here!

DISCUSSION

Fhe phenol-mudilage instillation o the tahal lamen described ahove may he
considered 1o be e saistactory method of taubal sterilization. As technical
expericnce mereases, the rate ol successtul injecion and sterilizaion is ex-
pected o imarease. This techiigque has heen well accepted in our locality,
beciuse it is relutvely sinpsle. is nonoperative, and cm be done in the out-
pattent ¢l

Fowvoid comphcation, cinmulation must be done with meticnlons care and
should be performed a1 months postpartum, since the wterine wall is more
friable then,

Ty method of cannualaion is ot done under direct vision, so uterine
iy and the possibiline thar the atevme tbal ostia will he missed exist no
matter how experienced the operator is. Thevefore, o Ivsteroscope should
be wsed as anaid minnodadng the Ginnula, and phenol-mualage H s
desivable to aid roentgenography. However, use of the hvsteroscope cannot
entively replace the simple method of cannulation, hecuse it is almost im-
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The Pathologic Process of Phenol-
Mucilage—Induced Tubal Occlusion
for Sterilization and the Causes

of its Success and Failure

MO-YE CHEN
LIAN-CHENG XING
XUE-HUANG CHEN
HUI-CUO ZHENG

sinee 1970, intraluminal injection of phenol-mucilage 1o produce tubal oc-
clusion with consequent sierilization has been used in our hospital in a total
of 1788 women. The suceess rate as reported previoushy was 85.3% . and in
dmore vecent group of FIS women it went ap 1o 9777 In this chapter we
will deseribe the histopathologic changes occmrring during the process of
tubal occlusion, as observed in the specimens from 107 patients. On the basis
ob these pathologic changes, we have obtained knowledge regarding the cruses
ol success and Lailure of this procedure,

MATERIALS AND METHODS

From August 1970 10 April 1980, pathologists at the Second Teaching Hos-
pital of Zhongshan Medical College examined 157 Fallopian tubes taken from
107 patients who had yeceived phenol-mucilage injections for sterilization,
The main mucilage preparation consisted of liquid phenol (35 ml) tragacanih
(5 gh ghveerin (200mb. and distilled waner added 1o a ot volume of 100 nl,
The dosage was 010 ml 1o 015 ml for each tube,

The indications for Laparotomy during which the tubes were removed were
as follows:

Phenol-mudilage could he injected into only one of the tibes during the
procedure, so that tubal ligation had 1o he performed subsequently. Duriag
the operation the tube already mjected with phenol-mucilage was removed
for pathologic examinations.

After the tubal ijection the women hecame preguant again, so tubal li-
gaton was then performed. During the operation, one or both tubes were
removed for the same purpose as given above,
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Paticnts who developed pelvic inflanmation after the mucilage injection
had incomplete reliet of sanptoms ater conventional treatment. T'o rule
out the possibility of concomitant associated disease. exploritory Laparot-
omies were performed insiso women. During the operation the tubes were
removed for examnation. Other women who had a tubal preguaney or an
ovartn st were alo operated on, and the tbes were also removed.,
Sonie of the |).|Ii<'lll\ who were n])(‘l‘;ll(‘(l on for some other abdominal
diseises volunenil received ancinjecion of phenol-mucilage T or 2 hours
betore the operation. The tibes were then temoved for observition of carly
pathologic changes.

Aler the tubes were removed, one 1o thiree shces from the isthimus, as well
as one slice frome the ampalla, were taken Tor pathologic sections. All of the
sections were stained with henetosyvlin and cosin, Some were speciatly stained
toraevcalin and collagen tibers,

RESULTS

Fhe pathiologic clunges atter phenol-mucilage injection were mainly ar the
sthinus and mas be divided into three stages:

T stage Prhiere s e dimage and inflammatory reaction. | hese changes
could be dlearly seensin the spedimens about T hoar alter injection. The
cpithelid cells adpe cnt o the mnucilage showed degenerative changes, dis-
appeavance of the ciliacand swelling ot the nudler. even o the extent of Fading
away of the nudear stractines,

B the speamens ohramed Gt 2 F homs aer injedion, coagulation necro-
sis ol the epithelal cells and detachment of the necrotic tissue conld be seern.
At the same tme, congestion and edema were vens ConNpictots, Some nen-
trophils mbiloared o athe Lunina propracand adso entered into the Taimen,

Io the speamens obraned ateer 3o 1 dass, the entire porton, ora liree
portion of the cpiheliad Liver aonnd the lnmen, showed coagulinion necro-
sisc The Limina poopnia was also imvolved. Min neutrophils, some macro-
phages. cosinophils, and kmphocves were constiunth seen i the inflammiton
exndate Phe tubal imens were pataly o completel obliteraed o de-
tached nearone tissue and imtlammaton exudare,

I stage THthere s phagocvosis and foreign body eiamualoni formation,
Congestion and edema had diminished inohis stage. I the specimens 1
davs wdter injection. probiferating istiooes were present i the Lunina pro-
pricand the muscnka Tver Macrophages and foreign body gt cls were
alsoseens The bstiocves were present .l cround in the mucosal wall or only
mepant ob i A the same tines there was praliferation of fibrous tissue with
scattered hmphocstes and cosinophils. The graoamloniatons issne newh formed
at this stage was torcien bods crannloma. Al of the pathologic changes de-
scribed above were more connmmon i the specimens seen 1 month o as long
as bvear postinjedtion.

Avaesalt the granulomatous tissue completel or partially ocduded the
lumen. In cases of partial occlusion, the aranulonitons tssue protruded o
the T buta detoremamed. Ocasionallv, there were some libroblasts and
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lymphocvies in the mucosal Taver, bur no foreign body giant cells could be
seen.

I stage T there is hibrons tissue formation. This usually occurred more
than I vear after injection. Foreign body giant cells and other mflammatory
cells had greativ diminished, whereas fibroevies were abundant and large
number of capillvies were seen i the newly formed fibrous tissue, As the
fibrotic changes proceeded. the fibtous tissue becune less vasculin and even-
tally contained more collagen Gbers, The tibrous tissue had completely or
partiallv oblitcerated the tubal linen, as in the granulomatous stage (stage 11).

The granulomatous and fibrote changes might he present separately
different sites of the same specimen, but in this stadv, it is the presence of
the ibrous tissue that deterinines the stage 1o which it belongs (e stage 1.
Furthermore, it must be vealized that there was no sharp demarcation be-
tween stage I and stage 11 as there is between stage 11 and stage T We
observed no debmite time mie for each stage,

In the stndies on the pathologic changes in the « ompletely obliterated tiubes,
we found that among the 157 tabes removed for examinations, 50 were
completelv ocduded, 23 were parially occdnded, 1O were ditned. and 66 were
practicdl mormal. One of the completels ocduded tubes was i stage 1,
whereas 19 tabes were instage 11 or 11

Moreover, the musdde and serosa were nor in divect contact with the mu-
alage bue the intensiy of the inflammatory reaction was about the same as
that seenn the mucosa of the corresponding stage. Tt s noteworthy that the
nate of the pathologic changes in the ampulla was the sane as thae in the
muscle and serosa ol isthimus, bhut the changes were Jess COnSpICROUS,

Fhe tubes vemaoved from che 36 waomen in whom pregnancy oconrred after
mucilage injection were observed with special wrention. In 4 patients only
one tuhe was removed, while i the other 39 paticnts both thbes were re-
moved Tnothe Lters 1o women showed normal tibes bilieradlyv, 15 showed
anotial the oncone side and complete o partiad ocdusion or dikation on
the other sides and 7 women had the sane pathologic changes on bath sides.,
such as complete o paatial occhusion or dilnation. bt none of the women
had complete bikueral occusion.

Regarding the pathologic changes of the tubes removed from the patients
with pelvic mthammation. imost of them had some chironic inflanimston chimges
e the tabal waldls, but onlv one patient developed adhesions between the tbe
and the ovary with the presence of granulomaous nodales. The lumens of
the tubes were completely or partially ocdluded,

DISCUSSION

From the pathologic changes observed, we readize that tissue diamage and
iflimminon reaction, phagooviosis and foreign body granuloma forntion,
o1 hbrous tssue formation might he responsible for the tubal ocelusion, Plug-
amg of the mbes by inflammaton exudate and detached necrotic tissue, for-
cign body granudoma, and newh tormed hbhrous tissue conld resalt in only
temporay ocduston. Tewas onlv when the fibrous tissue had bheen trins-
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tormed into old scar tissue without continnous clefts could permanent tubal
occlusion be obtained.

The etfeciveness of producing cellular proliferation around the encircling
mucosa and musculin Tver and the inward growth of proliferated cells o
the Tumen of the tabe are probably determined by the chances of phenol-
mucilage being in contact with all portions of the ncosa aroun-l the lmen.
Thisas dosely veled o the concentrations of the drug, the site at which the
drng iy intoduced s well s the tine of it contact with the mucosa, In the
isthimus the cadiber of the tibe i soadland the mucosal folds are vers shallow,
Fherefore, the Tumen of the isthimus conld casily be oceluded, provided that
the mudilage has detmitel been introduced o this segment and has re-
mained there long enough to cause necrosis,

From the pathologic pomnt of view, the possible canses of failure are as

follows:

Lhe concentration ol the drag was insuthicient o produce neerosis: the
infhaninmitors reaction woas ot intensive enough 1o produce a sufficient
atnount of substance 1o plag the Tonen,

Although the mudlage may have blled the lumen, part of it had subse-
quenthe heen absorbed or displaced.

Phe mnalage moroduced conld only adtect o part of the surrounding mu-
conae o that granudomas onh developed from a portion ol the mucosal
walland the tibe became patent again adier contraction of the granuloma,
Fhe granulomarons tissie caned complete obliteration onh after trans-
formanon mio fibious tssees 1The granulomatous and hibrous tissues could
cottiact and leave dletrs thar commumicated with each other.

Sty ol the tubes temoved when pregnancy occurred alter mucilage in-
fection snggeests that falare might have resulted hecause:

Fhe procedine had failed 1o innoduce the mndilage ino the wbe, as in-
dicited by ek of mitlammatony reaction or other puathologic changes.
Phie mudilage i detmitels been injecred into the tbes, but it had been
absorbed i one or botlr ot the tabes o the tuhes had recovered from the
mjurs . as shown by the very inde inflammaton reaction and the presence
ol onlyesmall amount of [ibrous tissue,

Lhe hvdrotabiion rest might have torced the tube 1o hecome patent, al-
though rubad occdision bad alveady heen accomplished afier mucilage in-
jection.,

Some other geneval or local facters that might contribute 1o the failure
tequire tarcher study .
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Discussion: Chinese Techniques
for Chemical Sterilization

GERALD 1. ZATUCHNI, MODERATOR

During the past 5 or 6 vears, individuals interested in nonsurgical methods
of female sterilization have been tntalized by published reports of work by
Chinese sdientists in this hield. “Two simple and promising techniques, using
cdifferent approaches and materials, huve been described in the preceding
chapterscand Dis.Tiencand Zheng npplicd further details in the discussion
stnarized here.

HOW MANY INDIVIDUALS ARE DOING THESE PROCEDURES,
AND HOW MANY PROCEDURES HAVE BEEN DONE
UP TO THE PRESENT TIME?

At the Nan-Hua Hospital in Shanghai, two or three people perform the PAP
nstillition wechnigue, By now, thev have been doing it for several years and
are able to achieve almost 100 successtul tubal CNEry.

Todute, there are 200 medical units located in 28 provinces of China where
personnel huve veceived taiming ininstlling the PAP marerial, and in an
ctortto find out how many procednres had aciaally been done, Dr. Yu-lau
Wuvisited 33 medical units, including the 10 i and around Shanghai, 1t
one considers onby the 10 Shanghai units, about 10,000 procedures have been
done. Adding the 20,000 more done in other parts of the country, some
30.000 panents Tane had PAPR insull.dions, The patients that have heen fol-
lowed for the most recent 2-vear period have had 999 success, in terms of
tubes ocduded and no pregnancies.

Atthe Second Athliaed Hospital in Ganton, every month about four or
Iive nurses, physicians, and midhives receive traning in the phenol-mucilage
procedure. The midwives are allowed o do the procedure without supervi-
stonand two neses are also doing it onavegular basis at the hospital.

The Chinese govermment has just approved avisiting taining program,
through which De. Wa will travel throughout Chin, traming people i the
field with this technique. The Chinese government apparently has accepted
s aouselul technique that is applicable to the needs of the Chinese people.

Panelnty: Shach-Ping Lien, G Zheng, Dscusanns Rohis V. Bhae, Lee Boldud, [ay M. Cooper,
Philip AL Corhman, Ay DL Engineer, Fnrque Gudott, Donglas Huber, Miviam H. Labbok,
Nargesh D Motashaw, Robert S, Neuwinh, Ralph M Richare, Lillian Yin, fric Zighelboim
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HOW LONG DOES I'T TAKE TO BECOME EXPERT
IN THE PAP INSTILLATION TECHNIQUE?

I person can perform the procedure on 20 patients, that s, 10 tabes, he
or she s considered to have masteved the technique. The length of training
depends anwhether the individual is o doctor or narse, who can complete
the training in about 2 weeks, or o paramedical person, who may require
fonger traming.

HOW LONG DOES I'T TAKE TO PERFORM THE PAP
INSTILLATION, FROM THE TIME THE PATIENT GETS
ON THE TABLE UNTIL THE PROCEDURE IS COMPLETED?

Generally, the entire procedure s compleied in 15 minates or less. Muach
depends onthie position of the tubes: 1 the tabe is casibv located, it may take
onh 1o 2 mimutes for instillieiion, but il the orifice is somewhat difhicult 1o
locate, the procedure may take longer.

IN THE ROENTGENOGRAMS, SOME OF THE PAP WAS SEEN
FLOWING BACK INTO THE CORNUAL AREAS;
IS THIS A USUAL OCCURRENCE?

he material seen on the hlins Howing back into the uterine cornu was the
excess PAP which is expedaed when the cannulios withdrawn atier the in-
jection. Howeversonlv 0.1 mlto 0015 ml per tabe is vequired for successtul
blockage.

AFTER THE PAP INJECTION, DOES THE MATERIAL COMING
BACK INTO THE UTERINE CAVITY PRODUCE IRRITATION

OF THE ENDOMETRIUM, ADHESIONS, ASHERMAN’S SYNIJROME,
OR SIMILAR PROBLEMS?

A small percentage of the women complain of a vellowish, possiblv serosan-
guimeons disclinrge for about 3 weeks after the procedure, so apparently
there s some endomenial irritaton caused by the chemical, b i does not
seem 1o Laste The cannnlic man adso produce some tranma. No dases ot en-
domerriad adhesions have developed post procedure,

DO PATIENTS ITAVE A SIGNIFICANT AMOUNT OF PELVIC PAIN
OR OTHER SIDE-EFFECTS ¥OLLOWING INSTILLATION
OF THE PHENOL-MUCILAGE?

Nmerican mvestgators testing silver nirrate (an ion that is similar to phenol)
stopped using the chiemical becanse ol the high proportion of patients who
b signifrcant pelvic paim.
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In the phenol-mucilage studies, pain has not been a major complaint. Some
patients complained of backache, but they did not require medicaion. They
also had some feclings of abdominal bloating for about 3 weeks after the
procedare. Inone of the studies described., 10 pateris had inflanmation of
the pelvis, probably secondary 1o chemical peritoneal irritation; 7 of the pa-
tients devcloped fever Tor 2 hours after the njection and experienced the
pain fter, These 7 were observed in the hospital tor 2 or 3 davs. In the other
33 patients, the pain and fever, and an elevined leukoevte count, did not
develop for 2 or 3 davs, but none of these patients required hospitalization,

ARE THE COMPLAINTS ABOUT PAIN MORE SEVERE WITH THE
CHEMICAL PROCEDURE THAN WITH STANDARD SURGICAL
STERILIZATION PROCEDURES?

Making o comparison of o svinptom that is subjective is difficult, The PAP
patients do not complain much of pain and do not return 1o the hospital
specitically because of pain, although when they come in for follow.- Hand
arc asked abowr pain, they sav tha thev did have some,

WHAT PERCENTAGE OF PATIENTS ELECT SURGICAL
STERILIZATION RATHER THAN CHEMICAL STERILIZATION?

Veryfew surgical stertlization procedures are being done now: most are non-
surgicad, and at the Nin-1ua Hospital the chemical sterilizuion procedure is
recommended. Teis hightly acceptable beciruse i is simple and does not require
surgery,

WHAT IS CONSIDERED “SUCCESS"” IN THE PAP PROCEDURE?

Asdong as there is no Lack-How of the saline i there is HO L postive result
ol the sodium saccharide test, then the procedme is considered suceesstul,
sailure means Failure 1o identify the ostin in order 1o get the saline in or to
live a positive result of the sodivm saceharide test. Tnabowt 850 of cases., the
aperator fails to hnd the ostium on the first v, boin this case the woman
is ashed to et tor o second treatment or more until the procedure has
been comphcted.

HOW SUCCESSFUL ARE EFFORTS AT FOLLOW-UP IN CHINA?
There s almaost Toot foliow-tp of these patients, so the 9947 success rate
with regards 1o pregnancy (or the 19 %ailine vate)is probably acvery accurane
higure. Once the paients leave Shanghai. however, they are not casily fol-
lowed, even through vital statistics records,
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Pharmacology and Toxicology
of Methyl Cyan_acrylate

ROBERT E. KRALL
ROBERT S. NEUWIRTH
RALPH M. RICHART

The alkvl-2-cvanoacrylates, of which methyl cyanoacrylate (MCA) is a con-
gener.are i homologous series of organic monomers that polymerize on and
adhere 1o moist livines dissue. MCA, the first congener of this series, was
popularized as a tissue adhesive and as a hemostatic agent during the late
19505 and carly o mid 1960s. 1t was not until the Jate 1960s, however, that
MCEA was considered as a possible candidate for the ocdusion of the human
oviduce. s considerations as such seem 1o have stemmed from papers pre-
sented by Woodw=11% and one of us (RMR)?Y in 1969 at a conference on
human sterilization.”

I this chapter the pharmacologic and toxicologic effects reported for MCA
i the decade or so following the discovery of s tissue adhesive and hemo-
static properties will he summarized. Some recent basic studies we have per-
formed with our highly purified proprietary brand of MCA and radiopaque
MOA will also be deseribed.

TISSUE ADHESIVE ACTION

The adhesive action of MCA is accomplished through its polymerization,
which is catalvzed by weak bases, such as hydroxyl groups, that are abun-
dantly present within moist living tissues. Rapid polymerization, which is as-
sociated with considerable local evoluwion of heat,” can be retarded by
incorporating acidic moities into the monomer. Bonding 1o hiologic substrates
such as dermal collagen provides bonds requiring 1000 1o 2000 gisq cm for
disruption, which usoally takes place by fragmentation of the collagen sub-
strate.” Fnthusiasm for the tissue adhesive properties of MCA had waned
by the end of the i960s, Largely because of the intense local necrosis that
develops at the site of application. It is this intense necrotizing or sclerosing
etfect of MCA that led o its recommendiion as a possible tubal occluding
agent.
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TABLE 21-1. Bacteriologic Properties of Methyl Cyanoacrylate*

ZONE OF
INHIBITION (MM)
MCA-MONOMER MCA-POLYMER
BACTERIA {0.02 ML) (10 MG)
Staphylococcus aureus 14.7
(6.0
Proteus 419 Trace
(6.0}
Pyocyaneus 29.0 Slight trace
(6.50)
Escherichia coli 32.7 Trace
(6.0)
Klebsiella {5.80)
Enterococci 16.1 Slight trace
(6.20)

"Number of trials = 5 each.

IN VITRO PHARMACOLOGIC EFFECTS

Since very small amounts of MCA are required when it is used as a tissue
adhesive, there has been a pauciny of interest in assessing its pharmacologic
citects innonliving svstems. From a stricth o vano pomt ol view, perhaps the
bacteriologic properties of MCA are the onlv ones worth noting.

Fleiss studied the bacteriologic properties of MCA and 2 number of higher
avanoacrvke homologs.™ The resubis of his work are summarized in Table
21-1.

In further work performed in conjunction with Linzemeier, Heiss showed
wide inhibitory zones atter appliction of the adhesives on agar pletes that
had been previoush infecred with pure caltaves of Stapi dlococcus aurcas, ro-
teas, Pyxocsancws, Excherichia col, Klebaella, eoterococd, and pnenmococcr.” The
mhibitory zones were especially marked for MCA. which corresponded 1o
the size obtained with 20pg chloramphenicol,

The bacreriologic properties of liquie evanoacr lates, including MCA, have
also heen reported Ty otherps ® 001 According 1o Lelunan and associates, the
hircteriotoxiciny of MCA man be due, in part. to preducts such as formalde-
hvde and anoacetate, which are formed as o result o] aqueous degradation
of the polhvmers.™ The hypothesis advimced by Fassett and co-workerst—
mamely, thacthe MCA monomer is selt-sterilizing—was subsequently disered-
ited by Page and his associates.” whao showed that various tungi and bacterial
spores were able to survive under a liner of MCA monomer.,
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IN VIVO PHARMACOQLOGIC EFFECTS

A number of reports have appeared dealing with the pharmacologic effects
of ingredients normally eniploved in the ssithesis of polvmeric substances.
For the most part, however, these reports deal with industrial health prob-
tems, especially those resulting from the inhalation of such substances. Poly-
merized avanoacryvhves, such s polv-methyl-2-cvanoacivlate, are soluble in
onlvafew organic solvents and thevefore have few measurable pharmacologic
actions. "The principal action appears 1o be hemostasis.,

Lo compare the hemostatic effects of MCA and other (n-buvl and neo-
pent ) c-aanoucn bes, Hervmann and assodiates spraved the monomers of
these substances on the cut surfaces of the liver i ren aduli heagle dogs 1o
control hemorrhige. tollowing resection of tips of various liver lobes (Table
2127 Temporany occlusion of vessels supplving the hepatic pedicle was ap-
phed: following this methvl, n-bul, and neo-peni ] a-evanoacrvlates were
applicd i succession 1o sections of liver lohes, Polvinerizition was rapid,
especidhv with n-bavl and blood loss was onlv moderate, Hemostasis
blood loss were scored 0 1o -1 plas. Emploving u-bund and neo-pentvl mon-
omers.aesingle spraving prodaced gocd hiemostasis. Methvl, i pEH inten-
tonally lowered 1o increase iis spreading properties. pobvmerized slowly and
wats the Jeast effeaive hemostatic agent. Adhesions were graded 010 plus,
and were not conspicuonus e sacrihee, 7 oor T das iter, A both 7 and 14
davsosurtaces spraved withe methng were inflamed and vascadar, Linde of the
polvmer was identified even a7 davss but iis pyogenic elfects, mcluding
continuing accutmnlaion of neunophils and development of a wide rone of
gramulation tissne were obvions, In contrast 1o the other two polviners, the
MO polvmer did not clic o foreign-hods response, These polvimers were
i close proxan 1o hepanic cells. Unlike methyl, n-buyl and neo-peniyl
deposits did not aj.pear 10 undergo appreciable resorotion within 2 weeks.

IN VITRO TOXICITY
Fissue culture svsteros consisting of mounse fibroblast strain 1-929% and Hel.a
cells and initial growths of endivonal bovine skin cells” hive been used 1o

study e cvtotoxicing and istotoxicine of MCAL A sty of these in vitro
findings s presented below.

TABLE 21-2. Resulls of Spraying Cyanoacrylate on Cut Surlace of Livers in Dogs

METHYL N-BUTYL NEO-PENTYL
Surface are:s (sq cm)* 3.60 3.53 3.30
Polvmernization times (sec )* 28.2 3.64 6.11
Blood loss (a)t 335 20.00 16.00
Hemostasis (a)t 16.0 29.5 34.5
Adhesions at sacnfice (b)3 230 29.5 220

‘Mean values. ten determinations.

tSums of scores, ten resecticn sites: higher values indicate greater blood loss or
more effective hemostasis: (a) p - 0.001 by xr*, (b) p - 0.10 by xr®.
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TABLE 21-3. Average Cytotoxicity Zone Size in Millimeters
COMPOUND I AR 2HR 4 HR 6 HR 12 HR 24 HR 36 HR

Methyl 1.5 25 3 4 6.5 12 15
Iscbutyl 0 0 0 0.5 1 2 3
n-Octyi 0 0 0 0 0.5 1.5 2

CYTOTOXICITY

‘The eytotoxicity of methyl, isobutyl, and ri-sen cvanoacryvlite monomers wis
measured by the agar diffusion method of Guiess. Cytotoxicity was exhibired
by the rupture of cell membranes. resulting in the leaching-out of a stain
(neutral red) that had been introduced cvenlvinto the cells. Tn order to hiave
sote basis of con:parison, we measured the zone of < ol! damage for cach of
the cvanoacrvhnes and recorded tollowing exposure periods of 1, 2,4, 19,
2Eand 36 hours. The average zone size in millimeters s shown in Table 91-
3.

Atter 1 hour of exposure, it was possible to observe zones of LOXICItY in
response 1o MCA whereas isobutvl and n-o L ovanoacrylzte cansed no ch-
servuble reaction untl after 610 12 hours' exposure. After exposure periods
of 120240 and 36 hours, the toxic zones strrounding the MCA spread rapidly.

The sones surrounding the disks were not alwats concentric. which may
be explaoined by the fact that 1he polvmer on the disks was degraded i dif-
ferent vazes and wlso by the Lact that meas of the disks mas liive contained
ditterent concentrations of the polvmer. T was interesting 1o note, however,
that no appreciable differences were oheerved hetween the disks exposed
betore polvmenization and those exposed alter polvinerizion.

Fhe results of this study indicare that all the cvinoacryvhaes tested dem-
anstrated definite aviotoxicing, The occarrence of cell injury was e great deal
moresevere i the cse of MCA than with cither of the other two compounds,

The chiet imdesivable properts of MCA s iis tendeney: 1o cause local in-
flnimation and tissue necarosis, The intensity. of e response is dependent
on the bulk of material used aind on the length of the monomer chain, It has
heen shown, for example, that the dlonger the diain, the less is the necrosis
and the milder is the mflammaton response. Leonard and assockues have
suggested that the histotoxicity of these cornpounds vesults from the release
ol toxic degradinion products and that the Tistoxicin would, therefore, vary
with the rare of polvimer degradation.” Previous imvestigation has also shown
that MCA polvmer degrades more vapidiy e ceea than ans of the other Cv
anoaceyfates thus fintested. and therefore exhibits o greater degree of histo-
toxicis . Phe degradation products believed o be responsible for this toxicity
are dormaldelvde and cvanoacetate. e should be noted, however, that the
presence of cither of these two chemicals has not beer, demonstrated in i,

The possible effecr of the hear of polvmevizaion on the coagulation ne-
crosts observed has also been questioned. Woodward and colleagues found a
mean temperatare rise of 1 tor MCAST whereas the higher homologues
exhibied Tower temperature rises, probahbiv hecause of slower pobmerization
vates. e wies thought tha, although the temperatare vise was small, the pos-
sthility of tissue injury by the heat of polvmerization could not he dismissed.
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[tis possible that the hea of polymerization, wgether with the products of
degradation, may contribute to the initial 1oxic response. OF the cvimoaery-
Laes tested, the occurrence of cell mjury was a great deal more severe in the
case of MO which tends wo it irs use as i tssue adhesive bur, fortumately,
which increases its uselulness as an effective sclerosing agent for occluding
the oviduer,

HISTOTOXICITY

Culraves of Hela cells and initial growth of embryonal bovine skin cells were
chosen by Herss o test the i sitro toxicity and histoconipatibility of MCA and
higher homologs of the cvanoa cvlates I these tests, the histocompatibility
of MCA wis found 1o be dess than thiat of bul cvanoacrvlate. Animal ex-
periments inoras fed pulverized MCA tor 100 diays atthe rate of 150 mgrky
showed nosignihicant difterence in the histocompatibility of these substances,
A estimation of the LDo, was 1ot successiul when given orallv. Pulverized
adhesives saspended in water were tolerated up to amounts ol 14 g MCA;
Lerger amonnts caused vomiting.

As inthe case of the studies performed 1o assess aviotoxic ity studies per-
formed 1o determine the mechanisim of action of the histotoxicity of MCA
have failed to elncidane o specific mode of action.

IN VIVO TOXICITY

The oxicologic effects of MCA have been determined using the methods
maditionadhy nsed with drngs and ones more apiy described as in situ histo-
tontcity nethods, Of the two tvpes of methods, only the Euter ones have
produced meaninglul mtormation in twerms ol the principal intended use of
MEA with the FEMCEPT svstem, namelyas o sclerosing agent 1o block the
hoaman ovidur,

GENERAL TOXICITY
The acate toxicologic effects of MCA reported i the literature were deter-
mined by wiany of the oral, intraperitoneal, and subcutaneous routes of admin-

ation (see Fable 21-0.71 Interestingy enough, it was not possible to actually
deliver an LD by amy of these toutes of administration,

TABLE 21-4. Acute Toxicity of Methyl Cyanoacrylate in Rats

ROUTE OF FORiV OF
ADMINISTRATION MCA USED COMMENTS
Cral Polymer Rats tolerated doses up o 1.4 g kg.
Larger doses caused vomiting.
Intraperitoneal Monomer An LD., of 6.7 ml kg was arrived at by calculation rather
than by direct dosing.
Subcutaneous Monomer Administration of doses up to 1.0 ml failed to produte

any acute systemic effects.
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The vomiting induced by the extremely farge doses of o suspension of
pulverized MCA polvmer is probably best explained as resulting from an
irritant etfect on the gastric mucosa, rather than as being an indication of a
demonstrable svstemic etfect. Indeed, the Tack of untoward svstemic effects
strongly suggests that MCA apparentdy does not release de gradation products
to the immediate biologic environment or into ihe bloodsiream in concentra-
tons sulbicient enough o clicit demonstrable phirniacologic or toxic effects,

We have performed aseries of studies with our highty purified proprictary
brands of MCA and radiopaque MCAL Stadies have included both the mono-
meric iquid) and polymeric forms of hoth tvpes of MCAL To obtain the
Liter torm, the monomer was allowed o polvimerize, following which it was
pulverized in s speaal mortar and pestle and suspended in cottonseed oil,
Appropriate control wionps were included inall stadies, Table 2125 contains
dativobrained momice and rass for tworoates of administration (subcutancons
and murapertoneal) tor both the monomeric and polvmeric forms of MCA
and radiopague MOA,

SHORT-TERM STUDIES

Orval admmistrinion of MCA was undertahen over a 90-dav peried o male
and female Sprie-Danlev weanling albhmo s, Groaps ol 16 animals cach
recerved 009500 160 and 200 me ke MCA dailv in then die

Natosic phanacologie effeces were noted, Werghe gaims and survival rates
were normal. No antoward chnical hindings were observed in henatologic,
transarninase, blood urea nittogen, or blood glucose values or in the results
of wnnalvsis, Histopathology was generally umemankable, Inereases in ter-
minal ovary weights and respeative organ hody weights in fenales, and thy-
toid weight increases oo mede and female animals, were interpreted
comnadental statisneal phevomena,™

Oral feeding of MCA was cvied ot over o 90-din period in 6- 10 8-
month-old beagle dogs. Groups of four antimals cach (two made and two
femaler recenved 00500 104 and 200 mg ke daily in the diet.

TABLE 21-5. Results of Studies i Mice and Rats with Subcutaneously and
Intraperitoneally Administered Monomeric and Polymeric Forms of MCA and
Radiopaque MCA

RADIOPAQUE MCA

MCA MONOMER MONOMER
SPECIES LD., (G KG) LD., (G KG)
Subcutaneous route
Mice 15.85 15.85
Rats G.46 7.94
RADIOPAQUE MCA

MCA POLYMER
LD., G KG)

POLYMER
L.D.,, (G KG)

Intrapentoneal route
Mice 500.0
Rats 354.0

583.0
229.0
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No hematologic changes were noted, nor were there any changes in the
transaminase, blood urea nitrogen, blood glucose, and urinalysis values,

LONG-TERM STUDIES

A single subcutancous injection into Sprague-Dawley rats of 0.1 ml and 0.4
ml MCA was carried out. No untoward effect on growth was noted over
19 Y2 months. OF the animals receiving 0.4-ml injection, 13% showed tumor
development at the sites of the polviner niass remaining.”

Asingle subcutancons injection of 0.1 ml and 0.4 ml MCA thickened with
polvmer was given io eight mongrel dogs. No adverse effect on body weight
wits noted over i 2-vear period. At necropsy, no polymer remained and no
lesions were found ar the injection site, Findings by gross and histologic ex-
amiation of organs were unremarkable,2

BIODEGRADATION

Iehas been demonstrated by Kulkarni and associates that perhaps 5% of the
cvano groups i MCA mav be liberated v vivo as cyanide anions that are
immediately comverted w thioovanmue™ In this study, 100 mg of the mon-
omer was introduced subcutancously into 192 vis and 1000 mg of the mon-
omer was similiarlhy implanted into a dog. One week before raplmtation, and
daily thereatier for £ weeks, urinory thiocvanate levels wers monitored. The
results of this stady are summarized in Table 21-6,

Howevers these vesults arve challenged by a Luer study i which the thio-
ovatite conient of the urine wis measured in rats receiving 1600 and 3200
my/ky of the monomer orally and mivaperitoscallv, There was no increase
foand i the wrinary thiocvimare levels of treated animals versus untreated
controls, This was interpreted as indic ating there was no release of free GN
radicals associared with the degradation process of MCA,

The wltinmare fate of implanted MCA, or of MCA polvmerized i situ, has
been well established as a resalt of several studies using MCA monomer
tagged with carbon L When this substince was applied o intact oral mucosa
of rats (.05 mb)y or introduced into the stomach via tbes (100 my MCA),
about 314 ot the originl vadioactivity appeared in the urine and feces by
the fourth dav, as a result of absorption from the digestive tract.'? Similarly,
when implanted subcutancously in rats (0.5 ml) as the monomer! and in
grine pigs (3 mp MCA per cemtimeter of incision ), 2 radioactivity was com-
pletely absent from the initial sites alter 151 and 107 days, respectively. All
of the vadioactivity coudd be accounted tor when the respiration elimination

TABLE 21-6. Metabolic Degradation of MCA by way of Urinary Thiocyanate
URINARY EXCRETION

DOSE OF PATTLAN OF THIQOCYANATE (DAY EXCRETION
SPECIES MCA (MG) (DAY OF PEAK EXCRETION) BECAME NORMAL)
Rat 100 30 50

Dog 1000 7 20
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TABLE 21-7. Elimination of Radioactivity by Guinea Pigs Treated with MCA Tagged
with Carbon 14

%o DOSE RECOVERED

DAYS TO RESPIRA-
ANIMAL SACRIFICE URINE FECES TORY CO, SCAB TOTAL
1 4 65.3 4.6 1.7 50 76.5
2 18 80.9 123 2.5 1.7 107.2
3 24 78.7 7.7 2.1 74 95.8

route is monitored, in addition to examination of the urine and feces (Table
21-7). These stadies indicate thar MCA s entirely biodegradable, since no
ridioactve entities were found renrining in the tissues and vital organs.,

HISTOTOXICITY

Fhe reaction of various tvpes ol tissue to the application of MCA monomer
and subsequent polvmer formation has heen studied primarily in dogs, al-
theugh studies imovirtaally all nopes of experimental inimals, including pri-
mates, have been reported. Although slight vatiations in the tissue reaction
have heen noted, the reaction over time is essentiadly simitin for most tvpes
ob tssues. One of the most comprehiensive studhes demonstiating this fact is
suminanized below ™ Tnthis study in 31 dogs, MCA wis used in conjunction
with sutures to achieve swastomoses of the caotid and femoral arteries (four
anastomoses dog) Vessels from cach of tdinee different dogs were examined
microscopteally abter mtervals of 12,240 48, and 72 hours: after 1.5, 6, and
Cdassyand abter o3 Loand 6 months, The histologic fidings over time
were stmmnarized as follows:

the application of MCA vesadted inanarked initial acute influnmatory
responsein the nnmedite avea of appliciion with coagulation necrosis
occurring distally,

The acute inflammatory response. which persisted until fragments were
removed by phagocviosis, changed gradually o o chvonic one, showing
fibroblastc organization,

After 6 months, the chrone mtlammatony reaction 1o MCA and around
the sutires were similar in duwation and inflannimatory cell response,
Neerosis with MCA was much greater than with sutures alone but did not
result i amy problens of intecion or ancurvsm forntion.

CARCINOGENICITY

The cardinogenic porential of man-made plasties was fiest reported in 1941
by Turner™ ind was further claborated waover o decade laer by Oppen-
heimer and associates ™ As aresalt of the Later experimental information,
it was concluded that imbedding plastic hilim in rodents resulted in the pro-
duction of hbrosarcomas in a high percentage of animals studied. Similar
results have been reported since Oppenheimer's observition, but in all such



TABLE 21-8. Carcinogenic Studies of MCA

Pharmacology and Toxicology of Methyl Cyanoacrylate 1 183

DURATION
SPECIES AND AMOUNT & HOW OF STUDY SUMMARY AND
STRAIN MUCH GIVEN (MONTHS) CONCLUSIONS
Mice! 0.3 mi; 6 Subcutaneous injections of MCA
C-311 subcutaneously into mice with varying
Swiss Albino susceptibility to carcinogenesis
C-57 Black did not produce tumors after 6
months, even in highly
susceplible animals.
Rats' 0.1 and 0.4 ml into 19.5 Study indicates that a
Sprague-Dawley a shallow pocket carcinogenic effect is evident
on the dorsal in the rats that had a large
subcutis aggregate of MCA polymer in
the subcutis for more than 11
months.
Not specified’ 0011l00.5mi 171024  Hard lumps of adhesive were
injections (SC, present after 6 months in
IM. and IP) in animals given large doses but
liquid, solid, and gradually disappeared.
pulverized form Traces of local tumor formation
could not only be found in any
of the animals treated with
MCA and observed for periods
up to 24 months.
Dogs' 0.1 and 0.4 ml into 24 MCA was degraded more rapidly

Not specified

a shallow
subcutaneous
pocket on thigh

in dogs than in rats and there
were no visibie lesions at the
implant site after 24 months.

caves the imbedded plasnc material was in the Torms of discs or s A1 Of

considerable import is the ohsery

ation that i the solid body inmplant is made

sirtler U aris used as o powder the indidence of timor tormation decreases
greathy or becomes nonexistent in rodents,

An equally mportnt observation in ASSCSSINIG Carcinogenie
plasties s that the likeliliood of Gmoer decre
cmploved. Fo cxamples Page and co-workers hund no visible
vears alter the injecuon of 0.1 ml or 0.0 m! of MCA mon-

I()(l('lll\ ot
lestons i

potental of

ases when spedies other thian

omer “contining 2000 polvmer™ into shallow subcataneons pockers ! The
observation by these investigators that MCA “appeared 1o he more rapidly

degraded in dogs than in s
It snould be noted tha the

whatsocver,

alsois not without significance ¢ Lable 21-8).
BioNexus iand of MCA contains no polvmer

Fromy the abeve, it can be conduded that, in addition (o the spectes used

i studving the induction of tamors
is degraded o am, the phyical a1
stmgle most importnt fact in deter
and tumor formation. In this reg

dte of 1

and the rate a which the plastic material
he imbedded plastic'is perhaps the
mining Gusal relationships hetween MCA
ard, the following lindings lave been shown

throngh the use of radioactive Cinhon- 114 tagging:*
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The polymerized material, 1 days afier being imbedded, appeared not 1o
be solid sheet or film, but seemed to he perforated.

After 8 davs, the holes had enlarged and the comtinuity of the polymer
had been disrupred.

By 16 davs, onhe small clusters of powderlike nuterial remained in the
lower dermis.

No radioactivity was detectable atter 107 days.

On the basis of the above experimental findings. it appears that MCA has

a negligible crranogenic potential inhigher animals, including humans (where

fu

mors tron this maierial have vet o be reported), because of s rapidly

changing physical chavacreristios intissue and s relatively rapid absorption
and complete biodegradation. Additionally, the BioNexus brand of MCA also

|

msesses the favorable auribure of parity.
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Histologic Findings Following MCA
Application to the Fallopian Tubes

RALPH M. RICHART
ROBERT S. NEUWIRTII

Methvl cumoarvlate (IMCA)Y is one of o tamily of evanoacevlates that differ
trom one another principadly inthe length of the side chain, The family
mclades methvlo et isobu L nd isopropyl cvanoacrydate, and cach differs
shightlvincins properties, with vegard both o i adhesiveness and to its ability
to praduce ecpuhicehal damage. The cvamoacn bates were nsed mitially i med-
icne as asutae substitute, particalin b Lor cdosing smaldl ineaa wounds such
as incision es i the sking gmgivas cornea, o1 other sites ot which speed of
osure and commetic vesulis e importanm considerations, In general, the
degrec of intbummnatons response is areatest in ovanoaan hnes with short side
chains and deast iy those winh longer side chains, with methyl cvanoacelate
having by Lo the greatest degiee of Tocal reacrion.

Secanse MO generalls produced extensive Tocad tissue necrosis znd o local
mikmmnators vesponse soomtense as 1o bhreak down the sutire line 1o which
Howas applicd e was abandoned as an indcision-closing agent at an carly stage
ne it developiment. and coanoacnlates with fonger side chiins were devel-
oped. studiedsand nproved so as o have tar betier properties for suture
applicanon T Lace methvd cvenoaan Lte was not nsed again an a medical
application unnl 196 when Corbiman, Richani, and avlor applied the ma-
teriad 1o the fdlopian tahe as part of compreliensive screening progriam
studving potential chemical aabe-cClosing agenis. ! Athoueh the local inflam-
mation-producing Hropertes of MO wre inimical 1o s utiling as o suture
substitute, they e prec e the properties l('(]llil(‘(l for atube-e lt:\ill‘q dagent,
This paradox has produced cortam problems when investigators discuss these
materials with menbers of vegulorn agendes and review committees, who
are unaccustomed o the concept that production of the local necrosis and
mtlammanon s o asebul property of therapentic agent,

MO Las been stadied momonkevs, tabbits, vars, and humans? and the
histologic evenis that wccompany s tibe-closing propertios e reasonably
well detimed ™ Fhe material analszed for this chapter was derived from our
own experime s usmg animal wacerial and from hvsterecroms specimens
obtained by Stevenson i his studies of MCA and kindly supphied 1o us for
analvsis,!

156
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RESULTS

When MCN first enters the tube, it does so s monomer: hut s the How
proceeds toward the disad bmbriaced end, the monomer is rapidhy chimged
toa polvimer and the material adheres to the tubal epithelinm, Polvinerization
mitially tkes place e the Howing border of the MCA tha is adjwcent o the
tabal epithelivm. The cental porion of the MCA initially vemiins liquid or
semiliquid bue gaduadle increases it viscosing and polvimerizes toward the
center, unil the entire holus has hecome comverted into o brinde, plasticlike
material. Polvmerization also routinel occirs a the advancng front of the
bolus as i moves througl the fdlopran tahe and by the time the tunbriated
citdd s reached gt is reached s, the adyang g border of the MCA has a thin
bl of polvmerized MO hetween the lguidd MCA and the peritoneal caviny .
Foas this property of an ontward-to-imwand polvmerizaton patter that pro-
tects the pentoneal cavine froncmjury by MCAL even il gas apparenty rarely
occurs) senne of the marerial spills ino the peritoneal Gaane from the fim-
briated end.

Mrer polvimenizanon hus tiken place, the Fallopian tabes hecome vigid be-
catse of the plasachhe stent than now occupies the lumen. Following o FEM-
CEPEMOEN applicaton mowhich the tibes are Blled with MCA, e rgid
rodhke material can casily e pedpated thiongh the thin tabal walls: and it
the tibes are manipuliaed, the MO Can he serpubverized and aoeritn sen-
satton easthv appreciared. ACthe time the MO s polvinerizing, the heatr of
polvinenization is considerable:” and can blister the skin il toud hed,

Flistologicallv s the MO iy o highh velractile material, It es within the
tubal Tamen and cenerallv is mtinaeh pstaposed o he wbal epitheliun
and nsmuated bhetween the il tolds andd [J“(.n', Pheve s hile, i dHy
discermble histologic change in the st 12 houns tollowing MO application,
Subsequenthyincreasingy severe aviologic and Istologic alierations oconr in
the tahal epithelhumm, induding obvions cell death with epitheliad detachment
and e gradually increasing infhunmaton tesponse. s response iccelerates
over the nes 2 davs, antl most of the epithelmm has desquannared and les
wihin the tooad lumen e o hmistoee with the pobhmerized MCA Over
the comse of the nest Fwecks, the MOA s gradually degraded by macro-
phages,and the cobal limen. the immediateh subjacent Lunina prapria, and,
oceastonallvCihe tubad muascudature as well hecome inhluated with a tixture
of polvmorphonuden eukooves, Ivmphocvies, and raphages. Areas of
cpithiclial regencratonr appear during the it week, but they hecome necotie
agan i the region of MO degradation. In regions not intimateh juxtaposed
to the MO regencratian and repetr contunue. These dhianges are sometimes
accompaed by squamons metaplasiae which may he focal o widespread.
Cradualle s the tabal epathelum becomes totally absent. principally i the
mtersatd and sthone tabal segments, as does the laming propria. and the
lumen becomes blled with aomiste of inflamatons debris, i, e de-
gradmg MON ok 22 D Phis iterial s eventuall teplaced by fibrons
vissue, hetween Sand weeks followmg MCA application, extending in from
the muoscalolmmal juncion amil the entive hunen has been comerted 1o
hlons sean tissue dhigs 222200 The san tssue initially is composed of voung

Chbrobleses with Loge numbers of new blood vessels and o sprinkling ol in-
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FIG. 22-3. Seccrion of interstitial fallopran tube 16 weeks after application
of MCA. The voung fibroblasts are being replaced by dense collagen.
There is a pinpoint lumen in this section, bue the tube is totallv closed
more distally,

IEaniaatory cells, but with time this material converts o dense scar tissue,
mflarnmatory cells gradually recede, and the tbal hamen is totally obliterated
(Fig. 12-3). v 12 weeks, polvmerized MCA is no longer detectable in the
Ellopia tube, as it has been degraded and eliminated through mechanisms
that have bheen deseribed previouslv, By 6 1o 12 months, the isthmie portion
of the tallopian tube has dininished considerably in diameter (Fig. 89-1), and
mmany cases the interstitial portion of the fallopian tube can no longer be
detectedatall. The scar from the tabal replicement is indisiinguishable from
other small scars that may be present in the myome:riain.

In the endometrinm, the small amount of M4 that remidns following the
FEMCEPT application polvmerizes on the surfice of the endometrium, and
endometrial epithelial necrosis occurs: but hecaase the endometrium is con-
sidevably thicker than the fallopian tube. the superficial necrosis produces
onbvicsuperticial wound, rahier thasy complete ablation of the ~pithelium as
it does in the wbe. Local inflammation and epithelial damage in the endo-
metrium also occur only superficially. Even it adhesions should form between
the anterior and posterior wterine walls, they are endometrial vather th
mvometrial and mconsequential, since they are sioughed at the aext 1aen-
strual period. “There are no known long-term effects of MCA on the endo-
metrivnm.

In some women in Stevenson™s carly experimerits using large volumes of
MCA, polvmerized MCA leaked from the wterme cavity into the vagina,'
Although it produced a griny sensation and wis found 1o be less satisfactory
than lubrication for sexual intercovrse, it produced no long-term vaginal
sequelae because it was expelled with other vaginal secretions.
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FIG. 22-14, Scction of interstitial fallopian tube 6 months after application
of MCA. The lumen has been completely replaced by dense collagen. No
epithelial ce's remain.

The effects of MCA on the peritoneal cavite are similar 1o those found in
the fallopian tbe and the endometrium. There is local intlammatory re-
sponse with superficial tissue necrosis, and the extent and distribution of the
chinge s proportional to the amount and distribution of the MCA. Although
perttoneal spill has net been studied in women, its action would probably be
similin to that seen inanimals, and no long-teria eftects would he likely unless
the volume of MCA application were considerable. Should the MCA enter
the peritoneal caviny through the timbrisued end and produce zdhesions on
adjacent peritoneal surfaces, we wonld expect onlv a few adhesions 1o form
in the lower pelvis. probiabl no more than are found following conventional
tubal ligation procedures,

DISCUSSION

MCA has many properties that nake i ideally suited 1o be used as a ibe-
closing agent: i is alow viscosity liquid in its monomeric form, its viscosity
and polymerizaton time can be controlled within reasonable limits, and it
produces a chronic influnmatory vesponse that s limited in depth and se-
verity, Teis apparent from other studies that chronicity is of critical impor-
tunce in closing the fallopian tubes, and this property of the MCA, occurring
over its long degradation time, is apparently «f greatest mportanee in pro-
ducing tubal dosure. Histologic changes that accompany MCA application
and degradation are those that would be expected—tissue necrosis and a
chironic inflammatory response resulting in fibroplasia and dense scar for-
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Design Objectives for
the FEMCEPT Device

LEE R. BOLDUC
ROBERT S. NEUWIRTH
RALPH M. RICHART

The primary objective in developing the FEMCEPT* system was 10 provide
a sophisticated transcervical chemical technique for female sterilization that
is applicd on an outpatient basis withowr anesthesia or operative entry into
the peritoneal cavity. "The instrument was designed 1o be safe, effective, rel-
atively mexpensive, and simple to operate. The aim was i self-contained in-
strument that would not require complicated mechanical assembly prior 1o
use. outside power sources such as electricity or compressed gases, or complex
manual procedures.

Construction design called for the use of inexpensive materials that would
lend themselves o large-volume production methods, such as injection mold-
mny.

The instrument was designed 1o he disposable, thereby eliminating the
problems of disassembly, cleaning, and maintenance in the field. Tt was es-
sential that it nothe dependent onva unique technique that could be mastered
only by skilled physicians and that it be potentially usable by trained par-
amedical personnel.

The FEMCEPT device is shown in Figure 23-1. It has three phases of
operation: (1) sealing. (2) fluid delivery. and (3) pumping; all three occur in
less than 2 seconds.

The deviee is constructed of inexpensive plastic materials, a latex rubber
bailoon with & bonded Bacron mesh, and three metal component parts: a
spring, it hypodermic needle, and an alwminum sleeve o attact the balloon.
Limiting the number of metal parts veduces cost, an important consideration
i disposable instrument. A cannula cover is provided to protect the cannula
and tragile balloon. The bal'oon is made of soft rubbes 1o conform (o the
werine cavity and s reinforced by Dacron mesh attached 1o its backside 1o
prevent herniation through the cervix. The balloon is coated with a lubricai-
ing oil to help ensure its shelf life of 2 vears from date of manufacture and
to case entry through vhe cervical canal. The cannulacis 4 mm in diameter,
1s semirigid, and is designed 1o deform, or collapse, if excess stress is apphed,
so as to minimize the possibility of uterine perforation. Two apposing fluid

FFEMCEPT i registered trademaik for BioNexus, Ind, Raleigh, North Carotina,
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FIG. 23-1. The FEMCEPT device with the
balloon in the shape it takes within the uterus
at the time the MCA s injected. (Courtesy of
Population Rescarch, Tne)

exit ports aresocated back a small distance 10 prevent them from being ob-
structed by the endometrium. In the handle assembly, there is an ampule
with & volume of 0.6 ml, designed so that the ampule can onlv be serted
Gp end first.

The actuating phinger telescopes into the air piston, where it is held to its
farthest extension by a preloaded compression spring designed (o be as linear
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as possible: cne force needed 1o compress it is approximarely the same
throughovt its 2 inches of travel.

When the aciding plunger is compressed. that force is transmited by the
spring 1o the air piston without a rigid mechanical connection. As the ace-
tating plunger is pushed forward 1o its Tull excarsion and held in place, the
dispensed fhaid s punmiped into the Elopion tubes by the balloon and the
balloon becomes Larger 1o oc apy the space formerhy occupied by the fluid.
In some applications, the uterine muscles may relaxs allowing the balloon o
expand Farther, bhue the ain piston neves forward o mainiain 4 constant
pumping pressure. Houterine contractions occur, the increased Ay pressure
m the balloon is tansmitted back down the cannuala to the an ovlinder, forcing
the piston back against the prossurc-reguliting spring and again nLintiining
dconstant. safe pumping pressune

Fhe amprele plunger s attached By o ramp to the actating plunger, In
et ravels part ol the wan forwand and then disengages after it has pushed
the ampale forwad onto 1 hollow necdle tha puncrures aorubber diaphragm
at the cap end of the anpule. The ampule plunger continues to mos e forward
against the wmpule piston. forcing the fluid out of the ampule through a
Fellon transter tube o the twe e ports located at the end of the cmnnula.
Phe thaid hole i ahe hollow needle is simall and restricts the How ot Huid
through e This Tuncions Indradicath 1o e the speed at which the ac-
tiator plunger can be depressed. When the a tuating plunger is disengaged
fron the aampule plunger, however, itis free to el forward ara faster rage
and pushes the spring-loaded i piston past a vent hole Tocated in the o vi-
mder Thisacconnis for the ver rapid expansion of the balloon in the uterine
cavity afrer the fhaid s defivered and is necessarm for disision and positioning
of the Huid tn the cornual area.

Iy addition 1o iis operating sequence. the strument is designed (o have
aventing mode o test the integrite of the halloon and intlating mechanism
m the field betore use, When the actuating plunger is pushed 904 of the
was forward. the balloon expands to s maxinnm, capacity and can be tested,
Pashing the plunger the additional 104 of the way lorward wo iis full excur-
sion will alow the air 1o e ape from the balloon, and slow withdvawal of the
phinger cipproximaiel 15 inches) creates 4 vicnum in the bailoon, causing
it to cling 1o the Gamaula, reducing its diconeter and tthing i easier to in-
troduce through the cevvical Gmal, The vented mode will function only when
the Huid-tlled wanpule is not i the instrament. When the ampule is in place,
the venting mode s mechanicaty hlocked, allowing the plungey o he pushed
all the wan torwanrd and held. The balloon can then go to high pressure and
not collapse.

DISCUSSION

The FEMCEPT device has evolved through 14 models o its present conhig-
uration. It has performed o expectations in the latest series of clintcal triajs,
and the design objectives appen largely 1o have been met, The “plunger”
mcorporates sophisticined engineering designs tha awtomatically: monitor
pressures and co. trol How rates, thus removing the need ftor complicaied
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decision making from the clinican. This has resulted in tbal closure rates
that are remarkabhy similire from center 1o centers provided the operator
follows the protocol.

Although the instrament.as anventhy manafactured. is designed to pump
low-viscosity: Huids, and the ampule o accept no more than 0.65 ml, it 1s
possible to redesign the svstem to pump more viscous ninerials and higher
volumes using the sime engineering principles used i this design, Whether
the need will arise tor such new designs is speculative.

SPECIFICATIONS OF THE FEMCEPT DEVICE

Diimeter of cannulacac aliminuin balloon-retaining ring is -t mm,

| Ty

Cannula length s 6 inches.

&

Length of device o shipping or venting mode is 17 inches.

Deviee werght s approxinaately 7 ounces.

Fhandle material is ABS plastic.

Fhe deviee s stevilized with eddivdene oxide gas prior 1o shipping in the
mner container onlvhe outer toil envelope is added atter sterilization
to protect the balloon from light and ozone gas.

|51 BN

<

7. Shelf lite of strument. it contained i protective package, s 2 yvears
from dine of manutacnarer.

8. Storage temperatuie should not exceed TO0°F (37 .8°C).

9. Volune of ampule is 0.6 ml.

10. Volume of fluid delivered o uterine casvity s approxinately 0.5 mi, with
approsumatels 02 il delivered o each tube.

L Viscosity limutation of fluid to be delivered is 30 centipoise.
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Nonsurgical Sierilization Using Methyl
Cyanoacrylate With a Fertility
Regulation (FEMCEPT) Device

MANOEL BOMFIM DE SOUZA FILHO
ELSIMAR M. COUTINHO

Voluntaey sterilization of the female, unlike that of the male, is widely ac-
cepted as alegitimate method of fertility control in Latin America. In this
arca ol the developing world, modern techniques of sterilization, such as
laparoscopic sterilization and minilaparotomy, are being imtroduced, but bl
ligation carvied out during cesiarean section remains the most widely used
procedure. In Brazil, intrauterine injection of phenol has been used for many
vears by midwives as an alternative 1o the surgical procedure that they were
not qualified 1o do® T'he techmigque was widel nsed in the big cities, but
intranterine synechiae and intraperitoneal adhesions resulting from the sele-
rosing action of phenol on the endometriun were commor, and many pa-
tients developed amenorrhea following treatment. tn order 1o restrict injection
ol the ocduding agent 1o o small segment of the fallopian tibes, a new device
(FEMCEPT) was developed, which operates with a balloon that is inflated
inside the wrerime cavin, proteciing the endometrium em spillage, 7 Methyl
avanoaen e (MCA tissue adhesive is used as the occuding agent. We report
here the use of this device in 119 subjects who desived nonsurgical tubal
sterilization,

MATERIALS AND METHODS

Multiparous women aged 21 1010 vears were selected from a large group of
candidates for wibal sterilization who opted for nonsurgical tubal closure
Patients were randomly assigned 1o three groups. In group 1, 38 woinen were
submitted to i single injection of MCA. In group L 33 women had a single
mjection, preceded by imtrauterine lushing with 10 ml saline. In group HI,
A women were subjected 1o two applications at a f-week interval,

Betore injection, presterilized disposable FEMCEPT devices were tested to
ensure proper balloon expansion. “The balloon was then collapsed and the
device loaded with 0.65 ml MCA. The uterus was sounded, and the cannuli
of the device was inserted into the uteras undl it tip touched the uterine
fundus. The device was maintained in position by pulling the uterus with the

196



Nonsurgical Sterilization Using Methyl Cyanoacrylate With a Fertility Regulation Device | (97

help of i tenaculum. The phinger of the device was depressed. activating the
expansion of the balloon and the injection of MCAL After 1 minute, the
plunger was withdrawn, in order 1o deflate the balloon, and the device was
removed. Following removal, the device was tested again by flating the
balloon and imspecting it for leaks and for distribution patterns of MCA on
its surface.

The patients ;lguul to use contraceprion untl bikueral tebal occlusion
cotld be documented by ll\\lcm\llpmg()gl iphv and to be available for fol-
low-up tor 2 vears thereafter, Except for six women who were injected after
day 16, injection was done hetween davs 7 and 10 of the menstrual evele, in
order 1o rule our carly pregnancey,

RESULTS

Hivsterosalpingography carvied owr ac -1 months following the injection of
MOA reveded bileral occhusion i 28 subjects (7190 of group L in 23 (70%)
of group 1L and in 36 (88 ) of group 111

Occlusion of only one lul)c occurred mtwo subjects of group 1 (5%). in
foar of group T (124, and in only one of eroup HI (ess than 29%). lluw
results ave summarized  Table 21-10 The distribution of occlusion, accord-
ing to the ])h se ol the menstrual evele when the injection was made is shown
i Pable 240220 Following a single .1[)1)11( ation betwcen davs 7 and 10, bilateral
closure was 729 in group | .uul G group He Inogroup T bilateral
closure ocomnred i 839 Grthe sebjects, Al sinc subjects fnjected with either
one or two applications after das 16 had bilneral occlusion (1004,

Bilateval occlusion i subjects whose uterine length was between 7 em and
Yamwas 73 tor group 171 Tor group Hand 909 tor group THL The
occurrence of ocdission according o uterine length is shown in Table 2.4-3.

TABLE 24-1. Summary of Clinical Resuits in MCA Studies

GROUP H—
UTERINE
LAVAGE -
GROUP I—-SINGLE SINGLE GROUP [I—TWO
APPLICATION APPLICATION APPLICATIONS
(N 38) (N 33) {N = 33)
NO. NO. NO.
RESULT PATIENTS o PATIENTS % PATIENTS %
Bilateral closure 28 74 23 70 36 a8
Bilateral patency 8 21 6 18 4 10
Unilateral patency
(nght) 2 5 1 3 0

Unilateral patency
(left) 0 3 9 1 2



http:withhdra(w.I1

198 | Female Transcervical Sterilization

TABLE 24-2. Bilateral Closure and Date of Injection Since Onset of Menses

GROUP II—UTERINE

LAVAGE +
GROUP |—SINGLE SINGLE GROUP lI—TWC

APPLICATION APPLICATION APPLICATIONS

NO. NO. NO.
DATE PATIENTS % PATIENTS % PATIENTS %
Day 0-6 67 86 24 50 56 100
Day 7-10 18:25 72 16:23 65 2023 83
Day 11-15 24 50 55 100 89 89
Day 16+ 22 100 11 100 3/3 100

The influence of wterine position on closure is shown in Table 24-1. When
a single application is performed, the highest rates of tbal closure seem o
occur i utert positioned on the midline.

Side-eHects and complications included pelvie pain (199), abdominal tend-
erness (OO and hvperthermy (247) tollowing the procedure. One subject
developed cervical stenosis I month afier the jection of MCAL Three women
required hospatalization, 'wo patients had uterine perforation, and one pit-
tient had excessive pelvi pain. The incidence of side-effects in the various
groups is shown in Table 24-3.

TABLE 24-3. Bilateral Closure and Instrument Depth
GROUP lI--UTERINE

LAVAGE +
CROUP |I—SINGLE SINGLE GROUP I—TwO

APPLICATION APPLICATION APPLICATIONS

NO. NO. NO.
DEPTH PATIENTS ®a PATIENTS % PATIENTS %
4-6 cm 34 75 1" 100 11 100
7-9 cm 24 33 73 22 31 71 35/39 90
10-12 cm 11 100 01 01

TABLE 24-4. Bilateral Closure and Uterine Position

GROUP II—
UTERINE
LAVAGE +
GROUP |I—SINGLE SINGLE GROUP lII—TWO
APPLICATION APPLICATION APPLICATIONS
NO. NO. NO.
POSITION PATIENTS % PATIENTS % PATIENTS %
Anterior 35 60 1:2 50 33 100
Midline 2024 83 1823 78 29/34 85

Posterior 59 56 4/8 50 4/4 100
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TABLE 24-5. Side-effects of MCA Sterilization, All Protocols

MONTHS
FOLLOWING
SIDE-EFFECT TREATMENT NO. PATIENTS %
Pelvic pain 1 5/130 (4)
3 0-31

Fever 1 3130 (2)
Hosgitalization® 1 330 (2)
Uterine stenosis 1 17130 (1)
Uterine tenderness 1 6:130 (5)

*Two patients had uterine perforation; one had excessive pain.

Four subjects conceived before the radiologic evaluation of tubal patency.
Four other women conceived atter hysterosalpingography suggested hilateral
tubal occlusion. Reevaluation of their hysterosalpingography plates indicated
that interpretation of bilateral tubal occlusion may have been wrong.

DISCUSSION

The present report confirmis previous experience with the FEMCEPT device
and indices that nonsurgical sterilization may be developed into a practical
and safe method of feriliny control. MCA produces effective closure of the
fallopran tube in 88 of the subjects when it is applicd twice. Although this
percentage of successtul closures is substantial, further improvement appears
to be necessary betore the technique receives worldwide acceptance. One
possible arca ol investigation is snggested by our finding, in that in a small
number of patients, dosure is readily accomphshed when application is made
after dan 16, probably after ovulation has taken place. It seeins that relaxadon
of the tbal isthmus that occurs ander progesterone domination facilitates
the penetration of MCAL resulting in eftective closwie. I failures result from
spist of the uterotubal junction or ¢f the tabal isthmus, we should indeed
achieve i greater success vate by pretesting the patient with a progestin, an
oral contraceptive. oractubal relaxane. We have shown that tubal spasm may
be promptly neunradized by several treatments preceding injection of a con-
trast medium for hysterosalpigography.'* Prostaglandin svnthesis inhibi-
tors. ceadrenergic receptor blockers, B-adrenergic agonists, or prostaglandin
antagonists may: he considered as tabal relaxants o be used in conjunction
with injection of MCA with the FEMCEPT device.

The greatestadvantage of this method over Liparoscopic sterilization is its
nontmvisiveness, Lranscervical tabal closure simplifies the sterilization, mak-
g i praciical as an ofhice procedure. However, the two cases of uterine
perforation recorded i our sevies dicate that this new method should not
be used by inexperienced doctors or paramedical personnel, Its use without
the back-up of the services available at ahospital should not be encouraged
for the time being, certainly not before the risk of uterine perforation is
further reduced.
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Transcervical Tubal Occlusion
Using Methyl Cyanoacrylate:
The Two-Application Technique

NARGESH D. MOTASHAW
R. TALATI

The techuique of temale sterilization has achieved major importance as a
means of fertliy regulation (llll'iln_" the past 3 decades, lirst with the Lapa-
rotomy [)lll(((llll(' and Tater with o minitaparotomy or laparoscopy. Despite
mmprovements meanesthesia, surgical training, and equipment, operative pro-
cedures carry asmall but significant mortaliey, In develeping countries. mor-
ity is in the 1 ange of 1010 20 deaths per 100000 procedures.

When discussing sterilization, family planning personnel must contend with
several barriers to acceptance, one of which is the word “operation.™ A non-
operative techoique of tibal occhusion performed as an office procedure is
hl\(l\ to- be more readilv accepted by women all over the world than an
eperative method requiving ospitatizaton. With this in mind, investigators
e many centers e careving out rescarch on transcervical chenical methods
of female sterilizanon,

Workers have soughoa saitable chiemical that would destroy the tubal epi-
thelinm and vet he sale ta the peritonemm and devoid of any svsiemic effects,
One of the more |nnnn\|m, agents is methnd evanozervlate (MCA). A suitable
svstem: has been stadied i depth in lmungmun. and thew efforts have
resulted in the production of the FEMCEPT devieet A sudy evaluating a
tvo-application technique is deseribed in the following sections.

MATERIALS AND METHODS

Fittv healthy parous women de snms, permancent control of their fertility were
selected, according o protocol: patients with medical disorders such as heart
discase, diabetes, hvpertension, or tuberculosis were excluded. Ina few cases,
a chest roentgenogram wis taken, because of the high incidence of taber-
culosis i the anv. Patients who had undergone vecent abortions or who had
dehvered a child o few weeks prior o being seen were counseled 1o retirn
after two normal menstrual periods. A woman who had used an 1TUD was
cnrolled 1weeks atter the removal of the device.
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The details of the (e Imique were explained o he paterts, and 2 social
worner emphasized (e HeCessiny ol a second mstiladion :nd the peed for
continued contraception, regular follow-up visits. and Ly @ hvsterosalpiss-
BOgram. A routine clinical examination was done, 4 Papanicolaou smear was
tiken, and the uero civical length was measured. fhose pasiens with urer-
me length under 7 o o over 6 emowere excluded

Al the procedines were carried out we the offiee witlin 5 davs of (he
termination of menses, A tew patients who were using ora contraceptives
didd not mensiuaie tunderwent the seeond wstilltion after he result of
S PIESIIO1est was neginive, b procedure was done with ) dseptic pre-
Crutions, exactly s recommended. The volume of MO injected was 0.6 ml.

Dilitintion of the cervica) . anal was necessary at the tme of the firs injection
for 7 paticns and the time of the second mjection for 5 patients: one
patient vequired dilination or both occasions, 1) all cases, w f-mm cervical
dilitor wa used,

COMPLICATIONS

Paiis oosnbiecnve variable vhenomenon i s alwavs difficuli 1o assess. In
this siall serie (he privacs patienrs from ogher sociocconomic level com-
plained more frequentl or mingmal discomfom than did those women from
the lower so 10CCONHIM group.

Hospindization was necessay in only | PAtient (No. 013, who experienced
abdoming] pan and vaginald bleeding 3 weeks alter the procedure, A stnall 3
© o swelling s palpable in the vight fornix. The woman responded
well to annibior therapy, and her h\sl('n)x;ilpingugmm T months Later re-
vealed bilie Pttt tubes, The pelyic inH;:mm;nm_v disciase mav not have
been due o he proceduoge,

Noserions complicadon las occurred.

RESULTY

Fortveseven of the 50 patents have had (he nonradiopaque MCA injected
twice, l{\.\,u-x‘m;nlping(»gr;uns Fmonths after the second application have heen
obtined iy ] paticnts. The dve used was water-soluble meghomine jothal-
REHC jecion GO Wy containing 280 mg iodine in combined form in each
milliliter (Conray 280y, hree paticnts, one of whom has had 4 hyvsterosal-
pingogram. did ne tetinn o the second treament. OF the 11 patiens
undergoing h\w-:m;:l,nngngr;um after ompleting two mstillions, 59 were
shown 1o hive hilarera cosure and one gad Dilieral patency. One patient
had o unilaterally paatent tube,

Forvarious reason, (he rocnigenographic mterpretation is nog always casy,
and the vadiologisi and the clinie ian may disagree on Imdings. {'wo patierts
vere reevaluated for donlyfy) batenay ot the right tube, One patient (No.
007) had Laparoscopy und yeneral anesthesia: methvlene blue test ye-
vealed tubal bl Rage. A secondd patient (No. 020) had o repeat hvsterosal-
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pingogram. which showed a bilateral closure. Patient No. 015, with bilateral
tubal patency, had only onc application of MCA and thus was truly out of
the two-injection protocol,

DISCUSSION

The method of vanscervical mjection of MCA using the FEMCEPT device
to produce rubal blockige inust be compared with laparoscopy and minilap-
.nnmnl\ the two me x..n(h of sterilizanon now  vogue. Being a nonsurgical
pioce ture, the MCA wechnique is free from anesthesia, does not invade the
peritoncal cavitv, s simple to execute by medical and paramedical personnel,
and does awav with sophisticated expensive insoruments. The patient spends
onlv 30 1o 60 minutes ar the clinie. No mortaliny has occurred 1o date, and
no life-threatening complications have been veported. I India, sterilization
can be legalls p(\tmmul without the partner’s nermission, however custom
dictates thet the wonn must have her hushand's consent. 1 he vefuses, she
must accede o his dediston and she must continue 1o hear children: having
cither a lapgaroscopy o aominiliparotomy procedure without his knowledge
is impossibles since scars, albert smadl ave visible: By the nranscervical tech-
nique. however:a patient hos the option of clecting stevitiztion without di-
vulging that fact o ivene other ihan the operator,

T Il( disadvantages of this method are the frequent need for two applica-
tons, the Jong waiting period betore effective blockage can be proved, the
high tatlire vaces and the donbttul veversibiline of the procedure.

Avepeat procedu s ditheult to implement in developing countries, and
the contr ous wne of contraception for 4 months following the procedure is
aserious drawback, Fovtherd it the dosure vate is shown to be velated o the
dav ot mjection follovwing the onser of menses, the procedure would have a
limned applicvion in-canp sitiations, for when patient is motivated for
sterilization, postponement for v reason has a negative impact; onee a pa-
tient has come o the dinde for sterilization, she wants 1o have it done right
away o that she cmreturn homes I many cases, waiting even for a day or
so ds unacceptable or impossible.

Suigical sterilizition by laparoscopy or minilaparotomy s @ one-time pro-
cedure. Tty quichh exccated, immedineh effective, wd possiblv reversible,
tthe tube s notextensively dimaged. "These procedures necessitate physician
traming and sKilloand inthe case of Lparoscopy. expensive equipment. In
addition, these te hoigues are mvasive procedures requiring anesthesia, local
or geneval with aosmall bue signibcant mortalioy and morbidity, An analvsis
of the data Trom o major teaching institutions i Bombay for a H-vear
pertod (l‘h =197 revested amoriality of 8.6 per 100,000 Laparoscopice ster-
ihzations.

Faopic pregnancy s notorious late complication of sterilization. Cheng
and assocuates anahvzing the data of accoordinaated study conducted by the
Internatonal Feraliny Rescarch Program, found 15 ectopic pregnancies and
FO79 muauterine preguandes in ‘_’ 1,000 women who had un(lcn,nnc surgical
sterihization by vidous techniques.! The occurrence of ectopic gestation after
Chemmical sterilization is not known,
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The study deseribed in this chapter was periormed :a the Concepeion Palacios
Maternity: Hospital in Caracas, Venezoeli, This is an unusual institution in
that during T9ST, 39231 female patients were hospitalized there, Of this
total, 9L delivered at or near term, and of these deliveries, 799% (23,757)
occurred in multiparous women. The Familv Phaming Service of the Mater-
nity Hospital provided 33,908 consultations during this same time period.

There is an increasing demend for irreversible contraception by patients
i such an overcrowded institution with imited facilities. This has led us 1o
consider methods that will permit us 1o fulfill the needs of the patients as
well as the requirements of the hospital. Ancideal method should be easity
performed on an ambulitory or semiambulatory basis, with a low incidence
of comphications and side-elfecrs, and should not requive specially trained
personnel or sophisticated equipment.

No presceuthy available procedure meets all these eriterias Therefore, we
have looked ar some of the drugs and chemicals now bemg applicd by trans-
cervical imjection as an - aliernative for tabal sterilization. We performed a
climeal orial with radiopaque methel evanoacrvlate in 87 volunteers, and the
results of this ongoing trial, which was begun on October 10, 1981, are dis-
cussed here.

MATERIAL AND METHODS

AERT patients were envolled on a voluntary basis and were aware of the
experimental nature of the procedure. The procedure was explained to them
by the social worker of the Family Planning Service and one of the authors.
All patients were of proven fertility and desivons of an irreversible steriliza-
tion procedure (Table 26-1).

Complete phyvsical examination, routine laboratory tests, and gynecologic
exammaticn, which included Papanicolion smear and uterine sounding, were
performed on cach woman before her enrollment in the study,

The precedure was performed as previously deseribed after cessation of
the menstrnal period, no aer than 8 davs afier the first day of bleeding.
Since radiopagque MCA was used, a tlae plone of the inlet of the pelvis was
obtained prior to and after MCA application.
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TABLE 26-1. Obstetrical History of 87 Patients Undergoing MCA Instillations for
Sterilization

CHARACTERISTIC MINIMUM MAXIMUM AVERAGE
Age 23 39 32
Gravity 2 11 5
Parity 2 9 4
Living children 2 9 4

RESULTS

OF the 87 patients, onlv 13 have had hysterographic confirmation of wbal
pateacy The results were analvzed according to radiologic and dinical ob-
SCTVITONS,

RADIOLGGIC OBSERVATIONS

The radiopaque MCA tindings on the postapplication flat plve are shown in
Fable 26-2Fhe vadiopague matevial conid not be visualized on the flat plae
i casessand inc IS cases, it was visualized in onl one tube, The visualiza-
tion of this material was more Brequent in the left tube than in the right.

Both i hikweral and unilaterad visualization, there was a wide varianee in
radiologi images. This viodiion wis dependent on the extent wo which the
acnvhne material penerraced into the tibe (Fig. 26-1).

OF the 13 hysterogrians performed, 32 showed bilateral tubal occlusion,
demonsiranmg s wcess rare of 715 In hive instances there was closure of
one tube onhv oA hysterogram of a bilaterad patency s shown in Figure 26-2,
anda unilzeral pateney is demonstrated in Figure 26-3,

CLINICAL OBSERVATIONS

Fhe primany complaing during the application of MCA was pain (Fable 26-
31 Ehis paincwas deseribed as moderate o severe in only P of the paients,
Patients could get np from the table between §and 6 minutes after mjection
and were able w lene the hospital facilities within 10 mintes, on the average,
with extremes of 510 25 minutes postprocedure.

TABLE 2%-2. Visualization of MCA on Postinjection

Roentgenogram
VISUALIZATION NO. CASES %
Hilateral 58 66.7
Left tube " 126
Right tube 7 8.0
Not localized 11 12.6

Total 87 99.9
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Side-effects were experienced by 16 patients after leavine ihe table: 11
women had & minor visovagal reacton: 2 had pain ol modenate inensity in
the lower abdomen: 2 had pain vadinting 1o the one lewy and bl pain and
vomiting. All these svmptoms disappeared with the administration of mild
analgesies and anticmetics,

DELAYED 5IDE-EFFECTS

Drng thie month following ihe MCA application, some complications and
side-ctivets were observed. Painin the lower abdouen was observed in 16
Histaces 700, bue the women responded well 1o customary dosages of
acenvbadiovhe acid. Pain and fewer in seven cases (84%), fever in three cases
(30 endometritis in tuo cases, one case of urinary tract infection, one case
af amenorrhea for 3 months, and two cases of pelvie inflammatory disease

were also observed.

DIFFICULTIES RELATED TO THE FEMCEPT PROCEDURE

I seven padients (490, the cannula was difficult to pass through the internal
cervical ost dilaation with the arerine sound was required in two of these
paticnts. In two patients, withedravan of the inserted cannula was difficult.

I tour patients G40 the haltoon was visible during MCA application. In
these cases, Iivsterography has not vet been performed, therefore the effect
on tubual occlusion is not knowi.

Finally, in one patient, the MCA vial became obstracted in the reservoir of
the device, and anew FEMCEPT had to be used.

DISCUSSION

The cvanoacrylutes are tissue adhesives, and owing o their necrotizing and
pyrogenic acton, they can be used as tube and deterens occlusives, as stated
by Woodward," who by adding some acid moieties succeeded in reducing
tocal hea production: during their nanstormation trom monomer 1o poly-
mer.

[nexperimental stadies in rabbits, the cvnonerylates have consistently pro-
duced tubal occlusion by destroving the epithelivm. The meth ] derivative
was tested by Stevenson and Uavlor, with an ingenious but troublesome lavage
technique. showing its effectas atissue adhesive on the human tallopian tube
and endometriam.?

Further, Stevenson has shown that by 240 hours, there is necrosis of the
tubal epithelinm touched by the polvmer, and invasion of the stromal tissue
by polvinorphs wnd vmphocvies” After o 2 weeks, the necrosis reaches its
maximunand an the end of 20 weeks, the Ballopian tubes are totally trans-
formed o fibrous cords. Stevenson was able 1o demonstrate by means of
byvsterograms that w0 709 bitateral occlusion had occurred in -1 procedures,



FIG. 26-1. Plain voentgenogiams atier MCA mjection. (A) Left tube has
been totally injected and the 1iaht tabe his been injected only in the
mensatal poruon, B Right tibe is torally s isualized: MCEN O spilling from
the et tabe into the penitoncan o and £, Endes in vight aned left tubes,
respectively,
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D

SUMMNARY

In the present ongoing study, 1o dite 87 patients have been treated with
radiopaque MCA by transcervical injection by means of the FEMCEPT de-
vice. Afrer application of the radiopaque material, a bilateval entrance could
be visualized in G6.6% of these patients. OF 13 hysterosalpingograms, 39
showed hikiteral tubal occlusion anid 5 showed unikateral occusion. The main
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TABLE 26-3. Pain During MCA Injection

TYPE NO. CASES %
None 29 33
Mild 46 53
Moderale 6 7
Severe 6 7

Total 87 100

immediate side-effects were pain in the lower abdomen and vasovagal reac-
tions. No patient required hospitalization,

We consider the use of MCA 10 be a promising new method for female
sterilization,
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RALPH M. RICHART

ROBERT S, NEUWIRTH

PER AGNAR NILSEN

JACQUES RIOUX

I'riC Z1IGHELBOIM

VANGEL BOMEIM DE SOUZA FILHO
RENE CUZMAN-SERANI

NARGESH D MOTASHAW

The development ol a widelv apsplicable transcervical methad of tabal steril-
ization remains an important ver elusive achievement for fertlity control, In
@ previcus commmpicition an muauterine badloon instrunient svstem deliv-
cring ncthvl cvmonenylaite (MCA)Y Tor ranscervical tabal sterilization was
described ™ Limnited dindcal experience has heen reported. with snxall moddi-
frication< of the instrament svstenn, as well as with variations in the volume of
MEN cnploved " Tabal dosure rates, as determined by Insterosalpingngra-
pin 20 16 weeks foltesing reatment., varied as miodilications were made,
but, - geneval. tabal dosure improved trom G494 10 785 alter o single -
jection. As the svsten design was stabilized. the cinical techniques were changed
i order to iaprove tesults favther, o addition, o radiopaqie MOA was
developed. Preliminan experience with the jodinated radiopaque MO\ will
be described, as will the vesulis of dinical teials,

MATERIALS AND METHODS
The FEMCEP'L device inall these studies as the sime model nsed in the
previous teport.! e imnstrmment use was also unchanged. and 0.65 ml MCA

wits used inthe ampale. Patients were vandomly assigned, parous wonien
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with ormal pelvic organs and regular imenstreal function v ho desired ster-
tization wnd agreed (o follow the protocol after counseling and consent.

Fnehis stuedy dhieee clinical protocols were designed Tor randon: assignment
i sixostudy centerss Althongh the sustenn is simple to nse, i dinical training
session wis held with cach investigaeor at the outset of the study 1o ensure
uniforminy of rechnigee and dira collection:.

In the st protocol, w single postmenstiual apphcinon of the FENCEPTY
MO svstent was Tollowed by ac -month interval of barrier o1 oral contra-
ception and then by o hyvsterosadpingogran. 1 the tabes were blocked, the
patient was informed and then followed: she did not e other conraception,
I one or both tabes were open, i repeat injection was offered and the se-
quence was repeated. o abieraative sterilizaton procedure was performed,

I the secomd protocol, 4 twosinjection sequence wis used. in which there
wis i one-cvede G0-davy intervad between thie injections, Contraception was
then continued for 1 maeihs undl o control Invsterogram was done. The
protocol wis otherwise identical to the st one,

In the third protocol. a single postmensiral applicaton was innnediately
preceded by awterine Livage, using a Rubin cumuli, with an olive T em from
the up and 16 ml normal saline. The saline was rrigated genth over a 30-
o bt-second period, atter which the FEMCEPT/MCA svstem was applied.
Following the MO\ application, the protecol was identical to the other two.

I addition o the taee-protacol vanaomized trials, @ fourth study was
designed o evaluare the effectivin of newlv compounded MCA containing
anomhibitor of MCA polvimenization that is radiopaque. The physiochemical
behavior of the MCA with vadiopague inhibitor was virtuails mndistinguish-
able from the nonadiopaque material, Towas thought that this vadiopaque
property woald allow the operator 1o determine whether the MCA had pene-
trated into the fallopian subes, 1o measure the distance using a simple flat
plite. and posablv o predice tabal dosare prospectively. Following prelimi-
nany aborators testing of the vadiopaque material aned s study m three
paticnt volunreens using cinefluoroscapy immediarey prior hvsterectomy,
we tsed the maserial inambulivory parients,

Fhe radiopacgue MO dincal stody wins designed on the sane hasic pattern
as the single postmenstiuad application protocol, exc eptothat aninler view
pelvic i plate was taken imediareh priov 1o and follewing the MCA ap-
plicanon (Fig. 27-1 . the techique of apphcation was tdentical 1o the non-
tadiopagque technique. oxcept thar the procedunre inthe st 20 cases was
done under fluoroscopy. Following the applicition. the lilms were companred
to stdy e distribuion of the MCAL Al paticnts used contraception, and
hosterozalpingogram was performed hetween 19 and 16 weeks posthroce-
dure. The protorol was thereatter the sane as in the noniitdiopaque studics,

Computer-compatible data forms were developed for all tour protocols,
and the completed forns pius all Ha plates were forvarded 1o the principal
tvestigatons for contirnntors reading and datec analvsis, The daa inciuded
general information, gyoccologic history and pehvic findings, device and ad-
hesive identification, procedure Cimaceristics, e tollow-up history and
phvsicad Iimdings at & monddy and -1 months postprocedure, and at 6-month
mervils thereatter, in thiose patients whose Edllopian tubes were bilmerally
blocked on I sterosalpingography.,
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TABLE 27-3. Closure Rates With Radiopagque MCA
NQ. PATIENTS

RESULT (%)
Bilateral closure 54/62 (87)
Bilateral patency 2/62 { 3)
Right tube open 4/62 { 6)
Left tube open 2:62 ( 3)

women had bikweral wibal dosure evident on the HSG. The incidence of
pelvie pain, fever, and hospitalizatien was no significantly different between
those patients in whem radiopaque and nonradiopague MCA were used, but
the number of patients in the radiopaque group is still small.

REPEAT APPLICATIONS

The bilateral closure rates in 24 patients who were re-treated immediately
after the fivst igjection failed was 904, as determined hysterosalpingograph-
icadly. “Lhis re-treated gronp diiters from the two-zpplication series in tha
there is a longer intervid between treatmens (generadly 1 or 5 wonths) and
there is an imtervening hvsterogram: in those paacnts whe clecied 1o bave a
sccand MCA procedure divecdy alter failure of the fire, e bilateril closure
rate wis YR

Seventeen pregrancies are known 10 have occurred in the 821 woinen
treated with MCA andd subserqueittly exposed 1o 4 possible pregnanoy. Twelve
women hecame pregeam before the initial 11SG was performed, ov following
anc HISGoan which one or both tebes, were patent, but prior to i second ster-
ization procedure. In one instance the film was misread, bur when it was
reviewed afrer the poegnaney had occurred it showed o unilateral patency.
Two women besme pregnant afier hitaierad blockage was reporied on HSE,
Beth pregnancies occurred within 6 months of the 11945, 11 s impossible to
determine whether these failures followed o false-pesitive HSG, tubal spasm,
or recanalation. In the Toth and 17 patients, biluteral closure was shown
ov the HSG, the paticnts were thought o be pregnant, b only decidua was
found at the time of curenage for bleeding. Noubal pregnancies have oc-
curred. The ol namber of women-nionths of patients foilowed 10 daie,
alter closure on TISG s 3629,

LONG-TERM FOLLOW-UP

Lo date, 291 women have been followed for 1 1o 31 monihs following bilateral
closure hased on the hysterosalpingographic examination. These women have
aggregated 3629 months of follow-up, and two pregnancies have been ex-
perienced, s reported above, Both pregnancies oceurred in ihe carly part of
the follow-up. and whethier these represent recanalization or false-positive
HSGs is unclear, Inany case, the population has remained pregnancy-free
after 6 months and no cctopic pregnancies have been reported.
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DISCUSSION

There has been asteady inerease in bilureral tabal blockade following a single
apyhication of MCA sinee the clinical trials using the FEMCEPT/MCN svstem
were finst begun. Through aseries of modifications in the delivery svstem in
the MCA wnd o the clinical protocol, the clesure rates hine been improved
from 644 i the carly studies 1o 877 using the radiopagiee MCAL Ty clear
that these rates are mthuenced as well by the care with which the clinician
tollows the prowceol. Fhe dosure rates wre highest when the svstem s used
during the canrliest phase of the mensirual evcleand they are progressively
iower e the hueal phases when there is more mucos snd o fush, delicate
endomerrinm, Teas abse deins thie dbe svstam s no effective in uteri that
sound to grcuer thae 9 ancor fess than G eme which is where the instrunient
is designed to operate. The instrament s also not effective in patients who
have signihcmtingnaerine anonadies (pavticalarlv bicornuate or deeply sep-
tate uterny or e patiens with signiticant distortions of the cavity owing 1o
submucons leiomyornas or endomenrial polyps, Deviations from the protocol,
or the inclusion of patients with signihcant urerine pathology  will significantly
dimish the dosure vares,

One of the most promising aspects of the study has been thae the procedure
appears to be sates T he dimcal side-etfecrs wre mimimal and are related o
the acton ob the MOCN oy o lacl inthmuanatory agent when assoviated with
signibicant tssue destrncion. As would be expeaed. some patients complain
of Tow-grade pelvic pam ad ol tevers asneall number of patients complain
of signihicant pain, which may persist for weeks or months, These clinical
sequelae do nor seem o difter signiicanddy frong those associated with other
methiods of female sienlizaion. The hospitdizaions have been related prin-
cipadly 1o conservative dintcal e offered inassoctation with the clinical
testing of inew procedure "The majorite of paticnts were hosnitalized owing
to vagal reactionsanother group owing to a single heavy poriod, and the
others because of vinving degrees of pelvic pain, “Two of the hospitalized
patients had Liparoscopicadly proven pelvic inflammatory disease, but in both
cases the nfliommation vesolved atrer wnibiotic therapy, Three of the six
worien admited with possible pelvie infection were dischavged without ther-
apy abrer Tor 2 dans,

The addinon of wadiopaque MCA 10 the FEMCEP TMCA svstem prom-
ped to provide anopportaran o monitor the dvnamics of the MCA appli-
cation and ity cotrse i the upper female genital tace I also appeared o
hivve the potential tor predicting those patients in whom tibal closure would
occur. enabling the dimcin to select out those patients who were prospective
Lailures for re-ireatment o, sterifizaion by another teclimique. Tt has proved
ditiicalt to monitor the dvnamics of the application mutoe hecanse the present
level of vadiopacite is insutficienth radiodense 10 be seen easily in some pa-
tents,

Amore distrbing hinding. however,is that contrary 1o our previous helief
based on o animal studies. ' MCA does notadwavs close the fadlopian tubes
i enters them. There are o few patients inwhom clea-cut hikaeral tabal
ey of radiopaqgue MCA extending well into the ampulla could be casily
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The FEMCEPT device will consistently deliver nonpolymerizing, nonadhe-
sive Huids of the viscosity of water to the fallopian tubes bilaterally atier a
single application, provided the plunger is fully depressed and kept in that
position for a fidl minute at the time of the application.? Pressure by the pre-
set piston. applied continuously for 1 minute, is sufficient to overcome the
tubal spasm sometimes cecasioned by cervical grasping and uterine manip-
ulation, and the hitwteral delivery rate s approximately 80% with free-flowing
thin liquids in normal uteri. When methyl cvanoacryvlate (MCA) is used with
the FEMCEPT deviee, 5 begins to polvmerize immediately after its applica-
ton, and its viscosity increases rapidly with rime. From cinehystero-
salpingographic studies of radiopaque MCA, lisile, if any, progress in tubal
entry appears o occur after 20 seconds, so prolonged application of addi-
tional pressure is futile,

The vate at which MCA enters the Fdlopian tubes has increased progres-
sivelv during the life of the FENICEPT project as we have developed more
sophistication in manipulating the chemistiy of this substanee and enhancing
its tube-entering abilines."* U he most dramatic advance oceurred when the
successtul radiopacifving of MCA was accompanied by an increase in its abil-
iy o flow (referred o as spreadabitity) and resulted in a significant increase
i tuabal enary and i bilateral tbal closure (see Chapter 27). Additional
attemipts to increase the spreadability and 10 control the adhesiveness and
viscosity of MCA are likely o increase the rvate of bilateral entry. It may be
necessary to counterbalance improved spreadability by other changes in the
FEMCEPT/MCA svstem, such as the volume of the applicadon, however,
since spreadability appears also o he accompanied by a deeper penetration
into the fallopian wbe and peritoneal spillage may be an undcesirable side-
cifect. Our group is exploring chimges in some of the inhibitor additives that
will inerease spreadability and potentially enhance entry rates.

Our operating hypothesis sinee the carly animal experiments with MCA
has been that if the chenical enters the Fallopian tbes, v will produce clo-
sure.” “This belict was devived from studies of MCA in the rabbit, rat, and
monkey in our laborairy, and was confirmed in a limited number of monkey
studies by the World Health Orvganization as well. Our belief, based princi-
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pally on the experience in e Peaple’s Republic of China with phenol-based
chemical occlusive preparations, was thai the tengih of tabal entry would also
be i importn factor i deiermining tubal closure rates., a hypothesis that
abso was consistent with data derived rom clectrocoagulated fallopian tubes
at the time of faparoscopic sterilization. Our experience with radiopaque
MO ow indicaes that tubal closure does not abwinns follow tubal eniey, even
when the MO extends the fudi lengih of the rliopiim tabe (see Chapter 27).
Fhus, we are seeking o beter understuding of the mechanisms through
which MCA praduces tibal dosure, seas 10 Le able 1o manipulate those
Lactors thae cn heidentitied as important in citane ing the tube-closing abil-
v of this substance. e is probable that certin additives will enhance the
tibe-closiig etfectiveness of MCAL as will certain changes in MCA handling
and pachaging,

I i evident than vadiopague MCA offers the possibiliy o sty the dy-
naios of the sestem in cniical use, Wee pln to tndertake additonal studies
using cmehvsterosalpingography to determine the mechanism responsible for
the futhire of MCA 10 penetrate the tthe and 10 correct the problem. We
hope 1o obrain an MCA e is sulficenth radiopaque to permit consistent
detection of tubal entry by means of . postapplicarion abdominal voentgeno-
grame Phosol the tube-closing abilite of the MCA can e improved suffi-
acnthvoar should he possible, ac the tme of the procedure, 1o distinguish
those panents i whom bikueral dosuve is virmnally ensured Trom those n
whonr tibal Giosure is unlikely . The later group ca then undergo a second
Heatment,

Fhe abihy o detear tubal enmmy and have i cquivitdent 1o tabal closure
would vastlv enhance the wiline of the method, particully in- developed
countries where aceess to radiologic tacilities is wideh available, Investigitors
areattempting (o anake the MCA more radiopaque. and prelminry studies
sugeest that at feast a 30 enbuncement over the prior product can be achieved
Inee (ih.ll)l('l 2T

Usmig the nonradiopagque MCAL we produced o 784 bilateral dosure 1are
abterasmgle wpplication i 102 women. Using thee radiopaque formulation,
we mareased the closure tite 1o 879 T he shudy, of salpingitis spontancously
occuniing mowomen. and animal data, indicae dia the tbal cosare rate s
significanty enlimced by prolonged or repeated exposure to MCAL Inan
attempt to enhance the dosire nnes, we treated o series of patients with two
apphications of nonradiopagque MCA and produced a hiliateral closure rate ol
approxmuatel 8700 This rate was wdeniical 1o the bilateral dosare e achioyed
with a single application of i Pactopague MOA,

Toa further anempr o enhance the tubal dosure ates, we changed the
clinical protocol. vather than manipulaing the FEMCFPTMCA svsten. Pa-
tents who had experienced unileral or hilueral failures alter the lirst ap-
plication eleced to be ve-treated, and a biliteral dosire of 904 was o hieved
on the secoad applicavion. This bused saanple may ot be representative of
the patient pepulation as o whole, however.,

Pheoreticdvoif the same dosure vates achieved in this self-selected cohort
would be acpieved for all women teated with the FEMCEPT/MCA svstenn,
abilateral dosure sare of 984 16994 would be expected after two applica-
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tions. It was surprising, therefore, that a rate of onlv 877 was achieved in
women who were treated with two applications T month apart. Possibly, the
lower-than-expected bilateral closure rate was due o factors related princi-
pally 1o the mterval thie was chosen (1 month). as the theoretically calenlated
rate of 979 was achieved ata --month interval,

e can be gued diat il the application is repeated after only 1 month,
tubal cdemin tubal intammation, or, indeed. remaining polvmerized MCA
may prevent the new applicdion of MCA from reaching the fallopian wbes
st mav thereby diminish effectiveness. Teis also possible that the results of
asccond application would be enhanced by allowing the full imcasure of tubal
fibrosis to occur prior o the second imsult, T hese factors niy account for the
difterences mothe closure rates m the two series in which double applicetions
were spaced by T month rather than 4 months.,

In arder to evaluite whethier this is o real difference, we have plinned a
stidv o which vvomen will he recruited ab mitio 10 2 two-application protocol
thatall participants would be expecied 1o complete, thas eliminating the bias
ol seli-selection We also plitn 1o vy the interval hetween applivations on a
consccutively assigined basis: one third of the study group will receive the
applicitions at 2-month intervads, one third at 3-month irtervals, and one
thivd ar-f-month meervals, With this protocol, we should answer the question
of whether o prolongation ot the tervals significantly enhances bilateral
closure.

Weabso plan to continue the long-term study of patients treated with MCA
wha have bilateral tubal cosure, In hysterosadpingography. The lew preg-
tancies that hinve occurred thas far have all been intrauterine. Because of
the tme intessals hvolved, however, it is not cear whether these pregancies
vesulted from open tubes that were not demonstrated by |l\‘sl('l‘().\illllillg()g-
raphv or from recanalizanion. We need additional data 1o be certain that the

o

ong-term eleciveness s as pramising as the short-term resulis and that no
deleterious sequelae will develop muach Tater.

Weare encowraged by the lack of significant morbidine or mitjor side-efTects
i the arge group of women treaied by the FEMCEPT/MCA svstem. We are
also cncouraged that virtwally wll centers hive attained statisticallv indistin-
guishable vesalis despite o very short-tere training program  (seldom ¢«-
ceeding Tdavy. Ao the data seem not o dumge significanty with increasing
experience. The procedare is sunple to lewrn, simple o teach, and simple 1o
apply. It can readily be accomplished onancoutpatient basis after minimal
trainig. and the result seems not 1o he operator dependent. Because it is a
tnulv outpatient procedure, becase it does not require sophisticaied endo-
scopic or hack-up techniques, and hecruse it appeirs to be highlv acceptable
to women. we believe thai even at the present levels of bilateral closure, it
has e pliace i the “cafeteria™ of contraceptive methods. The method has vel
torcach optiumal elfeaiveness, although the safery and convenience are now
well established. A number of enhancements must he applied, and the bilat-
cral dosure vare must be icreased significantly, o broaden the population
to which the method is applicable. We believe that within the next several
vears. the method can be ceveloped so that icwill become one of the NinsLys
of faniby planning programs.
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Discussion: Research and Clinical
Experience With MCA

DEAN .. MOYER
ROBERT S. NEUWIRTH
JACQUES E, RIOUX, MIODERATORS

IN THE TOXICOLOGY STUDIES OF MCA, iS FORMALDEHYDE
AN INTERMEDIATE IN THE POLYMERIZATION PROCESS?

Formaldehyde is used to make the initial material, but onlv in the very early
phase of organic synthesis, not in polvierization. There is no formaldehyde
in the pmdml used in the stwdies under discussion. For use as a medical
product, MEA requires extensive purificiion, and w present the impurity
fevel of MCA v oniva half of o part per miliion.,

WHAT AZE THE MUTAGENICITY AND TERATOGENICITY
FINDINGS WITH MCA?

No oneas vet knows how 1o run o meaningful mutagenicity test on MCA,
evenalter 12 vears of rescarclioto that end. As for teratogenicity, of the 5000
teratogenicity tests, none is known for MCA; however, no teratogenic effects
have been observed clinically,

IN AN INTRAPERITONEAL SPILL, WOULD MCA CAUSF AN
ACUTE REACTION SIMILAR TO THAT SEEN WITH QUINACRINE?

The mtraperitoncal 1D, is in the same order of magnitude ws quinacrine,
and an mtraperitoneal spill ol MCA would have a simil acute effect. In the
mouse, necrosis and fibrosis may ocenr, as with any intraperitoneal admin-

Panelits: Lee Boldac, Manoe! Bominn de Souza Fitho, Robere Eo Krall, Nargesh D Motashay,
Ralph M. Riclio, Tae Zighelhoim, Divusants: Ruben A Apelo, David AL Blike, Jun Brandin,
Jov Mo Cooper, Elsinire M. Coutmbo, Earigue Guilotf, Rene Guzman-Sevaai, Harrith M. Hasson,
Donglas Hober, Mirtam L Labhok, Leonard B Laule, Suman Mehta, Per Agnar Nilsen, Tim
Ho Panindey, Faale WO Wilson, Gerald 1. Zatuchni
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istrition, and because the bowel has <o sall i dianeter, and the bowel wall
is so thin, the viscus can be ruptured. Bue with any animal larger than a
mouse, the wall is of significant size that the necrosis, is only superiicial and
onhy i few adhesions ocewr, unless o bholus forms that is of sulficient size 10
crode through the abdominal wall, The reason is that MCA polvimerizes, and
once it becomes wospherule, it does not canse tissue adhiesion,

Studdies with intaperitoneal MCA administration porformed under World
Health Ovgamzaion (W10, auspices in 220 prefnsterectomy patients re-
sulted inonlv i few Jocalized adbiesions, usually fever than occur with a
surgical procedure, hecinse o atting. tving, and burning are wel, known pPro-
ducers of adiiesions, Also, in these 220 patients. in onlv two or three instances
did the MCX moisten the fimbria: in onl one was there actnally spillage—
nea patient who wis 63 vears old. witl tubes about 1 em long.

astudy done iy the Philippines.in which the abdonrens ol subjects were
opened following teatmeni, there was one case of spllage of polvinerized
MEN o the pelvic cavity, The MCA looked iike snowtlakes on the surface
ob the nterus and bladder. and the akes could actaally be Blown away: they
didh votadhere 1o the sarface,

Ceriamlv, the paticnts in whom peritoneal spil is known 1o have occurred
should be caretuliv monitored for several vears,

WHAT IS THE POSSIBILITY OF UTERINE PERFORATION
WITH THE FEMCEPT DEVICE?

Actuallvothe instument disell tends 1o protect against perforation. In the
WHO studies, the tp ol the instrument occasionally penctrated the superficial
nvomerrivm, and so there wis deposition of the MCA into the muscle, bt
the device never complerely pencirated the arers,

However  even b the uterus were speared and the eutire contents of the
ampule were injected into the maperitoneal G, onlv 0.3 ml of the ma-
tertal actually would he dumped. perkips cansing atew intestingd adhesions,
especiallv o the siemoid colon or cecunn, and the possibiliny: of intestinal
adhestons among sinall bowl loops would exist. The probler comes not from
penctration but trom the ool action of the materid on the bowel wadl, The
dose is veny simalls however, and the action i fimited by the instantmeouns
palvinerization that occonrs,

The sk of penetration with the device is probably in the same range as
the visk of penctration of the arers during an 1UD insertion (approxmmtely
ooy, However, the perioration would presumably ocaur before the device
had been actuated, and the device is also difterent from an 1UD insertion in -
thar the halloon provides resistance o the penctrition,

The possibiliny of penetraton was tested extensively with urerine spechnens
removed athysterectomy, and when the mvestigator held the weras and ried
to perforate wowith the device, constderable effort was required: o forceful
stabbing motion wis necessiny {on penciration. and usually the Hp snapped
ol The cannuliacis extremehy Hexible and wis designed o snap off when too
much pressure i ptit on . In g postpartum patient, however, perforation
probably would be airlhy casily done.
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UNDER WHAT CIRCUMSTANCES DID THE TWO PERFORATIONS
REPORTED IN THE BRAZIL STUDY OCCUR, AND WHAT WEKE
THE CONSEQUENCES?

The two probable nerforations occurred we the time the balloon was ex-
panded.and the operator had the feeling that the device went turther than
the uterine fundis. "The pasients were heptin the hospital under observation
and showed no untoward eftecrs. No Laparoscopic evaluation was undertiken
at the tmes so it was not proved that the perforations had o fact ocourred.
The two patients are heing caretully followed, however.

The incidence ot perforanons with the FEMCEP T device will probably
decreise with traimmg, as iy the case wich the TUDC The two periorations
ocoirred inthe fise group ol 120 patients: in the seconud 110, there were no
])('lh;l';llinll\.

HAS MCA BEEN ACCIDENTALLY APPLIED INTRAVASCULARLY?

I several pattents, when radiopague dyves were used, uterine intravasiation
occirred, but the naveriad polvimerized instanthy and no sequelae were e
ported. The cvanoas evlnes have been used imtravaseularhy by vascular sur-
geons o stop bleeding, but use of methvl cvanoacrviae was discontinued.
becanse once the hleeding stopped, die MCA produced tissue necrosis and
croded the vascnlur wall,

Lhe ditference herween the intraperitoneal adiministration of this material
and quinacime hat the MCN sty in places it does not cirealate, the deg-
tadation is completeh localized, and the elimination is vapic. There are no
swsternie eHearss and no tssue levels are detectable,

WHAT ENDOMETRIAL LESIONS ARE SEEN FOLLOWING
MCA INJECTION?

Fhe ettecr of MOCN onthe endometrium has been studied by Stevenson and
assockites, who put 5 ml MCA Govery Lrge amount) inte the endometrial
vty and did subsequent serial studies of the utert, These studies revealed
onhosuperfeaal neaosiscabout fnve cers deep.and alocal acure inflammatory
response. Nosequelae were histologicallv or dimcllv demonstrable.

[ almost 1000 patiens who have undergone Insterosalpingograms tollow-
g instllation oif MCA no signs of injury, ineiaerine senechiae, or pert-
toneal problems have heen seens o lnmted number o patients having
Liparoscopy or Laparotoms observation alter an MCA application, no signif-
Gt efleas have been seen.

WHA'T EFFECT WOULD MCA HAVE ON THE UTERINE CAVITY
OF WOMEN USING INJECTABLE CONTRACEPTIVES—WOMEN
WHO HAVE AN EXTREMELY THIN ENDOMETRIUM?

Nosignihcnt etfecs on the endometrial cavity have been found in any pa-
tents. Whether high doses ol progestin might potentiate the MCA effect by
ishibiting cpithelial regeneration is not known.
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HAS THERE BEEN ANY PROBLEM iN REMOVING
THE BALLOGN FROM THE UTERINE CAVITY?

It the balloon collapses precipitousiv, it should be easily removed, because
the balicon is comted with silicone oil and the MiA adhesive does not attach
isel riapidly o the ballcon, The MCA s 1 britle material, and it can be
pulled away quite easilv. In four or hve cases, apparently owing 1o a defect
mthe bulloon, i lide chunk oi rubber may have remained inside the uterine
caviy. However, in rone of these cses were there any significant sequelae,
and apparently the smuall nicce of rubher subsequently was passed out of the
utertis,

IS AN ALTERNATIVE CONTRACEPTIVE REQUIRED
FOLLOWING INSTILLATION UNTIL FIBROSIS 18 ASSURED?

Bois ot cevtain that an alternative COITACCPUVE TS necessiry immediately
tollowing instillation. "The MCA svstem has never been tested during the
petiod of Lhrosis. One would assime that if the material got inte the tube at
alicwould have formed a physical plug.

[n programmatic terms, putting paticnc on an interval means of contra-
ception following treatment would be undesivable: the wonuw should be able
to have the injecion and then go home with the asstrance that the procedure
has heen successtul.

WHAT IS THE PROBABILITY OF NDOING THE PROCEDURE
ON A WOMAN WITH ASYMPTOMATIC SALPINGITIS?

I clinical studies, elforts 1o exclude such women have been made by means
of history and pelvic examination, and thus far, no such case has been re-
ported. Theoretically, icis possible; but based on present experience, it would
be o rare occurrence.

IS THERE ANY DANGER OF DOUBLING THE DOSE OF MCA
ON ONE SIDE IF THE BALLOON DOES NOT FORCE THE
FLUID INTO THE SECOND TUBE?

Thereis no chance thin the halloon will fait 1o force the fluid into the second
tube and that all of the MCA will go into one tube, because the balloon moves
forward so rapidly G expands in 11950 of « second). then tents up and
isolates the fluid on cither side. When one e is blocked, the fuid simply
stavs i the cornus it cannot cross over onto the other side. Then, onee the
badloon detfates, there s no more pressure, and by ihis time the naerial
alveady has o skin o polvierization on it In evaluaiion of the procedure,
on over 200 siaipingograms using cinofluoroscopy, no dose was doubled on
one side,


http:rl-l:.cr

Discussien: Research and Clinical Experience With MCA /1 227

HAVE ANY STUDIES LOOKED AT THE TISSUE RESPONSE TO MCA
IN WOMEN WHO HAVE USED LONG-TERM CONTRACEPTIVE
STEROIDS, EITHER THE ORAIL COMBINED ESTROGEN-
PROGESTOGEN PILLS OR THE INJECTABLES?

The tissue response has never been studicd prospectively, bug retrospectively
the data have been evaluated on self-selected patients who have used oral
contraceptives, 1UDs, condoms and diaphragms, and long-term injectable
contraceptives, particularly: Depo-vrovera. No significant differences in ef-
fectiveness or i side-eftfects have been seen i any of *hese Eroups.

WILL A CHEMICAL STERILIZATION TECIINIQUE THAT
REQUIRES MORE THAN A SINGLE INJECTION BE
ACCEPTABLE IN THE DEVELOPING WORLD?

In-ahospitatin Chile. where boib the MOAFEMCEPT techmique and regular
laparoscopic sterilization were offered, approximately 0 patients a day re-
quest Liparoscopic sterilization, buta much korgey number of patients request
the nonoperative steritization that does not requive anesthesia, and at least
twice the required number of patients volunteered to participate in an MCA/
FEMCEPE studv, even though it required two shots,

However the goal is 1o find o single-application techimque that does not
require follow-up and can be simply delivered in raral arcas.

HOW USEFUL IS HYSTEROSALPINGOGRAPHY
IN PREDICTING BILATERAL OCCLUSION?

Hivsterosalpingography is expensive and: discomforting to both the patient
and the physician, and unfortamately, in some cases it mav indicate occluded
tuhes but the patient stll becomes pregnant. OF 53 women who had a radio-
pique MCA application. and had fat plate roentgenograms immediately be-
fore and immedimely after the instillation, 10 of the 53 (754) showed bilateral
entry of the MCAD of the 10 who showed bilateral entry, 36 (90) subse-
quenty were found 1o have closed tabes at hysterosalpingography: four pa-
ticnts who presamably had MCA blockage on both sides did not. T'wo
mvestigators viewed the s, and neither was able o predict accurately in
every aises When the investigators did non see the MCA in one or the other
tube, 779 of the paticnts were sabsequently tound o have closure, Thus,
althengh the hasterosalpingogram is reasonably refiable at showing occlusion.
it is not adequately reliable,

Investigators hope to signibcantly improve the radiepacity of the MCA, so
thatit will show the kev point of closure, the istiunas. 1 the patients in whom
MOA was not seen ina tube and Tater the e proved to be closed, the
assemption is that the MCA could not be seen in the narrow portion, but was
m fact eHectively producing closure,

In i computer evaluaton of covariables in over 1000 accamulated cases,
mvestigators looked at the cosure rates when hysterosalpingogiaphy was done
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nonphysician could effectively make such diagnostic evaluations is not known.
For now, the device should probably be applied only by physicians.

WHAT IS THE ANTICIPATED COST OF THE MCA/FEMCEPT
DEVICE? WILL IT BEZ TOO EXPENSIVE FOR PROGRAMMATIC
USE IN DEVELOPINS COUNTRIES?

The manutacturers are attempting to keep the cost as fow as possible: the
device is made of i very inexpensive plastic it is high-speed injection molded,
and as volumes go up, the cost should come down rapidly. But at this time,
the exact cost is not known,

Unless a disposable applicator can be developed. the present device wi!
probibly be too expensive for use in developing countries, Fhe developers
are pursuing a design in which the tip is detachable and can be disposed of.
This should notonly lower the cost but also facilitate cleaning. The cannula
is plastic. and any solvents used 1o dissolve the MCA will also dissolve the
cannulas A device with disposable tip and a reusable handle will cost con-
siderably less, but just how much will be highlv volume dependent. Obviously.
i millions of devices are made. with (he plictic molding machine running
mightand dav, the cost ¢ be mere pennies, ad if developing countries have
the capability o assemble i, the componene parts can be shipped 1o them,
cutting the labor cost even more,

Another aspect of costis malfunction of e device, so tha move than one
device is ticeded 1o complete asingle treatment. Wih the preseit FEMCEPT
device, of 125 procedures in one series, four FEMCEPT devices failed 10
work properly on the pretest and a second one was required.

HAS THE FEMCEPT DEVICE BEEN USED FOR OTHER
APPLICATIONS BESIDES MCA INSTILLATION?

A modificd version of the instrument has been uselul in isolating and study-
ing the tibes and measuring the pressures at the tubal openings, in the search
tor tubal relaxing agents. Tubal reicsing agents have been evaluated using
ancefiuoroscopy and measuring the number of {rames between injection of
the dyve and the time of entry into both 1.hes.

The deviee conld work also for delivering medications o the lallopian
tabes. It s not proved useful for hysierosalpingograms, however,

WHAT IS THE EXPERIENCE WITH MCA IN CANADA?

hnone series of 20 patients in whoni 1wo mjections using regular MCA were
planned. onfv one paticat did not vetern for the seconed injection, because
she said that the first one had been 1oo painful. She aceepted hysterosalping-
ography, however, and the tubes were dosed.

In another 30 patients in whom the raciopague MCA was used, the ma-
terial was warmed beforehand, and becanse it was more Huid it scemed o
g0 o the mbes more casily cficetively,
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It the material were more radiopaque. patients could have the injection in
the office, hive a fat plate roenmgenogram, and go home. Then it both tubes
were shown to be satsLactorily injected on the fha plate, the chances of bi-
lateral closure would be good and the wonan would not need to return for
asecond injection,

The response of twa patients with regard 1o P was instructive; the women,
aurses working in the same hospital, nnderwent exactly the same procedure,
performed by the same operator, one after the other. One wonin experi-
cnced no pain,and the other had pain sulficient o require meperidine. The
ditference i their responses o the procedure had not heen anticipated.

WHAT HAS BEEN THE EXPERIENCE WITH MCA IN CHILE?

In comparative studies in Chile between MCA and quinacrine pellet inser-
tions, 130 cases were done with quinacrine pellets and 197 cases were done
with MOCA (113 with nonradiopaque MCA and 54 with radiopaque MCA),
In the Chilean experience, the MCA nrocedure was painful tor the patients,
and with the exccption of the fiest thiee or four Gises, analgesia was used (10
mg diizepamn, 0.5 mg arropine, 50 my meperidine intravenousiy, 10 minutes
prior to application, which meant that women required at least 2 or 3 hours
rest betore they could ¢o home. When the quinacrine pellets were used, the
procedare was patnless and the women could be discharged within a few
miutes after completion ol the procedure,

Regarding the management of the device nsed for each method., the in-
sertion procedure of the quinacrine pellet, done wilh the simple plastic tubes
simmilar to those used for insertion of an 10D, is simple and casiv performed,
even by paramedical persons, The FEMCEPT deviee used for MCA appli-
cittions could bhe nsed only I phivsicians,

Incthie Chilean experience, dhe principal problem with the quinacrine pellet
procedare has heen diat i east three insertions at L-month intervals are
needed for a good stertlization vate, which is a drawhack in programnuatic
wse However the Chilean ivestigitors obtained over 98¢ of tubal occlusions
with three insertions. With radiopague MCA, using two applications, the rate
was approximately 909 T hus, the Chilean mvestigators concluded thid the
quinacrine pellet method was better, hecrise i gave o better rate of tubal
closure: 1t was fess expensive, less paintul, and more casily performed by o
general practinioner or parinedical person.

WHA'T IS THE EXPFRIENCE WITH MCA IN INDIA?

The Indian experience with radiopague MCA has been limited; as of the end
of April 19820 only 66 subjects had been treated, all hetween the ages of 21
and A0 wieh 759 being between the ages of 26 and 33, the trgeted group
tor making & demographic impact. Tnsertion was casih accomplished in 6]
wonten (U240 Dithcolty was encountered in six cases, when the woman
had & retroverted uterus or when resistince was fele ac the internal os.

I one woman, the balloon ruptured in the uterus and stuck to the uterine
wall and considerable mampulation was necessary helore the device could bhe
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removed. Insix subjects, the Dalloon was visible in the cervical canal, These
cases man he explained by the fact that the uterus is not a uniform orEn
and stould be measured diftferentiallv—the endometrial cavity versus the
ceavical canal. For example, it the balloon is 2 cm or 2.5 o ana the endo-
metrial iy iy dess thim that, then some of the balloon will be seen i the
cervixe Aboothe operitor may not have inserted the deviee iully into the
cudometrial cavity —hevond the inernal os.

In one center in southern Toadia, whese the temperature averages JO0°F
and the humiding is very high, the plastic of some of the FEMCEPT devices
broke and gave wav i the seams. Also. the color of the drug in some of the
ampules has changed to vellow or pink. These effects mav have resulied from
the exceptionadlv high temperatures and humidiry,

Postprocedure thae plate roentgeniograms. which were tiken in 66 cases,
showed bikeral blockage in 669 of Cises and unilaterad blockage in 155, Of
the 7 patients who subsequentiy undaerwent hysterosalpingography, one pit-
tent wis found (o hine o patent tbe onone side and agreed 10 g second
mstllation: the other 16 patients had bilueral blockage.

B generall the imvestigators and the subjects have tound the procedure
stmple and aweeprable.

WHAT IS THE EXPERIENCE WITH MCA IN THE PHILIPPINES?

B Philippine study periormed over the past 2 vears, MCA has been blindly
mccted v memns of the FEMCEP T deviee in 66 women seeking permanent
contraception.and many of the worien fve now completed 2 veass of Tollow-
up. Among the women, the results ol the procedure have varied. The very
hose paticat had onlv one e occduded. and the sccond patient became
pregoant even before the scheduded f-month Ivsterogram. Then there were
seven consecutive bhikueral closures, and among the st 24 procedures the
dosure rate was 819 Then, in a period of 2weeks, seven consecutive paticnts
had open tbes, Ater the 1] pattent, the dosare rate was 65%  and after
BO paticnis. it was 0 LG, One pregnanay followed whar was ac lirst inter-
trcted onthe Insterosalpingogram as bilareral closur e butata second readimg
showed one parent tahe,

Atthe 12-monih tollosw-up. another patient, who on lnsl('n)s;llpingogruphy
was shown 1o hove bilateral tbal dosure, wis found o have an unrelated
adenocarcinonza Histologic studies showed tha one tube was open,

Among the 10 patients who agreed o have o second instillation. bilateral
closure was Tour,

I the st L patients, no analpesi was required, bhut some patients com-
plaied of Iy pegasivic disconfort and wep casilv relieved with mild medi-
cation.

The Philippice investigatons feel the need for more information about the
e’ tme interval between instillations b mdicare that if the closure rate
can be maintained at 959 or above (using pregnancy as the criterion of
saceess, not hvsterosalpingography ), this procedure should he applicable for
programmatic use. Althongh the doable application is not ideal, i will he
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acceptable until an cquivalent rate of ocelusion is achieved with a single in-
stillation.

WHAT IS THE EXPERIENCE WITH MCA IN NORWAY?

Oslo investigitors have had considerable experience with MCA, not only in
terras of numbers of cases but also in length of time. During the past 3 years,
277 procedures with MCA have been pevformed in 250 patients, some having
one mstillation, some two, some preinjection uterine Ewage, and some radio-
paque MOA,

In ane series of 103 procedures, 82 resulied in bilateral occlusion with one
msttfation, giving a success rate of S0 (82:10%). OF the 14 patients who
clected to have wosecond instilluion, 19 achieved biliuteral occlusion, raising
the success vare o 9129 (94 1031, The remaining seven patients chose lap-
aroscopic sterthzation vather tham a second MCA instilation: had thev also
accepted the second instillation, the dosure rie would probablv have risen
o 9850 hised o the other suecess rate.

O the 12 padiems reated with vadiopaque MCAL 35 have been examined
roentgenographically so farsand 205 (507°0) have bilateral closure. Five of them
had i second instillation. and three of the five obtained bilateral occlusion.
mcreasing the success vate to 886

One interesting case involved a patient who on the first instillation clearly
showed Both tabes Billed with racdhopaqgue material, b nevertheless, the left
tube was open on the hvsterosalpingogram. With a seconed instillation, the
It tiube was properly tilled, and this time bilateral closure was achicved. Why
the woman did not vespend the firse time and did the second time is not
Knowr,

The acceprabiline of this method in Norwav is vood. 1t is rapid, requiring
only - tew nnutes, and the woman can leave the hospital and go home.
Fhere are some side-eftects and pain the st or second dav. but theve have
been noserioas adserse effecs, An indication of the ace eptability is that 50%
ob the patients with 1 Lailure elected o have the simne method o second tme.
Some paticnts veturned vath triends who aiso reguested the method, and
somie arcie physicians have abso applied for MCA sterilizations.
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Clinical Application of Hysteroscopic
Sterilization Using Uterotubal
Junction Blocking Devices

ABDOL H. HOSSEINIAN
WILSON A. MORALES

The dinical application of operative hysteroscopy to reach the uterotubl
junction (l"l:rl) tor sterilization purposes has been explored by a number of
investigators,

Electrocoagulation and chemical and mechanical occlusion of the tibal lu-
men have all been tested Although the hysteroscopic techniques eliminate
the need for general anesthesia, and they do not invade the peritoneal cavity
or deave abdominal scars, the failure rates of such procedures hiave been
unaceeptablv high. Minor and major complications have also heen associated
with some of the methaods. !

During the past 8 veirs, we have been exploring the effectiiveness of me-
chanically blocking the tubal ostia through hysteroscopy by means of Uy
blocking devices tha can be imploned in or removed Trom the tubal ostia
by i device crrier. The reversibility potential of the procedure has been one
ol the objectives of the project design. Since these experiments have been
described elsewhere,® we will only brietly summarize them here.

MATERIALS
UTJ BLOCKING DEVICES

We have designed, nanulaciured, and used two types ol deviees (Fig, 30-1).
The original device was mide ol polyethylene and measured approximately
LO mm inc length, with a diamieter of 1 o at the tip and 2 nun at the base,
Since the polvethvlene plug was quite rvigid and the possibility of tissue injury
and tubal perforation was feared, we subsequently changed the composition
of the plug to silicone rabber. The silicone phugs are cone-shaped. measuring
P ordess anthe tip and inercasing o about 2 mm e the base. Fhe length
ol the deviers varies from 7 mm (small) o 9 mm (large).

Two metallic components are attached 1o the plugs: (1) Four anchoring
spines, delicaely made of elgilov, serve 1o fix and keep the device in place
by penetrating the adjacent mvometrium; and (2) the asseinbly serew, made
of stainless steel, atiches the enchoring spines to the plug and provides a
grasping base for the deviee carrier,

234


http:Icsil.dU

Clinical Application of Hysteroscopic Sterilization ! 235

FIG. 30-1. Uteronabal jundlion blocking devices, (Left) Silicone device, (Right)
Polvethvlene device,

DEVICE CARRIER

Fhe device carvier s also made of stainless steel and consists off three com-
ponerts: (b up with three grasping teeth, (2) shalt, and (3) handle. It is so
designed as 1o oy i deviee throngh the hysteroscope and implant it in, as
well s remove it from. the UT)s,

PRIMATE STUDIES

Hhvstesascopic implontation and vemoval of the devices in priniates has been
desaribed " The efhcacy of the deviee for contra eption has been 1004 iy
=Fhaboons tor wommimun of cight breedings Lable 30-1). The reversibility
potential of our technigque was tested by by steroscopic removal of the device
15 beboons, Brahe aninals bhecune pregiantachieving ol of 12 preg-
tancies Clable 30-2),

TABLE 30-1 Results of Hysteroscopic Implantation of
Devices in 21 Baboons®

FACTOR RESULT
Fatlures 1 (one-sided)
Duration of impiantation 8-27 months
Pregnancies None
Expulsions

Pulyethytene None
Siicone 2 animals

‘Polyeihylene devices were implanted in 7 ani-
mals, and silicone devices were implanted in 14
animals.



236 /| Female Transcervical Sterilization

TABLE 20-2. Reversal of Fertility After Hysteroscopic
Removal of Devices From 15 Baboons®

TYPE OF DEVICE NO. PREGNANCIEST
Polyethylene 3
Silicone 5

"Polyethylene devices were implanled in 6 animals
and silicone devices were implanted in 9 animals. One
to 18 breeding cycles were requireri.

tThere were 12 pregnancies in 8 animals.

Simce the fertility rate of baboons in our breeding colony has been estimated
at 7207 the veversal ol fevtiling potential should be placed ar 749%.

No cilyor Lue side-efteas were noted inany of the animals, cither after
mmplantation of the devices or afrer their removal, The extent of tissue reac-
tion around the plugs was minimal, with no difference between the polveth-
viene and silicone plugs. Conception atter the removal ol the devices progressed
normatly, nd the offspring subsequently horn were physically normal in all
aspedts.

CLINICAL TRIALS

PHASE ]

Chotcal triads have heen conducred i two phases. During phase 1, we inves-
tigated the Grpability of polvethivlene and silicone plugs 1o occlude the LE])s
anchevaluated the extenc ot dissae reaction and the resemption of pateney of
the tabes ziter deviee removal. The techuique and the detailed vesuls of this
phise of the stady cancbe Toand inour previoas report. Since our 33 subjects
were all schedaled Tor Bystercaomy tor various gynecologic conditions, we
coudd observe the etficacy of the procedure for onbyv o short tme (2 10 6
months). Efective dosure was achieved in 917 of the tubes: one pregnancy
oconrred.

Allof the devices vemained i tor the entite period of the stiedy, No
sideselfeas were reported. I addition 1o expansion of the bal lumen and
Hattening of the endosdpingeal cells, there was minimal 1o moderate tissue
reaction sround the anchoring spines. Ninets percent of the tubes regained
then patenes after device reinovad Trom 20 women. We encountered some
dithcalts in proper implantation of the devices in approxmately 156 of the
humani subjects iy whoimn the ostia were too Laerally sitaned. This problem
appeared o be relaed o o siraight, rigid hysteroscope,

PHASE H

Atter completion of encouraging animal wials and acceptable preliminary
short-term hennan vrials, we investigaed the long-ternm cthicacy of the method

*Betuhan FZ, Direcior of Poanane Colony . The University of Hinois: Personad communication,
[97x
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in well-informed volunteers as a pernnment sterilization procedure with rea-
sonable veversibiling potential. This phise of the project was cried out at
Cook County Hospital, Chicago. [llinois. From January 1980 to January 1981,
Hvolunteers imderwent hvsieroscopic device implantation.

During this phase. the procedure was performed under paracervical block
v using 19 mepivacaine solution and preoperitive intravenous administra-
ton of 5 mg diazepam and 50 my meperidine. The procedure was performed
ni the folliculir plise of the woman's evele, For wrigation and expansion of
the uterine caviney, 10 dextran in 5 dextrose solution was used i the first
seven procecares. his solution provided beuer expansion ol the uterine
cavitv and caster visualization of the tubal ostia, Because of 2 major compli-
Grion (pulmonaey edemay associated with its use in patient No. 7, this solution
wits repliaced by 59 dextrose i water in the subsequent procedares. The
ditheuley i visaalizing and entering the left tubal ostivm in this patient made
the procedure unusually iong, necessitating excessive irvigation of the uterine
coare Hhisindividual has so L beea the only sobieet in whom the procedure
was pertormed umlateradlv, AL ot the others olerated the procedure quite
well and showed no carlv or late side-effects. The patients were ambulated
shorthv abter the cotpletion of the procedure and were allowed to o home
abrer 2 hours,

Proper imphotation of the deviee in some ol the subjects was dil licult,
owmg neanly 1o the vigiding of aur hysterosco . Proper implantation can be
acheved onlv by brineing the device and the up of the carvier in parallel with
the tubid Tumen o the uternine corm kg, 30-9), Assunmiption of this position
canche dithonle or ipossible il e tubal ostium is too Luterally sitwated, 'To
compare the efhicacy of the two tvpes of devices, we implimied the silicone
plugs in the tight and the polvetndene prugs i the et UN]s inthe same
subjects,

Fhe patieniss used ol contraceptive steroids atier the procedure for
pertod of 3 montlis, and the contraception wits discontinued after Livsteros-
Alpmgogriphy contirmed bilareral tubal occhusion.

Five patients developed intrauterine pregnancy. Two of the patients did
tot follow ilie protocolband Lailed to tike their contraceptive sterotds (patients
Nocdand Noc T thes becnne pregnant betore the condition of the tubes
could be evaluated Iy Increrosalpimgography. The failures in the other three
patients tNa- 50 Noo 6, and Noo #)y should be considered technical failures,

____“\/
S
—re——

.
TS R

FIG. 30-20 Pvoper cmd improper (8) alignment of the deviee and
the tip of the cannier atihe time of device implantation,
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‘These three patients, despite bilateral tubal occlusion docmmented by hystero-
salpingogriphy, missed their menstraal periods somewhere from 9 10 16
months following the procedure. Subsequent tubal investigation in these pit-
tients revealed anitateral wibal pateney (Table 30-3). Three of these preg-
nancies were terminated by suction curetiage, and the other two patients
chose to continue their pregiamcies. These two preginancies have since ended
in vaginai deliveries. Although both of the infints were {1 ee ol any congenital
anonidies, they were both horn approximately 6 weeks before term, one
weighing 3, Loz (patient No. 8)and the other welghing 1, 3 oz (patiem
No. 10).

Nosignificant differences were observed between the silicone and polveth-
vlene plugs, Except in patient No. 3, who lost the left device after suction
curettage, all devices were retained.

DISCUSSION

Despite the disappointing results of this phase of our study conducted in a
siall number of sabjecis, we teel that this method of sterilization should not
he abindoned.

One ol the impressive aspeats of our method s s reversibility: potental
(710 in baboons) which has remained nnmatched by any other sterilization
procedure so Lo tested, The permanence of the other sterilization proce-
dures commonlv offered discourages sone women from cepting them. The
ahsence of untoward side-etfeas, a vers shott recos e period, and the non-
mvasive. nondestructive mature of the method are other advimtitges of our
technique.

EHorts are heing made to reduce significmth the present unaceeptable
rate ol fulures, Based on our animal experiments and limited clinical tals,
we are convineed that proper aignment of the deviee and the tip of the

TABLE 30-3. Results of Clinical Trials: Phase |

SUBSF.QUENT TUBAL
INVESTIGATION IN

PATIENT TUBAL OCCLUSION PREGNANT PATIENTS

NO. RIGHT LEFT PREGNANCY RIGHT LEFT
! . .

2 . ) )

3 ND ND ¢ {SC) L _
4 . \ B

> : ‘ - (80) ; .
6 ) ' + (SC) - N
8 ' 1 - (PVD) 3 _
9 . , ]

10 ND ND . (PVD)

11 .

“Tubal occlusion. ND, Not delermined: SC. suction curettage; PVD, prematura vaginal
delivery.
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Hydrogel Tubal Blocking Device:
P-Block

JAN BRUNDIN

The asthmus of the oviduct constitutes the narrowest passage for obstructing
sperm ascent and zvgote transporation to the uterus, T hus, investgators
have heen attempting to occlude this region for many vears. ™ The following
report deseribes studies on an oviduetal blocking device: the Mark 7 P-block,

MATERIALS

Fhe Mark 7 P-block is i tubal blocking deviee with a f-mmn long and 1.2-mm
wide hvdrogel body fixed on a nvlon 6 skeleton. 1t is shown i its dry and
hvdrated state in Figure 31-1. The 2-nnm wide nvlon “wings™ prevent expul-
sion from the tube before hvdraizadion, which requires about 30 minutes.
The wings are fhpped into a ethylene catherer, the end of which i smoothly
sealed by the ndon cap joining the two wings (Fig. 31-2). On cannalation of
the moamural part, the P-block is held in positton by« flexible plunger while
the surrounding catheter (outer dimmeter, 2,05 mm) is removed.

Hydrogelis a polvmeric compound ol poehvvinvipyrrolidone, a hydrophilic
substance, ind methylaervlate, o hydrophobic nuneral. By adding liguid ny-
len 6 to the hvdrogel, the compound becomes less fragile, and the swelling,
on hvdrarization is reduced. 'The nvlon 6 alse improves the memory of shape
ol the end compound. The ovidactal occusive device. the Mark 7 P-block, is
molded from a hvdrogelic compound and copolymerized by y-radiaion. It
is vdrvatized by the body flaids after inserdon and retiins 4 good memory
of shape during swelling.

TOXICITY

Oplahalmologic experience with contact lenses made of hvdrogel shows a low
degree of toxicity to the eve tissue. In some patients attempting oviductal
acclusion, the P-block device condd he successfully placed only in one oviduer;
alter repeated attempts at ocdusion of the second oviduet ailed., the patients
underwent surgical sterilization. Evaluation of the intramural portion ot a
tube removed 22 months atier inseriion of the P-block revealed ingrowth of
tissue from the thal wall into the porous surbuce of the P-block, A Tew giant

240
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FIG. 31-1. Hyvdrogelic tabad blocking device.
block in dvs defny and bvdvaed (aght) stane.
Outer measures ol ivdrogelic body are widelhy 1.9
e and Tength L0 oy in dey state.

cells were seen in the surrounding tissues, wnd the capillaries, free from
ritation, pencetated the tssue (Fig. 31-9).% This ingrowth augmented the
retention of the P-block i v, apparemly withont causing irvitation to the
surrounding tissces. The compressible nature of the P-block in it hydrated
state produces i istimate contact between its sarface and the tibal epithelial
lining.

CLINICAL STUDY

Between Seprember 1981 and Apnl 198235 women volunteered o undergo
oviductal occlusion with the Mark 7 P-block as an abernative 1o surgical ster-
hzation. To be included in the studvy, the women lad 1o be parous with an
apparent visk of becoming pregnant and they had o have reguiar periods
and no history or salpingitis. After informad consent was obtained, the B
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FIG. 31-2. Hvdrogelie tubal blocking device. P-block with sizooth end in
polvethndenc application catheter teady for insertion.

tents were admtied as outpatents to the Department ol Obstetries wid Gyne-
cology ac Dindervd Hespial. Dandervd, Sweden. preferably in the post-
tmenstual phase,

Fhe volunteers were given i paracervical block by iepivacaine vdrochlo-
nde withour cpmephvine. and the internal cervicel os was ditated 10 Hegar
SoAter mtravenous injection of 025 me terbutaline, an operative hystero-
scopewas mserted nrthe aterimne aniy, The Basstimulian helped o vefax the
uterus during the distention by carbon dioside, T anaremical conditions did
not mtertere, the tubal orihices oneither side were mspeaed and cannulated
with the -block device Application of P-blacks on hath sides requived 10 10
E5 mmutes. Tollowing the proceduare. the patient relaxed tor 1 hour and then
wits pernitted 1o eave the hospital, She was encouraged 10 use another bar-
rier contraceptive untl the hysteroscopic check-up 1 1o 6 weeks later or until
atter her next menstruation,

RESULTS

Results of the antempts o occlude the oviduets with the Mark 7 P-block are
shown i Table 31-1 In 13 of the 35 women, bilateral ocelusion was achieved
on the firstatempt: and in 2 other women, i second procedure was Necessary
to produce snceesstul occusion of both tubes. One woman, who achieved
satistirctory tbal ocdusion, subsequently requested removal of the devices
due to bleeding. Tn another 15 women, the Mark 7 P-block could 1ot be
mserted because o anatomical trctors, such as too-narrow tubal ovifices, sharply
bent intramval portions o1 the oviducts, or a combination of these condi-
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TABLE 31-1. Results of Attempts at Oviductal Occliusion With the
Mark 7 P-block, in 35 Volunteers (September 1981-Aprit 1982}
in Danderyd, Sweden

RESULTS NO. WOMEN
Successfu! bilateral occlusion 15
First attempt 13
Second citempt 2
Subsequent pregnancy 4
Extraluminal placement of device 1
Unilateral expulsion 2
f“upture of P-block 1
Insertion impossiblz due to anatomicat factors 18
Subsequent removal of device due to tileading 1

tions, Four women subsequenty had uterisie pregnancies, which were inter-
rupted by legal abortion combined with hysteroscopy. In one of these four
somen, sterilization was performed i the time of the abordon, revealing one
P-block outside the tnmen in the uterine musele on one side, In another
wonan, che P-block device Lad fragmented. Tnall cases, the preghancies
occurred within 2 months after insertion,

OF the nonpregnant women, onlv one reported uterine bleeding and no
wonnn experienced paing genital intection. or extrauterine preghancy.

At the follow-up Insteroscopy 4 1o 6 weeks alter insertion of the F-block
device, bikeral ocdusion was recorded in six paients, Four other women
had not reported for follow-up examination at the time of this writing.

DISCUSSION

The Mark 7 P-block does not presently constitute an alieraative to surgical
sterilization, owing o the large number of cases in whicl the discrepancy
between the size o the device ind the werine tubat orifice or other anatomical
Lactors preduded insertion of the P-block. Ao the failure (pregnancy) rate
alter bilweral occlusion s high, In those cases wheie preguancy occurred,
however, the P-block was not propeely insertedd.

Work is underway to reduce the size of the P-block so that it will hetter
suit the tubal ansomy, will diereby be applicable o iarger number of women,
and wiil be move casily put into place and retained in the evidacts. Certainly,
the Mark 8 P-block (niow heing developed) holds pronmise as . safe, simple
nonsurgiced means ol fenale steritization,
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Hysteroscopic Tubal Qcclusion
Procedure With Formed-in-Place
Silicone Piugs: Instruments

and Technique

ROBERT A. ERB

The use of Silastic tabad plugs tor transcervicl, noniacisional tubal ocelusion
imvolves i flow of catalyzed liquid silicone polvmer into the oviduct througli
asilicone rubber obturator dp positioned s the tabal ostium, “The formed-
in-place phig becomes honded o the tip. The resulting Qexible structure is
Lorger o the diiameter at both ends than it is in the isthimus, and thus it
renvins in place 1o effect tibal occlusion.

This approach ditfers from other methods described in this volume in that
it is not deliberarely destructive of tissue {as are selerosing agents and crvo-
surgery), it does not involve adliesion 1o the tissue of the tbal lwen, and
o ocduding member does not foree the tissue 1o conform to its shape.

At the 1975 PAREFR Workshop on Advances in Female Sterilizion 'Tech-
niques in Minneapolis, T presented an overview ol the method for oviductal
blocking with formed-in-piace silicone rubher plugs as then developed.® In-
cluded i this carly period of development are the tollowing:

The concept o formed-in-place silicone vubber plug by Braley and Helmer!
and by Corlman and Tavlor”

Experimental studies by Hefnawi, Fuchs, and Laurence (with rabbits) '™ and
by Rakshit (with humans)!™ !

Fhe development of specrd instruments, material combinations, and tech-
niques by Eeb™ o form effective plugs and o provide a practicai proce-
dure

Experimental studies with the improved rechnique veported by Erb and
co-workers' “and by Davis and associates™ 7 with rabbits and rhesus mon-
Kevs,

Atthe time of the Minneapolis conterence the procedure was projected 1o
be varvied out under fluoroscopic guidance. (Fhe fluoroscopic approach may
mdeed stll find clinicai applicaaion.) However, beginning in 1975, 1 was able
to-design miniturized components so ihat the gaide assembly with its ob-

Fhs work was sponsored by RSP Laboratories, Tnc., Stantford, Connedicut: calier work was
supported by Contraceptive Development Bianch, NICHD, N1,
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turator tip would pass through the operating channel of a standard hystero-
scope," and the hysteroscopic method became emphasized i the further
development efforts,

Theodore P Reed. LMD, collaboraied with me at Franklin Research
Center beginning in 1977 in predinical studies with the hysteroscopic pro-
cedure using extirpated argans.' Reed (Lankenay Hospital, Philadelphia)
and Joris De Macver (Belgium) conducted the proncering clinical studies,
beginning i 1978 "I'he clinical program has since heen expanded into
A 1000-patient study (now moving o a 3000-paiient siudv) with additional
wvestigators and centers, under the “ponsorship of RSP Laboratories, Inc.

This chaprer will deserib e he instruments and technique for this method.
The dinical aspects of the procedure and the vesulis of the clinical test pro-
gram will be described in Chapters 33 and 341,

THE GUIDE ASSEMBLY

The guide assembly is the system that convevs the liquid silicone composition
through the operating channel of the hysteroscope, that provides commu-
mcation toand obtaration (sealing) ar the tubal osiium, and that allows remote
release of the preformed tip Gnd its bonded plug) from the other parts of
the assembly,

The guide assembly (Fig, 32-1) consists of six main parts: (1) obturator tip,
() innes polvsulfone tbe., (3) owter polysulione tube, (1) pusher, (5) double-
ended chuck. and (6) Luer Griing,

FI1G. 32-1. The guide assembly,
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The obturator tip s a vers importat component. By its sealing action
the tubal ostium and by its panticipadion in the release step, it allows the
formation of the plug to be carried out remotely. Because the hended tp s
lrger in diameter than the oviducad lnmen a the isthmus, i prevents ima-
peritoneal expulsion of the plug. The retrieval loop attached o the tp per-
mits nonincisional vemoval of the plug i desived g, for replacement of
miproperlhy formed plags or for restoration of tubal patenevy; it the plug
breaks with putling for vemoval, the distal end will Tl out sponcancously
with tiime o the peritoneal anviin. The distal portion may also he flushed
out of the tubal Tumen with saline solution through the use of a guide assems-
hiv.

A he hasic shrivator tyis approxiniatels 2 mum i diianeter by 5 mm in
length and s oolded ot silicone vubiber (Dow Corning Silastic 382 Medical
Grade Flastomen) (750 and spherical silver powder (259, The embedded
retrieval loop s niade ob moluilinent polvester thread. The sitver powder
s radiopagquing agent.

Because of vindanions i aninony inc the cornual region, other configura-
tons of tips have abso heenmolded, The sis tvpes of obturator tips now in
uneareshown i Figave 32220 The F-1 eEeb-one™pip is the iasic tip presently
supplied winh the gaide asemblv, The R-Tand C-1 ips were configurations
reguested by chincal mvestigators Reed and Cooper. The E-1L Eedand -1
tps will pass thiough w225 000 operating channel. However, with F-2, F-3,
and Relipssthe vsteroscepe mase be withdvawn, the replacement 1ip in-
stalled on the pronuding gaide, and the hysteroscope reinserted.

Fhe e pelvsaltone tabe o adlength of 750 i and ancieside diameter
ob Feane I e acbonded polvsntlone Luer fitting at one end and o ringed
comstriction at the other end o prevent il formadion aud to promote cat-
oft of the coved silwone tor release.

FIG. 32-2. Obtvater tips shown with concentric polvsulfone tuhing.
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The outer polvsalfone tabe (330 mm in length) provides the release fune-
tion by the sliding wrrangement with the inner tibe, The inner and outer
tubes are held, uniil the release stepy i a fixed refation to cach other by
means of 4 double-ended coller deviee (double-ended chuck). injection-molded
of polvsultone. through which the inner tbe passes completely.

A pusherattached o the outer tibe with a collet fastener, allows the hys-

teroscopist to put an axial foree on the guide and obtarator tip, controlled
with one finger. This is also injection-molded of polvsulfone. which is used
throughout the guide assembly because it is strong, transparent, and steril-
izithble by steam.

The guide assembly is supplicd packaged and sterilized 1o the clinical in-
vestigitors,

THE MIXER-DISPENSER

The non-air-entraining mixer-dispenser (Fig, 32-3) is an important element
among the spectized insiruments developed for the plug-forming proce-
dure, It permits one 1o mix thoroughly w small quantity of catalyst with @ very
viscous naterial incashort dime (33 seconds), without entrining any air, and
then direaly o dispense the cataly zed material., again without entraiming any
air.

Phe piston. mixing head, and shaf cap are

mjection-molded of polysul-
fone,

I use the stannous octoate catalvst s added with o 100K gas-tight
sringe with hypodermic needie through rhe septinm cap. The mixing head

. A

|
I

FIG. 32-3. "1 he non-aiv-entraining miser-dispenser,

A
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is moved back and forth for 15 double strokes, with quitrter turns, The alu-
minm spacer is inserted o convert the svstem for the dispeasing function,

THE FLUID-FLOW AUTUATOR

The flow of the catalvzed silicone composition through the guide assembly
cannot be accomplished by divect hand-holding of the mixer-dispenser sy
ringe. Tins is becanse of the high viscosity of the Huid (about 10,000 times
the viscosity ¢! water), the narrow diamerer and long lengih of the inner
polysulfone tabe, and the short time helore How-stopping gefling oceurs (about
B minutes after the addition of catalyst), The svstenn as it s presently used is
shown i Frgure 321 1 has aomanaally actiated serew drive, with adriven
force gauge pressing on the mixer-dispenser piston. Vhe force gange pernzits
settng the pressure daring Hlow, '|he plug is formed during it coasting phase.
When the Insteroscopist sees the silicone reach the olnarator tp. the traing
ol the sarew drive is stopped: ligeraid-spring action in the silicone and other
clastic behavior in the svatem cause the coasting. The force gauge allows the
deciy pressure 1o be followed to ensure that the plug cures under pressure.
Cuting under pressure has heen shown 1o he nnportant for properly holding
open and fdling the cross section of the oviductal umen.

THE PUMP FOR HYSKON
Fhe hvsteroscopic visnalizing fuid found most effective for this program has
been 327 dextmn 70000 109 aguceous glucose solution (Hyskon, Phir-

macta Laboratovies, Inc). A device for automatically pressurizing the Hyvskon
was designeds e allonwws the procedure 1o be carvied o by two people, a

[

il
Tk

FIG. 32-4. 'L hie fluid-How acuator,
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FIG. 32-5. "T'he pump for
dextran-solution hysteroscopic
vistalizing taid.

hysteroscopist and one assistant. The pump (Fig. 52-5) consists of i support
stand tor o 50-mi disposable svringe ind a weight for the piston such that it
provides 150 mmn Hg nominal pressure in the liqquid. A light touch on the
weight can provide a pressure increment when this is needed for visualization.

MISCELLANEOUS COMPONENTS

Aspectad sealing cap (Fig. 32-6) has been made for the operating channel ol
the hysteroscope. It is molded of Dow Corning MDX 4-1210 silicone rubber
andd has three sealing vings, rather than the usual one. The aim of the design
is to avoid damage to the delicate obrurator tip that passes through the seal,
while mainaining sealing action against the cuter polvsulfone tbe.

An enlarging sheath for the hystevoscope (Fig. 32-6) has been fabricated
to be used incases where a patilous cervix cGuses excessive feakage of the
Hyskon solution. This sheath, which has asliding O-ring seal, will enlarge
the diameter of Wolf or Storz operating hysteroscopes from 7 mm to 9 mm.

Ancaspirator tube has been designed and used for debris removal, Tt con-
sists of i 750-min picee of the Larger-diameter polvsulfone tabing, which is
Hared at one end and attached toa Tuehyv-Borst tirting. Tis used with a 30-
mi disposable svringe.
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FIG. 32.6. Spedial items for the hyateroscope: sealing caps for operating
chunnels and enlarging sheah,

MATERIALS

The materials system (designated as Composition A) used to form plugs con-
sists of Dow Corning Stlastic 382 Medical Grade Elastomer, 68% : Dow Corn-
ing 360 Medical Fhuid (20 centistoke grade), 17% and spherical silver powder
(minus 400 mesh), 159 This is the sanie nuerials svstem used in the animal
studies with rabbits ind rhesus monkevs, The Silastic 382 base material has
had more than 20 vears ol wse incapplications in the human body. "Fhe 360
Medical Fluid s incorporated as o viscosity reducer, and the silver powder
functions as a radiopacihier, permitting the clinical e o determine roent-
genograplicaily whether properly formed bikueral plugs exist.

The catabyst is stannous octome, added in . quantty equal to about 1.5
of the Silastic 382 present. The curing reaction, producing a snappy rubbery
solid i minutes, involves cross linking of the silicone polvmer. No sensible
heat is generated inthe reaction.

The Cemposition Ais supplied 1o the clinical investigitors i mixer-dis-
pensers. which have been filled and degassed in o HEPA-Ghered hood, The
mixer-dispensers are packiged with the spring compressed (1o reduce vie-
num huibles in cold storage by maintaining positive internal pressure) and
stored and used ar - 15,
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FIG. 32-7. Sequence in plug-forming procedure.

STEPS IN THE PROCEDURE

The guide assembly, while inits sterile bag, is attached o a S-ml svringe
contzining 110,000 methylene blue solution (14 methyvlene blue diluted 1:100
i plivsiologic sidine solution). The hvsteroscopist feeds the paide through
the Hvskon-tubricated sealing cap alter the end of the hvsteroscope is in the
nterine civity, The methyvlene blue solution mity be used as a current racer
to help locate the tabal ostinm. s more important function is with the “push
test,” with the obtarator tip seated in the tubal ostium. No resistance 1o low
indicates that communication with a patent tubal Tumen has occurred. Mo
reflux shows goad obraration. At this point the sequence for plug formation
hegins:

L The mixer-dispenser is removed from the freezer.,
2. Catalystis added throngh the seprum cap, and a stopwitch is then started.
3. Mixing tukes place: 15 double sirokes, ending at 35-10 seconds.
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4. The spacer is inserted, the Luer cap is removed, and a O0:4-ml sumple s

expelled ontoictest plate for following the cure outside ihe body,

The Luer hting on the guide assemblv is removed from the methvlene

blue svrmge and antached 1o the miser-dispenser,

6. The mizer-dispenser is placed in the holder on the fluid-flow apparatus
and the sarew drive tirned o reach and maintain a force of bhetween 290
and 305 newtons,

<

7. The consistenoy of the materid on the test plate is sampied with a probe
to follow the transition frone: “long™ (strands forming): 1o “short™ 1o
pelling (flow stops here, ar about 3 minutes); o a soft slow-recovery rub-
hers to o “snappy™ tubber G about Fminutes 15 seconds).

=

When the Tvsteroscopist sees the silicone come into view (usually an air
bubble gets bhetween 1t and the methvlene blue solution), the command
is given 1o the assistant o stop the sarew drive. The stopwatch time should
be about 2 minutes. This stage of the process is shown in Figure 32-7, 4.
9. The tme iy vecorded when pressure decay stops owhen How stops); the
drive is turned. i necessary, o prevent the decay force from dropping
below J0 newtons,
10. Whenasnappy aire is achieved, release is accomplished by loosening the
teanward coller and withdrawing the inner polvsulfone wibe (Fig, 39-7,
By The ower polvsultone tube is then withdrawn o leave the hnished
plug i place (Fig. 32-7.00. The procedure is vepeated for the other side.

CONCLUSION

Hsteroseopic tmbal occlosion using silicone plags has several atractive fea-
turess it s nonincisional: it is wn office piocedure, done under locad anes-
thesa it s Tess dinmaging 1o the oviducr than other tubal siertlization methods:
and tibal patenay G be restored without surgery. CLhe potential for re-
versthiline exists, bhut this s not vet been demonstrated with hunuans.,)

Fhe procedine requires the leamig of special skills by the physician's
assistant. mcuding fearning to work eficieniy with the materials and instru-
ments under nght consteants of time. 1 he hvsteroscopist, too, must Jearn
speaiad skills inidentitving the tubal osticcand being able 1o achieve scaling
anddigiment of the obiuzator tp with vavious wierotubal anatomies. Efforts
have been continuing at The Franklin fnstitute, with the support of other
mvestigators, 1o nnprove instrmments and methods as needs hecome identi-
fred i the cimical program.,
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Siudy Protocol, Criteria,
and Complications of the
Silicone Plug Procedure

JAY M. COOPER
RICHARD M. HOUCK

A research and development program 1o design an improved system and
application technique for a nonincisional method of blocking the fallopian
tubes with medical-grade silicone rubber was initiated at the Franklin Institute
Rescarch Laboratories in 1971 In the course of this program, instruments
were developed for the mixing and delivery of high-viscosity silicone 1o the
tallopiin tibes by hysteroscopic technigues. Effective instillations of oviductal
plugs were nade nitally in New Zealand white rabbits by divect visualization,
Protonvpe mstrumens were abso developed for the human application of the
procedure. Evidence frome studies swith extivpated hunian uteri and salpin-
gography: had mdicared thar the castom-fitted oviductal plugs could be in-
stlled eifecvel b

Once it was adapted 1o human use, this procedure was expected to have
the tollowing advantages over tadinonal sterilization methods:

It s nonincisional.

[eis an ofhice procedure, done with the use of local anesthesia,

It is dess damaging o the oviduet than other sterilization methods.

Fubal patency can possibly he vestorved without the need for a traditional
surgical procedure,

The inital human stady consisted of a group of nine prehysterectomy
patients who underwent plug instillation immediately prior 1o the surgical
removal of the uterns and fallopian tabes. Subsequent istologic examination
of the Bdlopian nubes vevealed no abnormalities due 1o the instillation of the
plugs. Therelore, in November 1978, investigators decided 1o proceed 1o
plug instillation in patients without obvious aterine or tbal pathology who
desived sterilization "' Approximately 200 patients haed been studied by No-
vember TUSO, when our group began its participation in this multicenter
cinical investigaion.
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PROTOCOL

According o the protocol approved by the Food and Drug Administration,
study objectives include investigation of the efficacy of tubal occlusion of botky
Lallopian tubes by hysteroscopic instillation of Sitastic plugs in women who
are requesting sterilization and evaluation ol toleriance o the plugs.
Crieria for admission to the study are as follows:
Paticnts should be women who are vequesting stenhization, not tempora
contracephion,
Anv patient must be of fegal age. 1 the woman is manried. consent of the
hisbind showld he obtained i requived by state L.
The patient must lonve o history of “normal”™ mensirual eveles,
The vesults of o pelvie exaonination must he normal,
Al ptients whe have a istory o potential tabal discase (..., pelvie infec-
ton, endometriosis, histors ol infertilinny or a history of having used an
TUD snce dheir Last pregnanay should hine hysicrosalpingography per-
formed 1o confoam tabal normaley,
Patients must agree to maintain their present means of contraception until
permission to discontinue has heen given by the investigator, Use of con-
taception should continae untl the 3-month postprecedure roentgeno-
graphic exiination. Also, the patient must agree o a0 2-vesn postprocedure
roentgenogtaphte examination,
Results of i conplete blood cell count, routine urinalysis, ervthroevie sedi-
mentaton vateand Papanicolion smear performed within the Fast 6 weeks
must be normal,

PROCEDUREF

Fhe procedure requires close conperation hetween the hysteroscopist and his
assistant. Lhe phsician-hysteroscopist, wearving sterile gloves, carries out the
following tasks:
Lo Inserts specalum
2. Swabs vagina exocervix with povidone-iodine solution
3. Avaches tenaculum
4o Injedts iacal anesthetic
Solnsents hvsteroscope, dilating cervical Gual il ne TRTHTRY
6. Identifies tabal ostia: cails for and tserts aspivittor if needed
7. Feeds gaide moand throngh the operating channe! of the hysteroscope
B Calls ton the methvlene hlue “rap”and follows How into the tibal ostinm
9. Places the obturator tip i dhe tabal ostiunn, cills Lor e mcthyvlene blue
“pushamd veadpasts the tpalignment as necessary 1o get free flow
without rellux
1O, Determines veadiness 1o stari caraly st nuxing procedore
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L. Reports when stlicone tlow reaches tips holds tip in place until silicone is
cured
12, Reports when tip soaps free from the guide as ishonlds removes guide
Fhe assistant, not wearing <tevile gloves, carvries out these tasks:
L. Loads medivlene biue e svringes, avtaching these to guides in parth
opened sterile packages
Loads Hhvskon in sviinge and attaches 1o the silicone rubber tabing.

4
4

.

3o Avranges rolling rable with two threewell plates tor following cures cata-
Ivst svringe and us anached needle filled bubblc-free: stopwatchs two
spacerss mixer-dispesser i e freezer container: procedure-room record
torm: et

4. Sets How-acnation apparatus ready for ase

5. Assists phvsician i getting sterile tems when requested

6. Holds vial of hidocame while phvsician blls serile svringe

7. Fills tnothe procedare-roon: record form, with reconds of care times.

overall thnes, acnve aid decn forcess and miscellancous items ol note

*

Starts Hhoskon flow o hsteroscope by putting weight on Hskon pump:
gives “Haskon push™ for additional pressiive when requested by phvsician
9

HO. Groes methvdene blue tap™ and "pash™ as requested by physician

Operates aspiator sveinge when requested by phyvsician

L Ges miser-dispenser from freezer contaimer: adds and mixes catadvst

12, Controls stopwaich

L3, Inserts spacer and puts sample on plate for care following,

I+, Bemoves methvdene bine svringe from Luer fiting of guide assembly and
artaches niser-dispenser

IS5, Places mixer-dispenser e vlexiglas holder, fits this on the fluid-How ace-

tntor, and tns the mechanism o nantin the speditied foree range,

stopping when divected by physician

16. Follows core with retimed sample and monitors elapred time on stop-
watchs makes deciston when o velease tip

17. Releases obturator tp from the quide

A buiet dhinonologicad sequence of the procedure follows: The patient is
placed i the dorsal idhiotomy position. the cervix s visnalized and washed
vich Beradine sargical prep solution and a paracervical block using 12 ml 19
hidocamcis admmistered. The semdard operaring hvsteroscope with artached
hght sonrce s serted into the uterus, Hyvskon (Pharmacia Laboratories, Inc.)
i used to distend the endomenid cavitn, Both tubal ostia ave identfied. A
Somlbsvirmge wath methiviene blue dve sohation is atached 1o the guide assem-
biv betore the assembh s ted through the operating channel ol the hvsier-
oscape mto - the wterine cavinn, The wibal ostian iy cainnulated. Good
cotmuntcation ol the obturator tup with o patent tabal Tuien is confirmed
by pushiing a sinall amounc of methvlene blne solution into the fallopian tbe.
Absence of resistance to o reflus of the methvlene blue solution confirms
good obturation. Lae mixer-dispenser is removed from the freezer, a pre-
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scrthed amount of catalvst (stannons octoate) is added. and the stopwatch is
started. Mixing takes place—13 strokes in 35 seconds. A small sample is ex-
pelled onto the test plate for following the curing reaction outside the body,
The mixer-dispenser, having replaced the methyvlene blue svringe. is placed
on the tuid flow pump. and the serew-drive is trned 1o reach and maintain
a torce of 300 newtons. The hyvsteroscopist, seeing the silicone come into
view,asks the assistimt o stop the screw-drive, The consisten v ol thesilicone
maeti e test plate s sampled with o probe o follow the transinon from
liquid 1o i seappy-rubbery staie. When @ cure is achioved, the assistant re-
teases the catheter from the obturaor tp. leaving @ novmal plag in place.
Theidenncal procedare is then repeated for the other side., At the conclusion
of the procedure, the hvsteroscopse is removed from the uterine cavity, and
the patent walks 1o the radiology department, where a sigle anteroposterior
pelvic Coentgenogrin is obtained.

RESULTS

During w 17-month period (December 1, 1980 through Mav 1, 1982), 130
women had atleast one attempred tubal ocelusion procedure. Three hundred
tirtv-four procedures were bilaterally successtul onthe firsi avempt. Repeat
procedures were undertaken in the majority o patients whose initial proce-
dure wis unsiccesstul, Aol of 598 procedures have been performed. and
370 women have had bilateral “novinal” plugs placed. Five patients have had
aounilteral normal™ plug and contabiaesal mamral ocdnsion, Therefore,
S8 arthe study popualation has had o “successtullyT pertormed proceduge,
Frice-three women (1290) have had at Teast one ansuceessiul procedure; 26
ob these are planning o rcimn for o repeat attempt,

Average procedare duriion is 3178 minutes. aid Average patient age i
SU5 0 vears, Thus Tiny none of the womnen heving voentgenographic confir-
mation of normal plugs at the 3-maonth postproceduse visit has conceived.
Fhis vepresents THOU woman-months of sterilization without a1 pregnancy,

NORMAL VERSUS ABNORMAL PLUGS

No two patients will Bave identical plugs. owing (o the unique method in
which the plugs e tormed. Therefore. it would seem difficult 1o difteren-
tate i normal”™ from an “abnormal® plug. Fortunately, there are valid liys-
terescopic and radiologic chavacteristios that allow appropriate categerization
ol plugs (Figs. 35-1 through 33-3),

Fhe major characreristic of the nornal plug is a “dunihbell” conliguration:
comtmuine between a thick obtwator p at the ostinm, a thinner isthinic por-
oz and a bulbons distal portien. A properly formed plug should preclude
migraon mto cither the uterine or the peritoneal Gty

Abnormal plugs can be chavacterized as refheved, extrivasated, discontin-
uous, toreshortened, and slow-cure.
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FI1G. 33-1. Normal plug configurations,
except for number 8.

REFLUXED PLUG

Of the abnormal plug tpes. the refluxed plug is the most common. Its de-
tection and evaluation depend on both hysteroscopic and rocntgenographic
appearances. It can occur due o movement of the patient or operator or 1o
Lailure ot the operator toapply adequate pressure on the obturator tip during
the instillation and How of the liquid silicone. Tt may be a result of an un-
usually pitulons tabal ostinm, which prevents a proper seat hetween the ob-

RN

FIG. 33-2. Normal plug showing
“dumbbell” configurasion.
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FIG. 23-3. Radiograph
demonstrating bilateral normal
plugs.

turator tip and the ostinm. Tubal spasm. not allowing for proper “seating”
of the obturator tip, may also be a cause. 1t is also a likely occurrence when
the wierus cannot be adequately distended with Ivskon, as in the case of a
pitulous cervix or inadvertent uterine perforation. Most commaonly, a re-
fluxed plug results from inability of the physician o obtain parallel access
between the obturator tp and the tabal ostiim. The refluxed plug is not
likely 1o be retained, beciuse an inadequate volume of siticone, often at a
reduced pressure, has Howed into the tube. Partial or complete migration
mito the urerine cavitvis likelvs theretore. it should he replaced with a normal
plug (Figs. 23-1 and 33-5).

Case L P.Cois o 20-vear-old single white female, gravida 3, para 0, AB-3, using
condoms tor contraception ar the time of the initial hysteroscopic tubal ocelusion
procedure on day 10 of her evele. The vight tubal ostium was casily visualized, and
the vight fallopian tube was ocduded withow difficulty. The Jeft tubal ostivm was
absoidentifieds however, despite absence of reflux of methviene blue dye, there
was significant silicone reflux at the time of plug formation. Although pluy removal
was attempted, only the proximal portion of the plug could be removed. A repeal
procedure wis scheduled I month fater. A rocutgenogram tiken immediately prior
to this second procedure demonstraed the previowsly placed normal-appearing
right-sided plug. whereas on the left side the distal portion ol the plug had now
migrated into the peritoneal vy,

Againgattempts to ocdude the left failopian tihe were complicated by signilicint
stlicone reflux. As betore, only the proxtmal portion of the plug could be removed,
and a fourth roemgenogram showed additional distal silicone plug fragments in
the peritoneal Guvity, Fwo months later, a thivd attempt at tubal occlusion was
made. On this occasion, the lelt tallopian tube wis satislactorilv oceluded (roem-
genogram No. 5). A d-month postprocedure film troentgenogriam No. 6) confirmed
continued bilateral normal-appening silicone plugs. as well as the multiple distal
Fragments of previously placed plugs in the peritoneal cavity,
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FIG. 33-6. Radiograph
demonstrating extravasated
plug.

an-owtpatient surgical procedure under general anesthesia, The plan was o at-
tempt onee more the tubal occlusion procedure, however if this wis unsuccessful,
to proceed with a Laparoscopic sterilization. The tubal occlusion was successtully
performed (roentgenogram No. 4). The immedie postprocedure view showed
two normal-appearing plugs, as wellas the extravosated silicone at the right cornua,
as noted previoushy, The 3-montly postprocedure roentgenogram has rec ently been
obtined and is satisGactory,

Several steps cian be raken 1o minimize the chances of getting a refluxed
and extravasied plug:

Alteration of the curve of the catheter 1o allow for correct alignment and

parallel axis at the tubal ostium

Alternative obiirator tip designs, which will allow for different dinmeters

of tubal ostia. After mv design (J. M. Cooper), Dr. Robert Erb has devel-

oped a new obtarator tip. The C-1 (Cooper-1) tip has increased length and

flexibility, which allows for greater suceess in properly cannulating Lerally

placed tubal ostiacand in tubal spasm.

A spedially designed sheath o increase the diameter of the hivsteroscope,

which will minimize cosily leakage of Hyskoi from the patulous cervix.

Adequite werine distention will then allow better intrauterine visualiza-

tion.

Intravenous administration of glucagon may counteract tabal spasm.,

DISCONTINUOUS PLUG

The discontituous plug usually occurs as a result of faulty technique. -
proper silicone and catalyst mixing, or abnormal operation of the infusion
pump o1 catheters used for silicone delivery, are sometimes implicated. Move-
ment of the patient during silicone infusion masy result in loss of plug con-
tinuity. The hysteroscopist nay observe a peculiar “starting and stopping”
activity of the infusing silicone,

Another common explanation for the discontimous plug is difficulty with
the guide assembly separation of the obturator portion of the plug ot the



Study Protocol, Criteria, and Complications of the Silicane Plug Procedure | 263

conclusion of pleg formation. "The weakest portion of the plug exists at the
newly formed junction between the obturator tip and the isthmic portions of
the plug. Excessive tension on this newly created silicone bend will likelv
result i a broken plag. The roenmgenogram will show loss of continuity
between the obturator tip and the distal portion of the plug. Close scrutiny
of the initial postprocedure roentgenogram, as well as of the 3-month post-
procedure flms, 15 necessary to suggest loss of continaity. Strict adherence
to proper weehnigue inmixing and dispensing silicone, as well as in minimiz-
ing paticnt anxicny and discomtore will significantly diminish the incidence
ol this abnonmal plug tvpe (Fig. 35-7).

FORESHORTENED PLUG

The foreshortened plug may be the result of tubal discase, however it most
often vesublts rom an inadequate volinme of silicone entering a normal fal-
lopian tube. A quick care, usually precipitated by the addition of an excessive
amount of catabyst to- the diquid silicone, or slow delivery of the silicone-
containg svringe to the infusion pump, is generally noted (Figs. 32-8 and
ENETI

Case 3. 1 Foos a 26vewold female, gravida 20 panic 2, AB-1, using oral contra-
ception at the tme ol the mitial tubal occusion procedure atempt en dav 12 of
hev avdes Difhcul in uterie distention secondary 1o a patulous cervix made
visvrhization dithaule: The deft tallopian tabe was suceesstully occluded using a
C-Lobunator-tipped cabeter. Attempt ar vight sided bal occlusion was compli-
cated by prematine cavine of the sficone misture, | he postprocedure roentgeno-
gram showed ashortened vightsided plug, confirming the suspicion that inadequate
siicane had entered the vigin tallopian tabe,

Phe patieni retned for arepeat procedure T month fater. $he abnornially
short vight-sided plug was temoved, asing o Hexible grisping forceps inserted
through the operating channel of the steroscope. With vibal pateney thus re-
aeatedanother plug was placed s e with adequate How-tine of the silicone
mxtute The postppecedure il demaonstrated bikueral normal-appearing silicone
plugs. A 3-month postprocedore roemgenogram has not vet heen obtained.

FIG. 33-7. Discontinuous plug.


http:44IIId.4j

264 | Female Transcervical Sterilization

FIG. 33-8. Fore:shortened plug.

SLOW-CURE PLUG

The slow-care plug has no tvpical roentgenographic or hysteroscopic picture,
However, placement ol the intrubal silicene device s complicated by an
abnormally stow cure of the silicone, The postprocedure film may show what
are considered 1o he “normal™ plugs. However, gross exandnation of these
Plugs under magnihication has shown that isthimic and cornual portions are
not svimmetrically round. Rather, there s collapse of the plug 1o an ovoid
shapes which is the result of loss of intratubal pressure during the liquid
silicone infusion (Fig. 33-10).
Abnornal plug tvpes vesult from problems with one or more of the key
steps i thie tubal occlusion: procedure, These critical steps are:
L. Sdequane uterine distention
2. Clear visualization of patent tabal ostia; avoidance or correction ol prob-
lems caused by endomerrial fragments, bleeding, or tibal spasm

o

.« Proper abturation of the tubal ostia

e

. ree, uninterrupted flow of silicone into the tabal ostiz

- Properly timed curing of silicone plugs

|51

FI1G. 33-9. Radiograph
demonstrating foreshortened
plug.
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r

FIG, 33-10. Radingraph
demonstating “slow cure”

plug.

6. Preper separation of the cathierer guide assembly from the obturator tip
pention of the fornsed-in-place plog

DISCUSSION

Fsperence o tos ponnt has allowed the following concliusions:

Phemaor fnmtme tacior in performivg, o suceesstul tabal occlusion pro-
cedure, one that resabts e bilaiteral “normal” plugs, is the imability o prop-
crlv canmulare the wbal ostia, Consistent thal - Ginadization requires
specialized taming and s onsiderable husterascopic experience o be per-
formed properiy.

foalmost every case, there s Invsteroscopic or radiologic evidence thin
dearhv disinguishes the “normal”™ from the “abnoral” plug. Correct -
terpretation of the vorntgenogiam of the pelvis s determiming facior,
mnnzing the need tor more expensive and tme-consuming hvstersal-
pingagiaphny

CNormal” plugs vesuie from ar deast a0 2-minuree, unmterrapted How of sil-
wone nto the tallopnan tube ander sansacton pressure, Unnesualiy viscous
stheone v kel o flow slow v ane quickhy, and prevent adequate intra-
tubal siheone for proper olug formaton. In contrast, unosually liquid sil-
teone s kel o How tapndy and cure slowhv . and o present controlled
and adequare distennion of the tubal Tumen, Mamtenance of Jrump pressure
of at least 20 newrons is considered essential 1o proper plug Tormation,
Abnornal plugs. once vecegnized, s usualy be removed and nonmal
plugs placed Normal plug nigiation or Lae SCPRULAION IS G TATe event;
however a Z-month postprocedun e FOCHTZCNOLT AN IS necessitny fo conbinm
plug contmuin and proper placement.

Pregiancies fave nor occurred with “normal appeaing.” “properly formed”
plugs,

Ancespeitenced hvsteroscopist can expect 1o sacceed with bikueral tabal
occlusion i S50 0 90 Gl the selecred panient populition.



TABLE 33-1. Statistics for Tubal Occlusion Study, May 1, 1982

FACTOR FINDINGS
Number of patients 430
Number of hysteroscopies perfo:med 528
Bilateral normal plugs 372
Unilateral normal plug and uniliteral natural occlusion 5
Successful procedure 88%

TABLE 33-2. Results With Silicone Plugs. May 1, 1062

RESULT NO. PATIENTS

Successtul procedure (normial plugs) 372
Bilateral abnormal plugs 1
Unilateral normal and unilateral abnormal plug 3
Incomp!ate (returning for repeat procedure) 22
Dropouts {not returning for repeat procedure) 27
Unilateral normal and unilateral natural occlusion 5

Total patients 430

TABLE 33-3. Avercge Patient Profile, Tubal
Occlusion Study. May 1, 1982

FACTOR FINDINGS
Age (years) 29.0
Gravida 2.1
Para 1.5
Day of cycle 10.0
Procedure duration {minutes) 32.0

TABLE 33-4. Comparison of the Tubal Occlusion Procedure With the Ideal Sterilization

Procedure
TUBAL OCCLUSION
PROCEDURE
CHARACTERISTIC THEORETICAL ACTUAL IDEAL PROCEDURE
Safe + 4 ¢
Effective ' ' 4
Applicable to ambulatory patients . [ 1
Ferformed with local anesthesia : # i
Simple to learn 4 - 4
Simple to periorm ‘ - +
Socially acceptable } 4 +
Inexpensive ? 1
Applicable to virtually all patients - +
Potentially reversible + ? +

266
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Addidonal advinees inwechnigue may come with a betier understnding
of the interstitial or intramural portion of the tallopian tabe. Tts anatomical,
physiological, e phinn I(nlngn characteristies sl remain anly partially
understood. The interstitial portion of the fallopian tebe may describe one
of several pathwave as it naverses the uterine wall, I may follow o reltively
simple straight. o cnved course to the superior sirlace of the Tundus and
then travel Laerally tor ashore distmce.” Nermativelv it may ke actortuous
or convoluted voute " The fost convolution of the tabe actuallv occurs in the
wterine widle These anatomical vaniations can make proper cnnalization dif-
frcnit

Although anatonncal vabves or sphinciers to prevent the movement ol -
tevial brom the wierus doongh the ovidact have beenreported i other spe-
aescmvestigators have notver found osoruciaralarvangement that separates
the extiaemurel portion of the honan tube from the uterine caviey! Fach of
three muscelo Levers of the wierne wall is continuous with the tubal mis-
culatires e may he that they st i some synergistic fashion 1o accomplish
tihal closure o spasie O it experience with glucagon o aiteviate spitsin
at the wrevotubal pncion has led o sugoest its use to other dinical inves-
Ligators,

Questtons concerming the pinsiological mfluence of estrogen and proges-
terone ot the mvosalpiny have nor vet been resolved. However, i is well
Known et there s o dense adrenergic mnervanion of the oviducal isthmus
along withoits promment v osalpins. This would suggest that this portion of
the tabe mght acias an adirenergic sphmcrers Inaddiion. Koh reported thiu
the contracule response of the isthmic musculure o epinephrine varied
ma kedbe wadh the ovanan avdde Tabal contractile aciivies is greatest at the
te of the menses, which would iinphcue the prostaglndins. Antiprost-
clandin admmostation would seem to minimize tubal or uterine muscular
ACTINVETY,

CONCILUSIONS

'I headeal seerilization procedure should be safe as well as effective. It shonld

wapplicable to ambulitory paticnts with the use of local anesthesia or with-
out anesthesta, simce oy of the complications that relie 1o sterilization
procedures are comphaations that oconr with the use of anesthesic agents, Tt
should be simiple 1o learn and stple to pertorm. Teshould he sociatly and
personadhacceprables i should he inespensive and applicable to Lo ge num-
hers of patenis: and i should he porenttally veversible, i the event of
change i destre 1oy 1(-l|ili(\ potenttal on the part ot the patient.' There is
uot et a stevihzaton procedure that fulhills ail of these requirements. The
tubal occusion procedure wath tormed-in-place silicone plugs sitishies a Lrge
number of these prevequisites. However, agnihicant limitations exist that iay
prevent or delay widespread application ol 1his promising stevilization pro-
cedure,

One major disadvantage is the need tor sophisticated cquipment and tech-
nology, Covisequently. once anarketables the procedure is not likely 1o he
mexpensive, a'though it is likel to cost censiderably Tess than other tradi-
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tonal sterilizvion procedures, heciuse hospicalization and general anestpesia
will not be required.

Another limitation is the time demand on the physician and the assistant,
The average procedure requires 76 10 90 minutes of assistant time and 30 to
S0 minutes of physician time. Even when the operators have considerable
experience, the procedure Ginnaot he expected o he as routine as Lapiroscopic
sterihization technigques,

Becmse the great majoriny of gvnecologists have no persomal experience
with Insteroscope, Tennmg the procedive will require tamiliariztion with a
“new” endoscopic procednre, Improvements incinstramentition aned teaching
models will lik('l\ taclare this ('.ll'llill},I Process,

O additional concern is the potential for inadvertent disruption ol “nor-
mal™ plugs at the e of - diagnostic dilition curettage, should this be
mdicated at some Laer dine. Perfaps preceding the dilation and carenige
with  diagnostic livsteroscopy would obyiate this pussthility,

Clintcal vesearch o this point ey supports the notion that the tabal
o dusion procedure with tormed-n-place silicone plags is hoth safe and ef-
fectnve. However, even after “sele tng our” woren who would Appear not la
be good candidates e those with ived retroversion. histor ol endome-
tiosis pelvicinfecnony the procedure G be pertormed snccesstully inonly
N30 90 ot the study population. No doubi, Tunre Instrmentation im-
provements, such as Hexible catheters and enaoscopes. will increase the -
adence of successtully pertornied procedures,

One unforeseen advantage of the procedare has been s wque applica-
biliy 1o endoscopic teaching aids, such s e hing scopes and video docu-
mentation. Fhis allows tor the alinmate in physican-patient coommuniciion
hecause the patient can visualize the acnal petlormance of her sterilization
proceduare,

Poscatal for yeversbilinn senains one of the niost stgntheant issues, Al-
though the reversal procedure is not vet under il evaluation, the poten-
tal for reversibilion wonld secm e he great In tactcthe design of the plug
mcudes o nvdon venieval Toop an the olstan o tip portion of the plug, which
would iake the plag amenable o remonal a Insteroscopy. Such a procedure
couid be accomplished i the physichurs office with minimal visk and cost 1o
the wonnn desirmg restoration of fernlin potenttal. Ouwr tnited experience
has allovwed the observation tha plugs can be removed from the Fallopian
tubes with nnmediae restorion of tubal patenoy s Whether this wouild trns-
late o restored feriliny renains 10 be aiswered.

Iecondlusion, the tubal acclusion procedure with formed-in-plce silicone
Phags s horh theorencai and practcal significance. Further clinical nvesti-
gation s wanranted and should he encomiged.
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Formed-in-Place Silicone Plugs:

Improvements and Limitations

THEODORE P. REED. 111

Over the past 5 vears of laboratory and clinical investigation of the formed-
in-place silicone rubber plugs."* Uimproved and special techniques for the
mercased suceess of the procedure have been developed. Conversely, certain
complicitions and limitations have been observed. Both of these aspects will
be presented and discussed.

METHODS FOR IMPROVING LOCATION OF TUBAL OSTIA

Froper identihcation and location of tabal ostia, as well as perfusion of the
fallopran tubes, are obvioush essential 1o the suceess of this procedure.

UTERINE DISTENDING MEDIUM

Dextran 70,329 in 1097 glucose (Hyskon) is preferred over CO, or 5% o
109 glucose. The viscosity and flow characteristics of Hyskon are helpful in
clearing the blood imucns, and endomenrial debris out of the tubal ostia (Fig.
S0 Hyskon sappresses miner bleeding problems, which sometimes oceur
when hvsteroscopy is comtinued over the 30- 1o haminute period often re-
quired for this technique,

ASPIRATION

Aspiration of the nterine cavity coments of blood, mucus, small clots, and
polvpoid fragments is often essential 1o finding tubal ostiacas a preliminny
step in the procedure. A wvpical view on first visualizing the cavity is shown
m Figure 342, The aspirator, as developed by Erb (Fig, 3-4-3), s stmpie, and
consists of a 7a-cm length of 2-mim polysulfone tihing artached to astandard
Jtkal svringe by a Luolv-Borst hting. The tubing s inserted through the
operating channel of the Insteroscope and the operator divects the tip selec-
tively around the werine caviey as the assistant produces suction with the
attached svringe. The tip s seen approaching a polvpoid fragment of en-
dometrium (Fig. 34-1) i then aspirating i (Fig. 34-5). Mucus, blood. and
bubbles (Fig. 3-1-6) canalso be aspivated. 1§ prolonged aspiration causes uter-
ine bleeding, the aspiration should he stopped and Hyskon pressure in-
creased until the held dears.

270
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FIG. 24-1. Llocdy mucus
Howing out of cornual tubal
OsTIU.

Orccasonally arttdaces inthe endometrivm appear 1o be tabal osta, i hese e
noted particuinv it the procedure is done late i the menstraal ovele or carly
e the postpartam period, or momsing mothers, When an ostinm or two
seetnapparent e the cornal wrea of the cavity bur How does not seem cear,
o perbusion as not satstactory, results ot the methene blue rests oy be
helptub i proper identificanon.

FIG S4-20 Dvpual Bistview
thraush Tnsteroscope with

Feament of codometnmm and

e us 1 the cany
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s a

FIG. 34.3, Aspirator, consisting
ol 75 vm of 2-mm polysulfone
tubing with Tuohy-Borst
connection to standard 30-ml
plastic syringe.

- 3-7) s performed by the operator holding

e

The methylene tap test (Fi
the tip of the guide close to the 1ubal ostiun: and continumg the fHow
Hyskon. Then the assistant taps a small amount (0.1 ml 1o 0.3 mb of dilute
methyvlene blue into the Howing ilvskon. It will not diffuse into the Hyskon
bur will flow separately o the fallopian e (Fig. 3-1-8).

Once the obturaon 1ip s placed m the bl opening, the methylene push
testis done. This test is most Iportant (o the suceess of (he procedure. Rarely
does an mproperly formed phug result when a good push test is obtained
betfore the plug is formed. The test is done by the assistant pushing firmly
on the guide svringe and expelling 0.5 mb o 1.0 ml of methylene blue into

FIG. 34-4. Aspirator tip seen
approaching polypoid fragmem
of endometrium,




FIG, 34-5. Nsprating fragmen,
ol endomeryinm.

the tube cFg 389 1 no resiamce is feitand there is no rellus of methy lene
blue hack intothe uterine caviny chig 3 1-105 proper asis with tight seal has
been obtained le 35100 and bl patenay s ensured. Occlusion of the
cthe without a proper push test should nor he done,

METHOD OF TUBAL PERFUSION

Sids i obtnimg proper tubal perfusion can e categorized into 1wo Rroups:

mstranents and niedications,

I'1G. 34-6. Aspiiring mucns
el bioeod.
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FIG. 34-7. Obturator tip close
e tehal ostium in readiness for
methyvlene blue “tap™ test.

One modified instrument is a "kink™ or memory curve placed in the ruide.
Some patients seem to have “laterally™ placed wbes or may have tubal ostia
difficult to obturate because of considerable degrees of uterine retroversion.
Lateral tubal ostia are possibly the result of minor degrees of failure of union
of the miillerian ducts daring embryonic development. These ostia are ob-
served particularly with septate uteri and bicornuate uteri. With severe de-
grees of uterine retroversion the pubic rami may prohibit proper alignment
of the gude with tubal ostia. [In either of these situions, a “kink,” or curve,

FIG. 34-8. Mecthylene blue
flowing our tube demonsirating
proper “tap” test.




FIG. 34-9. \ssistant pushing
ey on svmae fo Cpush”

fests,

FIG, 34100 Tice How of
tnethylene blie oot of talee anid
to retus o cavin,

T
8 — \.
\ >
\ \

FIG, 34-11. Diagram of

pevallelaned anparadlel axes, UNPARALLEL PARALLLL

to
~1
-
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FIG. 34-12. “Kinks" placed in
guide at T-cm intervals to aid in
obturating lateral tubal
openings,

pliced in the guide at approximately I-em intervals (Fig. 34-12) will often
perit proper axis to be obtained with the abal ostia (Fig. 34-13)).
Modifed obturator ups (Fig. 3:4-11) have been developed for two purposes.
The enlarged ovlinders (approximately 3 nun and 4 mm in diameter) and
the cone-shaped tip ave for Large wbal osia. Enlarged wbal ostia are often
encountered in grand multiparous patients and perhaps in patients with some
degree of tubal discase. "The double length (2 mm < 10 mm) tp was devel-
oped for obtaining a pavallel axis with minor degrees of Leral tubal ostia,
Medications e divected ar ving 1o relieve tubal spasm. Prostaglandin
mhtbitors, according to one report, may relax the smooth muscle of the fal-
lopian tubes.™ We have used sodivm naproxen (Anaprox) for many proce-
dures, and it is our impressioi that this mayv cause some uterine relaxation

FIG. 34-13. Curved guide
placed in lateral tubal opening,
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A‘_"] “"
FIG. 34-14. Stlard tip ey Hnlmnmzlnm'nnlnu ¥
i de 9 .
approxamately 295 mm on e EVEY 1 2 ’ 3 4

and four maodihed tps

and prevencseme ciamping during the proceduse, but tabal spasi can still
occur. Tubal spasin s evidenced on-atterapting o perfuse o mbe with
second methvlene pushest. The sundard procedure is 1o est both fadlopian
tihes with the methvlene push test to ensure obturtion anel patency i both
tibes betore occuding cither. Onreturning to ocdude the second tube and
redoimg the push test helore occusion, some resistance nen he experienced
andbslight veflus of methvlene blue observed. At this point, one unit (1 mg)
elicagon v given mtravenoushand waiting 6 1o 7 minutes is reconmmended:
thens asually the spasin will be velieved and o proper pish test can he ob-
taimed,

Fhis procedine failed in 3 ol 20 patients, One patient also had 550 my
sodim mapronen Fhour preoperativels and 5 g diceepam and 25 my
meperidine imtravenousiv diming the procedure, none of which reheved the
appaient tubal spasie A attempi was made o torm the phr despite the
spasin bac the eitort faled and aoretlus-tpe imnadequate plug was formed.
At the second procedure: the niedications mentioned above were repeiated.
andagain. there was spoasin and Llave resubied. At the third procedure,
with the patient ander general anesthesias the second tube was successfully
occluded. This as the only case mewhich general anesthesia wis used. Our
expericnce indicates that while dizepam will help relas the patient and me-
pendine willvelieve pamtul werine Gaanping that is experienced occasionally
during the procedures neither of these drags will velieve tabal spasin, How-
evercghicagon often seemed o relieve tahal spasin ¢ Fable 34-5).

LIMITATIONS

Ihe limmatons w the procedure are primarily anomical. Aside from an
occasional o that ma prohubic tubal obiuranion, the two more com-
monh cncountered problems are hixed retroversion and tabal disease. Fixed
rettoversion usually prolibies obtation becnse the hony pubic adh pre-
vents ngid scopes frome achieving proper tabal aligniment.

Panents with knoavn tubal disease or histors of possible pelvic infection, as
with the ine of an TUD o o endometriosis, should be evaluied with hys-
terosalpingograms pror o atiempting the procedure, Obconsty, the method
would be unsuccesstul for panents who have gross tibal disease such as hy-
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FIG 34-15. Tiregularh shaped mterrapred plug in a diseased tube,

diosadpiny ar complete accusion, 1 is o experience that tess obvious dam-
age tothe tubes adso gives poor reaa'ts, such as regularly shaped plugs (Fig,
SED and steaght” plugs wirthow hulbouns amnpulbor ends iFig. 31-16). which
are suallvexpelled by the patient atrer 4 fes weeks,

Pertorming die procedure on patiens 100 carly during the postabortal or
postpartian peniod can present dithcnbies, Wher attempting the procedure
belore 3 months postabortion or 6 months postpartain, 1 ey be difficult 1o
identify tubal ostia hecanse of the thickened endometrium or persisient ve-
nous sinuses. This subinvoluted state man persist tor longer periods in nus-
g mothers: Some dificaliy hus been experienced here, Extianasation in o
patient bomenths postpatum s shown in Figure 3017, What s probubly
occlusion of wvenous sinus with silicone rubber in a nursing mother 9 months
postpartuan is shown in Foure 3-8,

COMPLICATIONS

Scrions complications other than pregnaney have been very few (lTable 34-
D 965 women ireared. 13 pregnancies have occurred 1o date. all of which
have been associated with failure 1o get proper bilieral plug formation. Of
these, there has been onh one e topic pregnaney ina fallopian tabe on the
side ot i improper plug. Most of these pregnancies occurred carly in the
mvestigations when knowledge was bemg gained about proper plug forma-
ton and identihication.
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FLGO 34-18. Occlusion ol senons sinus in postpartinn patient (Y manths, sl

s

TABLE 341 Compiicatiors Following Tubal Occlusion in 965
Women. All Centers, as of Apnl 1. 1982

COMPLICATION NC PATIENTS
Pregnancies 13 (none weth normal
plugs bilteralh)
Nornal plugs bitateraity 0 (pregnanc.
Ut ime perloration 5
Bieeding probiems (less than 3% 28
Diatior and curettage 4
Disrupted plug 2
Expelied plugs 4
Separat «d tips 9
Severe in'achor 1
Chrome pain 3
Pastpartum patients diempted 7
Unable to dentty tubal ostia 1
Large ostum |
Venous occlusions 2
Disvased tube 1
Extravasated plugs 1
Hilateral gooa plugs 1
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Three patients developed chronic low-grade pelvic pain after having proper
plugs in place for 12 w0 18 months. One of these patients had associated Jow-
grade fever (378 C OO F] dailv ). Two of the patients were studied thor-
oughlv,and no other cause for ssmptoms could e tound. All three patients
had the plugs removed, imd then svmptoms were relieved. 1 he patient with
the Tow-grade fever requested Pomeroy sterilization, which was done. Tissue
examination by our pathologist showed chvonic foreign body reaction bat not
infection,

Five uterine perforattons hanve ocomrred. two ol them with the atide as-
senthlv There were no serious sequelae, and the perforations were treated
with observaton oniy.,

Minor bleeding problems occurred o occasion (less than 34, and most
patients could he successtully treated medically, Foun patients required di-
Lation and anettage. Pathology showed normal endomeninmm in two women
and chironic endometrivis i tao women. In two of the patiems, the plugs
were distapted by the careties AL patients had relict o sviptoins. Teis rec-
ommended that all patiems requining dilation and caretage with pligs n
place should Tuve w hvsteroscopy piion o the carcitage for dhagnosis and
accurate docation o the obtuaor aps and remieval loops prion to carettage.

One patient had an mstllation of the plugs afrer a histoany of pelvic mfhan-
matony disease. s patient's complete blood cell connt and sedimentation
re were nornnd, and achasterosalpingogiam shiowed no reaction, Prior to
the mstllmon. However, 18 howrs atter the instillation e patient had an
acute exacerbation of pelvic mflamnaorns discase with sepsis and aoneed for
hospitadization and tiple chiemotherapy . e patient vesponded well and s
doing well ar the present time,

Lo date onbvo plugs have beens expelled indacr throuch the himbriated
cid ot the tabe: Fhvee improperly forned phigs secondany o abal discase,
v mentioned above hine heen oxpelled thiough the comual end. At the 24-
month follow-up rocmtgenagraphic examination. tp separation, due to breaking
ob the formed intraluminal segment cose 1o the obtu o tps. has occurred,
Fhis his been tound in 9 of 67 patients evaluated a 24 months so Lo, We
felt this occunred becnse of i defec in the onginal plug formanon, as shown
i Figure 3419 None ol these patients las becone pregiant. Studies on
designof cquinement are presenthy being undertaken to corect this problem.

RESULTS

The total number of paticits requesting the procedure, the successtul resulis,
and the toral number of patients chiminaed for vanions anatomical reasons
ave shown me Lable 31220 0f the patients treated thus far, 824 have had
successtal hilieral occfusion of ther tabes.,

The 1od number of women-months of nse with proper plugs without
pregnancy as shown e Fable 3830 along with the number of patients who
have used the method tor 6 months o imore. To dine there have been no
pregnancies when proper plag tormation was achieved.,

The percentage of good plug formation bilateradly in one series is shown
me Lable 311 and the vesudis with ghacagon adiministration are presented in
Tabie 3125,



FIG. 34-19. Piugs
demonstrating poor
connedtions on Na. D and No.
S, probubly accounting for late
separition,

TABLE 34-2. Total Number of Patients in the Series, All Centers, as of

Apnl 1, 1982
FACTOR NO. PATIENTS
Patients requesting procedure 1058
Patients eliminated 93
Patients remaining in study 965
Patients with successful bilateral occlusion® 791 (822%)
Patients lost 1o follow-up 7

"LInacceptable patients were eliminated.

TABLE 34-3. Women-months of Use Without
Pregnancy and With Proper Plugs,
Al Centers, as of Apnl 1, 1982

TIME TOTAL NO. WOMEN
Total women-months 4525
24 months or more 05
18 months or more 159
12 months or more 279
6 months or more 456

TABLE 34-4. Patients Requinng Second Procedure
as of April 1, 1982°

NO. PATIENTS %o

68 patients of 350 required second
procedure 16.5

In these 68 pa* 2nts, good plugs were
achieved brlaterally in 42 64.6

*Author’s series only.

282



Formed-iu-Place Silicone Pluge: Improvements and Limitations | 283

TABLE 34-5. Glucagon Series as of April 1, 1982°

ACTION NO. PATIENTS
Glucagon given 20
Spasm considered relieved 17
Proper bilateral plugs 14

Spasm relieved but failure
to get good plug 3

*Author’s series only.

CONCLUSION

There are now eight centers doing this procedure successfully, Overall results
indicare that the method can be effectively taught and has adequate antifer-
iy etheacy, Tecan be applied successtully o an estimated 904 of properly
selected patients,
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Discussion: Tubal Qcelusive Devices

ELIZABETH B, (ONNELL
GERALD 1. ZATUCHNI, MODERATORS

IS THERE ANY EVIDENCE THAT THE TUBAL PLUGS RESEMRBLE
IUDs IN SUCH CHARACTERISTICS AS “WANDERING,”
MIGRATING THROUGH THE MYOMETRIUM,

OR CAUSING LEUKOCYTOSIS?

No hemarologic study has been done with the uterotubal Junction (U7I)])
blocking device to provide i answer about whether it would cause @ mild
teukocvtosis, The local ettect of the device involved some minimal o mod-
crate lymphocvtic idiation around the plug and the spiness what happens
svatermically s not known, but linde effect would be predicred.,

With the P-block device, investigators have looked for leukocvtosis in the
endometrinm and have not found an increased namber of round cells or
feukocvies, The irvitation is minimad, which with the TUD would he o problem,
beciuse Teakocvtosis is necessiny tor a good effect. Bur with the P-block the
effect s achieved without any leukoos fosis.

Thus tar, inall of the anbmal studices and limited human studies, no per-
toration of the werus has occurred with iy ol the tabal blocking devices.

WHEN ONE PLUG IS LOST AND THE TUBE IS FOUND TO BE
PATENT, DOES THE PATIENT NEED TO UNDERGO A SECOND
HYSTEROSCOPIC PROCEDURE FOR REMOVAL

OF THE OTHER PLUG?

Obvioustvoves, The patients participaring in the study know that this may he
necessary and are willing 1o ke the ciionnce. Often, rather than removing
the vemaining plag, the procedure is repeated 1o place a new plug on the
other side,

Panclisn- Jan Brandin, Jav M. Coaper. Robere Ao Erb, Abdol . Hosseinian, T heodore Reed,
THL Dncnvant: Naney | texander, William Drocgemueller, Enrique Guilott, Tiovith M. Has-
son, Lowrens |0 D Zaneveld
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DOES PERMEABILITY OF THE FALLOPIAN
TUBES MEAN POSSIBILE FERTILITY?

[t most patients it probably does. Tn fact, some of the patients with tabes that
were thought not to be permeable became pregnant. I there is some leakage
awround the plag, there s o chance of pregmnaney.

HOW MUCH DOES THE P-BLOCK EXPAND?

By adding ore or less nvlon 6, the swelling factor can be inereased or
decreased. The present P-block plugs have an expansion factor of 2.5, but
the plug could casilv be designed o have an expaision factor of 3.0, This
means that it s vers soltandat s conpressible by the oviduct, so that italways
has i imtimate contact wieh the epithebal lining, whether the tabe is 1 omm
or Somm e chamerers fos well known e the tubal diiimeter changes with
the hormonai phases. o o waran a complete ocelusion, the device should
he compressible but abwans nving 1o distend ontward toward the epithelial
lining.

IN THE NEWER DESIGN, THE P-BLOCK PLUG HAS TWO WINGS:
IS INCREASED RETENTION THE PURPOSE OF TilEl SECOND
WING? ALSO, IS THIS PLUG MORE DIFFICULT TG REMOVE?

The second set of wings was necessary hecuse i one sooman who hecimme
pregnant, the whole hvdrogehc hody Tad slid ot the mdon-6 skeleton, and
asccond setof wings was needed. This other set ol wings has nothing 1o do
with the vetention ol the P-blocks i serves only o keep the hvdrogelic body
on the nvlon-6 skeleton,

CAN THE HYSTEROQSCOPICALLY PLACED PLUG METHOD
BE CONSIDERED A NONSURGICAL PROCEDURE,
CONSIDERING THAT ANESTIESIA IS REQUIRED?

With placement of the U] blocking device, the patient has a paracervical
block prior o the procedure, but an anesthesiologist does not need 1o e
present i the operating room. As with the P-block, the procedure could he
done i dimicand with time witl e done as an outpatient procedure, wirh
local or no anesthesia,

Although the placement ol rabal plugs could he considered a sugical pro-
cedure, the imvasiveness is limited and the peritoneal cavity is not invaded.
Fence the wnn nonaogical i the present discussion means the patient’s
perception that no smgical inasion or catting is vequired. Thus, even though
Bnsteroscopy might have to be used with a paracervical block, in the mind of
the patient it s sull o nonsurgical approach.
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the wrea. This is producing much more consistent closure, The coagulation
necross has adepth of 5 mm, and there is obstruction over 2 mm to 3 mm
of the cormu.

Because ouly 13 such procedures have heen done, the investigators wili not
he vcady to expand this to a clinical wial for another vaear or two. They are
optimistic. however, that they wili be able 1o develop a single protocol for
treatng b women requesting crvosurgical tabal occlusion,
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