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PROJECT I
 

COMPARISON OF OPTIC VISOR VS SURGICAL MICROSCOPE
 

FOR RECONSTRUCTION OF THE FALLOPIAN TUBE
 

The objective is to determine which method
 

will prove the most effective and less expensive for
 

tubal sterilization reversal 

Principal Investigator: Dr. John A. Rock
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The Johns Hopkins Medical Institutions 

Department of Gynecology and Obstetrics Please address replies to: 
Division of Reproductive Endocrinology Halsted 124 
John A. Rock M.D., Director The Johns Hopkins Hospital
Telephone (301) 955.3355 Baltimore, t"aryland 21205 
Nlights and weekends (301) 955-4331 

September 24, 1980 

MEMO TO: Theodore M. King, ..D., Ph.D.
 

FROM: John A. Rock, M.D.
 

SUBJECT: Comparison of Optic Visor and Surgical Microscope - Site Visit 

Dr. King, I am enclosing a copy of our list of randomization which has
 
been supplied by Dr. Allyn Kimball in the Department of Biostatistics. We
 
have completed the first 18 pairs which have been matched for the types of
 
anastomoses. Ten pairs remain to be completed. I anticipate we shall have
 
no problem in completing this project by the termination date. I have
 
discussed with Dr. Kimball some of the pregnancy outcomes, but as you can see, 
data is still accumulating and any conclusion from this study at this time
 
would be premature and may very well change over the next year and a half
 
during the follow-up phase.
 

If I can be of further service, please do not hesitate to contact me.
 

With best wishes.
 

JAR:pag
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THE JOHNS HOPKINS UNIVERSITY ' 3 " 
SCHOOL OFHYGGIFNE AND PUBLIC EALTH 

DEPAR.,31E" O' BtoS TkA7S7tCs 615.North Wolfe Street - Baltimore, Maryland21205 

August 4, 1978 

A. John Rock, M.D.
 
Womans Clinic 225'
 
Johns Hopkins Hospital
 

Dear John:
 

In the following list of'randomized treatment assignments, the
 
patient number refers to the order in which patients became eligible

for the study. Also 0 stands for old technique, N for new technique.
 

Patient Number Treatment "Patient Number Treatment
 

2. N 1
1 0 ? 13 0 
12 
 14N
 

3 N . ¢ 15 N 
4 0 16 0 

0 17 ,0 
6 N 18 N 

7 0 19 0
8 N /0 20 N' 

----- ~~--------------- - - - -

9 N 21 0 
10 0 22. 

*i*.. 23 N
12 0 , 24 0 

The dotted lines separate the patients by pair. In each pair,

both techniques are present, and we will use these pairs, together
 
with results for tubular patency, to examine the data sequentially.
 

Please call me if there are any questions.
 

Sincerely,
 

Allyn Kimball
 
Professor
 

AK/cad
 



---------------------

---- --------- --------- ----------- ------ ---------- 

-------------------- ----- ----- ------

--------------- -------------------------

THE JOHNS HOPKINS UMVYERSITY
 
SCHOOL OFHYGIEN'E ANYD PUBLIC HEALTH 

DE4IR711MYT OF ,toST.4rSTIcS 615 Xorth Wolfe Street - Baltimore,MXaryland21205 

"'March 31, 1980 

John A. Rock, M.D.
 
Harvey GYN 08
 
Johns Hopkins
 

Dear John:
 

Here are randomized treatment assignments for 16 additional pairs of 
patients (0 = old, N = new). 

Patient Numbar Treatment Patient Number Treatment
 

25 0 41
 
26 N 42 0
 

7----------------------------
27 0 , 43 0 

822 N 72:, 44 N 

29 N 45 ------- -0 
30 0 -13 46 N 

------------- I-------- ---------- -

31 
32 

0
N. 2 

'47 
48 

N 
0 

--- ;---- 1----------------------------- - --------

33 
34 

/ o 
N -Z5' 

9 
50 . 

N
0. 

.50 7 51 0
36 7 52 N 

37 N 53 N 

38 0 27 54 o. 

39 N 55 0
4o 0 56 

-


Sincerely,
 

Allyn W. Kimbal 
Profesoor
 

AWK:pah
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ODA!RS - INITIALS AGE PROCEDURE JCMENTS) MAGNIFICATION I TERVAL ,OUTCOME 

PAIR 11 Premature 

Old 

5ew 

C.C. 

E.M. 

22 

28 

Pomeroy 

Falope Ring 

Ampullary-Isthmic 

Ampullary-Isthmc 

Hood and Loop 4 m. 
nd Lop 4mo. 

NBaby 

OMPI 6 mo. 

dlivry, los 
at 6 mno. -

died. 

Term Delivery 

?AIR #2 
New 

Old 

C.K. 

M.A. 27 

Pomeroy 

Single Burn 
Electrocautery 
(Monopolar) 

Ampullary-Isthmic 

Apullaty-Isthmic 

Hood-Loop 

OMPI 

3 mo. 

2 mo. 

Spontaneous 
abortion at 
6 weeks. 

Term Delivery 

?AIR #3 

Old 

S-v 

J.W. 

A.N. 

30 Modified 
Irving 

Double Burn 
Electrocautery 

Ampullary-Isthmic 

Ampullary-lsthmic 

Hood-Loop 

OMPI 

5 no. 

9 mo. 

Term Delivery 

Term Delivery 

I'A:R t4 

Old J.T. 29 Pomery Ampullary-Ampullary Hood-Loop , 

F.a. Falcpe Ring A=pulary-;=pullary OMPI 5 m. Term Delivery 

?AI. #5 

3..O. 29 Po-eroy AMpullary-Ampullary O.I 
(HSG: Patency; 
2nd look laparoscopy: patency) 

Old X.U. 26 Pery Ampullary-Apullary Hood-Loop 10 mo. Spontaneous 
abortion at 8 
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E~ TcE~N7S) ASNI F ICAT ION RV 

J..SIZIC 

7:c:z=Uterl 

3,;.x 

Aulry-Istl.±=4c? 

Ap;u11ary-Isth-ic Hood and Locap 

5 

6 

7 

mc. 

vkLs. 

nbs. 

~ 

~ h :: 

IF S C.-

E-

C 

- - E~c--~Pr::-&7'am--

N zv. ...... 

)cparoscopY: 
bilate~ral Patency) 

dL*J. 32 

25 

Zlece.rc-Is.terv 

?c-r-roy ~-Is: hXP4c 

ro d 

(IE:SGi unilAte~3.sic 
IT4- r 

plc~ 

~~.E.~~35 

27 =Icctrceautery 

Ar-Z tO?,~a1C Hood 

OW 

*6 no. ing:~'-
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M.''CT)~AGNIFICATION INTERVAL AITCCI,>E; 

.... 

.. 32 

.Cu C....: 

Czu;ery 

rt - sthiC 

Bilat-:rae 
A-eullarY- I s  I-=ic 

Hood 

0MyI 

8 Mo. Pregnancy in 

Progress. 

?.-. () 31 ?c--eroy A-pullary-A-pullary OMPI 
2nd look laparoscopy:

tubal patency 

2'.". 35 PcnCroy -pullary-A-pullary Hood 6 mo. In progress 

':R P:3 
Cld A.A. 

?.C. 

26 

25 

Cautery 

Pcercy 

A-pu1lary-Isthmic 

A-pullary-Isthmic 

Hood 

OMPI 2 o. Pregnancy in 
Progress 

:-J.H. 31 

28 

Cautery 

Po.eroy 

A--pulary-Isthmic 

A=pullary-Isthmic 

Hood 

OMPI 

Saw DX. 24 Pob.oroy Ammpulary-Apullary MPI 

Cld S.A. 32 Po-meroy A-pullary-A=pullary Hood -

IE 16 

Dld 

-

M.S. 35 Pomeroy Ampullary-Ampullary Hood 

Saw P.B. 27 Cautery Apullary-Ampullary OMPI " 3 too. 
" 

Pregnancy izi 
Progress 
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rAITIALS
. AGE PROCEDURE ($ AENTS) MAGNIFICATION INTERVAL -,UTCOME
 

AIR #17 

Cid J.E. 31 Cautery Ampullary-Isthmic Hood 

"Nw D.M. 30 Cautery Ampullary-Isthmic OMPI 

AiR 118 

Old A.W. 27 Falope Ring Ampullary-Isthmic Hood 

New M.M. 17 Pomeroy Ampullary-Isthmic ONPI 
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PROJECT II
 

HISTOPATHOLOGICAL DESCRIPTION OF FALLOPIAN
 

TUBES FOLLOWING VARIOUS METHODS OF TUBAL
 

OCCLUSION INWHICH THERE HAVE BEEN BOTH
 

SUBSEQUENT SUCCESS AND FAILURE
 

The objective of this study is to
 

develop a hypothesis for the improvement
 

of safety and efficacy of tubal ligation.
 

Principal Investigator: Dr. Timothy H. Parmley
 



A.I.D. Interim Progress Report
 

Since the beginning of the project, we have catablished a registry
 

which now includes nine tubes, from five patients, which were removed
 

incidentally as a part of surgery for major pelvic disease. 
Each of
 

these tubes had previously been subjected to a tubal ligation. In
 

addition, there are 
twenty tubes, from thirteen patients who had experienced
 

a pregnancy failure after a previous ligation, and there are seventy tubes,
 

from thirty-five patients, at time electiveobtained the of reanastomosis. 

All but ten of the last group of patients are described in a publication which
 

has been accepted by Fertility and Sterili-y and is currently An press. A
 

copy of this publication is attached.
 

Briefly, the publication describes the fact that histopathologic examination 

of these tubes reveals that in cases 
in which the method of tubal ligation left
 

a short proximal segment, i.e., less than 4cr., there was approximately a 75% 

incidence of and 40% incidence fistulaendometriosis a of of which about half 

were tuboperitoneal fistulae. 
As there is no endometriosts elsewhere in these
 

cases, and as~the endometriosls when it is only rudimentary in always present 

In the interior of the tube, it would appear that actively growing endometriosis 

develops in short proximal segments after tubal ligations and with continued 

growth results in tuboperltoneal flntulae in approxlmate]y 40% of those cases 

with short proximal segnent.;. By and large, this means paticnt; subjected to 

laparoscopic tubal ligation methods. This sane proes occur,;, hut much less 

frequently after ligat.tons that leave long proximal n egments, I.e., the I'omeroy. 

The n-imbers in this plppr]i ivem adequate to demon.trate that a process 

related to endometr Lot;i,, ,' v1, ps in the proxmlw I seg'mcnL of Lubcs pollt Lubal 

ligation and thatL Lhls process may result N1 flstiulac, fluw(ver, the numbers 



-2

are not.adequate to suitably refine the relative contribution of the type of
 

prior tubal ligation, the length of proximal segment resulting from the
 

ligation, or the time after the ligation. Additional factors such as patient
 

age are also not properly evaluated by these numbers. Consequently, it seems
 

appropriate to continue the collection of data until larger numbers have been
 

amassed. Ten additional cases not fully analyzed as yet, would appear to be
 

consistent with our previous material. 
We have definite knowledge of the
 

number of cases available to be studied within the next few months and feel
 

confident that there will be no problem in collecting the total number re

quired for fulfillment of the contract.
 



[-NPCAUIOSIS AND DEVEniOP*:oFTH IAWtN-r *rllo-pr1,rNICiAL 

FISTULAE AFTER [UIBAL LI AT I N", 

John A. Rock.. M.D. +
 

Tim H. Parmloy, M.D.
 

Theo'Jore Il. Kingj, M.D., Ph.D.
 

Brian Iksu, M~.D. 

"roni -ho D~ivision of Ropro~c, icth.. Ericc-ri nolujy, Daparr-IolomI of Cp-lecoicz 
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John A. Rc,,: M.D. .
 

ABSTf\CT. 

Tho present study' do' i Is gross and histologic finding, of 79 pr-,io.y 

I igaltod fal lopiaoi tubos from ithree gjroups of, patients. Of 20 oviducts 

removocw after documeriold stori I izat'ion fai lure (Group 1), 6 revealed E. 

process comp.ltible wiith ondcmeriosis. Four of 9 previously Ilgcatied 

fal lopiai tubes, removed al ihe Johns Hopkins Hospital (Group II), we.e 

succc..,s;ful ly injected wit" India ink. In Iwo patients histologic exe-..i-.n 

dei-o,strated the India ink in c-pithel lal-l ned spaces tha'I lay bayond the 

rusc Iu of ihoitub3 wa I I extend g.f rom "[ho I urmen to the serosq 1.. tuba I 

s .irfTC,'. 

Fifty cvidic'ls were sti 'Jd In 25 piicnts r'"qu sting reversal oit 

slorilization (Group III). A higher percon'l'a6n of fistulae were de;,-, 

in porle'nts with loss "Thn;,4 cm lengi'h o remaining proximal l'ubu! s.r-. 

Furthoriic-ro, a mijorlty of thoese fistulae w.ere dr.mn,n-,ra-id In patior.ts 

where 3 ycars had lapsed since the originail sterilization procedure. 

Pl-ionts stori I ized by laparoscopic cautery method.I wore obs:.rvwd to 

higher Percentage of fistulo formation and'lh'stological docum'ntatlor of 

enclam~otrioj-is at -the s,;iri I izai'ion site as compared i'o other sterlIz.ti 

nehods. Our observationi ,;uggost that ovid ',-al I iga~lon within 4 c-. e" 

tho uterir,: cornua rriay pre-'isposo io "1-he devalopqerivt of ondevrtrios.C . 

suhS:Cq;ClI" f I: u 1iz: 0ion i the tlip of ilo I lga'led oviduct. 

BEST A i
 

http:sterlIz.ti
http:patior.ts


Jz!.,k A. Rock, M.D. FA 

INTROD:,23T I Ot 

ExI raucir ine and i rtrirutcur ino prognar'cy occurring af',.r surg. ,ui , - ' n 

, -C. the fal lopian tuLhi c:on, inuhI 'to [-a a cl inical problom.1 5 WhiIe . ea 

phase pregnancies som iroventable with th1 proper paiient seloction, nr. 
operator error can be minimized -wisth proper "-traini'ng, somno failures s=:, 

currently unprevc rtable. These occur months or years aftor- the steri !za-.-.:n 

procedure, and many are oxtrauterint. 5 When examined, the fallopi:n 

from these siorilization fai lure appeared -to have been property Iiga-ed. .r 

tI e past, such tate fai lures have been 6tlribuifed to "recanal izati'on". !;: -he 

sense that this Implies roe.;I-.:b!ishrw*ntl of a lumen botw:n the proxiir. " a::c 

disl-a1 portions of properly ubes, have rio- soonl tl-ccd fal loplan wie .u:! . 

case. On the other hand, tubo-peritoneal fistulae have been obsorvd. - ' 

V-. have Investigated the nature of those fistulae. 

M.AHTERIALS A.,.: M'E'T)DS 

Sovei-tiy-nlno previously Iig-.led fal lopian tubes wore studied. Tv.nt 

of tho.:eu oviducts, from 13 p-l ien'l':. (Gro,.,:, I), were refer-red from 6"h'-

institrl Ions for eVau;.lio; of the causnof storl I lzatio: fat lure. This 

r'lorial was often fragmentary and could not be appropriatly orionteo ICr 

ricro.;copIc study. Fr,.quently only one tub-) was received. Consequen'7'y, 

rAicroscop;c section. ,,.r' tlk:.n at random. 

Ni ne, lubr:s (Group I I) w.:r.. -urg Ili lII ,' reove:. at the Johns Hopki~r . 

l,_rpl'laI a:; an assw:I ted o, rturg:.ry pcer'fcrri:.dp or lvic for olhor 

r~r ..i.ifc:iicnl, hi.,, "lubo; :c:rc C.', su l ncll. "Io al Io..:; " . I Ii clz.. 

I Inl" cc. yrinl:; i,rid o .n;k ',.In, o 2 -.- 21.) qF ;t-l ricv.'!lI:. "'ho syri il':"o "I' . 

,i," I .1l1v,::tInI w,:; pl c ' ir, "Iih prox:i' ;.il lum.;n iind "lic i k w.drd'; Ikiji " 

-ill,, di lrIl'c.d or "I , in ',:: Ih110l lh f Iil Ia. 'Th i t;.4-5 do- '  " 

/... : ,. ! ,'.; ,
 

1 

http:rturg:.ry


4:r
, "lhc pressuro ius n ' moniord. Microscopic snl'ions w.oro p1par: t . 

deor,,rM ,, "the India Ink in the fallopian' tube and-/or fis'tulous "1'roc'. 

Fifty oviducts (0,roup III) .'ara studied bo-!h in'vivo and in vitro. ,. 

studios occui red as a part of th:j routine evaluation and "IrIrfirr- of 25 

patients admit led ifor .tubaI ,sooss. Preoporatively, all patin'ts--

a hysterosalpi..-;ogram. Hysterosaipineograms 'ore paro,-d usng aR 

cannula -to which a .10 cc syrinf.g, contalning 5 cc of salplnx@R) was a. . 

Two cct s o f contract med in' :a- -Then i nc tce, d i n'to the uterus arid an i- 1 1 

x-ray obtain-d. Then an additional 3 cc of dyv izas injected Into the . 

arld a second :--ray oh'tained. No patient had rect'ivtd a hys''rosalptn;:;--.. . 

tricr "1o their previous steil I iza'l'ion. At the time o surgery, cervlc;

obsfr'ucion w:a, accomplished v.ith a Shlrodl-ar clamp and a trarlsfundal r- "" 

was placed and used -to fill the ondom:e'lrial cavity arid proxlml fal Iop:z. t.e 

wi 'h nd i£. ca rmii;o dye. Any l,'*al f lstu la was thus drc!:;ns'rat'ed. 1Th: £ ( 

•Ii, i chprox imlI se,,ent of I i ga'led tube wzas remr,.ved in order "-o p-:- , 

i he :Jri-rs'l;:ivosi,, thiis area of th.. oviduct wis sod ionei in order to 
investiga'le "fhIe WnaLret of t f 

Is 
I"a 
la 

dea t 
detec-:d by hyslerosalpingooIrdphy .. 'z- ":." 

•ronsfundaI IndIco carmine Ilnjec.1ion. The proser,.c, or absonc, of any - -'.:. 

p',lvic disoase, arid tho Jeng'lh o-f the pro:l:rnal sql: -," of Tube, .n'' 

d.t'urrmniJ af thuv tIil of surgery. The length of he fal Ioptan "hbe%;zs1 

r.'Cv,ured ;uch "lhat "tho l itrsl 1"1i"I tuba was not Included In th. riE.as,-.-

*r...clin'l rocid was rto ascer'ain tho Irfervwil of tirn- sir: - -. 

tubal I lgr'l ion, and thu -typo of str.'lIlzaI ion procedLuro p.0rformned 

Of "i, 20'. f Ilopicrn "I " r . .c.r.in; iiu i s c!It0r 

d',&Uf Imin,.,d fo'i lur ((1;r omou I), ( Iltd ovidc'nco of El proC:'.1: ' ha'l r.1.. :t:" 

:le ifli), -I I aJIIt, c rni 'o"os;,cti'hpi 1 hc l , ,o fthd "op I :"c'iIa i anc iu -.n. .s 

ci oarlIy wwoa;~zIrtv w i Ih a 0,rom,: ie o ciiif iv- c~ u edi -lv~ 



John A. Rock, M.). k;e 4 

of endoma'riosis (Fi9. ). Th:it is, stroma arnd q1itnds hislolo icall;y 

tdonticol -1o tihat sc :n in tho utorino endomel'rlui vere observed. In ,.

cases, this pro:-oss appoared to oxtond from the lunion to the sorosal uf::,: 

of- the ligated tube. Unforlun-d'e-aly, caroful docurtentation of Z u 

Iract was not possible as the surgil rniterial was frag:nntary and cc.2'I 

not be orionted for- ricroscopic study. Furihermore, the oviduc'ts wie| .zit of 

sufficion'l l:'glh lr allow injection .lye -to derronstrate i-he fistulous --- ct. 

To invastigate ihe na'ue of the 1iulous tract associated with 

endomeirlosis, 9 previously ligated fallopian tubes, removei at the J.'-s -

Hopkins HIo.splial (Group II), %;eraInjoc 'ed with India iok.' It was pc-,,.. .,. 

-o succos".ful ly inject 4 oviducts and 1o d tronstrhta 2 fistfulao w1i'th hs 

techr:lque. 1,hen sectioned, .the oviduct wi-lh f istula revealed India ink in, ,,j 

Ilhe tubal lumen end in epithelial-linod spaces thati lay in and beyone . 

duscic of lio -tuba wal 1, from the tubal -to iho seros= :,xiending lumnen 

surface (Fig. 2). I.1any of "fhase ware apparenfly foci of endetrio.1,.

which gland lumina vwere the fis'iulous tract. The criteri: Jr ihe di-:r:- s 

of en-cmetriosis consists of glands arid struma Identical -to that r:.rr-

found in the endomclrial cavity. 

'ith tnase ob:-'rvatlo:ns In mind, 25 patients undargo n-j tubal s 

(Group II I) .ere on rofu IOy ova lu'ld preopera lively by hys'orosa Ip1 n.r

' °Eighlg czs ; arid 11 " i .... x-ray evidence of P fi stula ai 1lhu i : 

l1ho pro.:i1r;:, I s~j~non ofl tub.. At the lime of oxi-alive injeclion 0' 

car l-rin dye, all of lhv, rIE.-lo!ojica Ily domrf ;-.Ira ltJ fis'lu lee Wure cc -!f"-. 

Fip" I Ierr. , u " . I. ' lc I n 3 a d iii o ,;! pj : i on I s vto, ha ..-. 

(FIj.i ) . In I I , 14 ' e voro d.'::uL,:i.:n l d wi 1h "li.u " -chnlIquos. 

; tIl'oII ciserved I, ,, . cf -"th i Is i lo oxfoi(l:d I n'o t ho broadl .1Iv-c C-.



'Pz 5J .,hn A. Rock, M.D. 

but did not reach the perl'otioal surface. 

Carefu I inspection of the pelkis at the tini of operation revoae.s nz 

evidence of perltoneal or ovarin ondcmoet'-losis; hovrever, In 15 p-a-M.-ts 

apparent endattrio:1s was observed clinically at -the tip of the prc.imai 

seg!n-.:l" of a fallopian tube. In .one of -these neither a fistula nor t~e 

endoietriosis was identified microscopically. Frequently, little bl-cis were 

seen beneath the peritoneum (Fig. 4). Similar foci were not seen on the. 

distal segment of the fallopian t-" Microscoplca.1ly, all bul 1 o 14 

with a fistula appeared .o ha,.. endcmetrlosl at Its -tip extending t1:;....
 

not studid

of the ube. One of these FI stu I ous tubes was i.d 

the via II 

microscopically. In 10 cases, en.dwio'trioz;s wliThout 	a fistula w.:; s-an (.n) 

was not soon to ex.emicrosc:i..ical ly. This process vas nol exlensive and 

the tube. A oporaflon, ondoxstriosis was not c-r.: *;;=-11lhro. ,i': wal I of 

In the dlstal segment of -the ligated tube.. A 

Type of prior ligalon was correlatod with the frequency of fIst'c . 

(Table 1). A high percentage of fistulae and endometriosis was ob:e° " 

falloplan tubes ligated using -1he lapar'o3coplc cautory r,;'hods. AI-h-.' '' 

.:,
fistulae %.,,areot.ser,,ed in tube; ligaterl with a silastic ring, 4 of ese. 

CrL_ovi duc'ts r-ven led endc~r~e; r Iosi .
 

The percenlage of f is'Iul-. and endcnolriosis was also corralal-1 .;i. *t
 

long-Ili of remaining pro,:I n f'ubnl segrmorrl. Thirteen fistulao were, c-jr .

29 proximal oviducts of *kss lh-n 4 cnm. Fur-thermore, ondcomirIc:-Is
z'In 

b. Th o " ' do':mrinlod in 20 of 27 tUbh s 	 of Icss "11h.n 4 cm In lonji 


, In oviiicd l, 4 or ra r cunlir.botori, In
of f ish ll~,,I'Indo,:Ir:,'arid 

.5p and 20;', re',(zc ' ',' TabIe 2).
 

'Ih.n ,imr i rrlurva I ricc prior ligallon war corroIwlalod with h- r..

of f 10ula:i and cIdr:osi In eo-h "lubo sfiidled ,Tho ronulIs 
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tihat by 3 ..,rs after the s'lerl Ilzo'lion procedure a high porcontago of 

f I stu lae h.vo been formed (Tab te 3) 

DISCUSSION
 
This report prosonts results and histIologIcal fIn,!Ir:!- vu
 

, .... f r. -m,.riu o o d uc tls 

3 groups of patietits. The original group of ovi,' -Js referred fro:m o"ICo 

Institutions af'ter fal lure, re.vealod a proco-,s co:pali ;o with ondo:erio.s. 

It was possible -to dononstraia a .fisu' tract wih Injec-iun In.nthr: of 

Ink in 2 of 9 pai cins it: the secoad grc, of F!-; 1-,--I1aijed oviducts from .s 

undergoln.j pelvic surgery. ro furthor inr.c-;I ioate The noctuVU lhe-c. jof l-

findings,. 25 patlois requesling reversal of s1oriIization wore carofIly , 

st'udicd prooperailvly by hysl'rosalpinoojraphy and at the time of anast:- -i 

After succ:essful Icl';ilon of thu oviduci withln'4 cm of ihe Lrl.w ii,ccr? , 

endomeh-losis duvol. , in the -tip of -the proximal seg!n-nt of ligaited t '-

It.a high porccihlao, of p. lionts. Prior to "tha cl,'-dopiont of tho fIstiu, ;

the tuba appears to he di 1.hd. Progrc.ssivo cxtn.-,ion of tho er'odvcric-', , 

perhmps iidod by inter p.ressuro, appearod to re.-lw ii pnn'Ir'ition o

tho muscular wall of the t:be.wi hI subsc1Duenil fIs itliziion ol lhur lr-o or 

broad I or Inio tli,, p-ri lonc,: l covi ly.Iga-on 

The authors spcu lute fnul regurg i la'iod mrnstrua I f l may be [
,L 1 

ro.pons lb Io for "lho do-, o~or,,n t of vndrfl 0 rlos ls vnd "1ho dII a'toiIon c-1r, 

iubo. As Ihi,longih of Ithe prc,:lm.l mnt and Isso~i i ho iypa of proc-o:dur 

c(o rolalod 'ih the 1ru:::bI., of f i tlUIlao und cndo rr,,rionis, wiibIn f1io 

o'/lI ,uilo:i, I i N-0:;,.ciuc . i : poi:,ll , "lu kno.:. which or buo ff1c:l:':'s Ii 

fU.,r Imp In c.orlribul i,g Ik) ut!:,qioral l"of ,.IO -. :: "ci ,ho d.,vo ltrmc. f i';Iv 

1'L''';_,. h::r" ' : s, lurt Ihrc,:v "j- prccoIur1, pc.-for-+: 
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Qroater thzcin 4 cm fromn -1i -c-orriuaI ruits ri.. f Ici ulmei; fur iho-~
 

I cifition proxirn Il to tho ar.,pu itar y-I s hin1 c Junction runr' rosu It In aJ pr.x;t
 

stigncsrt wh ichi IF S ubJM I '[( ts IkI o: devo Iopmixit.
 

As this process ap.pears to dovolop within 1 to 4 years of tubal 

It Is of InI-vrcst -1(. conide!r wha't rota It rnmy play In ia so-calt td :

tubml ig cation syndrom;. It Is certainty conceiva'ble -1hal- pain find 

Irregjutar bleedJing inigh-1 bEw- In future ateu-rnpts -'Iconi~cntant sy.wipt-om1. 

.doicic a pc,,71 --Iuba III syndromrn', th' I .: cirsc of dcz-e lop inc 

andwm9triosls In tho pl~~- i gwllx1 negren-1 !should'be fci.'en irilo ~z~ 

Furnther, 0-ih~ rlo courS'* suppxw , ihci cl inical ox~prir ienr~ of. Cur1ianan, at t* 

vilth respoci -to proglrafcy, fattLuro.5 

"Y'9.4 "LU 




TABLE 1 

ST:RI LI .ATION' REVERSAL (GROUP I I I): 

ENDO tATRIOSIS VS. TYiE OF LIGATIONPERCENTAGE OF FISTULA ANCD 

Type nf #Iof. FIstulae/ 	 // tubes ;ith ndctomoh-losls/ 

# tubes studied# of ubs stuidLirl Ion 


C:,ul ory 121 23 v (46'#4') 15/24 1 (6 ;,)
 

5/18 (28%)fornoroy 2/18 (11) 


Si iasl lc Hingr 0/6 (0w") 4/6 (65%j)
 

Orl case not subini'tffd to patholojy.
 

~L
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TAI.E 2 

STERI LIZATIONJ REVERSAL (CROUP I I ): 

PERCENTAGE OF FISTULA AND INDO\ETRIOSIS VS. LENGTH 

OF REMA I I! N POCX IMAL TUDAL SEGM&IT 

Length of Remaining i of Fistule'/ # Tubos with Errrosi:

T',.!...S.',en' ~# Tubes S''dlict // Tu - Stul.ir, .. .. 

Lm.-,- "hnm 4 cm. 13/29 (45',) 20/27:i (74%) 

4 or" rrore cm. 1/21 (50p) 4/21 (201) 

'Ona ceIso not subLititfd to pa'thology. 

.ViYLv .k,
 



*rABLE 3
 

s;rR I LI ZAT IOd REFERSAL (GROUP I I I)
 

NUMBI. OF FISTULA AND FND0F,.1;IOSIS VS. TIME SINCE OIt .,1IN\I. LIGATCr':
 

Time Since Original # of Fis;ulae/ # Tubis with Endo-.tr:.--

Liqtlon (Yr,) of 'rubes StuelI-d 1 Tubes Stilied 

" <1 0/4 0/4 

1 0/0 0/0
 

2 1/2 1/2 

3 6/14 10/14 

4 3/8 7/8 

5 1/6 1/6 

6 2/16 3/8 

7 1/4 0/2y

8 0/4 2/4 

*One case not .nillted to pothology, 

B3T AV ".
M7 
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F GURE LEGFN!)S-I 


FIg. 1) !:i;focus of endomneolr-iosis Is si't'ut'l'ed In the riluscularIs oftthe 

tube wall at the t ipof "the proximal sogment. Similar foci were 

-arranged fron "ho lumen -to the serosal surfaco. Not all had
 

wol I-devoloped stroma hoVkevor, and those rnore closly sirnulated
 

salpingitis isthmica nodosa.
 

Fig. 2) AftJer tho proxiral segrient of fal loplanIlibe was rer'ovace frc," "Tha 

uterus, i-t was injectud with In.,a Ink. Inthis case, El fistula 

was de.,ni,,Iraed and the section showis tho' ink int- ondor-e'rio. s 

thaI" lay boliwoan "1he lumon of 1-he tube and tha seros.. 

Fig. 3) A fistula Is deronstrea lod by The dairk spot oF Indigo carmln. sz--, 

at -the corru,. "t.., scarrod "fop of the .broad II9amont oxtonds to 

the right Wiith -ho dislal segm nlt of tube Just out of the picture. 

'The ovary I: postorlor. The dye was InJectod through a rioo:'- In 

the -top of The fundus just out of tho picttro on the l0,'. 

,Fig. 4) Suporficiil blcbs, assoc.'ted with endomsolrlosis, aro, soon a. tho 

tip of tho proxi;'-l t-mii t of tube. Th scF-rrod portion of ,0uta 

and "tha distal se-, :n- aro *eo, bons-.th thist; s1io. 

rF~ A
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PROJECT III
 

THE EXPERIMENTAL PROTOCOL FOR DILATATION AND
 

EVACUATION VS. INTRA-AMNIOTIC UREA PROSTAGLANDIN F
2a
 

The objective of this study isto identify
 

and evaluate safer and more practical abortifacients.
 

Principal Investigator: Dr. Theodore M.King
 



PROJECT III
 

The initiation of this project was delayed inbeing started
 

because of unavailability of surgical equipment to process these
 

patients in an appropriate manner.
 

This work is now starting since this equipment has now been
 

delivered. 

Since the site visit on October 14, the principal investi

gator has visited the University of Indiana where on an outpatient
 

basis, dil&tation aoid evacuations are completed on pregnancies up
 

to 22 weeks in duration. The operation is performed on women who
 

have had laminaria inserted for 24 hours. The procedure iscompleted
 

under cervical block anesthesia with no systemic analgesics. The
 

principal surgeon at the University of Indiana is Dr. Robert Munsick
 

and he has completed more than 220 cases in excess of 16 weeks
 

duration and has not sustained a "major life-threatening complication".
 

This study has now started.
 



,.PROJECT,IV
 

THE ANIMAL TESTING OF CHEMICAL ABORTIFACIENTS,
 

,The--6jective of this study is to identify
 

and evaluate safer-and more practical abortifacients.
 

Principal,,Investigator: Dr. Norman H'. Dubin
 



PROJECT IV
 

Two projects currently in progress are described below. 

One study using LRH analogs is being tested in monkeys, and another 

using "suicide substrate" isbeing tested in rats. Our study 

involving epsilon amino caproic acid is in press in Biology of 

Reproduction and is included in this report. A rough draft concerning 

our experience with silver nitrate inmonkeys is also included. 



I'din Itues. 

We have received three 1,R1 agonists from AID; viz. 1) HOE 766 

2) D-Trp -Pro -Not 3) [imll 1-D-liu6 -ro 9-NetI-LXF 

'Following conversations with Dr. Shelton (AID); Vern Stevens (Ohio State) and 

Robert Casper (presently at Halifax, Nova Scotia)', it was decided to
 

initially test D-trp -Pro 9-Net monkeys
in pregnant for anti-fertility 

activity. According to Dr. Casper we should try as 
large a dose over as
 

long a period of time as possible. He also suggested subcutaneous injection 

in saline. Because of the limited amount of drug at our disposal (10 mg) we 

decided to inject 1. mg x 3 days at approximately 1 month of gestation. 

This would allow 2 initial monkeys to be examined with the drug. 

Protocol
 

Monkeys will be followed for menstrual. cycles and mated for restricted 

timod periods after vaginal bleeding. Pregnancy test will be performed 18-21 

days after the middle of the mating period. If pregnant, as indicated by 

palpation and/or MCG heagluttination inhibitior, test, the animal will be 

placed on protocol. Within 2 1/2 to 4 1/2 weeks of the estimated onset of 

pregnancy, monkeys will receive an injection of ether LR1IH analogue or 

saline. Prior to administration of test drug, blood will be drawn for 

analysis of progesLerone, estradlol and chronic gonadotropin. Blood will 

also be analyzed at 1, 2, 4, 7 and 28 days after injection. At 28 days 

animal will be recliacked for progress of pregnancy. 

Current Status 

Currently 15 monluys are being followqd for cycling activity. Several 

monkeys have been mateud an I has hconme pregnant. This aninl lias been 

In-eted wlLh D-Trp 6-Prog -Not tind Js curently being followud. 



Suicide Substrate 

Synthes.is of a small amount of an allenic alcohol of the pregnane 

series has been completed by Dr. Cecil Robinson, Departmant of Pharmicology. 

This compound has been found to be a potent inhibitor of the 3-0-ol steroid 

dehydrogenase real-tion as tested in an in vitro microsomal system. The 

compound is a "suicide substrate" in that when acted upon by the enzyme, it 

irreversibly binds to it (Figure 1), thus inactivating that enzyme. This 

compound will now be tested in prt~gnant rats for its antifertility effects
 

as well as its effect on both progesterone and conticosterone induction.
 

0 

! 

A.
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41 AISTRAT 

In vitro evidence suggests that fibrinolytic activity is involved 

3 in the implantation process. In vivo experiments were perform.ed in rats 

4 to determine if fetal develop.uvent can be prevented by epsilon amino 

5 caproic acid (EACA), a fibrinolytic inhibitor. Timed pregnant rats were 

6 laparotomized on variou3 days of pregnancy and EACA or control injections 

7 were made directly into a uterine horn. 'Animals were autopsied on 

8 pregnancy Day 15 when implantation and fetal viability rates were 

9 determined. Intraluminal EACA did not effect implantation rate but fetal 

10 viability was adversely affected when 3 mg was injected on Day 6. This 

11 effect was dose-related and was partially reversed by siTultaneous 

12 injection of plasmin. No effect was observed on Day 3, 7, 8. Day 4 a=, 

13 5 could not be tested because sham injection% alone caused a high 

resorption rate. Subcutaneou3 injections, as high as 60 rng daily from 

15 Day 3 to 10 did'not affect fetal viability. The experiments support the 

16 hypothesis that fibrinolytic-activity around Lhe time of implantation is 

17 important for maintenance of pregnancy. 
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I INTRODUCTION 

2 The implantation process involves n complex series of Interactions 

3 between the blastocyst and uterus (scL' Weitlauf, 1979 for review). 

4 Trophoblastic function in this process may depend upon several distinct 
5 biochemical events from the time of attachment to the uterine epithelium 

6 until a relationship with the maternal circulation is established. 

7 Recent in vitro evidence indtcates that the mouse trophoblast contains 

8 plasminogen activator activity and its invasiveness may depend upon 
9 fibrinolytic activity (Shernan et al., 1976). This is consistent with 

10 the findings that other migratory cells also produce plasininogen 

11 activator (Ossowski et al., 1973; Unkeless et al., 1974). The present 

12 experiments utilizing eps.ilon amino caproic acid (EACA), a fibrinolytic 

13 inhibitor (Figure 1), provide in vivo, evi.dence that plasriinogen activator 

0activity may be important in early stages of pregnancy in the rat. 

15 MMTERIALS AND I THODS 

16 Rats were purchased timed pregnant fromi Charles River lireeding 

17 Laboratories (CD ), Vil.ingtort, IM. The day sperm ware observed in the. 
18 vagina was defined as pregnancy Day 1. On various days of pregnancy, 

19 groups of rats were lightly anesthetized with ether and laparotomized 

20 under asenl ;tc conditions. The uterine horn to be injected was grasped 

21 lightly with forceps near the cervical end and a sterile 25 gauge needle 

22 attached to a 1 nl tuberculin syringe was inserted through the uterine 

23 wall into the luten. Various dose. of drugs were injected into the lumen. 
24 Light press..ure wav placed on the forceps during the injection and for 

25 10 seconds after ewnoval of the needle to prevent backflo.. 'hlle 

abdomin;jl wall was satured and the nkin clon.ed w1th wound clips. The 

,-*1
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1 

3 

rats were returned to their ciges until autopsy on Day 15. At autopsy, 
corpora lutea, implantation sites and viable fetuses (based on size and 

gross appearance) were counted. Appearances of normal and resorbed 

4 

5 

sites are photographically illustrated in another publication (Dubin et 

al., 1979). Percent im~plantation was determiued by dividing the number 

6 

7 

of implantations by the number of corpora lutea; percent viability was 

determined by dividing the number of viable fetuses by the number of 

8 implantation sites. 

9 Study 1. Effect of Day of Injection 

10 

11 

12 

13 

& 

15 

16 

Rats were injected once between Day 3 and 8 of gestation. Groups of 

rats received either EMCA or the saline vehicle. Other Lroupsfige-e sham 

treated, that is, the needle was inserted into the uterine lumen but 

nothing was injected. The FAkCA dose used in this study was deteiined by 

the maxinal solubility (30 .'/O.1. ml) and the volume that would yield an 
acceptable viability rate when the vehicle alone was injected (see 

Discussion). EACk was prepared freshIi on the day before injection in 0.9% 

17 sterile sodium chloride. 

18 Study 2. Effect of EACA Concentration 

19 

20 

All rat-, received EACA in one uterine horn on Day 6 of pregnancy. 
Groups rc, "'ed either 0.3, 0.6, or 3.0 mg EACA in a 0.01 ml volume. The 

21 contralate,.al horn received 0.01 ml saline. 

22 Study 3. Effect of Plasmin 

23 

24 

25 

LyopbiIi;ccl plasmin was reconstituted in sterile 0.9% soditm chloride 

immediately before injection. Plasmin loses are expressed in caseinolytic 

unl.s (CU; Sgourl, et al., 1960). On pregnancy Day 6, rats received 

intraluminal -Injections of either 3 m EACA, 3 ng EACA plus 0.5 CU 

-2
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plasmtLn 

volume. 

(rku\B, Sweden), 0.5 CU p.luaimli alone, or saline. in 

In this experiment, both horns of the uterus were 

a 0,01 ml 

injecte'd with 

3 the same substance. 

4 

5 

6 

7 

Study 4. Effect of Systemic EACM 

Groups of rats received subcutaneous 

or 60 mg of EACA daily from Day 3 to 10. 

injection fluid was always 30 rng/0.1 ml. 

injections of either 0, 15, 30 

The concentration of the 

8 

9 

10 

11 

Statistical Aalysis sstudents' 

In study 1, comparisons were made by t test. In all other studies, 
analysis of variance were performed with F ratios useJ to test for 

significant differet,.ds between treatments. 

12 
' RESULTS 

13 Study 1. Effect of Day of Injecton 

15 

16 

17 

18 

19 

20 

2]. 

22 

23 

24 

25 

In untreated rats the implanLation rate was 82.2 + 6.7% while the 
viability rate of those implantatlons was 93.8 - 4.9% (Table 1). Shan 
intrauterine injection,; on any one day betwenn pregnantcy Day 3 and 8 did 
not afA'ect the implantation rate, however, viability was affected when , 
sham injection was performed on Day 4 (46.1 + 10.7%) or Day 5 (8.9 + 6. 
Injection with normal sterile saline (0.1 ml) reduced percent implantatLion 

when injection was mn'a-de on Day 4. Saline injections affected viability on 
Days 4 and 5 although this effect could be accounted for by merely 

inserting the needle since Lhe percent viability those groups were not 

slgnificanty different from the sham injectlons on comparable lays of 

pregnancy. Injection of 0.01 ml salUi. on Day 6 decrea.sed percent 

viability below the ]evel of the ;iam cont.rul (47.3 + 11.5 versius 82.7 4 

5.5%). Injectiun of 3 rg EAC.\ in tho si;a ehrvolu, u[ -'alLne. further 

-3
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5 

10 

15 

20 

25 

1 reduced the percent viability to 13.3 + 6.0%. EACA did not affect 

viability on any other clay tested nor did it aOfoct implantation on any 

3 day tested. EACA was not tested on Day 4 or 5 because of the low viability 

4 rates encountered with sham injection. 

Study 2. Effect of ECA Concentration 

6 When intrauterine injections were made on Day 6, the percent viab-_ity 

7 was dependent upon the dose of EACA administered (Figure 2). In this 

'8 study, all injections were nade in 0.01 ml saline. 

9 Study 3. Effect of Plasm.n 

In another study, intrauterine injections of 3 mg again resulted i

11 reduced viability (13.9 + 4.3% versus 54.1 + 5.4% for saline control 

12 P <.001, Figure 3). Injection of EACA along with plasmin resulted in 

13 35.5 + 6.5% viability which was significantly higher than EACA treatment 

Palone, yet less than the saline treated rats (P <.05). Plasmin alone 

reduced fetal viability to 39.7 + 12.4%. 

16 Study 4. Effect of SjsteirCi EACA 

17 No differences in either inplantation or fetal viability were observed 

18 following systemic injection of up to 60 mg EACA/day from Day 3 to 10. 

19 

DISCUSSION 

21 Tmplantation involves complex interactiots between trophoblast and 

22 uterine tissue (eitlnuf, 3979). The trophoblastic function itself r.a' 

23 involve numerous events which depend on different biochemical. Incchanisz. 

24 F'or examplr, blastocyst surface glycoproteiris may be important for 

attachment to th, uterine wall (Enders and Schlafke, 1971;; lcks L-12 

P 6Cuznuz. n-onzalc!:, 1979). Etrogen prodtict ton vhr:h has been noted in 
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I rabbit blastocysts, may increase capillary permeability at the implantation 

site (Dickmann, 1975; Dicknzann et al., 1979). Progesterone synthesis has 
3 been demonstraLed in rat truphoblast (Salomon and Sherman, 1975) and this 
4 may cause local inaunologic suppression and prevent rejection of the 

5 heterologus embryo (Siiteri, 1976). 

6 Invasion through the intracellular matrix represents yet another 
7 trophoblasti: process and it appears to be, in part, dependent upon 

8 fibrlnolytic activity. Migratory cells, such as malignant cells 
9 (Ossowski et al., 1973) and macrophages (Unkeless et al., 1974), produce 

10 plasminogen activator. Plasminooen actLvators convert plasminogen to 
11 plasmin, a fibrinolytic enzyme (Figure 1).. Plasmin, or closely related 

12 enzymes may be important in degradation of the intracellular matrix, thus 
13 fascilitating cell movement. Fibrinolytic activity has been reported in 

Is cultured mouse trophoblast (Sherman et al., 1976) and first appears on 
15 Day 6 and peaks on Day 9 corresponding to the time of trophoblast invasion 

16 in the mouse. The action of plasmin on connective tissue may be. mediated, 

17 In part, by stimulation of collagenase production (Werb and Aggeler, 1973). 

18 We hav tested in vivo the effect of EACA, a fibrinolytLc inhibitor on 
19 both implantation and fetal viabllity in prec:nant rats. One appro'cC1 was 
20 to inject the drug directly into the uterine luwen around the time of 
21 implantaLion. Some technical difftcelt.es were encountered because of 
22 non-specific effects. V'e previously shoued that intralumiiial injtctions 
23 of 0.1 ml of norral str* llc saline will result in a significant reduction 
24 in inp.antatlon ratte wen admini:itererl on Day 4 (DiihIn eL al., 1979). 

23 Furthermore, fetal vinbl Ity war affected when sal111vw w:s lm1jt cted o:1 
4 Dl~y 4, 5, 6 or 7. On Day 6, almont all rplantatlon vite., were resorb±Z 
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1 from horns receiving 0.1 ml saline. This effect was volume dependent. 

02Since Day 6 is of particular interest because trophvblast Invasion ijs 

3 occurr:ing about this time (Enders and Schlafke. 1967), the highest 

4 concentration of EACA in the smallest volume (3 mg/.O1 ml) was injected 

5 at this time. 

6 Intrauterine EACA administration did not affect implantation rates 
7 when injected on Day 6, but it did increase the number of resorptions, 

8 possibly by preventing normal trophoblastic function. This effect was 
9 dose-dependent and could be partially reversed by simultaneously injecting 

10 plasriin along with the EACA. "nile the viability rates did not attai-_ 

11 the level of the saline treited controls, they were close to the races 
12 in the group receiving plasnin alone. The reason for reduction in viability 

13 due to plasmin alone Is not knoun. The effect of LACA appears to be 

limiLted to o discrete time period. On D:-y 7, high doaes (3)ng) had no 

effect on fetal viability. Also, no effect was observed when EACA -:.as 
16 injected on Day 3, which is probably due to the fact that the ova has not 
17 yet reached the uterus. Day 4 and 5 could not be tested due to non

18 specific effects on viability merely due to insertion of the needle at 

19 these times. The present experirents do support the hypothesis that 

20 plasminogen activator activity is involved in the implantation process 

21 

22 

and provide in v[_vkevi dence for its physiologic importance. Other .roteaqeshave bi-een derron;trzter to block inpl antation in mice (1)ab ich and An-hr.:, 197.-Although ny•t-ic (oral) aritif ihrntly c agc t'Cnt-.inucluding LA...\ are 

2 effectivc in w:nen in redlicingr -:'n'; t-u b)lood l (Cal lendor et il., 
24 19'0; 'tll.ander, 1970), In our s tudIy systemtc (s'ubeuets) administration 

25 of EACA had no efl.ct on fetal viability. 'rh1; might be b1eCause of 

On;acce: srzbllty of the drug to the bimstucyst residing wtthin the titarus. 
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1 It has been noted that IUD insertion, increases plasminogen activator 

activity in the endometrium (Kasonde and Bonner, 1976). EACA reduced IUD 

3 induced menorrhagia (Kasonde and Bonnar, 1975). There is no documaentation 

4 that IUD's containing EACA are more effective in reducing fertility, 

5 however, in light or the present experiments and other evidence discussed, 

6 it is hypothesized that such devices provide additional protection because 

7 of EACA's affect on supressing trophoblast invasiveness. 
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Thblc: 1 

I.ECT OF INTRAUTEINI,. EACA ON I1IP1,ANTATION 

AND FETAL VIABILITY ON VARIOUS DAYS OF PREGNANCY 

Treatmen t Percdnt 
 Percent
Da Treatment Number Implantation Viability 

Untreated 
 6 - 82.2 + 6.7 93.8 + 4.9
 

3 Sham 5 92.0 + 8.0 89-4 + 6.8 

Saline 
 12 85.1 + 4.4 
 88.0 + 3.8
 

EACA (30 mag) 9 89.1 + 7.*3 86.1 + 11.3
 

4 Sham .1.Q 80.9.-+ 9.8 46.1 + 10..7 

Saline 10 62.6 + 5.7x 25.0 + 10.4*
 

EACA 
 not determined
 

5 Sham 
d..1 

.9 •85.8 + 6.1 8.9 + 6.1% 

Saline 
 6 65.9 + 7.6' 24.17 + 12.9* 

EACA not determined
 

6 Sham 
 20 78.0 + 4.9 
 82.7 + 5.5
 

Saline 
 7 65.2 + 9.2 47.3 + 11.5**±* 

EACA (3 mg) 6 70.4 + 10.9 
 13.3 +:6.0**
 

7 Sham 17 78.8 + 4.6 86.7 + 6.7
 

Saline 
 8 74.9 + 8.6 
 75.9 + 11.4 

EACA (3 mg) 8 70.9 + 9.0 82.4 + 5.9 

8 Sham 
 8 68.2 + 9.2 
 70.4 + 15.4 

Saline 11 77.6 + 8.6 
 77.8 + 9.1 

EACA (30 n~g) 9 81.9 + 8.7 91.0 + 5.6 

x - P 4 .05 vs. untrented control
 
* - P < .01 vs. unLrevted control
 

t P .01 v:;;. htia cont rol lor the 
 ;at:: day

** " P < .05 VS. f-alinC CoAri ior tHie s(ame cany
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Figure 1. The Fibrinolytic System
 



Figure ,2. Effuct of var.l.ous doses of EACA'on fetdal viability. ,All doses 

were injected directly into the uterine lumen on pregnancy Day 6.. 

Volume of injc.ctiou fluid was 0.01 ml in each horn, regardless of dose. 

Control horns (0 mg dose) were coLtralateral to a horn receiving EACA. 

Bracketed number designates number of treated uterine horns. Vert:tcal 

line is standard error of the mean.
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Figure 3. .Effect. of EACA (3 mg/horn) and plasmin (0.5 CU/horn) on feta! 

viability. All injections were made directly into the uterine lumen on 

pregnancy Day 6. Volume 0.01 ml. inwas each horn regardless of treatmernt. 

Bracketed numbers represent number of rats treated. In this experiment, 

both horns of each rat received the same treatment. Vertical iine is 

standard error of the mean. 
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INTRODUCTION
 

Chemical methods of menstrual incuction are an alternative to early 

surgical procedures of abortion. A major advantage might be less need for 

skilled professionals. We have previously reported that several protein 

denaturants had antifertility activity in rats (Conner et nl., 
1.976).
 

At that time, it was decided to test several more active compounds for 

efficacy in monkeys. Results with ehtanoi have previously been reported
 

(Dubin et al., 1978, 1980). 
 This paper reports our reiults wi.th another 

of our selected compounds, sliver nitrate.
 

MATERIALS AND METIIODS 

Cnioo1gus monkeys (Macaca fascicularls) were obtained from Primate 

Imports (Port Washington, NY). They were fed Hlonkey Chow (Charles River 

Breeding Labs, Inc., Wilmington, MA). supplimented with fresh fruit. All 

monkeys were individually caged e,:i--jpt during timed mating periods. Animals 

were checked daily (including weekends) for vaginal bleeding with cotton 

swabs. They were cohabitated for 8 days; begInning 12 days after the onset 

of vaginal bleeding. Between 18 and 23 days after the midpoint of the 

cohabitation period, the r.ated female was subjected to rectal and abdomlnal 

bimadnal palpation by an e:perienced caretaker of prlmates. At the same 

time, urine was collected from the bladder by urethral catherization and 

tested for monkey chorionir gonadovropln (mCG) by a liemagglutitiatIon 

inhibLtion test (Ortho Diagnos;tics Tnc., liritan, N.[). 

If mankeys we2re dcocu-tr.ntId pregnant by palpation or m[OG testing, they 

were plavced on tht. study protocol. Day of: pregnancy was cowntced from the 

midpoint of the rohnlbitation perlod. Thus, cohab ilta Ion day 5 was coun:ted 

as pregnancy day 1. At tppromriatuly 1 month (rang, 27-43 lays) of 

pregnancy, the animul van JIinmobi 11 ,c~d with an Intrnmo..cu1ar ".njoct'lon of 

-I



4.4 mg por killogrnm of bdy weight oF Ketaintne hydrochlor:Lde (Kutaaet).
 

A 12 cm long, 
 18 gauge, sterile blunt-end stainless steel needle was inso-rc.ed 

through the cervix iihto'thn uterine cavity untii resistance was encountered. 

A 1 ml solution of either 1% silver ni.trate or 0.9% saline was injected. The 

treatment was randomized and the investigator performing the injection and the 

animal technician was unaware of which solution was being administered.
 

The monkeys were observed daily for vaginal bleeding. Blood stamples
 

were taken from a peripheral vein prior to trehtment, on day 
 1, 2 and 3 

following treatment and at month after treatment for blood chemistry and 

hematologic evaluations. 
Blood samples were analyzed by the Division of
 

Clinical Laboratories of the Johns Hopkins lospital. Also, 1 month after
 

treatm.ent, monkeys 
were repalpated to determine the pregression of pregnan:y.
 

RESULTS AND DlSC!J SSTO
 

All monkeys re.ceiving intrauterine injections of 1 m] 1% silver nitrate
 

between 27 and 43 
 days of pregnan y showed vaginal bleeding beginning one or
 

two days after treatment (Figure 1). 
 The bleeding lasted for an average of
 

5.3 days (range 4-7 days). These monkeys were found to have non-enlarged or
 

subnormally enlargod uterl at the time 
 of repalpation indicatIng that 

abortion hvd ensued. Continue.d observatlon of th,.e ri'unkeys confirmed that 

they were no longer proguant. A] L monkcys recycled after silver nitrate 

trentment. Two subse-quently b',camn' prognant and had normal healthy infants. 

Nonkeys receiving 0.92, saline had variable out coms- (Figure 2). Two
 

animals (1"'2 and 3) sho,;od somu spottingl after injectlon but pregnancy 

progrtoss d. These animals; delivered nornm1i healthy fetuses nt 165 and 18s 

days. NuI;,:-r 6 hid on unovrqil ftul pregnancy and a healtlty anf;ut ias born at 
149I days. Ntimber 4 h~irl unc'.n!ftuL, )teganuLtcy tllit doll'vercd by C-svcttor at 

103 dayl; (ita 1vilngI fotu,, ,1t part of ,iither Fl.Uly. lHIi:ky #2 tcinonscr

http:inso-rc.ed


Ivaginal bhledling on days 6 and 7 following injection and aborted. Monkey
 
#5 passed fetal tissue 29 days 
 after injection.
 

lematology 
and blood chemlistry determination s revealed *nu significant 
difference between silver nitrate and saline treated monkeyt. (Tables 1 and 2). 

Two monkeys, not in the rando.,ized study, were Injected with I ml
 
silver nitrate as described 
 in the previous study. Duration of pregnancy at 
injection was esti,nted at 37 and 38 days. Animals were I)ysterectomized 

-and salpingo-oopherectomized at 7 days following injection.
 
On gross I---'lection, hemorrhage 
was observed between the gestational
 

sac and decidu:, 
 resulting inl separation of these tissues ( Wile 
there were heniorrha-Uc: sites within the placenta, there was no associated 
necrosis of the adjacent villi. However, portions of the placenta were 
separated from the underlying decidtia bassils and In these areas thure was 
evideneo of tissue autolysis (Figure Y).
 

The btudy" indLcates 
 that 1%silver nit-rate In an effective agent for 
terminating early pregnancy in monkeys.
 



Figure 1: Effect of intrauterine adminIstration of 1 ml 0.92 saline on prgnn; 
in dynomolgus monkeys. The following legends apply to this figure and figure 2. 
Solid bars represent. normal progress of prgnancy. Arrow indicates tirze of 
treatment. Stippled bar represents wgIn1al bleeding. A -' abortion; B = birth of 
normal healtlxy infant; T - pregnancy artifically terminated but fetus viable. 

Uigure 2: Effect of intrauterine adinistration of I ml 1% silver nitrate on pren.anc-

Ln cynomolgus monkeys. 
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Table 1 

Hlematology Following Administration of 1 l. 1% Silver Nitrat:t or 0.92 Saline 

.Tirne after Drug Admiistration 

Drug 
Matint Admin 24 hr 48 hr 72 hr 1 month 

White blood cells 

Count Al 103 

Silver Nitrate 9.3+0.6 8.0Ri.1 9.2+0,7 8.0+0.9 8.8+0.7 9.0+.5 

Saline 8.7+1.0 8.4+1.3 8.11+1. 6 8.6+1.0 8.8+1.0 

Red Blood Cells 

Count X 106 

Silver Nitrate 5.8+0.1 5.2+0.3 5.5-0.1 5.6+0.1 5.4+0.2 
 5.9+.3 

Saline 5.8+-0.3 5.7-+0.4 5.9+0.2 •5.4+0.5 '5.4+0.6 

}l{n:atocrtt (%) 

Silver Nitrate 34.9+0.7 33.6+0.8 34.5+..0 33.0U.0 
 34.2.0.7 33.9+.6 

Saline 33.4+1.6 35.1+1.8 34.7+1.2 32.8+1.6 33.1+2.5 



Table 2 

BLooi CheLmstry.Analysls following, Adinistrati.on of I ml 1., Silver citrate 

or 0.9%Saline I 

Time After Drug Adcqminist:ation 

IMating 
Drug
Admin. 24 hr 48 hr 72 hr 1i mon-h 

Sodium (mEq/L) 

Silver Nitrate 145.3+1.1 146.0+0<7 145.0+1.6 145.2+0.9 144.6+0.8 146.0-0.9 

Saline 148.0+0.6 145.0+1.8 149.0+L.3 145.3+0.6 146.0+1.'3 
Potass Lure( I_) 

S.ilver Nitrate 3.77+,16 4.02+.20 3.93+.08 3.94+.18 4.02+.17 4.0>-.22 

Saline 3.63+.33 4.28+.17 3.90+.24 3.68+.20 4.05+.13 

Chloride (EIq )/_ 

Silver Nitrate 106.5+1.5 '107.0+1.8 1.08.2+1.1 108.4+1.0 106.6+1.0 10.3-.8 

Sal.ne 105.7+0.7 111.0+1.9 107.3+0.9 108.0+2.7 110.0+1.3 

Glucose (mI/cL) 

Silver Nitrate 71.2+5'.2 62.2+7.3 59.3+6.3 66.8+3.2 67.4+2.6 71.5-2.8 

Saline 66.0+7.5' 55.0+10.5 52.5+8.9 62.5+7.6 59.6+9.4 

Urea. Nitroen (id 
Silver Nitrate 19.5+0.9 19.0+1.1 20.8+1.4 19.2+1.1 19.8+1.4 18.511.5 

Saline 20.3+4.7 20.5+1.6 21.3+2.3 19.0+4.1 23.0+2.5 

CO2 (mEq/L) 

SLiver Nitrate 22.8+0.9 2346+1.2 23.8+0.4 24.0+1.6 23.0+1.5 23.5_L1.0 

Salne 1.3+2.6 20.3+0.9 24.5+1.9 22.7+.1 25.0+2. 
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PROJECT IV
 

Trichosanthine, the mid-trimester abortifacient isolated from
 

a Chinese tubor, is being actively sought for study in this contract.
 

I have received an invitation from the Research Institute in
 

Shanghai that isolated and purified this protein for use inthe
 

People's Republic of China. The correspondence relating to this
 

invitation has been forwarded to Dr. James D. Shelton for his infor

mation and approval for the planned trip.
 

A major difficulty with this chemical is that the active molocule
 

is a protein which limits its usefulness clinically. However, the
 

Chinese have been able to significantly reduce the potential for
 

sensitization by the administration of the drug intra-amniotically.
 

Of particular interest, the drugs activity seems to be directed
 

specifically toward the villi of the placenta.
 

It is hoped that arrangements can be completed to obtain a
 

continuing supply of this agent for st':dy and animal 
testing in
 

our laboratories.
 



PROJECT V
 

THE CLINICAL TESTING OF CHEMICAL ABORTIFACIENTS
 

The objective of this study is to evaluate
 

agents which have been determined by animal studies
 

to be efficacious and free of undesirable characteri

zation.
 

Principal Investigator: Dr. M. F. Atienza
 



PROJECT V
 

A. Azastene
 

Azastene was obtained and initiation of the protocol
 

was attempted. All patients identified at 8 weeks of duration
 

who possessed the admitting characteristics required for the study,
 

rejected participation. 

The major problem in gaining volunteers for this study
 

was that treatment was required for 7 
to 8 days, while the patients
 

were aware that their unwanted pregnancy could be terminated by
 

suction curettage. 

In further communication with the pharmaceutical company,
 

Sterling-Winthrop, the company determined that they would withdraw
 

any attempts to proceed with azastene-type agents at this pcint in
 

time. It should be noted, however, that another drug is being
 

developed by this pharmaceutical company that may require a shorter
 

interval of active treatment.
 

B. Ethanol
 

A protocol will be submitted to the Johns Hopkins Medical
 

Institutions Human Sub-Committee to initiate clinical trials.
 



C. Analgesia for Abortion and Other Surgical Procedures Completed
 

Under Local Anesthesia
 

We will proceed to develop a regimen for the use of a
 

combination of agents administered in very low doses which might
 

in combination be unassociated with respiratory or cardiac depression.
 

Because of recent life-threatening accidents with the use of demerol
 

and valium, this approach seems to have merit.
 



PROJECT VI 

The objective of this study is to assess
 

methods of cervical dilatation for safety 

and efficacy. 

Principal Investigator: Dr. Theodore M. King 



PROJECT VI 

We will be initiating in this portion of the proposal
 

the use of the International Fertility Research Program's
 

fsmotic Cervical Dilator. This will be submitted to the Johns
 

Hopkins Human Subject's Committee for their approval prior to 

the initiation of investigative work. 



WORK PLAN IN THE COMING SIX MONTHS
 

In the coming six months, the following activities will be
 

addressed:
 

1) Ethanol and silver nitrate will be submitted to
 

the Johns Hopkins Human Subject's Committee for
 

approval for use in the termination of early 

pregnancies.
 

2) Arrangements will be completed with the Research
 

Institute inShanghai, for a supply of trichosanthine
 

for initial animal studies in our laboratories.
 

3) The osmotic dilator of IFRP will be submitted to the
 

Johns Hopkins Human Studies Committee for completion
 

of clinical trials in this country. 

4) A number of agents will be utilized in combination
 

for the establishment of adequate analgesia for the
 

completion of outpatient ambulatory surgical procedures
 

in fertility management.
 

5) An IND submission will be completed on quinacrine based
 

on the animal work that is now completed. In addition,
 

the work that has been initiated on the suture device
 

will continue. Finally, prostaglandin analogs will be
 

identified and reviewed with Dr. Shelton for their
 

possible use in studies in our laboratories.
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SIMPLIFIED TECHNIQUES OFFERTILITY CONTROL
 

ANTICIPATED EXPENDITURE REPORT
 

Salaries 


Fringe Benefits 


Equipment
 
(Materials & Supplies) 


Travel 


Consultant 


Other Direct Costs 


Indirect Costs 


Total 


10/1/80 -,3/31/81
 

$ 	69,222
 

12,806
 

109160
 

3,400
 

1,582
 

19,500
 

:.591,502
 

$176,172
 



Salaries 


Fringe Benefits 


Equipment 

(materials and su~plies)
 

Travel 


Consultants 


Other Direct Costs 


4,#ect Costs 


Total 


SIMPLIFIED TECHNIQUES OF FERTILITY CONTROL 

AID/DSPE-C-0054 

9/28/79-9/27/80 

Year I 
Budget Award 

Expenditures
9/28/79-3/31/80 

Expenditures
4/l/80-9/27/80 

Unexpended
Balance 

$123,604 $ 57,331 $ 67,135 $ (862) 

21,632 10,033 12,067 (468) 

30724 17425 5786 7513 

300 71 149 80 

0 0 0 0 

47,236 10,787 18,436 18,013 

5,504 309498 64,748 10,258 

$329,000 $126,145 $168,321 $ 35,534 
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MANUSCRIPTS IN PRESS:
 

1) Midtrimester Amnio-Infusion 

2) Endometriosis and the Development of Tubo-Peritoneal 
Fistulae After Tubal Ligation 

3) The Effect of Epsilon Amino Caporic Acid - A Fibrinolytic
Inhibitor on Implantation and Fetal Viability in Pregnant
 
Rats
 

4) 	 Cephalothin Prophylaxis for Midtrimester Abortion 

5) 	 The Effect of Silver Nitrate on Pregnancy Termination in 
Cynomol gus Monkeys 

6) Hyperosmolar Urea for Elective Midtrimester Abortion -
A Five Year Experience 

MANUSCRIPTS BEING FINALIZED:
 

1) Non-Clostridial Myonecrosis with Induced Mid-Trimester
 
Abortion
 

2) Pharmacokinetics of Lidocaine Administered by Paracervical
 
Infiltration for Aspiration Abortion
 



MIDTRIMESTER AMNIO-INFUSION
 

INTRODUCTION
 

For elective abortion, midtrimester amnio-infuslon is utilized
 

in the United States approximately 10 percent of the time. With the
 

liberalization of abortion laws, it certainly became clear that the
 

technology and knowledge regarding midtrimester abortion has required 

rapid updating. Certainly, the experiences with concentrated saline 

solution by the Japanese fellowing !'orld War II prompted investigators 

to look at other methodologies-. As a benefit of this added research, 

much of our knowledge regarding the mechanism for labor has been gained 

through research in this particular area. This presentation will discuss 

the training of individuals in the technique of midtrimester amnio

infusion and the recognition and management of complications. It
 

should be recognized from the outset that the completion of amniocentesis
 

and infusion of pharmacologic agents is easily achieved by obsietricians 

and gynecologists. However, acceptable morbidity and mortality rates 

asosciated with midtrimester abortion procedures can only be achieved by 

meticulous attention to the details of the described procedures by 

adherence to the proposed guidelines, and by recognition of early signs 

of complications which must be treated with appropriate therapy. I hope 

it is appreciated that physicians who elect to undertake these procedures 

should gain a large experience quickly and the occasional operation is not 

encouraged. 



PRE-OPERATIVE PREPARATIONS
 

The pre-operative patient evaluation and equipment have been
 

described in my other presentation. It is important that a bimanual
 

pelvic examination be completed just prior to the procedure in order
 

to ascertain uterine size as aswell condition of the cervix. Further

more, it is exceedingly important that the presence of a fetal heart
 

tone be documented prior to any attempted midtrimester amnio-infuslon.
 

There have been a number of instances of injections of ovarian cysts
 

because of failure to carry out this particular step. Therefore, the 

availability and utilization of an electronic Doppler device facilitates
 

diagnosis of duration of pregnancy, location of amniotic fluid and
 

presence of pelvic pathology. Also, prior to the actual injection,
 

the risks and plans for the procedure should be explained in detail to
 

the patient. About 3 
to 4 hours prior to injection, 3 or more medium
 

sized laminaria tents are placed intracervically using an aseptic technique 

The use of the tents both shortens the injection-abortion.interval as well as
 

markedly reduces the likelihood of serious cervical laceration. 

TECHNIQUE
 

Regardless of the agent selected, the basic technqiue for midtrimester 

amnio-injection remains same.the The technique is designed to enter the 
amniotic cavity-and instill various pharmacologic agents and to avoid 

inadvertent intravascular injection. For most surgeons, the site 
for amniocentesis for a uterus 16 to 20 weeks in size ideally is 

approximately one-third of the way to the umbilicus from the symphysis 

pubis. At this site, the amniocentesis needle usually is being placed 

into the upper protion of the lower uterine segment. The reasons for 

selecting this size are severalfold. In general, the thickness of the 
myometrium is less at this particular point than it is at the fundal 

portion of the uterus. Furthermore, the placenta tends to implant in
 

the fundus ei ther posteriorly or anteriorly and in many instances are 



can avoid the anterior portion of the placenta if amnio~ainfusion is 

carried out at this lower site. Thus, bloody taps or missed taps can
 

be markedly reduced. It should be noted that attempting to perform 

amniocentesis in uteri less than 16 weeks in size is associated with a 

high incidence of missed taps., Therefore, in general, mldtrimester 

induced abortion by amnio-infusion should be utilized only for gestations 

of 16 to 20 weeks. Occasionally, the use of a bimanual technique is 

helpful with the smaller size uteri. Inthis technique, one hadd is 

placed in the vagina to elevate and move the uterus anteriorly towards 

the abdominal wall and the other hand is used to palpate the lower uterine
 

segment to select a site. With direct guidance by bimanual technique,
 

the needle isthen placed into the amniotic cavity.
 

Once a site has been selected, the abdomen should be meticulously
 

prepped with an antiseptic solution. Ithas been demonstrated ina
 

number of studies that failure to adhere to strict aseptic technique is
 

associated with a high incidence of post-abort~li infection. After 

prepping, the abdomen is draped with towels. We have found that the
 

standard 32 inch Tuohy needle (number 16 guage) is satisfactory for most 

forms of amnio-infusion. Occasionally, We utilize a six inch 17 guage 

spinal needle for patients who are particularly obese or who have an 

anterior placenta. Prior to the injection, approximately 5 to 10 cc of 

of 1% lidocaine is injected inthe skin, subcutaneous tissue, rectus 

fascia, as well as peritoneum at the selected site. The patient should 

be flat in bed without the head being elevated to ensure relaxation of 

abdominal musculature. A tiny incision should be made in the skin prior 

to introduction of the Tuohy needle in order to allow easier passage. 

When introducing the needle, several distinct layers can be felt. 



Initial introduction goes smoothly until the rectus sheath isencountered
 

and at this point, one feels resistance. Further, resistance isusually
 

encountered upon entry into the nmyometrium and than a small give or 

reduced resistance is felt when the needle traverses the amniotic 

membranes. With experience, one therefore detects three areas of 

resistance prior to introduction of the needle into the amniotic cavity. 

In general, the amniocentesis is carried out vertically in the midline. 

Once the needle has been introduced the stylet is removed and free flow 

of fluid is noted. At this point, the extension I.V. tubing with a 

three-way stop-cock is attached. During removal of the amniotic fluid 

and duripj injection of agents, it is extremely important that excessive
 

motion of the needle be avoided. With excess motion, particularly
 

after 200 cc of fluid has been rpmoved, the cavity may be lost and
 

unless another amniocentesis is successfully carried out, the procedure 

has to be terminated and re-scheduled a Cay later to allow re-accumulation 

of fluid. Therefore, gentle pressure on the fundus or the uterus may
 

improve flow or, occasionally, gravity drainage can be Utilized by placing
 

the tubing ina sterile container below the level of the needle site and
 

allowing the fluid to drain out.
 

HYPEROSMOLAR UREA INJECTION
 

With hyperosmolar urea injection, we remove up to 200 cc of amniotic
 

fluid. Following this, we instill approximately 135 cc or 80.grams of 

urea via gravity. This concentration of 53% has been found to be most
 

satisfactory. Upon completion of the infusion, 5 mg of Prostaglandin F2a 

is instilled and the needle is removed. 
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OTHER POINTS REGARDING THIS METHOD OF ABORTION
 

If a bloody tap occurs, une should not inject any of the pharma

cologic agents unless clearing of the fluid occurs and one is totally 

confident that the amniotic cavity has been entered. Attempting to 

inject hypertonic or hyperosmolar agents in the presence of a grossly 

bloody tap can lead to a serious systemic reaction which-in the past has 

been associated with maternal death. Should the amniotic cavity be 

lost during the process of injection, no further attempts at introducing
 

pharmacologic agents should be carried out until replacement of the needle 

into the amn;Jtic cavity has occurred. When a cavity is lost in this 

fashion, and if only a small amount of the pharmacologic agents ha: been 

introduced, one can re-tape the cavity the next day in order to allow
 

re-accumulation of the amniotic fluid.
 

MANAGEMENT AFTER INJECTION
 

The use of high dose intravenous oxytocin in conjunction with urea
 

alone significantly reduces the injection-.abortion intervals to 24
 

hours or less. However, for reasons listed below, the primary use of
 

oxytocin for augmentation of urea has been replaced by intra-amniotic 

Prostaglandin F2a, except for instances of asthma or known Prostaglandin 

allergy. Our standard oxytocin dosage consists of adding 200 units 

of oxytocin to a 500 cc bottle of 5%Dextrose In half normal saline 

and infusing the medication at a rate of 50 cc per hour. This results 

in the introduction of oxytocin at a rate of 332 mu/min. The use of 

such high concentrations of oxytocin requires an electronic pumping 

device in order to avoid over-dosage. The risks from over-dosage include 

water intoxication secondary to the anti-diuretic effects of the oxytocin 



as well as, in rare instances, uterine rupture particularly with
 
multiparous patients. In addition to the 
use of mechanical pumps,
 
one 
must also carefully monitor fluid and electrolyte balance and 
keep an accurate intake and output. 
Ingeneral, we do not allow the
 
oral or intravenous intake of fluids to exceed the urinary output by 
more than 1500 cc over a 24 hour period. Also, we monitor serum 
sodiums at 12 hour intervals, and if they fall below 132 meq/liter, the 
oxytocin infusion is discontinued for at least a four hour period in 

order to allow diuresis to occur.
 

The use of intra-amniotic induced prostaglandin in conjunction
 
with hyperosmolar 
 urea appears to offer significant advantages from our 
viewpoint. First the requirement for mechanical pumps is either avoided 
or certainly signi'ficantly reduced leading to less cost. Secondly,
 
less concern 
is imposed for fluid and electrolyte balance because
 
prostaglandin does not have an anti-diuretic effect like oxytocin.
 
However, in patients who are at risk for problems secondary to ,sudden
 
changes in their fluid compartments, (for example, 
 cardiac patients) 
one must also approach the use of these agents cautiously.
 

If during the injection-abortion process 
 rupture of membranes 
occurs and after four hours abortion is not imminent and a good labor 
pattern has not been established, these patients are started on the
 
high dose oxytocin regimen. Similarly at 24 hours post-injection, 
those patients whose abortions are not imminent or who are not in 
active labor are also started on the high dose oxytocin regimen. 
Rarely are re-injections ever performed. However, prior to starting 
such agents each patient must be carefully evaluated. 



RETAINED PLACENTA
 

Our technique of managing retained placenta has evolved over
 

the several year period that the Fertility Control Unit has been in
 

operation. 
Our basic premise has been that retention of the placenta
 

for more than two hours following abortion of the fetus is associated
 

with increased risk for hemorrhage as well as infection. Therefore, 

we view that removal of unaborted placentae after two hours of 

observation is beneficial. With experience, the technique of operative 

removal is quite simple. 

The patient is placed on a portable operating table in the dorsal
 

lithotomy position. Immediately prior to the placenta removal, usually
 

10 mg of diazepam and 50 mg of meperidene are given intravenously by
 

slow push. 
 Mixing of the diazepam with some of the patient's blood
 

will reduce some of the burning sensation experienced by most patients. 

The patient's vagina is then gently prepped with antiseptic solution. 

A bi-valve speculum is inserted and the anterior lip of the cervix 

is grasped with a sponge-stick. Following abortion of the fetus,
 

the cervix is usually dilated to three or four centimeters and usually
 

one observes placenta parts at the os. 
 After graspihg the anterior
 

lip of the cervix, the tissues lying near the os are then grasped with
 

another sponge forcep and gentle traction is carried out. The sponge

stick can be introduced into the lower uterine segment for further
 

grasping of tissue and further removal of the placenta. For most
 

patients, these maneuvers readily empty the uterus. However, occasionally 

the placenta will be fi'mly adherent and one may have to introduce the 

forceps multiple times in order to grasp tissue and loosen the placenta.
 

The use of a large diameter serrated banjo curette is helpful in removing 



adherent placentae as well as ensuring completeness following the
 

initial sponge-stick removal. Upon completion, the cervix is care

fully inspected for lacerations. Oxytocin iscontinued during the
 

procedure and for approximately one or two hours afterwards. Methyer

gonovine maleate can also be utilized if necessary.
 

FAILED PRIMARY PROCEDURES
 

Depending upon the method of initiation, between 1.0 and 12.5% 

of midtrimester elective abortion cases result in failure of the-primary 

method. ,,aiiy such patients will achieve completion of Zbortior. through 

repeat intra-amniotic injection or.administration of oxytocic agents, 

though not without risk of sepsis, fluid electrolyte abnormality or 

uterine rupture. However, there still remains a number of patients
 

where such measures fail and who require surgical management.
 

The vaginal evacuation method has been used inthe Fertility
 

Control Clinic since January 1973 without significant problems.' 

Vaginal evacuation of the uterus for midtrimester abortion failures Is 

carried out inthe following manner. After Doppler examination to docu

ment absence of fetal heart tones, intravenous injection of 10 mg diazepam
 

and 50 mg meperidene is carried out. Patients are then prepped vaginally
 

with a povidone-iodine solution while inthe dorsal lithotomy position.
 

After draping and bimanual examination to determine uterine size and
 

configuration, 10 to 15 cc of 1%lidocaine is injected paracervically
 

in a circumferential manner. A ring forceps is utilized to grasp the 

anterior lip of the cervix and the endocervical canal is gently sounded 

to determine direction. Cervical dilatation is rarely necessary in that
 

most cervices will readily admit a #41 Kay-Pratt dilator. Ring forceps 

are utilized to remove, by gentle traction, any pregnancy products
 



encountered in the lower uterine segment. 
Suction curettage using 12,
 

14, or 16 mm tips removes further pregnancy products as well as brings 

additional tissue into the lower uterine segment for grasping with.
 

the ring forceps. The suction curette and the ring forceps are never
 

introduced further than what Is estimated to be the confines of the lower
 

uterine segment. After careful inspection of tissue to identify all
 

major fetal parts and placental tissue, curettage of the endometrial
 

cavity with a large diameter, serrated "banjo" curette is carried out 

to remove any remaining products of conception. During the procedure, 

patients receive oxytocin intravenously usually at a rate of 332 mu/min 

and usually also receive 0.2 mg of methylergonovine maleate by parenteral
 

injection. Although the vaginal evacuation may take as long as 30
 

minutes to complete, most patients tolerate the operation without undue
 

discomfort. Oxytocin is continued for about two hours post-operatively 

and some patients receive oral methylergonovine maleate for 24 to 36 

hours. The majority of patients are discharged within 12 hours after 

completion of theabortlon. 

Some investigators view vaginal evacuation of large sized uteri as 

being hazardous. But in our experience the procedure has been accomplished 

without undue problems. Patients undergoing vaginal evacuation for 
failure of the primary method commonly have ruptured membranes, cervices 

that are partially effaced and dilated and lower uterine segments that are
 

distended by displaced products of conception. Furthermore, the 

pregnancies are not viable and in the majority of instances the fetal
 

parts are usually macerated. Furthermore, the majority of patients 

undergoing vaginal evacuation have been on high dose oxytocics for at
 



least two hours or longer prior to the procedure. Therefore, at
 

the time of evacuation, the uteri become and remain well contracted.
 

By not utilizing general anesthesia, for the most part, the occasional
 

atony attributable to anesthetic agents is avoided. Furthermore, with
 

the use of our particular technique of limiting instrumentation to the
 

lower segment, the risk of utefine perforation is minimized. However, 
one should recognize that skill at removing retained placentae inthe
 

fashion previously described will enable an operat6r to gain experience
 

prior to undertaking the vaginal evacuation of la,'ge sized uteri as just
 

described. 

INTRA-ABORTAL FEVER
 

Occasionally during the injection-abortion process, patients 

may develop fever. 
All such patients must be carefully examined. After
 

ruling out urinary tract or upper respiratory tract infection, one usually 
assumes that genital tract infection isoccurring. Exceptions to this
 

may include the use of vaginal prostaglandins. If abortion is felt to 
be imminent or within a 
few hours, the patient can be observed initially.
 

However, ifitappears that abortion is not imminent, we culture
 

the patient's endocervix as well as blood and urine and proceed with a
 

vaginal evacuation as previously described. 
Prior to any such manipula

tions and after one has diagnosed probble genital tract infection, we 
utilize high-dose parenteral antibiotics such as ampicillin 1 gram I.V.
 

every four hours or penicillin 5 million units I.V. every six hours in
 

conjunction with kanamycin 1 gram stat, 500 mg I.M. every 12 hours.
 

Some patients promptly defervesce immediately following the abortion
 

process and we have found that observation over a 12 to 24 hour period
 



may be all that isnecessary. Such patiehts are then sent home on
 

oral antibiotics. Those patients who remain ill ingeneral will respohd
 

in 24 to 48 hours to the antibiotics just listed. Those who do not respond 
occasionally have been found to have anaerobic infections and require 

additional antibiotics such as clindamycin. 

INTRA-ABORTAL BLEEDING
 

Intra-abortal bleeding is not uncommon and ifless than approximately
 

100 cc it is usually not felt to be significant. Occasionally, however, 
particularly when utilizing hyperusmolar solutions, coagulopathies may
 

occur (see section on complications).
 

Occasionally, the reason for intra-abortal bleeding may be abruptio 
placenta or placenta previa. Such problems are usually detected at the 
time of the abortion process and the patient can be either observed or 
the abortion completed using the method described under the vaginal
 

evacuation for failures.
 

MIDTRIMESTER ABORTION COMPLICATIONS
 

Midtrimester abortion complications include infection and post

abortal bleeding as major categories.
 

I. Infection
 

Itis difficult to estimate the rate of infection following
 

elective midtrimester abortions. 
The major problem inarriving
 

at rates are the different methodologies as well as different 
definitions fnr infection. For example, in many papers reviewed, 



objective criteria such as fever greater than 100.5 degrees F on 

two or more occasions has been utilized as indication of infection. 

However, inmany instances, therapy isstarted before such criteria 

are realized. We recently completed a study of post-abortal endo

metritis and utilized 
the following definition. Post-aborta1
 

endometritis was defined as any condition requiring the use of
 

antibiotics during the first four weeks after abortion. 
 Patients 

with other diagnoses, such as urinary tract infection, were not
 

included. Furthermore, patients receiving prophylactic antibiotics,
 

such as patients with rheumatic valvular disorders, also were not
 

included for the purposes of this recent study. Utilizing this
 

particular definition, a rate of about 8%was realized for endo

metritis after midtrimester abortion.
 

The clinical manifestations of post-abortal endometritis
 

consist of fever, uterine tenderness, occasional adnexal tenderness,
 

purulent vaginal discharge, and often retained products of
 

conception. Depending upon the severity of the infection, one
 

can have varying combinations of the above signs and symptoms. 

For example, some patients may have uterine tenderness with some 

irregular vaginal bleeding as their only indication of early or
 

latent infection. These symptoms may then progress to fever of
 

102 to 103 degrees F, increasing lower abdominal discomfort, increasing
 

uterine tenderness, as well as adnexal tenderness. With such more
 

severe manifestations, patients often have a foul, purulent vaginal
 

discharge. Also, the cervix will be slightly dilated, and the,
 

uterus will appear larger than usual on exam. In general, post

abortal endometritis manifests itself within the first seven to 14
 



days 	after the abortion procedure.
 

The laboratory is not overly helpful in establishing the
 

diagnosis. The CBC often indicates a white blood cell count
 

ranging between 12,000 to 16,000 but occasionally exceeding
 

20,000. However, frequently the count will be Inthe normal
 

range without a 
shift to the left. Cultures of the endometrial
 

cavity show varying results. We recently evaluated the use of 

endometiial cultures obtained in the following fashion. The 

cervix isswabbed to remove any excess mucous and secretion, and
 

a Q-tip isinserted into the endometrial cavity and then placed
 

on Stewart's transport media. The culture ishandled inthe
 

laboratory ina routine manner. No specific bedside attempts were
 

made to increase the yield for organisms such as anaerobes. Utilizing
 

this technique to obtain cultures, the most prevalent isolates either
 

as single or multiple organisms included group B beta-streptococci,
 

Neisseria gonorrhea, Bacteroides species and Staph aureus. However, 

there were large admixtures of multiple organisms; many of which
 

probably were constituents of the normal vaginal flora.
 

Treatment should be tailored to the clinical situation. In
 

patients with mild infection who do not appear toxic, and by examina

tion do not appear to have retained tissue, (for example do not
 

have an unusually enlarged and boggy uterus with cervical dilation
 

and evidence of tissue inthe os), outpatient therapy can be begun.
 

We have had a great deal of success in patients not allergic to
 

penicillin by treating them with ampicillin, 500 mg orally every six
 



hours for approximately ten days. The patients are seen one week
 

after instituting therapy or sooner should symptomatology worsen. 

For patients who are more ill, hospitalization with the following
 

studies isnecessary. One obtains upon admission, BUN, glucose,
 

blood cultures, endometrial culture (inthe manner just described),
 

and urine culture, (ifthe urinalysis shows pyuria). The antibiotics
 

of choice include aqueous penicillin G,5 million units I.V. every
 

six hours and kanamycin, 1 gm stat I.M. followed by 500 mg I.M. 
every twelve houtrs. In general, the antibiotics are continued
 

in this fashion for approximately five days to allow a full course
 

of kanamycin. Occasionally, the amount of time has been shortened
 

in those patients who rapidly defervesce and respond to this regimen 

and in whom the eventual culture results indicate no need for con
tinuing kanamycin. A major component of the therapy for endometritis 

requiring hospitalization is a concomitant performance of a curettage. 
Curettage is carried out using the sponge-stick curettage technilue. 

This curettage isusually carried out within six hours after admission 

following the initial dose of antibiotics. Using these basic regimens, 
less than 10% of patients with severe endometritis have required
 

hospitalization beyond five days when our experience over three years
 

was recently evaluated. Also only two patients have required hysterectomy 
due to severe pelvic infection. Itshould be noted that both of these
 

patients developed fever during the abotion procedure, prior to
 

passage of the products of conception, and both had cultures revealing 

Claustridia welchii. 

Two further points regarding the bacteriology of post-abortal 

infection are worth mentioning. 



In those patients who later are found to harbor
 
group B beta streptococci, the clinical course often is quite
 

striking. These patients may present with fevers as high as 103°F 

with significant pelvic tenderness, yet within twelve to 24 hours
 

after institution of antibiotics, the temperature rapidly returns
 

to normal and symptoms markedly improve. Another problem is the 

performance of abortions in patients with untreated endocervical 

gonorrhea. A recent case-controlled study done inour institution 

revealed that those patients who do not have their endocervical
 

gonorrhea treated prior to the abortion procedure have a three-fold 

increased risk for post-abortal endometritis. Therefore in a 

patient population where cervical gonorrhea isquite prevalent,
 

pre-treatment of this disorder will reduce the overall incidence of 
post-abortal endometritis. However, itshould also be.noted that 

such treatment will not necessarily prevent the development of 

endometritis in that we have had a few patients treated in such 

fashion who have also developed endometritis later.
 

Other antibiotics which have been utilized successfully for 

therapy include clindamycin for those patients who do not respond 

over 48 to 72 hours with the penicillin and kanamycin, and in 
general whose cultures reveal the presence of anaerobic organisms. 

Keflin has also been utilized for some patients allergic to penicillin
 

with success. For outpatient therapy, success has also been realized
 

using tetracycline for patients allergic to penicillin drugs.
 



II. Hemorrhage 

Occurrence of hemorrhage during or after the abortion
 

procedure has several etiologies including retained products, atony 

or placental site bleeding, laceration, and coagulopathy. It .is 

important for the operat6r perfrrming midtrimester abortion procedures
 

to be able to evaluate and reco,;nize these various causes of hemorrhage. 

Retained products is probably the most common cause for
 

hemorrhage at or after the abortion procedure. The basic means for 

dealing with this problem isthe performance of the so-called
 

sponge-stick curettage. Inour experience, the following patients
 

aippear to more frequently experience hemorrhage and retained
 

products; patients undergoing prostaglandin abortion, petients 

not on oxytocics at the time of abortion, and patients with 

retained plac2nta for more than four to eight hours. The ability 

to promptly carry out the sponge-stick curettage markedly reduces
 

the Incidence of significant bleeding- Therefore a 24 hours on-call 

system is needed when performing midtrimester elective abortions. 

Placental site bleeding or atony isnot unusual following mid
 

trimester abortion. The basic treatment consists of utilizing
 

oxytocics such as intravenous oxytocin or methergine along with
 

uterine massage. Itisextremely important that other causes of
 

hemorrhage such as retained products, laceration or coagulopathy
 

be ruled out prior to attributing hemorrhage to this etiology.
 

We have also had one or two instances of severe hemorrhage following 

the abortion process which could only be controlled with prolonged
 

uterine massage over a five to ten minute period of time. We have
 



suspected that this problem may be due to, bleeding from a placental 
site vessel or perhaps prolonged uterine atony. ljowever,. by utilizing

pi~~~olongedr.masae ' " ' utilizing 

'pi0olonged massage, we have avoided the possible requirement for 

hypogastric artery ligation. 

The occurrence of laceration particularly cervical laceration 

is a wel'known complication of midtrimester abortion oilcedures.
 

The classical laceration described in the literature his been the
 

so-called posterior transverse cervical laceration. T6is laceration,
 

usually four to five centimeters in length, occurs transversely
 

between the uterosacral ligaments approximately at a level of the
 

internai os. However, reviews of midtrimester abortion cases in which 

routine speculum examination as well as bimanual examination is
 

carried out after the abortion process indicate that vertical 

lacerations similar to those found following term vaginal delivery 

are probably more common. Exact rates for the occurrence of such
 

lacerations are difficult to, ascertain. A number of studies have 

postulated that the occurrence of'such lacerations is related to 

nulllparlty, shortening of the injection abortion interval as well
 

as the use of oxytocic agents. There has been some success in 

reducing the incidence of such lacerations with the use of laminaria 

tents, however, such lacerations have occurred despite the use of 

such means. The basic treatment requires recognition first. 

Therefore, it is mandatory that all patients who have completed
 

their midtrimester abortion procedure whether bleeding or not undergo
 

both a vaginal speculum examination as well as a bimanual examination
 

to detect such lacerations. Once detected, we have had success in
 

repairing these lacerations without general anesthesia by giving
 



diazepam and meperidine intravenously in conjunction with the 

performance of paracervical and occasionally pudendal block with 10
 

lidocaine. We have carried out immediate repair of such lacerations
 

by debriding non-viable tissue and then approximating the edges
 

in layers using interrupted catgut suture. Occasionally, the
 

small vertical lacerations are repairdd utilizing continuous sutures.
 

We have not utilized prophylactic antibiotics routinely for such
 

patients. Despite such care, breakdown isnot an uncommon problem.
 

The managemerL U,patients following failure of the initial repair
 

is unclear. Furthermore, attempts at re-repair often lead to
 

further'failure. The major questions concerning such lacerations
 

istheir behavior during future pregnancies, For example, itis
 

conceivable that a certain percentage of patients with such
 

lacerations may require the use of cerclage operations inorder
 

to maintain pregnancies to viability. Furthermore, due to endo

cervical mucosa damage following repair, some degree of secondary
 

infertility may also be a problem with such patients. Therefore,
 

long-term longititudinal follow-up of such patients will be-required
 

before such potential problems become apparent.
 

The final etiology for post-abortal bleeding is coagulopathy.
 

In relationship to second trimester hypertonic saline amnio-ihfusion,
 

theliterature is replete with descriptions of this problem. However,
 

itshould be noted that theuse of almost any intra-amniotic agent
 

causing midtrimester abortion has the potential of associated
 

coagulopathy. 
A large number of studies indicate that decreases in
 

clotting factors, such as fibrinogen platelets, factors 8,9 and 12
 

all occurs normally during the abortion process following injection
 



of Various pharmacologic agents. Furthermore, the appearance of 

fibrin split products is another common phenomenon. These changes
 

are most apparent following the intra-amniotic injection of hyper

tonic saline and, in fact, are seen in all patients. The changes
 

are maximal approximately 12 to 24 hours after initial injection but
 

by approximately 24 hours begin returning towards normal. 
 Similar
 

changes have been demonstrated in patients undergoing hyperosmolar
 

urea abortion (to a less significant degree), and recent literature
 

indicates that such changes may also occur inpatients undergoing
 

intra-amniotic injection of prostaglandin F2a or E2.
 Itshould be
 

noted, however, that in the 4ast majority of instances these
 

coagulation changes are not of clinical significance. 'However, it
 

1 in 100 to 1 to 2500 saline abortions clinical coagulopathy may
 

occur.
 

The eitology for suck coagulopathyis unclear. One mechanism
 

proposed has been the release of tissue thromboplastin at ,the pla

cental site due to damage by the hypertonic agents. Why hypertonic
 

saline would predispose more so than urea is unclear. 
Another
 

theory postulated is that hypernatremia may lead to such coagulopathy.
 

For example, some animal studies reveal that hyperhatremia can produce
 

coagulopathy in animal models. Therefore, this phenomenon may
 

contribute to the occurrence of clinical coagulopathy in some instances.
 

Finally, it should be noted that even when hyperosmolar urea is used
 

clinical coagulopathy may occur. In our experience, at least one
 

well documented case has occurred over a three year period involving
 

approximately 1000 abortion procedures utilizing hyperosmolar urea.
 

Finally, the use of oxytocic agents particularl-y oxytocin may,
 



predispose to the occurrence of clinical coagulopathy. Ballard 

and co-workers studied the occurrence of clinical coagulopathy in
 

a 
large group of patients undergoing hypertonic saline amnio-infusion
 

with or without immediate augmentation with intravenous oxytocin. 

They found that pat-ients who had the immediate augmentation of their
 

abortion procedure with oxytocin had significantly higher rates of 

clinical coagulopathy. The exact mechanism for such occurrences 

are unknown but could again be related to increased release of tissue 

thromboplastin.
 

Manifestations of coagulopathy basically consist of the appearance
 

of unclotted blood in a patient with vaginal bleeding. The majority 

of clincial coagulopathies are recognized at the time of the abortion 

process or'soon thereafter, though occasional cases have been 

described occurring prior to passage of the fetus. In conjunction 

with the appearance of unclotted blood, these patients may also 

demonstrate evidence of petechiae and easy bruisability as well as
 

bleeding at venipuncture sites. As with the other causes of hemorrhage, 

one must quickly rule out retained products, laceration, or'atony 

before assigning the diagnosis of coagulopathy to a patient. 

The laboratory diagnosis is made by demonstrating diminution 

of fibrinogen and platelets, prolongation of clotting time, protime 

and partial thromboplastin time, as well as the demonstration of 

fibrin split products in high titers. From a clinical standpoint 

the performance of a simple Lee-White clotting test at the bedside 

enables one to rapidly establish the diagnosis. This is a very gross
 

test and, if abnormal, indicates §ignificant reduction in clotting 

factors and a clinical situation of true import. Other findings such
 



as a decrease in fibrinogen or platelets can'be misleading
 

particularly in attempting to establish an early diagnosis. For
 

example, these factors ordinarily will fall to some extent during the
 

normal abortion process without clinical coagulopathy. Furthermore,
 

patients in the midtrimester of pregnancy will have somewhat physiolo

gically elevated fibrinogen and platelet counts. Therefore a value
 

determined initially could well be within the normal range, yet a
 

significant coagulopathy may be occurring. However, these tests
 

should be used to confirm the presence of coagulopathy as well as
 

demonstrate return towards normal following treatment using such
 

measurements.
 

A wide variety of modalities for treatment have been utilized 

for this problem including heparinization, expectant management, 

and in a few instances the use of epsilon amnio caproic acid. Our 

basic regimen has been as follows: the diagnosis of coagulopathy 

is rapidly established at the bedside by performing a simple Lee-

White clotting test. If prolonged beyond ten or 12 minutes, a 

presumptive diagnosis of coagulopathy is made. Occasionally with 

mild or moderate prolongation, one will also note very poor clot 

formation. In patients with severe coagulopathy, the blood will 

not clot over prolonged periods of time. Once one has presumptively 

established the diagnosis, the patient is rapidly examined to rule
 

out the occurrence of concomitant problems such as laceration. Also,
 

a sponge-stick curettage is carried out so that retained products
 

will not further complicate the course. Finally, oxytocin is utilized
 

to keep the uterus well contracted, utilizing the constricting
 

properties of the interlacing myometrlal fibriles on the straight
 



arteries lining the endometrium or decidua. Blood is sent to 

the laboratory to confirm the coagulopathy as well as to the Blooc
 

Bank to cross-match for fresh whole blood. 
One must use fresh
 

whole blood for transfusion In order to replace the depleted clotting
 

factors. 
 In general, banked blood will have very low concentrations
 

of such factors. To date, we have expectantly followed such patients
 

with no other treatment such as heparinization and have avoided
 

transfusion in most instances. 
Within eight to 12 hours, one notes
 

return towards normal clotting function with the appearance of 

clotted blood in the vaginal pool. At this point, the clinical
 

significance of the coagulopathy now has rapidly diminished.
 

However, it should be noted that clotting studies may remain abnormal
 

for several days until the clotting factors are regenerated. In
 

unaborted patients who develop coagulopathy, most investigators
 

favor prompt emptying of the uterus.
 

In conclusion, I hope it is recognized that the injection
 

procedure is easily accomplished, and that the major requirement
 

for clinical skill and competency is met in the recognition and
 

management of the associated complications.
 

Attached to this document is a listing of relevent references
 

necessary for the approach to midtrimester abortions.
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r, lhodcls. Our obser.i.'lons :urgo :t "ihaT ovyi -a Iligailon wl'thin 4 c,- of 

thu u-orir,. cornua may p;,;l;pos"o the dc velopm&erl" of ondomeriosis and 

sii,;,.qilernP fiul li/clion i the lip of Hlu Iill d oviduc'l. 

BESTAVAIABL G~ 
 * 
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Extrau tori no arnd I ntraudiri no~ pregjnincy occurring af-kri surji.~. i liV-t-in 

1-5of" thc fea I tI Itrl [LIbus con'. "raiu.-. to I): a ci uI I toIcnIU toIp.:uaI I-i 

pha~se pr-ecwnncieob sctcm pre%-m;1-L4) I with -11h propor patlient selocti-Or1, Prnd 

op.:w-ator crior ccin be miintuized with propor trainingc, somo fat lurcs. ses.;

ct:; rc-i-ly url-prevon tal~ble1. *rh:-co o:cur rmonihs or yeairs aftue- theisoiI z-~ 

prococIure and many 11- CX'1;-, :JuE-rnC). 5 Vihon exerni ne', *[t falIlopir.n ful.es 

froni t1ho.o -LrtI lza-Iion fa i lurces appved to h;;vO tiobfl properly', Iigalte-. 11ri 

hepast-, suc:h ta 1o fai lures ha','e been .ti uodto "recana I ization". Inhi : 

.c rsc. tha f th Is Imp I io~ rc-;sib I i shr&v!r-1 of a fur,:.n hutwen fit) proxi., an" 

(11 1iDI por it onz of p rop Dr I 'ICJ 41,7 0cillo an1t' ", VAD kiv0 rt6 V svP.n -_izh 

C(, Oil I he otiicr hand, 

11 vo tnv -, I Icja oC,d hT 

1ubo--Peri tonU ft stu .,:: 

nv-Ur- o0f -Ihosr; f Is NuI a. 

h;~.-.:, boon cbsorved. -

t 

I.,-TE IALS ITJTI !R 

Sovosly-nirici pz'eVloulyF" I i, - lud fal lop io *lub:;s woro stutkd. *.Fi: 

of Ilio;o oviducits, fron 13 poli enk-- (Grot.,' 1), woere refelred from 6h 

Inst itU ions for ". Iio ,o tlh- CVU5'- Of Start 112<11,T Iu f I I Uro. Th' s 

*?t1Iwa of tom rumn;ir and could not bu approprta-loiy orlontod f.or

i~trocpi tu'.Fr r&-. :E-il y only ono tub,.: vaz re.z-fild. Consequ.enty'-,, 

N*Jitroscopic sect ion:, ta;-.7!n at random. 

Iti rv Itubiri; (Grotip 11I)'.~r-surgivalIly rorw'),J. FJP lh Johns lokr 

I 'gpai a; C11 ofsoIajmlv C p;i\ c !urj ;y p~r formd for ci h-:ur 

r~.scr,. 1h o iubo-;':, . Slir ic1 ru longlj: to Wh! . -W;ihclrij,!c~io ofu 

I.. i I rd, w. I ng~ ii 2 c~c !*'i- i i:p ,' '1 25u cq; u'je u1w'&! IC!. '11hn syril. : vilJw , f I!I d 

2 

tol 

I 1It -u~t1-:1-1 I pc~I I lit) IahF'ied..tI I 11 r,wi, 11huI.- I i i %;&~ i njci v-.-~* i I 

P -. .d -- . *(! tli,, 111 il' laT i; wl- d v 

a. 
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::nd T1ho presuro wuz n t monitored. iAilcroscopic srullons woro pr-fpari- "to 

,c,.,Ijtralo -the India Ink In the fal lopian tube and'Ior f istulous tract. 

Flfly ovlducts (r;roup I I I) ':ero stludiod h.o'lh In vivo and In vltro, T.-ese 

s'ludicis occurred as a pirt of "'hu I-oulino evaluation and "rc-ilrnm-rt of 25 

ptlionts admi-tted ',.r tubal Iaso-mosis. Preoperit I vel y, al I pati ents re-; -,
 

a hystlerozsl1 1,.;ngram. Hys'erc:.aIp1n-gograrI wero parlrru;cl using a RL:tir,'. 

C MIUIELb to which a 10 cc syring-, containlng 5 cc of salpinx (@) was . 

T%.-.: cc's of con'trant mediIn'wv'reih.m injectod into The uterus and an irit ia' 

x-.ray obtain,d. Then an addilional 3 cc of dye was. injected Into the '--te.s-, 

aid a socond >:--ray ohi-ained. Nco patient had rect iveJ a hysi erosal1:lr:: , 

11fiur- -o iheil previous serl I izal ioi. Al the tima oc surgory, ctrvice: ,,. 

1r'uc I Ien w;a ,cop, II shed w th a Shi rodkar c.I anp and a "l'aria fundaI rI " 

i., pl cd anid U:, d 10 fill he Cndo":rlIal cavity and proxir,-nI faI lop*-. -.' 

i h 't i r carmi dye. Any t"al I fistula Vlas thus dem7,nstrated. We., t-

Iip 1 1hoprox i (- I sug,;ent of I igated tube wa.; removed In order to per f-- 7-II 

:, is, area of•iih i~ic I;,ksl 1his th..oviduct was secr-ion J In ord.r to %W'- W6 

investig:,'e the rn,",-ur- of a f istula detecled by hyslerosaIp inrograuphy .:- .'.-I 

•rriC fu drJd! Indiro c, -,iin, irjeci ion. The pro ' or absonc of any z,,e.inI. I 

p[,lvic. dl e-., and [tie Icn h o -the proximl s".. , of tube, , a 

doui ln, ! ; lh-["ir of surgery. The 1org-h ef the lop Ian Nbo .ai 

I,".-,urod ",uch "hli Ihe t" In lors I I a "uba ,:as no, In Iuded in the roeu e.-e.'# 

•fh' clinic tll record was r-t, "1o ascnr llii the I n'lerv,.I of "Ihno si re tt-e 

•1ubalI II gnl Ion, iid the I yp,. of st. I1 i :.lion proceo.uru par for med. 

(.)f I I eII .. 1.,.;,lu- ', '* r.--ui *i i 'rom o IIor in i i 1uU lon,; u t1ur 

0'., r ,n.rI..d f, 'i ,r-. ((,r oup I , 0) Ivd ;rr,-,J - of zi p ,.c... Ihlrn:;cmb I -. 

:C , -IIf..: , , t 0 - i IIIIII: 1,l.Ia l c.-l.I I':., , - p "h i ,', I I 1clts;1 n.
 

cI , r - -c "; .I ll o s , II ,llfl ,o , , l' '-It
,vi om ,wI (Itu, . II: ()r I h o d . 
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of endome't-losis (Fig. I). That If, strom- and glands histologically 

I tOntic~. 10 that scn in "lho u orino ondomel u:,?i ;lare.observcd. In -sever, I 

cases, 'this process appea-ed to oxtond from iho lunron to tho serosa)l surfzes 

of 'lhe ligated tube. Unfolurnitely, careful documenta1ion of a fislulOc.s 

• ract was not- possible as the :;urgi I material was fragmn.,ntary and could 

not be oriented for microscopic s-ludy. Furtheracire, the oviduC's vo-c not of 

SLffici 11 I.',gth "lr, al by Inj-ction .lye -to deronstra'e "lhe fistulous "11,. .t. 
To investiga'to ihe na'ure of "Ihe I i:;iulous tract associatecd with"h;A 

t Clioendome'rlosis, 9 previously ligated fallopian tubes, removed at the Johns "r,wm 
tl.pk Ins Ilocp ia I (Group II), v.er Injoctod wI th India Ink. It was pc-:!,;z I. . 

to succcC:, l It y I nj~ct 4 cv iduc Is and "1o d(c-,s I -r,:' 2 f I s'I u jar) w1i h -1h , 

"ochr: iquc . Wh'hn soc I i one, iK oviduct Wi 1h f Istu lu reveled I ndi a ink Ir 

•lh fub I lumen anc In op i 1he - I- Iinod spacos tht lay In and beyond 1r. ,
rUsc t0 of "lhk. tube wal I, e:l'er, ing from .hotubal lumon to thd SoroSE; . 

surfaco'(Fl. 2). of ,h4anythose were app renl ly foci of endomne'riosis, ,n A 

%.1hichgland lumna .oere the fi,tuI ous tract. Trhe criteri ,ur The diaqn~cs~ s 

of cn !cve,1riosis consists of clandE and str-Qma iden-fical to that r.:-'m.- ly 

found In [he erido.., ,,- i a I c;-;v I 1y. 
rn 

Wi'Ih c.,-rv¢-ti.. i.noinmlnd, 25 pztIn'ts undrii-going tubal ar.,7--sk'"' 

(Group III) .oro rL;refu I ty evalt'led pucopera lively by hystorosalplnc r 

. c a,,: 1 I . x-r-ay ev ld.J.nco of a f istu la a'i lhc tip o 

•lho pro-..al sc,-i.11 AI"tho t". na 

cmn1r rie yc., aIt of r . !o LgcaIlydmr J' f Is-lu tao wutoec~~ 
t lherr , 3 u,'0:,';p'.cl,-," ,Ilc lntu In 3 addllilor.:fl pa lionis .ero ,: ... 

of l-. of old-)rtivo injec:tion o. I-; 

' I 
-

(I I . In all, ," :/- f. jI o, (.'Ud vd I- Irol .ol-h !t..,, lec icl' ":i, 

http:u,'0:,';p'.cl
http:sc,-i.11
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titi did not roach the periltoneal surface. 

Careful Inspection of the pelvis at tha time of operation revale r., 

evidence of perltoleal or ovarion ond'lcetriosis; howover, in 15 patients 

appareni" endactrlor.is Was obsorved clinically at the -tip of The proxima! 

!,cg,,-'I* o,. a fallopian tube. In one of These neither a fistula nor the W" 

g.,?.endcrnetriosis was identified microscopical ly. Frequently, little bless i-,e 

son beneath the poritoneum (Fig. 4). Similar focl were not saen on the 

dislal segI, nt of the fallop in t, Microscopically, all but 1 of 14 t.:es 

With a fistula appeared 1o haY- enJiel'riosin at its tip extending thr.;" 

the w.all of the "ILIO. One of these f1stulou.s tubes was not studied 

rlcroscop ika:l ly. In 10 cases, ondoncrriosis wi14 hout a fistula was see (., 

was nol seen to exte- ..ticroscc,ical ly. This procoss ,as nol exlensive and 

Slhrc, f* wall of the tube. A- opixal ion, ondoti;e-Iriosis was not c 
",.'bI n th_ d Ista I sr-jnent of "the I igah.,d tuho. 

Type of prior l igation vws correlated with the frequency of flsfu!ze 
,, .4 

(Table 1). A high perc-.,,tage of fistulae ah,! endometriod is wae. obse,-. ..
 

AIth-:- ,
fallopian tubes I ig ctd u-ing "lhe lap-i ,-;c.opic cciutory modhods. 


fistu lae ,:erc ot.erveJ in tube Iigated with a silas'tic ring, 4 of Th-

oviducts nevea lcd endc°, orIcsis. 

The percenlaye of fist-uI, and endccetIriocIls was also corral-ic - tr e 

Ia3 ctslongth of ro,:icining pro>ir'a l tubal soer.sm l. Th I rtoon fi stula er .
 

In 29 pro/xial ovlduc s of less in 4 c,. rurIhermore, ondom'rioz 

do.'un,,nl r] ir 20 o; 27 "uh'.i of I Ih-inlcss 4 cm In leno"th. The po r, . 

of f i s a-1 r:z; i- 1:I r vicluc'l, 4 or m ro cuM I inotur1 in le-;_ 

.. .*: X ,, ,. , , ' , , l " l T a b l", 2 ) . 

i . a, cWrrell,, with Ilhc . 

of fl1 lulz:, n ,,",', io-i., in u ,,h nlubo !;Ilikl,lcd. :lho r-, ;ul' s'.,; : 

"11: "}Ir, ir, n l~I, prior I igaillo 

http:endactrlor.is
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-Ihat-by 3 y*irrs aftfor tfliv sto-rli zation rocl ur a hig~h parcont1cyo of 

f I s1-u In haivc been formed (TablIe 3). 

DISCUJSION
 

lhi~s report1 proscnits results anid hislotogical f inclings or oviduc-ts from 

3 groups of paflenlhs. The oiriginul grup of ovi.' -J, reiorred fromn o~her 

ins-titutions afici' fiNI ur, rE-vealed a pro -oss comp-;, '.o wiilh ondc.-refrlIos;s 

It-I poss lbIo dc,roris 1'rc.,1was to c a f IsIu! t1ract1 with The InjecliIri of Inri a 

Ink In 2 ofl 9 patl1c'rs ii; 1'ha socond gr;oof I igal'ad ovi,,ucts fromn pafien-,s 

Undergjoing pte) T. fur TIhor ine ncctuf --. of./Ic suicgei o i nq.,:-JIOwS -1i *1liese 

f i rid ings, ,25 pati-orrtb5 rc.:LiW-Msing reversalI orI st-er I II zal Ion %.,crecaref ullIy 

bI tdIcci rprcope ralI iv(,Iy b y hys 11ruroi aI pI (I oraphy bnd a-'- th e1time of anu.st-o.:: 1s 

Aflor StLo'CO1,01.1 I Onf wi-thi n 4 cri *Iho ccrnue,y .I'11 IN,- oviduc-i of ulor i iao 

Ondome 1r zsis duvcdI -. r: it fihe -i p ol 1huo prco<i rlIa segy.-jr1 of 110,gvted -tube3 

1, a ii1lqh rzirccl. 1-0F 0Fof .. Prior of t1ho f isIu Ia,p:nits. io the cdc3%lopmrit 

-1-h1-ttLIt 3E.P )e ars-- Ic b,: di 1 1'.~d. Prcori,," IYe ex-tons 1cmn of thec eridomtotfr Ioi s, 

perhzpsrF ciide1 b~y in'er,, .-assure, app-ourod to resuti i pcinotr-aflon of 

t1ho muscular wall ol -1tt .-j wi Ii suhiso~ren- fil iii zat ion oi-thur Intlo 1the 

broad Iig'r -or Inlt flc pc-r I onc,a I coy I y. 

The authors sI:fl nbt regurgi-ttulod m-nstrual fI may be 

ro~.on$ :'or- ho r~ o"i ondf'"!Plrios k and i1ho dii etc, ; Ion o4t,, 

-tuba. M~ '11) Icrngif ,F :I n: a nd t'he *typa of proc.'durqciz r sccifr'ni is 

cotrcol aKd wiIn Hichniu.,U of f Is] UIfao iand cnlivIii~i, wi hi n -th 

ovi chic. I'; MIudiod, it i : nsf pcv,,Eih cIfu.to1ki niahich of lho,!;r two ra(clors Is 

trrv Ip:w~rit in ib~nj IlII(]- b~'rr dc-VoIonii1. of fkI .;u la. 

;, ~. io Tc)(dwJrc,cIaV. r b I -~r~",.~; q1 II ~ Ithai * p pc,-for - . 
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qr;oaler1.han 4 cm from -lh- cornua, results In fo.-or fistula ; furthorrcre, 

lI gation proxrna l to the ampullry-Isthn Ic junctIon may result 'in a proxirc . 

segmon't whic:iI is subject "1",fistula development. 

As this process appears to develop within I to 4 years of tubal UIgat:n, 

iH is of Interest "io consider what role It moy play In The so-cal led post

tubal I igation syndromo. It Iscertainly conceivable that pain and 

irregular bleeding might be concomitant sywplkoms. In future attempts to 

ioH1irc a pCS-1-tubal I igdtlio, syndrome, tha tim-, course of doveloping 

.ndmn:)lriosIs in the proxiral l igatd s.egment should be taken Into accoant. 

!urthor, iha "ime cours-, sup;ar s -the clinical epericnc.e ot' Cunanan, et a'. 
5 

with respect to pregnancy fai luru. 

If. , 
"I t ".V : 3a'.j a ,', , 
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TABLE 1 

S*'RI IATION' REVERSAL (GROUP I H): 

PERCENTAGE OF FI STULA AND ENDOUMER IOS I S VS. TYPE OF LI GAT ION 

Type of # of Fistulae/ - # tubes ',;i'h endometriosls/ 

ULI'l ion # of "uke stud i f-d # tubes stud iod 

' "
C'utery 12/232 (46',4) 15/24y (63%) 

Pomeroy 2/18 (Mop) 5/18 (28%) 

Silasilic Ring 0/6 (W ) 4/6 (65) 

*Orn. case not submi'Itu:I to pathology. 
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TALE 2 

STERI LIZATION REVERSAL (GROUP I II):
 

PERCENTAGE OF FISTULA AND ENDOMETRIOS IS VS. LENGTH 

OF RE4AIWN!N, PrOX IIMAL TUBAL SEGMEIIT 

Length of Remaining # of Fistulae/ # Tubes with Endornetriosi-/ 
-Pro imz I T.,n, rIjlenI Tubas S'tidk l 1 Tues StdirtdIS. 


Le.--; than 4 cra. 13/29 (45%) 20/27:" (74f)
 

4 or rore cm. 1/21 (51) 4/21 (20.')
 

):O je case not subiti,:d,to pathology. 

BEST~ ,
~~7pSlfL, W 



John A. Rook, 1 if. 
 I~a .10
 

TABLE 3
 

STER I LI ZAT ION REl"ERSAL (GROUP I I I)
 

NUMBER OF FISTULA AND IN'rE',,IOS I VS. *rIm SI .CE OR .;INAL .OATIC'..*
 

rime Since Original # ol Flslulae/ # Tubos with Erdortniz,,s/ 

LciL.t!.on (Yrs) # of Tubes Slurlid 1t Tubos S i "od
 

<1 0/4 0/4
 

1 0/0 0/0
 

2 1/2 1/2 

3 6/14 10/14 

4 3/8 7/8 

5 1/6 1/6 

6 2/8 3/8 

7 1/4* 0/2). 

8 0/4 2/4 

•One case not .')jrllted to porthology.
 

~~ji o"-,~ 
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F IGURE LEGENDS
 

Fig. 1) i i;. focus of ondomeitriosis Is situated in i'he muscularls of the 

tube wall at the 'tip of -the proximal sogm-:it. Similar foci were 

arranged from the lumen i'o the sorosal surface. Not all had 

wel 1-developod stroma howevor, and these more closily simulated 

salplngtHtis isthmica nodosa. 

Fig. 2) Afier the proximal scs'etit of fallopian liibe vas rcoved frc.-o. iE 

uterus, it was i!jeciC'J with India Ink. In this can:, F, fistula 

was deri, risirated vnd i he section shows tho ink in "[ oadometriosls 

thzi, lay boiwoen the lIum.n of the tube and th. seruzi. 

Fig. 3) A f istula is dorontrE.i'ed by ihe dark spot o' I;idigo cariinF, s.e.n 

at the corrua. "Th. scarred top of tha.tbroad I igamnril" extends io 

the right with iahe distal ssgrent of tube just out of the picture. 

*rhe ovary Is posterlor. The dye was Injected thruLIgh a nrued!e in 

the top of "Ihe fundus jut out of th3 picture or. he left. 

Fig. 4) SupOrficial blobs, assc.ted -Tlh endomotriosis, are soon a. the 

tip of tihei prc4. -,I of tube. "lho scrrod portion of tube 

and the distal sc-,, m , are seal, bonA. ihIs sito. 
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ABSTRACT 

2 In vitro evidence suggests that fibrinolytic activity is involved 

3 in the implantation process. In vivo experiments were performed in rats 

4 to determiine if fetal development can be prevented by epsilon amino 

5 caproic acid (EMCA), a fibrinolytic inhibitor. Timed pregnant rats were 

6 laparotomized on various days of pregnancy and EACA or control ±njectious 

7 were made *directly into a uterine horn. Animals were autopsied on 

8 pregnancy Day 15 when implantation and fetal viability rates were 

9 determined. Intralumin! MACA did not effect i=plantation rate but fetal 

10 viability was adversely affected.jhen 3 mg was injected on Day 6. This 

11 effect was dose-related and was partially reversed by simultaneous 

12 injection of plasmin. No effect was observed on Day 3, -7, 8. Day 4 a2-d 

5 could not be tested because sham injections alone caused a high 

14 resorption rate. Subcutaneous injections, as high as 60 mg daily from 

15 Day 3 to 10 did"not affect fetal viability. The experiments, support the 

16 hypothesis that fibrinolytic"activity around the time of implantation is 

"17 important for niaintenance of pregnancy. 



INTRODUCTION 

The implantation process involves a complex series of interactions 

3 

4 

5 

6 

between the' blastocyst and uterus (see Weitlauf, 1979 for review). 

Tropholastic function in this process may depend upon several distinct 
blochemicai events from the time of attachment to the uterine epitheliu= 

until a relationship with the maternal circulation is. established. 

7 Recent in vitro evidence indicates that the mouse trophoblast contai=s 

8 

9 

plasminogen activator activity and its invasiveness may depend upon 
fibrinolytic activity (Sherman et al., 1976). This is consistent with 

10 

11 

12 

13 

the findings that other migratory cells also produce plasminogen 

activator (Ossowski et al., 1973; Unkeless et al., 1974). The present 

experiments utilizing epsilon arino caproic acid (EACA), a fibrinolytic 
inhibitor (Figure 1),provide in vivo evidence that plasminogen activator 

activity may be important in early stages of pregnancy in the rat.. 

15 I'MTERIALS ATD I4EYhODS 

16 

'17 

Rats were purchased timed pregnant from Charles River Breeding 

Laboratories (CD®), Wilmington, NAM. Tle day sperm were observed in 
18 

19 

20 

21 

22 

23 

vagina was defined as pregnancy Day 1. On various days of pregnancy, 

groups of rats were lightly anesthetized with ether and laparotomized 

under asep rtc conditions. The uterine horn to be Injected was gras~ed 

lightly with forceps near the cervical end and a sterile 25 gauge needle 

attached to a 1 ml tuberculin syringe was inserted throtugh the uter'ne 

wall into the lumen. Various doses of drugs were injected into the lumen. 

24 

25 

Light pressure was placed on the forceps durtig tho injectiou and 

10 seconds after reov:,l of the needle to prevent bachfJlo. 'Tihe 

for 

abdowinal wall :,as sarm-red and the skin closed with ,ound clips. The 



1 

3 

4 

5 

rats were returned to their clges until autopsy on Day 15. At autosy, 
corpora lutea, implantation sites and ,viable fetuses (based on size ant: 

gross appearance) were counted. Appearances of normal ard resorbed 

sites aie photographically illustrated in another publication (Dfoia 'et 
al., 1979). Percent implantatiori was determined by dividing the.number 

6 

7 

of implantations by the number of corpora luteca; percent viability was 
determined by dividing the number of viable fetuses by the number of. 

8 implantation sites. 

9 Study 1. Effect of Day of Iniection 

10 

11 

12 

13 

'9 

15 

'16 

Rats were injected once between Day 3 and 8 of gestation. Groups ef 
rats received either EACA or the saline vebicle. Other groups.were si.a_ 

treated, that is, the needle was. inserte into the uterine~lumen but 

nothing was injected. The EACA dose used in this study was deter.lzed by 
the maximal solubility (30 m,/0.1 ml) and the volume that would yield am 

acceptable viability rate when the vehicle nlone was injected '(s~e 

Discussion). EAUA was prepared fres.h on the day before injection in 0. =% 

17 -sterile sodium chloride. 

18 Study 2. Effect of FACA Concentration 

19 

20. 

All rats received EACA in one uterine horn on Day 6 of pregnancy. 

Groups re, 'red either 0.3, 0.6, or 3.0 mg EACA in a 0.01 ml, volue. 7he 

21 contralateraal horn received 0.01 rJl saline. 

22 Study 3. Effect of Pnsrin 

23 

24 

Lyophilized plasmin was reconstituted in sterile 0.9Z sodium chlori.e 

immediately before injection. Plasmitn doses are expressed in caise::o!'y:c 

units (CU; Sgouirl,; J1 al. , 1960). On pregnancy Day 6, rats receive" 

:[itralurna~l ii.iections of either 3 igFACA, 3 rn- EACA plus 0.5 CU 

-2



1 plasmin 

volume. 

(KABI, Sweden)., 0.5 CU plasmin alone, or saline, in 
In this experiment, both horns of the uterus were 

a 0.01 al 

injectedl wit.. 

3 the same substance. 

4 

5 

6 

Study 4. Effect of Systemc 'EA-& 

Groups of rats received subcataneous 

or 60 mg of EACA daily from Day 3 to 10. 

injections of either 0, 15, 30 

The concentration of the 

7 injection fluid was always 30 mg/0.1. ml. 

8 

9 

10 

11 

Statistical Analysis 
students'In study 1, comparisons were made by t test. In all other studies, 

analysis of variance were perfor=red with F ratios used to test for 

significant differer.cas between' treatments. 

12 

13 Study 1. Effect of Day 

RESULTS 

of Injecton 

15 

16 

17 

18 

19 

20 

21 

22 

.In untreated rats the iplanzation rate was 82.2 + 6.7%while the 
vlability rate of those inplantatfons was 93.8 + 4.9% (Table 1). Sha3 

intrauterine injections on any ona day between pregnancy Day 3 and S did 
not affect the implantation rate, however, viabil-ity was affected'when a 

sham injection was perforried on Day 4 (46.1 + 10. 7 %) or Day 5 (8.9 + 6 . 
Injection with normal sterile saline (0.1 ml) reduced percent implantacica 
when injection was mcade on Day 4. Saline injections affected viability on 
Days 4 and 5 although this effect could be accounted for by merely 
inserting the needle since the percent viability . these groups were. no 

23 

24 

25 

significantly different from the sham injections on comparable days of 
pregnaac'y. Injection of 0.01 tnilrallne on Day 6 decreased percent 

vinbiity below the level of the ,;iam caintrol (47.3 + 11.1) versus V.7 + 

5.57). Lnjectlon of 3 n,, EAA in :he sane votune of salne [urther 

-3



1 reduced the percent viability to 13.3-± 6.0%. EACA did not affect 

viability on any other day tested nor did it affect implantation on.any 

3 day tested. EACA was not tested on Day 4 or 5 because of the low viab'iit 

4 rates encountered with sham injection. 

5 Study 2. Effect of EACA Coricentration 

6 When intrauterine injections were made on Day 6, the percent ,ia i!.y 

7 was dependent upon the dose of EACA administered (Figure 2). In this 

8 study, all injections were made in 0.01 ml saline. 

9 Study 3. Effect of Plasaiu 

10 In another study, intrauterine injections of 3 mg again resulted i 

11 reduced viability (13.9 + 4.3% versus 54.1 + 5.4% for saline control; 

12 P <.001, Figure 3). Injection of FACA along with plasmin resulted in 

35.5 + 6.5% viability which was significantly higher than EACA treat-a 

14 alone, yet less than the saline treated rats (P <.05). Plasailn alone 

15 reduced fetal viability to 39.7 + 12.4%. 

16 Study 4. Effect of Sys e-ic EACA 

17 Vo differences in either implantation or fetal viability were observed 

18 following systemic injection .of up to 60 rqg EACA/.day from Day 3 to 10. 

19 

,20 DISCUSSION 

21 Tmplantation Involves complex interactions between trophobla.3 an! 

22 uterine tissue ('.-eitlauf, 1979). The trophoblzatic function itse2f '. 

23 Involve numerotts events which depend on different bJochemieal I!tChnB-.. 

24 For exampl,.. bia|: tocyst s;ur:ace glycoprote In,s,:.-Iy bc! I iportant: fc

attcb:.in f: La tito Morti no ,11 (llnde ' annd S hl.n r e, 1974; 1!1cl' s :

26 1uzrnn-Conzal,:',!919). E,;rogn producttion whic:h lian beeu noltcZ n 
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1 rabbit blastocysts, may increase capillury permeability at the i:pl-ntaci 

site (Dickmainh, 1975; Dickminn.et al., 1979). Progesterone syrthetia has 
3 been demonstrated in rat truphoblast (Salowmon and Sherman, 1975) and this 
4 may cause local immunologic suppression and prevent rejection of the 

5 'heterologus embryo (Siiteri, 1976). 

.6 Invasion through the intracellular matrix represents yet another 
7 trophoblastic process and it appaars to be, In part, dependent upon 
8 fibrinolytic activity. Migratory cells, such as malignant cells 

* 9 (Ossowski et al., 1973) and macrophages (Unkeless et al., 1974), produce 

10 plasminogen activator. Plasminogen activators convert plasminogen to 
11 plasmin, a fibrinolytic enzya (Figuce 1). Plasmin, or closely related 
12 enzymes may be important in degradation of the intracellular matrix, thus 
13 fascilitating cell move=ent. Fibrinolytic activity has been reported in 

cultured mouse trophoblast (Sheririn et al., 1976) and first appears on 
15 Day 6 and peaks on Day 9 corresponding to the time of trophoblast in'vasion 
16 in the mouse. The action of plasmin on connective tissue ay be Ded-ate_, 
17 in. part, by stiMulation of collagenase production (Werb and AggeLer, 1973). 
18 We havo tested in vivo the effect of EACA, a fibrinolytic inhibitor- o 
19 both implantation and fetal viability in pregna'nt rats. One approac:t was 

20 to inject the drug directly into the uterine luiren around the time oE 
21 implantation. Som.e technizol difLcultles were encountered because of 
22 non-specific effects. W, priev1u0Lly ndho,;ed that intralumhial ifjeet' ns 
23 of 0.1 ml of norrmal ,re!-ile walnrll result in a sign[ficant reducclon 
24 in inpianration rat, %h.-cn adcti: is tered on Day 4 (Dub 'tal ., 1.979) 
25 Furtlr,¢, i,, fvtaL viabi!ity a!; affect ed Lwhon sal ine vras I.Iiecttc! c:, 

Days Is, 5, 6 or 7. On Day 6, almoat al] I ,,l,.atntton tt were -esrbe., 
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1 from horns receiving 0.1 ml saline. This effect was volume ,depenent. 

S'ince Day 6 is of particular interest because trophablast invasion is
 
3 occurring about this time (Enders 
 and Schlafke, 1967), the highest
 

4 .concentration of EACA in the smallest volume (3 rig/.01 ml) 
 was injected
 

5 . at this time.
 

6 
 Intrauterine EACA administration did not affect implantation rates
 
7 
 when injected on Day 6, but it did increase the number of resorptions,
 

8 possibly by preventing normal trophoblastic function. 
This effect was
 
9 
 dose-dependent and could be partially reversed by sL;Multaneously injecting
 

10 plasmin along with the EACA. 
While the viability rates did not attai1
 

11 the level of the saline treated controls, they were close to the racts
 

12 in the group receiving plasain alone. 
The reason for reduction in viability 
13 due to plasmin alone is not known. The effect of EACA appears to be 

O litited to a discrete time period. On Doy 7, hig;h doses ('3 ng) had 'no 
15 effect on fetal viability. Also, no effect was observed when EACA was
 

16 irjected on Day 3, which is probably due to the fact that the ova has not
 
17 yet reached the uterus. Day 4 and 5 could not be tested due to non
18 specific effects on viability merely due to insert[on of the reedle at 
19 these times. The present experients do ;upport the hypothesis Lhat 

20 
 plasminogen activator activity is involved in the implantation process 

21 and provide in vivo evid!cnce for i .Ls ....
phiysio.gLc importance. Other pro s
have been demonstrated 
to block i,-plav-t at ton in rice22 (Dab ich and Anary, 19 V)
Althoigh syste -ic (oral) antif Uhrinolytic agents :icluding EA'. 
 are
 
23 effective in 
 omn iu relucin g wenstrual blood los (Callender et
 

24 1.9"0; NiLIandec, 1970), 
 min our stru'ly ',ystv,.,c ';ubctta~o:;) adninintra!o.
 

25 of 
MAA had no efect oilfet :l v1iab[lity. 'lThis r: ,hz he bec.,u:;e of 

o Inaccessa.1Ltty of th2 drtu L0 tle Ill rf;t.ocyS L ro.tdli; ;[thiln the ut.erus. 

-6



I It has been noted that IUD insertion increases plabmtnogen actLvator 

activity in the endometriunm (Kasonde and Banner, J976). EACA reduced IUD 
3 induced menorrhagia (Kasonde and Bonnar, 1975). There is no documentation 

4 
 that IUD's containing EACA are more effective in reducing fortilLty,

5 however, in light of the present experiments and other evidence "discussed, 
6 it is hypothesized that such devices provida additional protection because 
7 of EACA's effect on suppressing trophoblast invasiveness. 
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EFFECT OF XINLAUTERNE EACA ON IMPI.A':TATIO,1 
AND FETAL VIABILITY ON VARIOUS DAYS OF PREGM.ANCY 

Treatment 
Day Treatrent 

Untreated 

3 Sham 

Saline 

EACA (30 mg) 

4 Sham 

Saline 

EACA 

5 Sham 

Salne 

EACA 

6 Sham 

Saline 

EACA (3 rng) 

7 Sham 

Saline 

EACA (3 m8) 

8 Sham 

Saline 

EACA (30 ,g) 

Number 


6 


5 


12 


9 


.1 


10 


Percdnt 
Implantation 

Percent 
Viability 

82.2 + 6.7 93.8 + 4.9 

92.0 + 8.0 89-4 + 6.8 

85.1 + 4.4 88.0 + 3.8 

89.1 + 7.*3 86.1 + 11.3 

80.9.+ 9.'8 " 46.1.+ 10..7* 

62.6 +.5.7x 25.0 + 10.4* 

not determined 

•9 85.8 + 6.1 

6 65.9 + 7.6 

not determtned 

8.9 + 6.1k 

24.17 + 12.9* 

20 


7 


6, 


17 


8 


8 

11 

9 


78.0 + 4.9 82.7 + 5.5 

65.2 + 9.2 47.3 + 11.5*f 

70.4 + 10.9 13.3 +:6.0*k 
,......... 

78.8 + 4.6 86.7 + 6.7 

74.9 + 8.6 75.9 + 11.4 

70.9 + 9.0 82.4 + 5.9 

68.2 + 9.2 70.4 + 15.4 

77.6 + 8.6 77.8 + 9.1 

81.9 + 8.7 91.0 + 5.6 

P < .05 vs. untrcnt:,d control 
- ", -.01 vs. unLrr.,ated cont roi 
- P <€ .01 v:3. ShmtI, cot.rol Eor the oawt;e day 
S"P < .05 Vs. sa,[n. control. for thhe- Ime! (lay 

x 



PLASMINOGEN 

1-LASHINOGEN - EACA 
ACTIVATORS
 

.PLASMIU. 

"FIBRINOLYTIC
ACTIVITY" 

Figure 1. -The Fibrinolytic System
 



Figure.2. Effect of various doses of EACA'on fetal' viability. All doses 

were injected directly into the uterine lumen on pregnancy Day 6.
 

Volume of injection fluid was 0.01 ml in each horn, regardless of dose. 

Control horns (0 mg dose) were contralateral to a horn receiving EACA. 

Bracketed number designates number of treated uterine horns. Vertical 

line is standard error of the mean.
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Figure 3. Effect of EACA (3 'ag/horn) and plasmin (0.5 CU/horn) on fetal 

viability. All injections werce mde directly into the uterine lumen on 
pregnancy Day 6. 'Voluwewas 0.01 ml in each horn regardless of treatment.
 

Bracketed numbers represent number of rats treated. 
In this cperm-_nt,
 

both horns of each rat received the same treatment. Vert'ical line is 

standard error of the mean.
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_______ 
__ 

The prophylactic administration of antibiotics to prevent febrile
 

morhidity has been shown 
 to be effective in patients undergoing vaginal 
El -41

yste^ectomy-. Ledger, and associates have suggested criteria for 
the espl6ynt oflthese agents for thts operation, These includs.- *2.
 

administeringj -the drug prior Wt6.initiation of-the procedure and e*ploy.
tig an antibiotti that is 
active .agaInst the. majority of organisas to -be
 

encountered.- -> 5 . .. .
 ... - -K-


Recently, there haye been reports regarding- the employment of prophy. '
 

lactic antibiotics in patients undergoing Cesarean section. Alth qb
 

uniform- criteria have been established, to define prophylactic antibiotic 

gutdellnes, In general, howeyer, the employment of prophylactIc antibiotics
 

for patients undergoing Cesarean 
 section has been shown to b& effective in 

lowering ferfle orhidity,

ience, it appears that for at least two procedures involving-the 

.geataLtractprophylacttc-antibiotics may-have a-role in decreasing .the_ 

fe rtl orbldlty,_________ 

T1e antibiotics most corrnonly employed prophylaxis for patients underas 

going yaginal hysterectomy and Cesarean section have been the cephalosprirtns. 

Cephalosporln antibiotics are broad spectrurm agents that are effective against 

and-gr ega ti've flora.-; Th&e6 a'jent are readtly avail-7 
able, relatively inexpensiye, and have been associated with a low degree of 

toxicity. The cephilosporins are not considered either first line antibio

ttcs for gynecologic infections drugs that should beor held -in reserve for 

the more resistant organisms. Hence, they fullfill some of the suggested 

crtterta In choosing a prophylactic antibiotic. ( 1 ) 



(2).
 

prophylactic antibiotics have also be'n admintstered to patients under..
 

gotng first trimester abortion procedures° "lDetermining their efficacy
 

in thts situation has been difricult ,stnce.,his is a procedure thatis
 
assoctated xith a yery smuat1 risk for infection, It has*been deonsmtrated
 

4t our institution that the risk of febrtle Morbidtty In womn undr ioing 
first trimester abortiom procedures approximates.1%,, This is o or
 

,. .
 .
 

than individuals undergo-in second trimester abortion procedures wbere the
 

0
rt3-of febrtle oridity increases to approximtely 8%."?G Additionally, 

Burkman and associates baye defined the flora that are causative '61infect.- ' 

ious processes In postabortal patients with febrile morbidity. The organisms 

-mst-frequentlyAIsolatpa.-constitute.parv of.the-normaI florai of -the e tZ ' 
trac ,lal..
 

Snce prophylactic antibiotics hz:ve been useful* in decreasing f 1e " 
. ,I .  "
 

morbidity in patients undergoing vaylnal hysterectomy'and Cesarean section,
 

it was decided to determine if these agents would affect the febrile morbidity
 

associated with midtrimester abortion. The purpose of this Investigation
 

.,..ts to deter.,ine ,fMprophylactic sodium cephalothin as.compared to placebo 

offers any advantage with regard to reducing febrile morbidity associated 

with endornetritis in patients undergoing inidtrimester injection.bortion 

procedures. There have been no prior prospective, randomized studies of 

the subject to our knowledge,
 

MATERIALS ANJD METHODS- . .... 

The study population consisted of patients at the Fertility Control 

Center of the John% Hopkins Hospltal undergoing midtrimester abortion
 

procedures. All patients we:re between 15 and 22 weeks pregnant. Pregnancies
 

were terminated by the intraamnionlc injection of hypertonic solution (urea
 

80 gm in 132 cc solution) supplemented by the intraamnionic injection of 



(3)
 

prostaglandinF 2 and/or the intravenous administration of oxytocin. 

The nat re of the study was explained toe4ch of the patients and in.. 

formed written consent was ohtined. The patients were then randomly 

asstpned tnto one ol two groups; those recetying Keflin 2 grams by intra. -

yenousl~mtnbottle, followedl by 1.gram every 6 hours for up to 8 additional 

doses; those receiying a:placeF* ad-rifnistired tin ninitottles over the same -. 

time schedule, The assbiIrment of patients into either the control or study 

group-ws-double.blinded with the pbarmacy keeping t'e code and preparing 

all soluttons. The code waz not broken until, 200 pattents bad been studied. 

Patients excluded from the study tncluded; those less than 18 years of age 

t-who-anbtatics- were-- icated-f&r'=Z

proplIylaxis and/or other attendant conditions, and. individuals with a history 

of. allergy- to cephalosporins and/or penicillin drugs,-, 

Once-a patient has entered into thc* study an intravenous line was establish

ed with fluids administered at a rate of 50 cc per hour. Approximately one 

hour prior to the nitttation of the abortion procedure, a 100 cc minibottle 

. an n e' dr~uor- caeo- was-..nfused 4ntravenous over- a-period-.... 

o?-30 minutes. The patient subsequentl wa administered 100 cc minibottles 

containing either sodium cephalothin or placebo as previously outlined. -

*-° The.study and placebo groups were compared for age, ethnic origin, socio. 
"; ... .. .*" " . . . ... - "- " " " 

economIc status, marital status, parity, height, weight, method of contracep

ion prior-t- brion-durato of~gestation -- msin- hema toc-i=r ~ 

Other parameters eyaluated included: the injection-abortion interyal, the 

duration of membrane rupture prior to abortirn, time interval from passage V, 

of the fetus to passage of the placenta, total abortion time, and estimated 

blood loss. All patients were evaluated in a standardized manner and follow

ed during their hospitalization for the presence of a febrile response. 



Patients were considered to be prophylaxis failures if they developed 

endometrttis in the postabortion period. 'Endometritis was defined as 

any condition associated with a.tender uterus.that required antibiotic 

therapy and/or a lengthened hoxpit l stay., Complete data were available 

on 798 patients;:.1.0 of whom.received placebo and 97.of whom received. 
4. 

sodium cephalothin, The dtscrepency in the group,sizes was the result 

of an error-Inotainn equal groups inthe generation-of. the random 

numbers, One patient in the placebo group was excluded from the study 

after -ein- found 16-a -ea recent -positvegonorrheaauTture at pre

abortion outpatient evaluation, and a second patient in the cephalothin
 

The data were tabulated and analyzed for the presence of differences
 

employing Chi-.squared analysis, and Student's *t'test for unpaired variates4'
 

RESULTS 

The characterist

table 1, There were 

-Il~c b~aId~ eph lot 

tcs for the two groups of patients are displayed in 

no statistically significant differences between the 

lo= ou s.~n 1ILparameters ev~l uate d excep t fo _~ i 

(. 

- '--, 

1 .3p reI pdtl - W . 

The estimated blood loss of patients receiving plac~bo was greater than, 

those-receiving sodium cephalothin (0.025 1 p -c0,C5). It should be noted 

that 10 patients in the placebo group had blood losses in excess of 500 cc, 1 

whereonlyfi ve _paCn1s-- the-S diumncephW o'~- 96-ph-dT0_d_ ss 

this great. Three of the 10 placebo patients had losses in excess of 

1000 cc. There were no patients in the treatment group that lost this 

amount of blood. None of the patients in this study required a blood transfusion. 

There were 11 patients that developed endometritis, and required therapy. 

Two Of these receiYed sodium cephalothin and 9 received placebo. This 

difference is statistically significant (X2= 4.35; 0,025 < p < 0.05). 



The demographic characteristics of age, parity, race, and socio

econoatc status. were evaluated and found not to be different between the
 

tnfected and uninfected patients.," The abortion parameters for these.
 

pati6nts are displayed in tabTb,:21 The injectionvabortion interyal for
 

the tnfected pattents waa.28., hours-..: 'This ts significantl.. . . .. greater than.. .... .
 

the average alue. for the' placeb group of,15.7 hours -- - -.p c0.00). This 


difference did not appear- to -.e a-function of parity. The cumulative 
.
 

abortion rates-at 12, 24, and 35 hours were eyaluated. Chi-.sqared -. -' 

analysts of the differences in the cumulative abortion rate between the "
 

endometritis and placebo groups revealed 0.05 p c. 0.1; 0.005 Cp C 0.QI; 

..
"......Seven..of_ the patients with endometritis.had injection-abortion' 

Interyols of greater than 24 hours. Only 33 of the remaini.n.1 187 patients 

had an tnjection--abortion interyal in excess of 24 hours, -This difference 

is statistically sfgniflcant U 39 p < 00001) 

The mean interyal between injection and the rupture of membranes tended 

-to___-e onger4 nthe, patietsdevelo prngendometriti s..c------h
 

cephalotbjn and placebo groups. These differences were not found to be 

significant 'dhen subjected to Chi-squared analysis. 

The iength of time the membranes were ruptured prior to abortion were 
aboost-twtce as-long in the patients with endornetritis ill.9 + l3;4-hour) 

compYied toi ri2hjTc~og thf iFi-i9r7o 7-Ai 


tended to he longer in the endometritls group, it was not significant at the 

a; 0.05 leyel, Although a trend toward higher failure rates Is apparent, 

the dtfferences in the complete, incomplete, and abortion failure rates 

between the placebo group and the endometritis group were not significantly 

different. It should be noted, however, that 9 of the 11 patients in the 



endometrttis group are also in the placebo.group.' 

The average estimated blood' loss for patients with endometritis was 

316 cc. However, one patient had a blood loss of 1850 cc which was"greater 

than the total of all of the other patients combined (1612 cc). -Jence, If 

one regards this 'patient's lood loss as bei.ng non-representative of group, , .7. 

Wt"Iwe.s the magnitude of this -parameter to an average vilue of 161 cc. . 

.:.Tvo of the patients with endoetritis, one receiving cephalothi'n and - -. 

one recelyin.placebo, had complaints consistent with cystitis prior to the 

Q.~c.ed.u e. .jrinal and -urine cultures.in .these patients did not ;Ti- "-. 

support an infectious dtagnosis, Two of the infected patients required
 

hospital admussion and parenteral antibiotics. " 

'The organisms isolated from the genital tracts of the endometritis 7) 

patfents were considered to be part of te normal.flora of the fe nae;e repros *°"-'

ducttye tract and no predominant group was represented. " 
'" -,C", , - .1 

,
 

DISCUSSION
 

Prophylactic antibiotics have been eenonstrated to be helpful for-the 

prevention of febrile morbidity in patients undergoing vaginal hyLstertomyA," 

Their Impact on the development of serious pelvic infections Is less clear. 

ey PgWce F.- - ff I.Y I U. h0I -

The role of these agents in altering the postoperative course of patients (.., 

under~oing Cesarean section isless clear, 
... .. , 

7 =phy l at nti biQLtcsi.hav e-_been~emp19)d~Lpa t-ien tsji nder1Q ing_ 
9
first trimester abortion.c8 ' The validity of such a practice, however, 

must be questioned since this is a procedure that uniformly is associated with 

such a low risk of infectious morbidity. It seems difficult to justify subject.
 

ing 100 patients to antibiotics to prevent one from developing a fever. This
 

iseven more irrational when one considers that the majority of the patients
 

that develop postabortal febrile morbidity can be treated as outpatients with
 

http:cultures.in


(7)
 

basically uncomplicated courses. 

The risk,of febrile morbidity is increased in patients undergoing 

midtrfft.ster abortion procedures, Our placebo group had 9 infections in 

1 patIents which is similar to our previous results,(ll). There were. 

only 2.tnfectt'onsi-n the 97 patients receiving Keflir, The differences 

ln"tbese t9.rou.ps.was. highly.sgnificant= 

" "Eje-though-we were. able to reduder febrtle morbidity ,in patients under 

9oing mtzldtriwesier abortions with. prophylactic antibiotics; does this justify 

theiremploenT~i all pattents undergoini this procedure? Two of ourT. 
S.. 

pat ents were 2ospitalized and required extensive therapy. The cost of their ' 

oyyhe.ep enont .red. ijt---t'
.". . * - . ... r 

antibiotics for.-tbe remaining 196 patients, ". " 

S-Ter were-92 of 101 patients that received placebo and had no febrile- 

roorbidity. This might imply that although prophylactic antibiotics appear 

useful for patients undergoing midtrimester abortion there are probably 

subgroups at Increased risk that should be identified for therapy., The : -. 

randortzattoq.;scheme.we empoyed resulted Tin-..the placebo and active drug 

g"ewp being quite similar in most parameters, This would imply that the , 

is real. The question then becomes,.what is the difference between the 

pattents that-%bcame--fnfected and those that did not?- Comparing the.4-4
-ih cted- _fstoTih-enti -- djsciosenany a e-26ab-edoes-not-

146-en differenceno-dsqT.e
re~dtly apprent differences, The interval of time from intraamnionic injec

tHon to abortion of the fetus exceeded 24 hours in 7 of the 11 patients 

with febrile morbidity. This only occurred in 33 of the remaining 187 

patients that did not become febrile. Eighteen of these 33 patients C55%) 

received placebo. IEence, it would appear that itn injection-abortion 

interval greater than 24 hours may be a risk factor for developing febrile 

http:randortzattoq.;scheme.we
http:oyyhe.ep
http:t9.rou.ps


morbidty in patients undergoing m dtrimester abortion, This was.uher 

supported by tbe differences in the cumulati.ve abortion, rate at various 

time interyals In the endmetrtts cases. 'The differences bet"",i.!_ 

cumuatiye abortioa rates reached. snodocui,. - ,canc •'"after24 hours. " ----ent: -. .* -_ 

W~e could nt tha.the tine of mmbrane. rupture was .SISOM

cantl d fferent'..In the Infected cases, -The data eo demOntratf that-th -*. ' 

'len th of time a* abortion takes and the length: of time' the uembranes are 

ruptured prior to abortion-, in those .cases unaborted-in 24 hours- "-

assoctated with an Increased risk of endometritis,. " -'. i 

.Weadministered propbylactic antibiotics'every six hours, up toone ., , . .. . , ,. , .' ; .. . . -'bs-e3o nck t he 'n anc-terml n~zt.on or'48' ' 

Recent data suggest that fewer doses of prophylactic antibiotics way be -. 

equally efftcactou,LI1 2  In vaginal-hysterectomy, the operative-process L 

is conducted during a well-defined time period, This is not the case with 

rndtrtmester abortions, The optimum time to initiate therapy cannot be 

detebtned from this study. Howeyer, this 'inyest gation was nbt designed ,n 
.1., 1., - I- I. I " Z! .

-for,.tht.purosetxght. appropriate., . administer prophylactic_nt- .. ._ 
b4ottcS on, to tients who haye .not aborted after 24 hours. In u 

population, 3 ofl1 ). of the infected patients would -,ve received,,.(11C no 

therapy. However, it should be noted that the febrile morbidity occurred 
late-"n 2 of the-3 patients. Although they had an injection-abortion interval 

-.- - ----.- -- - - -o-p c --- :.~ - =--- -"-.:-- .- 

is determined that the prolonged injection-abortion: interval is a guideline 

that may be employed for determining at risk patients for -'ebrile morbidity; 

how long should the course of antibiotics be? Existing data'indicate that 

one dose is adequate for defined time procedures. A prophylactic antibiotic 

schedule for mtdtrimester injection-abortions will have to be determined by 

http:cumulati.ve


(9) 

approprtately designed studies. 

In thts first randomized, prospectiye stuAy'o, the, use of prophylactic 

antibiotics tn patients undergoing midtrimester' abortion, it has been demon

strited that these agents 'decrease-the frequeni" of febYil e morbidity. 

.- ,~r' 



REFERENCES
 

. . Ledger, WJ,, Geei. C., Lewis, I.P., Guidelines for Antibiotic Prophiatzi's
In Gynecolov'.. Amer. J. Obstet. Gynec. 125:581, 1976 . .

20' 	 Allen, J.L,, Rampone, 3j., Wheeless, C.R,, Use of a Prophylactic 
*Anttbotic tn Electiye Major Gynecolo!Ic Operations, Obstet. Gynec.. _'7Zva, 

1972. 

10, 	 Bolling, D.,,.Plunkett,. D. PFopbylactic AntiS1otics for Ya-9nal 
Gynecol, 1973,	 -,C=.-.•..sterectomes,. -Obstat. 	 41: 689, . . .• 	 , '. 	 

'""io, B,-E,, 6arceau, R. The Value of Prophylactic Antibiottcs After
 
.qtnal Hysterectomy, Amer. J. Obstet. Gynec,, 125:581, .1976. .

5. 	 Gibbs, RS,, DeCherney, A,H.,, Schwarz, R,H,, Prophylactic Antibiotics 
In Cesarean' ection: A Doble-Blind Study, -Ar-r, J. Obstet.Gynecal.,"140048 " 1972 . . .. .: : , . . -... . , . . ,: .- :' ; .''; . 

.. - 5ft-o H;-.7Arid- 'Prophyladtic -Anti6iotics-4n-Cesarea-Seectiort. 
Obstet. Gynecol,, 44:688, 1974, .. 	 : 

7," Rothhard,. ]3.J,, yer, W,,°Wyotepek, A,, et al, Pyophylactic Antibiot
 
n Cesarean Section. Obstet, Cynecol,, 45:421, 1976,-. 

8. 	 Hodgson, J.E,, Bajor, R., Poy'tmann, R., quattlebaum, F,W., Prop?.ylact." 
Use of Tetracycline f'r ,:lrit Trimester Abortion, Obstet. Gynecol.,
 
45:574, 19.75, • . 

9. 	 London, R,, London, E,, Siegelbaum, M4., Goldstein, P., The Use of ; -- . -

Doxycycline Tn.Ftrst Trimester Therapeutic Abortions. South, ed. .J.
 

10. Burkman, R,T., Tonascia, J.A., Atienza, M,F,, King, T.M,, Untreated 

Amer Obtet, yneco 126.648 "1976" 

11. Buran, R,T., Atienza, 1J,F., King, T.M,p Culture and Treatment Result
.:..in Endonetritis Following Elective Abortion. Amer. . Ob:tet. Gynec 31, 

128:556P 1977, 

-and Multidose- Prophylaxis in Vaginal Hysterectomy: A Comparison of"
 
Sodium Cepholothin and .etronidazole. Amer. J. Obstet. Gynecol.,

136 	976, 198QI, 



Tabl e" F 

iktent Charact~ri''Mlcs 

Parameter ebo 
Number of Group 101 
.Age (yearsl . 21.2 + 5,3 
Number of White Patient 1l 47 C46.5%) 

Number of Single P4tieniL 88 (87,1%) 


Socioeconomic Status
 

Medical Assistance'l 39 

Private Insurance 22 


,Cash I 40 

Unknown 0 


Height (inchesl -64,6 t 3,1 
Weight (pounds) F 137,8 t 29.1 

Admission Hematocrit'(%1 , . 34,6I. 
Number of Pati.ents with Pevious Abor Pns 26 (25,7%)'i 

Number of Nulliparous PA entsb io 48 L47.5%) 

Contraception Type PrioriPo Abortion, 

Intrauterine device.. 2 (2%)
Oral Contraceptive.!I '" 25 C24,8%)i.*" Barrier Cfoam, con ,It). 9 (8,9%) {J 

None 1. . , " 65 (64,4%)' 


. , .,I '19,2 + 3,7+.Gestational Age (weeks)!, .. 1 ±4 
Injection to ROM Interval'I ours)106+85 
Length of Time Membrane. utur Pr0i 8to" 
Abortion (hours) 59.6+ 
Injection to Abortion of etu. [hours ,. . 11 1,4, 
Fetul to Placenta (iour r 1,2 ,Total Abortion Time (ou 16,8 + !0',7 

Estimated Blood Loss (.c I '. 254,8 + 16, 

Patients with Estimated( lood Loss cc .10 
Prophylaxis Failures 9 

Cephal othin
 

, 97: 

20.8 + 5,0
 
43 C44%)
 
87 (89.7%) 

34
 
,- 13
 

':. 48
 
2
 

63,9 + 2.8 
140.5 + 26.4
 
34,3 2.4
 

29 (29g%) . 

49 (50.5%) 

2 (2%)

14 (14,4%) 
17 117,5% 
64 (66%)
19,2 + 5,5""± ", 

9.+83
 

.""" ± 8, 
7,8
 

. + ,4. 
:1,0 t 1,1 K15,9 ± 9,4I 

182,7 1 13.4 



Table 2 

Q:inical Chara:eristics of Patients in the Hidtrin1mt'e? 
! ;: Abortjl2Ui Pr phylacttc Antibiotic Study 

.' ! *f I ..I : , : . . .. I-

Charactertstii '(!Ceplothin Group • laceb Group:' poettlS. ) 
Charactertsti '~ohn*'N=97 Ol 11 

:* I UF " 
Mean injection-abort,
 
interyal (hours) 14, , 9,4 . 15,7 1l28.6 + J
 

Para 0 " i 15. 8.9 16.8_10 28,5+ 13.6 
.11 __ i' 

Para 1 or greater 1. 9,9 4.8 + il .2 I1 21.8 + 20.5 
. 

Cumulative abortion r e ) 

At 12 hours " 4•j 2? . 
At 24 hours 2,, . 76:. 364, 
At 36 hours ,- 94 : 6 '
 

Membrane rupture .
 

Mean injection t' OM* (hours)!, 9. 8.3 1•0.6 + 1P.5 16.6 + 13.8 

1 
-,: i *..- I, .. - . . :-

Mean R011 to abortn i terval . " • " -- "" " 
Chours) I6. 7,8 , . 9 + 7 .1.9 + 13.4 

Abortion type j " I :9""3. 

8l "8 ' 6, .,:.36.4 

Incomplete 23, . 
Failure 0 9.1 

Blood Lous 
Mean estimated l!!(m1') - 25, ,16 "' 
Loss exceeding 50,U.61 %I , ., , .:. " .;i. ., ., ,  

* MO-Rupture of M ? anes1 
: ".. ": .. "" ' : : ', ",.'. ,,,. 
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INTRODUCT ION 

Chemical methods of menstrual induciion are an alternative to early 

surgical procedures of abortion. A major advantage might be less neel for 

skilled professionals. We have previously reported that several protein 

denaturants had antifertility activity Jn rats (Conner et Al., 1976). 

At that time, it was decided to test several more active compounds for 

efficacy in monkeys. Results with ehtanol have previously been reported 

(Dubin et al., 1978, 1980). This paper reports our results with aoother 

of our selected compounds, silver nitrate.
 

MATERIALS AD METIIODS 

Cyno.aolgus monkeys (Macaca fascicular s) were obtained frow Prinate 

Imports (Port llashiington, NY). Th-y were fed ilonkey Chow (Charles Rlvar 

Breeding Labs, Inc., Wilmington, N), supplimented with fresh fruit. All 

monkeys vere individually c±. vxa',--pt during rined matIng l)erlods. Aaiva's 

were checked daily (includig veekends) for vagin il blfedlng wlth cot.::n 

swabs. They were (ohahitated for 8 days beginning 12 days after the onset 

of vaginal bleed ing. Betw'en 18 and 23 days after the nldpoint of the 

cohabitation period, the riaLed fvrial, was subjected Lo rectal and abdomlna
 

bitnanual palpation by an experienrcd caret,,ker of primates. At the sane 

time, urine was collcted from thc bladder by urethral catherIzatJon and 

tested for nonk,,y 'horionic goiadotrop lit (iiCG) by a tben-iggl tit Inat ion 

Jnh1bi LtJn tes t (Ortho DL,agnO,,, cs Inc .. lni[Ltaii, NJ). 

If mnld'ys w.-rv doc(i r-nt,. pregnant by pal pation or nXO, testing, they 

ytore plnic-d on thek ;Ltidy proto'. Day of lpr.,gnanry war. coonted rron th%

mldlpolnl of th 'oh,-c1 l t at p,'|i Thii , ,n 5 ck"Mtl l cohald LatI day % 3ti4a 

in pr;lnaInvy day 1. At iJ!o.iC , , tely II1'tmonth (1-g1 11 dayll) of 

p r',gnnry, Ih. . It , nwvnirmu. ,,inoI t. d ithIi n .'.l r I .o:i,ntcIi 'nJ(,ct of 

-tL 



4.4 wg per killogrant of body weight or KfetInLIne hydrochloride (Kuit).
 

A 12 cm long, 18 
 gauge, sterile blunt-end stainless steel needle was insisrced 

through the cervix into th2 uterine cavity until resistance was encountered. 
A I ml solution of either 1% silver nitrate or 0.9% saline %as injected. :he 
treatment w:as randomized and the investigator performing the injection and the 
animal technician was unaware of which solution was being administered. 

The monkeys were observed daily for vaginal bleeding. Blood samples
 

were Laken from a peripheral vein prior to' treatment, 
 on day 1, 2 and 3 
following treatment and at fonth after treatment for blood chemistry and
 

hematologic evaluations. 
 Blood samples were analyzed by the Division of
 

Clinical Laboratories of the Johns H[opkins Hospit.al. Also, 1 Dionthi after
 

treatment, 
 monkeys Were repalpated to determine the pregression of pregnan:y.
 
RESULTS AN:D DISCUSSION
 

All 1ionkeys reoeiving intrauterine injections of 1 ml]. 1% silver nitra:e
 

between 27 and 43 days 
of pregnancy show-d vaginal bleeding beginning one or
 

two days after trcatnent (Figure 
 1). The, bleeding lasted offor an average 

5.3 days (rangte 4-7 dlays). These monkey, were fotnd to have non-enlarged or 

subnormally enlarged uteri at the time of repalpation indutjt;ng that 

abortion hid ensued. Continued observation of those monkeys confirmed tha: 

they were no longer pregnant. All Tnonkcys recycled after Uilver nitrate 

treatment. Two stib.ioeqpntly b: camo, pregnont fnd had norreal healthy Infants. 

I'|(,rdik'yO ; rutcO i "vit0.9.' t"Iltte had var"IoT] e outc'orv.'a (Figtrre 2). Two
 

ntcla f 
 (/2 " rl '1) ItU::'(b.'v., spotting nttft,,r in1cqtlon I)t pregrnr cy 

prog rs red.* I'h e , a)n I 'ni : (!-llv"r ,iere nIori:,l i('althy f(e j li-i.t t 105 and 381
 
(dIyI.: 6 ail, an ' I prun ov1'v iC ,.( 1 ) y Ir1,i it fi, :d tl"Uy[ -'ao,b r:l -Iin i ni .

14 (!iyi. ,tim),..r 4 hid rt(,v.n ftt iprogioaoky wiit II dollvoed by (;-:ection a: 

103t 1ay4 oif it jivin fot. ,4ipart (of i.onfitor .itidy. .Ilunity P? (t, o n.:rat 

-2
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vaginal bleadIng on days 6 and 7 .f.ollowing injection and ,abortcd. Monkey
 

#.5 passed fetal tissue 29 days after injection.
 

Ilematology and blood chemLstey determinations revealed no slgnifica-t
 

difference between silver nitrate and saline treated monkeys 
 (Tables 1 and 2). 

Two monkeyt;, not in the randomized study, were injected with 1 ml 

silver nitrate as described in the previous study. Duration of pregnancy at 

injectioi, was estimated at 37 and 38 days. Animals were hysterectomized 

-and saipingo-oopherectomized at 7 days following injection.
 

On gross iuinpection, hemorrhage wes observed between the gestational
 

sac and decidua resulting in separation of these tissues (- . While
 

,here were hemorrhagic sites within the. placenta, there was no 
 associated 

necrosis of the adjacent villi. However, portions of 
the placenta were
 

separated from the underlying decidtia basalis and in these areas there wa4
 

evidence of tissue autolysis (Figure ).
 

The study indicates that 1% silver nitrate in 
an effective agent for
 

terminating early pregnancy in nonkeys. 



Figure 1: EFfect of intrauterine administration of I ml 0.9% saline on pregnan:cy 
in cynomolgus monkeyoi. The following legends apply to this figure and figure 2. 
Solid bars represent normal progress of pregnancy. 

of*Arrow indicates time 
treatment. 
 Stippled bar represents vaginal bleeding. 
A - abortion; B 
= birth of
 
normal healthy infant; T  pregnancy artIfically terminated but fetus viable.
 

Figure 2: 
 Effect of intrauterine administration of 1 ml 1% silver nitrate on pre-ancy
 

,in cynomolgus monkeys.. 
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Table 1 

Hematology Following Administration of 1 m.L 1% Silver NLtratu or 0.9% Salina 

"Time after Drug Administration 

'Drug 
Mat_i,% Admin 24 hr .48 h .72 hr '1 mon h' 

Wite blood cells 

Count X 10
3
 

Silver Nitrate 9.3+0.6 8.0+1.1 
 9.2+0.7 8.0+0.9 8.8+0.7 9.0+.5
 

Saline 
 8..7+1.0• 8.4+1.3 .8.1+1.6 8.6+1.0 8.8+i.0 

Red Blood Cells
 

Count X 106 

Silver Nitrate 5.8+0.1' 5.2+0.3 5.5-1-0.1 5.6+0.1 -,5.4+0. 5.9+.3
 
Saline 5.8+0.3 5.-7+0.4" 5.9+0.2. 5.4+0.5. -5.4+0.6 

lematocrit (%) 

Silver Nitrate 34.9+0.7 33.6+0.8 34.5+1.0 33..0+1.0 34.2+0.7 33.9+.. 
Saline 33.4+1.6 , 35.1+1.8 34.7+1.2 32.8+1.6 33.1+2.5 



Table
 

BLood Cheiitlstry -AnalysLs following AdministratLon of I ml. 1% Silver ,iitrate 

or 0.9% Saline" 

Time Ater Drug Administration 

Datietg 
Drug 
Admin. 24 hr 48 hr 72 hr '1 =or.-

Sodium (mEg/L) 

Silver Nitrate 145.3+1.1 146.0+0.,7 145.0+1.6 145.2+0.9 144.6%.8 146.0+0L.9 

Saline 148.0+0.6 145.0+1.8 149.0.+1.3 145.3+0.6 146.0+1.3 

Potassium (mEq/L) 

Silver Nitrate 3.77+.16 4.02+.20 3.93+.08 3.94+.18 4.02+.17 4.03-.22 

Saline 3.63+.33 4.28+.17 3.90+.24' 3.68+.20 4.05+.13 

Chloride (mEq/I.) 

Silver Nitrate 106.5+1.5 107.0+1.8 108.2+1.1 108.4+1.0 106.6+1.0 1.9_3.8 

Saline 105.7+0.7 111.0+1.9 107.3+0.9 108.0+2.7 110.0+1.3 

Glucose (m_n/CL 

Silver Nitrate 71.2+5.2 62.2+7.3 59.3+6.3 66.8+3.2 67.4+2.6 71.5+-2.8 

Saline 66.0+7.5 55.0+10.5 52.5+8.9 62.5+7.6 59.0+9.4 

Urea Nitrogen (mg/dl) 

Silver Nitrate 19.5+0.9 19.0+1.1 20.8-+1.4 19.2+1.1 19.8+1.4 18.5._1.5 

Saline 20.3+4.7 20.5+1.6 21.3+2.3 19.0+4.1 23.0+2.5 

co2 (mEq/L) 

SilvHr Nitrate 22.8+0.9 23.6+1.2 23.8+0.4 24.0+1.6 23.0+1.5 23.3+--1.0 

Saline 21.3+2.6 20.3+0.9 24.5+1.9 22.7+1.1 25.0+2.4 
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Abstract
 

The use of hyperosmolar urea as a midtrimester
 

abortifacient is safe and efficacious. 
Uring either
 

intravenous oxytocin or low doses of intra-amniotic
 

PGF2a for augmentation, injection-abortion intervals'
 

of less than 24 hours can be consistently achieved.
 

Failed procedures are rare although incomplete
 

abortion occurs in 30 to 40% of cases. 
Complications
 

with the drug include occasional hemorrhage infection, 

and nausea and vomiting. Cervical injury can occur 

but the frequency and .sev.eiity appears to be less 

with lower doses of PGF2 
 and with the pre-instillation
 

use of laminaria tents. 
 The major advantages of
 

hyperosmolar urea include predictable 24 hour or less
 

injection-abortion intervals, ease of mastering the
 

technique, infrequent life threatening complications,
 

and rari.ty of live fetal abortion. ,
 



Introduction
 

The ideal method of managing patients requesting
 

midtrimester abortion is still a matter of considerable
 

controversy. 
At this time, the most widely used
 

approaches include the intra-amniotic administration o.
 

hypertonic sodium chloride, hyperosmolar urea, and.
 

pro~taglandin F2a (PGF2a) and dilatation and evacuation.
 

All methods have advantages and disadvantages and to
 

date no one method has emerged as the best overall
 

approach. 
This chapter will review the experience at
 

the Fertility Control Center of the Johns Hopkins
 

Hospital with the administration of hyperosmolar urea
 

for the induction of elective midtrimester abortion.
 

Method of Administration
 

Prior to instituting the instillation procedure,
 

all patients undergo a careful history and physical
 

examination, a thorough discussion of the procedure
 

including risks, and all patients sign a detailed
 

informed consent. Routine laboratory testing includes
 

a hematocrit, urinalysis, Pap smear, gonorrhea culture,
 

Rh determination, syphilis serology and pregnancy test.
 

At the Fertility Control Center, patients are candidates
 

for the procedure if the duration of gestation is between
 

16 and 22 weeks from the first day of the last menstrual
 

period.
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Sonography is utilized for evaluation of borderline
 

patients and those patients who have abnormalities
 

such as dates significantly unequal to exam, or uterine
 

myomas. In our experience so far, we have not
 

encountered an absolute contraindication to the
 

procedure.
 

Prior to the instillation, hyperosmolar urea is
 

prepared by mixing 40 mililiters (ml) of 5% dextrose
 

and water with 40 grams of lyophilized urea salt. Two
 

bottles or 80 grams are utilized for each patient.
 

For the total 80 gram dose, this will constitute a
 

final volume of about 135 ml or a 59.7% concentration.
 

Each patient undergoes an immediate pre-operative
 

abdominal and pelvic examination and confirmation of
 

the presence of fetal heart tones with a Dopler device.
 

All patient3 currently undergo insertion of laminaria
 

tents for a minimum of six hours prior to the
 

procedure. Between one and five 5 millimeter tents
 

are inserted under antiseptic conditions and the
 

patients are kept at bedrest. Following insertion of
 

the tents, no further routine vaginal examinations
 

are performed until the time of abortion or until 24
 

hours have elapsed since the instillation of urea.
 

All tents still in place in unabortcd patients are
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removed at the 24 hour examination.
 

To carry out the instillation, patients empty
 

their bladder, the abdomen is prepped with antiseptic,
 

and draping is carried out with sterile towels. 
The
 

usual site for amniocentesis is in the midline 2 to 3
 

centimeters above the pubic hairline. 
About 5 to 10 ml
 

of 1% lidocaine is injected around the amniocentesis
 

site. Amniocentesis is carried out using a 3.5 inch
 

number 16 Tuohy epidural needle. After obtainment of
 

free flow of clear fluid, at least 100 ml and usually
 

200 ml of amniotic fluid is removed using a disposable
 

extension tubing with a three-way stopcock. If the
 

fluid cannot be readily removed using a syringe, the
 

fluid is removed by syphoning with the exertion of
 

gentle pressure on the uterine fundus. 
 If a tap is
 

bloody and does not immediately clear, the Tuohy
 

needle is either re-positioned or a second amniocentesis
 

is performed. Urea instillation is not carried out until
 

free flow of amniotic fluid is obtained. The usual
 

causes 
for failed amniocentesis or bloody taps are
 

large anterior placentae, gestational ages less than,
 

16 weeks, and occasionally abnormal pregnancies with
 

oligohydramnios. 
 It should be noted that pre-operative
 

medications such as tranquilizers or analgesics are
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not utilized.
 

Following removal of the amniotic fluid, the
 

prepared urea is slowly infused via gravity. Currently,
 

all patients are augmented with 5 milligrams (mg) of
 

PGF 2a given intra-amniotically following the urea
 

infusion. An initial 2.5 mg dose is slowl:y given, and
 

if no untoward reactions occur, an additional 2.5 mg.
 

is infused after S minutes. PGF 2a is not utilized for
 

patients with a history of asthma or known sensitivity
 

to PGF 2a. For such patients, intravenous oxytocin at
 

332 mu/min is started immediately following urea
 

infusion. This dose is achieved by mixing 200 units
 

of oxytocin with 500 ml of 5% dextrose and 0.2% sodium
 

chloride and administering it at a rate of 50 milliliters
 

per hour with an electronic pump.
 

Routine post-injection care includes frequent
 

monitoring of vital signs, careful monitoring of intake
 

and output, and observation for membrane rupture,
 

hemorrhage, labor and abortion. Oxytocin given
 

intravenously in the dose just described is indicated
 

in the absence of labor, approximately t1hours after
 

rupture of membranes; 214 hours after injection if
 

labor has not occurred; and after fetal abortion to
 

control bleeding or to assist in placental expulsion.
 



When oxytocin is given at this dose., serum electrolytes
 

are monitored at least every 12 hours. The oxytocin
 

infusion is stopped for 2 to 4 hours if there is
 

clinical evidence of water intoxication, a serum sodium
 

is less than 132 milliequivalents per liter, intake
 

exceeds output by more than 1500 milliliters, urinary
 

output of the patient is poor, or if there has been a
 

suspected intravascular injection of urea. Recently,
 

with the routine use of pre-infusion laminaria tents,
 

most patients unaborted by 24 hours no longer receive
 

intravenous oxytocin but rather are given a vaginal
 

suppository of 10 milligrams of prostaglandin E2
 

(PGE2 ) every 3 to 4 hours if they are not in active
 

labor. Patients who have risk factors for coronary
 

vascular disease are not given PGE2 and instead
 

receive intravenous oxytocin. If fetal abortion has'
 

not occurred within 48 hours and is not felt to be
 

imminent, vaginal evacuation of the uterus with
 

intravenous analgesia of 50 mg meperidene and 10 mg
 

of diazepam is carried out. Also, prior to 48 hours,
 

if hemorrhage or evidence of chorioamnionitis occur,
 

vaginal evacuation is also utilized.
 
/ 

Following fetal abortion, if the placenta is not
 

passed within about 2 hours, curettage with ring
 



forceps is carried out using the same form of
 

intravenous analgesia. After observation for at least
 

4 hours after completion of abortion, patients are
 

given detailed instructions regarding potential
 

complications, are provided with contraception or
 

contraceptive advice, and are given follow-up
 

appointments for about 4 weeks later. 
In our 5 year
 

experience with this technique in the Fertility Control
 

Center, follow-up information has been obtained on
 

about 80% of our abortion population.
 

Summary of Results
 

A number of clinical studies have been completed
 

in the Fertility Control Center in the evaluation of
 

the efficacy and safety of hyperosmolar urea as an
 

abortifacient. Studies both in our center 
and
 

elsewhere2 ,3 have shown that 
one needs to supplement
 

the actions of urea with other agents such as
 

intravenous oxytocin or intra-amniotic PGF2a in order
 

to obtain injection-abortion intervals of less than
 

24 hours. Although initial experience with the use
 

of intravenous oxytocin for augmentation at a rate of
 

332 mu 
per minute yielded satisfactory injection-abortion
 

intervals, 4 the antidiuretic actions of oxytocin and
 

the potential risk of water intoxication led to the
 



evaluation of other approaches. Accordingly, studies
 

evaluating the intra-amniotic use of'PGF2a in doses of.
 

20 mg, 5 i0 mg, 6 and 5 mgI1 7 were completed in a
 

sequential fashion in an effort to determine a
 

minimally effective dose. Finally, in an effort to
 

reduce the potential for cervical injury, the use of
 

intracervical laminaria tents is now being evaluated.
 

The clinical characteristics of the patients for
 

the various groups studied are outlined in Table I.
 

When the studies with PGF2a for augmentation were
 

initiated, the fetal foot length measurements of
 

Streeter were used to estimate gestational age.8
 

Therefore, the earlier gestational age for patients
 

augmented with oxytocin as opposed to PGF2a may
 

reflect a change in the means of estimation. Among
 

all patients, over 20% had a significant pre-existing
 

medical condition. For example, pre-existing conditions
 

most frequently encountered included asthma, gonorrhea,
 

obesity, anemia, heart disease, urinary tract infection,
 

and hypertension. In addition, about 60% of the patients
 

were teenagers with over one-third being age 17 or less.
 

The injection-abortion intervals are summarized in
 

Table II. All injection-abortion intervals are
 

consistently less than 24 hours with lengthier times usually
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being reported for nulliparious patients as opposed to
 

parous patients. In addition, the percentage of
 

patients neceiving PGF 2a augmentation unaborted after
 

24 hours ranged from 10 to 20%., In our experience to
 

date, there have been no instances of live fetal
 

abortion.
 

Table III outlines the clinical outcome. As
 

shown, incomplete abortion still remains as-an important,
 

problem although failed abortion has become.quite
 

uncommon. In addition, as has been reported previously,7
 

the need for utilization of oxytocin has been reduced.
 

The more frequent complications of the procedure
 

are presented in Table IV. In addition to the listed
 

complications, there have been 2 instances of coagulopathy,
 

3 cases of intravascular urea spill, and 1 case of
 

subacute bacterial endocarditis. In addition, 1 patient
 

required hysterectomy due to Clostridia perfrinpens sepsis.
 

Discussion and Review
 

Each of the currently available methods of inducing
 

midtrimester abortion have disadvantages so that an ideal
 

approach has not yet evolved. Intravascular spill of
 

hypertonic sodium chloride has been associated with
 

hemolysis, seizures, comma, cardiac arrest, and death.
 

Furthermore, clinical coagulopathy may be experienced
 



by up to 1% of patients particularly if oxytocin
 

augmentation is begun immediately following hypertonic
 

sodium chloride injection.10 ,11
 

PGF 2a has increased failure rates and a need for
 

frequent re-injection. In addition, the drug is
 

expensive and, when utilized for gestations greater
 

than 18 weeks, live fetal abortion can occur occasionally.12
 

Finally, all intra-amniotic methods reqaire hospital
 

back-up and support staff knowledgeable in the
 

-management of incomplete and failed abortion, hemorrhage,
 

infection and cervical laceration.
 

Dilatation and evacuation for second trimester
 

pregnancies has received a great deal of support
 

recently.13' 14 This approach, in most hands, requires
 

multiple patient visits or even hospitalization for
 

pre-evacuation cervical treatment with multiple
 

laminaria tents. In addition, one needs a more
 

advanced degree of operator skill to carry out these
 

procedures as compared to suction curettage in the
 

first trimester. Although the short duration of the
 

evacuation procedure has obvious psychological
 

advantages for the patient as compared to instillation
 

techniques, there can be a considerable degree of
 

psychological adjustment required for the operator.1 6
 

http:operator.16
http:occasionally.12
http:injection.10
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Finally, the safety and efficacy of this technique for
 

gestations beyond 18 weeks has not yet been evaluated
 

in series involving large numbers of patients.
 

Unfortunately, the utilization of intra-amniotic
 

instillation of urea for midtrimester abortion has not
 

provided a solution for all the disadvantages and
 

problems listed with other methods. The remaining
 

discussion will briefly review the mechanism of action,
 

hematological changes, biochemical changes, and
 

complications associated with this agent and will
 

contrast the findings withtthose known for other
 

midtrimester techniques.
 

One possible mechanism of urea action is that
 

decidual or placental damage leads to synthesis and
 

release of prostaglandins. It has been demonstrated
 

pathologically that hyperosmolar urea . produce
 

varying types of "coagulation necrosis" and other
 

damage to the placenta.17 This damage presumable is
 

secondary to the hyperosmolarity of the urea and
 

could lead to resultant prostaglandin release.
 

Supportive of this theory is a study by Niebyl and
 

co-workers1 8 where patients undergoing urea abortion
 

who were pre-treated with aspirin, a prostaglandin
 

inhibitor, had longer injection-abortion intervals
 

http:placenta.17


than placebo pre-treated patients. However, in another
 

study completed in our center, I.when isolated rat
 

uterine strips were pre-incubated in baths containing
 

indomethacin, another prostaglandin inhibitor,
 

prostaglandin release was reduced but contractile
 

force was not changed. Thus, at least in the rat,
 

prostaglandin did not appear to be an obligatory factor
 

in hyperosmolar urea-induced contractions. Finally,,
 

when levels of prostaglandin E and F and their
 

metabolites were measured serially in the blood and
 

amniotic fluid of patients ,ndergoing a urea induced
 

abortion it also appeared that uterine contractions
 

could occur independent of the rise in prostaglandin
 

production.20
 

In addition to producing uterine contractions, it
 

also appears that hyperosmolar urea is fetal toxic.
 

Studies in rhesus monkeys have shown that urea is
 

rapidly taken up by the fetus from the surrounding
 

amniotic fluid and that the fetus plays a role in
 

distributing the drug to the placenta.21 
 Furthermore,
 

it has been shown that fetal heat tones are lost by
 

approximately two hours in human studies i 
such that
 

it has been postulated that passage of hyperosmolar
 

solute into the fetus results in a loss of cardiac
 

http:placenta.21
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function when a certain critical fetal'osmolarity is,
 

exceeded. 

The hematologic and .coagulation factor changes 

following urea instillation have also been evaluated.'4'5
 

Hematocrit levels do not vary significantly 'over the
 

first 24. hours, but leukocyte counts do show a gradual'
 

rise for the first 16 hours. However, this latter change
 

is seen when midtrimester abortion is induced by other
 

agents as well. Measurements of fibrinogen and platelets
 

show some variation over 24 hours but without a consistent
 

pattern.' In i8 'to 36% of patients, a significant increase*
 

in fibrinogen-fibrin degradation products has been shown
 

in the 24 hours following injection. However) the
 

frequency of such change and degree of change are less
 

in comparison to the changes seen following instillation
 

with hypertonic saline.9 Despite the changes in
 

coagulation factors seen with urea, it should be noted
 

that clinical evidence of a disseminated intravascular
 

coagulopathy is quite rare. For example, in the
 

Fertility Control Center in our experience with over
 

2,500 cases, there have been only two instances of
 

clinical coagulopathy.1 0 In contnast) almost 1% of
 

patients undergoing hypertonic sodium chloride
 

instillation with immediate oxytocin augmentation
 

http:coagulopathy.10


experienced a clinically significant coagulation
 

disorder.
 

A number of biochemical changes can be noted
 

following urea instillation in the midtrimester.
 

Characteristically, serum urea nitrogen levels rise to
 

a peak of 25 
to 30 mg percent at 4 hours after instilla

tion with a gradual return towards normal levels by 24
 

hours. 5 This change is more pronounced when oxytocin
 
is utilized for augmentation due to its antidiuretic
 

properties. 
 In addition, there are some variations in
 

levels of serum electrolytes, but all the variations
 

occur within the normal range expected for patients.
 
Following instillation, serum bilirubin, serum glutamic
 

oxalcetic transaminase, lactic dehydrogenase, and alka

line phosphatase all show some elevation over the first
 

24 hours, but this is probably due to destruction of
 

the fetal-placental unit. Finally, uric acid, calcium,
 

phosphate, cholesterol, total protein and albumin levels
 

do not vary significantly when measured serially over
 

the first 24 hours'after urea instillation.
 

A number of investigators at centers other than
 

our own have demonstrated the efficacy of hyperosmolar
 

urea as 
a midtrimester abortifacient. 22-25 
 In review

ing these studies and our own results, it is clear that
 

the injection-abortion interval is influenced by a
 



number of factors. First, nulliparous patients usually
 

experience longer intervals than do multiparous patients
 

Secondly, augmentation soon after injection with either
 

intravenous oxytocin or intra-amniotic'prostaglandin is
 

necessary in order to achieve injection-abortion inter

vals consistently less than 24 hours. 
The final intra

amniotic concentration of urea appears to be important
 

in that shorter intervals are reported when the final
 

infused urea concentration approaches 60% and when the
 

amount of amniotic fluid removed at amniocentesis is
 

100 ml or greater. Finally, the utilization of pre-.
 

injection laminaria tents'gppears to also shorten the
 

injection-abortion interval.
 

In reviewing the various problems and complications
 

that can occur with this agent, one can make a number of
 

points. Incomplete abortion remains as a problem in
 

that about 30 to 40% of patients will require curettage
 

if one uses.our definition for incomplete abortion.
 

Failure of the primary procedure still is an occasional
 

problem, but can be readily managed with vaginal evacua
2 6
tion. Such evacuations are easily carried out since
 

labor has already effaced and dilated the cervix to
 

some extent and the products of conception are in the
 

lower uterine segment. Furthermore, the fetal products
 



are macerated and can be readily removed with sponge
 

forceps. 
However, operators should have considerable
 

experience with curettage for incomplete midtrimester
 

abortion before attempting such procedures.
 

Hemorrhage to the extent that transfusion is
 

required is quite uncommon in our experience. The most
 

frequent causes include retained placental tissue and
 

uterine atony. 
The former can be managed Iby curettage
 

while the latter may require continuous bimanual
 

uterine massage for several minutes. Coagulopathy as
 

discussed previously is extremely rare.
 

Endometritis is somewhat uncommon though with our
 

recent series of urea plus PGF2a (5 mg.), between 1 and
 

2% of patients still require hospitalization for therapy..
 

The most frequently encountered organisms include E. coli.,
 

Staphylococcus aureus, Group B beta streptococci, and
 
Bacteoides27
 

Bacteroides. 2 However, it should be noted that flora
 

found in the endometrium post-abortally is quite similar
 

to the flora of the vagina and cervix pre-abortion.28
 

Standard treatment for in-patients has included broad
 

spectrum parenteral antibiotics such as ampicillin or
 

penicillin plus an aminoglycoside. Early curettage
 

is also an important part of the therapy. These rates
 

for infection are quite similar to thosereported in
 

http:pre-abortion.28


other series of midtrimester terminations. 23 224
 

Cervical injury is still an important problem
 

with all midtrimester abortion procedures. Injuries
 

range from small vertical lacerations to complete
 

detachments of the posterior or anterior cervix.29
 

With the use of laminaria tents the frequency of such
 

injuries is decreased and the .extent of injury is
 

less*24' 25 For example, the 3 lacerations in associa

tion with laminaria shown in the results were all small
 

and required only 2 or 3 interrupted sutures to close.
 

When large lacerations are encountered, our treatment
 

has consisted of immediate debridement followed by
 

closure in layers. Despite care in the repair, break

down is not uncommon and to date there is no information
 

available regarding future reproductive outcome of such
 

patients. It should be emphasized that these injuries
 

do not usually lead to extensive bleeding such that
 

unless careful speculum and digital examinations are
 

part of one's post-abortal routine, these lacerations
 

can be easily missed.
 

Gastrointestinal side effects, particularly nausea

vomiting, are not uncommon. However, diarrhea is rare
 

due to the low doses of intra-amniotic PGF2a utilized
 

for augmentation. In general the gastrointestinal side
 



effects do not present a difficult problem for manage

ment although intravenous hydration is occasionally
 

needed.
 

Intravascular spill of hyperosmolar urea is un

common if one checks carefully to be sure that free
 

flow of clear amniotic fluid is obtained at amnio

centesis. With such spills one sees 
symptoms that
 

include nauesa, headache, sensations of warmth, and
 

intense uterine cramping. In addition, abnormal blood
 

pigments may occasionally be noted in the urine.
 

Therapy includes careful monitoring of intake and out

put, monitoring of renal function, avoidance of
 

oxytocics, and intravenous hydration. Urea probably
 

poses less concern with such spills than does hypertonic
 

sodium chloride because of its action as an osmotic
 

diuretic and because of its ability to readily cross

cell membranes.
 

In summary, the advantages of urea include:
 

predictable injection-abortion intervals; ease of
 

mastering the technique; limited hematologic,coagula

tion, and biochemical changes; and a relatively low
 

frequency of life-threatening complications. 
 In addi

tion, live fetal abortion is extremely rare and the
 

cost of the drug is reasonable. To date, controlled
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clinical trials testing hyperosmolar urea versus other
 

modalities such as hypertonic sodium chloride and dila

tation and evacuation have not been carried out.
 

Therefore, it is impossible to state whether or not
 

the utilization of this approach is the safest and most
 

efficacious means of accomplishing midtrimester
 

abortion particularly for later gestations.
 



TABLE 

MLINICAL QiARACTERISTICS 

I 

OF UREA PATIWTS* 

Urea + oxytocin 
(322 mu/min) 

Urea + PGF2 a (20 rg.) 

Urea + PGF2a (10 rg.) 

Urea + PGFqa ( 5 rg.) 
(No larminaria tents) 

A-+ PGF2a ( 5 mg.)(One laminaria tent) 

No. 

650 

30 

1083 

349 

197 

Mean Age 

20.7 
(11-48) 

20.4 
(13-40) 

20.3 
(12-42) 

20.0 
(13-40)1 

19.5
(13-38) 

Para 0 

355 

17 

624 

216 

160 

Para 1 or 
Greater 

295 

13 

459 

133 

37 

Mean Durttion of 
Gestation (Weeks) 

17.0 
(13-22) 

19.3 
(13-22) 

19.9 
(13-24) 

19.6 
(14-24) 

19.9
(16-22) 

Ranges in parentheses 



TABLE II
 
INJfIC-ABORTICK INTERVALS OF UREA PATIENTS
 

Injection-Abortion 
Interval (Hours)* 

No. Mean Range 

Parity: 0
Urea + Oxytocin 341 21.5 3-61 

Urea + PGF2a (20 mg.) 16 18.2 4-36 

Urea + PGF2a (10rg.) 632 15.9 2-60 

Urea + PGF2a ( 5 rg.) 213 17.0 6-45 
(No laminaria) 

Urea + PGF2 a ( 5 mg.) 160 12.0 4-46 
(One laminaria) 

Pari'ey: I or greater 

Urea + Oxytocin 289 16.6 4-54 
Urea + PGF2 a (20 ng.) ,52 13.7 3-30 

Urea + PGF2a (10 rg. ) 434 13.9 1-47 

Urea + PGF2 a ( 5 m. ) 133 16.3 3-46 
(No laminaria)
 

Urea + PGF2a ( 5 W.) 37 13.9 4-44
(One larninaria) 

Total Groups
Urea + Oxytocin 630 19.2 3-61 

Urea + PGF2a (20 mg.) 28 
 16.3 3-36
 

Urea + PGF2 a (10 mg.) 1066 15.1 1-0 

Urea + PF2a ( 5 mg.) 346 16.7 3-46 
(No laminaria) 

Urea + PGF2a ( 5 rg.) 197 12.3 4-46 
(One laninaria) 

* From intra-amniotic injection of medication to 
abortion of fetus
 



-TABLE III 
LINICAL~ OtiOMU OF UREA PATIESM 

Complete Abortion Incarplete Abortion Failure 
No. No. % No. % No. 

Urea + Oxytocin 650 385 59.2 245 
 37.7 20 3.1 
Urea + Pa 2 a (20 mg. ) 30 16 53.3 12 40.0 2 6.7 
Urea + PGF2a (10 rrg.) 1083 566 t,52.2 500 46.2 17 1.6 
Ur-+: PC-F2 a ( 5 ing.) 349 222 63.6 124 35.5 .3 0.9

(No 1-ninaria) 

Urea + PGF2a ( 5 ng.) 197 140 71.1 55 27.9 2 1.0
(One laminaria) 



TABLE IV
 

CDMPLICATICNS OF UREA PATIENTS
 

Urea + PGF2a Urea + PGF2a• 
Urea + Urea + PGF2 a Urea + PGF2a (5 mg. ) (5mg.) 
Oxytocin 
 (20 mg. ) (10 Mg.) (No Laminaria) (One Lamnaria)
(650 Cases) (30 Cases) (1083 Cases) (349 Cases) (197 Cases)
No. T No. 0 No. % No. % No. %
 

IIanorrhage (500 cc. or 35 
 5.4 3 10.0 102 9.4 31 8.9 7 3.6
 
need for curettage)*
 

Endcmetritis
 
IHospitalization 29 4.5 1 3.3 54 
 5.0 6 1.7 2 
 1.0
 
Outpatient 30 4.6 1 3.3 
 66 .6.1 i 3.2 2 1.0 

Cervical Laceration 
Transverse 6** 0.9 1 3.3 4 0.4 3 0.9 1 1.0
 
Vertical 
 0 - 0 - 31 2.9 5 1.4 2 b.5 

Gastrointestinal **
Nausea-vaniting 
 347 t3.4 22 73.3 788 72.8 213 61.0 -
Diarrhea 
 5 0.8 1 3.3 51 4.7 9 2.6 - -

* Five patients required blood transfusion 
** Post-abortal examinations not routine for this entire group 
S**Gastrointestinal sequelae not analyzed for Urea + PGF2a (5 mg.), one Imninkria group
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Midtrimester abortion induced by hyperosmolar urea 
and prostaglandin F2, in patients with previous 
cesarean section: Clinical course and potential for 
uterine rupture 

MILAGROS F. ATIENZA, M.D. 

RONALD T. BURKMAN, M.D. 

THEODORE M. KING, M.D., PH.D. 

Baltimore, laryland 

Reviewed was the clinical course of 76 patients with a history of previous cesarean section from 
among 1,626 patients undergoing midtrimester abortion Induced with Intra-amniotic hyperosmolar 
urea and prostaglandin F2,. The cesarean section group had long Injection-abortion intervals, more 
frequently received additional oxytocin for augmentation, and more frequently experienced 
incomplete abortion Also, one patient experienced a uterine rupture. Areview of the literature 
dealing with uterine rupture subsequent to induced midtnmester abortion revealed that the typical 
patient was older and multiparous, had an injection-abortion Interval of more than 24 hours, and had 
received intravenous oxytocin continuously for more than 12 hours Although there has been no 
previous report of a uterine rupture with midtnmester abortion In patienti who have undergone a 
prior cesarean section, because of the present findings, such patients require careful monitoring and 
the judicious use of oxytocic agents (Am J.OBSTET. GYNECOL. 138,55, 1980) 

TilE UTILIZA-1 ION of cesarean section for the man-
agement of obstetric problems has shosn a gradual 
incieae in the United States over the past several 
)ears. Tihe factors responsible for such increased use 
sere reviewed recently I Therefore, in many institu-
tions, the frequency of cesarean section per number of 
lise births approaches or esen exceeds 20%. 

During tile saine period of time, although the per-
centage of patients in the United States s ho requested 
midtrirriester tetnination of pregnancy gradu,,lly de-
clined to appro\iinatelh' 9% iin 1977.1 the abolute 
nurlil)er of patients piesenting in the miltfimester did 
not appi eciably change (luring the pa)st seseral )ears. 
1 l, eole, tihere %%llbe , iIA ither of patients request-
ing mictriinester te'trainitioi %,i rase uindergone a 
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prior cesarean section. This article aescribes the expe
rience at the Fertility Control Center of Tle Johns 
Hopkins Hospital with the management of such pa
tients, and also presents a case report of -terine rup.. 
ture after inictrimester amnioinfusion in a patient who 
had previously undergone a cesarean section. 

Material and methods 
Midtrimester terminations of pregnancy in the Fer

tility Control Center hae been ca ried out on patients 
piesenting between 16 and 22 iseeks from the first day 
of the last menstrual period. Most of the patients in the 
Center have been managed by the intra-amnlotic injec
tion of hyperosnolar mine;i, augmented i itli either 
intra-ainniotic prostaglandim 1'.,, (I(;F2,) 01 intraie
nois c)\ytocin, or botl. oi the l)ti pose of this resie, 
only cases were included in which ii,'sa-a mniotic PGF.." 
was ti;ed initially foi atugment .ition in does of l0 and 5 
milliginis, sit(e stch c,,e, Ic(1)1esented In er 70% (if 
the iniItrir iester ainrnioin ftions (otlipleted bet veen 
October, 1972, aidittle, 1979. 

Detailed iietloiileog) %ithit egard to the te of l
petosinolar urla fo Ii(triinester .a)otion has been 
tile stilject of il)eiioii tpot Is. \lterk ieino.al of ap
pioxinately 200 iiilliliters of fluid at aminiocentesis. 
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Table I. Injection-abortion intervals* 

I Injeion-abortion 
intenvil (hr) 

NR 
Xv'. .llenn R, ngt. 

Urea + PGF2,, (10 mg). no 
laminiria tent 
No prior cesarean section 

Para 0 624 15.9 2-60 
Para I or mote 425 13.8 1-47 

Previous cesarean section 34 17.2 3-40 
Urea + PGF2. (5 mg), no 

lantinaria tent 
No prior cesarean section 

Para 0 213 17.0 6-45 
Para 1or more 107 14.7 3-46 

Previous cesarean section 26 23.4 8.40 
Urea + PGF,, (5 mag), one 

laminaria tent 
No piiot cesrean section 

Para 0 160 12.7 4.46 
Para I or more 21 14.4 4-45 

Previous cesarean section 16 15.1 2-38 

*From intra-.,mniotic injection of medicatioin to abortion 
of the fetuis" 

Table II. Injection-abortion intervals* greater than 
24 hours 

Patient with 
"njectwn.abortzon 
inlerealsgreater 

than 24 hr 

No. No. 

Urea + PGF',, (10 mg), no 
laminaria tent 
No prior cesarean section 1.0-49 135 12.9 
Presious cesarean section 34 12 35.3 

Urea 4: PGF2. (5 mg). no 
laminaria tent 
No piior cesarean section 320 48 15.0 
Presious cesarean setion 26 14 53.8 

Urea + PGFS (5 rag). one 
Iiminati tent 
No pi ior cesarean section 181 13 7.2 
Previous cearea section 16 6 37.5 

*ki'onl intra-amnniotUL injection of medtcation it) abortion 
of the fettis. 

133 nil of a 59.7% sotlutiot of tit ca is luslx infused %ia 
gras ity. hntnedtltel, after the inftsion of ttrea, l(;F2,, 

in a (lose of eithet 10 oi 5 nig is injected intia-
ani ioticall). TFhe loser dose of l'G., k used because 
lecatch effot, i hise (lefitted it i%the minitnall) ef ec-

tive dlose istich %tilltnaiiitains an ijicct iot-,ahoi tion in. 

ten al cotisiti-tit l less ttn 2 1 1mii Itadi tion, te-
tent effoltI to teduce the f equet.m of cci %ical inijut y 

lime led to the limt ~uel, ial placeitteit of o11c-o1 iiunic 
hauninat ia tents foi I to 6 Ihotits prrot in ilfnision of 

uica. Only patietts iut OIlontle i ninauia tent was 

, September I. 1980Ant. J. Ob~mt G.-c.oLW 

placed are included in this review, since there were 

insuflicient numbers or patients with more than one 

laminaria tent to be useful for analyses. Intrasenous 
oxytocin at -, tate of 332 mU per mintute i5 alt-4 em
ployed fot thice indkations: failute toabort within 2-1 

hours after infusion of urea %%henth-re is no e'idence 
of labot; absence of labor 4 hours after rupture of 

membranes; and management of incomplete abortion. 
in the Fettility Control Center, failed abortion is 

defined as the requirement for vaginal esacuation of 

the products of conception at 48 houts, or sooner in 
instances of suspected chotioanuionitis or significant 
hemorrhage. Incomplete abortion isdefined as failure 

to pass all or part of the placenta within 2 hours after 
aboition of the fetus. Such patients are managed by
rh 

ring forceps cttrettage with intiavenous analgesia of 
mepetidite and diazepamn. 

For the pt pose of this review, patients uith a history 
of prior cesarean section who underwent antnioinfu

sion of utea, augmented with either 10 or 5 rg of 
PGF,. ,ere conipated iith t-he general group of pa
tients at the Fertilit) Control Center in s-hotn this 
methoclolog was emplo)ed. Factors examined in
cluded clinical characteristics of the patients, outcome. 

injectior-aboi tion intet sals, requitements for o\ tocin, 
and conplicatiots. When appiopriate, the means and 
standard eirots of the means were calculated, and 
these data suere attalhzed bN an F test and Student's t 
test iu order to determine statistical significance. 

Results 

Theie were 1,083 patients who underwent infusion 
of hyperosniolar urea and PGF2. (lb mg) ssithout the 

use of laminaria tents, 346 patients who receised urea 
and PGFI. (5 Ing) uithtut tile use of laminaria tents, 
and 197 patients isho receihed urea and PGF,.: (5 mg) 

plus the intracervical insertion of one laminiria tent 
befot e the iniection. I lie ft equentcies of prior cesarean 
SCtin atnong patients in the three groups suere. re

spettisely, 3.1%, 7.5c,c, and 8.1%. 
A tesiew of the clinical characteristics of the ,arious 

study gionlp shossed sotne dillference,. Tile aerage 
age of ptatients plcCnting to tle "eitilit%Contiol Cen
ter lo' the ttta timethnod of aboitioti ai '!0.5 .eats, 
whereas patients %%ith l)t pliots hiskot% of cearean 
sec(tion %%eceabout 2 )catn older. All patients hitha 
nistol% of p io ces.tcat %ettioti had heen dellsered of 

a fettis he)o td 21 ic ek(' gestation In contrast. be
tweti 42 antid 1it, of all I et ilit) Control Cenler pa
tielits in the giOUls %tuthel 5ete paIla Oat presentatiou 

fot abottiot1. -I lie mean (liiation of gestation it the 
tiill (if itie(tion langed hets eel 1atd 20 %seek; from 

the fitst dla% of the lat nieibi tial petii)d. and ati aser
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Table III. Outcome 

Cnmplete a 
.No. , .%% 

Urea x PGF2. (10 tpg). no 
larninana tent 
No prior cesarean section 
Previous cesarean section 

1,049 
34 

551 
15 

Urea + PGF2. (5 mg). no 
laminaria tent 
No prior cesarean section 
Previous cesarein section 

320 
'26 

208 
11 

Urea + PGF 2. (5 rag). one 
lminaria tent 
No prior cesaiean section 
Previous ceiarean section 

181 
16 

ISO 
10 

age of between 195 and 210 ml of amniotic fluid was 
removed at the time of amniocentesis. No important 
differences serecliscernible between the variousgroups 
studied and piior cesarzan sectio.1 patients versus 
other patients for these tiso characteristics. 

Table I lists the injection-abo tion intertals foz the 
saiious groups in the review. As shown, the injection-
aboi tion intervals of patients with a history of a prei-
ois cesatean section were consistently longer than 
those of any of the other gioups of patients. The dif-
ference between patients who Isere pata I oi more and 
those with piior cesarean section in the group given 
urea plus P(;F, (5 tug) with no laminaiia tent was 
statistically significant ( ) -- 0.05), but similar compari-
sons in the other gioups were not significant. In addi-
,ton, the preinjection use of a laminaria tent appeared 
to have only a modest effect in reducing the mean 
injection-abortion interval of patients uho had previ-
ously had a cesaiean section. 

Tahle II compares the injection-abortion intervals 
exceeding 2.4 houis among the sarious study groups. 
As dlemons(rated in the table, patients with a history of 
prirdenstated sin hae patnhigh hitory ofprior cesareat section had a high propoition of 
injection-abortion intersals that exceeded 24, hours. 
Therefoie, such patients also had a greater iequire-
ment fot additional autgmentation ith o\)tocin ac-
coidig to the pi otocol follossed in the Fertility Control 
Center. Au exatiin,ition of the groups gisen tihea plus 
P;F,, (10 Itg) and tu Ca phlt lP;F., (5 nmg) iith no 
laminatia tent sho)ed that tleipetcentages of patients 
without a ptes ious ctsarean section not iecei~ig oxy-
toi dinuing thei hopital adhiikioti %eie 32..1 and 
29.3, respe( tively. Iit (out rst . ou 20J 5i% and11.9% 
of the patients withI a histt y of ples iotls ces,ii ean sec-
doil in 'adi of those .InIe gr(oup, did riot e(eihe oxy-
tttil duil ng tile (( lii e of theit hopilal ahlission 

Table Ill details the (lnical outcote iin the satious 
study grotips. A1thhoLigh few dliffei ences wete tited in 
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iornhm 	 Incomplete abortion Failure 
.VO. % No. % " 

52.5 	 482 46.0 16 1.5
44.1 18 47.0 1 2.9 

65.0 110 34.4 2 0.6
42.4 14 53.8 1 3.8 

71.8 49 27.1 2 1.1 
62.5 6 37.5 0 

the groups of patients gisen urea plus PGFg. (10 mg), 
the rate of incomplete abortion for patients with prei
ous cesarean section was consistently higher in the 
groups of patients given urea plus P'GFr2 (5 mg) re
gardless of whether a laminal ia tent was employed. 

In a comparison of the complications encountered b, 
patients with piesious cesarean section versus other 
patients in the study groups, no significant differences 
were discernible among the groups in rates of hemor
rhage, infection, ce vical laceration, and gastrointesti. 
nal problems. These complications have been pre

-sented and discussed in detail pieviously.al Howeer, 
one patient with a histor) ofa previous cesaiean section 
in the group gisen urea plus PGFI, (5 mg) xithout a 
aminaria tent experienced a titerine ruptuie. Her clin

ical course is summari7ed below. 

Case report 
This 32-year-old patient, para 5, presented for ter

mination of pregnancy at 18 weeks from the first day of 
her last menstrual period. Her obstetric history was 
significant in that, after four spontaneous vaginal
delis%,ries, her last delisery (12 years ago) had beeneffected b%cesarean section because of premature rip
ture of the membranes. Picopetative physical exami
nation and laboratory studies gave findings that uere 
sithin normal limits, except for an enlargement of the 
utettis to 18 weeks ill siue 

Clinical course. Ani intra-aniniotic iictiton of 135 
ul (if 59.71c umia and 5 tng of 'G;l, was completed 
without ii(ident onl the day of hospital admission. 
After 21 houis of egtilar uterine contractions, the 

er vix is.is pattiail) eff.i cd and dilated 2 (it Infusion 
of o\yto(in at 332 milliuunits pet minute was stat ted. 
but the ccrs ie maine!! uichanged at 3t horns afterititia-amiriotic injection At 37 hotis, the patient coin
plined ofgenerali/ed tn).*dmi assmiated iiith mcien.
ing pain ili tile left Ioer (plnadiant of tie adxlomen. 
The vital sign., ieiealed a teipetat tire of 100 2' F. 
blood pi es.,t e of 118/(0111111 1ig, and a pulse rate of 
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use132 beats per minute. Examination of the abdomen creased risk for uterine rupture unless the of 
demonstrated diffuse tenderness and guarding in both oxytocic drugs isjudiciously monitored. Similarly. be
the right and left lower quadrants, with exquisite pain cause of this potential risk of uterine rupture. the at
elicited by palpation of the left flank. Pelvic examina- tempt to shurten the injection-aboition intersal to less 
tion disclosed a brownish discharge emerging from the than 24 hours consistently with the use of oxysocic 
cervix, which was high in the vagina and displaced to drugs in high doses may be inappi opriate for the man
the right. Bimanual examination confirmed the exis
tenceof tendernessand guardinginbath oerabdom- agement of such patients. Unfortunately, because of 

the numbers involved, we cannot determine s1hether
inal quadrants, and deviation of the uterine fundus 


toward the right lower abdomen- an ill-defined mass the described case of uterine tupture in apatient with a
 

filled the left lower quadrant. The clinical impression previous cesarean section represents an unusually high
 

was that of uterine rupture with intra-abdominal ex- incidence of this complication.
 
pulsiun of the products of gestation, and an associated Six cases of uterine rupture associated ,ith induced
 
hematoma of the left pelvic wall. midtrimester abortions have been repoi ted pre%iously,
 

Exploratory lapazoton revealed that the left broad but none of the patients had undergone an) presious 
ligament was displaced by a large hematoma ofapprox- uterine operation." The aboitifacients emplo)ed in
imately 1,500 ml. A uterine laceration about 5 cm in cluded intra-amniotic hypertonic saline, PGF.a, and, in 
length was located at the left lateral a5pect of the previ- one instance, 40% urea. In two of the reported cases, 
ous transserse uterine cesarean section scar, and the death occui red as a result of a delav in diagnosis before 

laceration e\tended into the left bioad ligament. The 
the reqjuiied definitive operation was carried out. All 

placenta and fetus wete protruding from the laceration 

into the left posterior pelvis. A supracervical hysterec- reported cases were unaboi ted for 24 or more hours 

after intra-amniotic injection; and in all, large quan
tomy was completed, along with excision of the left 

and drainage of the hema- tities of oxytocin were given continuously for morefallopian tube and osary 

toma. About 2,000 ml of blood %waslost during the than 12 hours. Three of the six patients ,ere oer 30
 

operation, and hemostasis wvas achieved with difficulty, years of age, and all were multiparous, para 2 or 

so that the patient required sesen units of whole blood greater. 

and two units of fresh lroien plasma. The patient reported on here had many of the 
The postoperatibe cout se of the patient was compli- characteristics of patients who experience uterine rup

cated by the need for two additional units of blood, ture associated vith induced midtrimester abortion. 

persistent ileus that required treatment with a long in- These characteristics included age, nultiparit%. pro

testinal tube, and feer. How eer, she was discharged 
fiom the hospital on the seventeenth postoperative day longed injection-abortion interval, and continuous use 

for more than 12 hours. Inof intravenous oxytociniin good conlition. 
addition, this patient had a history of prior deliscr of 

Comment an infant by cesarean section (12 )ears earlier). 

There ate some interesting facets to this review of In regard to the location of the uterine laceration, in 

patients with a histoi y of previous cesarean section uho the p'revIous case reports, five of the si\ uterine rup

presented to the Fertility Control Center for sub- tures involved the lower uterine segment. These lacer

of pregnancy via ations were usually vertical, not uncommonlh in thesecluent midtrimester termination 
associated withintra-aniiotic instillation of hyperosmolar urea. The lateral aspect of the uterus, and were 


frequency of previous cesai ean section as a pre-existing the development of hematomas of the broad ligaments.
 

medical condition appears to parallel the increasing use with expulsion of 'he products of gestation either into
 

of cesarean section in ob-tetric practice. Therefore, one the peritoneal cavity o into the ietroperitoneal space.
 

might piedict that, tiilt-,s the requirement for second- In patients uith a histot) of prior uterine operations.
 

tminiester abotlon piocedures decline%, those who one would anticipate iuptuie of the uterino star, as was
 

proidle ahoilrions %%ill ee an increasing number of pa- observed in tile cnm tent case.
 

tients who pre~ent %siththis condition I lie ieview also The s)mptoniatology of patients uith uterine rup

indicated thai p.ain ,iswith athisty of presious cesar- tuie in this situatitit includes increased or constant
 

call section had loiqh mijedtiit-abortion intervals, more pelvic and abdonial paitn and tenderness in the 

fteqiientl } te('ieeld ,litorial ox-tocln foi atigmenta- flanks, particularl] %%ith ,in associated ,istenrlng retro

tioit of .la)ol, and moit fre(1luerttl experienced in- peritoiteal disectifn ol an enlatging liesic hem.tuma. 

complete abhtio n Inaldit ion, the pre-irijection tise of 'he comnmnonly observed chnk al ,igns. include guard

a laminatia tent did not mai kedly iipi oe matters, ing, tebound tenderness, suggeStiol If inolt-- h.1n one 

although inition-ahot tiuti intersals wvere shortened pelvic mt+, and taclit)caidia. Delay in recognizing the 

sont iat. Ilhiciefore, such patients may be at in- significance of these findings can iestilt in a catas
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[Iophic outcome. The prompt recognition of the signs
-nrd s. mptoms of uterine ruptul e in the curt enth. re-
p,,t ted ctse allowed definitive suigial therapy prior to 
shock.

At this point, the proper approach to termination of 
a michtrimester pregnancy in patients who have had 
previoub cesarean sections or prior uterine operations 
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A case of non-clostridial gas myonecrosis follow-ing mid-trimester abortion 
is reported. Infectioi Tf the uterus associated with gas production is 

rare and associated witi; a high rate of mortality Infection with non
clostridial orgIni-:;',s Mr.' si(ul ate clostridial yoncrosis ;2 howavor, 

treatment oF this entity may not neccssit.ate hysLerectomy. 
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Gas nLyonecrosis of the uterus uncomnon,although is potentially
 

lethal. *,An incidence ofO.O02'; of clostridial, infection is reported in
 

patients with septic abortion3
 . Post abortion g,-,; myonecrosls with
 

Clostridium perfrincens, accounting for 85% of cultured stains, 
 is
 

associ..:.ed with a mortality of 25-50Z 1. Non-clostridial bacteria,
 

particularly the coliforms, ir.y invade the myometrium and produc. a
 

picture similar to that of clostridial gas gangrene 2 . This report 

concerns a case of non-clostridial gas nyonecrosis following mid

trimester induced abortion. 

REPORT OF A CASE 

L.S. (JHH "1902707)
 

A 19 year old nulliparous woman was admitted to The Johns llopkins 

i-io.pi talti i lty Contrf Center at an estimated 18 leek,, gestation 

for elecLive mid-trirnest-m,, abortion. P, ioinfusion of hyperosmolar ure: 

was comple;ed. Severe uterine contractions, fever of 383o C and tac, yc,-i, 

followed the ad;,inistration of 2.5 mg of PGF2a and the procedure was 

terminated. Fever, diffuse abdm. I pain, and severu uterine tend -rnoss 

peisisted for 24 hour,. Bloo.d, endocervical, + urine cultures were 

obtained. On hospital dE,:, 2, theiapcy wiLh penicillin G 20 million .i:; 

a day IV and kanamyci v 2 p',ar a ddy was institi ted. Dilatation anwi 

evacuation was perfo),lwd ;iLh cido:.ti.rial cultures obtained. Gram stain 

of i.he endonmetrive.1 shov'ed grae- nr.(ja ive rods and gram positive cocci. 

DU(- to a posL operaLive l:,.,mat'crit of 25.0 tho patient rceived two 

unlits of pocked red blood ce'llis. Coagul at ion studi{s were normal an-' 



there was no evidence of hoinolysis or jaundice. On hospi tal (lay 3, 

fever to 400 C developed and clindanmcirn 2.4U a lay IV was added. 

Abdominal roentgenogram show-ed a honeycomb air pattern in the uterus 

consistent with gas bubbles in the myometrium (Figure 1). Abdor:inal 

ultra.onogram showed a circumferential gas pattern in the lower uterine 

segment coirpatible with gas in the myometrium (Figure 2). On hospital 

(lay 4, fever and abdomioil pain abated. Repeat abdominal films showed 

no incredse in uterin gas. Sonogram showed slight decrease in myor.etrial 

gas on serial examinai.io,,s. Blood, urine, and cervical cutlures were 

negative. The endometri.l culture grew gas forming E.Coli and group D 

streptococci. The patient received a total o. ten days or IV antibiotics, 

remainiqnr dF.,htrile for Lhe last SL*v(,o dciys oF hospitclization. She was 

discharge.d on hospital day 13. 

Hysterogram done four rnths after discharge showed a normal appear,:1g 

utertis and lower uterine segr:ent (Figure 3). 



COM.INur 

Gas in the uterus may be from an accidental or infectious 

source. Tht invasion of gas producing organisms into the uterine 

endometri u and myometri urn is favored by the presence of necrotic 

tissue,4 retained products of conception, 5 or prolonged injection
abortion intervals in mid-trimester induced abortion. Clostridium per

fringetis is present in cei.vical and vaginal cultures in 5%of normal 

women,6 with .Cnli accourntinU of 21% and aerobic streptococci for 310 7 

of bacteria isolated in patients wiith female genital tract infections. 

The entry of these organisms into the uterine cavity d.ring or following 

abortion may result in a localized chorioamnionitis, 8 low grade endo

metritis, or pyometra and invasion of the nyoinetrium with necrosis. 

The cliniral presentation of non-clostridial uterine gas myonecrosis 

is simiiiar to tflt of clostridial infection. Fever, abdominalgas 0 pain, 
uterine tenderness, an! crepitation are predominant features3 . Clost 1 idial 

infections are characterized by extensive necrosis with rapid progressiu,, 

to seriticemia, where ,the pace of the non-clostridial myometrial infection 

is slower with a limited amount of necrosis. 

Non-clostridial gas myonecrosis was first described as occurinq in 

the lower limb of a diabetic,9 from which a colon bacillus was isolated. 
Since the introduction (H antibiotics, infection with colidorm orgP.::isms 

particularly E.Coli, anw'rollic and aerobic streptococci, and Kllebsiella 

aerogenes has increasedM. Invasion of sub)cuitaneous tissue occurs Jith 

these orga iis. ,,occa ;ion:ll, wi :it mus Ie i nvol vemn t : i.h 1)roduc tioi of 

necrosis, crepitalion, and gas bubblvs. 



The first demonstration of intranlyometrial gas was in 193911. 

In clostridial myonecrosis soFt tissue gas is seen as intramuscular 

multilinear streaks 3 whereas in non-clostridial infections, as in the 
presented case, the gas is spen as intramuscular bubbles. 

Intravenous penicillin is the antimicrobial agent of choice in 

clostridial inFections, .ith the addition oi other broad spectru 

agents in coliform inFections. Curettage should be the initia surgical 

therap especially if the infection is localized to 
12 

the uterus 2 . 

Hysterectomy with bilateral salpingoophorectomy appears t., be the treatreit 

of choice once Lt-he' diagrt-sis of macroscopic necrosis, i.e., gangrene, 2 

septotox-2:,lia, intratyowr-trial gas, or qonecrosis is evident12 . In our 
en, therap'y wVms cu'etive with IV antibiot ics and dilatation arid 

curettiiqe, in the ptesece of intramyometrial gas and uterine iiyonecrosis, 
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:INTRODUCTION:
 

Termination of pregnancy in the first trimester by suction 

currettage is associated with low rates of morbidity and mortality. 

The anesthetic technique utilized for such procedures is known to 

influence the rates for specific complications although the overall
 

major complication rates are similar when either general or local
 

anesthesia is employedI . General anesthesia is associated with a
 

higher incidence of hemorrhage, cervical injury and uterine perfor

ation whereas local anesthesia is associated with higher rates of
 

post- bortal fever and convulsions.
 

Convulsive morbidity appears to be associated exclusively 

with local anesthesia1 . In at least 2 fatal cases of this particu.ar 

comlication, blood levels of the anesthetic agent (lidocaine) .ere 

clearly in the toxic range (-,5 
1g/ml) 2. 

The pharmacokinetics of intravenously administered lidocaine 

have been studied in several clinical situations. However, there is 

little data regarding the disposition of this drug when it i.s a.inis

tered in a paracervical block. McKenzie and Shaffer 3 re; 7:hed blood 

levels of lidocaine in 12 patients undergoing suction currettage under
 

paracervical block. Six patients received 20 ml of 1% lidocaine by 

the usual technique and 6 were treated by jet injection with 2 ml of 

2% lidocaine. Their findings are summarized in Table I. 

This study was performed in order to elucidate the follo..wing 

points: 

1) to evaluate the time course of lidocaine plasma levels 

following pnaracarvical infiltration For suction abortion 

2) to determine if any indi.viclual lidocaine concentration 

reached potentially toxic levels 
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3) to determine if the lidocaine concentration-time 

curve was similar between groups of patients who
 

did or did not receive intracervical laminaria
 

MATERIAIS AND METHIODS: 

Fifty healthy volunteers with pregnancies up to 14 weeks' 

menstrual age participated in the study. Laminaria tents were 

inserted in 25 of the 50 patients 2 to 4 hours prior to the suction
 

procedure. Blood samples were not analyzed from one case in the
 

laminaria group due to several missing samples. Informed consent
 

was obtained from all participants prior to the procedure. All
 

patients received 50 mg meperidine hydrochloride ar.d 10 mg diazepazm 

intravenously. Paracervical block was carried out utilizing 9 ml of 

1% lidocaine hydrochloride (90 mg) injected circumferentially into the 

cervix. Blond samples were obtained prior to the administration of
 

lidocaine and 1, 3, 6, 10, 15, 20, 30, 45, and 60 minutes after the
 

paracervical block was completed. Some demographic characteristics
 

of the study population are summarized in Table II.
 

Two milliliters of parinized plasma combined with the inter

nal standard (r.ethylethyl.lyc .nexylic.Lde) were made alkaline with 

-NaOHand extracted with methylene chloride. The aqueous fraction was
 

discarded and the organic phase brought to complete dryness under an 

air steam. The residue was reconstituted in methylene chloride and 

injected into a Shimadzu G3-B gas chromatogr"'-h equipped with FID. 

The chroi:,atographic column was 2.1 m '.d. - 2mm) and packed with 3% 

SP2250 (Supelco) 100/120 mesh. 

A duplicate Four p-int standard curve was constz-uc ted from 

the ratio of the inherria .1tandard to lidocaine. The ratio cf the 

unknown lidocaine sample to the internal standard was compared to tha 

standard curve. Results were expressed as lidocaine hydrochloride 

in u/nI. 



RES;UILS:
 

At the dosages employed, no lidocaine levels near the t:.ic
 

range ()5 g/ml) were found. The single highest measurement was 

observed in a 19 year old patient in the laminaria group at six
 

minutes after administration of the paracervical block. This patient's 

serum lidocaine was 4.41 0.g/ml. No acute adverse reactions due to the
 

anesthetit.: were noted in the entire study group.
 

Table III shows the mean lidocaine concentrations obser.vad
 

in the study group. Figure 1 presents the curves for lidocaine can

centration vs time in the 2 groups. The laminaria group shows higher
 

r.'asma levels at all times as compared to the group without laminarir. 

Furthermore, peak Jidocaine levels were reached earlier in the lz.:Iinria 

group. Although there may not be a statistically significant difference 

heLween the individual time points, the two c;::ves taken as a whole 

are sic ,ificantly different (p.:. .0001). 

DUS.XUSSTON:
 

As expected, our results show a rise and gradual fall in
 

plasma lidozaine levels as would occur in an infiltration type c! local
 

anesthesia. An unexpected finding was the significantly different
 

concentration time course in the laminaria group. These patients no:
 

only had higher mean plasma levels, but also reached peak levels at 

an earlier point (6 min) as compared Lo tlel'nolaminaria" group 

(10 mrin).
 

The reason for this difference may involve sever-al factors. 

PccLreatmenLt with laminar.a may alter the microvasculature of the 

cervix in such fashion as to faclli.Late absorption into the vascular 

'zauce. A~rltijtjiv1eiy, the liiiLiiai:]i may caise a decrease in e::tra

cA )lu3rl dd ill lfhe uerviL which produces a local incroase in con

cenhrLaLtion of the injected drulg due to reduced dilution by ECF. This 



i :nchsed 'conceLration would result in more rapid dif usi6n into 

ti. vascular compartment. 

Other factors unreJ.ated to laminaria use may be involved. 

It may be that the two groups are not really comparable. Indeed, the 

laminaria group is significantly younger -than the no-laminaria group. 

Similarly, the laminaria patients are of lower parity. Due to the 

small number of paLients, it is not possible. to evaluate these factors 

separately by statistical methods, 

The concomitant adhminstration of other drugs may influenza 

bl;.-d levels of lidocaine. Propranolol is known to increase the 

elimination half-life and decrease the clearance of lidocaine, result

.ing in higher blood lidocaine levels 4 In the present study, all 

patients received the same amouints of diazepam and meperidine, so tha: 

the observed differences ci:tnot be attributed to the use of other- drt.s. 

No episode of convulsive morbidity occurred in this grou- of 

patients, as would be expected in light of our results, :ItA addition, 

all patients received diazepam prior to the paracervical block. This 

drug is known to elevatn the threshold for lidocaine-induced convulsions.5 

The observations made by McKenzie and Shaffer are in general 

agreement with our ohser,°.ations. The blood levels in the patients 

who received 200 ing of lidocaine are somewhat higher than in our "no 

lamw.nari.r" patients. 1lowever, these investigators did not begin their 

sampl.ing until 10 minutes after the paracervical block.. One can onl. 

speculaLe on the earlier blood levels, but considering the short hall

lile2 of .idocaine in blood (6-8 minutes), these earlier levels were 

probably much high -r than the ones we obseived. 

From these observations, we concludo th.-L paracervical bloc.k 

u-il.[z.ng 90 mg of lidocaine is associated wiLh v .e blood levels of 

liflocai ne. J*n order to incroase thi' safet y margin, however, we ,ow 
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employ .1.0 in]. of 0.5% lidocaue. 'This provides satisfactory anesthes•- . 
and should rf-esult in even lower -blood lev-ls than those reported in' 

Uhn.s study. 



E-ANT VENOUS BLOOD LEVELS OF LIDOCAINE*
 

10 20 

TIME 

30 

(MINS) 

o0 60 

JET INJECTOR 
40 mg Lidocaine 0.53 0.47 0.44 0.27 0.24 0.22 

SYRINGE 
200 mg Lidocaine 1.61 1.54 1.28 1.10 0.99 0.90 

*Re expressed in ug/ml 

> m McKenzie and Shaffer, AJOG %130:317, 19.78.



TABLE II 

STUDY POPULATION 

LAMTNARTA NO LA ,ITZIA 
AVERAGE AGE 19.3 26.6 

% PAROUS 12.5% 84% 

AVERAGE WEIGHT (TBf)S) '133.7 136.2 



TAB'6E 3 

MJAN PLASNA L DOCATNE LEVELS (j--/r ) 

IMINARJA NO LAMINARIA. 

TIME MEAN S. D. MEAN S.D.* 

1 mln 0,6713 0.7293 0..0260 0.091.9 
3 m:in 1.3846 0.8233 0.6344 0.3833 
6 min 1.7108 0.9620 1.1444 0.5715 

10 min 1.7188 0.6448 1..3180 0.4276 
15 min 1.5138 0.5913 1.1448 0.3572 
20 min 1.2696 0.3993 1.0856 0.3367 
30 min 0.9925 0.4192 0.9176 0.2894 
45 Mrnn 0.8229 0.41.26 0.7240 0.2333 
60 min 0.7413 0.3767 0.5972 0.2465 

*Standard Deviation 
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