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REPORT SUMMARY 

1. P ro jec t  T i t l e  and Contract  Number: 

U te r i ne  Synechia Produced By Cryosurgery - AID-PHA-C-1176 

2. P r i n c i p a l  I n v e s t i g a t o r ,  Contractor ,  and M a i l i n g  Address: 

N i l  1 iam Droegemuel l e r ,  M. D., U n i v e r s i t y  o f  Nor th Carol ina ,  

School o f  Medicine, Chapel Hi1 1, Nor th  Carol ina 27514 

3. Contract  Period: 

August 29th, 1977 t o  A p r i l  15th, 1982 

4. Per iod Covered by t h e  Contract :  

August 29th, 1977 t o  A p r i l  15th, 1982 

5. To ta l  A . I .D .  Funding o f  Contract t o  Date: $165,000.00 

6. To ta l  Expenditures and Obl i g a t i o n s  : $1 34,591.47 



I. NARRATIVE SUMMARY OF ACCOMPLISHMENTS AND UTILIZATION 

A. S i g n i f i c a n t  accomplishments i n  research program t o  develop a  

new method o f  o u t p a t i e n t  s t e r i l i z a t i o n  f o r  females. 

1. The ope ra t i on  can be performed w i thou t  d i f f i c u l t y  under 

paracerv ica l  b lock  anesthesia. 

2. There are  no d i f f i c u l t i e s  i n  c o n s i s t a n t l y  p lac ing  the  probe 

a t  the  u t e r i n e  cornu. The maximum diameter o f  the  probe 

t i p  i s  8 m i l l i m e t e r s .  The approximate diameter of t he  

cornu i s  2-3 m i l l i m e t e r s .  S e r i a l  h i s t o l o g i c a l  sec t ions  

o f  t h e  u t e r i n e  cornua demonstrated t h a t  the  maximum 

n e c r o t i c  isotherm always invo lves  the  t a r g e t  area. 

3 .  None o f  the  women who have undergone c ryosurg ica l  

f reez ing  o f  t he  endometrium have developed ser ious 

pos topera t ive  compl i c a t i o n s .  There have been no cases 

of acute o r  ch ron i c  bleeding. Postoperat ive pa in  

cont inues t o  be minimal. 

B .  During the  pas t  f o u r  and one ha l f  years the  i n v e s t i g a t o r s  have 

s tud ied  cryonecrosis  o f  the  cornua i n  120 women. 

During the  f i r s t  two and one h a l f  years o f  t h i s  i nves t i ga t i on ,  

62 women had c ryocoagu la t ion  o f  the  cornu us ing  n i t r o u s  ox ide 

as the  cryogen. 'The cornua o f  t he  u terus  were studied by s e r i a l  

h i s t o l o g i c a l  s l i d e s  w i t h  hysterectomy be ing  performed four t o  t e n  



weeks f o l l o w i n g  t h e  c r y o s u r g i c a l  procedure. Obs t ruc t i on  o f  t h e  

cornu was observed i n  some cases, b u t  t h e  maximum n e c r o t i c  

i so therm was n o t  s u f f i c i e n t  t o  produce adequate necros is .  

No m a t t e r  how t h e  r e p e t i t i v e  f reeze- thaw cyc les  were va r i ed ,  

co rnua l  o b s t r u c t i o n  was o n l y  observed i n  approx imate ly  402 

o f  cases. 

Therefore,  d u r i n g  t he  l a s t  years  o f  t h e  p r o j e c t ,  t h e  equipment 

was redes igned t o  use l i q u i d  n i t r o g e n  as t he  cryogen. Du r i ng  

t h e  p a s t  two yea rs  58 women underwent c r yocoagu la t i on  o f  t h e  

u t e r i n e  cornua and subsequent hysterectomy.  Using l i q u i d  n i t r o g e n  

as the  cryogen, c o a g u l a t i o n  n e c r o s i s  was c o n s i s t a n t l y  produced 

i n  t h e  t a r g e t  area. 

Cornual o b s t r u c t i o n  was produced u s i n g  a  s i n g l e  freeze-thaw c y c l e  

o f  122 t o  180 seconds. However, i n  some cases t h e r e  was ab rup t  

s lough ing  o f  t h e  n e c r o t i c  t i s s u e ,  s i m i l a r  t o  t he  i n j u r y  produced 

by a  l a s e r .  Therefore,  t he  i n v e s t i g a t o r s  changed t h e  p r o t o c o l  

t o  reduce t h e  area o f  coagu la t i on  nec ros i s  by u s i n g  r e p e t i t i v e  

f ree- thaw cyc les  f r om 30 t o  60 seconds t imes  t h ree .  That i s  

t h e  u te rus  i s  f rozen f o r  30 seconds, thawed f o r  30 seconds, and 

then t h e  probe was swi tched t o  t h e  o t h e r  cornu  and f r ozen  f o r  

30 seconds and thawed f o r  30 seconds. Th i s  a c t i v i t y  was repea ted  

f o r  a  t o t a l  o f  t h r e e  cyc les .  Wi th  t h e  m u l t i p l e  f reeze-thaw 

cyc les  t h e  n e c r o t i c  s lough i s  n o t  ab rup t  and g r a n u a l t i o n  t i s s u e  



grows across t h e  cornu  be fo re  t u b a l  e p i t h e l i u m  has an 

o p p o r t u n i t y  t o  recana l  i z e  t h e  area. Th i s  l a s t  p r o t o c o l  

produced more c o n s i s t a n t  o b s t r u c t i o n  of  t h e  cornua. The 

c o a g u l a t i o n  nec ros i s  had a  depth o f  5 m i l l i m e t e r s  and o b s t r u c t i o n  

was seen ove r  2 t o  3 m i l l i m e t e r s  o f  t h e  u t e r i n e  cornu. Wi th  

t h e  s h o r t e r  cyc les ,  o b s t r u c t i o n  was no ted  h i s t o l o g i c a l l y  i n  t h e  

cornu i n  e i g h t  o u t  of  t h i r t e e n  p a t i e n t s .  Granu la t ion  t i s s u e  was 

observed i n  a1 1  cases. However, a  pecul  i a r  phenomenon was 

observed under t h e  microscope i n  which a  s leeve of t uba l  e p i t h e l i u m  

and s p e c i a l  i zed muscle grew downward f r om t h e  i n t e r s t i t i a l  p o r t i o n  

of t h e  tube  t h rough  t h e  g r a n u l a t i o n  t i s s u e .  The hope f o r  t h e  

f u t u r e  i s  t o  r e t a r d  t h e  growth o f  t h i s  s p e c i a l i z e d  s leeve  of  

e p i t h e l i u m  and connec t i ve  t i s s u e  u n t i l  t h e  g r a n u l a t i o n  t i s s u e  

forms a dense scar .  



SUBSTANTIVE RESEARCH REPORT 

A.  Statement o f  P r o j e c t  Ob jec t i ves  

The o b j e c t i v e  o f  t h i s  research program was t o  develop a  

means o f  o u t p a t i e n t  s t e r i l i z a t i o n  f o r  women t h a t  has 

minimal m o r b i d i t y  and a  sho r t  convalescence. 

B. Overview o f  t h e  Human Research 

Recru i tment  o f  p a t i e n t s  and t he  procedure were s i m i l a r  

regard less  o f  whether t he  cryogen used was n i t r o u s  ox ide  o r  

l i q u i d  n i t r o g e n .  Women i n  t he  r e p r o d u c t i v e  age group who were 

scheduled f o r  abdominal o r  vag ina l  hysterectomy f o r  benign 

disease were r e c r u i t e d  f o r  t h i s  i n v e s t i g a t i o n .  A f t e r  l e n g t h y  

and d e t a i l e d  in formed consent, t he  c r y o s u r g i c a l  procedure 

was performed e i t h e r  d u r i n g  a  d i a g n o s t i c  D&C o r  as an 

o u t p a t i e n t  under l o c a l  anesthesia.  

C. Summary o f  a  Cryosurg ica l  Procedure 

The p a t i e n t  was prepped and draped i n  a  r o u t i n e  f ash ion .  

P e l v i c  examinat ion was performed. The c e r v i x  was grasped 

w i t h  a  s i n g l e - t o o t h  tenaculum and p a r a c e r v i c a l  b l o c k  

anes thes ia  obta ined.  

The c e r v i x  was then d i l a t e d  t o  and i n c l u d i n g  a  #31 P r a t t  

d i l a t o r .  The u t e r i n e  c a v i t y  was sounded and measured bo th  



i n  t h e  m i d l i n e  and t o  each cornu. A dummy probe was 

then p laced  i n  t h e  cornu  t o  t e s t  t h e  f i t  and t h e  p a t i e n t ' s  

, r e a c t i v i t y  t o  t h e  probe. Subsequently, t h e  a c t i v e  c r yo -  

s u r g i c a l  probe was p laced  i n  t h e  cornu and f rozen f o r  30 

t o  180 seconds depending on t h e  p r o t o c o l .  The p a t i e n t  

c o u l d  n o t  d i s c e r n  e i t h e r  t h e  a c t i v e  f r e e z i n g  o r  warming 

process. The p a t i e n t  would have m i l d  t o  moderate u t e r i n e  

cramps from f i f t e e n  minutes t o  two hours f o l l o w i n g  t h e  

procedure. T o t a l  b lood  l o s s  d u r i n g  t h e  procedure 

averaged 5-10 ccs. 

D. Resu l ts  f r om N i t r o u s  Oxide S tud ies  

Dur ing  t h e  f i r s t  two yea rs  o f  t h e  s tudy  62 women had 

c r yocoagu la t i on  o f  t h e  u t e r i n e  cornua u s i n g  n i t r o u s  ox ide  

as t h e  cryogen. None o f  t h e  62 women developed pos tope ra t i ve  

b l eed ing  o r  i n f e c t i o n ,  and pos tope ra t i ve  p a i n  was r e l i e v e d  

by o r a l  med ica t ion .  There were no acu te  o r  ch ron i c  

compl i c a t i o n s .  

However, t h e  d i f f e r e n c e  i n  temperature developed by n i t r o u s  

ox ide  and t h e  t i s s u e ,  t h a t  i s  t h e  de l ta -T ,  was n o t  s u f f i c i e n t  

enough t o  develop t he  necessary n e c r o t i c  i so therm.  

No ma t te r  how t h e  i n v e s t i g a t o r s  v a r i e d  t h e  r e p e t i t i v e  f r eeze -  

thaw cyc les ,  t h e  necessary depth o f  nec ros i s  d i d  n o t  

develop w i t h  a  t h i c k  endometrium and/or l a r g e  u te rus .  Cornual 



o b s t r u c t i o n  was obta ined,  bu t  i n  a  m i n o r i t y  o f  cases; 

there fo re ,  t h e  equipment was redesigned t o  use l i q u i d  

n i t r o g e n  . 

E.  Resul ts  o f  L i q u i d  N i t rogen Studies 

During t h e  l a s t  two years  o f  the  study 58 p a t i e n t s  underwent 

c r y o s u r g i c a l  necros is  o f  the  cornua us ing  l i q u i d  n i t r ogen .  

During the  f i r s t  phase o f  t h e  l i q u i d  n i t r o g e n  p ro toco l s  
e 

27 women were s tud ied  us ing  the  o r i g i n a l  equipment. The 

equipment was mod i f i ed  because o f  problems i n  t he  l i q u i d  

n i t r o g e n  t r a n s f e r  l i n e s ,  and 31 women were s tud ied  us ing  

t h i s  new equipment d u r i n g  the  l a s t  yea r  o f  t h e  p r o j e c t .  

I n  t he  l a s t  y e a r  women had a  s i n g l e  freeze-thaw c y c l e  

of between 120 seconds and 350 seconds. The average 

p a t i e n t  rece ived between 120 and 150 seconds. The l a s t  

13 p a t i e n t s  rece ived m u l t i p l e  freeze-thaw cyc les .  These 

cyc les  ranged from 30 t o  60 seconds. Average t i p  surface 

temperature on the ou ts ide  su rg i ca l  sur face o f  the  probe 

w i t h  l i q u i d  n i t r o g e n  was approximately -168°C. 

None of these 58 p a t i e n t s  had problems w i t h  b leeding.  

One p a t i e n t  had an acute a c t i v a t i o n  o f  ch ron i c  p e l v i c  

i n f  1  anlmatory disease secondary t o  the  procedure. Thi  s  

p a t i e n t  had been t r e a t e d  r e p e t i t i v e l y  f o r  p e l v i c  

inf lammatory disease i n  t he  past.  Fo r t y -e igh t  hours 



f o l l o w i n g  the  procedure she had a  low grade feve r  and 

p e l v i c  pain.  Th is  responded t o  o u t p a t i e n t  management 

w i t h  broad spectrum a n t i b i o t i c s .  None o f  the  p a t i e n t s  

had t o  be admit ted t o  the  hosp i ta l  f o r  compl ica t ions  o f  

the  procedure. 

The m a j o r i t y  o f  women had hysterectomies f o u r  t o  t e n  

weeks f o l  low ing the  c ryosurg ica l  procedure. The u terus  

was s tud ied  by Dr. John Davis who i s  a  Professor  o f  

Pathology. He persona l ly  d issec ted  the  area o f  the  

cornu and made s e r i a l  s l i d e s  o f  t h i s  reg ion .  The average 

case had e i g h t  t o  t e n  s l i d e s  made o f  each cornu. These 

s l i d e s  were then s tud ied  by Dr .Dav is  and the  p r i n c i p a l  

i n v e s t i g a t o r .  

F. Accomplishments To Date 

1. The ope ra t i on  can be performed as an o u t p a t i e n t  under 

paracerv ica l  b lock  anesthesia. 

2 .  A l a r g e  s e r i e s  o f  human p a t i e n t s  demonstrated the  

absence o f  pos topera t ive  b leed ing  and s i g n i f i c a n t  

p a i n  o r  i n f e c t i o n .  

3 .  The use o f  t he  dummy probe a l l ows  t h e  opera tor  

t o  ga in  the  necessary s k i l l  t o  c o n s i z t a n t l y  p lace the  

a c t i v e  probe i n  t he  u t e r i n e  cornua. 

4 .  By r i g i d  c r i t e r i a ,  t h a t  i s  observ ing dense scar 

t i s s u e  i n  s e r i a l  h i s t o l o g i c a l  s l i d e s ,  the cornu was 



o b s t r u c t e d  i n  se lec ted  cases f o l  1  owing u t e r i n e  

c ryosurgery .  

Obviously,  t h e  cha l l enge  f o r  t h e  f u t u r e  i s  t o  produce s c a r r i n g  

i n  t he  vas t  m a j o r i t y  o f  cases, so t h a t  t h e  procedure can be 

c l i n i c a l l y  a p p l i c a b l e .  The i n v e s t i g a t o r s  propose t h a t  t o  

accompl ish t h i s  t hey  w i l l  have t o  develop a s i n g l e  p ro toco l  i n  

regards t o  r e p e t i t i v e  f reeze- thaw cyc les  f o r  a l l  women and 

most i m p o r t a n t l y ,  w i l l  have t o  i n h i b i t  t h e  regene ra t i on  o f  t h e  

s e l e c t i v e  s leeve  o f  tuba1 e p i t h e l i u m  t h a t  grows down f rom t h e  

i n t e r s t i t i a l  p o r t i o n  o f  t h e  tube. It i s  hoped t h a t  t h i s  can 

be accompl ished by  u s i n g  s h o r t e r  f reeze- thaw c y c l e s  and 

chem ica l l y  o r  hormonal ly  a r r e s t i n g  t h e  regene ra t i ng  sleeve. 

Obvious ly ,  drugs such as Depo-Provera, Danazol and Qu inac r i ne  

cou ld  be t r i e d .  



111. DISSEMINATION AND UTILIZATION OF RESEARCH RESULTS 

A b r i e f  d iscussion o f  the  progress o f  t h i s  research program was 

presented a t  t he  i n t e r n a t i o n a l  meeting sponsored by Program f o r  

Appl i e d  Research on F e r t i  1  i t y  Regulat ion (PARFR) i n  June 1982. 

I t  i s  a n t i c i p a t e d  t h a t  a  paper desc r ib ing  the  l i q u i d  n i t rogen  

data w i l l  be w r i t t e n  i n  the  next  year .  

Va l ley  Labora tor ies  o f  Boulder, Colorado, who sponsored the  

engineering p o r t i o n  o f  t h i s  research, was r e c e n t l y  purchased 

by Pf izer .  Pf i z e r  Labora tor ies  has made an admin i s t ra t i ve  

dec is ion  t o  1  i m i t  Val l e y  Labora to r i es '  p a r t i c i p a t i o n  i n  

c ryosurg ica l  research. However, Va l ley  Labora tor ies  i s  w i l l i n g  

t o  r e l i n q u i s h  the  equipment t rade  secrets t o  another c ryosu rg i ca l  

company. It i s  hoped t h a t  t he  p r i n c i p a l  i n v e s t i g a t o r  can i n t e r e s t  

another c ryosu rg i ca l  company i n t o  pursuing t h i s  research. 



I V .  STATEMENT OF EXPENDITLIRES AND OBLIGATIONS 

Salary ,  Wages, and Fr inges :  $82,851.89 

Consu l tan t  Fee : a 

Equ ipment IMate r ia l  : 6,341.16 

Trave l  : 1,560.42 

Sub-con t rac t  U n i v e r s i t y  o f  I l l i n o i s :  B 

Study Proposa ls  by F.D.A. : 3- 

Other  D i r e c t  Costs I n c l u d i n g  P a t i e n t  S t ipend :  15,254.10 

I n d i r e c t  Costs:  28,583.90 

$1 34,591.47 


