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’ THE purposes o f  menstruat ion seem to  be e s p e c ia l l y  

secured by t h i s  fu n c t io n :  -  1s t ,  the  r e l i e f  o f  the  

general system, by the d ischarge o f  the  superabundant  

blood which during pregnancy is  a p p ro p r ia ted  to  the  

fo rm at ion  and growth o f  the  fo e tu s ;  2nd, a v ic a r io u s  

s a t i s f a c t i o n  o f  the sexual i n s t i n c t ,  thus s h ie ld in g  

female c h a s t i t y . . . '

oOo

'HINTS For Prevent ing  f re q u e n t ,  copious or  i r r e g u l a r  

m enstruat ion:  the  use o f  hot baths,  e s p e c i a l l y  w ith

the a d d i t io n  o f  mustard, should be avoided; a lso  

indulgence in  the  use o f  ho t ,  spiced and s t im u la t i n g  

food and d r in k s ;  l i v i n g  in  overheated or  ba d ly -  

v e n t i l a t e d  rooms, excessive dancing, exc i tem ent  from 

n o v e l - re a d in g ,  too much s i t t i n g  and l a t e  h o u r s . . . '

Doctor E H Ruddock MD, 1912

s



Preface

The in v e n t io n  and development o f  Radiofrequency  

Endometr ia l A b la t io n  (RaFEA) has been, by tu rn s ,  

e x c i t i n g ,  f r u s t r a t i n g  and a n x ie ty -p ro v o k in g .  Although  

one o f  the  major motives f o r  developing an a l t e r n a t i v e  

means o f  e f f e c t i v e  endometr ia l  a b la t i o n  to  the  

h y s te ro s c o p ic a l1 y d i re c te d  m o d a l i t ie s  was to  improve 

s a f e t y ,  i t  seems t h a t  in  using RaFEA, one s e t  of  

p o t e n t ia l  dangers may have been exchanged f o r  another  

s e t .  W h i ls t  the  p o t e n t i a l l y  f a t a l  r is k s  o f  u t e r in e  

p e n e t ra t io n  and f l u i d  t o x i c i t y  are  not encountered w ith  

RaFEA, the charging o f  the p a t i e n t  w ith  an e l e c t r i c  

f i e l d  f o r  the d u ra t io n  o f  therapy br ings i t s  own r is k s ,  

r e q u i r in g  very sp ec ia l  p recaut ions  o f  t h e i r  own (see  

s ec t io n  2 -  s a f e t y ) .  At the  time o f  w r i t i n g ,  the

f u t u r e  r o le  o f  the  technique is  s t i l l  being decided.  

I t  may be t h a t  the  technique re q u ire s  such s p e c i a l i s t  

m onitor ing t h a t  i t  i s  u n s u i ta b le  f o r  general use, and 

may be r e s t r i c t e d  to  one or two s p e c i a l i s t  cen tres  f o r  

the t rea tm e n t  o f  c e r t a i n  p a t ie n t s  who cannot be t r e a t e d  

e a s i l y  any o ther  way. What is  c e r t a i n  is  t h a t  s a fe ty  

is  o f  paramount importance, and the adequate t r a i n i n g  

of those concerned and a basic  knowledge o f  RF physics



are  both e s s e n t ia l  to  sa fe  p r a c t ic e .

P ra c t ic e d  s a f e l y ,  the technique is  h ig h ly  su ccess fu l ,  

and has proved o f  cons iderab le  b e n e f i t  to  hundreds o f  

p a t i e n t s .  However, th e r e  have been a number o f  se r ious  

com pl ica t ion s  in  o ther  c e n t re s ,  each o f  which has been 

analysed in very g re a t  d e t a i l .  These are considered in  

s e c t io n  2 -  s a f e t y .

to
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SECTION 1 -  INTRODUCTION & BACKGROUND

1.1 -  Human Endometrium

1 . 1 . 1 .  H is to lo g y

The endometrium is  a dynamic, hormone-dependent t i s s u e  

in  which c y c l i c a l  changes are  induced during the  

menstrual cy c le  in response to  ov ar ian  s t e r o id  

s e c r e t io n :  oestrogen causes growth and p r o l i f e r a t i o n ;

progesterone induces d i f f e r e n t i a t i o n  and s e c r e t io n .  

The s u p e r f i c i a l  layers  slough during m enstruat ion  

le a v in g  a basal la y e r  o f  endometrium from which 

r eg e n e ra t io n  o f  both stromal and g la n d u la r  elements  

occur.  A p r o l i f e r a t i v e  endometrium forms during the  

f i r s t  h a l f  o f  the menstrual cyc le  as a r e s u l t  o f  t h i s  

g la n d u la r  and stromal p r o l i f e r a t i o n .  D i f f e r e n t i a t i o n  

begins around day 14 o f  a 28 day cyc le  in  response to  

the  product ion  o f  progesterone by the corpus luteum. 

This  process o f  d i f f e r e n t i a t i o n  has two phases: during

the f i r s t  phase the changes are  those o f  a c t i v e  

g la n d u la r  s e c r e t io n .  The second phase invo lves  

d e c id u a l i s a t io n  o f  the stroma. This  occurs around day 

25 and is  i n i t i a l l y  seen as a p e r iv a s c u la r  c u f f i n g .  

During pregnancy t h i s  process o f  stromal d e c id u a l i s a -
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t io n  proceeds r a p id ly .  The aim o f  endometria l  a b la t i o n  

is  to  permanently damage the b io lo g ic a l  apparatus  

respons ib le  f o r  t h i s  cy c le  o f  degenerat ion and 

rege nera t ion  o f  t i s s u e  in  o rder  to  reduce or  e l i m in a t e  

consequent vag ina l  b leed ing in  p a t ie n t s  who f i n d  the  

volume o f  t h e i r  loss unacceptable .

1 . 1 . 2 .  Embryological Development

The whole o f  the u te rus ,  endometrium, myometrium and 

serosa are mesodermal in  o r i g i n  (Wynn, 1977) .  The

uterus  develops from a p a i r  o f  m u l le r ia n  ducts,  

o r i g i n a l l y  described by Johannes M u l le r  in 1825. The 

m u l le r ia n  ducts a r is e  as grooves in  the m ésothé l ia l  

l i n i n g  o f  the p e r i to n e a l  c a v i t y ,  j u s t  l a t e r a l  to  the  

mesonephric ducts and the p r i m i t i v e  gonads during the  

s ix t h  week o f  f e t a l  l i f e  (Fau lconer ,  1951) .  The

grooves c lose  and grow ca u d a l ly  in  a r e t r o p e r i t o n e a l  

p o s i t io n ,  tu rn in g  m e d ia l ly  to  meet in  the m id l in e .  By 

the n in th  week the two m u l le r ia n  ducts have reached the  

u ro g e n i ta l  s inus .  The gubernaculum crosses the

m u l le r ia n  ducts and t h a t  p o r t io n  l a t e r a l  to  the  

crossing g ives r i s e  to  the f a l l o p i a n  tubes w h i le  the  

medial p o r t io n s  fuse to  form the u te rus .  Fusion occurs



as soon as the  m u l le r ia n  ducts meet and the fused ducts  

and u ro g e n i ta l  s inus g ive  r i s e  to  the u te ro v a g in a l  canal  

(M a te jk a ,  1959) .  Koff  (1933)  described the development  

of  the endometrium during f e t a l  l i f e .  By 10 weeks the  

uterus  is  l in e d  by simple columnar e p i th e l iu m  w ith  

basal nu c le i  and by 17-22 weeks glands begin to  develop  

as outpouchings o f  the e p i th e l iu m  ( K o f f ,  1933, Pryse-  

Davies 1974) .

U su a l ly  by 20 weeks gland development is  c l e a r l y  

d e f ined  and a loose endometr ia l  stroma is  found; the  

glands begin to  branch out about the 26th week and 

branching is  un i fo rm ly  present  by 35 weeks (P ryse -  

Davies and Dewhurst, 1971) .  Sub- and s u p ra -v ac u o la t io n  

have been observed but disappear w i t h in  80 hours of  

b i r t h .  Hence the f e t a l  endometrium is  hormone 

dependent and menstruat ion sometimes occurs fo l lo w in g  

oestrogen withdrawal a f t e r  d e l i v e r y .  Song (1964)  

descr ibed the appearance o f  the  endometrium a t  b i r t h  as 

e i t h e r  having a p r o l i f e r a t i v e ,  s e c re to ry  or even 

d e c id u a l is e d  appearance.
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1 . 1 . 3 .  Development From B i r t h  To Puberty

During chi ldhood the endometrium remains in a c t i v e  and 

the c e l l s  o f  the  e p i th e l iu m  are low columnar or  

c u b o id a l .  The glands are small w i th  absence o f  m i to s is  

and e x h i b i t  no c y c l i c a l  hormone response. The 

endometrium is  however responsive to  exogenous hormone 

s t i m u l a t i o n .  Around the t ime o f  puberty ,  f o l l i c l e  

s t im u la t i n g  hormone (FSH) and l u t e i n i s i n g  hormone (LH) 

l e v e ls  g ra d u a l ly  r i s e  to  reach a d u l t  l e v e ls  (Johnson 

and E v e r i t t ,  1980) .  There is  a lso  an increase in LH 

s e c re t io n  a t  n ig h t  from e a r l y  to  mid puberty .  In  l a t e  

puberty  the  daytime le v e ls  o f  the LH surges increase  

u n t i l  the a d u l t  p a t te rn  o f  h igher  basal l e v e ls  w i thou t  

d iu rn a l  v a r i a t i o n  is  achieved. Functional m a tu r i ty  of  

the hypothalamus in i t s  production o f  l u t e i n i s i n g  

hormone re le a s in g  hormone (LHRH) is  b e l ieved  to  be the  

t r i g g e r  to  the increased gonadotrophic production by 

the p i t u i t a r y  which in  tu rn  s t im u la te s  ovar ian  

s te ro id o g e n e s is  which induces the c y c l i c a l  changes in  

the endometrium. Grumbach e t  al (1974)  found t h a t  

o v u la to ry  menstrual cyc les  could be e s ta b l is h e d  in 

immature rhesus monkeys using an e x te rn a l  pump 

d e l i v e r i n g  pulses o f  LHRH and t h a t  sw i tch ing  o f f  the
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pump re s u l te d  in  a re tu rn  to  immature, p repuberta l  

endometrium. This  supports the  b e l i e f  t h a t  the t r i g g e r  

to  puberty  is  p r i m a r i l y  the  r e s u l t  o f  fu n c t io n a l  

m a tu r i t y  being a t t a in e d  w i t h in  the c e n t ra l  nervous 

system (CNS). There i s ,  however, evidence t h a t  both 

the p i t u i t a r y  and the hypothalamus are h ig h ly  s e n s i t i v e  

to  suppression by ovar ian  s te r o id s  during ch i ldhood.  

Fe r in  e t  a l  (1979)  found t h a t  m ic r o in je c t io n s  of  

o e s t r a d io l  in to  the hypothalamus o f  ovar iectomised  

monkeys l i m i t e d  p u l s a t i l e  LH s e c re t io n  and

using a s i m i l a r  techn ique ,  a lso  showed 

decreasing LHRH s e c re t io n  by the hypothalamus. Whether 

a neg a t iv e  oestrogen feedback mechanism or an in heren t  

CNS suppression is  respons ib le  f o r  r e s t r a i n i n g  the  

hypothalamus before  puberty is  unknown.

Whichever the mechanism, the  f u n c t i o n a l l y  mature  

hypothalamus causes the  p i t u i t a r y  to  re le a s e  LH and 

FSH, in  a p u l s a t i l e  fa sh io n ,  w ith  a p e r i o d i c i t y  of  

about 90 minutes f o r  LH s e c re t io n  and a less f re q u en t  

pulse f o r  FSH due to  i t s  longer h a l f  l i f e  ( R e i t e r  and 

Grumbach, 1982) .  FSH s t im u la te s  f o l l i c u l a r  development 

and a midcycle peak in  LH s e c re t io n  rup tures  the mature 

f o l l i c l e  producing the corpus luteum. Th is  r e s u l t s  in



c y c l i c a l  v a r i a t i o n  in  ovar ian  s t e r o id  product ion ,  

oestrogen being dominant during the f o l l i c u l a r  phase 

and progesterone during the l u t e a l  phase. As a r e s u l t  

o f  t h i s  c y c l i c a l  v a r i a t i o n  in ovar ian  s t e r o id  

b io s y n th e s is  the endometrium undergoes p r o l i f e r a t i o n  

fo l lo w e d  by d i f f e r e n t i a t i o n  and f i n a l l y  m enstruat ion .  

These changes are  known as the  menstrual cy c le .  

However, because re g u la r  o v u la t io n  does not occur  

immediately  fo l lo w in g  the menarche, these i n i t i a l  

cyc les  are  f r e q u e n t ly  anovu la tory  and the endometrium 

e x h i b i t s  on ly  a p r o l i f e r a t i v e  p i c t u r e ,

1 . 1 . 4 .  The Menstrual  Cycle

a.  Menstrual phase: During menstruat ion the  surface

e p i th e l iu m  o f  the endometrium begins to  regenerate  and 

reg e n era t io n  is  completed by the t ime o v e r t  menstrual  

loss ceases (Robertson, 1981) .  I t  is  b e l ie v e d  t h a t  the  

stromal c e l l s  by undergoing m etap las ia  c o n t r ib u t e ,  

along w i th  nests o f  e p i t h e l i a l  c e l l s ,  to  r e -  

e p i t h e l i a l  i s a t i o n .  The mature su r face  e p i th e l iu m  

l i n i n g  the u t e r in e  c a v i t y  resembles the  g la n d u la r  

e p i th e l iu m  and a s t r i k i n g  absence o f  any s i g n i f i c a n t  

in f lammatory response during t h i s  process o f



regenera t io n  is  noted.

b. P r o l i f e r a t i v e  phase: At the beginning o f  the

p r o l i f e r a t i v e  phase the endometria l  glands are  

s t r a i g h t ,  narrow and tu b u la r  in o u t l i n e  ( f i g u r e  1 ) .

In  response to  r i s i n g  oestrogen le v e ls  the glands  

p r o l i f e r a t e  and become more to r tu ou s  and s l i g h t l y  

dis tended.  The surface  and g lan d u la r  e p i t h e l i a l  c e l l s  

change from f l a t t e n e d  or cuboidal to  t a l l  columnar  

c e l l s  and e x h i b i t  p s e u d o s t r a t i f i c a t i o n ,  and t h e i r  

nucle i  m igrate  towards the gland lumen ( f i g u r e  2 ) .

During t h i s  phase th e re  is  l i t t l e  a c t i v i t y  w i t h in  the  

stromal c e l l s  and because o f  t h e i r  poor cytoplasmic  

development they appear as nuc le i  devoid o f  cytoplasm  

under l i g h t  microscopy. However, during the  mid to  

l a t e  p r o l i f e r a t i v e  phase the stroma becomes oedematous 

and the stromal c e l l s  appear s p in d le  shaped (Robertson,  

1981) ,

Secre tory  phase: The s e c re to ry  phase of  the cy c le  is

co nv e n ie n t ly  d iv id e d  in to  e a r l y  (days 2 - 5 ) ,  mid (days 

6 - 9 ) ,  and l a t e  (day 10 to  m enstruat ion)  phases (day 0 = 

LH surge)  (Johannison e t  a l . 1982) .  By day two

fo l lo w in g  o v u la t io n  the glands become more distended  

and p s e u d o s t r a t i f i c a t i o n  is  l o s t .  Subnuclear

va c u o la t io n  appears and the nu c le i  begin to  m igrate
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Figure 2j. Late  p r o l i f e r a t i v e  phase endometrium

glands e x h ib i t in g  p s e u d o s t ra t i f i c a t io n  with loose 

oe dematous stroma. Stroma l ce l l  s devoid of  cytoplasm.



towards the  m id-reg ion o f  the  columnar c e l l s  (F ig u re  

3 ) .  By days 3 -4  the nucleus occupies the upper p o r t io n  

o f  the  c e l l  w h i le  the lower p o r t io n  o f  the  c e l l  is  

occupied by s e c re t io n s .  By days 4 -5  the  s e c re t io n s  

begin to  stream past the  nuc le i  and as supranuclear  

v a c u o la t io n  develops, the nuc le i  become more basal in  

s i t u a t i o n  (F ig u re  4 ) .  By the  seventh p o s t - o v u la t o r y  

day the  c e l l s  have begun to  discharge t h e i r  s e c re t io n s  

in to  the  gland lumen. Stromal oedema is  pronounced by 

day 8 -9  and the glands are  beginning to  i n v o lu te .  By 

days 1 0 - 1 1  the glands begin to  c o l la p s e  and have a 

c h a r a c t e r i s t i c  "saw tooth"  appearance (F ig u re  5 ) .

P a r a d o x ic a l ly  during t h i s  t ime w h i le  the glands are  

undergoing in v o lu t io n ,  growth and development is  

o c curr ing  w i t h in  the stroma. The vesse ls  become more 

prominent and by day 1 0 - 1 1 , prominent p re -d e c id u a l  

c e l l s  are  seen forming p e r iv a s c u la r  c u f f s .  From day 12 

onwards progress ive  p r e d e c id u a l is a t io n  o f  the upper 

l a y e r  o f  the  endometrium occurs to  form the zona 

compacta (Rock and B a r t l e t t ,  1937; Noyes e t  a l . 1950;

F igure  6 ) .  The zona compacta cons is ts  o f  prominent  

stromal c e l l s  w i th  a r e l a t i v e l y  small amount o f  

i n a c t i v e  glands. Under ly ing the zona compacta is  the  

zona spongiosa c o n s is t in g  o f  prominent crenated  glands
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Figure 3 .  Ear ly  secretory  phase endometrium -  showing

subnuclear v a c u o la t io n .



Figure 4. M id -secretory  phase endometrium -  c e l l s

exhi b i t i n g basal nucle i w ith  sup r anuclear  vacuolat ion

and a c t iv e  g landular  s e c r e t io n s .
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F i gure 5 . Late secretory  phase endometrium -  showing

exhausted 'saw to o th '  glands.
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m f t

Fiqure_._ 6  ̂ Late secretory  phase endometrium -  showing 

d e c id u a l is a t io n  w i th in  the stroma.



and beneath t h i s  la y e r  is  the zona basal i s .  I t  i s  t h i s  

l a y e r  t h a t  is  the  t a r g e t  o f  endometr ia l  a b l a t i o n ,  s ince  

i t  comprises the  la y e r  o f  c e l l s  respons ib le  f o r  the  

c y c l i c  rege nera t ion  o f  the o th e r  two la y e r s ,  to g e th e r  

known as the  zona fu n c t io n a l  is  (Robertson, 1981) .  The 

stromal c e l l s  which become prominent during the  

s e c re to ry  phase o f  the cyc le  are  o f  mesenchymal o r i g i n  

and i t  is  be l iev e d  they may d i f f e r e n t i a t e  in  two 

di re s t io n s  :

i . some en la rge  to  form the predecidua l  c e l l s ,  and

i i .  o thers  c o n t ra c t  to  form small rounded c e l l s  known 

as g ra n u la r  endometr ia l  stromal or  K c e l l s  (Kornchen-  

z e l l i n  c e l l s )  ( W e i l l ,  1921; Numers 1953; Hamperl 1955; 

Hamperl and Hellweg 1958; D a l le n b a c h -H e l1weg, 1967) .  

Although these c e l l s  have been i d e n t i f i e d  during the  

p r o l i f e r a t i v e  phase, the la r g e s t  numbers are  found 

during the l a t e  s e c re to ry  phase, lo c a l is e d  around 

glands and a r t e r i e s  (Kazzazz,  1972) .  L a te r ,  Bulmer and 

Sunderland (1983)  demonstrated t h a t  la rg e  numbers o f  

c e l l s  w i t h in  the decidua possess the  human leucocyte  

common an t ig en  and t h e i r  d i s t r i b u t i o n  is  s i m i l a r  to  the  

endometr ia l  g ran u lo cy te ,  suggesting t h a t  these c e l l s  

are  de r iv ed  from the body's lymphocyte popu la t io n  and 

not d i f f e r e n t i a t e d  stromal c e l l s .
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The p re c ise  h i s t o l o g i c a l  mechanisms involved in  

endometr ia l  regenera t ion  w i l l  need c a re fu l  co n s id e ra t io n  

and s c r u t in y  in the  f u t u r e ,  s ince the permanence o f  any 

cure e f f e c t e d  by a b la t i o n  w i l l  r e l y  on such mechanisms 

not f u l f i l l i n g  t h e i r  normal r o l e .
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1.2  M enstruat ion

1 . 2 . 1 .  In t ro d u c t io n

M enstruat ion  is  a b io lo g ic a l  phenomenon which occurs 

only in  humans and a very few o th e r  mammalian species  

(F ra s e r  1990b).  Normal m enstruat ion is  u t e r in e  

bleed ing which r e s u l t s  from c y c l i c  degenerat ion o f  the  

zona fu n c t io n a l  is  o f  the endometrium, such t h a t  

c e l l u l a r  de b r is  and blood are shed and l o s t  v a g i n a l l y .  

Menstrual f l u i d  co ns is ts  o f  approximate ly  50% blood;  

the r e s t  is  lysed c e l l s  and transudate  (F ra s e r  1985) .  

Menstrual blood d i f f e r s  profoundly  from p e r ip h e ra l  

blood, no tab ly  in  respect  o f  the v i r t u a l  absence of  

f ib r in o g e n :  menstrual blood c l o t s  po or ly .  Curren t

knowledge suggests t h a t  some c l o t t i n g  does occur w i t h in  

the u t e r in e  c a v i t y ,  but very e a r l y  degradat ion  of  

f i b r i n  polymers occurs (Sixma e t  a l , 1980) .

1 . 2 . 2 .  Mechanism Of Bleeding

The mechanism o f  endometria l  shedding and menstrual  

blood loss was demonstrated by Markee (1940)  in  an 

i n t r i c a t e  s e r ie s  o f  experiments where endometrium was 

t r a n s p la n te d  in to  the a n t e r i o r  chamber o f  the eye in
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monkeys. M enstruat ion occurs when serum le v e ls  o f  

oestrogen and progesterone s im ultaneously  f a l l  as a 

r e s u l t  o f  in v o lu t io n  o f  the corpus luteum, according to  

the fo l lo w in g  mechanism:

1. Oestrogen exposure fo l low e d  by oestrogen and 

progesterone exposure s e c re to ry  endometrium.

2. Simultaneous oestrogen and progesterone w i thdraw a l .

3. S p i ra l  a r t e r i o l e  v a s o c o n s t r ic t io n  (PGFg

/ ? e n d o t h e l i n / l o c a l  v a s o d i la t o r s )

4. Loss o f  t i s s u e  f l u i d :  ischaemia.

5. L im ited  r e - p e r f u s io n .

6 . T r ig g e r in g  o f :

* c e l l  damage

♦ d is r u p t io n  o f  i n t e r c e l l u l a r  bonds 

♦ loss  o f  e x t r a c e l l u l a r  m atr ix  

♦ l i m i t e d  blood c l o t t i n g  

♦ ra p id  f i b r i n o l y s i s

♦ p e r s i s t e n t  predominant v a s o c o n s tr ic t io n  

♦ l i m i t a t i o n  o f  loss o f  blood, plasma, f l u i d  

♦shedding o f  p re d ec id u a l is e d  la y e r

(p ro s ta g la n d in s ,  le u k o t r ie n e s  , oxygen r a d i c l e s ,  

p e r f o r i n s ,  p l a t e l e t  a c t i v a t i n g  f a c t o r ,  i n t e r l e u k i n  1̂ ,  

tumour necros is  f a c t o r  A, lysosomes, o th e r  enzymes.
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h e p a r in ) .

7. Bleeding continues f o r  3 -4  days.

8 . T r ig g e r in g  o f  e p i t h e l i a l  reg e n e ra t io n ,  (?oestrogen  

dependent growth f a c t o r s ) .

(F ra s e r  1990b).

I t  is  g e n e r a l ly  b e l ieved  t h a t  an in tense  v a s o c o n s tr ic ­

t i o n  a t  the e n d o m etr ia l -myométria l  ju n c t io n  leads to  

t i s s u e  ischaemia, necros is  and e v e n t u a l ly  a h i s t o l o g i ­

cal p i c t u r e  s i m i l a r  to  t h a t  o f  an acute in f lam m ation,  

w ith  m ig ra t io n  o f  wh ite  blood c e l l s  in to  the t is s u e s  

(F in n ,  1986) .

1 . 2 . 3 .  Haemostatic Mechanisms 

Vascular  S t ru c tu re

C l e a r l y ,  i t  would be in a p p ro p r ia te  f o r  p h y s io lo g ic a l  

bleed ing  w i t h in  the u t e r in e  c a v i t y  to  occur in a 

fash io n  i d e n t i c a l  to  t h a t  o f  p a th o lo g ic a l  b leed ing ,  

because f i b r i n  de p o s i t io n  and consequent s c a r r in g  would 

lead to  compromisation o f  the  fu n c t io n  o f  the  u t e r in e  

c a v i t y .  Apart  from looking f o r  d i f f e r e n t i a l  

c o n c e n tra t io n s  o f  b io lo g ic a l  chemicals involved in  

b leed ing  and haemostasis in normal and menorrhagic



women, such as the p ro s ta g lan d in s ,  some workers have 

examined m icrovascular  and c l o t  fo rm at ion  morphologi­

cal 1 y .

Four poss ib le  f a c t o r s  are  thought to  p lay  a r o le  in  

endometr ia l  haemostasis:

1. Myométr ial c o n s t r i c t i o n .

2. V a s o c o n s t r ic t io n .

3. Tissue r e g e n e r a t io n .

4. Haemostatic plug form at ion

Hourihan e t  al (1989)  examined endometria l  blood

vesse ls  in  both normal women and those diagnosed as 

having dy s fu nc t ion a l  u t e r in e  b leed ing (DUB) both w ith  

the l i g h t  and e le c t r o n  microscope. Vascular

u l t r a s t r u c t u r e  and haemostatic  plug fo rm at ion  were 

examined from the l a t e  s e c re to ry  phase throughout  

menstruat ion to  day 9 o f  the p r o l i f e r a t i v e  phase o f  the  

c y c le .  They found no evidence o f  vascu la r  anatomical  

d e fe c ts  in  the DUB group. A l l  a r t e r i o l e s  examined in  

both groups were found to  possess an i n t a c t  in t im a i  

l a y e r ,  and th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in  

respect  o f  c e l l u l a r  c h arac te r  ( e n d o t h e l i a l ,  smooth 

muscle or in t e r n a l  e l a s t i c  luminal c e l l s ) .  However, 

the c o n c e n tra t io n  o f  p l a t e l e t  plugs seen j o i n i n g  gaps



in the damaged endometrium o f  the DUB group was f a r  

lower than t h a t  in  the c o n tro l  group, suggesting t h a t  

haemostat ic  plug fo rm at ion ,  or  i t s  provoking s t im u lu s ,  

i s  c r i t i c a l  in m a in ta in ing  a normal ra te  o f  blood loss  

a t  m enstruat ion .
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1 .3 .  D ysfunct iona l  U te r in e  Bleeding

1 . 3 . 1 .  Normal menstrual blood loss

Normal menstrual blood loss (MBL) is  de f ined  by 

Chamberlain (1981)  as between 2 5 -7 5 m l , and losses  

of  125ml or  more per cy c le  as "abnormal". Many 

methods have been used to  determine the normal 

range o f  MBL, mostly by haemoglobin e l u t i o n  o f  

s a n i t a r y  pads, o r ,  perhaps less a c c u r a t e ly ,  by 

weighing pads before  and a f t e r  use (v a n E i jk e re n  e t  

al 1986) .  Using the a l k a l i n e  haematin method, 

where haemoglobin is  converted to  a haematin 

d e r i v a t i v e  t h a t  is  measurable c o l o r i m e t r i c a l l y , 

the mean MBL in a po pu la t ion  o f  normal women 

(n=476) was 43ml (H a l lb e r g  e t  a l . 1966) .  The 95th  

c e n t i l e  f o r  MBL was 76.4ml and 67% o f  women los ing  

more than 80ml were anaemic. I t  i s  now w ide ly  

accepted t h a t  the upper l i m i t  o f  normal i s  80ml 

per c y c le ,  t h e r e f o r e .

1 . 3 . 2 .  Abnormal menstrual blood loss

Abnormally heavy menstrual b leed ing may be the
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r e s u l t  o f  organ ic  d isease such as fibromyomas, 

i n t r a u t e r i n e  polyps or  mal ignant neop las ia .  

Exclusion o f  organ ic  d is o rd e r  leads to  a d iagnosis  

o f  dy s fu nc t ion a l  u t e r in e  b leed ing (DUB). Although  

in a few cases, ovar ian  dysfunct ion  such as 

pro lon g at io n  o f  the l u t e a l  phase may be i d e n t i f i e d  

(F ra s e r  e t  al  1973, vanLook

e t  a l . 1977) ,  g e n e r a l ly  speaking, no c o n s is te n t  

abnorm al i ty  o f  the h y p o t h a la m ic - p i t u i t a r y - o v a r ia n  

a x is  has been i d e n t i f i e d  (Cameron 1989) .  The 

endometrium i t s e l f  has been the su b je c t  o f  in tense  

study, however.

1 . 3 . 3 .  Oestrogen and progesterone receptors  

There is  some evidence t h a t  DUB may to  some e x te n t  

be ex p la ined  by the observa t io n  t h a t  th e re  may be 

a decreased r a t i o  o f  t o t a l  progesterone to  t o t a l  

o e s t r a d io l  recepto r  le v e ls  in DUB endometrium. 

Gorodeski e t  al (1986)  measured rece p to r  le v e ls  in  

22 women s u f f e r i n g  from DUB and compared them to  

those found in the endometria  o f  su b je c ts  matched 

w ith  respect  to  age, h i s t o r y ,  l i g h t  and e le c t r o n  

microscopic appearance and da t in g  o f  the  

endometria .  A wide range o f  both progesterone and 

o e s t r a d io l  l e v e ls  was found in  both groups, but
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th e re  was a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  

between the two groups in  t h a t  the DUB group had 

r e l a t i v e l y  low r a t i o s  o f  progesterone to  

o e s t r a d io l  rece p to rs .  I t  may t h e r e f o r e  be the  

case t h a t  DUB endometrium is  e s p e c ia l l y  s e n s i t i v e  

to  the growth s t im u la t i n g  p r o p e r t ie s  o f  

oestrogens.

1 . 3 . 4 .  P rostag land ins

P rostag land ins  (PG’ s) are  complex molecules  

b iosynthes ised from the e s s e n t ia l  f a t t y  a c id ,  

a rach id on ic  a c id .

They have been i d e n t i f i e d  in  a la rg e  range of  

t is s u e s  in c lu d in g  endometrium, and a c t  as ’ loca l  

m e d ia to rs ’ a t

the t is s u e  l e v e l ,  o f  a d ive rs e  number of  

b i o lo g ic a l  fu n c t io n s .  W ith in  the endometrium, the  

p r i n c i p l e  e f f e c t s  o f  the PG’ s involved seem to  be 

v a s o c o n s t r ic t io n  and v a s o d i la t a t io n ,

PG’ s themselves are  not s tored  in  t is s u e s ,  but are  

synthesised on an "as needed" basis from stored  

precursors .  Arach idon ic  ac id  is  converted to  the

22



c y c l i c  endoperoxidases PGGg and PGHg. These 

unstab le  in te rm e d ia te s  are  converted r a p id ly  to  

e i t h e r  PGDg, PGEg, or PGFg^, or  v i a  p r o s ta c y c l in  

synthetase or  thromboxane to  thromboxane (TX) Ag 

and p r o s ta c y c l in  (PG Ig ) .  These two compounds are  

themselves un s ta b le ,  and are  subsequently  

converted to  TXB? and 6 oxoPGF< . The p h y s io lo g i -£. 'oc

cal response r e s u l t in g  from a c t i v a t i o n  o f  the  

s y n t h e t ic  cascade depends upon the  r e l a t i v e  

c o ncen tra t ion s  o f  each o f  the a c t iv e  substances  

f i n a l l y  produced. In  the  case o f  the  endometrium,  

the major e f f e c t s  are  upon v a sc u la tu re  and muscle: 

TXAg: v a s o c o n s t r ic t o r , p l a t e l e t  aggregat ion

s t im u la t o r

PGIg: v a s o d i la t o r ,  p l a t e l e t  aggregat ion  i n h i b i t o r  

PGFg : v a s o c o n s t r ic t o r , myométrial c o n t ra c t io n
ÔC

s t im u la t o r

PGEg: v a s o d i la t o r  ( l e s s  potent  than p r o s t a c y c l in )

( G r iq le w s k ie t  a l . 1976, P ic k le s  e t  a l , 1965, Chan 

and H i l l ,  1978, Lumsden e t  a l . 1983) .

■oc
The major endometria l  PG’ s are  PGE« and PGF? 

T h e i r  co ncen tra t ion s  vary according to  the  phase 

o f  the cy c le :  low in  the p r o l i f e r a t i v e  phase.
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r i s i n g  during the second h a l f  o f  the c y c le

(Maathuis and K e l ly ,  1978, Rosing and Olund,

1989) .  Some PGDo and 6 0 X0 PGF. are a ls o  found,
^  *oc

but in much sm a l le r  c o n c e n tra t io n s .

Increased co nce n tra t ion s  o f  PGEg and PGFg^ have 

been reported  throughout the menstrual cy c le  in  

women complain ing o f  DUB, but t h i s  was not

o b j e c t i v e l y  demonstrated by measuring MBL (Wil iman  

e t  a l , 1976) .  However, Smith e t  al  (1981 ,  1982)

measured MBL using the a l k a l i n e  haematin method to  

confirm  heavy loss ,  and found an increase  in PQ 

co ncen tra t ion s  in the endometrium o f  women 

s u f f e r i n g  both o v u la to ry  and an ovu la tory  

menorrhagia , and moreover, th e re  was a 

s i g n i f i c a n t  increased r a t i o  o f  PGEg to  PGFg^ ( i e .  

a s h i f t  from v a s o c o n s t r ic t io n  to  v a s o d i l a t a t i o n ) .  

Fu rther  s tu d ie s  have confirmed t h a t  th e re  are  

increased l e v e ls  o f  " t o t a l " PG’ s (Cameron e t  a l . 

1987 ,̂ Adelantado e t  al . 1988) .

However, Peek e t  al  (1987)  have po inted  out t h a t  

Pfi co n c e n tra t io n s  vary in  t is s u e s  according to  the  

method used to  c o l l e c t  the samples. I t  is  

t h e r e f o r e  im portant  to  be aware o f  the  exact
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methodology employed before  comparing r e s u l t s  from 

d i f f e r e n t  s tu d ie s ,  s ince  measured PÇ le v e l s  are  

ra ised  by trauma to  the endometrium.

1 . 3 . 5 .  The f i b r i n o l y t i c  system

The f i b r i n o l y t i c  system o p e ra t in g  w i t h in  the  

uterus  seems to  be very much more a c t iv e  in  DUB 

compared to  c o n t ro ls  (Dockeray e t  a l . 1986) .

Plasminogen a c t i v a t o r s  have been shown to  be 

s i g n i f i c a n t l y  h igher  in  women w ith  heavy menstrual  

b leed ing ,  a lthough the endometrium was hyperp las­

t i c  (Soszka and Olszweski,  1986) .  The conten t ion  

t h a t  an abnorm al i ty  o f  the  f i b r i n o l y t i c  system is  

im p l ic a te d  in menorrhagia is  f u r t h e r  supported by 

the f a c t  t h a t  a n t i f i b r i n o l y t i c  agents such as 

tranexamic ac id  are e f f e c t i v e  in  the management of  

DUB(Westrom and Bengtsson, 1970) .  The concept o f  

" a c t iv a t io n "  o f  menstrual blood in s id e  the  uterus  

is  an accurate  one, s ince p l a t e l e t s  f a i l  to  

aggregate in  v i t r o  (Rees e t  a l . 1984) .  Moreover,  

menstrual blood conta ins  v i r t u a l l y  no a c t iv e  

plasmin, but high le v e ls  o f  t i s s u e  plasminogen 

a c t i v a t o r ,  f ib r in o g e n  degradat ion  products (FDP's)
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and plasmin a c t i v a t o r  complexes (W i l l ia m s  e t  a l . 

1984) .
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1 .4  The Treatment Of Menorrhagia

1 . 4 . 1 .  In t r o d u c t io n

The d e f i n i t i o n  o f  'm enorrhagia '  i s  e x c es s iv e ly  

heavy menstrual b leed ing .  Although o f te n  used 

synonymously w i th  DUB, the  two terms d i f f e r  in  

t h a t  menorrhagia may have an under ly ing  

i d e n t i f i a b l e  cause, such as f i b r o i d s  or  polyps.  

Once under ly ing  pathology is  excluded, a d iagnosis  

o f  DUB may then be made.

Attempts in  the  past  to  o b j e c t i v e l y  assess blood 

loss volume in  women complain ing o f  menorrhagia by 

measuring haemoglobin or  p re v io u s ly  in je c t e d  

ra d io - is o to p e s  in  used s a n i t a r y  pads have 

u n i v e r s a l l y  concluded t h a t  approx im ate ly  50% or  

more are  not a c t u a l l y  b leed ing  more than a normal 

amount H a l l  berg e t  a l . 1966,

Fraser  e t  a l . 198G) .  However, such s tu d ie s  s u f f e r  

from p o t e n t ia l  in ac c u rac ie s :  up to  60% o f  MBL may 

occur a t  the  t im e o f  m i c t u r i t i o n ,  and hence not  

measured on pads (Corstens e t  a l . 1989) .  Any c l o t  

l o s t  a t  the t ime o f  pad change w i l l  s i m i l a r l y  not  

be taken in to  account. An a l t e r n a t i v e  technique
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to  measure MBL using r a d io a c t iv e  i ro n  i n j e c t i o n  and 

whole body counting (Warner, 1973) does not s u f f e r  

these d isadvantages. Using t h i s  techn ique,  

severa l  workers have confirmed excessive  b leed ing  

in  the m a jo r i t y  o f  menorrhagia p a t ie n t s  s tud ied  

( P r ic e  e t  a l . 1964, H o l t  e t  a l . 1967, Flach and 

Deckart ,  1977, Phipps e t  a l . 1991) .

I t  has been argued by Short  (1976)  and o thers  

t h a t  r e g u la r  m enstruat ion is  an a r t e f a c t  o f  

western modern s o c ie ty .  In  h u n te r -g a th e re r  

s o c i e t i e s ,  most women e n te r  menarche l a t e ,  mother  

severa l  pregnancies and l a c t a t e  f o r  prolonged  

per iods o f  t im e .  Under these circumstances, most 

women w i l l  exper ience 50-100 menstrual cy c le s ,  

whereas in  the west,  most women have 400 or  more. 

There is  a corresponding increased inc idence o f  

gynaecologica l  problems in  western women p a r t l y  as 

a consequence o f  prolonged 'exposure '  to  the  

u n in te r ru p te d  menstrual c y c le ;  dysmenorrhoea, 

premenstrual syndrome, menorrhagia , f i b r o i d s ,  

endometr ios is  and u t e r in e  and o v ar ian  malignan­

c ie s .
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Once organ ic  pathology has been excluded by 

c a re fu l  c l i n i c a l  exam inat ion ,  d ia g n o s t ic

hysteroscopy and endometr ia l  biopsy, DUB may be 

t r e a t e d  e i t h e r  m ed ic a l ly  or  s u r g i c a l l y .

1 . 4 . 2 .  Medical t re a tm e n t

1 . 4 . 2 . 1 .  Radiotherapy

Packing o f  the u t e r in e  c a v i t y  w i th  r a d io a c t iv e  

sources and e x te rn a l  beam ra d io th era py  has now 

f a l l e n  in to  almost complete disuse because o f  the  

p o t e n t ia l  r i s k  o f  oncogenesis. Although packing  

the  c a v i t y  was an a t tem pt  a t  endometria l  a b l a t i o n ,  

i t  seems l i k e l y  t h a t  in  some cases a t  l e a s t  

r a d i a t i o n  pene tra ted  out to  the o v a r ie s  and 

e x er ted  i t s  amenorrhoiec e f f e c t  by stopping  

o v ar ian  s t e r o id  product ion .  R a re ly ,  in  cases o f  

i n t r a c t a b l e  b leed ing ,  r a d i a t i o n  menopause is  

o c c a s io n a l ly  employed, but w i th  the  advent o f  

endometr ia l  a b l a t i o n ,  t h i s  is  l i k e l y  to  become 

even r a r e r .
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1 . 4 . 2 . 2 .  Hormonal trea tm e n ts  

i .  Combined o ra l  c o n tra c e p t iv e s

These have been shown to  s u b s t a n t ia l ly  reduce  

measured MBL in  women com plain ing o f  menorrhagia  

(Cham berla in , 1981). Women using o ra l

c o n tra c e p t iv e s  are  les s  l i k e l y  to  complain o f  

i r r e g u l a r  o r  heavy b leed ing  than c o n tro ls  (Royal 

C ollege  General P r a c t i t io n e r s ,  1974). Women w ith  

e i t h e r  o v u la to ry  or an o vu la to ry  DUB may b e n e f i t  

from o ra l c o n tra c e p t iv e s ,  but o th e r  fa c to r s  may 

make them u n s u ita b le  f o r  t re a tm e n t ,  such as 

smoking, age over 40 years , fa m ily  h is to ry  o f  

c a rd io v a s c u la r  d isea se , d ia b e te s  o r h y p e r l ip id a e -  

mia.

i i .  Progestogens

Progestogens given a lone during  th e  second h a l f  

o f th e  cy c le  augment th e  s e c re to ry  e f f e c t  on the  

endometrium o f  endogenous p rog esterone . For 

example, n o re th is te ro n e  lOmg a day or medroxy­

progesterone a c e ta te  (MPA) 20-30mg a day in  most 

p a t ie n ts  from day 12-15 to  day 25-26 w i l l  produce 

p r e d ic ta b le  b leed ing  (F ra s e r ,  1989). Women w ith



excess ive  e a r ly  oestrogen s e c re t io n  may need 

lo nger exposure , up to  th re e  weeks out o f  fo u r .

Depot in je c t io n s  such as Depoprovera (Upjohn) have 

been used, but i r r e g u l a r  b leed ing  is  a problem  

which becomes p ro g re s s iv e ly  more troublesom e as 

le v e ls  o f  progestogen f a l l  o f f .

i i i .  P ro g es to g en -re lea s in g  lUCD's  

Luukkainen e t  a l (1990 ) re p o r t  the  use o f  a 

le v o n o r g e s t r e l - r e le a s in g  lUCD over 15 years in  

some 8000 women years . They re p o r t  a 95% 'c u re  

r a t e '  in  menorrhagic women, w ith  a low in f e c t io n  

r a te  and good c o n tra c e p t io n .  MBL was measured in  

20 p a t ie n ts  be fore  and a f t e r  P ro g e s ta s e rt  

t re a tm e n t ,  and was s i g n i f i c a n t l y  reduced by 86% by 

th re e  months and by 97% a f t e r  12 months (Anderson 

and Rybo, 1990). Th is  form o f  tre a tm e n t  avoids  

th e  system ic s id e  e f f e c t s  o f  progestogens such as 

w eight gain and depress ion , and may th e r e fo r e  be a 

s a fe  and e f f e c t i v e  means o f  t r e a t in g  DUB. The 

dev ice  is  s im i la r  to  th e  Nova-T lUCD and bears  

46mg o f  le v o n o r g e s t r e l , re lea se d  a t  th e  r a te  o f  

ap p ro x im ate ly  20 micrograms per 24 hours.
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1 . 4 . 2 . 3 .  Danazol

Danazol a t  th e  r e l a t i v e l y  low dose o f  200mg a day 

is  h ig h ly  e f f e c t i v e  in  th e  tre a tm e n t o f  DUB , and 

has been shown to  be s u p e r io r  to  mefanamic ac id  in  

a study o f  40 p a t ie n ts  where MBL was measured 

o b je c t iv e ly  (Dockeray e t  a l . 1 9 89 ) . U n fo r tu n a te ­

ly ,  danazol therapy  is  known to  reduce high  

d e n s ity  l ip o p r o te in  le v e ls ,  and th e  androgenic  

e f f e c t s  tend f o r  poor p a t ie n t  compliance i f  

th erapy  is  prolonged. Cameron e t  a l (1987a,) 

compared danazol to  mefanamic a c id ,  n o re th is te ro n e  

and P ro g e s ta s e rt  w ith  resp ect to  MBL and 

endom etria l PG c o n c e n tra t io n s .  They found t h a t  

danazol 200mg a day was e q u a l ly  e f f e c t i v e  as th e  

lUCD and mefanamic a c id ,  but came to  no 

s i g n i f i c a n t  conclusions regard ing  e f f e c t  on 

endom etria l PG c o n c e n tra t io n s .

The mode o f  a c t io n  o f  danazol is  complex, but i t  

seems l i k e l y  t h a t  a s i g n i f i c a n t  p a r t  o f  i t s  

pharmacology r e l i e s  on a c t in g  as an oestrogen  

re c e p to r  b lock a t  th e  p i t u i t a r y  l e v e l ,  reducing  

gonadotrophin o u tp u t.  Fedele e t  a l (1990)



examined endom etria l b io p s ie s  a f t e r  danazol 

th erapy  by l i g h t  and e le c t ro n  microscopy. S ix  

morphometric in d ic e s  were e v a lu a te d . Danazol 

produced a p ro g e s ta t io n a l e f f e c t  on endom etria l  

glands and stroma assoc ia ted  w ith  marked 

hypotrophy o f  th e  mucosa.

1 . 4 . 2 . 4 .  P ro s ta g la n d in  in h ib i t o r s .

The lo g ic a l  use o f  PG in h ib i t o r s  to  reduce MBL has 

a lre a d y  been discussed (s e c t io n  1 . 3 . 4 . ) .  Several  

groups o f  drugs reduce PG s y n th e s is ,  and these a c t  

m ainly  by i n h ib i t in g  the  cyclo-oxygenase system 

(F ra s e r ,  1989). There is  now an e x te n s iv e  

l i t e r a t u r e  dem onstrating t h a t  some o f  these agents  

may produce a s u b s ta n t ia l  red u c tio n  in  MBL in  a 

high p ro p o rt io n  o f  women w ith  DUB. The most 

commonly used compound is  mefanamic a c id ,  500mg 

th re e  or fo u r  tim es a day taken during  menstrua­

t io n .  Cameron e t  a l  (1990 ) o b je c t iv e ly  

demonstrated a s i g n i f i c a n t  red u ctio n  in  MBL both 

w ith  mefanamic ac id  and n o re th is te ro n e ,  and both 

compounds were s i m i l a r l y  e f f e c t i v e .  However 52 -  

67% o f  the  women t r e a te d  s t i l l  complained o f
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menorrhagia a t  12 month fo l lo w  up. PG sy n th es is  

in h ib i t o r s  reduce MBL on average by between 30 and 

45% (H a l l  e t  a l . 1987, Anderson e t  a l . 1976, 

Andersch e t  a l . 19 88).

Vargyas e t  a l (1 9 8 7 ) looked a t  th e  e f f e c t  on 

o b je c t iv e ly  measured MBL o f  meclofenamate sodium, 

a compound less  popu lar in  the  UK. They found 

t h a t  in  29 p a t ie n ts  t r e a te d  f o r  two or  more 

months, MBL was reduced on average from 141.6ml to  

69 .0 m l, w ith  a 'c u re  r a t e '  ( i e .  th e  p a t ie n t  

c o n te n t)  o f  2 6 /2 9 .

1 . 4 . 2 . 5 .  LHRH analogues

R e p e t i t iv e  LHRH analogue dosing induces a down 

r e g u la t io n  o f  gonadotrophin s e c re t io n  and is  

e f f e c t i v e  in  decreas ing  serum o e s t ra d io l  le v e ls  

near or in to  th e  menopausal range (Lemay and 

D e w a il ly ,  19 89). Severa l LHRH analogues can 

induce r e v e r s ib le  pseudo-menopause f o r  the  

t re a tm e n t o f  sex s t e r o id  dependant gynaeco log ica l  

problems such as en do m etrio s is , f ib r o id s  and 

p o ly c y s t ic  ovary d isease  (Lemay e t  a l . 1986,

Maheux e t  a l . 1 9 85 ) .  T h e ir  main s id e  e f f e c t s  are
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re la te d  to  oestrogen d e p r iv a t io n ,  Vasomotor 

symptoms are  sa id  to  be w e ll t o le r a t e d ,  and 

adverse a l t e r a t io n s  o f l ip o p r o t e in  balance do not 

seem to  be a prob lem .. There is  a ls o  an increased  

u r in a ry  e x c re t io n  o f c a lc iu m /c re a t in in e  and 

h y d r o x y p r o l in e /c re a t in in e  r a t io s  and a p rog re ss ive  

loss o f  bone m ineral co n ten t (S te in g o ld  e t  

a l , 1987). However, t h is  is  r e v e r s ib le  once 

therapy  is  w ithdrawn.

In t ra n a s a l  b u s e r i l in  ( I C I )  has been used both  

alone and in  combination w ith  MPA (Lemay and 

D e w a il ly ,  1989) a t  a dose o f  400-600 micrograms 

d a i ly  to  good e f f e c t  in  p a t ie n ts  w ith  DUB, 

although no o b je c t iv e  s tu d ie s  o f  MBL were 

performed.

Seven h e a lth y  v o lu n te e rs  were given b u s e r i l in  f o r  

2-17  months and endom etria l b io p s ie s  taken .  

C ir c u la t in g  o e s tra d io l  le v e ls  had f a l l e n  in  a l l  

cases, and e le c tro n  m icroscopic exam ination o f  the  

endom etria  showed in a c t iv e  o r weak p r o l i f e r a t i v e  

p a t te r n ,  w ith  no s igns o f  h y p e rp la s ia  (L u n d kv is t  

and B e rg q u is t ,  19 86), a f in d in g  confirm ed by
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Fedele e t  a l (1 9 9 0 ) .

Reduction in  measured endom etria l PG concentra­

t io n s  has been demonstrated re p e a te d ly ,  (Tsang e t  

a l ,  1987, Makarainen and Y l ik o r k a la ,  1986).

1 . 4 . 2 . 6 .  F i b r i n o l y t i c  in h ib i t o r s

Several in v e s t ig a to r s  have repo rted  s ig n i f i c a n t  

red u ctio n s  in  MBL a f t e r  tre a tm e n t w ith  e p s i lo n -  

am ino -capro ic  ac id  (EACA) and tranexam ic  ac id  

(AMCA) (Westrom and Bengtsson, 1970, Kassonde and 

Bonnar, 19 75 ) . Reduction in  loss by about 50% is  

re p e a te d ly  documented, but la rg e  doses o f  compound 

are  re q u ire d , eg. AMCA 1 g s ix  h o u rly  f o r  severa l  

days. These drugs are  p o ten t in h ib i t o r s  o f  the  

conversion o f  plasminogen to  p lasm in, and have few 

s id e  e f f e c t s  (m ild  nausea and v o m it in g ) .  Fears  

concerning thrombus production  seem groundless.

1 . 4 . 2 . 7 .  G estrinone

G estrinone (Roussel) is  a 19 -n o r - te s to s te ro n e  

d e r iv a t iv e  t h a t  is  an a n t i-p ro g e s te ro n e  and a n t i ­

oestrogen w ith  some androgenic a c t i v i t y .  I t



in te r a c t s  w ith  hypothalam ic and p i t u i t a r y  s te r o id  

re c e p to rs  to  d ecrease  th e  c i r c u l a t i n g  le v e ls  o f  

FSH and LH. Tu rn b u ll and Rees (1990 ) have shown a 

m easured r e d u c t io n  in  MBL in  a d o u b le  b l i n d  

randomised study in 19 women w ith  DUB, performed  

in  a c ro s s -o v e r  fa s h io n .  Whereas p laceb o  had no 

e f f e c t  on MBL, d u r in g  g e s t r in o n e  th e ra p y  1 0 /1 9  

became a m en o rrh o ie c , 5 /1 9  showed a s i g n i f i c a n t  

r e d u c t io n  in  MBL, and 4 /1 9  were unchanged. In  

t h r e e  o f  th e  n o n -re s p o n d e rs , submucous f i b r o i d s  

were l a t e r  found. F u rth e r  work is  needed f o r  t h is  

r e l a t i v e l y  new compound, which because o f  i t s  

long h a l f  l i f e  on ly  has to  be given tw ic e  w eekly . 

Long term s tu d ie s  o f  s id e  e f f e c t s ,  e s p e c ia l ly  on 

th e  l i p o p r o t e i n  b a lan ce  need c a r e f u l  c o n s id e ra ­

t io n  .



1 . 4 . 3 .  S u rg ic a l tre a tm e n t

1 . 4 . 3 . 1 .  D i l a t a t io n  and C ure ttage

Most a u t h o r i t i e s  would now accept t h a t  t h i s  is  

e s s e n t ia l ly  a d ia g n o s t ic  procedure, and in  cases 

o f  t r u e  DUB has no th e ra p e u t ic  v a lu e . Of course, 

i f  th e re  are  polyps w i th in  th e  u te ru s , the  p a t ie n t  

may w e ll be cured. I t  has been argued t h a t  

d i l a t a t i o n  and c u re tta g e  (D&C) is  an inadequate  

d ia g n o s t ic  to o l w ith o u t hysteroscopy s in ce  i t  may 

be th e  case t h a t  up to  10% o f  in t r a u t e r in e  le s io n s  

may be missed by a s in g le  c u re tta g e  (Hamou, 1988).  

Although in  the  past c la im s have been made f o r  the  

long term b e n e f i t  o f  D&C f o r  DUB, o b je c t iv e  

s tu d ie s  o f  MBL be fore  and a f t e r  D&C have f a i l e d  to  

show any red u c tio n  in  loss except f o r  the  f i r s t  

c y c le  (Haynes e t  a l . 1977).

1 . 4 . 3 . 2 .  Hysterectomy

When co n s id erin g  any method o f  t r e a t in g  fu n c t io n a l  

m enorrhagia, i t  is  im po rtant to  bear in  mind t h a t  

e x is t in g  t r a d i t i o n a l  methods are  both c o s t ly  and
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p o te n t ia l  1 y dangerous.

I f  medical tre a tm e n t w ith  e i t h e r  progestogens, 

a n t i-o e s tro g e n s  or f i b r i n o l y s i s  in h ib i t o r s  f a i l ,  

th e  most commonly employed next s tep  is  

hysterectom y. Indeed, th e  most f re q u e n t

in d ic a t io n  f o r  hysterectomy is  prim ary  dysfunc­

t io n a l  b leed ing  when the u terus  is  h i s t o lo g i c a l l y  

normal (C o le  and B e r l in  1977). Although t h is  

course o f  a c t io n  o f f e r s  a permanent cu re , th e re  

are  s e r io u s  s id e  e f f e c t s .  The m o r t a l i t y  r a te  

d i r e c t l y  a t t r ib u t e d  to  hysterectomy is  w id e ly  

rep o rted  as being between 0 . 0 5 - . 2  per cen t (Sharp  

and Jordan 1987), but th e re  is  p o t e n t ia l l y  

c o n s id erab le  m o rb id ity  i f  c o m p lica tio n s  occur.  

The most common are  those which fo l lo w  any major 

s u rg ic a l  procedure ( in f e c t io n  and haem orrhage), 

but th e re  are  s p e c ia l r is k s  a ttac h ed  to  

hysterectom y. In ju r y  to  th e  u r in a ry  t r a c t ,  

e s p e c ia l ly  th e  u r e te r s ,  has been re p o rte d  to  be as 

high as 1 .5  per cent (D a ly  and H igg ins  1988).  

Others in c lu d e  psycholog ica l damage (van Emden and 

van Tergouw 1987), dysparen ia  ( 'o v a r ia n  re s id u a l
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syndrom e'), and incontinence .

Vaginal Hysterectomy

Th is  is  a s a fe r  procedure in  terms o f  o p e ra t iv e  

and post o p e ra t iv e  c o m p lica tio n  r a t e ,  both being  

ap prox im ate ly  one t h i r d  to  one h a l f  t h a t  o f  

abdominal hysterectom y. In  t r a in e d  hands vag in a l  

hysterectomy w ith o u t pro lapse (and th e r e fo re  

w ith o u t the  need f o r  a n t e r io r  or p o s te r io r  r e p a i r )  

is  sa fe  and q u ick , but th e re  is  re lu c ta n c e  amongst 

some gynaeco log is ts  to  perform th e  o p e ra t io n  

unless th e re  is  a p p re c ia b le  descent. Th is  seems 

l a r g e ly  to  be a fu n c t io n  o f  t r a in in g  and 

e x p er ie n ce .

Abdominal hysterectomy

Th is  is  the  p re fe r re d  rou te  i f  th e re  is  

s i g n i f i c a n t  u te r in e  en largem ent. The d e c is io n  on 

ro u te  based on u te r in e  s iz e  is  e n t i r e l y  a t  th e  

d is c r e t io n  o f  the  o p e ra to r  f o r  reasons given  

above. Some surgeons w i l l  remove a 12 week 

pregnancy s iz e  u terus  w ith o u t d i f f i c u l t y  a f t e r  

b is e c t io n ,  w h i ls t  o th e rs  would p r e f e r  to  o p era te  

abdom inally  under alm ost a l l  s i t u a t io n s .
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The in c id e n c e  o f  a l l  m ajor c o m p l ic a t io n s  a f t e r  

abdominal hysterectom y, e s p e c ia l ly  u r in a ry  t r a c t  

in ju r y ,  is  much h igh er than t h a t  encountered a f t e r  

a va g in a l o p e ra t io n  (C o le  and B e r l in ,  1987). The 

advantage o f  th e  abdominal rou te  is  t h a t  the  whole 

p e l v i s  and i f  n e c e s s a r y ,  th e  abdomen, may be 

examined a t  th e  same t im e .

In  conc lus io n , somewhere between the  two extreme  

view s o f  th e  a c c e p t a b i l i t y  o f  l i b e r a l l y  o f f e r e d  

hysterectomy f o r  DUB, th e re  should be a balanced  

v ie w , a lth o u g h  a g r e a t  dea l o f  p e rs o n a l o p in io n  

and i d e o l o g y  c o n t r i b u t e  t o  a f f e c t i n g  w h ic h  

argument the  gyn ae co lo g is t fa v o u rs .

Those in  fa vou r o f  the  l i b e r a l  use o f  h y s te re c to ­

my, q u o tin g  low c o m p lic a t io n  r a te s  in  p e rs o n a l  

s e r i e s ,  must bear in  mind t h a t  o th e r s  may no t  

en joy th e  same success r a t e .  The s t a t i s t i c  quoted  

by D aly  and H ig g in s  (1 9 8 8 )  co n c e rn in g  u r in a r y  

t r a c t  in ju r y  ( 1 .5  %) is  o f te n  met w ith  in c r e d u l i t y  

or fra n k  d i s b e l i e f .  Studd (1 9 8 9 ) ,  and 

o th e rs ,  ta k e  a d i f f e r e n t  v iew .
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however. He p o in ts  o u t th a t  a s u b s ta n t ia l  

p ro p o rt io n  o f  p a t ie n ts  w i l l  be exposed f o r  

s i g n i f i c a n t  periods  o f  t im e  to  medical therapy  in  

th e  hope t h a t  the  menopause w i l l  supervene, on ly  

to  f a i l  to  respond and e v e n tu a l ly  undergo 

hysterectomy anyway. Moreover, p a t ie n ts  who do 

not have a u terus  are  considered sa fe  f o r  the  

a d m in is t ra t io n  o f  unopposed oestrogen hormone 

replacement therapy  (HRT) by many a u t h o r i t i e s ,  and 

en joy th e  b e n e f i ts  o f  both avo id in g  th e  unpleasant  

s id e  e f f e c t s  o f  progestogens and th e  reappearance  

o f 'p e r io d s ' .  Furtherm ore, in  advocating  th e  more 

l i b e r a l  use o f  b i l a t e r a l  oophorectomy a t  th e  same 

t im e , he s i t e s  those cases (a n e c d o ta l ly )  where 

t o t a l  hysterectomy alone is  fo llo w e d  some years  

l a t e r  by o v a r ia n  re s id u a l p a in , where f u r t h e r  

( p o t e n t i a l l y  d i f f i c u l t )  major surgery is  needed.

In  favou r o f  hysterectomy f o r  DUB, Gath e t  a l 

(1982 ) showed t h a t  women com plain ing o f  

menorrhagia were more l i k e l y  to  have a h is to r y  o f  

psycholog ica l d is tu rb a n c e , which improved a f t e r  

hysterectomy (us ing  standard psychometric  

t e s t i n g ) .  However, i t  is  d i f f i c u l t  to  say which o f
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the two fa c to r s  p r e c ip i t a te d  the  o th e r .  As Studd 

p o in ts  ou t: " Is  i t  not l i k e l y  t h a t  two or  more

weeks o f  b le e d in g , p a in , menstrual headaches and 

prem enstrual syndrome each month a re  th e  cause o f  

depression ra th e r  than th e  e f fe c t? "  (1989 , p. 

4 1 7 ) .
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1 .5  -  Endom etrial A b la t io n

1 .5 .1 .  In t ro d u c t io n

Treatm ent o f  abnormal u te r in e  b leed ing  by

d e s tru c t io n  o f  th e  endometrium is  by no means a 

novel concept ( v id e  i n f r a ) .  However, a ttem pts  in  

th e  past have been d is a p p o in t in g ,  a lthough the

la t e s t  a ttem pts  using e i t h e r  th e  la s e r  or

e le c tro d ia th e rm y  under d i r e c t  hysteroscop ic  v is io n  

have met w ith  some success. The aim o f  the

p r o je c t  recorded here was to  t e s t  th e  f e a s i b i l i t y  

o f  d e s tro y in g  th e  endometrium s a fe ly  by h e a tin g  to  

s o -c a l le d  'h y p e rth e rm ic ' tem p era tu re , ie .  

approx im ate ly  44-55 degrees C e ls iu s  f o r  an 

a p p ro p r ia te  len gth  o f  t im e . There is  a va s t  

l i t e r a t u r e  on th e  s u b je c t  o f  hypertherm ia , which 

is  more u s u a l ly  assoc ia ted  w ith  the  tre a tm e n t o f  

m alignan t d isea se . Th is  p r o je c t  th e r e fo re  

represen ts  a c o l la b o r a t io n  between gynaecology, 

e n g in e e r in g , physics and o n co log ica l technology .

The u l t im a te  aim o f  t h is  work was to  c re a te  a 

techn ique t h a t  would save p a t ie n ts  from  

hysterectom y, and co n vert a long s tay  in  h o s p ita l



and convalescence to  a sim ple 'day ca se ’ procedure w ith  

a l l  th e  advantages in h e re n t in  day case care  ( L o f f e r  

1 9 8 7 a ) .

Over the  years severa l a ttem pts  have been made to  

render th e  endometrium in a c t iv e  w ith o u t a c t u a l ly  

removing th e  u te ru s . Asherman described th e  syndrome 

o f amenorrhoea a f t e r  deep c u re tta g e  in  th e  p o s t-  

pregnant u terus  in  1948. I t  soon occurred to  many 

workers t h a t  i f  i t  were p o s s ib le  to  t h e r a p e u t ic a l ly  

reproduce t h is  phenomenon in  the  non-post pregnant  

u te ru s , then t h is  might o f f e r  some help  to  menorrhagic  

p a t ie n ts .  Many e a r ly  attem pts  used h y p erto n ic  or to x ic  

substances such as q u in a c r in e ,  o x a l ic  a c id ,  cyanoacry­

la t e  e s te r  ( ' s u p e r g lu e ' ) ,  paraform aldehyde or s i l ic o n e  

rubber i n s t i l l e d  or in je c te d  in to  the  endometrium, but 

a l l  o f  these f a i l e d  (G o ld ra th  1 9 8 ^ .  I n t r a c a v i t y  

radium has been t r i e d  and a lthough p a r t i a l l y  

s u c c e s s fu l,  has been abandoned because o f  th e  r is k  o f  

ca rc in o g e n e s is . The a p p l ic a t io n  o f  superheated steam 

was unsuccessful (F a lco n e r  1947), and in  1989 was 

rep o rted  to  be resp on s ib le  f o r  two severe i n j u r i e s ,  

where one p a t ie n t  d ied  (H a rd t and Genz, 1989) from  

'a tm ocausis ' o f  th e  endometrium.
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1 .5 .2 .  Cryosurgery

1 . 5 . 2 . 1 .  In t ro d u c t io n

The a p p l ic a t io n  o f  pro foundly  co ld  probes to  the  

endometrium f o r  th e  purpose o f  a b la t io n  was reported  

f i r s t  by Cahan and Brockunier (1 9 7 1 ) .  C onsiderable  

experience  has been gained in  using t h i s  techn iqu e ,  

e i t h e r  w ith  l iq u id  n itro g e n  as th e  f r e e z in g  medium 

(Cahan and B ro c k u n ie r) ,  o r  the  halogenated hydrocarbon  

'F re o n ' ( Droegemuel1er e t  a l 19 71). These represented  

th e  f i r s t  successful a ttem pts  to  d estroy  the

endometrium f o r  th e  tre a tm e n t o f  in t r a c t a b le

menorrhagia using physica l means. Probes were

developed which conducted the  c o o la n t w i th in  the  probe 

i t s e l f ,  co o lin g  the  endometrium to  between -4 0  and -8 0  

degrees C e ls iu s .  H is to lo g ic a l  exam ination  o f  

hysterectomy specimens 3 -4  weeks l a t e r  revea led  

d e s tru c t io n  o f  th e  endometrium to  a depth o f  ' t e n  per 

cent o f  the  myométrial th ic k n e s s ' (Cahan and Brockunier  

197/ ) .  U n fo r tu n a te ly ,  la rg e  areas  o f

62



the  cornua were l e f t  i n t a c t .

1 . 5 . 2 . 2 .  C l in ic a l  performance

S ix  p a t ie n ts  were o r i g i n a l l y  re p o rte d , and a l l  o f  

these were repo rted  to  have some degree o f  

red u ctio n  in  menstrual f lo w . Measurement o f  

menstrual f lo w  was not performed, however, and no 

p a t ie n t  became amenorrhoeic.

The probes used were o f r e l a t i v e l y  small d iam eter  

(6mm), and had been a p p lie d  to  d i f f e r e n t  areas  

w ith in  the  u te r in e  c a v i ty  in  o rder to  co agu la te  

( ' c o n g e l a t e ' )  an adequate area  o f  endometrium due 

to  th e  uneven shape o f  th e  c a v i t y ,  e s p e c ia l ly  

p ro x im a l ly .  Thus th e  technique invo lved  m u lt ip le  

p la c in g s ,  b l in d ly ,  o f  a ra th e r  po in ted  probe 

w ith in  the  u te ru s , capable o f  d e l iv e r in g  

h is to to x ic  tem perature  drops. There was no way o f  

ensuring  t h a t  any s in g le  area  w i th in  th e  c a v i ty  

d id  not re c e iv e  two or even th re e  exposures to  

h is to to x ic  e f f e c t s  a t  th e  tre a tm e n t 'zo n e '  

o v e r la p .  Although p e r fo r a t io n  o f  th e  u te ru s  and 

exposure o f  abdominal conten ts  to  th e  cryoprobe  

seems a d i s t i n c t  p o s s i b i l i t y ,  t h i s  was not 

re p o rte d .

1 . 5 . 2 . 3 .  S a fe ty  te s t in g



Cahan and h is  co lleagues  d id  perform  i n t e r ­

o p e ra t iv e  thermometry a t  abdominal hysterectomy to  

m onitor th e  e f f e c t s  o f the  cryoprobe, by p la c in g  

thermocouples w ith in  th e  substance o f  the  

myometrium and a t  the  serosal s u r fa c e .  They 

found, however, th a t  th e  appearance o f  f r o s t  on 

th e  serosa was a necessary accompaniment to  

adequate endom etria l c o n g e la t io n .

These experim ents w ith  l iq u id  n itro g e n  represented  

th e  f i r s t  p a r t i a l l y  successfu l a ttem pts  a t  

a b la t io n  o f  the  whole endometrium s im u ltan eo u s ly ,  

and to  t h is  e x te n t  Cahan’ s techn iqu e is  along  

s im i la r  l in e s  to  RaFEA. The c r i t i c a l  d i f fe re n c e s  

are  f i r s t l y  t h a t  the  cryoprobe had to  be moved 

during  tre a tm e n t lead in g  to  p o te n t ia l  problems 

a lre a d y  o u t l in e d ,  and secondly th e  cryo method 

r e l ie d  upon sim ple thermal (o r  ' c o l d ' )  conduction  

to  achieve adequate depth o f  d e s tru c t io n .  

P e n e tra t io n  would th e r e fo re  be expected to  be 

somewhat e r r a t i c ,  w ith  p o te n t ia l  f o r  both 'm issed' 

areas and o v e r -p e n e t ra t io n .  S ince RaFEA r e l i e s  on 

the  phys ica l a t t r i b u t e s  o f  an e l e c t r i c  f i e l d  ( v id e  

i n f r a ) . such l im i t a t io n s  a re ,  t h e o r e t i c a l l y  a t
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l e a s t ,  reduced or absent.

1 . 5 . 2 . 4 .  Com plications

P a t ie n ts  t r e a te d  w ith  cryosurgery  a re  prone to  

pyometra and f i s t u l a  fo rm atio n  (Droegemuel1er e t  

a l ) .  presumably due to  d e s tru c t io n  o f  th e  f u l l  

th ickn es s  o f  th e  u terus  in  p la c e s . The method has 

now been la r g e ly  abandoned in  fa vo u r o f  more 

re c e n t methods o f  lo c a l a b la t io n .

1 . 5 . 3 .  H ysteroscop ic  Nd-YAG Laser Therapy

1 . 5 . 3 . 1 .  In t ro d u c t io n

The ra p id  advances in  medical la s e r  technology in  

th e  l a t e  1970s and e a r ly  1980s saw the  advent o f  

the  neodym ium -yttrium -a lum in ium -garnet (Nd-YAG) 

l a s e r .  U n lik e  th e  Argon or carbon d io x id e  

s u rg ic a l  la s e rs ,  the  Nd-YAG la s e r  is  not w e ll  

absorbed by e i t h e r  w ater or haemoglobin. Thus the  

instan taneous v a p o r is a t io n  o f  t is s u e  seen w ith  the  

fo rm er two is  not seen w ith  the  Nd-YAG de v ic e .  

This  is  p r in c ip a l l y  because the  wavelength o f  the  

Nd-YAG is  1 .O/um (Argon 0 . ÿjm, carbon d io x id e  

lO.eyum), g iv in g  an e x t in c t io n  length  ( ' t h ic k n e s s '  

o f  a w ater t a r g e t  re q u ire d  to  absorb 90 per cent

65"



o f in c id e n t  energy) o f  60mm compared to  0.3mm fo r  

carbon d io x id e .  Thus Nd-YAG t is s u e  p e n e tra t io n  is  

much f u r t h e r  and d i f fu s e  by comparison.

Nd-YAG la s e r  beams are  capable o f  being conducted 

and d ire c te d  along a f i b r e - o p t i c  medium, and thus  

be a p p lie d  to  anywhere w i th in  the body t h a t  is  

capable o f  exam ination by an endoscope. F ib re  

o p t ic  conducting leads are  placed along the  

o p e ra t in g  hysteroscope channel, and c o n ta c t w ith  

th e  endom etria l c a v i ty  under d i r e c t  v is io n .  Th is  

is  the  f i r s t  major d i f f e r e n c e  from th e  c ry o s u rg i­

cal techn ique -  the  a b la t iv e  process is  observable  

by th e  surgeon. I t  is  th e r e fo re  p o s s ib le  to  

ensure accura te  a p p l ic a t io n  o f  th e  d e s t ru c t iv e  

energy to  t a r g e t  t is s u e  and provided th e re  is  a 

v i s i b l e  in d ic a t io n  o f  d e s t r u c t iv e  e f f e c t ,  c o n tro l  

dose.

1 . 6 . 3 . 2 .  C l in ic a l  Performance

The most e f f e c t i v e  method o f  d e l iv e r in g  the  

h is to to x ic  energy appears to  be system atic  

'b la n c h in g ' (c o a g u la t io n )  o f  th e  endometrium by
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a p p l ic a t io n  o f  the  la s e r  e i t h e r  from th e  exposed 

end o f  the  f i b r e  o p t ic  c a b le ,  or through the  

medium o f  a sapph ire  t i p  (Lomano, 19 88), not in  

d i r e c t  c o n ta c t w ith  t is s u e ,  a t  40-50W in c id e n t  

power. Using t h is  techn ique in  30 p a t ie n ts ,  

Lomano found t h a t  65 per cent became amenorrhoiec, 

22 per cent o ligo m en o rrh o iec , and 13 per cen t were 

th e  same. No s e r io u s  s id e  e f f e c t s  were observed, 

and p a t ie n ts  experienced on ly  m ild  d is c o m fo rt .

L o f fe r  (1987b) rep o rted  36 p a t ie n ts  t r e a te d  using  

the  non-touch Nd-YAG la s e r  te ch n iq u e , and rep o rted  

' e x c e l le n t  r e s u l t s '  in  9 3 .9  per ce n t o f  33 

p a t ie n ts  in  whom surgery was uncomplicated ( in  

th re e  th e re  were te c h n ic a l  d i f f i c u l t i e s ) .  

Amenorrhoea was achieved in  11 p a t ie n ts ,  

oligom enorrhoea in  13 p a t ie n ts ,  and a red u ctio n  in  

f lo w  to  'n o rm a l' in  seven p a t ie n ts .  Again, no 

o b je c t iv e  measurement o f  blood f lo w  was performed.

These r e s u l ts  are  concordant w ith  those o f  

Dequesne (1 9 8 6 ) ,  C o rn ie r  (1 9 8 6 ) ,  and Bent and 

O stergard  (1 9 9 0 ) .
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1 . 5 . 3 . 3 .  S a fe ty  Te s tin g

In  v i t r o  te s t in g  w ith  regard  to  s a fe ty  has been 

c a r r ie d  out by G o ldra th  (1981 , 1987p and h is  co­

workers, who looked a t  in  v i t r o  p e n e tra t io n  o f  

heat o u ts id e  th e  u teru s  when th e  la s e r  was 

in c id e n t  upon th e  endometrium. In  a w ater bath a t  

37 degrees a 40W Nd-YAG la s e r  was aimed a t  the  

endometrium, and the tem perature  a t  10mm from the  

exposed endom etria l su rfa c e  was recorded using an 

ac cu ra te  thermocouple d e v ic e . He found t h a t  th e re  

was no s ig n i f i c a n t  r is e  in  tem perature  a t  exposure  

tim es l i k e l y  to  be encountered during  c l i n i c a l  

t re a tm e n t .  Moreover, he po in ted  ou t t h a t  t h is  was 

a 'w o rs t case' experim ent, s ince  th e  p r o te c t iv e  

(o f  th e  o u te r  u teru s  and p e lv ic  c o n te n ts )  co o lin g  

blood supply was absent. No a ttem pt was made to  

study the  e f f e c t s  o f  la s e r  l i g h t  or thermal energy  

th ereb y  generated upon the  blood f lo w in g  through  

the  u teru s  during  t re a tm e n t .  However, th e re  has 

been no recorded in c id e n t  in  th e  a v a i la b le  

l i t e r a t u r e  to  date  o f  systemic d is o rd e r  r e la te d  to  

haem ato log ical damage. Rosenberg e t  a l examined 

the  e f f e c t  o f  the  Nd-YAG la s e r  in  th e  endom etria l  

c a v i ty  in  ra b b its  (1 9 9 0 ) ,  and compared i t  to  the



holmium la s e r .  Although the  l a t t e r  seemed to  

a b la te  more e f f e c t i v e l y ,  adequate endom etria l  

d e s tru c t io n  was observed using the  Nd-YAG 

w ith o u t excessive  myométrial o v e r -p e n e t ra t io n .

D esp ite  th e  high c o s t,  lengthy a n a e s th e t ic  and 

s p e c i a l i s t  s k i l l  re q u ire d , the  Nd-YAG la s e r  

techn ique is  an e f f e c t i v e  one, and is  p a r t i c u l a r l y  

s u ite d  to  those p a t ie n ts  who are  u n s u ita b le  f o r  

hysterectomy because o f  te c h n ic a l  d i f f i c u l t y  

(o b e s i ty ,  p rev ious s u rg e ry ) ,  poor o p e ra t iv e  r i s k ,  

or those who are  s tro n g ly  m otivated  to  avoid  

e x c is io n  su rg ery .

However, i t  is  noteworthy t h a t  th e re  has y e t  to  be 

a study where the  e f f ic a c y  o f  th e  techn ique has 

been demonstrated o b je c t iv e ly  in  terms o f  reduced 

menstrual blood f lo w . In  a d d i t io n ,  Baggish and 

B alto ya n n is  (1988 ) p o in t  out t h a t  lo n g -te rm  fo l lo w  

up data  is  sc an t, and th e re  is  no p a th o lo g ic a l  

specimen a t  the  end o f th e  o p e ra t io n .  The l a t t e r  

c r i t i c i s m  a p p lie s  to  any endom etria l a b la t i v e  

procedure, however.



1 . 5 . 3 . 4 .  Com plications

Nd-YAG la s e r  endom etria l a b la t io n  co m p lica tion s  

are  o f  th re e  types . P e n e tra t io n  o f  th e  u te r in e  

w a ll and damage to  n o n -ta rg e t  t is s u e s  such as 

bowel or u r in a ry  t r a c t ,  f l u i d  overload  problems 

and e l e c t r o l y t e  d is tu rb a n c e , and gas embolism.

There are  a number o f  anecdotal examples o f  in ju r y  

to  b la d d e r , u r e te r s ,  bowel and e x t r a u t e r in e  blood 

v e s s e ls ,  but re p o r t in g  has, on the  whole been 

s c a n t. Morrison e t  a l r e p o r t  a biochem ical study  

o f  12 women who had undergone la s e r  a b la t io n ,  and 

measured a s ig n i f i c a n t  r is e  in  c e n tra l  venous 

pressure and serum c h lo r id e  and a s ig n i f i c a n t  

drop in  serum p ro te in  c o n c e n tra t io n  and 

h a e m a to c r it .  In  one case, t h is  was considered  

'e x c e s s iv e ' , but th e  p a t ie n t  s u f fe re d  no medium or  

long term i l  1 - e f f e c t s .  However, Feinberg e t  a l 

re p o r t  a case o f  s i g n i f i c a n t  pulmonary oedema 

a f t e r  la s e r  th erapy  (1 9 8 9 ) .  More a la rm in g ly ,

th e re  has been a t  le a s t  one case o f  f a t a l  a i r  

embolism a f t e r  gas was ad m itted  to  the  endom etria l  

c a v i ty  during la s e r  a b la t io n  (C h a l le n e r  and 

Kaufman, 1990).
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1 . 5 . 4 .  The Hystero-Resectoscope

1 . 5 . 4 . 1 .  In t ro d u c t io n

More r e c e n t ly ,  a dev ice  resembling a m in ia tu re  

u ro lo g ic a l  resectoscope (more u s u a l ly  used f o r  

t r a n s u r e th r a l  re s e c t io n  o f  p ro s ta te  and u r in a ry  

b ladder tumours) has been devised and used to  good 

e f f e c t ,  a lthough th e  technique is  s t i l l  in  the  

e a r ly  stages o f  development. A w ide-bore  

o p e ra t in g  hysteroscope w ith  t r i p l e  channels is  

f i t t e d  w ith  the  resectoscope device and an i n l e t  

and o u t le t  l in e  f o r  a continuous f lo w  o f  

d is te n s io n  medium. The resectoscope c o n s is ts  o f  a 

c u t t in g  diatherm y loop on th e  end o f  an in s u la te d  

rod which s l id e s  back and f o r t h  when th e  t r ig g e r  

is  op era ted . Since th e  energ ised loop is  mounted 

a t  90 degrees to  th e  rod, a 'sweeping' a c t io n  is  

p o s s ib le  to  exc ise  th e  endometrium in  s t r i p s .  The 

loop is  energ ised by a standard d iatherm y u n i t  

w ith  high frequency c u r re n t  a t  500kHz a t  around 

100W in c id e n t  power. The re tu rn  s id e  o f  the  

c i r c u i t  is  provided by a low re s is ta n c e  zero  

capac itance  e x te rn a l  e le c t r o d e .  At t h i s  range o f  

frequency, c u rre n t  f lo w s  m ainly r e s i s t i v e l y ,  w ith  

l i t t l e  capac itance  conduction . Where th e  loop is



in  co n ta c t w ith  t is s u e  therm al energy is  produced, 

and a combined c u t t in g /c o a g u la t io n  e f f e c t  is  

ach ieved . Because the  hysteroscope is  o f  wide 

d ia m e te r , an e x c e l le n t  view o f  th e  endom etria l 

c a v i ty  is  o b ta in e d . Continuous i r r i g a t i o n  o f  the  

o p e ra t iv e  s i t e  m ain ta in s  a c le a r  v iew . The 

d is te n s io n  medium must be non-conducting o therw ise  

th e  loop is  shorted o u t,  and no d iatherm y e f f e c t  

is  ach ieved . Commonly, a 1 per cen t g ly c in e  

s o lu t io n  is  used.

1 . 5 . 4 . 2 .  C l in ic a l  Performance

DeCherney reported  the  techn ique in  1983 and 1987, 

as d id  Hamou in  1988 (150 p a t ie n t s ) .  Of th ese ,  

70% were 'im proved *, but again no o b je c t iv e  t e s t  

o f blood loss was performed. L a te r ,  Magos (198%^ 

rep o rted  the te chn iq u e , i n i t i a l l y  in  12 p a t ie n ts  

but l a t e r  in  a la r g e r  s e r ie s  o f  over 100 (1 9 9 0 ) .

The use o f the resectoscope under lo c a l sedation  

has been repo rted  (Magos e t  a l . 1989b).

1 . 5 . 4 . 3 .  S a fe ty  T e s tin g

A number o f  workers have looked a t  diatherm y
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p e n e tra t io n  in to  t is s u e  both in  animals in  v iv o  

(R ie d e l e t  a l . 1990), and in  v i t r o  (Indman and 

Soderstrom, 1990). Indman and Soderstrom p o in t  

out t h a t  t is s u e  damage from diatherm y is  not 

im m ediately apparent v is u a l l y ,  and se vera l days 

must e lapse be fore  the  t r u e  e x te n t  o f  th e  damage 

may be seen. In  an e f f o r t  to  a ttem pt a more 

ac cu ra te  p re d ic t io n  o f  t is s u e  damage, h is to ch e m i-  

cal chemical s tu d ie s  have been performed to  look  

a t  c e l l u l a r  enzyme s u r v iv a l /d e n a tu r a t io n  a f t e r  

exposure to  thermal in s u l t s .  Care must be 

e x e rc is e d  in  in t e r p r e t in g  t h is  type  o f  study , 

since  c r i t i c a l  c e l l u l a r  p ro te in s  are  not denatured  

u n t i l  60 degrees is  achieved i n t r a c e l l u l a r l y  

(G orisch and Bergen, 1982, McKenzie, 1983).  

Tissue damage due to  hypertherm ia  e f f e c t s  ( v id e  

i n f r a ) w i l l  th e r e fo re  not be observed. However, 

in  procedures where p o in t  exposure to  thermal 

in ju r y  is  b r i e f ,  such techn iques are  l i k e l y  to  a t  

le a s t  reasonably w e ll  r e f l e c t  th e  ' t r u e '  

s i t u a t io n ,  s in ce  hypertherm ia  e f f e c t s  a re  l i k e l y  

to  be minimal (u n l ik e  th e  case w ith  RF a b la t i o n ) .  

F u rth e r  te s t in g  in  v iv o  is  needed, e s p e c ia l ly  in  

view o f  th e  f a c t  t h a t  the myometrium is
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e x c e s s iv e ly  t h i n  a t  the cornua, isthmus and c e rv ix

1 . 5 . 4 . 4 .  Complicat ions

The technique is  f a s t e r  than the Nd-YAG method 

(approx im ate ly  50 m inu tes ) ,  but has y e t  t o  be 

f u l l y  assessed. O v e r -p e n e t ra t io n  o f  the  

myometrium and consequent b leed ing is  a recognised  

c o m p l ic a t io n .  Between e a r l y  1990 and mid 1991 

th e re  were a t  l e a s t  th re e  deaths due to  la rg e  

blood vessel r e s e c t io n ,  the loss o f  a le g ,  and 

severa l  cases o f  both b ladder  and bowel i n j u r y  due 

to  endometria l  re s e c t io n  (RCOG Committee On 

Endometr ia l A b la t io n ,  Personal Communication).  

There have a lso  been a number o f  cases o f  both 

u n i -  and b i l a t e r a l  u r e t e r i c  r e s e c t io n .  S u b - le th a l  

a i r  embolism has a lso  been reported  when gas has 

been a l lowed to  e n te r  the  resected c a v i t y  under 

pressure (Wood and Roberts,  1990) .  Also o f  concern  

is  the  p o t e n t i a l l y  f a t a l  e f f e c t s  o f  excessive  

i n t r a v a s a t i o n  o f  the  d is ten d in g  medium, g ly c in e .  

The aim o f  the technique is  to  re s e c t  to  a depth 

o f  approx im ate ly  7mm. At 10mm s i g n i f i c a n t  

v a s c u la r is a t io n  is  encountered.



Once low-pressure venules are  breached,  

i n t r a v a s a t i o n  o f  g ly c in e ,  which is  a t  a p o s i t i v e  

pressure ,  occurs. I t  i s  es t im ated t h a t  a dose o f  

as l i t t l e  as 100ml may be f a t a l ,  owing to  CNS 

t o x i c i t y .  Hamou has reported  one such death  

(1 9 8 8 ) .  S i g n i f i c a n t  systemic absorp t ion  of  

i r r i g a t i n g  f l u i d  w ith  a r i s e  in  c e n t r a l  venous 

pressure and f a l l  in  haem atocr i t  due to  

haemodi1u t io n  has a lso  been reported  w i th  the  Nd- 

YAG la s e r  techn ique ,  and was considered to  be 

excessive  (Morr ison e t  a l  1989) .  S i m i l a r  problems 

have been reported  by Baumann e t  al  ( 1 9 9 0 ) .

The cost  o f  the apparatus requ ired  over and above 

t h a t  a v a i l a b l e  in  any standard o p e ra t in g  th e a t r e  

is  much less than t h a t  o f  a Nd-YAG la s e r  -  

approx im ate ly  £4 ,00 0 .  However, a s k i l l e d  

hy s te ro s c o p is t  i s  s t i l l  re q u ire d ,  and th e r e  is  a 

s i g n i f i c a n t  ' l e a r n i n g  curve '  e f f e c t ,  such t h a t  

co ns iderab le  exper ience is  requ ire d  be fore  usefu l  

r e s u l t s  are  to  be expected.

Hysteroresectoscopy is  now becoming very  popular  

in  the  UK, and th e re  are  severa l  ce n tres  a c t i v e l y
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engaged in  assessing t h i s  technique a t  th e  t ime o f  

w r i t i n g .

There is  now a v a i l a b l e  a device which is  capable  

o f  a c c u r a te ly  measuring the  volume o f  d is te n s io n  

medium passing in to  and out o f  the  u t e r i n e  c a v i t y ,  

capable th e r e f o r e  o f  warning o f  la rg e  volume 

a b sorp t io n .  The machine is  a ls o  capable o f  

r e g u la t in g  i n t r a u t e r i n e  pressure vary  a c c u r a t e ly ,  

to  minimise i n t r a v a s a t i o n .  However, the  s i t u a t i o n  

may a r is e  where an excess o f  medium has been 

absorbed, and the op era t io n  incomplete ,  when the  

only  op t ion  is  to  abandon the procedure.

With t im e ,  the  usefu lness or  o therw ise  o f  t h i s  

technique w i l l  become apparent .  S t i r r a t  e t  al  

( 1 9 9 0 ) ,  have po inted out the need f o r  a c o n t r o l l e d  

randomised t r i a l  a g a in s t  hysterectomy in  o rder  to  

a c c u r a te ly  assess the  long term e f f e c t s .
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1 .6 .  Hyperthermi a

1 . 6 . 1 .  In t ro d u c t io n

Several hundred years ago, the  Greek phys ic ian  

Parmenedes recognised the p o t e n t ia l  b e n e f i c i a l  e f f e c t s  

o f  heat  f o r  a range o f  d iseases ,  p a r t i c u l a r l y  

m alignancies .  H ippocrates recognised the  hea l in g  

e f f e c t s  o f  f e v e r ,  and f e l t  t h a t  fe v e r  was a n a tu ra l  

response o f  the body to  i n f e c t i o n .  S ince,  those t imes,  

r a is i n g  the temperature o f  t is s u e s  e i t h e r  o f  the whole 

body or l o c a l l y ,  u n t i l  r e c e n t ly ,  has been r e s t r i c t e d  to  

the t rea tm e n t  o f  mal ignant d isease and o c c a s io n a l ly  

g e n i to u r in a ry  t r a c t  i n f e c t i o n ,  s ince i t  was known a t  

the tu rn  o f  the century  t h a t  gonnococcus is  very heat  

s e n s i t i v e .

Normal body temperature is  in  the range o f  35.1 -  37 .7

degrees c e ls iu s  (Hahn, 1984) .  When body temperature  

approaches 42 degrees, the c l i n i c a l  p i c t u r e  o f  heat  

exhaustion occurs, fo l low e d  by death i f  t h a t  

temperature is  exceeded f o r  any length o f  t im e .  Death 

occurs p r i m a r i l y  because o f  massive s k e l e t a l  myolysis  

w ith  consequent renal  f a i l u r e ;  l a t e r  CNS damage occurs
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e s p e c i a l l y  to  b r a in .  There is  a good b io lo g ic a l  basis  

f o r  the c r i t i c a l  temperature .

At temperatures a few degrees above body temperature  

the f i r s t  change to  occur a t  the c e l l u l a r  le v e l  is  

d é n a tu ra t io n  of  sp e c t in  and a c t i n ,  p r o t e in  components 

of  the c e l l  w al l  and cy to s k e le to n .  Human c e l l s  appear 

to  be capable  o f  s u rv iv in g  such e f f e c t s  u n t i l  

temperatures above 42 degrees are  reached, when c e n t r a l  

r e t r a c t i o n  o f  membrane, loss o f  m i c r o v i l l i ,  concentra­

t i o n  o f  o rg a n e l le s  in a ju x ta n u c le a r  p o s i t io n ,  rounding 

up o f  the c e l l  and blebbing o f  the c e l l  w a l l  occur 

(Coakley,  1987) .  Provided exposure t ime does not  

exceed t h a t  o u t l in e d  below f o r  any given hyperthermic  

temperature ( in v i t r o ) , the c e l l  is  a p p a re n t ly  ab le  to  

su rv ive  (Westra and Dewey, 1971, see f i g u r e  7 ) .

Hyperthermia r e f e r s  to  the heat ing  o f  t i s s u e  f o r  the  

purpose o f  d e s t ru c t io n  or i n a c t i v a t i o n  o f  component 

c e l l s .  U sua l ly  t h i s  technique is  used l o c a l l y  in  the  

t re a tm e n t  o f  mal ignant  d isease ,  although whole body 

heat ing  has been t r i e d  in  the t rea tm e nt  o f  leukaemia.  

Temperatures in the range o f  44 -  53 degrees are

employed e i t h e r  alone or in  con junct ion  w ith
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rad io th e ra py  ( S t r e f f e r ,  1977) .

In  v i t r o , mammalian c e l l s  s u rv iv e  f o r  approximate ly  one 

hour a t  43 degrees and t h i s  thermoto lerance t ime is  

approx im ate ly  halved f o r  each degree r i s e  (Gerweck,

1977) .  At hyperthermic t h e r a p e u t ic  temperatures,  

i r r e v e r s i b l e  c e l l  membrane, enzymatic and nuc lear  

damage occur and the c e l l  is  rendered incapable  o f  

fu n c t io n  (Hahn, 1984) .

At one t ime i t  was co nv e n t io n a l ,  t h e r e f o r e ,  to  express  

hyperthermia  doses in terms o f  ’ e q u iv a le n t  minutes a t  

43 degrees ’ . However, i t  has become apparent t h a t  t h i s  

r e l a t i o n s h i p  has l i t t l e  a p p l ic a t io n  c l i n i c a l l y ,  s ince  

the in  v ivo  s i t u a t i o n  is  not d i r e c t l y  r e la t e d  to  t h a t  

in  v i t r o  ( v ide  i n f r a ) .  In  f a c t ,  hyperthermia tends to  

be given in to le ra n c e  doses in  the management of  

cancer,  in much the same way r a d ic a l  rad io th e ra p y  is  

given ,  r a th e r  than using the  p r in c ip a l  o u t l in e d  above.  

This  is  because c l i n i c a l l y ,  much h igher  doses o f  

hyperthermia are needed to  achieve tumour t o x i c i t y  than  

those p re d ic te d  by in v i t r o  models.

1 . 6 . 1 . 1 .  Experimental data
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Figure?.. Hyperthermic Cell survival Curves.
Chinese hampster cells were cultured in vitro, and exposed to 
various temperatures, controlled within +/- 0.1 degrees celsius 
(Westra and dewey 1971).
Cell survival was assayed by colony formation ability.
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Hyperthermie c e l l  s u rv iv a l  t imes are based on e i t h e r  

animal exper iments,  or  more commonly t i s s u e  c u l t u r e  

exper iments .  On general p r i n c i p l e s  care must be 

exerc ised  when e x t r a p o la t i n g  to  the in  v ivo  s i t u a t i o n ,  

never more so than in  the case o f  hyperthermia .  C e l ls  

exposed to  heat in v iv o  are  in  a much more pro tec ted  

environment compared to  those in  v i t r o . Desp ite  the  

f a c t  t h a t  very accura te  thermometry is  po ss ib le  during  

c l i n i c a l  hyperthermia ,  i t  i s  impossib le  to  be c e r t a i n  

t h a t  t h i s  is  a t r u e  measure o f  the temperature o f  a l l  

the component c e l l s  per s e .

Moreover, th e re  are  a number o f  s p e c i f i c  reasons why 

exper im enta l  data  may not e x p la in  the case in  v i v o .

F i r s t l y ,  i t  has been demonstrated t h a t  th e re  are  

changes in  c e r t a in  parameters o f  t i s s u e  c u l t u r e  media 

as a r e s u l t  o f  temperature  change which may themselves  

a f f e c t  c e l l  s u r v i v a l :  d e n s i ty ,  pH, v i s c o s i t y ,

i o n is a t io n  and gas s o l u b i l i t y ,  in c lud ing  oxygen (Brock,

1978) .

Secondly,  most s tu d ies  o f  c e l l  death w ith  hyperthermia  

look a t  simple c e l l  p r o l i f e r a t i o n  or i t s  absence as a



marker o f  c e l l  damage (o f  i n t e r e s t  in cancer th e r a p y ) .  

The case w i th  endometria l  c e l l s  is  not so c l e a r - c u t .  

There is  no data  a v a i l a b l e  a t  the  present t ime which 

would a l low  measurement o f  some marker o f  c e l l  damage 

to  those c e l l s  comprising the basal is  la y e r  and 

d i r e c t l y  equate t h i s  w ith  c e l l  i n a c t i v a t i o n  or death.  

However, in  v i t r o  h istochemical  s tud ies  do record the  

e x te n t  to  which t is s u e  has been heated (see experimen­

t a l  t e x t )  to  r e l a t i v e l y  high temperatures (approx imate­

ly  60 degrees i n t r a c e l l u l a r l y ,  requ ired  f o r  G6PDH 

d é n a t u r a t io n ) .  However, such s tu d ies  are  l i k e l y  to  

underest imate the degree o f  t i s s u e  d e s t r u c t io n ,  s ince  

t i s s u e  damaged h y p e r th e rm ic a l1 y ( i e ,  by exposure to  

lower temperatures f o r  extended t ime pe r io ds )  w i l l  not  

be e lu c id a te d  (a ls o  see s e c t io n  3 ) .

T h i r d l y ,  although a c e r t a i n  f r a c t i o n  o f  c e l l s  s u rv iv e  

the immediate e f f e c t s  o f  exposure to  heat ,  th e re  are  

l a t e  m a n i fe s ta t io n s  o f  prev ious exposure such as 

impaired c a p a b i l i t y  to  reproduce and synthes ise  c e r t a i n  

p ro te in s  (Henle  and D e th le fs e n ,  1978) .  Some c e l l s  have 

been shown to  develop therm oto le rance ,  and i t  may be 

t h a t  the l a t e  m a n i fe s ta t io n s  mentioned are  p a r t  and 

parcel  o f  t h i s  phenomenon.



For these reasons i t  is  impossible to  d i r e c t l y  equate  

thermal dose w i th  p rec ise  c e l l u l a r / t i s s u e  e f f e c t ,  much 

less c l i n i c a l  e f f e c t .  The s i t u a t i o n  is  made even less  

c le a r  by the f a c t  t h a t  i t  is  impossib le  even w ith  

s o p h is t ic a te d  techniques to  a c c u ra te ly  assess t is s u e  

d e s t ru c t io n  a f t e r  hyperthermia .  Although e le c t r o n  

microscopy is  ab le  to  demonstrate some o f  the e a r l i e s t  

i n t r a c e l l u l a r  changes assoc ia ted  w ith  heat  damage, no 

one has been ab le  to  devise a t e s t  t h a t  a c c u ra te ly  

assesses d e a th /s u rv iv a l  o f  c e l l s  (a l tho ug h ,  as 

p re v io u s ly  mentioned histochemical  s tu d ies  go some way 

towards t h i s ) .

Many workers have attempted to  devise techniques which 

a c c u ra te ly  d i f f e r e n t i a t e  between l i v e  and heat  

in a c t i v a t e d  c e l l s ,  besides looking a t  simple c e l l  

p r o l i f e r a t i o n .  These inc lude c e l l  morphology (Schrek,  

1966),  c e l l  m ig ra t io n  (Friedgood, 1 9 2 8 ) ,whether c e l l  

c o lon ies  are  formed or not (Pincus and F isch er ,  1931

and t rypan  blue exc lus ion  

t e s ts  (Strom e t  a l . 1977) .  A l l  o f  these t e s t s  g ive  

r e s u l ts  which are both incongruent w ith  each o ther  and 

w ith  in v ivo  e f f e c t s .
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In  the f i n a l  a n a ly s is ,  the only  meaningful t e s t  of  

hyperthermia e f f e c t s  are  c l i n i c a l .  A l l  e ls e  i s ,  a t  

best in a c c u ra te ,  a t  worst m is lead ing .

1 . 6 . 1 . 2 .  Other c l i n i c a l  a p p l ic a t io n s

The only o ther  a p p l ic a t io n  o f  hyperthermia  to  date

o ther  than the obso le te  heat ing  o f  the  g e n i to u r in a ry

t r a c t  f o r  gonnorhoea t re a tm e n t ,  i s  u r o l o g i c a l .

Yerushalmi (1985)  has reported  the use o f  a t r a n s r e c t a l

microwave probe, d r iv e n  a t  very  high frequency (2050

MHz) to  heat the p ro s ta te  in benign

h y p e r p l a s i a / p r o s t a t i c  o b s t r u c t io n ,  in  high o p e r a t iv e  

r i s k  p a t i e n t s .  The r e s u l t s  are  'p r o m is in g ' ,  but the

technique has ye t  to  be f u l l y  assessed. French workers  

are producing an RF generator  and t r a n s u r e t h r a l  probe 

f o r  d e l i v e r i n g  lower frequency energy in o rder  to

c a p a c i t a t i v e l y heat  the p ro s ta te  f o r  the same

c o n d i t i o n .

1 . 6 . 2 .  Methods o f  Generat ing Hyperthermia

Tissue heat ing  is  achieved e i t h e r  by d i r e c t  su r face



heat ing  (percutaneous h y p e r th e r m ia ) , im p la n ta t io n  of  

heat ing  elements w i t h in  the  t is s u e s  ( i n t e r s t i t i a l  

h y p e r th e rm ia ) ,  or by high i n t e n s i t y  u l t rasound  

( S t r e f f e r  1977) .  These heat ing  elements may e i t h e r  be 

dr ive n  by d i r e c t  h e a t in g ,  such as i r r i g a t i o n  w i th  hot  

w ater ,  or  by the passage o f  a l t e r n a t i n g  c u r re n ts  

between two e le c t r o d e s ,  w i th  the  t a r g e t  t i s s u e  a c t in g  

as the conducting medium between them. In  c l i n i c a l  

p r a c t ic e ,  the most commonly employed e le c t ro m ag n e t ic  

c u r re n t  is  rad io frequency (Hand 1987) .

1 . 6 . 3 .  Radiofrequency E lec trom agnet ic  Thermal Energy

One method o f  genera t ing  heat in t i s s u e  is  the  

a p p l ic a t io n  o f  rad io frequency e le c t rom ag ne t ic  (RFEM) 

energy in the range o f  500kHz -  2-3gHz (Hand 1987) .  We 

chose 27.12MHz because t h i s  is  an assigned frequency  

f o r  medical use, s igna l  generators  capable o f  producing  

such a s igna l  are  e a s i l y  ob ta ined ,  and the  physical  

c h a r a c t e r i s t i c s  o f  thermogenic e f f e c t s  are  idea l  f o r  

a p p l ic a t io n  to  the endometrium.

At t h i s  frequency an e l e c t r i c  f i e l d  is  s e t  up around 

the a p p l i c a t o r ,  in t h i s  case the RF thermal probe, and



t i s s u e  ly in g  w i t h in  t h a t  f i e l d  is  s u b je c t  to  h e a t in g .  

Thus d i r e c t  contac t  is  not a b s o lu te ly  necessary f o r  a 

th e r a p e u t ic  ( h i s t o t o x i c )  e f f e c t .  The power o f  the  

e l e c t r i c  f i e l d  f a l l s  o f f  g e o m e tr ic a l ly  w i th  d is tan ce  

from the RF thermal probe, in  such a way t h a t  energy  

p e n e t ra t io n  beyond 7mm is  minimal (Hand 1987) .  Thus 

RFEM is  the  idea l  method o f  heat ing  the endometrium in  

a p r e c is e ly  c o n t r o l l a b l e  fa sh io n;  by a l t e r i n g  the  

amount o f  power d e l iv e re d  (which is  e a s i l y  measured) 

and the t ime i t  is  d e l iv e re d  f o r ,  a very  s p e c i f i c  

amount o f  t i s s u e  damage is  to  be expected.

In  v i v o , the probe, u te ru s ,  p a t i e n t  and e x te rn a l  

’ r e t u r n ’ e le c t ro d e  form a resonant s e r ie s  c i r c u i t  which 

is  d r ive n  by the RF s igna l  source (see f i g u r e s  ) .  In  

v i t r o  the same a p p l ie s ,  but the ’ r e s t  o f  the p a t i e n t ’ 

plays no p a r t  in the c i r c u i t .  With the c i r c u i t  s e t -u p ,  

the output  o f  the RF generator  is  tuned to  the  

c a p a c i t a t i v e  and r e s i s t i v e  components o f  the  resonant  

c i r c u i t  such t h a t  maximum power d e l i v e r y  is  ob ta ined ,  

in much the same way t h a t  a rad io  s e t  is  tuned to  a 

s t a t io n  to  g ive  the s t ro nges t  sound. Tuning is  

monitored using a power meter which r e g i s t e r s  two 

parameters: in c id e n t  power ( th e  t o t a l  amount o f  power
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produced by the RF genera t ing  apparatus to  which the  

t is s u e s  are  exposed),  and the standing wave r a t i o  

(SWR). The SWR is  a numerical  comparison o f  vo l tag es  

o f  the in c id e n t  s ig na l  and the ' r e t u r n '  s ig n a l .  At a 

r a t i o  o f  1 .0  the vo l tag e s  are  equa l ,  and ' r e f l e c t e d  

power’ is  zero ,  i e .  a l l  o f  the  in c id e n t  power is  

absorbed by the t is s u e s  (as h e a t ) ,  due to  the  f a c t  t h a t  

b io lo g ic a l  t is s u e s  behave as a lossy c a p a c i to r  under 

these circumstances.

1 . 6 . 4 .  Hyperthermia and endometr ia l  a b la t io n

Hyperthermic t is s u e  d e s t r u c t io n  t h e r e f o r e  uses a 

complete ly  d i f f e r e n t  p r i n c i p l e  o f  t i s s u e  d e s t ru c t io n  

compared to  la s e r  or d ia therm y.  Much lower tempera­

tu re s  are employed, f o r  much g r e a te r  exposure times  

( f o r  any given area o f  t i s s u e ) .  The concept o f  ' t o t a l  

simultaneous endometria l  a b l a t i o n '  (TSEA) must be 

in troduced here.  With l a s e r  or d iathermy, endometr ia l  

a b la t io n  is  achieved by des troy ing  small in d iv id u a l



areas ,  and are th e r e fo r e  t ime consuming. Although  

hyperthermic endometria l  a b la t i o n  using the RF thermal  

probe req u ire s  a number o f  minutes exposure t im e ,  a 

l a r g e r  p rop or t io n  o f  t i s s u e  is  t r e a t e d  s im ul tan eous ly .

The t h e o r e t i c a l  advantages o f  the RaFEA system over the  

oth er  two commonly used are:

1. S a fe ty .  Much lower temperatures are  used, and 

p e r f o r a t io n  o f  the u t e r in e  w al l  should be very r a r e ,  

since the probe is  10mm in diameter  and b lu n t  ended. 

Moreover, the tun ing c i r c u i t  does d e te c t  when the probe 

is  ou ts ide  or p a r t i a l l y  ou ts ide  the u te ru s .  The r i s k  

of  exposure o f  o th e r  p e lv ic  s t ru c tu re s  to  d e s t r u c t iv e  

energy is  t h e r e f o r e  les s .  No t o x i c  d is te n s io n  media 

are requ ired  as is  the case w ith  the h y s te ro -  

resectoscope.

2. Ease o f  use. Apart  from p lac in g  the RF thermal  

probe and performing simple p re - t re a tm e n t  d ia g n o s t ic  

hysteroscopy, no spec ia l  s k i l l s  in  o p e ra t iv e  

hysteroscopy are needed, as is  the case w i th  both the  

Nd-YAG la s e r  probe and the h y s te ro - re s e c to s c o p e .

8?



3. Speed. TSEA using the RF thermal probe should not  

take  longer than 20 minutes, although exper ience  w ith  

the  technique is  requ ired  to  f i n a l i s e  t h i s .  C e r t a i n l y ,  

TSEA should be much qu icker  than Nd-YAG (ap prox im ate ly  

60 minutes) or the hyste ro -resectoscope  (4 0 -6 0  

mi n u te s ).

4.  Cost. I f  the RaFEA system were produced 

commercia l ly ,  a s e t  o f  equipment would be co ns iderab ly  

less than the p ro to ty pe ,  which cost approx im ate ly  

£50 ,000 .  A se t  o f  hyste ro -resectoscope  instruments  

w ith  v ideo e t c .  costs approximate ly  £3 0 ,0 00 .  A 

Nd-YAG la s e r  machine costs around £70 ,000 .

However, s a fe t y  is  o f  paramount importance, and 

although the advantages o f  avo id ing  c u t t in g  t is s u e  (and 

t h e r e f o r e  o f  p o t e n t i a l l y  in c is in g  blood ve ss e ls )  and 

f l u i d  r is k s  are v a lu a b le ,  i t  must always be borne in  

mind t h a t  w i th  RF a b l a t i o n ,  the  WHOLE p a t i e n t  must be 

paid a t t e n t i o n  to  a t  a l l  t imes in o rder  to  avoid  

com plica t ions  oc curr ing  as a r e s u l t  o f  the  p a t i e n t  

being surrounded by an e l e c t r i c  f i e l d ,  no tab ly  burns 

(see Sect ion % -  S a f e t y ) .
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1 . 6 . 5 .  The rad io frequency  thermal probe

From physical  and eng ineer ing  po in ts  o f  view,  

e le c tro m a g n e t ic  a p p l ic a t o r s  are  antennas which couple  

power in to  media ( i e .  t a r g e t  t i s s u e s ) .  The b io lo g ic a l  

e f f e c t s  o f  the energy d e l iv e re d  by the a p p l i c a t o r  are  

dependent upon the e l e c t r i c a l  p r o p e r t ie s  o f  the t is s u e s  

and the s i z e ,  shape, o p era t in g  frequency and p o s i t io n  

in r e l a t i o n  to  t a r g e t  t i s s u e  o f  the  a p p l ic a t o r  i t s e l f  

( i n  t h i s  case the RF thermal probe) .

The th e r a p e u t ic  a c t io n  o f  t h i s  device r e l i e s  upon i t s  

a b i l i t y  to  d e l i v e r  RFEM energy to  the endometrium w ith  

which i t  is  in  c lose a p p o s i t io n .  The design,  

development and s t r u c tu r e  o f  the device used in  t h i s  

study is  described in d e t a i l  in  s ec t io n  2, but is  

e s s e n t i a l l y  a rod capable  of  accurate  placement w i t h in  

the endometria l  c a v i t y .

Once the probe is  placed in to  the endometria l  c a v i t y ,  

good fu n c t io n a l  ap p o s i t io n  between i t  and the  

endometrium is  achieved f o r  most o f  the su r face  area  o f  

the c a v i t y  owing to  fo u r  f a c t o r s .  F i r s t l y ,  d e sp i te  the  

f a c t  t h a t  the c a v i t y  widens s u p e r io r ly  and opens out a t

9 /



the o s t i a ,  the n a tu ra l  e l a s t i c i t y  o f  the t is s u e  holds  

i t  a g a in s t  the probe much l i k e  a fo o t  in a sock.  

Secondly,  because the c a v i t y  l i n i n g  is  very wet,  

although i t  is  i r r e g u l a r ,  good contac t  in  terms of  

propogation of  RFEM is  achieved because b i o lo g ic a l  

f l u i d  is  a good conductor. T h i r d l y ,  as mentioned 

be fore ,  t h i s  device r e l i e s  upon an e l e c t r i c  f i e l d  

e f f e c t ,  so t h a t  physical  contac t  is  unnecessary f o r  the  

heat ing  e f f e c t .  F i n a l l y ,  some ' l o n g i t u d i n a l '  

conduction of  heat presumably occurs from r e l a t i v e l y

warm to  r e l a t i v e l y  cool areas as would be expected as

the demands o f  thermodynamic entropy are  s a t i s f i e d .

La ter  probe designs (n o t  included in  the exper imenta l  

programme recorded in t h i s  document) have angulated  

r o t a t i n g  t i p s  in order  to  maximally  d i s t r i b u t e  the  RF 

energy in  l a r g e r  c a v i t i e s .

1 . 6 . 6 .  Unwanted Heating

Heating o f  n o n - ta r g e t  t i s s u e ,  p a r t i c u l a r l y  bowel and 

bladder ,  is  t h e o r e t i c a l l y  minimal (and t h i s  was 

confirmed e x p e r im e n ta l ly )  PROVIDED the thermal probe 

and thermal guard are s i t e d  c o r r e c t l y  and mainta ined

scrupulous ly  by the surgeon in  the c o r r e c t  p o s i t io n .
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Three major f a c t o r s  prevent thermal d e s t ru c t io n  from 

a f f e c t i n g  o th e r  pe lv ic /abdom ina l  s t r u c t u r e s ,  and the  

outermost lay ers  o f  the uterus:

1. They physica l  nature  o f  the e l e c t r i c  f i e l d  

generated by the RF apparatus,  and a p p l ie d  to  the

geometry o f  the system used ( i e .  the e x te rn a l  ’ b e l t ’ ,

p a t i e n t  and RF thermal p robe) ,  is  such t h a t  the  

s t re n g th  o f  the e l e c t r i c  f i e l d  and t h e r e fo r e  heat ing

e f f e c t ,  f a l l s  o f f  as a geometr ic  fu n c t io n  o f  d is tan c e .  

Heating e f f e c t  beyond approximate ly  7-10mm is  not 

s i g n i f i c a n t .

2. The t a r g e t  endometrium and basal is  la y e r  are  t h i n  

compared to  the t h ic k  w al led  u te ru s .  The myometrium is  

a poor conductor o f  heat .

3. The massive blood supply o f  the u te ru s ,  maximal

through the  myometrium lends a powerful  coo l ing  e f f e c t  

to  the body o f  the u te rus .

( v ide  i n f r a ) .
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1 .7 .  Experimental R a t io n a le

1 . 7 . 1 .  In  V i t r o  S tudies

The approach t h a t  was adopted in  the  in v e s t i g a t i o n  was 

f i r s t  o f  a l l  to  t e s t  the  a b i l i t y  o f  the  RF thermal  

probe to  produce a heat ing  e f f e c t  under in  v i t r o  

c o n d i t io n s .  Fresh hysterectomy specimens were exposed 

to  RF energy, and examined in  two ways. F i r s t l y ,  

temperatures were recorded a t  va r io us  depths w i t h in  the  

u t e r in e  w a l l  in  o rder  to  demonstrate t h a t  i t  was 

poss ib le  to  heat the  endometrium w ith o u t  undue heat ing  

o f  the deeper lay e rs  o f  the  myometrium or  the  serosal  

s u r fa c e .  In  the absence o f  blood f lo w ,  t h i s  

represented a 'w o rs t  c a s e ' ,  s ince  in  v iv o  p e r fus in g  

blood would tend to  cool the o u te r  u terus  and hence 

lend a p r o t e c t i v e  e f f e c t  to  o th e r  p e l v i c  organs.  

Secondly,  some marker o f  hyperthermic t i s s u e  damage was 

needed, but because th e re  are  no h i s t o l o g i c a l  markers 

o f  damage a t  these r e l a t i v e l y  low tem pera tures ,  a 

histochemical  technique was employed to  ' r e c o r d '  t i s s u e  

exposure to  heat by t e s t i n g  samples f o r  d é n a tu ra t io n  o f  

a c r i t i c a l  c e l l u l a r  enzyme. Th is  techn ique has been 

used to  study the e f f e c t s  o f  the  la s e r  on t is s u e s
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beyond the  a rea  o f  immediate d e s t r u c t io n  in  v i t r o  (Reid  

& Sharp 1988) .  This is  not the  case i f  the u terus  is  

l e f t  in  s i t u  a f t e r  RaFEA t re a tm e n t  in  v iv o  fo l low e d  by 

hysterectomy a t  a l a t e r  t im e .  Th is  t im e i n t e r v a l  would 

a l low  a p a th o lo g ic a l  response t o  express i t s e l f ,  and 

t h e r e f o r e  h i s t o l o g i c a l  markers would become d e te c ta b le .

I t  should be apprec ia te d  t h a t  th e r e  is  no way o f  

a c c u ra te ly  assessing t is s u e  damage immediately a f t e r  

exposure to  hypertherm ia .  H i s t o t o x i c  e f f e c t s  are  due 

not only to  d i r e c t ,  immediate thermal damage to  

c r i t i c a l  c e l l u l a r  macromolecules, e s p e c i a l l y  in  the  

c e l l  w a l l ,  but more s u b t le  e f f e c t s  whose f i n a l  

consequence in  terms o f  c e l l  f u n c t io n  are  delayed (see  

In t r o d u c t io n ,  'H y p e r t h e r m ia ' ) .

I t  is  t h e r e f o r e  impossib le to  analyse t is s u e  

immediately  a f t e r  exposure and equate t h i s  to  c l i n i c a l  

e f f e c t  in  any accura te  way, in c lu d in g  looking a t  

c e l l u l a r  enzyme d é n a tu ra t io n .  Th is  was confirmed by 

examining hysterectomy specimens a f t e r  in  v iv o  exposure 

o f  the  endometr ia l  c a v i t y  to  RF h e a t in g  to  hyperthermic  

temperatures.  Heating t i s s u e  to  temperatures  below 

those re q u ire d  f o r  enzyme d é n a tu r a t io n ,  i f  those
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temperatures are  mainta ined f o r  a s u f f i c i e n t  length  o f  

t im e ,  w i l l  r e s u l t  in  i r r e v e r s i b l e  t i s s u e  necros is  

d e s p i te  i n t r a c e l l u l a r  enzymes remaining a c t i v e .

The f i n a l  and only meaningful t e s t  i s  t h a t  o f  c l i n i c a l  

t r i a l .

1 . 7 . 2 .  In  Vivo S tudies

Having demonstrated t h a t  i t  was poss ib le  to  s e l e c t i v e l y  

heat the  endometrium, and t h a t  d e s p i te  the  i r r e g u l a r i t y  

o f  the  shape o f  the c a v i t y  the  m a jo r i t y  o f  the  

endometrium was exposed to  RFEM thermal energy, i t  was 

f e l t  j u s t i f i e d  to  proceed to  in  v iv o  experiments.

Animal S tudies

Animal s tu d ie s  were considered but r e je c te d  on the  

grounds t h a t  any r e s u l t s  would have been d i f f i c u l t  to  

e x t r a p o la t e  u s e f u l l y  to  the c l i n i c a l  s i t u a t i o n .  Even 

w ith  animal study r e s u l t s ,  the  ' s t e p '  in to  human 

t e s t i n g  would s t i l l  have to  be made. Moreover, p re c ise  

comprehensive m oni tor ing  o f  des ired  and po ss ib le  

undesired heat ing  was performed (thermometry) a l lo w in g
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any in  v iv o  ex per im en ta t ion  to  be te rm ina ted  a t  the  

f i r s t  s ign o f  n o n - t a r g e t  t i s s u e  he a t in g .

A l l  in  v iv o  experiments were performed w i th  the consent  

of  p a t ie n t s  a f t e r  d iscussion on in t e r v ie w  w i th  the  

a u thor .

RaFEA T e s t in g  During Hysterectomy

Histochemical examination o f  hysterectomy specimens was 

undertaken a f t e r  RF endometr ia l  a b la t i o n  in  vo lu n tee rs  

j u s t  p r i o r  to  hysterectomy in  order  to  ensure t h a t  no 

excessive  pu re ly  thermal d e s t r u c t io n  o f  t i s s u e  was 

occur ing ,  e s p e c i a l l y  a t  the cornua, isthmus and c e r v ix .

In  o rder  to  d e te c t  any unwanted thermal e f f e c t s  upon 

blood, samples were taken from an i s o la t e d  u t e r in e  ve in  

during RaFEA t re a tm e n t  a t  abdominal hysterectomy.  

There have been no such s tu d ie s  performed before  as f a r  

as the author  is  aware, e i t h e r  f o r  l a s e r  or  e l e c t r o s u r -  

g ic a l  endometr ia l  a b l a t i o n .  No systemic haematological  

co m plica t ions  have been reported  a f t e r  these  

procedures, but during RaFEA therapy the  whole o f  the  

endometrium is  exposed s im ul taneously  w i th  a consequent  

l a r g e r  thermal dose. The t h e o r e t i c a l  p o s s i b i l i t y  o f
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s i g n i f i c a n t  d e le t e r i o u s  heat ing  e f f e c t s  on blood were 

t h e r e f o r e  considered.  Heating o f  whole blood 

a c c e le r a te s  c o agu la t ion  (Coakley 1987) ,  thus a c t i v a t i o n  

o f  a c o agu la t ion  cascade was o f  concern.

The e a r l i e s t  in d i c a t o r  t h a t  blood has been exposed to  

heat  is  red c e l l  morphology. Although red c e l l s  

fragment a t  temperatures around 50 degrees C e ls iu s ,  

m ic ro s c o p ic a l ly  d e te c ta b le  changes do occur a f t e r  

exposure to  temperatures above 46 degrees, v a r i a b l e  

w ith  exposure t imes (Coakley 1987) .  Although blood  

f lows through the  uterus a t  approximate ly  1 1/min in  

the  non-pregnant s t a t e ,  blood v e l o c i t y  w i l l  be 

co ns iderab ly  slower in  the  m ic ro v a sc u la tu re ,  a l lo w in g  

prolonged exposure to  thermal e f f e c t s .  In  f a c t  i t  

proved very d i f f i c u l t  to  ob ta in  blood samples during  

RaFEA t re a tm e n t ,  and on ly  small volumes were ob ta ined .  

I n s u f f i c i e n t  blood was obta ined to  perform any 

meaningful analyses o f  co ag u la t io n .  M icroscopic  

examination o f  blood f i l m s  prepared from samples f a i l e d  

to  show any c h a r a c t e r i s t i c  ' c r e n n e l a t i o n ' o f  the red 

blood c e l l s .  Moreover, pre and p o s t - o p e r a t iv e  

coagu la t ion  p r o f i l e s  were normal and showed no change. 

No s u b je c t  s u f fe re d  any co m pl ica t ion  a t t r i b u t a b l e  to
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haemato logical  e f f e c t s ,  e i t h e r  on red c e l l s  or  

co a g u la t io n .

P a t i e n t  Numbers

In  v i t r o  and in  v iv o  exper iments,  w i th  the  excep t io n  o f  

the  two p i l o t  c l i n i c a l  t r i a l s ,  were aimed p r i m a r i l y  a t  

assessing f e a s i b i l i t y  and s a f e t y .  Small numbers o f

specimens ( in  v i t r o ) and pa t ie n s  ( in  v i v o ) were

t h e r e f o r e  used. Moreover, thermometry r e s u l t s  from  

i n d iv id u a l  p a t ie n t s  were s u p r is in g ly  c o n s is te n t .

F i n a l l y ,  th e re  was co ns iderab le  d i f f i c u l t y  in  o b ta in in g  

p a t ie n t s  who were s u i t a b l e  and w i l l i n g  to  be invo lved  

in  these complex experiments.  For a l l  these reasons,  

i t  was f e l t  t h a t  i t  was not j u s t i f i e d  to  re p e a t

i d e n t i c a l  experiments in  l a r g e r  numbers o f  s u b je c ts .

O b je c t iv e  Ana lys is  o f  RaFEA E f fe c ts

Hysterectomy some months a f t e r  RaFEA therapy  (when 

markers o f  the  p a th o lo g ic a l  response would be m a n i fe s t )  

and h i s t o l o g i c a l  examination would be the  id ea l  method 

o f  o b j e c t i v e l y  ana lys ing  t is s u e  e f f e c t s .
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There are  co ns iderab le  e t h i c a l  d i f f i c u l t i e s  regard ing  a 

second (p o s s ib ly  unnecessary) general a n a e s th e t ic ,  

however. Although two p a t ie n t s  were very in t e r e s t e d  

i n i t i a l l y  in  ta k in g  p a r t  in  such a study, in  the event  

both were cured o f  t h e i r  menorrhagia and d e c l in ed  

hysterectomy !

Several  p a t ie n t s  were hysteroscoped some months a f t e r  

RaFEA t re a tm e n t ,  and the  endometr ia l  c a v i t y  b iops ied .  

Others were sub jected  to  Vabra a s p i r a t i o n  as o u t ­

p a t i e n t s .  This provided o b je c t iv e  (p hotograph ic )  

evidence o f  RaFEA e f f e c t s .
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SECTION 2 -  SAFETY

At the t ime o f  w r i t i n g ,  i t  has become ev id e n t  t h a t  the  

major concern about RF a b la t i o n  is  s a f e t y .  Although  

over 250 p a t ie n t s  have been t r e a t e d  by the author  

w ith o u t  f u r t h e r  major c o m p l ic a t io n ,  a m u l t i c e n t r e  t r i a l  

has been embarked upon. At one o f  the  cen tres  

invo lved ,  th e re  have occurred th re e  com p l ica t ions:  an

ECG pad burn, a pulse ox imeter  sensor burn and a 

ves icovag ina l  f i s t u l a .  These have caused suspension of  

the t r i a l ,  and a r e -a p p r a is a l  o f  the technique as a 

whole, e s p e c ia l l y  whether or  not i t  is  too dangerous 

f o r  ro u t in e  use, and whether or not i t  should e i t h e r  be 

abandoned or confined to  a s p e c i a l i s t  ce n tre  where f u l l  

ph ys ics /e n g in ee r in g  superv is ion  is  a v a i l a b l e ,  and used 

to  t r e a t  those ra re  p a t ie n t s  who cannot be t r e a te d  by 

any o ther  means (such as p a t ie n t s  w i th  very severe CVS 

disease who cannot t o l e r a t e  in t ra v a s a te d  f l u i d s ) .

In  each case o f  c o m p l ica t ion ,  the equipment involved  

and the procedure c a r r ie d  out were subjected  to  h ig h ly  

d e t a i l e d  in s p e c t io n ,  and f a u l t s  w ith  both were 

i d e n t i f i e d .  As a r e s u l t  o f  such a n a ly s is  and problem 

i d e n t i f i c a t i o n ,  i t  has become c le a r  t h a t  c e r t a i n



f e a tu re s  o f  the technique need to  be thoroughly  

understood by everyone concerned w ith  ca r in g  f o r  

p a t ie n ts  undergoing the procedure. These are d e t a i l e d  

below. V i o la t io n s  o f  s a fe ty  protoco l  have a ls o  been 

i d e n t i f i e d  in  each case; the v i t a l  need f o r  adequate  

education is  discussed.

2 . 1 .  In t ro d u c t io n

The use o f  RF energy req u ire s  t h a t  sp ec ia l  precaut ions  

are taken not only by the surgeon, but a lso  the  

a n a e s t h e t is t ,  t h e a t r e  te c h n ic ia n s  and nursing s t a f f ,  

a l l  o f  whom must be s p e c i a l l y  t r a i n e d .

I t  is  e s s e n t ia l  f o r  sa fe  p r a c t ic e  t h a t  adequate  

precaut ions  are r ig o ro u s ly  fo l low ed  a t  a l l  t im es ,  and 

i t  must be ap prec ia ted  by a l l  concerned t h a t  RF energy  

must be t r e a t e d  w ith  respect ,  and sp ec ia l  ru le s  apply ,  

in much the same way as la s e r  or diathermy use re q u ire  

t h e i r  own p a r t i c u l a r  handling p ro to c o ls .

The most important  f e a t u r e  o f  RF energy a t  the  

frequency employed f o r  endometria l  a b l a t i o n ,  is  t h a t  

the p a t i e n t  is  surrounded by an e l e c t r i c  f i e l d  during
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t re a tm e n t .  In  i t s e l f ,  t h i s  is  harmless to  both 

p a t ie n ts  and s t a f f  provided adequate s a fe t y  precaut ion s  

are taken .  RF energy w i l l  ’ se e k ’ a pathway to  ea r th  

from the p a t i e n t ,  a lthough environmental l e v e ls  o f  RF 

are  w el l  below those recommended by the H ea l th  and 

S afe ty  Regulat ions ( v ide  i n f r a ) .  The p r a c t i c a l  

consequence o f  RF energy f in d in g  a p o in t  o f  ea r th  

contact  is  t h a t  c u r re n t  w i l l  begin to  f lo w ,  and heat ing  

occur as a r e s u l t .  The c u r re n t  de n s i ty  and t h e r e f o r e  

heat ing  e f f e c t  w i l l  be maximal where impedence is  

h ig h e s t ,  i e .  a t  the p a t i e n t / e a r t h  ju n c t io n .  This  

e x p la in s  why any p o in t  e a r th  co ntac t  r e s u l t s  in  sk in  

heat ing  and e v e n t u a l ly  burns i f  co ntac t  is  m ainta ined.  

A s i m i l a r  phenomenon occurs w ith  diathermy use; such 

i n j u r i e s  are w el l  recognised. Po in ts  o f  danger are  

where the p a t i e n t  may a c c i d e n t a l l y  come in to  contac t  

with  metal t a b l e  frames, s t i r r u p s  and so on.

When la s e r  was introduced in to  t h e a t r e  p r a c t ic e  i t  

became necessary f o r  a l 1 s t a f f  concerned to  be made 

aware o f  the physica l  a t t r i b u t e s  o f  high energy l i g h t ,  

p a r t i c u l a r l y  w ith  regard to  ey es igh t  r i s k  and the r i s k  

o f  burns. Some years p re v io u s ly ,  the  then new 

technology o f  diathermy -  a c t u a l l y  r e l a t i v e l y  low
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frequency RF energy, around 5-600kHz -  was introduced  

in to  t h e a t r e  p r a c t ic e ,  but is  now w id e ly  used; 

a p p ro p r ia te  s a fe ty  ru le s  are w e l l  known to  s t a f f .

Theatre  s a fe t y  in RF a b la t i o n  req u ire s  t h a t  s i m i l a r  

ru le s  to  those p e r ta in in g  to  diathermy are  fo l lo w e d .  

The major d i f f e r e n c e  is  t h a t  during RF a b l a t i o n ,  

c u r re n t  f lows cont inuously  f o r  some 15-20 minutes,  

r a th e r  than i n t e r m i t t e n t l y ,  as is  the case w ith  

diathermy use. Any breach o f  re g u la t io n s  w i th  the  

l a t t e r  are t h e r e fo r e  less l i k e l y  to  r e s u l t  in  ser ious  

i n j u r y ,  s ince s k i n / t i s s u e  coo l ing  is  al lowed to  occur  

between energy a p p l ic a t io n s .

2 . 2 .  Hazards a t  the  o p e r a t iv e  s i t e

I t  is  e s s e n t ia l  t h a t  the surgeon is  f a m i l i a r  w i th  the  

physics o f  RF energy, the basic fu n c t io n s  o f  the  

genera t ing  machine, and the  under ly ing  o p e r a t iv e  

p r i n c i p l e s .

2 . 2 . 1 .  Bladder c a t h e t e r i s a t i o n

The b ladder  must be emptied p r i o r  to  a b l a t i o n ,  s ince a 

f u l l  b ladder  is  much more l i k e l y  to  in t ru d e  upon the



o p e r a t iv e  f i e l d  ( i e .  become ’ t r a p p e d ’ by the  vagina l  

thermal guard) and hence be a t  r i s k  o f  hea t ing  and 

damage. There is  a lso  a t h e o r e t i c a l  r i s k  t h a t  i f  the  

bladder  is  f u l l  o f  (h ig h ly  conduct ive)  u r in e ,  

p r e f e r e n t i a l  heat depo s i t io n  may occur a n t e r i o r l y  and 

place the bladder  a t  r i s k .

2 . 2 . 2 .  C erv ic a l  d i l a t a t i o n

I t  is  e s s e n t ia l  t h a t  the endometria l  c a v i t y  be 

pre v io u s ly  hysteroscoped to  ensure t h a t  the  c a v i t y  is  

w i t h in  normal l i m i t s ,  i e .  t h a t  th e re  is  no congenita l  

abnorm al i ty  or septum of  any k ind .  C e rv ic a l  d i l a t a t i o n  

must proceed smoothly and w i thou t  any suggestion  

whatsoever o f  poss ib le  p e r f o r a t io n  or f a l s e  passage 

c r e a t io n .  Unless the surgeon is  complete ly  co n f id e n t  

t h a t  the endometria l  c a v i t y  has been en tered  on ly ,  then  

the procedure should be abandoned. I f  th e re  is  

excessive b leed ing a f t e r  d i l a t a t i o n  (o r  b e f o r e ) ,  i e .  

more than the small amount normally  assoc ia ted  w ith  

c e rv ic a l  d i l a t a t i o n ,  then a b la t i o n  must not be embarked 

upon under any circumstances. Excessive blood w i t h in  

the c a v i t y  causes inadequate heat ing  o f  the endometri ­

um, but more im p o r ta n t ly  may obscure the surgeons view  

p o s i t io n in g  o f  the probe and/or  guard.
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2 . 2 . 3 .  In s e r t i o n  o f  thermal guard

The guard must be in s e r te d  and ro ta te d  u n t i l  the

vagina l  w al l  in  a l l  fo r n ic e s ,  e s p e c i a l l y  a n t e r i o r l y ,  is  

f u l l y  r e t r a c t e d .  The a n t e r i o r  w al l  and b ladder  must be 

f u l l y  swept back from the c e rv ix  a t  a l l  t im es .  The 

c e rv ix  must be captured c e n t r a l l y  w i t h in  the d i s t a l  end 

of  the guard, and maintained in t h a t  p o s i t io n  a t  a l l  

t imes.  The most e f f i c i e n t  method o f  ho ld ing t h i s  

geometry is  by p lac in g  a s tay  suture  through each of  

the a n t e r i o r  and p o s t e r io r  l i p s  o f  the c e r v i x ,  passing  

the suture  m a te r ia l  through the bore o f  the guard, and 

then f i x i n g  the sutures to  the edges o f  the  opera tors  

end o f  the  guard. In  t h i s  way, the c e r v ix  is  held  

’ f r o z e n ’ c e n t r a l l y ,  and i t  becomes impossib le f o r  the

bladder to  impinge on the o p e ra t iv e  f i e l d  ( i e .  the

r e t r a c t e d  vagina l  o r i f i c e ) .

2 . 2 . 4 .  Probe in s e r t io n

I t  is  v i t a l  t h a t  the c a v i t y  dimensions are known, both 

from u l trasound ( t ranscornua l  d ia m e te r ) ,  and length  

(from o p e r a t iv e  sounding).  A probe should be se lec ted

iofc



whose a c t iv e  t i p  heats the ' t r u e '  c a v i t y  on ly ;  i t  is

VITAL t h a t  the endocerv ica l  canal is  not heated. The

myometrium a t  t h i s  p o in t  is  t h i n  and r e l a t i v e l y  poorly  

suppl ied  w i th  blood. Damage is  t h e r e fo r e  l i k e l y  to  

occur e a s i l y ,  and the bladder  is  immediately  

a n t e r i o r l y .  The probe should be in se r te d  in t o  the  

c a v i t y  u n t i l  the t i p  l i e s  a t  the fundus, and must be

kept in  t h i s  p o s i t io n  a t  a l l  t im es .  I t  is  e s s e n t ia l

t h a t  the a c t iv e  t i p  is  not pe rm it ted  to  'wander' down 

the canal such t h a t  endocerv ica l  heat ing  occurs. This  

is  achieved by constant g e n t le  pressure on the  probe.  

I f  th e re  is  any suspic ion o f  p e r f o r a t io n  a f t e r  

i n s e r t i o n ,  the procedure should be abandoned, or a 

laparoscopy performed. Should p e r f o r a t io n  occur 

unsuspected by the surgeon, the RF genera tor  w i l l  

d e te c t  the f a u l t  because tun ing o f  the system w i l l  not  

occur w i t h in  normal l i m i t s ,  s ince the probe w i l l  be 

ly in g  in  a p o s i t io n  ' e l e c t r i c a l l y  d i s s i m i l a r ’ to  t h a t  

encountered w i t h in  the u t e r in e  c a v i t y  proper .  This has 

been confirmed s ince e a r ly  work by measuring impedence 

loading w ith  the probe ly in g  in  both p o s i t io n s  in  

hysterectomy v o lu n te e rs .

2 . 2 . 5 .  Ground plane e le c t ro d e  b e l t

(O l



The s in g le  most important  f a c t o r  is  t h a t  the i n s u la t io n  

of  the b e l t  must be i n t a c t .  C u r re n t ly  used models are  

d isposab le ,  such t h a t  ’ f a t i g u e ’ o f  the  p l a s t i c  

i n s u la t o r  is  not p o ss ib le .  Breeching o f  t h i s  

i n s u l a t i v e  la y e r  may t h e o r e t i c a l l y  cause sk in  h eat ing  

and poss ib ly  burns.

2 . 2 . 6 .  Maintenance of  c o ncen tr ic  geometry

I t  is  v i t a l  t h a t  the  co n cen tr ic  geometry o f  the c e r v i x ,  

probe and guard be mainta ined a t  a l l  t im es .  The 

p a t i e n t  end of  the probe in su la te d  s h a f t  is  captured  

c e n t r a l l y  by the c e r v ix ,  which i t s e l f  must be captured  

c e n t r a l l y  by the guard. The op era to r  end o f  the probe 

in s u la te d  s h a f t  is  captured c e n t r a l l y  w i t h in  the guard 

by a ’ s p i d e r ’ shaped c l i p  which f i t s  in s id e  the guard.

2 .3  -  Hazards remote from the o p e r a t iv e  s i t e

As p re v io u s ly  mentioned, i t  is  v i t a l  t h a t  ’ d iathermy  

r u l e s ’ are fo l lo w e d ,  i e .  t h a t  the p a t i e n t  must under no 

circumstances be a l lowed to  come in to  co n tac t  w i th  

earthed m eta l .  Danger p o in ts  are the  metal frame o f



the op era t in g  ta b le s ,  and the frames o f  the s t i r r u p s .  

The a n a e s t h e t is t  must be aware t h a t  i f  he touches the  

p a t ie n t s  during t re a tm e n t ,  a s l i g h t  warming e f f e c t  w i l l  

be noted in the examining hand or f i n g e r .  This is  

because c u r re n t  is  f lo w in g  through him to  the earthed  

f l o o r .  However, the re s is ta n c e  is  so la rg e  to  e a r th  

t h a t  c u r r e n t  f low  and t h e r e f o r e  heat ing  is  minimal.  I t  

should not be in t e r p r e t e d  by the a n a e s t h e t is t  as 

imply ing t h a t  the p a t ie n t s  body temperature  is  any 

higher  than normal (which i t  is  n o t ) .  F inger  r ings  or  

p re v io u s ly  placed m e ta l -b e a r in g  s u rg ic a l  implants (eg.  

s t e r i l i s a t i o n  c l i p s )  are  not heated, s ince  th e re  is  no 

e a r th  pathway.

2 . 4 .  P a t i e n t  monitor ing

2 . 4 . 1 .  E lec tro card iograp hy

2 . 4 . 1 . 1 .  S a fe ty

ECG e le c t ro d e s  o f f e r  a p o t e n t ia l  leakage o f  c u r re n t  

from the p a t i e n t  to  e a r th  v i a  the ECG m onitor .  I t  is  

t h e r e f o r e  e s s e n t ia l  t h a t  a f i l t e r  c o n s is t in g  o f  i n - l i n e  

high va lue r e s is t o r s  is  in terposed between the  p a t i e n t  

and the monitor in order  to  prevent  sk in  burns
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oc curr ing  under ECG pads. I t  is  a lso  e s s e n t ia l  t h a t  

ECG pads are  moist and o f  good q u a l i t y ,  and t h a t  

u n der ly ing  sk in  is  clean ( v i z .  d ia th e rm y) .  The case of  

ECG pad burn re s u l te d  from f a u l t y ,  d ry ,  poor ly  

conduct ive ECG pads i n c o r r e c t l y  p laced. F a i l u r e  to  

observe these po in ts  may r e s u l t  in  high impedence 

sk in /pad  j o i n t s  and th e r e f o r e  burns. ECG pad burns due 

to  diathermy are a recognised co m p l ica t io n ,  and r e s u l t  

from f a u l t y  sk in /pad  connection.  As a f u r t h e r  

p rec au t ion ,  pads should be placed as f a r  away from the  

o p e r a t iv e  s i t e  as p o s s ib le ,  i e .  on the o u te r  aspect of  

the t r i c e p s  muscle, and under the mid p o in t  o f  the l e f t  

c l a v i c l e .

Monitors f o r  use w ith  RF a b la t i o n  must always be 

checked f o r  s u i t a b i l i t y  before  o p e ra t io n .

2 . 4 . 1 . 2 .  Q u a l i t y  o f  s igna l

A good q u a l i t y  t r a c e  may be obta ined provided a monitor  

is  used which conforms to  government HSE Guidance Note 

PM 51, i e .  ab le  to  w ithstand  3 V/m. Most modern 

equipment conforms to  these standards.  The f i e l d  

s t re ng th  around the monitors during a b la t i o n  reach a 

maximum o f  2 V/m a t  f u l l  power.
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2 . 4 . 2 .  Blood pressure monitor ing

Since th e re  is  no conductive pathway between the

p a t i e n t  and the automatic BP recorder  (eg.  ’ Dinamap’ ) ,  

RF in te r f e r e n c e  is  not a problem. I t  is  v i t a l  t h a t  BP 

is  c o n s ta n t ly  monitored.

2 . 4 . 3 .  Pulse oximetry

2 . 4 . 3 . 1 .  Sa fe ty

The sensor head o f  the ox imeter  is  complete ly  

in s u la te d ,  but does conta in  m e t a l l i c  components.

Heating and t h e r e f o r e  burns o f  the f i n g e r  may occur i f  

th e re  is  any heat ing  o f  the sensor head. This  may 

occur in one of  two ways: i f  th e re  is  a leak to  e a r th

such t h a t  c a p a c i t a t i v e  coupling occurs between the  

f in g e r  and the earthed m e t a l l i c  components o f  the  

sensor head; or i f  th e re  is  heat ing  o f  the m e t a l l i c  

components themselves. The l a t t e r  may occur i f  a 

cu rre n t  ’ lo o p ’ develops due to  induc t ion  w i t h in  the  

sensor-connecting 1ines -m on ito r  c i r c u i t .  Earth  leakage  

should not be po ss ib le  under BS 5724, s ince the  

pa t ien t -c o n n ec te d  s ide  o f  the  c i r c u i t r y  is  is o la t e d  

complete ly  from e a r t h .  Current  loop in d uc t ion  should



be prevented by m a in ta in ing  the two l in e s  to  the sensor 

g a l v a n i c a l l y  unconnected a t  both the  sensor and monitor  

ends o f  the  c i r c u i t .  A p a t i e n t  has s u f fe re d  a f i n g e r  

burn because the ox imeter  manufacturer  jo in e d  the two 

l i n e s  to g e th er  and to  e a r th  v i a  a low va lue  r e s i s t o r  to  

prevent diathermy in t e r f e r e n c e .  U n f o r tu n a te ly ,  t h i s  

r e s i s t o r  f a i l e d  to  appear on the c i r c u i t  diagram o f  the  

ox im eter ,  and was t h e r e f o r e  u n a n t ic ip a te d .  La te r  

( s a fe )  monitors use much h igher  va lue r e s i s t o r s ,  

reducing c u r re n t  f low  to  n e g l i g i b l e  va lues .

2 . 4 . 3 . 2 .  Q u a l i t y  o f  readout

Only se l f -p ow e red ,  RF r e s i s t a n t  ( i e .  conforming to  EEC 

standards) u n i ts  are  s u i t a b l e .  Avoidance o f  connection  

to  mains e a r th  is  thereby achieved.

2 . 5 .  -  Blood pressure maintenance

I t  is  v i t a l  t h a t  the p a t ie n t s  blood pressure is  

c o n s tan t ly  monitored. Any s i g n i f i c a n t  f a l l s  in BP 

should lead to  abandonment o f  the procedure. U te r in e  

perfus ion  (a long w ith  o ther  v is c e r a )  is  p r e f e r e n t i a l l y  

reduced when BP f a l l s .  Drops in u t e r in e  pe r fus io n  may 

lead to  excessive thermal p e n e t ra t io n  ( v id e  i n f r a ) .
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2 . 6 .  -  Equipment s a fe ty

B r i t i s h  Standard 5724 (BS 5724) is  a se t  o f  re g u la t io n s  

and s p e c i f i c a t i o n s  l a i d  down by government which 

prescr ibe s  c e r t a i n  standards o f  s a fe ty  and r e l i a b i l i t y  

in medical equipment. In  order  to  ensure confo rm ity  of  

the exper imental  apparatus to  these standards ,  the  

p a t i e n t  had to  be e l e c t r i c a l l y  is o la t e d  from mains 

e a r t h ,  and a d d i t i o n a l l y  i s o la t e d  from p o t e n t ia l  

exposure to  mains c u r re n t  leakage.

A l l  mains d r iven  components ( th e  RF gen era to r ,  and in 

most o f  the in v ivo  work the l i n e a r  a m p l i f i e r  as w e l l )  

were powered v i a  a 1kVA mains i s o l a t i o n  t ran s fo rm er .  

The advantages gained were:

1. The p a t i e n t  was e l e c t r i c a l l y  ' f l o a t i n g ' ,  i e .  not  

g a l v a n i c a l l y  connected to  mains e a r t h ,  such t h a t  any 

exposure o f  the p a t i e n t  to  mains p o t e n t ia l  would not  

mean t h a t  the c u r re n t  would f low  to  e a r th  v i a  the  

p a t i e n t .

2. Any high v o l ta g e  's p i k e s ’ in the mains supply would 

be damped out owing to  the slow response o f  the  

t ra n s fo rm er .  Thus the supply to  the RFG and l i n e a r



a m p l i f i e r  was ’ smoothed’ , p revent ing  exposure o f  the  

equipment to  spurious high v o l ta g e .

3. I f  any f a u l t  occurred in the equipment such t h a t  

the power supply became grounded (eg.  a l i v e  s h or t in g  

to  c h a s s is ) ,  then a fuse would not blow, and the  

equipment would continue to  fu n c t io n .

4. The ATU uses a i r  space c a p a c i to rs ,  such t h a t  the  

output is  complete ly  is o la t e d  form the input  in  a 

ga lva n ic  sense. Thus the p a t i e n t  is  i s o la t e d  from 

mains c u r re n t  com plete ly .

During thermometry, the Luxtron u n i t  was a lso  powered 

v ia  the i s o l a t i o n  t ran s fo rm er .

2 . 7 .  -  Environmental s a fe t y

See Appendix 2. ERA t e s t  re p o r t  number 5 0 4 3 /1 1D5/1 

concludes t h a t  the maximal f i e l d  s t re n g th s  encountered  

in t h e a t r e  a t  the t ime o f  t rea tm e n t  are w el l  below the  

HSE guidance l i m i t  o f  0 .184  A/m ( d e t a i l e d  mapping of  

f i e l d  s t re n g th s  is  given in Appendix 2 ) .
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2 . 8 .  -  S a fe ty  p ro to c o ls

Continuously updated s a fe t y  p ro to co ls  are  produced and 

d i s t r i b u t e d  to  a l l  workers w i th  the technique a t  a l l  

t im es .  G u id e l ines  are  c l e a r l y  l a i d  ou t ,  and a l l  s t a f f  

invo lved are  ob l iged  to  f a m i l i a r i s e  themselves w ith  

such p ro to c o ls .  S t a f f  u n f a m i l i a r  w ith  the  s a fe t y  

protoco l  are not admitted to  t h e a t r e  during a b l a t i o n .

I t  cannot be emphasised enough t h a t  such p ro to co ls  MUST 

be r ig o ro u s ly  adhered to .  V io la t io n s  o f  s a fe ty  

protocol  were i d e n t i f i e d  as fo l lo w s :

1. Vesicovaginal  f i s t u l a :

a. The a n a e s th e t is t  f a i l e d  to  inform the surgeon t h a t  

the p a t ie n t s  BP was low (as a r e s u l t  o f  a problem w ith  

the endotracheal tu b e ) ;  t rea tm e n t  was cont inued.

b. I t  was noted t h a t  a poor view o f  the  c e r v ix  was 

m ainta ined,  and the a n t e r i o r  vaginal  w a l l  was not 

complete ly  excluded. The f i s t u l a  occurred in  the  

a n t e r i o r  vag ina l  w a l l .

Both o f  these are  in d i r e c t  co n trav en t ion  o f  s a fe t y  

p r o t o c o l .

2. EGG pad burn:

a. The sk in  was not c leaned,  the pads were dry and
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poor ly  conductive (from prolonged exposure ou ts ide

t h e i r  packaging).

b. The ECG f i l t e r  u n i t  was not used, and the  p a t i e n t  

was connected d i r e c t l y  to  a mains powered ECG u n i t .

Both o f  these are in d i r e c t  co n trav en t ion  o f  s a fe ty  

p r o t o c o l .

3. Oximeter f i n g e r  burn:

a. The ox imeter  was l e f t  a t tached to  the  p a t i e n t

switched o f f  (see ’ pulse o x im e t r y ’ ) .

b. The u n i t  was plugged in to  mains.

c. The u n i t  was not constructed to  BS 5724 in  t h a t

th e re  was a s i g n i f i c a n t  e a r th  leak v i a  the  (unmapped) 

low va lue r e s i s t o r .

A l l  o f  these are  in  d i r e c t  co n trav en t io n  o f  s a fe t y

p r o t o c o l .

F a m i l i a r i t y ,  understanding and adherence t o ,  s a fe t y  

protoco l  i s  a b s o lu te ly  v i t a l .

2 . 9 .  -  Education

The importance o f  s t a f f  education cannot be over ­

emphasised. F a i lu r e  of  s t a f f  to  be aware o f  the



p o t e n t ia l  hazards of  the c l i n i c a l  use o f  RF energy can 

lead to  ser ious  c o m p l ica t ion s ,  n o tab ly  burns. I t  is  

v i t a l  t h a t  not only  the surgeon, but the  a n a e s t h e t is t  

and t h e a t r e  te c h n ic ia n  e s p e c i a l l y ,  a re  conversant w ith  

the physica l  p r i n c i p l e s  o f  RF use. I n t e n s iv e  t r a i n i n g  

must be given to  anyone invo lved  in  the  techn ique ,  who 

must be s a t i s f i e d  t h a t  they have understood the  

in fo rm a t io n  imparted to  them.
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SECTION 3 -  EQUIPMENT DESIGN & DEVELOPMENT

3.1 Design o f  th e  RF Thermal Treatment Probe

O bject ;  The purpose o f  t h i s  e x e rc is e  was:

To design and b u i ld  a p ro to type  o f  an instrument  

s u i t a b l e  f o r  the  accurate  and sa fe  d e l i v e r y  o f  RF 

energy to  the endometrium.

The physical  requirements o f  the  RF thermal probe 

(RFTP) are  t h a t  i t  is  o f  a d iameter  and length which 

al lows easy placement w i t h in  the u t e r in e  c a v i t y ,  and is  

safe  and easy to  handle f o r  both p a t i e n t  and o p e ra to r .  

The a c t iv e  t i p  o f  the  probe must be o f  a length which 

precludes heat ing  o f  the c e r v ic a l  c a na l ,  in view o f  the  

t h in  myometrium and p ro x im i ty  o f  the  b ladder .  I t  was 

decided t h a t  the RFTP should be placed in to  the  

endometria l  c a v i t y  under d i r e c t  v is io n ,  so t h a t  a 

channel f o r  a standard hysteroscope was re q u ire d .  

However, l a t e r  in the  exper imental  s e r ie s ,  we concluded 

t h a t  v i s u a l i s a t i o n  was both d i f f i c u l t  and unnecessary-



and h y s te ro s c o p ic in s e r t io n  was abandoned.

Since on ly  u t e r i  which were c l i n i c a l l y  and u l t r a s o n i -  

c a l l y  normally  shaped were to  be t r e a t e d ,  the  length  of  

the  ’ a c t i v e ’ end was f i x e d  a t  6cm, the usual length o f  

the  u t e r in e  c a v i t y .  The length o f  the probe was f i x e d  

a t  30cm, s ince t h i s  allowed a standard hysteroscope to  

f u l l y  engage the  c e n t r a l  channel,  and j u s t  pro trude  

from the end to  give  a good view.

10mm was chosen as the RFTP d iam eter ,  s ince  a t  t h i s  

s iz e  the a c t iv e  end would be o f  s u f f i c i e n t  volume to  

c r e a te  an evenly  d i s t r i b u t e d  e l e c t r i c  f i e l d  d e n s i ty  

w ith o u t  ’ sharp c o rn e r s ’ , thereby avoid ing areas o f  high  

d e n s i ty  and ’ hot s p o ts ’ . Moreover, a 10mm s h a f t  is  of  

adequate s i z e  to  g ive good ap p o s i t io n  to  the  u t e r in e  

w a l ls ,  f a c i l i t a t i n g  c e n t ra l  placement o f  the RFTP, but 

a lso  a l lo w in g  r e l a t i v e  ease o f  in s e r t io n .

S ta in le s s  s te e l  was s e lec ted  f o r  the a c t i v e  end and 

nylon f o r  the r e s t  o f  the s h a f t  because o f  i t s  good 

i n s u l a t i v e  e l e c t r i c a l  p r o p e r t ie s .

At the op era to r  end is  a 5cm diameter  nylon handle 10cm 

long which a l low s a convenient g r i p ,  and a ls o  reduces

H i



the p ro x im i ty  o f  the surgeon’ s hand to  the s igna l  

in p u t ,  which otherw ise  acts  as a c a p a c i t a t i v e  d ra in  on 

the s i g n a l .

A s t a i n l e s s  s t e e l  1mm w ire  is  s e t  in to  the s ide  w a l l  o f  

the c e n t r a l  4mm diameter  channel which conducts the  RF 

s igna l  to  the a c t iv e  end. Th is  w ire  had to  be kept as 

close to  the ce n tre  o f  the RFTP as poss ib le  to  minimise  

the c a p a c i t a t i v e  d ra in  on the  RF s igna l  due to  the  

p ro x im i ty  o f  the p a t i e n t ’ s t i s s u e s ,  i e .  the vagina (see  

f i g u r e  10 ) .

The s t a i n l e s s  s te e l  and nylon components are  a l l  

assembled w ith  an in t e r f e r e n c e  f i t ,  thereby avoid ing  

bonding agents which are s u s c e p t ib le  to  degradat ion  by 

s t e r i l i s i n g  agents.

Power e n te rs  the  device v i a  a 6mm diameter  c o -a x ia l  

screened cable  a t  the op era to r  end, and is  connected to  

the c e n t r a l  s t a i n l e s s  s te e l  conduct ing w i r e .  A l l  o f  

the m a te r ia ls  used are s t e r i l i s a b l e  by a 15 minute  

submersion in  a cold b io c id a l  s o lu t io n  ( ’ T o t i c i d e ’ ) .  

(See F igure  11 ) .
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F ia u re l l  , The prototype radi o f requency thermal probe.
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3 .2  Design o f  th e  Exte rna l  E le c tro de  f o r  C l i n i c a l  Use 

( ' B e l t ' )

O b ject :  The purpose o f  t h i s  e x e rc is e  was:

To design and co nst ru c t  a device capable o f  a c t in g  as a 

s u i t a b l e  e x te rn a l  e le c t ro d e  f o r  the  ' r e t u r n '  s ide  of  

the RF tuned resonant c i r c u i t  t h a t  was s a fe ,  simple and 

easy to  use.

The e x te rn a l  e le c t ro d e  in  the c i r c u i t  does not have to  

be in  d i r e c t  e l e c t r i c a l  ( i n  the  sense o f  low 

r e s is ta n c e )  co n ta c t  w ith  the p a t i e n t .  Because the  

c i r c u i t  formed by the RFTP and p a t i e n t  is  r e l a t i v e l y  

low re s is ta n c e  and low capac i tance ,  a c a p a c i t a t i v e  

e x te rn a l  e le c t ro d e  is  a p p ro p r ia te  in  order  to  prov ide  a 

more s u i t a b l e  impedence load f o r  the RF g e n e ra to r ,  

which re q u ire s  a load o f  50 ohms.

An idea l  device would be a wide f l e x i b l e  band o f  m eta l ,  

complete ly  in s u la te d .  This is  not commercia l ly  

a v a i l a b l e  a t  the present  t im e ,  a lthough a purpose b u i l t  

u n i t  may become a v a i l a b l e  i f  commercial v i a b i l i t y  o f
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the RaFEA system becomes p o s s ib le .

From e x i s t i n g  m a t e r ia ls ,  we s e le c te d  a 10cm wide

m u l t i p le  channel f l a t  computer i n t e r f a c e  c a b le ,  which

is  a v a i l a b l e  in  any length .  A two meter length  was 

used, and a l l  the component conduct ive cores shortened  

to g e th e r  by s o ld e r in g  the leads,  a t  both ends. One end 

was then encapsulated in  non-conductive epoxy r e s in ,  

and the o ther  connected to  a purpose m ult i  p in  socket .

Thus a complete ly  e l e c t r i c a l l y  in s u la te d  b e l t  was 

formed co n ta in in g  50 cores o f  w i r e ,  a l l  forming a 

s in g le  e le c t r o d e .  A c o - a x ia l  lead f i t t e d  w i th  the  

matching m ult i  pin plug was used to  connect the

e le c t ro d e  to  the re tu rn  s ide  o f  the RF genera t ing

apparatus (see F igures 12 & 13 ) .

The ’ b e l t ’ thus formed is  w a te rp ro o f ,  and is  

s t e r i l i s a b l e  in cold b io c id a l  s o lu t io n  ( ’ T o t i c i d e ’ ) f o r  

10 minutes. S t e r i l i s a t i o n  was on ly  requ ired  f o r  the  

s e r ie s  o f  experiments in v o lv in g  RFTP t rea tm e n t  

i n t r a o p e r a t i v e l y  during hysterectomy, but not f o r  

ro u t in e  use in the Phase 1 c l i n i c a l  t r i a l s .
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F Â g u r e i3  . The prototj^_E>e_ i nsu 1 a te d  g r o u n d - p l a n e  

e 1e c t rode ( ' b e l t ' )
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The b e l t  was f i t t e d  to  the p a t i e n t  p r i o r  to  general  

a n a e s th e t ic ,  by wrapping i t  around the w a is t ,  such t h a t  

the i n f e r i o r  edge was a t  the  lev e l  o f  the a n t e r i o r  

s u p e r io r  i l i a c  sp ines.  Exact anatomical placement was 

not found to  be c r i t i c a l ,  but t h i s  p o s i t io n  allowed  

easy f i t t i n g  w i th  good ap po s i t io n  to  the p a t i e n t ' s  

s k in .  Loose f i t t i n g  was avoided because t h i s  would 

weaken the th e r a p e u t ic  e l e c t r i c  f i e l d ,  and th e re  was 

a lso  the  t h e o r e t i c a l  r i s k  o f  c r e a t in g  RF 'h o t  s p o t s ' ,  

i e .  areas of  high f i e l d  d e n s i ty ,  on the su rface  o f  the  

p a t i e n t ,  and t h e r e f o r e  a heat ing  e f f e c t .  Firm, f l a t  

a p p l ic a t io n  excludes t h i s  t h e o r e t i c a l  p o s s i b i l i t y .

3 . 3 .  The RF Generat ing /Tun ing  Apparatus

The equipment used in a l l  o f  the exper imental  work in  

t h i s  th e s is  was k in d ly  loaned by the MRC Hyperthermia  

U n i t ,  Royal Postgraduate Medical School, Hammersmith 

H o s p i ta l ,  courtesy o f  Dr Stan F i e l d ,  U n i t  D i r e c t o r .

The s igna l  source was a 'Kenwood' T ran sce ive r  U n i t ,  s e t  

to  a t r a n s m i t t in g  frequency o f  27.12MHz. The output  of  

t h i s  was coupled d i r e c t l y  v i a  a power/SWR meter to  a 

'Hea t h k i t ’ SA-2040 antenna tun ing u n i t  (ATU).
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When i t  became necessary to  boost the power output  

beyond 80 W in c id e n t ,  a matching ’ Kenwood’ 1 kW l i n e a r  

a m p l i f i e r  was added (see F igure  14 ) .

These components are  ’ ready b u i l t ’ items, more u s u a l ly  

employed f o r  radio-communications. Thus the s e t  of  

equipment was not purpose b u i l t ,  and c e r t a i n

precaut ions  and m o d i f ic a t io n s  were necessary in order  

to  guarantee p a t i e n t  and o p e r a t o r / t h e a t r e  s t a f f  s a f e t y .

Re l i  a b i l i t y

The l i n e a r  a m p l i f i e r  was the component most ’ s t re s s e d ’ 

in t h a t  i t  was requ ired  to  d e l i v e r  a high power s igna l  

(550 W) f o r  20 minutes co n t inuous ly .  Under normal

communications use, t h i s  high power would only be 

requ ired  f o r  sh or t  per iods during transm iss ion .

Between t ransm iss ion ,  co o l ing  would normally  be

permi t t e d .

In  f a c t ,  the equipment proved remarkably r e l i a b l e ,  

although a f a u l t  d id  occur in  the l i n e a r  a m p l i f i e r  on 

one occasion (a  b u rn t -o u t  r e l a y ) .
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F j g u r e i a  . The p ro to ty p e  r a d i ofrequency g e n e ra t in g  

a p p a r a t u s .

A -  SWR/power meter B -  Antenna tun ing  u n i t

C -  T ransm it te r  u n i t  D -  L inear  a m p l i f i e r



3 .4 .  Design o f  th e  Vaginal Thermal Guard/Speculum

Since no metal accessories  may be used w ith  the RFTP 

ap para tus ,  a t  the  beginning o f  the p r o j e c t ,  perspex 

cuscoes speculae were used (which are  f r e e l y  a v a i l a b l e  

c o m m e rc ia l ly ) .  In  p a t ie n ts  w i th  a capacious vagina,  i t  

became apparent  t h a t  a l a r g e r  device was needed to  

m a in ta in  the  vag ina l  w a l ls  ( e s p e c i a l l y  l a t e r a l l y )  c le a r  

of  the  c e r v i x ,  both to  keep an u n c lu t te re d  view and to  

preven t  h e a t in g  o f  the vagina (see F igure 15 ) .

In  two e s p e c i a l l y  obese p a t i e n t s ,  the vag ina l  w al l  

a c c i d e n t a l l y  came in to  co n ta c t  w ith  the s h a f t  o f  the  

p ro to ty p e  RF thermal probe, which had developed a 

f r a c t u r e  in  the i n s u la t io n .  The a n t e r i o r  w al l  o f  the  

vagina was damaged, and v e s ic o -v a g in a l  f i s t u l a e  

r e s u l t e d .

In  response to  these problems, a nylon ve rs ion  o f  an 

ob s o le te  v a g in a l  speculum ( th e  Ferguson speculum. 

Rocket o f  London Museum), was designed and b u i l t .  Th is  

c o n s is ts  o f  a dense, pure nylon tube, 50mm in d iam eter ,  

100mm long, which is  s l i g h t l y  tapered  a t  the  d i s t a l
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F ig u ré e s  . The r a d i o f requency t h ermal probe i n s i t u
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end, and cut a t  an angle  to  form the frustum o f  a cone 

(see F igure  16 ) .  The ou te r  su r face  is  r idged ,  w i th  a 

reverse rake in p r o f i l e  such t h a t  the tube is  easy to  

i n s e r t ,  but less so to  remove. This prevents  

’ spontaneous e x p u ls io n ’ by the  musculature o f  the  

vagina,  which we i n i t i a l l y  found to  be a problem.

Nylon is  h ig h ly  i n s u l a t i v e ,  and is  thus a good 

’ b a r r i e r ’ to  c a p a c i t a t i v e  coupl ing between the  vagina  

and any low lev e l  ’ r a d i a t i o n ’ from the s h a f t  o f  the  

RFTP. Moreover, the vagina l  w a l ls  are  sy m m etr ica l ly  

r e t r a c t e d  a l lo w in g  a p e r f e c t  view of  the c e rv ix  and in 

s i t u  RF thermal probe.

However, the surgeon MUST be p e r f e c t l y  c e r t a i n  t h a t  the  

probe is  f u l l y  engaged a t  a l l  t im es ,  and t h a t  the  

vagina and t h e r e fo r e  b ladder  are  f u l l y  r e t r a c t e d  and 

c e n t ra l  a t  a l l  t im es.  Moreover, the probe must be 

captured c e n t r a l l y  by the c e r v i x ,  which i t s e l f  is  ly in g  

c e n t r a l l y  w i t h in  the guard (see F igure  17 ) .  F a i l u r e  to  

m ainta in  a co nce n tr ic  geometry r e s u l t s  in  uneven 

heat ing  and the p o s s i b i l i t y  o f  i n ju r y  to  n o n - ta rg e t  

t is s u e s  a r is e s .

(See Sect ion 2 -  S a f e t y ) .
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F1 gurei6 The Thermal VaginaJ _Gy^_d_ _ And Locat ing
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SECTION 4 -  IN VITRO STUDIES

O bject

The purpose o f  t h i s  se t  o f  in  v i t r o  experiments was to :

1. Tune the RF resonant c i r c u i t  comprising the  RF 

g e nera tor ,  the RF thermal probe, f res h  o p e ra t iv e  

specimen u t e r i  and an e x te rn a l  e le c t r o d e .

2. To c h a r a c t e r is e  the thermal c o n d u c t iv i ty  o f  u t e r in e  

t i s s u e .

3. To determine the e x te n t  o f  t i s s u e  damage r e s u l t in g  

from RF thermal probe t re a tm e n t  under in  v i t r o  

co nd i t ion s  a t  temperatures compatib le  w i th  c e l l  death  

of  t a r g e t  t is s u e  ( i e .  the endometrium in c lu d in g  the  

basal i s  l a y e r ) .

4. To d e f in e  the su rface  area  o f  e f f e c t i v e  t re a tm e n t  

w i t h in  the u t e r in e  c a v i t y .



Exposure o f  th e  endometrium to  RFEM Energy

P a t ie n ts ,  m a te r ia ls  & methods

C r i t e r i a  f o r  p a t i e n t  e n t ry  were:

1. Age between 35 and 55 years.

2. A d ia g n o s t ic  c u re t ta g e  performed w i th in  s ix  months 

showed benign endometria l  c u r e t t in g s  OR the in d ic a t io n  

f o r  hysterectomy was simple u te rov a g in a l  p ro lapse .

3. There was nothing in the h i s t o r y  suggest ive  of  

poss ib le  organic  gynaecological  pathology o ther  than  

uterova g in a l  pro lapse .

4. Consent was obta ined from the gynaecological  and 

pathology co n s u l ta n t  to  use the hysterectomy specimen 

f o r  exper imental  work p r i o r  to  ro u t in e  h i s t o l o g i c a l  

a n a l y s i s .

Seven p a t ie n t s  were adm it ted ,  but two subsequently
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r e je c te d  because o f  te c h n ic a l  f a u l t s  w ith  the  RFEM 

genera t ing  apparatus.

A f t e r  abdominal or vag ina l  hysterectomy, the f res h  

specimen was t ran spo r ted  to  the physics la b o ra to ry  

immediately  w ith  a maximum delay o f  15 minutes between 

ex c is io n  and exper im en ta t ion .

On the bench, the c e rv ix  was d i l a t e d  to  s iz e  10 Hegar 

(10mm) in a l l  cases, and the RF thermal probe placed  

f u l l y  w i t h in  the u t e r in e  c a v i t y .

S ize  22 gauge in travenous p l a s t i c  cannulae were then  

pushed through the u t e r in e  w al l  a t  90 degrees to  the  

plane o f  the c a v i t y  u n t i l  the t i p  o f  the t ro c h a r  needle  

touched the RF thermal probe w i t h i n .  The t i p  o f  the  

p l a s t i c  cannula was then a t  0mm from the probe. One 

cannula was l e f t  a t  t h i s  le v e l  w i t h in  the  u te ru s ,  and 

the remaining th re e  withdrawn by measured amounts such 

t h a t  the  t i p s  were 5mm, 10mm and 20mm from the probe 

su r fac e .  The t ro c h a r  needles were then withdrawn and 

thermometric probes introduced in to  the  cannulae  

connected to  a ’ Lu x tro n ’ mult ichannel  e l e c t r o n i c
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thermometer (see Appendix 1 ) .

Excess f l u i d  was mopped from the su rface  o f  the  

specimen, which was then sheathed w ith  a p l a s t i c  sheet ,  

ensuring t h a t  the RF thermal probe and the  temperature  

probes were c a r e f u l l y  mainta ined in  p lace .

The p l a s t i c  wrapped specimen was then surrounded w ith  a 

f l e x i b l e  aluminium diathermy pad f o r  i t s  e n t i r e  

e x te rn a l  su rface  area to  form an in s u la te d  (from the  

u terus )  capac itance ’ r e t u r n ’ e le c t r o d e .

The output  from a 27 .12  MHz RF s igna l  genera tor  was 

connected to  the RF thermal probe v i a  an antenna tun ing  

u n i t  (ATU) capable o f  va ry ing  the impedence o f  the  

e l e c t r i c a l  load presented by the  thermal probe, u terus  

and re tu rn  e le c t ro d e  which thus formed a resonant  

s e r ie s  c i r c u i t .  Tuning was monitored using a power 

meter to  monitor t o t a l  power d e l iv e re d  and amount o f  

power ’ r e f l e c t e d ’ , i e .  not absorbed by t i s s u e  in  the  

form o f  heat .
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B asel ine  temperatures were recorded a t  0mm, 5mm, 10mm 

and 20mm ( i e .  neares t  the serosal  s u r fac e )  from the  

thermal probe su r fac e .

With the  RF generator  s e t  to  d e l i v e r  a very small 

ampli tude s igna l  (approx im ate ly  3 W), the c i r c u i t  was 

tuned to  maximise the amount o f  power deposited in to  

t i s s u e .  In  order  to  achieve t h i s ,  the s tanding wave 

r a t i o  (SWR) was monitored and maintained c lose to  1 .0 .  

A l t e r a t i o n  o f  the cap ac i tance ,  inductance and 

re s is ta n c e  c h a r a c t e r i s t i c s  o f  the AID al lowed c i r c u i t  

tu n ing .  There was no r i s e  in temperature w ith  an 

in c id e n t  power o f  3 W.

Time was then marked using a stopwatch, the RF 

generator  output  r a p id ly  increased to  g ive  70 W 

in c id e n t  power, w i th  a SWR o f  1 .0 .

Temperatures were recorded manually a t  ten second 

i n t e r v a l s  ( th e  update t ime o f  the Luxtron u n i t ) .

When the temperature a t  5mm from the thermal probe 

surface  had reached 70 degrees c e n t ig ra d e ,  the s igna l  

was switched o f f ,  and the Luxtron temperature probes



and the thermal probe removed. The p l a s t i c  cannulae  

were l e f t  in  s i t u . The e x te rn a l  e le c t r o d e  and p l a s t i c  

sheath were removed, and the specimen immediately  

s l i c e d  t r a n s v e rs e ly  a t  the lev e l  o f  the  isthmus, mid­

body and a t  the le v e l  o f  the tubes using a la rge  

s c a lp e l .  Tissue s l i c e s  approx imate ly  3 mm t h i c k  were 

taken a t  these l e v e ls ,  and wedge-shaped se c t io n s  cut  to  

inc lude  a l l  layers  o f  the  u t e r in e  w al l  i d e n t i f i e d  by 

means o f  a coded labe l  and plunged in t o  l i q u i d  

n i t ro g e n .  A s in g le  m id l in e  s l i c e  o f  t i s s u e  was a lso  

taken a t  the fundus in  the s a g g i ta l  p lane and s i m i l a r l y  

s t o r e d .

A l l  t is s u e  samples were saved f o r  h istochemical  

a n a ly s is  (see Appendix 3 ) .

The remainder o f  the specimen was sent  f o r  ro u t in e  

h i s t o l o g i c a l  exam inat ion .

This  procedure was repeated in  fo u r  o th e r  specimens.



P a t ie n t  D e ta i ls :

P a t ie n t  

In i  t ’ s

Age Uterus  

Dimen. 

(mm)

C a v i ty

Length

(mm)

Previous  

H i s t o l ’ y

Endom.

Depth

(mm)

Day Of 

Cycle

1 . RM 41 100x63 77 Benign 4 .2 11

2. BL 34 85x60 76 Benign 5.1 16

3. PC 49 110x70 84 Benign 6 .3 18

4. 88 44 90x55 78 Benign 6 .9 18

5. R8 50 95x60 80 Benign 7 .0 22

Results

Using an RF s igna l  a t  27 .12  MHz and a l t e r i n g  the  

impedence load o f  the RF thermal p r o b e /u te r u s /e x t e r n a l  

e le c t ro d e  c i r c u i t ,  i t  was po ss ib le  in  a l l  cases to  tune  

the c i r c u i t  to  d e l i v e r  70 W power w ith  a SWR o f  between

1.0 and 1.2  ( i e .  w i th  minimal r e f l e c t e d  power, 

in d ic a t in g  e f f i c i e n t  d e po s i t io n  o f  energy in to  t i s s u e ) .

Thermometric r e s u l t s  are  shown in  F igure  18 as degrees
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c e n t ig ra d e  r i s e  above ba s e l in e  temperature p lo t te d  

a g a in s t  t im e.  The base l ine  temperature v a r ie d  by a few 

degrees according to  ambient co nd i t ion s  and exact  time  

from e x c is io n  to  ex per im enta t ion  (range 28 .3  to  31 .0  

degrees,  and 11 to  15 minutes r e s p e c t i v e l y ) .  The data  

presented in F igure 18 represents  temperatures which 

are  average f o r  the f i v e  specimens, but the r e s u l t s  f o r  

each specimen were s u r p r i s i n g l y  s i m i l a r  (maximum 

v a r i a t i o n  0 .6  degrees c e n t ig r a d e ) .

Macroscopic examination o f  cu t  edges o f  t r e a t e d  t is s u e  

revea led  a f a i n t  whiteness o f  the t is s u e  a d jac e n t  to  

the  thermal probe, but t h i s  was very d i f f i c u l t  to  see,  

and was impossib le  to  photograph because the changed 

appearance was so s u b t le .  Routine h i s t o l o g i c a l  

examination o f  the specimen f a i l e d  to  show any s p e c i f i c  

change t h a t  could be a t t r i b u t e d  to  the  RF heat ing  (see  

photographs in se c t io n  6 ) .  An experienced co n s u l ta n t  

p a t h o lo g is t  was unable to  d e l in e a t e  heated from non­

heated t is s u e  in  any case, as would be expected.  

Maximum depth o f  endometrium is  shown above.
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The histochemical  analyses showed t h a t  v i r t u a l l y  a l l  o f  

the endometr ia l  c a v i t y  had been heated t o  a depth o f  5 -  

8 mm, s u f f i c i e n t  to  cause d é n a tu ra t io n  o f  g lu c o s e -6 -  

dehydrogenase (G6PDH). Tissue s l i c e s  from the  le v e l  o f  

the isthmus, mid body, tuba l  o s t i a  and s a g g i ta l  fundal  

s l i c e s  showed a c l e a r  demarcation between heated and 

u n af fec ted  t i s s u e .  V e rn ie r  c a l l i p e r s  were used to  

measure the depth o f  t i s s u e  d e s t r u c t io n ,  and the  

r e s u l t s  are  o v e r le a f .
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R esu lts  o f  Histochemical  A n a lys is  o f  RF Heat Trea ted  

Hysterectomy Specimens:

Specimen Number

S i t e  Of Sample 1 2 3 4 5

Isthmus 5 .3 5.1 5 .0 5 .4 5 .6

Mid body 6 .2 5 .9 6 .3 6 .6 6 .2

O s t ia  (c o ro n a l ) 3 .5 4.1 4 .3 3 .6 3 .2

O s t ia  ( s a g g i t . ) 4 .5 5 .6 5 .9 6 .2 5 .5

Fundal ( s a g g i t . ) 6 .2 6 .6 5 .9 5 .8 5.1

Depth Of G6PDH D énatu ra t ion  (mm)

Tota l  Thickness Of Specimen (Endo- + Myometrium):

Specimen Number

S i t e  Of Sample 1 2 3 4 5

Isthmus 14.3 12.9 13.8 21 .0 15.8

Mid body 24 .6 27.1 21 .7 24 .7 25 .0

O s t ia  (c o ro n a l ) 10.3 9 .9 11.9 9 .7 9 .3

O s t ia  ( s a g g i t . ) 10.1 9 .4 9.1 9 .8 8 .9

Fundal ( s a g g i t . ) 15.0 18.0 21 .0 18.0 21 .8



*  These measurements do not take  account o f  t is s u e  

shrinkage which occurs during t is s u e  processing  

(approx im ate ly  15-20%), but s ince the myometrium and 

endometrium presumably sh r in k  in equal p ro p o r t io n ,  

percentage depth o f  t is s u e  d e s t ru c t io n  remains a v a l i d  

param eter .

Conclusions

1. Using the ’ Kenwood’ RF generator  as a 27 .12  MHz

signa l  source and ’ H e a t h k i t ’ SA-2040 antenna tuning  

u n i t  i t  is  poss ib le  to  d r iv e  the s e r ie s  resonant  

c i r c u i t  formed by the RF thermal probe, u terus  and

e x te rn a l  e le c t ro d e  such t h a t  a r e l a t i v e l y  high f r a c t i o n  

of  the output  o f  the RF generator  i s  absorbed by the

u t e r in e  t i s s u e  in the form o f  heat .

2. I t  is  poss ib le  to  heat the endometrium in  the  in

v i t r o  s i t u a t i o n  to  s u f f i c i e n t l y  high temperatures f o r  

s u f f i c i e n t  time compatib le  w ith  a h i s t o t o x i c  e f f e c t ,  

but the o u te r  areas of  the uterus remain s u f f i c i e n t l y



cool t h a t  more e x te n s iv e  thermal damage does not occur.

3. Despite  the  uneven shape o f  the u t e r in e  c a v i t y ,  

RFEM energy d e l iv e re d  v ia  the RF thermal probe is  

capable  o f  heat ing  the g re a t  m a jo r i ty  o f  the  

endometrium to  a r e l a t i v e l y  uniform depth.

Discussion

In  the ’ worst ca s e ’ s i t u a t i o n ,  where blood f low  was 

absent,  i t  may be seen t h a t  u t e r in e  t is s u e  is  a poor 

conductor o f  heat .  When the endometria l  surface  

temperature  was 30 degrees above ambient tem perature ,  

the  temperature a t  the  u t e r in e  serosa was only  12 

degrees above.

With meticulous thermometry, i t  was f e l t  j u s t i f i e d  to  

proceed to  the in v ivo  s i t u a t i o n .
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SECTION 5 -  IN VIVO THERMOMETRY STUDIES

5.1 -  In  Vivo exposure o f  endometrium to  RF heat ing  a t  

70 W power

O bject :

The purpose o f  t h i s  se t  o f  in  v iv o  experiments was to :

1. Test  the performance o f  the RF thermal probe in  

heat ing  the endometrium in v i v o .

2. To perform thermometry in e x t r a u t e r i n e  t is s u e s  

during RaFEA in  order  to  monitor exposure of  o th er  

p e lv ic  organs to  thermal energy.

3. To ob ta in  u t e r in e  e f f l u e n t  blood during RaFEA f o r  

red c e l l  morphology, in order  to  monitor any 

haematological  damage.

P a t ie n ts

C r i t e r i a  f o r  e n t ry :

P a t ie n ts  were admitted to  the exper imental  protocol  i f :

1. They gave f u l l y  informed consent.



2. They were booked f o r  an abdominal hysterectomy f o r  

i n t r a c t a b l e  DUB.

3. A h i s t o l o g i c a l  a n a ly s is  o f  u t e r in e  c u r e t t in g s  had

excluded organic  disease w i t h in  the prev ious nine

months.

P a t ie n t s  were excluded i f :

1. They f a i l e d  to  give  informed consent.

2. There was any h i s t o r y  o f  ser ious  in t e r c u r r e n t  

medical c o n d i t io n s .

3. They were ex c e s s iv e ly  obese ( g r e a t e r  than 90th

c e n t i l e  weight f o r  h e ig h t ) .  The reason f o r  t h i s  was 

t h a t  i n t r a o p e r a t i v e  access to  p e lv ic  organs is  

d i f f i c u l t  in o b e s i ty ;  much more so when th e re  are a 

number o f  thermometry probes and blood sampling l in e s  

in  s i t u .

M a t e r i a l s  and Methods

P a t ie n ts  were judged p r e o p e r a t i v e l y by a co n su l ta n t  

a n a e s t h e t is t  who judged them f i t  and w el l  (ASA 1 ) .  An 

ECG and chest X -ray  were performed, and blood taken f o r  

cross-match, urea and e l e c t r o l y t e s ,  l i v e r  fu n c t io n  

t e s t s ,  coagu la t ion  screen (prothrombin t ime (PT) ,  

p a r t i a l  th rom boplast in  t ime (PTT),  thrombin t ime (TT)
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and f ib r in o g e n  le v e ls  ( [ F i b ] ) ) ,  f o l l i c l e  s t im u la t i n g  

hormone (FSH) and f r e e  haemoglobin. These t e s t s  were 

repeated s ix  weeks a f t e r  o p e ra t io n .  Norm a l i ty  o f  the  

t e s t s  p r e o p e r a t i v e l y was a co n d i t io n  f o r  e n t ry  to  the  

t r i a l  .

A l l  p a t i e n t s  gave informed consent a f t e r  in te r v ie w  w i th  

the  a u tho r .  E th ic a l  committee approval was ob ta in ed .

Two p a t ie n t s  were se lec ted  f o r  the f i r s t  phase o f  the  

study :

P a t i e n t Age Height Weight D&C Day Of

I n i t ' s ( cm) (kg) H is to lo gy Cycle

JM 38 161 61 .6 Benign 12

MR 41 157 57 .8 Benign 9

Blood R esu lts :  

Parameter P a t ie n t  JM P a t ie n t MR

U&E * Normal Normal

LFT * * Normal Normal

PT 1 3 sec 1 5 sec (1 2 -1 5  sec)

PTT 27 sec 32 sec <25-40 sec)

TT 10 sec 10 sec (1 0 -1 3  sec)

[ F ib ] 3 . 1 g / l 4 . Og/1 ( 2 - 4  .;8g/l )

1^0



Free Hb 0 0

FSH 12 lU/ml 9 lU/ml

(Premenopausal FSH = <30 l U / m l )

* U&E inc ludes serum urea,  c r e a t i n i n e ,  sodium and 

potassium

* *  LFT = l i v e r  fu n c t io n  t e s t s  inc ludes serum t o t a l  and 

conjugated b i l i r u b i n ,  a l k a l i n e  phosphatase, a la n in e  

t r a n s fe r a s e ,  a s p a r ta te  t r a n s fe r a s e  and gamma glutamyl  

t r a n s fe r a s e .

Chest X-Ray, ECG and blood pressure were w i t h in  normal 

l i m i t s .

The p a t i e n t  was prepared f o r  t h e a t r e ,  and a general  

a n ae s th e t ic  given by a co n s u l ta n t  a n a e s t h e t is t .  She 

was placed in the modif ied l i tho tom y p o s i t io n  ( le g s  and 

hips p a r t i a l l y  f l e x e d )  in order  to  provide access to  

both vagina and abdomen.

The vagina was cleaned w i th  an aqueous a n t i s e p t i c  agent  

and the c e rv ix  d i l a t e d  to  s iz e  4 Hegar. A d ia g n o s t ic  

hysteroscopy was performed using a 3mm hysteroscope  

( S t o r t z )  and s in g le  channel sheath.  Any abnorm al i ty  

(submucous f i b r o i d s ,  polyps, congenita l  a b n o rm a l i ty )
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excluded the p a t i e n t  from co nt inu in g  in  the exper im ent .  

The c e r v ix  was then d i l a t e d  to  s iz e  10 Hegar, and the  

RF thermal probe placed f u l l y  w i t h in  the  u t e r in e  c a v i t y  

u n t i l  the t i p  of  the probe was a t  the fundus. A 

p l a s t i c  cuscoe speculum was used to  avoid the  

p o s s i b i l i t y  o f  c a p a c i t a t i v e  d ra in  on the RF thermal  

probe and poss ib le  vag inal  h e a t in g .

The abdomen was cleaned and draped, and e n t ry  to  the  

p e r i to n e a l  c a v i t y  gained v i a  a t ra n sv e rs e  suprapubic  

in c is io n .  Meticu lous haemostasis was achieved using  

diathermy. The bowel was packed away to  leave optimal

access to  the p e l v i s .  Luxtron probes were then placed

using 16 gauge in travenous cannulae (M edicut)  as 

fo l lo w s ,  a f t e r  c a l i b r a t i o n :

1. Through the myometrium a t  the le v e l  o f  the  mid-body 

a n t e r i o r l y ,  a t  the RF thermal probe s u r face  ( i e .  a t  the  

p o in t  o f  endometrium/probe i n t e r f a c e ) .

2. As in 1, but withdrawn (using a s t e r i l e  s t e e l  r u le  

to  measure) to  5 mm from the RF probe s u r fa c e .

3. As in 1, but 10 mm from the probe s u r fa c e .

4. Under the v is c e ra l  peritoneum in  the  Pouch o f  

Douglas.

5. W ith in  the u te ro v e s ic a l  pouch.



6. T r a n s c e r v ical 1 y in  the m id l in e  a n t e r i o r l y  where the  

i n s u la te d  s h a f t  was in s e r te d  through the c e rv ic a l  

c a n a l .  Th is  was to  ensure t h a t  th e re  was no

c a p a c i t a t i v e  he at ing  o f  the endocervix  and th e r e fo r e  

b ladd er .

The ’ Kenwood’ RF genera tor  s e t  to  27 .12  MHz was then  

connected to  the RF thermal probe and the e x te rn a l  

ground-plane e le c t r o d e  b e l t  v i a  the ’ H e a t h k i t ’ SA-2040 

antenna tun in g  u n i t  (ATU) and power meter. The bowel

packs were removed. A per iod  o f  f i v e  minutes was 

allowed f o r  the Luxtron thermometry probes to

e q u i l i b r a t e  and achieve a steady reading.

The i n c id e n t  power was then s e t  to  5 W and the SWR 

tuned to  1 .0  by a l t e r i n g  the ATU s e t t i n g s ,  in  order  to  

match the  impedence load o f  the thermal probe, p a t i e n t  

and b e l t  to  the  RF ge ne ra to r .

A f i n a l  s a f e t y  check was c a r r ie d  out to  ensure t h a t  the  

p a t i e n t  was not in c o n ta c t  w i th  any m e t a l l i c  s u r fa ce ,  

the ECG pads were f i r m l y  a t tached  in  the c o r r e c t

p o s i t io n  (see Sect ion  2 -  s a f e t y )  and connected to  the  

approved ECG monitor  v i a  the f i l t e r .  The automatic  BP



monitor (Dinamap) was connected.

The in c id e n t  power was then increased to  70 W w i th  SWR 

1.0  in both p a t ie n t s .

R esults

D iagnost ic  hysteroscopy was normal in both p a t ie n t s .  

No o p e ra t iv e  d i f f i c u l t y  was encountered a t  any stage of  

the procedure, and thermometric probes remained in  s i t u  

a t  a l l  t im es .  No d i f f i c u l t y  was encountered in  tuning

the c i r c u i t  to  an SWR of  1 .0  in  e i t h e r  case.

Basel ine  temperatures recorded a t  a l l  po in ts  were 35 .2  

-  36 .0  degrees C e ls iu s .

No s i g n i f i c a n t  r i s e  in  temperature was obta ined e i t h e r  

w i t h in  the t a r g e t  t i s s u e  or n o n - ta rg e t  t i s s u e  a f t e r

f i v e  minutes o f  RF thermal probe e n e r g is a t io n .  Skin

temperature under the b e l t  e le c t ro d e  remained normal.

Using t h i s  equipment i t  was judged t h a t  inadequate  

power was being provided to  c re a te  a th e r a p e u t ic  

heat ing  e f f e c t  d e sp i te  good tu n in g ,  and no f u r t h e r
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experiments were performed using t h i s  s e t  o f  RF 

genera t ing  equipment in v i v o .

No in t r a o p e r a t i v e  blood samples were obta ined in  view 

of  the lack o f  he at ing  e f f e c t .

Conclusions

1. The RF s igna l  generated and tuned using the  

’ Kenwood’ RF genera tor  and ’ H e a t h k i t ’ SA-2040 ATU is  

inadequate to  produce a usefu l  hyperthermic e f f e c t  

w i t h in  the endometrium in v i v o , although 70 W of  

in c id e n t  power a t  27 .12  MHz w ith  good tun ing (SWR 1 .0 )  

was adequate to  produce a r i s e  in  endometria l  

temperature o f  20 degrees C e ls ius  in v i t r o .

2. There is  no evidence from these experiments t h a t  

unwanted heat ing  occurs a t  t h i s  power l e v e l ,  

s p e c i f i c a l l y  not in  bowel, on the bladder  s u r fa ce ,  in  

the endocervix or under the e le c t r o d e  b e l t .

Both p a t ie n t s  showed no i l  1 - e f f e c t s  from exposure to  

RFEM energy i n t r a o p e r a t i v e l y . Post o p e r a t i v e l y  both 

p a t ie n ts  remained w e l l ,  and recovered w i thou t
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c o m p l ica t ion .  The sk in  over which the e x te rn a l  b e l t  

e le c t r o d e  was in co ntac t  remained h e a l th y .  Follow up 

in  the o u t p a t ie n ts  department a t  two and s ix  weeks 

a f t e r  op e ra t io n  was unremarkable. A l l  haematological  

in d ice s  were normal and unchanged a t  s ix  weeks.

Discussion

In  view o f  the h ig h ly  exper im enta l  nature  o f  t h i s  work, 

we did not f e e l  j u s t i f i e d  in exposing more than a 

minimal number o f  p a t ie n t s  to  each exper imental  

s i t u a t i o n .  Moreover, i t  was f e l t  t h a t  a t  t h i s  e a r ly  

stage ,  two p a t ie n t s  were s u f f i c i e n t  to  answer the  

quest ion o f  whether the apparatus funct ioned  or  not.

D is a p p o in t in g ly ,  the  RF apparatus used f o r  the in  v i t r o  

experiments f a i l e d  to  produce a usefu l  hyperthermic  

e f f e c t  in v i v o . This  was presumed to  be due to  two 

f a c t o r s .  F i r s t l y ,  the co o l in g  e f f e c t  o f  the g rea t  

blood supply to  the u terus  must have dra ined away 

thermal energy deposited in to  t is s u e s .  Secondly, the  

geometry o f  the in  v iv o  s i t u a t i o n ,  w i th  a la rg e  t is s u e  

volume in te rp o s in g  between the thermal probe and the  

e x te rn a l  e le c t ro d e  meant t h a t  some p ro p o r t io n  o f  the



in c id e n t  power was deposited as d i f f u s e  heat w i t h in  

those n o n - ta r g e t  t i s s u e s ,  although d e sp i te  m u l t i - p o i n t  

thermometry, no such e f f e c t  could be de tec ted .

In  view o f  the f a c t  t h a t  s igna l  power was t o t a l l y  

inadequate to  produce a usefu l  hyperthermic e f f e c t  in  

v i v o , a l i n e a r  a m p l i f i e r  was obta ined to  boost the RF 

signa l  f o r  the next experiment.

Secondly, in order to  d i f f e r e n t i a t e  between loss o f  

heat ing  e f f e c t  due to  blood f low  and t h a t  due to  

d i f f u s e  dep o s i t io n  o f  energy in n o n - ta rg e t  t i s s u e ,  an 

experiment was designed to  monitor endometr ia l  heat ing  

in v ivo  in  the absence o f  blood f low  through the  

u t e r u s .
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5 .2  -  I n t r a o p e r a t i v e  thermometry a t  hysterectomy using  

the  l i n e a r  a m p l i f i e r  f o r  increased RF power, and the  

e f f e c t  o f  u t e r in e  d e v a s c u la r is a t io n

Object :

The purpose o f  t h i s  experiment was to :

1. Test  the performance of  the  RF thermal probe dr iven  

by a h igher  power RF s igna l  using a l i n e a r  a m p l i f i e r  to  

boost the output o f  the RF s igna l  ge n e ra to r .

2. To t e s t  the e f f e c t  on endometr ia l  hea t ing  of  

d e v as c u la r is in g  the u terus as much as p o s s ib le ,  in  

order  to  determine i f  blood f low  was the  pr imary cause 

of  f a i l u r e  to  heat the endometrium in  v ivo  a t  70 W 

deposited power.

P a t ie n ts

Entry and exc lus ion  c r i t e r i a  were the  same as those  

d e t a i l e d  in  s ec t io n  5 .1 .
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M a t e r i a l s  and Methods

P re o p e ra t iv e  assessment o f  p a t ie n t s  and in v e s t ig a t io n s  

were the same as in se c t io n  5 . 1 .

Two p a t ie n t s  were se lec ted  who conformed to  the  e n t ry  

c r i t e r i a .

P a t i e n t Age Height Weight D&C Day Of

I n i t ’ s (cm) ( kg) H is to lo gy Cycle

AS 39 159 85 Benign 12

MD 41 160 69 Benign 14

Both p a t ie n t s  gave informed consent a f t e r  in te rv ie w  

w ith  the au thor ,  and a l l  in v e s t ig a t io n s  (ches t  X - ray ,  

ECG, haematological  parameters) were w i t h in  normal 

l i m i t s :



Blood r e s u l t s

Parameter P a t ie n t  AS P a t ie n t  MD

U&E Normal Normal

LFT Normal Normal

PT 1 5 sec 11 sec

PTT 31 sec 28 sec

TT 10 sec 1 2 sec

[F ib ] 3 . 1 g/1 3 . Og/1

Free Hb 0 0

FSH 24IU/ml 22IU/ml

The f i r s t  p a t i e n t  was prepared f o r  t h e a t r e ,  the abdomen

opened and the RF thermal probe and Luxtron thermometry

probes placed as be fore .

This t ime the output  o f  the RF s igna l  genera tor  was 

connected to  the input  o f  a matching 1 kW l i n e a r

a m p l i f i e r  and the  output  connected v i a  the ATU to  the

RF thermal probe and e x te rn a l  b e l t  e le c t r o d e ,  which was 

placed around the  p a t ie n t s  m i d r i f f  as be fo re .  The 

p o s i t io n in g  o f  the b e l t  was standard ised  in  a l l  

p a t ie n ts :  the upper margin o f  the  b e l t  was placed a t

the le v e l  o f  the a n t e r i o r  s u p e r io r  i l i a c  sp ines.
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The in c id e n t  power was s e t  a t  5 W, and the SWR tuned to  

1 .0 .  The Luxtron thermometer was a l lowed to  

e q u i l i b r a t e  and reach steady s t a t e  a f t e r  c a l i b r a t i o n .  

The in c id e n t  power was then increased to  450 W, and 

temperatures recorded.

At the end o f  a ten minute per io d ,  the  power was 

switched o f f ,  and the RF thermal probe and b e l t  

e le c t ro d e  removed. The uterus was exposed using a 

s e l f - r e t a i n i n g  r e t r a c t o r ,  and the in fu n d ib u lo p e lv ic  

l igaments clamped, d iv ide d  and l ig a t e d  using number one 

chromic c a tg u t .  The bladder was then s t r ip p e d  from the  

a n t e r i o r  aspect o f  the u te rus ,  and the u r e t e r s  checked 

to  ensure freedom from the o p e ra t iv e  f i e l d .  The 

u t e r in e  a r t e r i e s  were them clamped d iv id e d  and l i g a t e d  

using the same s u tu re .  The r e t r a c t o r  was removed, and 

a complete s a fe t y  check performed (see s e c t io n  5 . 1 ) .  

The RF thermal probe and s t e r i l i s e d  e x te rn a l  b e l t  

e le c t ro d e  were rep laced,  and the RF genera t ing  

apparatus connected and tuned using 5 W o f  in c id e n t  

power u n t i l  an SWR o f  1 .0  was ob ta ined .  The RF thermal  

probe was then energised once again a t  450 W, and 

temperatures recorded.



Blood samples were obtained from a s in g le  u t e r in e  ve in  

w i t h in  the broad ligament in to  a 2 ml sy r inge  v i a  an 

EDTA f lush ed  e p id u ra l  c a t h e t e r .  Samples were c o l l e c t e d  

a t  one minute i n t e r v a l s  during t re a tm e n t ,  and 

immediately  t r a n s f e r r e d  to  p a e d i a t r i c  blood count  

c o n t a in e r s .

Results

D iagnost ic  hysteroscopy was normal in  both p a t i e n t s ,  

and no o p e ra t iv e  d i f f i c u l t y  was encountered in  e i t h e r  

case .

No s i g n i f i c a n t  heat ing  was obta ined a t  in c id e n t  power 

l e v e ls  below 300 W. At 450 W a s i g n i f i c a n t  r i s e  in  

temperature was seen a t  the endometrium and a t  5 mm 

from the thermal probe surface  w i t h in  the u t e r in e  w a l l .

Temperatures w i t h in  the uterus  f u r t h e r  than 5 mm from 

the thermal probe surface  and a t  a l l  e x t r a u t e r i n e  

po in ts  remained una f fec ted  by h ea t in g .

Temperature r i s e  a t  the thermal probe su rface  and a t  

5 mm in each p a t i e n t  are shown in f i g u r e  19 , and a f t e r  

d e v a s c u la r is a t io n  are shown in f i g u r e  2© (va lue s

/62-



averaged f o r  each p a t i e n t ,  maximum v a r i a t i o n  f o r  each 

reading 1 .8  degrees) .

I t  proved t e c h n i c a l l y  impossib le to  o b ta in  u t e r i n e  

venous e f f l u e n t  blood s u f f i c i e n t  f o r  c o a g u la t io n  

a n a ly s is  ( 0 . 8  -  1 .4  m l ) ,  but enough was obta ined f o r  

a n a ly s is  of  red c e l l  morphology. Four specimens were 

obtained from each p a t i e n t  t h a t  were s a t i s f a c t o r y  f o r  

blood f i l m s .  No red c e l l  d i s t o r t i o n  was seen in  any 

sample.

P os top era t iv e  haematological  p r o f i l e s  a t  s ix  hours and 

s ix  weeks were normal and unchanged.

H is t o lo g ic a l  examination revea led  no abnorm al i ty  in  

e i t h e r  specimen, and th e re  was no microscopic evidence  

of thermal damage.

Both p a t ie n t s  remained w e l l  p o s t o p e r a t i v e l y , and were 

com plica t ion  f r e e  on discharge one week l a t e r .  They 

remained w el l  when seen a t  f o l lo w  up one and s ix  weeks 

1a t e r .
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Conclusions

1. An in c id e n t  power of  450 W a t  27 .12  MHz is  

s u f f i c i e n t  to  generate a usefu l  hyperthermic e f f e c t  in 

v i v o , using the l i n e a r  a m p l i f i e r .

2. There is  no evidence t h a t  extraneous heat ing  of  

n o n - t a r g e t  t is s u e s  occurs a t  t h i s  power l e v e l .

3. The average r i s e  in  temperature o f  the endometrium 

a t  t h i s  power lev e l  was increased from 3 .6  degrees per 

minute to  6 .0  degrees per minute by d e v a s c u la r is in g  the  

u te ru s .  U te r in e  blood f low  is  th e r e f o r e  a major f a c t o r  in  

reducing the thermal e f f e c t  o f  ap p l ie d  RF. Haematolog-

ic a l  examination f a i l e d  to  reveal  any heat e f f e c t s  on 

blood, d esp i te  m u l t i p le  samplings during t re a tm e n t .  

T h e re fo re ,  blood v e l o c i t y  is  adequate to  prec lude any 

s i g n i f i c a n t  heat ing  e f f e c t s  upon blood f lo w in g  through  

the uterus  during RF t re a tm e n t .  The major conclusion  

a t  the  end o f  t h i s  experiment was t h a t  the RF apparatus  

used, w ith  the l i n e a r  a m p l i f i e r ,  had a s u f f i c i e n t l y  

powerful output to  j u s t i f y  i t s  continued use in the  

exper imenta l  programme.

The next  experiment was designed to  ’ range ’ the  amount 

of  power needed to  achieve a t h e o r e t i c a l l y  adequate
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thermal dose a t  the endometrium. This lev e l  o f  in c id e n t  

power had to  f u l f i l  the fo l lo w in g  c r i t e r i a :

1. I t  must be capable o f  r a is i n g  the temperature o f  

the endometrium, taken as the temperature achieved a t

5 mm from the probe su r fac e ,  to  a degree compatib le  

w ith  a h i s t o t o x i c  e f f e c t  when maintained f o r  a 

reasonable length o f  t im e.  For example, i t  would be of  

l i t t l e  use to  ra is e  the temperature to  43 degrees, as 

t h i s  would t h e o r e t i c a l l y  re q u ire  one hour using the  in 

v i t r o  model, and even longer in the in v iv o  s i t u a t i o n .

2. The power lev e l  must be s a fe .  Very high power 

l e v e ls  may give  r i s e  to  unwanted RF phenomena, such as 

coupling w i th  m e t a l l i c  o b je c ts  in t h e a t r e  and charging  

them w ith  RF -  a p o t e n t ia l  hazard.

3. The equipment must be capable o f  ’ h a n d l in g ’ the  

load placed upon i t ,  w i thou t  overhea t in g ,  and w i thou t  

op era t in g  a t  the very l i m i t s  of  i t s  c a p a b i l i t y ,  when 

spurious v a r i a t i o n s  in power output become a 

p o s s i b i l i t y .

KoS
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5 .3  -  I n t r a o p e r a t i v e  thermometry a t  hysterectomy a t  450 

-  750 W In c id e n t  Power

O bject :

The purpose o f  t h i s  experiment was:

1. To t r e a t  f u r t h e r  hysterectomy v o lu n tee rs  w i th  DUB 

w ith  f u l l  temperature and blood sampling m onitor ing  in 

order  to  determine safe  temperatures a t  the endometrium 

c o n s is te n t  w ith  a h i s t o t o x i c  e f f e c t ,  but w i th o u t  non­

t a r g e t  t i s s u e  heat ing  ( in c lu d in g  b lood) .

2. To determine the f i n a l  power range f o r  c l i n i c a l  

use, c o n s is te n t  w ith  s a f e t y ,  and a t h e r a p e u t ic  e f f e c t  

w i t h in  a reasonable o p e ra t io n a l  timespan ( i e .  an 

acceptab le  c l i n i c a l  t re a tm e n t  time under general  

a n a e s t h e t ic ) .

P a t ie n ts :

Entry and exc lus ion  c r i t e r i a  were the same as those  

d e t a i l e d  in se c t io n  5 .1 .



M a t e r ia ls  & Methods:

P re o p e ra t iv e  assessment o f  p a t ie n t s  and in v e s t ig a t io n s  

were the same as those d e t a i l e d  in  se c t io n  5 .1 .

A t o t a l  o f  e ig h t  p a t ie n ts  were se le c te d  who conformed 

to  the e n t ry  c r i t e r i a :

P a t ie n t Age Height Weight D&C Day Of

I n i t ’ s (cm) (kg) H is to lo gy Cycle

RT 41 159 70.5 Benign 16

PS 36 157 67 .9 Benign 17

HP 32 154 58.1 Benign 04

BG 50 149 52 .0 Benign 21

FK 34 160 67 .0 Benign 10

LT 43 159 60 .4 Benign 22

JF 38 165 70.6 Benign 12

BS 48 164 79 .0 Benign 20

A l l  p a t ie n ts  gave informed consent a f t e r  in te r v ie w  w ith  

the au thor ,  and a l l  in v e s t ig a t io n s  (ches t  X - ra y ,  ECG, 

blood pressure and a l l  haematological  parameters -  see 

sect ions  5.1 and 5 . 2 )  were w i t h in  normal l i m i t s .
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Each p a t i e n t  was prepared f o r  t h e a t r e ,  a d ia g n o s t ic  

hysteroscopy performed, the abdomen opened, RF thermal  

probe in s e r te d  t r a n s c e r v i c a l 1 y in to  the u t e r in e  c a v i t y ,  

Luxtron probes placed as in se c t io n  5 .1 ,  and the RF 

genera t ing  apparatus w ith  l i n e a r  power a m p l i f i e r  in  

c i r c u i t  connected and tuned in  the p re v io u s ly  described  

manner.

The in c id e n t  power was then increased up to  750 W in  

each p a t i e n t  a t  50 W increments f o r  f i v e  minutes from 

400 -  750 W.

Blood samples were taken v i a  a hepar in ised  sy r in ge  and 

ep idu ra l  c a th e te r  from a s in g le  u t e r in e  ve in  in  the  

broad l igam ent ,  and submitted f o r  haematological  

a n a ly s is  f o r  heat e f f e c t .

Resu lts :

D iagnost ic  hysteroscopy was normal in  a l l  p a t ie n t s .

Unwanted RF phenomena were not apparent a t  650 W power, 

but in p a t i e n t  1, the m e t a l l i c  frame o f  the  op era t in g  

t a b le  became m i ld ly  charged w ith  RF a t  750 W. The 

power was immediate ly  switched o f f ,  and i t  was decided
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not to  exceed 650 W.

Steady s t a t e  temperatures were achieved f o r  a l l  

p a t ie n t s  a t  450, 500, 550, 600 and 650 W, and these are  

shown in f i g u r e  21. Steady s t a t e  temperatures a t  5 mm 

depth were between 53 -  54 .5  degrees.

RF thermal probe e n e rg is a t io n  f o r  20 minutes a t  550 W 

did not cause n o n - ta rg e t  t i s s u e  heat ing  above 39 .0  

degrees in  any p a t i e n t  ( f i g u r e  22 ) .  Temperatures

recorded in the endocerv ica l  canal ( m id l in e ,  

a n t e r i o r l y ,  ad jacen t  to  b ladd er )  were 37.1 -  38 .9

degrees (mean 37 .5  degrees) in  a l l  cases ( f i g u r e  2 3 ) .

I n t r a - t r e a t m e n t  blood samples f a i l e d  to  show any heat  

e f f e c t s  a t  1, 5, 10 and 15 minutes.

No o p e ra t iv e  d i f f i c u l t y  was experienced w i th  any 

p a t i e n t ,  and hysterectomy was uncomplicated. A l l  

p a t ie n ts  remained w el l  p o s t o p e r a t i v e l y , and a t  f o l lo w  

up one and s ix  weeks l a t e r .  A l l  haematological  and 

biochemical parameters (see se c t io n  5 . 1 )  were unchanged 

and w i t h in  normal l i m i t s .

(7/
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Conclusions:

1. 550 W in c id e n t  power w ith  SWR 1.0  -  1 .2  ( i e .

maximally  deposited in to  t is s u e  as heat )  is  s u f f i c i e n t  

RF power to  c re a te  a useful  hyperthermic e f f e c t  a t  5 mm 

depth w i t h in  the endometrium, i e .  w i th in  the t is s u e  

volume l i k e l y  to  encompass the bulk o f  the basal is  

la y e r  (approx im ate ly  53 .5  degrees ) .

2. No unwanted RF e f f e c t s  occur a t  t h i s  power l e v e l ,  

and no s i g n i f i c a n t  heat ing  o f  n o n - ta rg e t  t is s u e s  occur.

Discussion:

The most s t r i k i n g  f e a t u r e  o f  the thermometry r e s u l t s  is  

t h e i r  consistency .  Temperatures in a l l  p a t ie n t s  a t  

0 mm and 5 mm v a r ie d  on average by only 1 .4  degrees  

(S .D. 0 .66  degrees ) .  The reasons f o r  t h i s  have a l rea d y  

been a l lude d  to :  r e l a t i v e  constancy o f  the  geometry o f

the thermal p r o b e / p a t i e n t / e l e c t r o d e  b e l t ,  and blood 

supply. Tuning o f  the c i r c u i t  a ls o  ’ e q u a l i s e s ’ 

e l e c t r i c a l  v a r i a t i o n s  between p a t ie n t s .

A useful  hyperthermic temperature o f  approx im ate ly  54 

degrees a t  5 mm depth could be achieved f o r  a l l

l i s



p a t ie n ts  using 550 W power. Moreover, we found s t ra y  

RF e f f e c t s  a t  around 750 W power, a lthough m ild  (a  

' t i n g l i n g '  sensation on touching the  metal frame o f  the  

op era t in g  t a b l e ) .  A s a fe t y  margin og 200 W is  

t h e r e f o r e  al lowed by r o u t i n e l y  using 550 W, hence the  

dec is ion  was made to  use t h i s  as a standard power 

during t rea tm e n ts .

The next stage was to  decide upon t re a tm e n t  t im e ,  and 

t h e r e f o r e  thermal dose c o n s is te n t  w i th  s a fe ty  and 

e f f i c a c y .  For reasons a l re a d y  s t a t e d ,  i t  i s  not  

p r a c t i c a l l y  po ss ib le  to  demonstrate hyperthermia  

e f f e c t s  o ther  than by c l i n i c a l  means. The de c is ion  was 

made t h e r e f o r e ,  to  embark upon a c l i n i c a l  t r i a l  o f  30 

p a t ie n ts  w ith  the primary aim o f  i n v e s t i g a t i n g  poss ib le  

side e f f e c t s ,  i e .  t o x i c i t y ,  using thermal doses 

c o n s is te n t  w ith  an endometr ia l  h i s t o t o x i c  e f f e c t ,  but 

s a f e ly .

H is t o lo g ic a l  Ana lys is  Of RF A b la t io n  T issue E f f e c t s

The i n i t i a l  exper imental  protocol  d id  inc lude  an 

experiment where p a t ie n t s  would rec e iv e  RF a b l a t i o n ,  

then undergo hysterectomy one month l a t e r  (when a



p a th o lo g ica l  response would be m an ifes t  and observable  

h i s t o l o g i c a l l y ) .  This  crea ted  cons iderab le  e t h i c a l  

problems, however. P a t ie n ts  would e f f e c t i v e l y  be 

exposed to  an unnecessary general a n a e s th e t ic  and an 

unnecessary o p era t io n  ( i e .  RF a b l a t i o n ) .  We d id ,  in 

f a c t ,  f i n d  two p a t ie n t s  who were w i l l i n g  to  p a r t i c i p a t e  

in such an exper iment,  who very  much wished to  know the  

route o f  hysterectomy p r i o r  to  d e f i n i t i v e  surgery ( t h i s  

could not be judged by p r i o r  examination because of  

minimal u t e r in e  de s c e n t ) .  In  the event ,  both p a t ie n t s  

f e l t  t h a t  they had de r ived  some b e n e f i t  from RaFEA, and 

dec l ined  hysterectomy a f te rw a rd s .

We t h e r e f o r e  designed a c l i n i c a l  t r i a l  w i th  the  aim of  

ensuring n o n - t o x i c i t y  o f  RaFEA, but a lso  to  s u b je c t iv e ­

ly  assess e f f i c a c y  by record ing s a n i ta r y  p r o t e c t io n  use 

and keeping a menstrual ca lendar  before and a f t e r  

t r e a tm e n t .

At 54 degrees the t h e o r e t i c a l  thermoto lerance  t ime o f  

c e l l s  is  less than a minute. However, we demonstrated  

t h a t  20 minutes t re a tm e n t  t ime a t  550 W ( i e .  

approximate ly  f i v e  minutes ’ warm up’ t ime and 15 

minutes a t  54 degrees a t  5 mm depth was w el l  t o l e r a t e d .
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and f r e e  from extraneous h e a t in g .  In  hypertherm ia ,  i t  

is  usual to  g ive  a ’ to le ra n c e  dose’ r a t h e r  than a dose 

c a lc u la te d  to  t h e o r e t i c a l l y  meet the therm oto lerance  

value when dec id ing  the upper dose l i m i t .

Thermotolerances are der ived  from in v i t r o  c e l l  c u l t u r e  

experiments,  and thermal doses c a lc u la t e d  from these  

prove inadequate when a volume o f  t i s s u e  is  heated in 

v ivo  (Hahn, 1982 ,$ .F ie ld ,  1989, personal communication).  

Treatment times of  less than 10 minutes were judged 

h ig h ly  u n l i k e l y  to  produce an e f f e c t i v e  endometr ia l  

hyperthermic e f f e c t .

The e x p la n a t io n  f o r  t h i s  phenomenon l i e s  in  the  

physical  r e la t io n s h ip  between c e l l s  bonded to g e th e r  in  

t i s s u e ,  as opposed to  c e l l s  ly in g  f r e e  in  t is s u e  

c u l t u r e ,  on which thermoto lerance experiments are  

l a r g e ly  based. In d iv id u a l  c e l l s  in  a t is s u e  mass, 

p a r t i c u l a r l y  where th e re  is  a la rg e  volume blood supply  

such as t h a t  o f  the u te rus ,  are  in s u la te d  and hence 

’ p r o t e c t e d ’ by surrounding c e l l s ,  i n t e r s t i t i a  and blood 

from hea t in g .

During e a r l i e r  experiments a t  abdominal hysterectomy.



i t  was demonstrated t h a t  n o n - t a r g e t  t i s s u e  heat ing  

above 39 degrees did not occur a t  550 W power. This  

was the peak temperature a t  th e  serosa o f  the u te ru s ,  

and a l l  o ther  t is s u e s  remained a t  body tem p era tu re .  I t  

was t h e r e f o r e  f e l t  th a t  t h i s  power le v e l  was s a fe ,  and 

we t h e r e fo r e  did not vary power when cons ider ing  

v a r i a t i o n s  o f  t o t a l  thermal dose, but r a t h e r  to  vary  

t re a tm e n t  t im e.

Thermal Dose

I t  is  poss ib le  to  express the hyperthermic dose in  

terms o f  ’ e q u iv a le n t  minutes a t  43 degrees, (eg .  10 

minutes a t  46 degrees equals 80 e q u iv a le n t  minutes a t  

43 degrees ) .  However, t h i s  takes no account o f  ’ warm 

up’ t im e.  One way o f  expressing the t o t a l  energy dose 

is  to  use the equat ion:

Watts X Seconds / 1 000 = kJ 

Thus 20 minutes a t  550 W is  660 k J .

In  the fo l lo w in g  experiment p a t ie n t s  were given 330 k J , 

495 kJ or 660 k J , in order  to  ’ range ’ the  thermal dose 

compatib le w ith  a th e r a p e u t ic  e f f e c t ,  but a ls o  to  

monitor su b jec ts  f o r  any untoward e f f e c t s .  P a t ie n ts



were only exposed to  the h igher  doses once i t  became 

apparent t h a t  th e re  were no se r io us  s ide  e f f e c t s  a t  the  

lower doses.
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SECTION 6 -  IN VIVO HISTQCHEMICAL STUDIES 

O bject :

The purpose o f  t h i s  s e t  o f  in  v iv o  experiments was:

1. To ensure t h a t  excessive heat ing  and p e n e t ra t io n  of  

the myometrium does not occur during RF endometria l  

a b la t i o n ,  e s p e c ia l l y  w i th  regard to  the ’ a t  r i s k ’ areas  

of  the uterus where the myometrium is  th in n e s t  

(Langois ,  1970, Markee, 1966) ,  i e .  a t  the cornua,  

isthmus and c e r v ix ,  where i t  may be as t h i n  as 7mm.

P a t ie n ts

Entry and exc lus ion  c r i t e r i a  were the same as f o r  

Sect ion 5 -  In  v iv o  thermometry s tu d ie s .  E th ic a l

committee approval was ob ta ined .  Haematological and 

biochemical p r o f i l e s  (as in se c t io n  5) were a l l  w i t h in  

normal l i m i t s .  FSH le v e ls  were premenopausal (<30  

l U / m l ) .

M a t e r ia ls  and Methods

Under general a n a e s th e t ic ,  each p a t i e n t  was c leaned,  

draped and c a t h e t e r i s e d . The e x te rn a l  b e l t  e le c t ro d e
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was f i t t e d  around the p a t ie n t s  w a is t ,  and a f u l l  s a fe ty  

check c a r r ie d  out ( p a t i e n t  not touching m eta l ,  ECG 

f i l t e r  in  l i n e ,  BP c u f f  connected).  The c e r v ix  was 

d i l a t e d  to  s iz e  10 Hegar, and the length o f  the canal  

measured w ith  a u t e r in e  sound. U ltrasound measurements 

were consu lted ,  and an a p p ro p r ia te  length probe 

s e le c te d .  The thermal guard was f i t t e d  and the  c e rv ix  

locked in  using two s tay  su tu res .  The probe was f u l l y  

engaged. The b e l t  and probe were connected, and a 

base l ine  temperature noted w i t h in  the c a v i t y  using the  

b u i l t - i n  thermometry probe and monitor ing  c i r c u i t r y .  

The g e n e r a t o r /p r o b e /p a t ie n t  c i r c u i t  was tuned to  an SWR 

of 1 .0  using a s igna l  s t re n g th  of  10 W, and then a f u l l  

power s igna l  o f  500 W ap p l ie d  to  the probe. Probe 

temperature was maintained a t  60 + / -  2 degrees Cels ius  

f o r  15 minutes.

A f t e r  RF t re a tm e n t ,  a ro u t in e  abdominal hysterectomy  

was performed v ia  a P fan ne n s t ie l  in c is io n  in  each case.

F i r s t ,  in  order  to  assess t is s u e  shrinkage due to  loss  

of  tu rg o r  from blood supply and h i s t o l o g i c a l  

processing, two p a r a l l e l  in c is io n s  were made in  each 

uterus in the s a g g i ta l  plane in the m id l in e  on the
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fundus o f  each specimen to  a depth o f  1mm. Two sca lpe l  

blades s e t  10mm a p ar t  on a s t e e l  spacer were employed. 

The d is ta n ce  between these marks was subsequently  

measured a f t e r  p re p a ra t io n ,  and the percentage t is s u e  

shrinkage c a lc u la te d .

The o p e r a t iv e  specimen was t r a n s f e r r e d  immediately  to  

the pathology la b o ra to ry ,  and wedge se c t io ns  o f  

endometrium and myometrium taken from the s i t e s  

described in Sect ion 4 -  in v i t r o  S tud ies  ( i e . ,  the  

isthmus, mid-body, o s t i a  ( c o r o n a l ) ,  o s t i a  ( s a g g i t a l ) ,  

fundal ( s a g g i t a l ) ,  w i th  the a d d i t io n  o f  se c t io ns  from 

the c e r v ic a l  canal ( s a g g i ta l  and c o ro n a l )  . Frozen 

sect ions  were prepared from each, then s ta in e d  in  a l l  

cases w i th  both H & E and f o r  a c t i v e / i n a c t i v a t e d  G6PDH 

( f o r  techn ique ,  see Appendix 3, B ancro f t  and Hand, 

1987).
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P a t i e n t  D e t a i l s :

P a t ie n t  

I n i t ’ s

Age Uterus  

Dimen. 

(mm)

C a v i ty

Length

(mm)

Previous  

H i s t o l ’ y

Day

Cycl

1 . PT 43 104x70 80 Benign 13

2. LF 37 120x70 74 Benign 16

3. HO 48 100x87 84 Benign 7»

? = Day of  cyc le  unknown ( e r r a t i c b le e d in g )

Results

Endometrial  a b la t i o n  and subsequent hysterectomy were 

c a r r ie d  out w i th o u t  d i f f i c u l t y .  The only f e a t u r e  noted  

in the p e lv is  was some hyperaemia o f  the u te ru s ,  but  

th e re  was no evidence o f  e x t r a u t e r i n e  probe or  thermal  

p e n e t ra t io n ,  e s p e c ia l l y  a t  the cornua. P a t ie n ts  

recovered u n e v e n t fu l ly  in a l l  cases, and were w e l l  a t  

one and s ix  week fo l lo w  up. Haematological and 

biochemical in d ice s  were unchanged and w i t h in  normal 

l i m i t s .  FSH le v e ls  were w i t h in  the premenopausal range 

in a l l  th re e  p a t ie n t s  a t  s ix  weeks and th re e  months 

p o stopera t i  v e l y .



u t e r in e  Morphometry :

P a t ie n t Endometrial Myométrial Thi ckness(mm)

Thickness  

(max, mm)

Is  MB 00 OS FS GO OS

1 . PT 5 .6 9 31 10 9 29 15 15

2. LF 6 .0 1 1 28 14 10 40 17 18

3. HO 4 .0 20 40 11 12 37 20 20

*  Is  = p o s t e r io r  isthmus 

MB = mid-body

OC = o s t i a ,  coronal se c t io n  

OS = o s t i a ,  s a g g i ta l  s ec t io n  

FS = fundus, s a g g i ta l  s ec t io n  

CO = c e r v ix ,  coronal se c t io n  

OS = c e r v ix ,  s a g g i ta l  s e c t io n

Tissue Shrinkage

The 10mm a p a r t  marks on the th re e  specimens were,  

r e s p e c t iv e ly ,  measured a t  9mm, 8mm, and 8mm f o r  

p a t ie n ts  1, 2 and 3, i e .  an average shrinkage o f

approximate ly  18%.

H&E r o u t i n e l y  f i x e d  se c t ions  showed no s i g n i f i c a n t

(ÎS-



f e a t u r e ,  s p e c i f i c a l l y  no evidence o f  t i s s u e  damage. 

This is  not s u r p r is in g ,  s ince th e re  are no h i s t o l o g i c a l  

markers immediately  a f t e r  hyperthermic t is s u e  damage 

( t i s s u e s  may in f a c t  be f i x e d  by heat ing  to  65 degrees  

C els ius  by microwave oven f o r  h i s t o l o g i c a l  a n a l y s i s ) .  

See f ig u r e s  24, 2 5 ) .

Histochemical  F indings

There was no evidence o f  G6PDH d é n a tu ra t io n  in  any 

se c t io n  from any o f  the th re e  specimens 

(see f ig u r e s  26, 2 7 ) .

Conclusions

The r e s u l t s  from t h i s  study confirm  t h a t  i n t r a c e l l u l a r  

heat ing  does not occur to  an e x te n t  where c e l l u l a r  

enzyme d é n a tu ra t io n  is  m a n i fe s t ,  i e .  over 60 degrees 

Cels ius  (McKenzie, 1983) .  The h i s t o t o x i c  e f f e c t  r e l i e s  

upon the p r i n c i p l e  o f  hyperthermic c e l l u l a r  damage, ie .  

i n i t i a l l y  by damage to  c y to s k e le ta l  p ro te in s .  

S p e c i f i c a l l y ,  th e r e  is  no evidence to  suggest t h a t  

th e re  is  excessive heat ing  o f  the t h in  areas o f  the  

u t e r in e  w al l  a t  the cornua, isthmus and c e r v ix .

liG



«

m

F ig u ré e s  . Low power sect ion of fundaj_ endometrium 

a f t e r  RF endometr ia l  a b la t io n .  (H&E)
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F i gu re 2 5  . ___H i gh power sec t io n  o f _ endometr i a  1 s u r f ace

from m i d - body a f t e r  RF e ndomet r  a b l a t i o n  . No

markers o f  t i s s u e damage are  seen. (H&E)



Figure  2.fe • Sect ion  of  is thm ic  endometrium a f t e r  

h i stochemical s t a i n i n g .  A11 o f  the t i s s u e  showed a

p o s i t i v e  r e a c t io n  f o r  the presence o f  G6PDH.



F igure  27 . Sect i o n  o f  c e r v i c a l  c a n a l / i s th mi c j u n c t i o n

a f t e r  histochemi cal s t a i  n i n g . The t i s sue showed a

pos i t i v e  r e a c t i on f o r  G6PDH un i f o r m l y.

no



F igure  25 . Low power s e c t io n  o f  proximal c e r v i c a l

c a n a l / i s th m ic j u n c t i o n ,  showing no re co g n is a b le  marker^  

o f t i s s u e  damage. (H&E)
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SECTION 7 -  CLINICAL PILOT STUDY

This was a c l i n i c a l  t r i a l  o f  30 p a t i e n t s ,  t rea tm e nt  

dose 330 k J , 495 kJ or 660 kJ (550 W deposited power, 

e q u iv a le n t  to  maximum basal i s  temperature  approximate ly  

54 degrees C e ls iu s ) .

O b ject :

The purpose o f  t h i s  experiment was:

1. To c lo s e ly  monitor p a t ie n t s  during and a f t e r  RaFEA, 

but w i thou t  in tra -abdom ina l  thermometry.

2. To d iscover  any s h o r t -  or medium-term s ide  e f f e c t s .

3. To determine.  In  a n o n -o b je c t iv e  way ( a t  t h i s  

stage)  e f f i c a c y  o f  va r ious  doses of  thermal energy a t  

550 W deposited power ( i e .  basal is  temperature  

approximate ly  54 degrees) .  However, t h i s  was not the  

primary o b j e c t i v e .  Accurate o b je c t iv e  s tu d ie s  o f  blood 

loss were performed in the fo l lo w in g  se c t io n  using  

r a d io a c t iv e  i ron  assay.

P a t ie n ts :

The admission c r i t e r i a  were:

1. P a t ie n ts  gave informed consent a f t e r  d e t a i l e d

[‘\Z.



e x p la n a t io n  by th e  au th o r.

2. A d iagnosis  o f  primary i n t r a c t a b l e  DUB was made,

and p a t ie n ts  f u l f i l l e d  the fo l lo w in g  c r i t e r i a :

i .  Blood c lo t s  were passed per vaginum f o r  24 hours or

more.

i i .  A t o t a l  o f  ten or more towels or tampons were used

in any 24 hour pe r io d ,  and towels or  tampons were

changed because o f  s a t u r a t io n  or n e a r - s a t u r a t i o n ,  and 

no o ther  reason ( i e .  not changed according to  time

i n t e r v a l  or r o u t i n e ) .

i i i .  The p a t i e n t  f e l t  t h a t  her per iods were s i g n i f i ­

c a n t ly  abnormally heavy.

3. P a t ie n ts  agreed to  keep a d e t a i l e d  menstrual  

ca lendar  f o r  one cy c le  before  RaFEA therapy  and two 

cycles a f te rw a rd .

4. They had f in is h e d  t h e i r  f a m i l i e s  ( p a t i e n t s  were

warned t h a t  RaFEA may w el l  a f f e c t  f e r t i l i t y ) .

5. A d ia g n o s t ic  c u re t ta g e  and hysteroscopy had shown

normal h i s t o l o g i c a l  a n a ly s is  o f  any c u r e t t in g s  w i t h in



nine months o f RaFEA.

6. They were aged between 35 and 55 years.

P a t ie n ts  were excluded from the  t r i a l  i f :

1. They f a i l e d  to  f u l f i l  any o f  the en t ry  c r i t e r i a .

2. They s u f fe re d  from any ser io us  in t e r c u r r e n t  medical  

c o n d i t io n ,  inc lud ing  severe o b e s i ty .  Previous anaemia 

secondary to  menorrhagia did not exclude p a t ie n ts  from 

the t r i a l ,  but t h i s  was co rrec ted  by t ra n s fu s io n  two 

weeks p r i o r  to  t re a tm e nt .

M a t e r ia ls  & methods

The RF genera t ing  and tun ing apparatus,  RF thermal  

probe and e x te rn a l  e le c t ro d e  b e l t  were used as be fore .

The lu x t ro n  e l e c t r o n i c  thermometer was used w ith  a 

s in g le  probe a t  the probe/endometrium i n t e r f a c e  

t r a n s c e r v i c a l 1 y in  order  to  monitor maximum temperature  

g e nera ted .



P a t ie n ts  were assessed by an a n a e s t h e t is t  p r e o p e r a t iv e -  

1 y and judged f i t  (ASA I ) .  A l i g h t  general  a n ae s th e t ic  

was adm in is tered  (propofo l  in travenous i n j e c t i o n ,  I C I )  

and placed in  the l i thotom y p o s i t io n .  A f t e r  c lean ing  

the vagina w ith  aqueous a n t i s e p t i c  s o lu t io n ,  the os was 

d i l a t e d  to  s i z e  4 Hegar, and a d ia g n o s t ic  hysteroscopy  

performed, and the depth o f  the c a v i t y  measured.

N orm al i ty  o f  the c a v i t y  was a p r e r e q u i s i t e  to

cont inu ing  the t re a tm e n t .  The RF thermal probe was

placed f u l l y  w i t h in  the endometria l  c a v i t y  under d i r e c t  

hysteroscopic  c o n t r o l ,  and the hysteroscope withdrawn.  

Each p a t i e n t  had had the e x te rn a l  ’ b e l t ’ e le c t ro d e  

placed around the abdomen p r i o r  to  anaes thes ia .

The c i r c u i t  was tuned to  an SWR o f  1 .0  using 5 W 

in c id e n t  power, then power increased to  550 W, and 

remained energised f o r  e i t h e r  10, 15 or 20 minutes.

Endometrial  temperature was cont inuously  monitored and 

recorded .

A f t e r  t re a tm e n t ,  p a t ie n t s  were recovered and observed 

in the day case ward f o r  e ig h t  hours. They were then  

reviewed a t  48 hours, one and two weeks, and a t  one



month i n t e r v a l s  f o r  e ig h t  months p o s t o p e r a t i v e l y .

Fu l l  haematological  and biochemical p r o f i l e s  were taken  

before t rea tm ent  and a t  s ix  weeks p o s t o p e r a t i v e l y , 

in c lud ing  FSH (see s e c t io n  5 ) ,  a l l  r e s u l t s  were w i t h in  

normal l i m i t s  and were unchanged a f t e r  th erapy .



P a t i e n t

P a t ie n t

I n i t ’ s

D e t a i I s :

Age Height  

(cm)

Weight

(kg)

D&C 

H i s t o l .

Day Of 

Cycle

T reatment  

Dose (k J )

01 .LM 46 163 81 .4 Benign 17 330

02. PH 51 158 62.7 Benign - ? * 330

03. LH 37 152 64 .8 Benign 23 330

0 4 . PB 39 149 58.9 Benign 05 330

0 5 . HP 49 159 80 .6 Benign 25 330

06. JT 51 151 59.7 Benign 17 330

07. RS 47 160 71 .0 Benign 02 330

08. PJ 38 165 90 .4 Benign 18 330

09. GB 51 170 88.7 Benign 19 495

10. JM 36 163 72.0 Benign - ? * 495

1 1 . FH 48 164 110.5 Benign 03 F a i le d

1 2 . BV 49 168 78.5 Benign 17 495

13. KM 35 162 59 .0 Benign 12 495

14. VI 51 148 49 .0 Benign 18 495

15. DO 41 163 109.1 Benign 09 495

16. NR 55 170 89.1 Benign 19 495

17.HW 42 169 78.9 Benign 09 495

1 8 .GE 52 153 61 .9 Benign - ? * 495

1 9 .GL 41 ?+ ? Benign 30 495

20. UM 36 ?+ ? Benign 27 495
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P a t ie n t

I n i t ’ s

Age Height

(cm)

Weight

(kg)

D&C 

H i s t o l .

Day Of 

Cycle

T reatment  

Dose (kJ )

21 .RM 45 153 72 .4 Benign 12 660

22. VN 38 161 66 .9 Benign 11 660

23. FO 42 151 78 .8 Benign 13 660

24. JH 38 146 61 .9 Benign 11 660

25. JE 46 148 61 .6 Benign 16 660

2 6 . TK 41 158 61 .7 Benign 13 660

2 7 . HE 47 152 62 .9 Benign 06 660

28. YV 36 155 73 .4 Benign 14 660

29. KR 46 159 69.7 Benign 15 660

30. HQ 35 164 67 .0 Benign 1 1 660

*  = e r r a t i c  cyc le  + = H e ig h t /w e ig h t  not recorded  

F a i le d  = te c h n ic a l  f a i l u r e  o f  apparatus ( P a t i e n t  11 too  

obese f o r  e x te rn a l  b e l t  e le c t r o d e  to  encompass 

abdomen).



R esults :

No d i f f i c u l t y  was encountered w i th  any p a t i e n t  w ith  

respect  to  tuning or d e l i v e r y  o f  RF thermal energy,  

except f o r  p a t i e n t  11, who was too obese to  a l low  

placement o f  the e x te rn a l  b e l t  e le c t r o d e .  RF thermal  

probe in s e r t io n  was uncomplicated in a l l  o th e r  cases.  

P a t ie n ts  4, 7 and 10 were menstruat ing a t  the  time of  

o p e ra t io n .  In  the f i r s t  of  these cases ( p a t i e n t  4)  i t  

was found t h a t  d esp i te  the f a c t  t h a t  the RF thermal  

probe was f i r m l y  in  contac t  w i th  the c e r v ic a l  os, some 

blood did escape and l i e  in the v a u l t  j u s t  before  

t rea tm ent  was about to  begin . I t  was f e l t  t h a t  t h i s  

added another v a r i a b l e  which should be excluded, since  

under these c o nd i t ion s  a body o f  (h ig h ly  conduct ive)  

blood c l o t  would be in the immediate v i c i n i t y  o f  the  

a c t iv e  end o f  the thermal probe and t h e o r e t i c a l l y  might 

a f f e c t  tuning during t re a tm e n t ,  or poss ib ly  be su b jec t  

to  unwanted h e a t in g ,  although the l a t t e r  was considered  

u n l i k e l y .  Moreover, a c t i v e l y  b leeding endometrium is  

l i k e l y  to  be h ig h ly  r e s i s t a n t  to  thermal damage because 

the high s p e c i f i c  heat o f  water  in blood would cause 

poor heat ing  o f  the under ly ing  t i s s u e ,  and e f f e c t i v e l y  

in s u la te  the ’ t a r g e t ’ . On these grounds i t  was



decided to  exclude t h i s  p o t e n t ia l  v a r ia b le  from the  

experiment.

In  the remaining 26 p a t ie n t s ,  d ia g n o s t ic  hysteroscopy  

was normal in  a l l  cases.

Side E f f e c t s :

In  one p a t i e n t  cons iderab le  d i f f i c u l t y  was experienced  

in r e t r a c t i n g  the vagina from the o p e r a t iv e  f i e l d  

( p a t i e n t  15) w i th  the p l a s t i c  cuscoes speculum, and the  

vagina was in p o in t  co ntac t  w ith  s h a f t  o f  the  thermal  

probe a n t e r i o r l y .  La ter  a n a ly s is  a lso  showed t h a t  the  

probe s h a f t  was f a u l t y  in  t h a t  the c e n t ra l  conducting  

core had ’ m ig ra te d ’ from the cen tre  o f  the nylon s h a f t  

to  the ou ts ide  (a l though not q u i te  v i s i b l e ,  and hence 

undetec ted ) .  This lead to  vaginal  heat ing  and a 

v e s ic o -v a g in a l  f i s t u l a ,  which was subsequently  rep a ire d  

w ithou t  f u r t h e r  co m p l ica t ion .  A f u r t h e r  case o f  

f i s t u l a  occurred which was delayed in p re s e n ta t io n  

because the general p r a c t i t i o n e r  mis-diagnosed s t re s s  

incont inence .  Again, the f a u l t y  p ro to type  probe and 

poor s u rg ic a l  access were im p l ic a te d  (see s e c t io n  2 

s a f e t y ) .  This was a lso  rep a ire d  w i th o u t  f u r t h e r

Loo



d i f f i c u l t y .  Both p a t ie n ts  are  w el l  and asymptomatic 18 

months l a t e r ,  and are both amenorrhoeic .

Most p a t ie n t s  s u f fe re d  some degree o f  lower abdominal 

pain f o r  up to  f i v e  hours p o s t o p e r a t i v e l y . In  5 /26  

t h i s  requ ired  p a re n te ra l  o p ia te s  f o r  the f i r s t  few 

hours, but a l l  but one p a t i e n t  were t r e a te d  as day-  

cases. One p a t i e n t  requ ired  o v e rn ig h t  s tay  f o r  pain  

c o n t r o l ,  but was discharged the fo l lo w in g  day symptom- 

f r e e .  The pain reso lves a f t e r  a few hours u s u a l ly ,  to  

be replaced by a d u l l  ache which may l a s t  f o r  severa l  

days. 24 /26  p a t ie n ts  had re turned  to  work w i t h in  10 

days.

A l l  p a t ie n t s  had some degree o f  b leed ing  a f t e r  

t re a tm e n t .  In  20 /26  t h i s  was l i g h t  and s e t t l e d  a f t e r  

one week.

Three p a t ie n t s  bled f o r  10 -1 4  days a f t e r  t re a tm e n t ,  

but never more h e a v i ly  than a normal p e r io d ,  and no 

a c t iv e  measures were req u ire d .  One p a t i e n t  bled f o r  

four  weeks, w ith  passage o f  c l o t s  f o r  two weeks a f t e r  

RaFEA. She was t r e a t e d  w ith  cyclokapron (GP), and 

s e t t l e d  t h e r e a f t e r .



A l l  p a t ie n ts  received m etron idazo le  200 mg TDS and 

cephradine 250 mg QDS f o r  two weeks a f t e r  therapy as a 

precaut ion  ag a in s t  in f e c t i o n  o f  n e c r o t ic  t i s s u e .  No 

p a t i e n t  s u f fe re d  any g e n i t a l  t r a c t  i n f e c t i o n ,  and MSU 

a t  one and s ix  weeks p o s to p e ra t iv e ly  were s t e r i l e .

Follow Up

C l i n i c a l  examination of  a l l  sub je c ts  was normal a t  one, 

s ix  and 12 week f o l lo w  up and a l l  were w e l l .  P a t ie n t  

15 who developed the f i s t u l a  d e fa u l te d .  Haematological  

and biochemical parameters were normal and unchanged a t  

one and s ix  weeks a f t e r  t rea tm e nt  (as se c t io n  5 ) ,  and 

FSH le v e ls  were in the premenopausal range (< 30

l U / m l ) .

Equipment Performance

An endometria l  su rface  temperature o f  64 .0  -  65 .5

degrees was achieved in a l l  cases, c o n s is te n t  w ith  a 

5 mm depth temperature o f  approximate ly  54 degrees.



E f f e c t  On Menstrual Loss

Since no o b je c t iv e  s tud ies  o f  menstrual blood loss were 

performed in t h i s  experiment,  no f i r m  conclusions may 

be drawn from these r e s u l t s ,  a l though a l l  p a t ie n t s  

agreed to  keep an accurate  menstrual c a le n d ar ,  and 

agreed to  change tampons or towels  when near 

s a t u r a t io n ,  r a th e r  than according to  a t ime schedule.

However, s ince menorrhagia is  a s u b j e c t i v e l y  

in te r p r e t e d  c o n d i t io n ,  i t  seems a p p ro p r ia te  to  assess 

the p a t ie n ts  own percept ion  o f  b e n e f i t  or  o th e rw is e .

F igures 30 -  35 show the s u b je c t iv e  e f f e c t  o f  RaFEA a t  

the th re e  doses o f  energy used f o r  each in d iv id u a l  

p a t i e n t .  The numbers are too small and the data  too  

' s o f t '  to  perform meaningful s t a t i s t i c s ;  t h i s  was 

p r i m a r i l y  a study o f  s a fe ty  and p a t i e n t  a c c e p t a b i l i t y .  

I t  was t h e r e fo r e  necessary to  p l o t  the  r e s u l t  o f  each 

in d iv id u a l  p a t i e n t .

A dose o f  330 kJ re s u l te d  in a s i g n i f i c a n t  redu c t io n  in  

menstrual loss in  two p a t ie n t s ,  both in number o f  

pads/tampons used per 24 hours when f lo w  was h e a v ies t



and number o f  days of  b le ed in g .  Both p a t ie n t s  judged 

t rea tm e nt  a success and a f t e r  s ix  cyc les  did not 

request f u r t h e r  t re a tm e n t .  The remaining fo u r  judged 

therapy a f a i l u r e ;  two asked f o r  f u r t h e r  RaFEA, and two 

dec l ined  f u r t h e r  t re a tm e n t .  N e i th e r  came to  

hysterectomy, however.

495 kJ produced a ’ c u r e ’ in  5 /9  p a t ie n t s ,  who were 

s a t i s f i e d  t h a t  t h e i r  menorrhagia had been d e a l t  w i th .  

A l l  fo u r  o f  the remaining p a t ie n t s  e le c te d  f o r  f u r t h e r  

a b la t i o n .

Of the 10 p a t ie n t s  who rece ived  660 k J , th re e  were 

amenorrhoiec a f t e r  s ix  cy c le s ,  and 8 /10  judged therapy  

a success. With t h i s  dose, those s t i l l  menstruat ing  

reported a much g re a te r  reduct ion  in f low  compared to  

the m a jo r i ty  o f  p a t ie n ts  who rece ived the lower doses. 

The reason f o r  f a i l u r e  o f  therapy in 2 /1 0  is  un c le a r .  

Both requested repeat  t re a tm e n t .

P a t ie n t  C h a r a c t e r i s t i c s

The numbers involved in t h i s  p i l o t  study are  too small  

to  analyse s t a t i s t i c a l l y ,  and th e re  is  no obvious
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e f f e c t  o f  age, he igh t ,  weight or day o f  c y c le  when 

t r e a t e d  on outcome. There was no s i g n i f i c a n t  

d i f f e r e n c e  in these parameters between the d i f f e r e n t  

dose groups, which might o therw ise  c rea te  a b ia s .

Post A b la t io n  Hysteroscopy

Three p a t ie n ts  (two amenorrhoiec and one hypomenorrho- 

i e c )  agreed to  undergo hysteroscopy severa l  months 

a f t e r  a b l a t i o n .  These were p a t ie n ts  18 (495 k J ,

hypomenorrhoiec), 24 (660 k J , amenorrhoiec) and 30 

(660 k j , am enorrho iec ) . Photographs are shown in  

f ig u r e s  36 -  38.

U n fo r tu n a te ly ,  th e re  was a te c h n ic a l  problem w ith  the  

photographic equipment f o r  p a t i e n t  24, and on ly  h a l f  

the o p t ic a l  f i e l d  is  shown. I t  was not considered  

acceptab le  to  repeat  the procedure, however.

The p i c t u r e  o f  p a t i e n t  18 shows a f ib ro u s  c a v i t y  f r e e  

of  v i a b l e  endometrium except a t  the cornua, which 

accounts f o r  continued, although g r e a t l y  reduced,  

menstruat ion .  The d e f e c t iv e  p i c t u r e  o f  p a t i e n t  24 is  a 

poor re p re s e n ta t io n  of  the hysteroscopic  f in d in g s ,
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F1 au r e 3^ ^  H y s t  e r o scopi c p hot o g_r .^ h  o f  pa t  i e n t  18.

four  mgriths__^ter r e c e iv in g  4̂ 16 kJ ( hypomenor r hoe i c ) .

fhe m a j o r i ty  of  t h e ca v i t y  i s r e placed by w h i te  f ibrous  

t i s s u e ,  but t he cornua r e t a i n  the p in k is h  appearence o f  

v ia b l e  endometrium.
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Fi gur e  37 •_ Hys t e r o scop 1 c photograp_h_of p a t i ent  24-,

f i v e  months_ a f t e r  r e c e i v i n g  66QKJ ( amener r hoe i c ) . 

Photographie  t e c h n i c a l  f a u l t ,  The e n t i r e  c a v i ty  

r ep laced by f i b r o u s  t i s s u e .  In the photog r a ph, only  a 

l i m i t e d  area of  one of  the c a v i t y  s i d e . w a l l s  may be

s e en .
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Fj gure j ?  . Hysteroscopi  c photograph of  p a t i e n t  2c- . 

f i v e  months a f t er  r ec e i v ing 66QKJ ( amenerrhoe i c ) .  The 

c a v i t y  IS e n t i r e l y  denuded of  endomet r  i urn, and appears  

wh1 t e  ̂ A comp l e t e  view _pf the c a v i t v  i s seen here from 

the lower l i m i t  of  the isthmus upwards. The cornua are  

in shadow, but no v i a b l e  endometrium cou 1d be 

V1 s ua 1i s e d .



which showed a complete ly  f i b r o t i c  c a v i t y  (b u t  no 

i n t r a u t e r i n e  synech iae ) .  The p i c tu r e  o f  p a t i e n t  30 

shows again a complete ly denuded c a v i t y ,  e n t i r e l y  

replaced by f ib ro u s  t is s u e .

T ra n s ce rv ica l  b iops ies  o f  the c a v i t y  w al l  confirmed  

only f ib ro u s  t is s u e  on h i s t o l o g i c a l  examination .

Vabra a s p i r a t i o n  biopsy

This was performed on a l l  p a t i e n ts  who rece ived  660 kJ 

(except those who agree to  hysteroscopy) .  Even in  

those p a t ie n ts  who experienced hypomenorrhoea, and were 

a t  m id -cyc le  a t  biopsy, no v i a b le  endometria l  t i s s u e  

could be ob ta ined .  The reason f o r  t h i s  was presumable 

because any remaining endometrium was high in  the  

cornua, and in a c c es s ib le  to  the a s p i r a t o r .

Discussion

Safe ty

At t h i s  stage some 40 p a t ie n t s  had been exposed to  

RaFEA, and one had developed a f i s t u l a ,  a l though th e re

2ts-



were no o th e r  types of  c o m p l ica t ion s ,  e s p e c i a l l y  burns 

a t  any remote s i t e .  Meticu lous care w ith  p reven t ion  of  

e a r th  c o n ta c t  and m onitor ing equipment f i l t e r i n g  

prevented such com p l ica t ions  (see sec t ion  2 -  s a f e t y ) .

The problem w i th  in t r u s io n  o f  the  vagina l  w al l  was 

overcome w ith  the  development o f  the thermal guard (see 

s ec t io n  1 -  equipment design and development) .  To date  

th e re  have been no f u r t h e r  cases o f  b ladder  damage 

where the thermal guard has been placed and maintained  

in p o s i t io n  c o r r e c t l y .

E f f e c t  Of Cycle Day/Endometria l  Thickness

In  order  to  maximise the th e r a p e u t ic  e f f e c t ,  i t  may be 

idea l  to  t r e a t  when the endometrium is  a t  minimal 

th ickn ess ,  i e .  when the basal is  la y e r  is  ’ maximally  

exposed’ . P a t i e n t  numbers in t h i s  small s e r ie s  were 

too small to  perform meaningful s t a t i s t i c s ,  and the  

measure o f  e f f i c a c y  was a s u b je c t iv e  one. The e f f e c t  

of  cyc le  day a t  o p e ra t io n  was t h e r e f o r e  impossib le  to  

determine from t h i s  study. This would re q u i re  a la rge  

sca le  c l i n i c a l  s tudy ,  and would be p a r t  o f  a f u t u r e  

development p r o j e c t .



A thermal dose o f  660 kJ was w el l  t o l e r a t e d  and judged 

sa fe  (see above; exc luding the case o f  f i s t u l a  which 

was due to  a proven double te c h n ic a l  f a u l t )  and 

e f f e c t i v e .  We t h e r e f o r e  used t h i s  dose f o r  the study  

o f  e f f e c t  on o b j e c t i v e l y  measured menstrual blood loss .
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SECTION 8 -  MEASUREMENT OF MENSTRUAL BLOOD LOSS BEFORE 

AND AFTER RF ENDOMETRIAL ABLATION

O bjec t

Th is  was a p i l o t  c l i n i c a l  t r i a l  o f  15 p a t ie n ts  t r e a t e d  

w ith  RaFEA (endometr ia l  su r face  temperature 60 + / - 5

degrees f o r  15 m inutes) .  Menstrual blood loss was 

measured f o r  two cycles  be fore  and a f t e r  t r e a tm e n t  by 

r a d io a c t iv e  i ron  (^^Fe) i n j e c t i o n  and whole-body gamma 

c o u n t in g .

The purpose o f  t h i s  experiment was:

1. To o b j e c t i v e l y  confirm the c l i n i c a l  r e s u l t s  o f  

sec t io n  7, t h a t  RaFEA is  e f f e c t i v e  in reducing or  

stopping menstrual blood loss (MBL).

A DoH l ic e n s e  was obta ined which al lowed the  

a d m in is t ra t io n  o f  ®^Fe to  20 p a t ie n t s  o n ly .  R e c ru i t in g  

was d i f f i c u l t ,  however, because the protocol  requ ired  

s ix  v i s i t s  to  Northwick Park H ospita l  C l i n i c a l  Research 

Centre ( f o r  whole body gamma co u n t in g ) .  15 p a t ie n t s  

were s u c c e s s fu l ly  admitted and completed the  

experimental  p ro to c o l .
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P a tie n ts

The same c r i t e r i a  f o r  admission to  t h i s  t r i a l  ap p l ied  

as those f o r  se c t io n  7, w i th  the a d d i t io n a l  consent of  

the p a t ie n t s  to  p a r t i c i p a t e  in  blood loss s tu d ie s .  

Exclusion c r i t e r i a  were a lso  the same as those f o r  

experiment 5. Haematological and biochemical in d ices  

were w i t h in  normal l i m i t s  (except  f o r  two p a t ie n t s  who 

were anaemic; o ther  parameters w i t h in  normal l i m i t s ) .  

Chest X - ra y ,  ECG and blood pressure were normal.

GBpe i n j e c t i o n  and whole body counting

A f t e r  an i n i t i a l  measurement in  the whole body counter  

to  ob ta in  a background read ing ,  each p a t i e n t  was given  

in t raven ou s ly  37 kBq ( l u C i )  ^^Fe f e r r i c  c i t r a t e  v i a  and 

a n te c u b i ta l  ve in  and then remeasured in  the  whole body 

counter .  S t e r i l e  ^^Fe c i t r a t e  (code IF S .2P ,  Amersham 

i n t e r n a t io n a l  p i c )  was d i l u t e d  w ith  i s o to n ic  s a l in e  a t  

pH3 under s t e r i l e  co n d i t io n s  and m i l l i p o r e  f i l t e r e d  

before i n j e c t i o n .  The ac tua l  amount in je c t e d  was 

determined by weighing the syr inge  be fore  and a f t e r  

a d m in is t r a t io n .  A per iod  o f  9 -  14 days then elapsed  

to  a l low  e q u i l i b r a t i o n  o f  ^^Fe uptake in t o  c i r c u l a t i n g
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e r y th ro c y te s ,  a f t e r  which a f u r t h e r  whole body 

measurement was made and a blood sample was taken f o r  

e s t im a t io n  o f  r a d i o a c t i v i t y  c o n c e n tra t io n .  This  

procedure was repeated f o r  in order  to  measure MBL over  

two cyc les  before  and a f t e r  RaFEA.

The same RF genera t ing  equipment probe and b e l t  were 

used as in se c t io n  7.
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P a t ie n t  d e ta i ls

P a t ie n t  P a t ie n t  Age 

Number I n i t ’ s

Height  Weight Day o f  PreRx PreRx 

(cm) (kg)  Cycle Days Max.no 

Rx’ d Bleed pads

1 PM 49 156 58 .4 1 1 10 >24

2 KW 41 150 48 .9 13 1 1 24

3 BB 43 160 60 .2 10 8 22

4 LW 46 158 68 .0 14 12 >24

5 PS 40 156 51 .5 7 6 16

6 TP 42 161 87 .9 9 7 18

7 MM 39 153 61 . 1 12 10 >24

8 RS 45 151 70 .9 10 8 12

9 PR 53 160 140.0 14 13 14

10 MB 51 158 69 .4 10 7 20

1 1 RS 38 142 82.1 6 8 12

12 PQ 46 159 69 .2 4 4 14

13 LF 41 161 73.0 9 7 20

14 FG 50 158 6 8 .1 . 18 1 1 16

15 RP 39 152 64 .2 7 9 >24



A l l  p a t ie n t s  had undergone d ia g n o s t ic  hysteroscopy and 

d ia g n o s t ic  c u re t ta g e  w i th  a normal r e s u l t  w i t h in  the  

previous 9 months.

19 P a t ie n ts  were r e c r u i t e d ,  but 4 excluded. 1 p a t i e n t  

developed an o var ian  cyst  p r i o r  to  RaFEA and needed a 

laparotomy, hysterectomy was performed s im ul taneou s ly .  

3 o ther  p a t ie n t s  f a i l e d  to  e i t h e r  complete the  blood 

loss s tu d ies  p ro to c o l .

A l l  p a t i e n t s  were t r e a te d  w i th o u t  d i f f i c u l t y  as day 

cases, and made uneventfu l  re c o v e r ie s .  FSH le v e ls  were 

w i t h in  the premenopausal range (<30 l U / m l ) in a l l  

p a t ie n ts  a t  the beginning and end o f  the exper imental  

pe r iod .  A l l  o ther  haematological  and biochemical  

in d ices  were w i th in  normal l i m i t s  and unchanged a t  one 

and s ix  week f o l lo w  up.
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R es u lts

Pre-RaFEA MBL r e s u l t s

P a t ie n t

Number

P a t ie n t

I n i t ’ s

Hb

( g / d l )

Estimated  

Blood Loss 

(2 cy c le s )  

(ml)

Estimated  

Blood Loss 

Per Cycle  

(ml)

1 PM 8 .4 600 300

2 KW 12.1 599 300

3 BB 11.2 403 201

4 LW 9.8 1330 665

5 PS 10.5 386 193

6 TP 12.3 152 76

7 MM 10.1 859 429

8 RS 12.7 436 218

9 PR 11.6 522 261

10 MB 11.9 380 190

1 1 RS 10.1 269 134

12 PQ 11.3 281 140

13 LF 12.0 577 288

14 FG 11.2 506 253

15 RP 12.1 97 49



Values given f o r  est im ated blood loss per per iod  are  

considered accurate  to  + / -  50 ml, based on s tud ies  

performed w ith  o ld e r  equipment, and on the  r e s u l t s  

obtained from our own s in g le  polycythaemic p a t i e n t  (see  

appendix 4 ) .

P re - t re a tm e n t  blood losses were very v a r i a b l e  w i th  a 

range from 97 to  1330ml and a mean va lue o f  493ml.

C o r r e la t io n  between s u b je c t iv e  loss and measured MBL

There was a p o s i t i v e  c o r r e l a t i o n  between s u b je c t iv e  

es t im a t io n  o f  s e v e r i t y  o f  menorrhagia and o b je c t iv e  MBL 

measurement. I f  a ’ po in ts  system’ is  c re a te d ,  where 

the number o f  days of  b leed ing is  m u l t i p l i e d  by the  

maximum number o f  pads used per 24 hours (MB. changed 

because o f  s a tu r a t io n  or n e a r - s a t u r a t i o n ) ,  then the two 

may be compared. P a t ie n ts  using over 24 pad per 24 

hours are counted as using 30 pads per 24 hours.

Numbers a too small to  examine the  s ig n i f i c a n c e  o f  any 

recorded parameter such as h e ig h t ,  weight or  age on 

s e v e r i t y  o f  symptoms.
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P a t ie n ts  were c lo s e ly  questioned to  ensure t h a t  th e re  

was no h is t o r y  of  blood loss from some o th er  route  

( a c c i d e n t / l a c e r a t i o n ,  r e c t a l  b lee d in g ,  haematuria ,  

blood d o n a t io n ) .  There were no p o s i t i v e  f in d in g s .



P a t ie n t

Number

Pre-Rx  

Days 

B leed .

Pre-Rx  

Max. No. 

Pads/24hr

’ Menorrhagia  

Score ’

Measured 

Loss/Cycle  

(ml )

1 10 >24 (30 ) 300 600

2 11 24 264 599

3 8 22 176 403

4 12 >24 (3 0 ) 360 1330

5 6 16 96 386

6 7 18 126 152

7 10 >24 (30 ) 300 859

8 8 12 96 436

9 13 14 182 522

10 7 20 140 380

1 1 8 12 96 269

12 4 14 56 281

13 7 20 140 577

14 1 1 16 176 506

15 9 >24 (30 ) 270 97



There is  a strong s t a t i s t i c a l  c o r r e l a t i o n  between 

s u b je c t iv e  judgment o f  MBL and measured loss in t h i s  

study o f  +0 .79  (Spearmans rank c o r r e l a t i o n  

c o e f f i c i e n t ) .
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Post RaFEA MBL Results

P a t ie n t Pre-Rx Post-Rx C l i n i c a l

Number Loss/ Loss/ Outcome

2 Cycles 2 Cycles

(ml ) (ml )

1 600 266 s i g . r e d u c t .

2 599 190 si g . reduct .

3 403 93 s i g . r e d u c t .

4 1330 94 amen.

5 386 66 s p o t t in g

6 152 87 s i g . r e d u c t .

7 859 0 amen.

8 436 24 amen.

9 522 30 amen.

10 380 182 s ig .  reduct .

1 1 269 129 no b e t t e r

12 281 0 amen.

13 577 135 si g . r e d u c t .

14 506 184 s i g . r e d u c t .

15 97 83 no b e t t e r



A f t e r  t rea tm e n t  w i th  RaFEA the mean blood loss in 15 

p a t i e n t s  was 104 ml w ith  a range o f  from 0 -  266 ml

(see f i g u r e  39 ) .  The mean reduct ion  in  blood loss  

over 2 cyc les  a f t e r  t re a tm e n t  was 389 (SEM 79) ml 

( p < 0 . 0 0 1 ) , i . e .  a mean reduct ion  o f  195 ml per c y c le .

At fo l lo w  up o f  15 p a t ie n ts  4 to  12 months a f t e r  

t r e a tm e n t ,  7 /15  (47%) were amenorrhoeic, 6 /15  (40%) had 

exper ience  a s i g n i f i c a n t  reduct ion  in f low  and 2 /15  

(13%) had reported  t re a tm e nt  f a i l u r e .  I t  is  

i n t e r e s t i n g  t h a t  the p a t i e n t  w ith  the lowest p re ­

t rea tm e n t  MBL of  97 ml per 2 cyc les  and a post  

t rea tm e n t  MBL of  83 ml was one of  these .

A l l  p a t i e n t s  remained w e l l  a t  f o l lo w  up a t  monthly  

i n t e r v a l s  ( t o  12 months). Biochemical and haem ato log i-  

cal in d ice s  were unchanged and w i t h in  the normal range 

(as in se c t io n  5 ) .  FSH le v e ls  a t  s ix  weeks and th re e  

months were premenopausal (<30 l U / m l ) .

Discussion

Many at tempts have been made in  the past to  measure MBL 

o b j e c t i v e l y  in women complain ing o f  heavy b leed ing ,  

almost u n i v e r s a l l y  w i th  the conclusion t h a t  less  than
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h a l f  are  los ing  more than a normal amount ( i . e .  80 ml 

per c y c l e ) .  The m a jo r i ty  o f  such s tud ies  have involved  

p a t ie n t s  saving used s a n i t a r y  pads f o r  e l u t i o n  by 

a l k a l i n e  e x t r a c t io n  o f  haemoglobin (Haynes e t  a l . 1977; 

Chimbira e t  a l . 1980) .  However, d i f f e r e n t  s a n i t a r y  

m a te r ia ls  may not only  r e t a i n  d i f f e r e n t  amounts of  

blood a t  s a tu r a t io n  p o in t  (Grimes, 1979) ,  but possess 

d i f f e r e n t  a f f i n i t i e s  f o r  blood, r e s u l t in g  in  v a r i a b l e  

e x t r a c t i o n  e f f i c i e n c y  during haemoglobin e l u t i o n .  

Improvements in techniques may overcome t h i s  however, 

(V as i len ko  e t  a l . 1988; van E i jk e re n  e t  a l . 1986) .  A

f u r t h e r  inaccuracy may a r i s e  due to  m i c t u r i t i o n  during  

m enstruat ion .  Corstens e t  al (1989)  measured s a n i ta r y  

pad and u r in e  r a d i o a c t i v i t y  a f t e r  l a b e l l i n g  the blood 

with  ^^Fe. They c a lc u la te d  t h a t  an average o f  25% 

(range 1 -  69%) o f  MBL was l o s t  during m i c t u r i t i o n  and 

t h e r e f o r e  not observed on pads. In  a d d i t io n ,  d e sp i te  

c a re fu l  i n s t r u c t i o n ,  some blood may conce ivably  be l o s t  

a t  the t ime o f  pad change, e s p e c i a l l y  i f  c l o t s  have 

formed w i t h in  the vagina.

Conclusions

O b je c t iv e  study o f  MBL before  and a f t e r  RaFEA confirm



the previous c l i n i c a l  impression t h a t  the technique is  

very e f f e c t i v e  in reducing MBL.

There is  a case f o r  cons ider ing  the whole body counting  

technique f o r  measuring MBL in  the  assessment o f  new 

t rea tm ents  o f  DUB, because o f  g r e a te r  accuracy compared 

w ith  the pad saving methods. The f a c t  t h a t  p a t ie n t s  

have to  be exposed to  r a d i o a c t i v i t y  ( a l b e i t  in very  

small doses),  high cost o f  ra d io n u c l id e s  and the  

scarceness o f  equipment does mean, however, t h a t  i t  is  

u n l i k e l y  to  be used on a r o u t in e  bas is .
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SECTION 9 -  SUMMARY OF THESIS AND CONCLUSIONS

9 . 1 . 1 .  Feasi b i 1i t y

In  v i t r o  and in v ivo  s tu d ies  have shown t h a t  i t  is  

po ss ib le  to  heat the m a jo r i t y  or e n t i r e t y  o f  the  

endometria l  c a v i t y  using rad io frequency e le c t ro m a g n e t ic  

energy, c o n s is te n t  w ith  a h i s t o t o x i c  e f f e c t ,  s a f e l y ,  

( i e .  w i th o u t  s i g n i f i c a n t  unwanted heat ing  o f  n o n - ta r g e t  

t i s s u e s ) ,  provided s a fe t y  precaut ions  are  r ig o ro u s ly  

f o l 1 owed.

9 . 1 . 2 .  C l i n i c a l  E f f ic a c y

Studies  have suggested t h a t  approximate ly  80% o f  women 

t r e a t e d  w i l l  have a fa v o u ra b le  t h e r a p e u t ic  e f f e c t  

( e i t h e r  amenorrhoea or reduct ion  in f low  volume to  

acceptab le  l e v e l s ) .

R ad ioac t ive  i ron /w ho le  body gamma counting s tu d ie s  

performed before and a f t e r  t re a tm e n t  confirmed the  

c l i n i c a l  impression t h a t  p a t ie n ts  were ach iev ing  cures  

in the m a jo r i t y  o f  cases.



9 . 1 . 3 .  S a fe ty

The m a jo r i t y  o f  p a t ie n ts  develop vary ing  degrees of  

lower abdominal pain and a watery b loodsta ined  

discharge which l a s t s  1-6 weeks a f t e r  t re a tm e n t .  

I n f e c t i o n  o f  n e c r o t ic  t i s s u e  does not appear to  be a 

problem.

Two se r io u s  com pl ica t ions  occurred due to  te c h n ic a l  

f a i l u r e .  These p a t ie n ts  were very obese (140kg,  

120kg),  and access to  the c e rv ix  was prob lem at ic  due to  

the in t r u s io n  o f  the a n t e r i o r  vagina l  w al l  in to  the  

distended vagina,  and an in s u la t io n  f a u l t  in  the  

proto type  thermal probe. Owing to  t h i s ,  the a n t e r i o r  

vaginal  w a l l  and bladder were a c c i d e n t a l l y  heated, and 

v e s ic o -v a g in a l  f i s t u l a e  r e s u l te d .

As a r e s u l t  o f  t h i s ,  the s p e c i a l l y  designed vaginal  

guard was designed and b u i l t  in order  to  p r o t e c t  the  

bladder ,  and no f u r t h e r  problems occurred during the  

exper imental  t ime recorded in t h i s  th e s is  (see se c t io n  

2 -  S a f e t y ) .  At the t ime o f  w r i t i n g ,  o th e r  centres

p a r t i c i p a t i n g  in a m u l t i c e n t re  t r i a l  have experienced  

two com pl ica t ions  w ith  burns (due to  v i o l a t i o n s  o f  

s a fe ty  p ro to co l :  in a p p ro p r ia te  ECG equipment and
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incom pat ib le  o x im e te r ) .  A case o f  v e s ic o -v a g in a l  

f i s t u l a  has a lso  been repo r ted ,  due to  inadequate  

i n s e r t io n  o f  the thermal guard. In  f a c t ,  the surgeons 

i n a b i l i t y  to  f u l l y  engage the guard in to  the fo r n ic e s  

i s  recorded in the o p era t in g  notes; u n fo r tu n a t e ly  the  

t rea tm e n t  was proceeded w i t h ,  in d i r e c t  c o n tra v e n t io n  

o f  the s a fe t y  p ro to c o l .  Experience has shown t h a t

v i o l a t i o n s  o f  s a fe t y  protoco l  are the r e s u l t  o f

u n f a m i l i a r i t y  w ith  the d e t a i l s  o f  such p ro toco ls  on the  

p a r t  o f  medical or te c h n ic a l  s t a f f  in  t h e a t r e .  

U ny ie ld ing  in s is te n c e  t h a t  only s t a f f  who are  t o t a l l y

f a m i l i a r  w ith  a l l  aspects o f  c l i n i c a l  RF use should

e n te r  t h e a t r e ,  e s p e c i a l l y  i f  p a t i e n t  handl ing is  

invo lved ,  is  o f  paramount importance.

9 . 1 . 4 .  O b je c t iv e  Demonstration o f  Tissue E f fe c ts

For reasons a l ready  a l lu ded  to ,  i t  proved impossib le to  

ob ta in  a hysterectomy specimen some t ime a f t e r  RaFEA 

t re a tm e n t .  However, some p a t ie n t s  consented to  post­

a b la t i o n  hysteroscopy or Vabra a s p i r a t i o n .

Hysteroscopy demonstrated t h a t  the endometr ia l  l i n i n g  

is  converted in to  f ib ro u s  t i s s u e ,  but i n t r a u t e r i n e



synechiae form ation  does not appear to  occur ( i n  the  

small number o f  p a t ie n ts  examined). This  would, 

t h e o r e t i c a l l y  a t  l e a s t ,  reduce the r i s k  o f  haematometra 

fo rm at ion  in those p a t ie n t s  not rendered amenorrhoiec.  

Vabra a s p i r a t i o n  repe a te d ly  f a i l e d  to  ob ta in  v ia b le  

endometria l  t i s s u e  from p o s t - a b l a t io n  p a t ie n ts  

( amenorrhoiec) in those su b je c ts  not w i l l i n g  to  undergo 

p o s t - t re a tm e n t  hysteroscopy (which was the  m a j o r i t y ) .

9 . 2 .  Future C onsidera t ions

9 . 2 . 1 .  RF Endometrial  A b la t io n  (RaFEA) as an Accepted 

Technique

The major issue o f  s a fe t y  has a l re a d y  been discussed,  

and i t  may be t h a t  the technique should be r e s t r i c t e d  

to  a s p e c i a l i s t  ce n tre  where f u l l  p h y s ic s /e n g in ee r in g  

s uperv is ion  is  f e a s i b l e  (see s e c t io n  2 -  s a f e t y ) .

The p o t e n t ia l  advantages o f  RaFEA over hysterectomy,  

l i k e  o ther  a b l a t i v e  techn iques ,  are  c l e a r .  The 

advantages over the Nd-YAG la s e r  and h y s te ro re s e c to -  

scope are  a p p re c ia b le ,  but have ye t  to  be proven by a 

la rg e ,  comparative t r i a l .  Even i f  the r e s u l t s  o f  RaFEA 

were no b e t t e r  than e i t h e r ,  the advantages o f  opera to r
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s i m p l i c i t y ,  speed o f  o p e ra t io n ,  lower cost o f  equipment 

( i n  the case of  the la s e r  system) have been c l e a r l y  

s t a te d .  T h e o r e t i c a l l y ,  provided the  dangers assoc ia ted  

w ith  e l e c t r i c  f i e l d s  can be overcome, and provided the  

technique is  ap p l ie d  c o r r e c t l y ,  RaFEA should be as 

sa fe ,  and poss ib ly  s a fe r  t h a t  the o th e r  methods, 

e s p e c ia l l y  in view o f  f a t a l i t i e s  experienced w i th  

t r a n s c e r v ic a l  res e c t io n  o f  the endometrium.

9 . 2 . 2 .  Large Scale T r i a l s

A la rge  t r i a l ,  poss ib ly  m u l t i - c e n t r e ,  is  e s s e n t ia l  in  

order to  c l e a r l y  determine whether or not RaFEA is  

e f f e c t i v e ,  r e q u i r in g  severa l  hundred p a t i e n t s .  A 

s t r i c t  protocol in c lu d in g  r igorous en t ry  c r i t e r i a  would 

be necessary, agreed upon by a l l  concerned. O b je c t iv e  

blood loss s tu d ie s  on such a la rg e  number o f  p a t ie n ts  

would probably  be im p r a c t ic a l ,  so t h a t  i t  would be 

im portant  to  devise a method o f  se l f -assessm ent  o f  

menstrual loss t h a t  would be as accurate  as p o s s ib le ,  

and would mean t h a t  r e s u l t s  from d i f f e r e n t  ce n tres  are  

comparable.

I t  might be poss ib le  to  design a s m a l le r  study, but
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w ith  s t a t i s t i c a l l y  s i g n i f i c a n t  numbers o f  p re -  and 

p o s t - th e ra p y  cy c le s ,  where blood loss could be assessed 

o b j e c t i v e l y  using a ’ pad-save ’ and haemoglobin e l u t i o n  

techn ique .  We found t h a t  p a t ie n t s  on the whole f in d  

t h i s  d i s t a s t e f u l ,  and most were w i l l i n g  to  take  p a r t  in 

t r i a l s ,  provided they did NOT have to  save used tampons 

or tow els .  Such a t r i a l  may w e l l  be very d i f f i c u l t  to  

arrange,  t h e r e fo r e .

The neces s i ty  o f  a randomised prospec t ive  t r i a l  versus  

hysterectomy has been pointed out by S t i r r a t  (1990)  and 

o t h e r s .

The p ro v is io n  o f  d e t a i l e d  s a fe ty  p ro toco ls  and t r a i n i n g  

of  a l l  s t a f f  involved a t  any centres  p a r t i c i p a t i n g  is  

v i t a l l y  im portant .

9 . 2 . 3 .  Treatment Technique

T re a t in g  p a t ie n t s  post-menstrual  1 y , or g iv in g  pre-RaFEA 

danazol would mean t h a t  the basal i s  la y e r  is  maximally  

exposed to  thermal damage, g iv in g  the best chance of  a 

successful outcome. The l a t t e r  is  obviously  

u nde s irab le  in any t r i a l  s i t u a t i o n  because i t  would be 

d i f f i c u l t  to  d i f f e r e n t i a t e  between danazol and RaFEA
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e f f e c t  on blood loss.  I f  the technique is  used pure ly  

t h e r a p e u t i c a l l y ,  however, pre-RaFEA danazol may be 

e f f e c t i v e .  A f u r t h e r  t r i a l  would be j u s t i f i e d .  

Current  work using a r o t a t i n g  probe w i th  the t i p  

s l i g h t l y  angulated in order  to  accommodate the  proximal  

c a v i t y  is  promising.

9 . 2 . 4 .  Durat ion  o f  Therapeut ic  E f f e c t

The permanence, or o therw is e ,  o f  the th e r a p e u t ic  e f f e c t  

of  RaFEA tre a tm e nt  re q u ire s  e v a lu a t io n  by long-term  

f o l lo w  up o f  p a t ie n t s .  P a t ie n ts  from both p i l o t  

c l i n i c a l  t r i a l s  recorded in t h i s  th e s is  are  to  be 

fo l low ed  thus.

Data concerning the c a p ac i ty  o f  the endometria l  basal is  

la y e r  to  regenerate  are scant .  I t  is  known t h a t  the  

endometrium has a tremendous p o t e n t ia l  f o r  regenera­

t i o n ,  as demonstrated by the c o n t in u a t io n  o f  

menstruat ion d e s p i te  massive t is s u e  i n s u l t  in s id e  the  

endometria l  c a v i t y  from the m u l t i tu d e  o f  physical  and 

chemical agents t h a t  have been t r i e d  f o r  endometria l  

a b la t i o n .  However, i t  seems l i k e l y  t h a t  once the  

basal is  la y e r  is  destroyed,  t h a t  area  o f  the
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endometrium becomes scarred and no longer capable of  

producing endometrium, as in Asherman’ s syndrome. This  

is  not known f o r  c e r t a i n ,  however. I t  may be the case 

t h a t  the c e l l s  of  the basal is  la y e r  are capable o f  

growing l a t e r a l l y  and ’ p a tc h in g ’ the damaged a rea .  

Long term fo l lo w  up w i l l  answer t h i s  quest ion .  I t  is  

unclear  whether poss ib ly  m u l t i - p o t e n t i a l  c e l l s  in  the  

stroma are  capable o f  d i f f e r e n t i a t i n g  in t o  ’ t r u e ’ 

endometria l  components, but th e re  is  some evidence t h a t  

myométrial smooth muscle may be newly formed from such 

c e l l s  ( F u j i i  e t  a l , 1989) ,  and so the p o s s i b i l i t y  

e x i s t s .

Even i f  the e f f e c t s  o f  RaFEA were temporary, provided  

they las ted  f o r  a reasonable per iod  o f  t im e ,  i t  might  

be f e a s i b l e  to  o f f e r  p a t ie n t s  RaFEA therapy a t  re g u la r  

i n t e r v a l s ,  perhaps every 12-18 months, i f  they were keen 

to  avoid hysterectomy. This  would be p a r t i c u l a r l y  

a p p ro p r ia te  in the case o f  women approaching menopausal 

age (provided pathology is  excluded) in  o rder  to  ’ t i d e  

them o v e r ’ u n t i l  menstruat ion ceased.

9 . 2 . 5 .  Risk o f  Endometrial  Carcinoma
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Although i t  may be t h a t  i f  the endometrium in c lud ing  

the basal is  la y e r  is  p a r t i a l l y  or  complete ly  destroyed  

a f t e r  RaFEA the r i s k  may be reduced, t h i s  cannot be 

assumed.A.Magos (1990,  Personal communication) repo rts  

t h a t  i s l e t s  o f  v ia b le  endometria l  g la nd u la r  c e l l s  e x i s t  

w i t h in  the stroma o f  the p o s t - a b l a t io n  ’ endometrium’ .

Some a u t h o r i t i e s  f e e l  t h a t  i t  may be the case t h a t  

women who exper ience excessive menstrual b leed ing  are  

a t  increased r is k  of  endometria l  cancer,  and t h i s  must 

be borne in mind a t  long-term fo l lo w  up o f  p a t ie n t s  

t r e a t e d  w ith  endometria l  a b la t io n  by any techn ique .

In te rm enstru a l  ( i n  those p a t ie n t s  not rendered  

amenorrhoiec) or i r r e g u l a r  b leeding o f  any s o r t  must be 

c a r e f u l l y  watched f o r  and in v e s t ig a te d  thoroughly  as in  

any o th e r  p a t i e n t  by d ia g n o s t ic  hysteroscopy and 

c u r e t t a g e .

9 . 2 . 6 .  Long-Term Follow Up

RaFEA t r e a te d  p a t ie n t s  w i l l  be fo l low ed  up in  the long 

term, and c a r e f u l l y  assessed f o r  l a t e  com pl ica t ions  

in c lud ing  abnormal b leed ing .  There are  no known long­
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term e f f e c t s  o f  hyperthermia ,  as th ere  are  w ith  

rad io th erapy  f o r  example, such as ischaemic f i s t u l a -  

t i o n .

I n t r a u t e r i n e  synechiae have been demonstrated to  occur 

w ith  some forms o f  endometria l  a b l a t i o n ,  but t h i s  does 

not appear to  be the case w ith  RaFEA. Pyo- or  

haematometra form at ion  th e r e fo r e  seem less l i k e l y ,  but 

s t i l l  a p o s s i b i l i t y .

9 . 2 . 7 .  Treatment o f  Postmenopausal HRT P a t ie n ts

The s in g le  advantage o f  ach iev ing  the age o f  menopause 

is  the cessat ion  o f  menstrual b leed ing .  The 

a d m in is t ra t io n  o f  hormone replacement therapy  

a l l e v i a t e s  the unpleasant accompanying symptoms o f  the  

menopause, but in  an i n t a c t  woman reverses the s in g le  

b e n e f i t  na ture  confers  upon the menopausal p a t i e n t :  

’ p e r io d s ’ r e tu rn .  I t  is  now w ide ly  accepted t h a t  un­

hysterectomised women should be given c y c l i c a l  combined 

p rep a ra t io n s  o f  oestrogen fo l low ed  by 7-10 days o f  a 

progestogen to  p ro t e c t  the endometrium from hyperp las­

t i c  or n e o p la s t ic  t r a n s f o r m a t i o n . Many women

exper ience a reve rsa l  o f  the f e e l i n g s  o f  w e l l - b e in g
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gained from oestrogens during progestogen a d m in is t ra ­

t io n  .

Women who have undergone hysterectomy are o f te n  t r e a t e d  

w ith  unopposed oestrogen, and t h e r e fo r e  are not  

subjected to  the unwanted e f f e c t s  o f  progestogens, 

although some a u t h o r i t i e s  f e e l  t h a t  th e re  may be a 

b e n e f ic ia l  ’ p r o t e c t i v e ’ a c t io n  on the b re a s t  in  

combined HRT t r e a t e d  women.

I f  postmenopausal women were t r e a te d  w ith  RaFEA p r i o r  

to  HRT, provided t o t a l  endometria l  a b la t i o n  was 

achieved ( i e .  th e re  was no bleeding a f t e r  hormone 

c h a l le n g e ) ,  then the reappearance o f  ’ p e r io d s ’ would 

not be a problem. Those p r a c t i t i o n e r s  who f e e l  t h a t  

progestogens are best avoided i f  a t  a l l  poss ib le  on the  

grounds o f  s ide  e f f e c t s  would be ab le  to  g ive  unopposed 

oestrogens w i tho u t  the problem o f  i r r e g u l a r  vagina l  

bleed ing ,  and perhaps a reduced or absent r i s k  of  

endometria l  carcinoma. Th is  would re q u ire  very c a re fu l  

study indeed, and i t  is  h ig h ly  quest ion ab le  whether i t  

is  sa fe  to  regard an ab la te d  endometrium in  the same 

way one regards an absent one.



There would be cons iderab le  te c h n ica l  problems,

however. The blood supply to  the u terus is  much 

reduced postmenopausal 1 y , and the massive coo l ing  

e f f e c t  which helps prevent  p e n e t ra t io n  o f  thermal

energy beyond the inner  u terus  would be reduced. 

Extensive thermometry/dose s tu d ies  would be needed.

9 . 2 . 8 .  S t e r i l i s a t i o n

I f  the e n t i r e t y  o f  the endometrium is  destroyed,  the  

p a t i e n t  is  presumably s t e r i l e .  Whether or not t h i s  is  

a c t u a l l y  the case, or whether e c to p ic  pregnancy would 

be a problem, may only  be speculated upon. In  view o f  

the ease and s a fe ty  w ith  which s t e r i l i s a t i o n  may be 

c a r r ie d  out 1a p a ro s c o p ic a l1 y , i t  seems u n l i k e l y  t h a t

TSEA f o r  th e r a p e u t ic  s t e r i l i s a t i o n  would be a v i a b le  

p ro p o s i t io n .

9 . 2 . 9 .  F ina l  comment

Although endometria l  a b la t i o n  by any technique has 

rece ived e n t h u s ia s t ic  welcome (Townsend e t  a l . 1990,

MacDonald, 1990, Cheng, 1990) ,  i t  is  e s s e n t ia l  t h a t  a 

balanced opin ion be m ainta ined.  In  1933 Lewis and



C a r r o l l  reviewed the case o f  t r a n s u r e t h r a l  re s e c t io n  of  

the p ro s ta te  (TURP) using the newly invented resec  

toscope a t  t h a t  t im e.  L ike most new techn iques ,  the  

l i t e r a t u r e  was r e p le t e  w ith  e n t h u s ia s t ic  and encouraging  

repo r ts  a t  the t im e ,  h a i l i n g  TURP as a ’ minor 

procedure ’ , dest ined to  make prostatectomy ’ o b s o le t e ’ 

(D av is ,  1931, Engel, 1932) ,  w i th  a m o r t a l i t y  r a te  ’ o f  

n i l ’ (Engel ,  1932) .  In  t h e i r  paper e n t i t l e d  ’ P r o s t a t ic  

re s e c t io n  -  w i thou t  the moonlight and ro s e s ’ , they  

d e t a i l  87 deaths and 168 major compl ica t ions  a f t e r  TURP 

in approximate ly  the f i r s t  fo ur  years of  the  

a v a i l a b i l i t y  o f  the resectoscope. I t  is  e s s e n t ia l  t h a t  

we do not reach a t ime when i t  becomes necessary f o r  

such a paper to  appear w ith  regard to  endometria l  

a b la t io n  by whatever method.

Only c a re fu l  assessment and d e t a i l e d  t r i a l  w i l l  ensure  

t h a t  i t  does not.
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Appendix 1

The Luxtron M u lt ichannel  E le c t r o n ic  Thermometer

Luxtron Corpora t ion  Model 1000 F lu o r o - o p t ic  e i g h t  channel 

thermometer, C a l i f o r n i a ,  USA.

This  device  is  capable o f  measuring temperatures very a c c u r a t e ly ,  

a f t e r  c a l i b r a t i o n ,  in  the  range 0 -70  degrees C e ls ius  w i th  an 

accuracy o f  + / -  0.1 degree, from e ig h t  d i f f e r e n t  probes 

s im ul taneou s ly .

C a l i b r a t i o n  is  e f f e c te d  by p lac in g  the temperature  probes o f  the  

Luxtron u n i t  in  a water  bath o f  known temperature  (measured using  

a h igh-accuracy mercury thermometer, + / -  0.1 degrees ) ,  and running  

the u n i t  through i t s  c a l i b r a t i o n  c y c le .  A l l  readouts a re  then s e t  

to  match the  mercury thermometer.

The more commonly employed e l e c t r o n i c  devices f o r  measuring 

temperature are  o f  l i t t l e  use when heat ing  is  e f f e c t e d  by high  

i n t e n s i t y  RF e l e c t r i c  f i e l d s .  Th is  is  because s e l f  h e a t in g  o f  

th e rm is to rs  or thermocouples occurs, lead ing  to  in ac c u rac ie s  due 

to  f a l s e l y  high readings.

Using the Luxtron d e v ic e ,  no such s e l f  hea t ing  occurs.  Each probe 

co ns is ts  o f  a f i n e  p l a s t i c  tube (a pprox im ate ly  22G) c o n ta in in g  

f i b r e  o p t ic  bundles, a t  the sensor end o f  which is  a c r y s t a l  o f  

magnesium f luorogerm anate .  Th is  f lu o r e s c e n t  substance em its  l i g h t  

o f  a d i f f e r e n t  wavelength to  t h a t  in c id e n t  upon i t .  The r a t e  a t  

which the  energised c r y s t a l  decays and subsequently emits  l i g h t  is  

analysed by a processor w i t h in  the main u n i t .  The r a te  o f  decay 

i s  d i r e c t l y  p ro p o r t io n a l  to  tem perature .  At h igher  temperatures  

the em it ted  l i g h t  is  given o f f  q u ic k ly ,  and the  opposite  i s  t r u e  

a t  lower tem peratures .



A pulse o f  l i g h t  energy a t  400nm from a xenon f l a s h  tube w i t h in  

the machine is  t r a n s m i t te d  along the probe tub ing  and is  in c id e n t  

upon the  f luorogermanate  c r y s t a l  a t  the  end o f  th e  f i b r e  o p t ic  

l i n e .  The re tu rn  pu lse ,  a t  600nm is  then t r a n s l a t e d  in t o  

tem perature .

The disadvantage o f  the system is  cost:  approx im ate ly  £ 2 2 ,0 00 .
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APPENDIX 2 -  Measurement Of RF F i e ld  S trengths  In  The 

O pera t ing  Theatre  During RF Endometr ia l A b la t io n

Levels o f  RF in th e a t r e  were measured in  order  to

ensure t h a t  RF endometria l  a b la t i o n  does not pose a

s i g n i f i c a n t  environmental hazard to  th e a t r e  s t a f f .

On 7th December 1990, ERA Technology was commisioned to  

measure ambient RF le v e ls  using a Rohde and Schwartz  

ESH2 Receiver  in con junct ion  w ith  a small passive loop 

a e r i a l  and balun. The va lues recorded were w i t h in

those recommended by the N at iona l  R a d io lo g ic a l

P ro te c t io n  Board (NRPB).

A copy o f  t h e i r  r e p o r t  is  reproduced in  the next few 

pages.
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MEASUREMENTS OF RF FIELD STRENGTH DUE TO ROCKET MEDICAL MENOSTAL 
GENERATOR AT WATFORD GENERAL HOSPITAL

1 INTRODUCTION

At the request of Rocket Medical Electronics Ltd ERA Technology Ltd has carried out a survey 
of the electromagnetic field strength of the Menostal generator and probe in the operating 
theatres at Watford General Hospital.

With industrial RF apparatus the main aim is to maximise the energy absorption within the 
material being processed. However there are likely to be some stray reactive and radiative 
fields from the apparatus. These stray fields, i f  not shielded or otherwise controlled at source 

; are transmitted into the workplace, where they may be absorbed by the operator and other 
employees. The Health and Safety Executive Guidance Note PM51 deals with recommended 

: safety limits for operation of plant and machinery and recommends fields strength levels which 
are safe enough for operators to operate the apparatus. High levels of r f  field strength can 
also cause malfunction in other electronic equipment, and it is understood that some problems 

; have been experienced in monitoring equipments used in association with the equipment under 
consideration.

I

The Menostal equipment is used for treatment on patients to burn out various tissues in the 
body. The equipment consists of a generator with a probe and belt. The probe is inserted into 

I the patient and the belt wrapped around the patient. RF energy is then sent down the probe 
I to bum the relevant tissues.
i

The Menostal operates at a frequency of 27.12MHz in two distinct phases.

Phase 1 ; Calibration

During this phase the probe is placed within the patient and the probe/patient load is matched 
with the drive circuitry. This calibration phase takes place at about 20W at the operating 
frequency of 27.12 MHz.

Phase 2 : Treatment

During this phase power is sent to the probe for a period of about 15 minutes. The actual power 
applied will depend on probe size and patient type and is normally within the range 300-550W 
at 27.12MHz. Power is varied during the treatment in order to keep the tissue temperature 
around the optimum to obtain the correct treatment result.

ERA
TECHNOLOGY
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At the time of the survey the Menostal generator and probe was fully operational. The measured 
levels of field strength have been compared with the NRPB (National Radiological Protection 
Board) proposed limit quoted in Guidance Note PM51 (January 1986) from the Health and 
Safety Executive. The NRPB Proposals of 1982 indicate a limit of 0.184 amps/metre for an 
operating frequency of 27.12 MHz, the limit is given by 5.0/F amps/metre (where F = Frequency 
in MHz)

2 SUMMARY OF TESTS

2.1 Test Locations

Measurements of measured field intensity of the Menostal generator and probe were made at 
various locations as shown in Figure 1.

The measurements were made during the operating process of the Menostal generator and probe 
since this involved the higher power values which would result in higher field strengths.

2.2 Test Procedure

The magnetic field intensity was measured at a frequency of 27.12 MHz using a Rohde and 
Schwarz ESH2 Receiver in conjunction with a small passive loop aerial and balun. The 
measurements were made a distance of 0.3 metres from the generator and probe and at other 
positions as shown in Figure 1. Details of all the measuring equipment used are given in 
Appendix A of this report. The magnetic field intensity is quoted in terms of equivalent plane 
wave magnetic field intensity for comparison with the NRPB proposed limit for field strength.

3 RESULTS

The results of the measurements are presented in Tables 1 to 3 as follows:-

25S
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Table 1

Standard Feed Cable Configuration

Position Magnetic Field 
Strength 

dB (iiV/m)

dBCpA/m) (A/m) Proposed Limit
(A/m)

1 145 93.5 0.050 0.184
2 143 91.5 0.037 0.184
3 123 71.5 3.76 X 10-3 0.184
4 117 65.5 1.88 X 10-3 0.184
5 117 65.5 1.88 X 10-3 0.184
6 119 67.5 2.37 X 10-3 0.184
7 113 61.5 1.18 X 10-3 0.184
11 125 73.5 4.73 X 10-3 0.184
12 97 45.5 1.88 X 10-4 0.184
13 110 58.5 8.41 X 10-4 0.184
15 107 55.5 5.96 X 10-4 0.184
16 115 63.5 1.49 X 10 - 3 0.184

Conditions at the time of measurements;

Patient: well built body

Power to Probe: 350W
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Table 2

Direct Feed Configuration

Position Magnetic Field 
Strength 

dB (nV/m)

dB(pA/m) (A/m) Proposed Limit 
(A/m)

1 123 7 1 .5 3 .7 6  X 1 0 -3 0 .1 8 4

2 137 8 5 .5 0 .0 1 8 8 0 .1 8 4

3 120 6 8 .5 2 .6 6  X 1 0 -3 0 .1 8 4

4 129 7 7 .5 7 .4 9  X 1 0 -3 0 .1 8 4

5 124 7 2 .5 4 .2 2  X 1 0 -3 0 .1 8 4

6 115 6 3 .5 1 .4 9  X 1 0 -3 0 .1 8 4

7 123 7 1 .5 3 .7 6  X 1 0 -3 0 .1 8 4

8 111 5 9 .5 9 .4 4  X 1 0 -4 0 .1 8 4

9 111 5 9 .5 9 .4 4  X 1 0 -4 0 .1 8 4

10 127 7 5 .5 5 .9 6  X 1 0 -3 0 .1 8 4

11 120 6 8 .5 2 .6 6  X 1 0 -3 0 .1 8 4

12 113 6 1 .5 1 .1 9  X 1 0 -3 0 .1 8 4

13 110 5 8 .5 8 .41  X 1 0 -4 0 .1 8 4

14 125 7 3 .5 4 .7 3  X 1 0 -3 0 .1 8 4

15 109 5 7 .5 7 .4 9  X 1 0 -4 0 .1 8 4

16 119 6 7 .5 2 .3 7  X 1 0 -3 0 .1 8 4

1 7 - 133 8 1 .5 0 .0 1 1 8 0 .1 8 4

Conditions at time of measurements:-

Patient medium build body

Power to Probe: 300W
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Table 3

Transmislon Line Feed Configuration

Position Magnetic Field 
Strength 

dB (pV/m)

dB(nA/m) (A/m) Proposed Limit 
(A/m)

1 129 77.5 7.49 X 10-3 0.184
2 133 81.5 0.0118 0.184
7 105 53.5 4.73 X 10-4 0.184
16 121 69.5 2.98 X 10-3 0.184
17 131 79.5 9.44 X 10-3 0.184
18 95 43.5 1.49 X 10-4 0.184

Condition at time of measurements:-

Patient Medium build body

Power to Probe: 300W
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Table 4

Position points relative to the Menostal generator and probe (Refer to Figure 1)

Position Description

1 Above Probe
2 Below Probe
3 Left side of belt
4 Right side of belt
5 Top of patient’s head
6 Below patient’s head
7 Top of monitoring equipment table
8 Operator side of generator
9 Above generator
10 Generator mains cable
11 Front wall 2.9m away from patients head
12 Im away from (11)
13 Im away from (12)
14 Bottom of monitoring equipment table
15 Front wall, ground level
16 Top of belt
17 Probe cables
18 Back wall (4m away from probe)

4 CONCLUSIONS

The measured values of fields strengths from the Menostal generator and probe at Watford 
General Hospital were well below the HSE Guidance Note PM 51 limit of 0.184 amps/metre 
and therefore no hazard is identified.

Generally, well designed instruments should be immune to fields of up to 3V/m before any 
malfunctions may occur. The maximum field observed was at position 1 above the probe and 
the measured value was 145dB (pV/m), (17.8V/m). At the position of the monitoring instruments, 
fields of up to 2V/m were noted which could give rise to malfunctions in instruments which 
are not adequately immune. However no malfunctions on the monitoring instruments were 
observed during the measurement programme.
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Appendix A 

Measuring Equipment

Equipment Plant No ERA Cal Due Date

Rohde and Schwarz ESH 2 Receiver A701A 26/5/91

Loop Aerial 8 cm Loop N/A 18/12/91

Balun Type XDL04A AZ002 19/10/91

lOdB Attenuator AZ121 5/4/91

lOdB Attenuator AZ147 16/12/90

lOdB Attenuator AZ116 28/2/91

MDS 20 Clamp A309A 12/2/91
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APPENDIX 3 - Histochemical Technique For Demonstration 

Of Presence Of Glucose-6-Phosphate-Dehydrogenase

The presence or absence of the intracellular enzyme 

glucose-6-phosphate-dehydrogenase (G6PDH) was used 

histochemically in section 4 (in vitro histochemical 

studies) to demonstrate the heating pattern achieved 

within the uterine cavity, and in section 6 (in vitro 

histochemical studies) to ensure that there were no 

areas of tissue subjected to excessive heating.

Although such histochemical techniques are useful for 

examining zones of tissue destruction after exposure to 

transient thermal insult (such as laser or diathermy), 

they are of limited value in assessing tissue 

destruction after exposure to hyperthermia. 

Hyperthermic tissue destruction relies upon the initial 

partial dénaturation of cytoskeletal proteins, notably 

spectin (Hahn, 1987), Thus tissue which may be 

completely non-viable after hyperthermia treatment will 

still show active intracellular enzymes when examined 

histochemically, unless an intracellular temperature of 

60 degrees or more has been achieved. The important 

difference between simple high temperature destruction

Z40



and hyperthermia is the element of time. Transient 

high temperature exposure (eg. the sweep of the laser 

or diathermy loop) results in brief periods of 

extremely high temperatures at the surface of the 

tissue (in the case of laser around 4,000 degrees), 

with a rapid fall off once the energy source has 

passed. Prolonged thermal penetration into deeper 

tissues, where temperatures have fallen off into the 

hyperthermic range (less than 60 degrees) does not 

occur to a significant degree. Hence, unlike the case 

with RF ablation, where exposure time is prolonged, 

hyperthermic tissue death is not a significant factor 

by comparison to the effects of simple thermal injury.

There are several enzymes suitable for demonstrating 

thermal tissue damage, such as nicotinamide adenosine 

dinucleotide H2 diaphorase, or several in the 

dehydrogenase class. G6PDH was chosen because this 

technique was available at the time of experimentation.

The demonstration of dehydrogenases and diaphorases 

relies on the reduction of tétrazolium salts by 

hydrogen ions (released during oxidation) to produce 

formazans. Three tétrazolium salts are commonly used,



in this study nitro blue tétrazolium 

NET Stock Incubation Solution

(NET) was used.

NET (4 mg/ml distilled water) 2.5 ml

Tris-HCL buffer, pH 7.4 2.5 ml

0.05 M Magnesium chloride 1.0 ml

Distilled water 5.5 ml

To 0.1 ml of this solution was added glucose

phosphate (disodium) 300 mg in 0.8 ml distilled water, 

and 2 mg of NADP.

Snap frozen sections were prepared on the cryostat, and 

incubated at 37 degrees for 45 minutes. Sections were 

then fixed in formal saline for 10-15 minutes', then 

washed in water. Sections were then counterstained with 

2% methyl green (chloroform washed) and again rinsed. 

Glycerine jelly was used for mounting.

Slides were examined under the light microscope, and 

the green-appearing zones of enzyme deactivation 

measured using Vernier calipers. Areas of active 

enzyme appeared blue-purple (see experimental text).

(Bancroft  and Hand, 1987).
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Appendix 4

Whole body counting provides an a l t e r n a t i v e  method o f  es t im at ing

blood loss to  pad-saving studies which avoids some of  the

p o te n t ia l  e r ro rs  inherent in the l a t t e r  because the c a lc u la t io n  is

based on d i f fe ren ce s  between whole-body re ten t ions  and th e re fo re

does not depend on the c o l le c t io n  of  ra d io a c t ive  (or  haemoglobin)

losses from the body. In t h is  technique, a qu a n t i ty  of
59

ra d io a c t iv e  iron ( Fe) is  given in travenously  and al lowed to

bind to newly formed e ry throcy tes .  With high incorpora t ion  of

t r a c e r  in to  c i r c u l a t i n g  ery throcy tes ,  iron loss from the body is
59

almost e n t i r e l y  due to  blood loss, and a measured f a l l  in Fe

re te n t io n  over a given time period ( a f t e r  a l lowing f o r  ra d io a c t iv e

decay) r e f l e c t s  the amount o f  blood loss over the same period .  I f
59

the p a t ie n ts  blood volume and/or Fe concentrat ion are known, the  

f a l l  in re te n t io n  can be equated to  the proport ion of  the t o t a l  

blood volume th a t  is  lo s t  (Warner, 1973; Pr ice e t  al 1964; H o l t  e t  

al 1967).

METHOD

E th ica l  committee approval was obtained from Watford General

Hospita l  and Northwick Park Hospital E th ica l  Committees.

A f t e r  an i n i t i a l  measurement in the whole-body counter to  ob ta in  a

background reading, each p a t ie n t  was given in travenously  37kBq 
57

( l u C i )  Fe f e r r i c  c i t r a t e  v ia  an an tecu b i ta l  vein and then r e -
59

measured in the whole-body counter. S t e r i l e  c i t r a t e  (Code

IFS.2P, Amersham In te r n a t io n a l  PLC) was a c i d i f i e d  to  pH 3 with

hydroch lor ic  acid  under s t e r i l e  condit ions and m i l l ip o r e  f i l t e r e d

before in je c t io n .  The actual amount in je c te d  was determined by

weighing the syringe before and a f t e r  a d m in is t ra t io n .  A period of
59

9-14 days then elapsed to  a l low e q u i l i b r a t i o n  of  Fe uptake in to  

c i r c u la t in g  e ry th ro c y te s , a f t e r  which a f u r t h e r  whole-body



measurement was made and a blood sample was taken f o r  est imation

of  r a d i o a c t i v i t y  concentrat ion .  The i n i t i a l  in je c t io n  and

e q u i l ib r iu m  measurements were arranged to  occur res p ec t ive ly

s h o r t ly  a f t e r  the end of a period and before the onset of  the

subsequent period.  The e q u i l ib r iu m  measurement was taken as the

s t a r t in g  po int  fo r  a measurement period extending over two

menstrual cycles,  a f t e r  which f u r t h e r  measurements of  whole-body

and blood r a d i o a c t i v i t y  were made. The blood samples were lysed

with  s o l id  saponin and a l iq u o ts  (4ml) were counted in an automatic

sample counter (Wallac Compugamma 1282). A counting sample fo r

the blood samples was prepared by making up to  100ml a weighed
59

a l iq u o t  of  the same Fe c i t r a t e  s o lu t ion  used f o r  the in j e c t i o n ,

and 4ml were counted. Whole-body counting was performed using a

m u l t i -d e te c t o r  system (e ig h t  N a l ( T l )  c r y s ta ls )  in a 15cm th ic k

s tee l  shei lded cub ic le  (Smith e t  al 1979). Counts were obtained

in the energy range 0.99 -  1.42 MeV to  include both photopeaks of  
59

the Fe gamma-ray spectrum. Whole body counting time was 400s,

ensuring th a t  e r ro rs  due to counting s t a t i s t i c s  were less than ^%.

On a l l  counting occasions, care was taken to  reproduce the

po s i t io n  of  the p a t ie n t  as accurate ly  as possib le  to  l i m i t  e r ro rs

due to  possible  v a r ia t io n s  in counting geometry. Whole-body and

blood r a d i o a c t i v i t y  measurements were corrected f o r  ra d io a c t iv e  
59

decay of  Fe, and blood loss ca lcu la ted  from the equation:

2(WB1 -  WB2) 
Blood Loss (ml) = ____________

B1 + B2

where WB1 and WB2 are the whole-body re te n t io n s  (% administered  
59

Fe) a t  the s t a r t  and end of  the observation period re s p e c t iv e ly ,
59

and B1 and B2 are the measured concentrat ions of Fe in blood
59

samples (% administered Fe per ml) withdrawn a t  the same t imes.



For p a t ie n ts  who were re-examined s f t e r  treatment,  an i n i t i a l

whole-body count was performed and a blood sample taken, to allow
59

f o r  c o rrec t ion  fo r  residual Fe from the f i r s t  in je c t io n .  A
59

second in je c t io n  o f  37kBq Fe was then given and the same 

measurement procedure was repeated f o r  two consecutive menstrual 

cyc les ,  or where amenorrhoea was achieved, fo r  a time period  

s i m i l a r  to t h a t  fo r  the pre - t rea tm ent  measurement. A four  week 

i n te r v a l  between treatment and the second measurement was allowed  

to  minimise e r ro rs  a r is in g  from blood loss due to  post- t reatm ent  

sanguinous vaginal discharge.

The accuracy of  the blood loss technique is  la rg e ly  determined by 

s t a t i s t i c a l  e r ro rs  on whole-body and blood sample counts, the  

e f f e c t s  of v a r ia t io n s  in counting geometry fo r  whole-body 

counting, and er ro rs  in the preparat ion in samples inc luding  

p ip e t t in g s  and weighings. Counting times were se lected to  ensure 

t h a t  counting s t a t i s t i c a l  e r ro rs  were less than ^% and the e f f e c t  

of v a r ia t io n  in counting geometry was es tab l ished  by performing  

repeated whole-body measurements on each p a t ie n t .

A d i r e c t  est imate of  the accuracy of  the technique was obtained by

performing the above procedure on a p a t ie n t  undergoing s e r ia l

venesections fo r  polycythaemia. On two separate occasions, 15
59

days ap ar t ,  fo l lo w ing  adm in is t ra t io n  of  Fe c i t r a t e ,  whole-body 

counts were obtained immediately before and a f t e r  a known amount 

of  blood was removed (approximately 1 u n i t ,  500ml). The true  

volumes were ca lcu la ted  by weighing and measuring the density  of  

the removed blood and these were compared with  the blood losses 

estimated by whole-body counting.

Repeated whole-body measurements, requ y ir ing  rep o s i t ion in g  of the  

p a t ie n t ,  gave a mean paired d i f fe re n c e  o f  only 0.66 (SD 0.48)%



(n=18) of  the mean whole-body count r a te ,  showing th a t  the

geometry e r ro r  was minimised by ca re fu l  p o s i t io n in g .  D ire c t  

accuracy assessment of  the technique using the polycythaemic 

p a t ie n t  showed e x c e l le n t  agreement: volumes o f  470ml and 455ml of  

blood were a c tu a l ly  removed, and were estimated to  be 483ml and 

461ml re s p e c t iv e ly .

59
In  conclusion, the Fe method o f  es t im at ing  blood loss is  

accurate and r e l i a b l e  provided volumes above approximately 2 0 0 ml 

are measured. I f  volumes below 200ml are  measured, the e r ro r  of  

1% of  t o t a l  body blood volume makes r e s u l ts  less r e l i a b l e ,  and 

ca lcu la te d  blood losses open to e r r o r .

Figure 40  shows the calendar fo r  menstrual blood loss measurement

2 6 6



Calender For Menstrual Blood l o s s  Measurement

WB WB WB WB WB WB
RX

Disch.XX XX XX XX

100//140 220160  ^180 20020 60 80

pays

XX = menstrual period.

WB = whole body count 

B = blood sample
Inj = injection l^Ci 59Fe ferrous citrate 

***RFTP Rx = RFTP treatment
Disch. = Blood stained post-treatment vaginal discharge

4o
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Abstract
Radiofrequency Induced Thermal Endometrial Ablation In the 
Treatment Of Primary Menorrhagia: invention And Primary 
Assessment

Thesis For MD J H Phipps 1990

The thesis is a record of the research and development of the 
technique of Radiofrequency Induced Thermal Endometrial Ablation 
(RITEA), based on an original concept of the author.

Many attempts have been made in the past to destroy the 
endometrium in the treatment of excessive uterine bleeding where 
organic disease has been excluded in order to avoid the 
morbidity and mortality associated with hysterectomy. Until 
recently, these have all been unsuccessful. In the last few 
years, endometrial ablation has been successfully achieved using 
two methods, both under direct hysteroscopic control: the 
Neodynium-Yttrium-Aluminium-Garnet (Nd-YAG) laser, and the 
electrodiathermy-driven hysteroresectoscope. Although both 
these techniques yield good results, there are considerable 
drawbacks. They are highly skilled, and the surgeon requires 
much specialised practice before success may be expected. 
Moreover, they are time consuming and said to be tedious. More 
importantly, a continuous flow of a flushing medium through the 
cavity is needed to maintain vision, and excessive absorption of 
this may lead to serious morbidity, and occasionally mortality. 
Penetration of the uterus and damage to pelvic/abdominal 
structures has been reported.

RITEA is a technique which involves exposure of the endometrial 
cavity to radiofrequency (RF) electromagnetic energy, which 
causes very precise heating of the endometrium but not other 
non-target tissues. This is achieved by means of a probe which 
is placed ^ithin the cavity and energised for a particular 
length of time. Target tissue is heated to around 53 degrees 
Celsius. Histotoxic effect relies upon the phenomenon of 
hyperthermic tissue destruction, more usually used in cancer 
treatment. Eighty percent of patients are cured, of which about 
one third to one half are amenorrhoiec. The whole endometrium 
is heated simultaneously because of the generation of an 
electric field around the probe which does not rely upon direct 
contact to heat tissue. The advantages of RITEA over the 
hysteroscopic methods are possibly increased safety, greater 
speed and therefore shorter anaesthetic, toxic
distension/flushing media are avoided, little skill is required, 
and the equipment is likely to cost far less than an Nd-YAG 
laser.

The thesis comprises sections on design and construction of the 
RF thermal probe and associated equipment, in vitro studies in 
fresh hysterectomy specimens, in vivo thermometry work, a 
clinical trial of 30 patients for the purposes of 'dose ranging' 
and finally a trial of 10 patients where efficacy is 
demonstrated objectively by means of pre- and post-treatment 
blood loss studies using radioactive iron and whole-body gamma 
counting, post-ablation hysteroscopic photographs are presented 
which demonstrate the effects of RITEA on the endometrial 
cavity.


