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ABSTRACT 

The p h y s i o l o g i c a l  and p a t h o p h y s i o l o g i c a l  b a s i s  o f  hypothalamic amenorrhoea 

a r e  reviewed as w e l l  as t h e  c l i n i c a l  r e s u l t s  o f  chron ic  i n t e r m i t t e n t  ( p u l s a t i -  

l e )  a d m i n i s t r a t i o n  o f  Gn-RH i n  t h e  t rea tment  o f  i n f e r t i l i t y .  Hypothalamic 

amenorrhoea i s  cons idered t o  be t h e  r e s u l t  o f  a d e f i c i e n t  hypothalamic secre-  

t i o n  o f  Gn-RH. By p u l s a t i l e  a d m i n i s t r a t i o n  o f  Gn-RH, which i s  a p r e - r e q u i s i t e  

of normal p i t u i t a r y  gonadotrophic f u n c t i o n ,  d e f i c i e n t  endogenous Gn-RH i s  

rep laced.  I f  an adequate dose o f  Gn-RH i s  provided, which takes  i n t o  account 

t h e  degree o f  impairment o f  hypothalamic f u n c t i o n  i n  t h e  i n d i v i d u a l  case, 

f o l l i c u l a r  matura t ion ,  o v u l a t i o n  and corpus luteum f o r m a t i o n  a r e  achieved i n  

n e a r l y  every t rea tment  c y c l e .  A l though dependent a l s o  on f a c t o r s  o t h e r  than t h e  

t r e a t e d  dys func t ion ,  a h i g h  concept ion  r a t e  i s  achieved. 

INTRODUCTION 

Gonadotropin releasing-hormone (Gn-RH) was t h e  second o f  t h e  neurohumoral 

agents p o s t u l a t e d  by H a r r i s  more than t h r e e  decades ago t o  mediate hypothalamic 

c o n t r o l  o f  a n t e r i o r  p i t u i t a r y  f u n c t i o n  t h a t  has been i s o l e t e d ,  i d e n t i f i e d  i n  

i t s  s t r u c t u r e  and synthes ized.  S ince t h i s  was achieved by t h e  groups o f  S c h a l l y  

and G u i l l e m i n  i n  1971 and t h e  s n y t h e t i c  hormone became a v a i l a b l e ,  Gn-RH has been 

used e x t e n s i v e l y  as t o o l  i n  neuroendocrine research. E a r l y  a t tempts  t o  use t h i s  

decapept ide c l i n i c a l l y  f o r  t h e  t rea tment  o f  r e p r o d u c t i v e  d i s o r d e r s  supposed t o  

be due t o  an inadequate s e c r e t i o n  o f  endogenous Gn-RH, however, were o f  o n l y  

l i m i t e d  success. E f f e c t i v e  t h e r a p e u t i c  use had t o  a w a i t  f u r t h e r  progress i n  t h e  

understanding o f  t h e  p h y s i o l o g i c  s i g n i f i c a n c e  o f  p u l s a t i l e  gonadotrop in secre- 

t i o n  and gonadal f u n c t i o n .  The demonstrat ion t h a t  t h e  p a t t e r n  o f  t h e  hypophysio- 

t r o p i c  s t i m u l a t i o n  i s  o f  c r i t i c a l  importance i n  t h i s  r e s p e c t  and t h e  e l u c i -  

d a t i o n  of t h e  p h y s i o l o g i c  s i g n i f i c a n c e  o f  p u l s a t i l e  Gn-RH s e c r e t i o n  have 

prov ided t h e  r a t i o n a l  bas is  f o r  t h e  e f f i c i e n t  use o f  s y n t h e t i c  Gn-RH i n  t h e  

t rea tment  of Gn-RH deficiency.These f i n d i n g s  have a l s o  f u r t h e r e d  t h e  
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understanding o f  t h e  seemingly pa radox ica l  a n t i f e r t i l i t y  e f f e c t s  o f  l o n g  a c t i n g  

Gn-RH analogues i n i t i a l l y  designed t o  compensate f o r  t h e  s h o r t  a c t i o n  o f  t h e  

p a r e n t  decapept ide and t h u s  t o  s i m p l i f y  t rea tmen t  o f  i n f e r t i l i t y .  I n  t h i s  
communication, f o l l o w i n g  a s h o r t  r e v i e w  on p h y s i o l o g i c  and pa thophys io log i c  

aspects  o f  hypothalamic c o n t r o l  o f  gonado t rop in  s e c r e t i o n  i n  t h e  human female, 
c l i n i c a l  da ta  ob ta ined  w i t h  c h r o n i c - i n t e r m i t t e n t  ( p u l s a t i l e )  a d m i n i s t r a t i o n  

o f  Gn-RH i n  hypothalamic amenorrhea (HA) w i l l  be presented.  

THE PULSATILE PATTERN OF GONADOTROPIN SECRETION DURING THE NORMAL MENSTRUAL 
CYCLE 

The p a t t e r n  o f  gonado t rop in  s e c r e t i o n  d u r i n g  t h e  normal menstrua l  c y c l e  i s  
c h a r a c t e r i z e d  by  l o w  serum l e v e l s  o f  LH and FSH d u r i n g  t h e  f o l l i c u l a r  and 
l u t e a l  phases o f  t h e  c y c l e  i n t e r r u p t e d  by  a sharp i nc rease  o f  LH and FSH d u r i n g  

m i d c y c l e  which causes o v u l a t i o n .  It has been shown by numerous i n v e s t i g a t o r s  

t h a t  t h i s  c y c l i c  p a t t e r n  o f  p i t u i t a r y  gonado t rop in  s e c r e t i o n  can be regarded 
as a r e s u l t  o f  n e g a t i v e  and p o s i t i v e  feedback e f f e c t s  o f  o v a r i a n  s t e r o i d s  on 
p i t u i t a r y  f u n c t i o n  (13,21). 

As f i r s t  demonstrated i n  t h e  c a s t r a t e d  rhesus monkey, t h e  p i t u i t a r y  r e l e a s e  

o f  LH i s  p u l s a t i l e  i n  n a t u r e  r e f l e c t i n g  a p u l s a t i l e  s t i m u l a t i o n  o f  t h e  

p i t u i t a r y  gonadotrophs by hypothalamic Gn-RH ( 8 ) .  By measurement o f  immuno- 
r e a c t i v e  Gn-RH i n  t h e  p o r t a l  s t a l k  e f f l u e n t  ( 5 )  and i n  t h e  c e r e b r o s p i n a l  f l u i d  

o f  t h e  t h i r d  v e n t r i c l e  (29)  o f  t h e  rhesus monkey d i r e c t  ev idence f o r  t h e  

s e c r e t o r y  p a t t e r n  o f  hypothalamic Gn-RH c o u l d  be prov ided.  The p u l s a t i l e  
s e c r e t i o n  o f  Gn-RH i s  d i r e c t e d  by t h e  a r c u a t e  nuc leus o f  t h e  mediobasal 

hypothalamus (13 ) .  S e l e c t i v e  d e s t r u c t i o n  o f  t h i s  r e g i o n  i n  t h e  b r a i n  w i l l  
a b o l i s h  p i t u i t a r y  s e c r e t i o n  o f  LH and FSH. Moreover, e l e c t r o p h y s i o l o g i c a l  
s t u d i e s  have shown t h a t  rhy thmic  i nc reases  i n  m u l t i u n i t  a c . t i v i t y  i n  t h e  r e g i o n  

o f  t h e  a r c u a t e  nuc leus a r e  c o i n c i d e n t  w i t h  t h e  i n i t i a t i o n  o f  LH pu lses  i n  
serum ( 1 4 ) .  

I n  t h e  agonadal female h i g h  amp l i t ude  LH pu lses  a r e  observed eve ry  90 minu- 

t e s  on  t h e  average (25,31). The same s t u d i e s  had e s t a b l i s h e d  t h a t  pu l ses  w i t h  

app rox ima te l y  t h i s  f requency,  b u t  a l ower  amp l i t ude  occur  d u r i n g  t h e  f o l l i c u l a r  

phase o f  t h e  cyc le ;  w h i l e  d u r i n g  t h e  l u t e a l  phase low-f requency-h igh-ampl i tude 

pu lses  p r e v a i l .  A more c l o s e  a n a l y s i s  o f  t h e  p u l s a t i l e  p a t t e r n  o f  t h e  LH 

r e l e a s e  revea led  t h a t  f rom day 3 - 5 o f  t h e  f o l l i c u l a r  phase u n t i l  a f t e r  t h e  

m i d c y c l e  surge p u l s e  f requency  does n o t  change and i s  ma in ta ined  a t  one pu lse  
eve ry  90 minutes (21,30). Dur ing  t h e  l u t e a l  phase t h e r e  i s  a p r o g r e s s i v e  
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decl ine  in LH pulse frequency, which i s  lowest immediately before menstruation 
and increases again during the f i r s t  few days of ea r ly  f o l l i c u l a r  phase. There 
i s  no d i r e c t  r e l a t ionsh ip  between progesterone concentrations and the  reduction 
in  LH pulse frequency. The reduction, however, appears t o  be cor re la ted  with 
the  duration o f  t he  progesterone e leva t ion .  The physiologic s ign i f icance  of 
t he  changing frequency o f  gonadotropin secre t ion  during the  menstrual cyc le ,  
pa r t i cu la r ly  during the  lu t ea l  phase, remains t o  be e luc ida ted .  The observation 
t h a t  normal menstrual cycles can be induced i n  women (17,19) and in  rhesus 
monkeys (13) w i t h  e s sen t i a l ly  abolished endogenous Gn-RH secre t ion  by the  
p u l s a t i l e  administration of G n - R H  a t  an unvarying frequency, however, 
s t rongly  aga ins t  any major physiologic importance of this phenomenon f o r  t he  
regulation of lu tea l  function and of f o l l i c u l a r  development. 

argues 

PATTERN OF GONADOTROPIN SECRETION IN PATIENTS WITH HYPOTHALAMIC AMENORRHEA 

Complete absence o r  severe reduction of p u l s a t i l e  gonadotropin re lease  re- 
s u l t s  in impairment of f o l l i c u l a r  maturation, anovulation and amenorrhea (16, 
19 ) .  While t h i s  obtains physiologically before puberty o r  during pregnancy and 
l ac t a t ion ,  i t  is pathological i n  o ther  periods of reproductive l i f e .  Since 
there  is  subs tan t ia l  i nd i r ec t  evidence t h a t  cause o f  t h i s  k i n d  of amenorrhea 
i s  a reduced s t imula t ion  of the an te r io r  p i t u i t a r y  gland by Gn-RH and s ince  
G n - R H  i s  secreted from the  hypothalamus, i t  i s  re fe r red  t o  a s  hypothalamic 
amenorrhea (16,22).  

The term "hypothalamic amenorrhea" was coined by K 1  inefel  ter and assoc ia tes  
in 1943 (12)  t o  describe amenorrhea of suprapi tu i ta ry  o r ig in .  Due t o  some cases 
described i n  the  or ig ina l  publication, however, i t  was l a t e r  on confined t o  
psychogenic amenorrhea. In t h i s  communication, hypothalamic amenorrhea i s  used 
i n  i t s  broader or ig ina l  sense and consequently appl ies  f o r  pa t i en t s  w i t h  
l es ions  of the  p i t u i t a r y  s t a l k  o r  hypothalamus, anorexia nervosa, Kallmann's 
syndrome a s  well a s  f o r  id iopa th ic  or  psychogenic amenorrhea. 

Since endogenous Gn-RH cannot be measured r e l i a b l y  in peripheral blood 
d i r e c t  evaluation of hypothalamic function i s  presently not possible.  There- 
fo re ,  the diagnosis o f  hypothalamic amenorrhea i s  e s s e n t i a l l y  based on t h e  
exclusion of o ther  causes of amenorrhea, such a s  hyperprolactineinia, hyper- 
androgenemia, primary ovarian f a i l u r e ,  geni ta l  t r a c t  defec ts  a s  well a s  i n t e r -  
nal and neurological d i seases .  Primary p i t u i t a r y  f a i l u r e  i s  excluded by the 
a b i l i t y  t o  s t imula te  p i t u i t a r y  gonadotropic function by p u l s a t i l e  administra- 
t i on  of Gn-RH. 
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Based on s tudies  i n  amenorrhoic pa t i en t s ,  prepubertal subjec t  and experimen- 
t a l  animals the view has been advanced t h a t  hypothalamic amenorrhea forms a 
pathophysiological continuum, r e f l ec t ing  a g l id ing  sca l e  of impairment of 
hypothalamic Gn-RH secre t ion  and consequently gonadotropin production and f o l l i -  
cu l a r  development and i t  was furthermore proposed t h a t  the  ex ten t  of t h i s  
impairment can be assessed by the  response t o  Gn-RH-,  gestagen-, and clomiphene- 
administration (16,22). The reac t ions  i n  those simple t e s t s  have therefore  
been used a c r i t e r i a  f o r  grading of amenorrhoic pa t i en t s  according t o  the  
seve r i ty  of hypothalamic impairment and f o r  se lec t ion  of t he  appropriate 
therapy ( t a b l e  1 ) .  

Table 1. Grading of hypothalamic amenorrhea on the bas is  of clomiphene-, 
gestagen- and Gn-RH-tests, respec t ive ly  

Grade Result of t e s t  

1 Clomiphene pos i t ive  (bleeding ) 

2 

3 

Gestagen pos i t ive  (bleeding) 
Clomiphene negative (no bleeding) 

Gestagen negative (no bleeding) with 
p i t u i t a r y  response t o  100 pg of G n - R H  i . v .  

3a "adul t"  response 
3b "prepubertal " response 
3c no response 

Recent s tud ies  on the  p u l s a t i l e  pa t te rn  of L H  i n  serum, the frequency of L H  
pulses,  overall  LH and FSH l eve l s  during a 24 hour period a s  well a s  on u l t r a -  
sonographic v i sua l i za t ion  of ovarian f o l l i c l e s  in 20 pa t i en t s  suf fe r ing  from 
hypothalamic amenorrhea supported t h i s  view ( f igu re  1) (30) .  The number of LH 
pulses was lowest i n  grade 3c pa t i en t s  and increased gradually un t i l  a value 
comparable of t h a t  of the  normal menstrual cyc le  was reached i n  grade 2 pa- 
t i e n t s .  Only i n  grade 3b pa t i en t s  an increase  in  pulse frequency during s leep  
became apparent,  while i n  a l l  o ther  grades pulses were found t o  be evenly 
d i s t r ibu ted  between s l eep  and awake periods. Amplitude of some L H  pulses,  howe- 
ver ,  was considerably l a rge r  during s leep  than d u r i n g  awake periods i n  grade 
3b, 3a and grade 2 sub jec t s .  Overall LH and FSH l eve l s  increased para l le l  t o  
t he  number of LH pulses u p  t o  grade 3a and 2 ,  respec t ive ly ,  b u t  f a i l e d  t o  
reach values typical f o r  the  ea r ly  f o l l i c u l a r  phase of the cyc le .  In clomiphene 

22 



lo[ FSH-Levels 

8 

12t Number of Follicles 

I 

I 1 

Gestogen-negative 

- 
, 2  1 
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E F  

Fig. 1. Compositive showing number of LH pulses in 24 hours, mean L H  and FSH 

levels of the 24-hours sampling period and number of class I and class I 1  
fo l l ic les  in patients suffering from hypothalamic amenorrhea graded according 
to  response to Gn-RH-,  gestagen- and clomiphene-administration. Bars indicate 
mean SEM. The corresponding values for the early fo l l icu la r  phase (day 3-7) 
of 13 normal menstrual cycles ( E F )  are given for  comparison and represent 
values of &hours sampling periods. The number of fo l l i c l e s  given under EF 
represents the maximum number observed for  each class of fo l l ic les .  From 
Wildt e t  a l .  (1983), with permission (30) .  
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pos i t ive  pa t i en t s ,  LH and pa r t i cu la r ly  FSH l eve l s  declined again and this may 
be a t t r i bu ted  to  negative feedback inh ib i t ion  by the elevated l eve l s  of e s t r a -  
diol  found in those pa t i en t s .  

Considerable f o l l i c u l a r  development u p  t o  l a rge  an t ra l  s t age  has been found 
in  ovarian biopsies of amenorrhoic pa t i en t s  ( 2 4 ) .  T h i s  was r e f l ec t ed  by the  
number of f o l l i c l e s  i den t i f i ed  by ultrasound, which increased pa ra l l e l  t o  t h e  
number of LH pulses from essen t i a l ly  undetectable i n  grade 3c pa t ien ts  t o  a 
hight comparable t o  t h a t  found during the phase of maximal f o l l i c u l a r  develop- 
ment during the  ea r ly  f o l l i c u l a r  phase of t he  cyc le  in clomiphene pos i t ive  
pa t i en t s .  T h u s ,  hypothalamic amenorrhea is  characterized by a reduced frequency 
and amplitude of gonadotropin secre t ion  which i s  re f lec ted  by the  concomitant 
reduction of ovarian f o l l i c u l a r  growth. In this contex t ,  a reduction of 
frequency of p u l s a t i l e  gonadotropin secre t ion  i s  d i s t i n c t i v e  f o r  the  most 
severe grades o f  hypothalamic amenorrhea, while a reduction i n  amplitude 
charac te r izes  l e s s  pronounced grades of this d isorder .  

One is  tempted t o  speculate t h a t  t he  reduction of frequency and amplitude of 
p u l s a t i l e  gonadotropin secre t ion  c lose ly  r e f l e c t s  a corresponding reduction of 
frequency and amplitude of hypothalamic Gn-RH secre t ion ,  b u t t h i s  has s t i l l  t o  
await experimental proof. In any event, t he  f ind ings  provided by these inves t i -  
gations s t ron ly  support the  e a r l i e r  view t h a t  hypothalamic amenorrhea forms a 
pathophysiological continuum on the bas i s  of a reduced G n - R H  secre t ion  (16,21, 

2 2 ) .  They furthermore demonstrate, by showing a c lose  co r re l a t ion  between the 
secre tory  pa t te rn  o f  gonadotropins and the  r e s u l t s  of the  Gn-RH,  gestagen- and 
clomiphene t e s t s  the v a l i d i t y  of the  grading system based on these  t e s t  and 
therefore  support i t s  use f o r  the assessment of residual hypothalamic function 
in pa t ien ts  suf fe r ing  from hypothalamic amenorrhea. 

The pa t te rn  of gonadotropin secre t ion  in  pa t i en t s  suf fe r ing  from d i f f e r e n t  
grades of hypothalamic amenorrhea c lose ly  resembles t h a t  observed d u r i n g  the  
developmental process of puberty ( 3 , 3 2 ) .  A t  l e a s t  from a desc r ip t ive  point of 
view, hypothalamic amenorrhea may therefore  be viewed a s  a regression i n t o  
puberty or  prepuberty i n  pa t ien ts  suf fe r ing  from secondary amenorrhea, o r  a s  
an a r r e s t  of the  developmental process i n  those presenting w i t h  the primary 
form of t h i s  d i sorder .  Such a mechanism has already been proposed f o r  develop- 
ment of amenorrhea i n  anorexia nervosa (4,9) b u t  seems to  apply f o r  other 
forms of hypothalamic amenorrhea a l so .  
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THE FUNCTIONAL R O L E  OF THE HYPOTHALAMUS IN THE REGULATION OF GONADOTROPIN 
SECRET1 ON 

The physiological s ign i f icance  of the  pu l sa t i l e  pa t te rn  of G n - R H  secre t ion  
did not become apparent un t i l  recent ly ,  when i t  was shown t h a t  only p u l s a t i l e  
and not continuous administration of Gn-RH was ab le  t o  maintain p i t u i t a r y  gona- 
dotropic function i n  ovariectomized rhesus monkeys, i n  which endogenous Gn-RH 
secre t ion  had been abolished by les ions  in the  medio-basal hypothalamus (1).  
The requirement of a p u l s a t i l e  st imulation with G n - R H  by the  p i t u i t a r y  gonado- 
trophs :nay explain,  why administration of long acting 
decapeptide was e s s e n t i a l l y  unsuccessful in the  treatment of secondary ameno- 

rrhea ( l o ) ,  and did even d e t e r i o r i a t e  p i tu i t a ry  gonadotropic function in normal 
women ( 2 , 7 ) .  Moreover, i t  could be demonstrated w i t h  t he  model of t he  hypotha- 
lamus lesioned rhesus monkey t h a t  the  s i t e  of action of es t rad io l  i n  exhibit ing 
negative and pos i t ive  feedback e f f e c t s  on the p i t u i t a r y  secre t ion  of LH and FSH 
i s  localized on  the  level of the  p i t u i t a r y  r a the r  than on  the  level of the  
brain ( 2 3 ) .  In hypothalamus lesioned b u t  otherwiese i n t a c t  female rhesus 
monkeys the  p u l s a t i l e  administration of an unvarying amount of G n - R H  a t  a 
physiologic frequency induced menstrual cycles which were not d i f f e r e n t  from 
spontaneous ones (15 ) .  Thus, the  endocrine regulation of the  menstrual cycle 
of primates appears t o  be fundamentally d i f f e r e n t  from t h a t  of t he  es t rous  
cyc le  of the r a t .  While i n  the r a t  the rostra1 pa r t  of the hypothalamus seems 
t o  be e s sen t i a l  i n  the mediation of chrono-biological s igna l s  and pos i t ive  
feedback reac t ions .  the assumption o f  such a "cyc l ic  center"  appears no longer 
t o  be j u s t i f i e d  f o r  the  primate. In the  vrimate the  function of the  hypothala- 
mus in  the regulation of the menstrual cycle i s  only a "permissive" one ( 1 5 ) .  

analogues of t he  

In women with severe hypothalamic amenorrhea, a condition func t iona l ly  
comparable w i t h  t h a t  of the  hypothalamus lesioned female rhesus monkey, chronic 
in te rmi t ten t  ( p u l s a t i l e )  administration of Gn-RH with an unvarying dose and 
a t  an unchanged frequency of one pulse every 90 minutes resu l ted  in f o l l i c u  
maturation, ovulation and  corpus luteum formation ( 1 6 , 1 7 )  the endocrine 
pa t te rn  of the  normal menstrual cyc le  could be completely rep l ica ted .  

T h u s ,  i t  could be shown t h a t  the  concept of the permissive function of 
hypothalamus developed in the  rhesus monkey could be extended t o  the  human 

a r  

he 

female. These r e s u l t s  have been confirmed by other inves t iga tors  (6,11,26,27) 

a n d  with the  development of chronic-intermittend ( p u l s a t i l e )  administration of 
Gn-RH by means of a small computerized pump ("Zyklomat", Ferring GmbH, Kiel, 
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FRG) a s  a new and prac t ica l  mode of treatment of i n f e r t i l i t y  i n  hypothalamic 
amenorrhea c l in i ca l  advantage has been taken of these new ins igh t s  in to  the  
physiology of the human menstrual cycle (18,19,22).  

CLINICAL RESULTS OF PULSATILE ADMINISTRATION OF GN-RH IN HYPOTHALAMIC H E N O R R H E A  

Since the f i r s t  introduction of p u l s a t i l e  administration of Gn-RH t o  women 
with hypothalamic amenorrhea treatment cycles have so f a r  been completed in 
our i n s t i t u t i o n .  The pa t i en t s  were se lec ted  f o r  p u l s a t i l e  treatment on the  
bas i s  of the  c r i t e r i a  described above. Only pat 
rrhea of grades 2 - 3c were considered su i t ab le  

Dose of G n - R H .  Fo l l i cu la r  maturation and ovu 
intravenous appl ica t ion  of 2.5 - 20 pg of G n - R H  

en t s  with hypothalamic ameno- 
f o r  G n - R H  subs t i t u t ion .  

a t ion  could be induced by 
per pulse i n  pa t ien ts  suf fe r ing  

from hypothalamic amenorrhea grades 2 - 3b, respec t ive ly .  Some pa t ien ts  
suf fe r ing  from grade 3c of hypothalamic amenorrhea may requi re  a dose of 
15 - 2 O p g  of G n - R H  per pulse,  while o thers  with the  same degree of s eve r i ty  
of hypothalariiic impairment ovulate with a dose of 5 u g  per pulse intravenously. 
The d i f f e r e n t  dose requirements among pa t i en t s  of t he  same grade i s  not c l e a r .  

here i s  a dose response re la t ionship  between the  dose of Gn-RH administered 
per pulse and the ovarial  response, a s  indicated by s tud ie s  performed i n  
pat en ts  with hypothalamic amenorrhea grade 3b ( 2 2 ) .  The mean e s t r ad io l  and 
progesterone l eve l s  of the  cycles induces w i t h  15 - 20 ug/pulse were a l l  above 
those obtained in cycles w i t h  2.5 - 5,ug/pulse.  

Subs t i tu t ion  during the  Luteal Phase. The normal lu teo t rophic  hormone i n  
t h e  human is p i t u i t a r y  LH (28) .  In severe hypothalamic amenorrhea corpus 
luteum function immediately caeses following termination of p u l s a t i l e  G n - R H  
subs t i t u t ion  a few days a f t e r  ovulation (20 ) .  Continuation of p u l s a t i l e  
administration of Gn-RH during the  whole lu t ea l  phase resu l ted  i n  normal lu tea l  
function a s  indicated by the  length of the lu t ea l  phase, the progesterone 
l eve l s  in serum and conceptions. Previously, i t  was suggested t o  support the  
lu t ea l  function by one t o  th ree  in jec t ions  of 2500 IU of HCG once ovulation had 
been obtained by G n - R H  (18). There i s ,  however, no indication on the  basis of 
our data ( 2 2 )  t h a t  one method of l u t ea l  subs t i t u t ion  is  super ior  over the 
o ther  i n  terms of pregnancy r a t e  obtained. 
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I n t ravenous  Versus Subcutaneous A p p l i c a t i o n  o f  Gn-RH. The same c a t h e t e r  used 

f o r  t h e  i . v .  a p p l i c a t i o n  o f  Gn-RH was a l s o  used f o r  t h e  subcutaneous r o u t e ,  

however w i t h o u t  t h e  a d d i t i o n  o f  h e p a r i n  t o  t h e  hormone c o n t a i n i n g  s o l u t i o n .  

The c a t h e t e r  was p laced i n t o  t h e  f a t  t i s s u e  of t h e  l ower  adominal w a l l .  Ovula- 

t i o n s  c o u l d  be induced w i t h  doses o f  5 - 2 0 p g / p u l s e  i n  p a t i e n t s  w i t h  hypotha- 

l am ic  amenorrhea o f  grades 2 - 3b and w i t h  20 ,ug /pu lse  i n  a p a t i e n t  w i t h  hypo- 

tha lamic  amenorrhea grade 3c f o l l o w i n g  t h e  removal o f  a craniopharyngeoma 

( 2 0 ) .  Four pregnancies were ob ta ined  w i t h  t h e  S . C .  r o u t e .  However, i n  c o n t r a s t  

t o  t h e  i . v .  a p p l i c a t i o n  w i t h  a 100% o v u l a t i o n  r a t e ,  t h e  adequate dose pe r  p u l s e  

prov ided,  t h e r e  was an i n c i d e n c e  o f  o n l y  13 o v u l a t o r y  c y c l e s  i n  2 1  S .C .  a p p l i -  

c a t i o n s  o f  Gn-RH. However, a l l  these p a t i e n t s  who d i d  n o t  o v u l a t e  d u r i n g  S.C .  

a p p l i c a t i o n ,  had o v u l a t o r y  c y c l e s  when Gn-RH was i n t r a v e n o u s l y  a p p l i e d  a t  t h e  

same dose l e v e l .  Delayed r e s o r p t i o n  o f  Gn-RH from t h e  subcutaneous f a t  t i s s u e  

m i g h t  r e s u l t  i n  i n s u f f i c i e n t  serum l e v e l s  o f  Gn-RH f o r  adequate s t i m u l a t i o n  o f  

t h e  p i t u i t a r y  gonadotrophs. 

Ovu la t i on -  and Pregnancy-Rate. The adequate dose o f  Gn-RH p rov ided  o v u l a t i o n  

and normal l u t e a l  f u n c t i o n  can be expected i n  eve ry  i . v .  t rea tmen t  c y c l e .  The 

o v u l a t i o n  r a t e  i s  reduced, when t h e  S.C. r o u t e  i s  chosen. D e f i n i t i v e  t rea tmen t  

f a i l u r e  (no o v u l a t i o n )  was o n l y  observed when t h e  d i a g n o s i s  o f  hypothalamic 

amenorrhea was n o t  c o r r e c t  

The pregnancy r a t e  i s  remarkably  h igh .  O f  30 p a t i e n t s  26 became pregnant. 

One p a t i e n t  had two successfu l  pregnancies two yea rs  a p a r t .  Twenty f o u r  

pregnancies a r e  completed w i t h  29 c h i l d r e n  born, among them 3 s e t s  o f  he te ro -  

zygous t w i n s  and one s e t  o f  t r i p l e t s .  F i v e  p a t i e n t s  abo r ted  o f  whom one 

p a t i e n t  had two sequen t ia l  a b o r t i o n s  p robab ly  due t o  a c t i v e  cytomegaly. Four 

o f  these p a t i e n t s  conceived t h e r e a f t e r  aga in  and had uneven t fu l  pregnancies 

so f a r .  T o t a l l y ,  32 concept ions were ob ta ined  i n  30 p a t i e n t s .  

The pregnancy r a t e ,  however, i s  c r i t i c a l l y  dependent upon whether o r  n o t  

a d d i t i o n a l  f a c t o r s  causing i n f e r t i l i t y  of t h e  coup le  a r e  p resen t  ( i . e .  tuba1 

o r  a n d r o l o g i c a l  f a c t o r s ) .  64 t rea tmen t  c y c l e s  were a p p l i e d  i n  27 f a v o u r a b l e  

couples, i n  whom t h e  hypothalamic amenorrhea c o n s t i t u t e s  t h e  o n l y  cause o f  

i n f e r t i l i t y  o f  t h e  couple and 29 pragnancies were ob ta ined  ( 2 . 2  c y c l e  p e r  

pregnancy). T o t a l l y ,  t h e  pregnancy r a t e  i s  comparable t o  t h e  normal p o p u l a t i o n .  

I n  97 o v u l a t o r y  t rea tmen t  c y c l e s  32 conceptivum occurred (3 .0  c y c l e s  p e r  

pregnancy). 

Ovar ian O v e r s t i m u l a t i o n  and M u l t i p l e  Pregnancies. The feedback mechanisms 

o f  o v a r i a n  s t e r o i d s  on t h e  p i t u i t a r y  s e c r e t i o n  o f  t h e  gonado t rop i c  hormones 
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a r e  o p e r a t i v e  d u r i n g  p u l s a t i l e  a d m i n i s t r a t i o n  o f  Gn-RH. C1 i n i c a l  s igns  o f  

o v a r i a n  o v e r s t i m u l a t i o n  have t h e r e f o r e  n o t  been observed d u r i n g  130 t rea tmen t  

c y c l e s .  There i s ,  however, a dose response r e l a t i o n s h i p  between t h e  dose o f  

Gn-RH and t h e  o v a r i a n  response, which i s  mediated by  a dose r e l a t e d  p i t u i t a r y  

s e c r e t i o n  o f  gonadotrop ins.  I f  i t  i s  taken  i n t o  considerat ion t h a t  t h e  r e c r u i t -  

ment o f  f o l l i c l e s ,  t h e  s e l e c t i o n  o f  t h e  dominant f o l l i c l e  and t h e  suppress ion 

o f  t h e  o t h e r  accompanying f o l l i c l e s  i s  dependent t o  a c e r t a i n  degree upon t h e  

gonadotrop ic  s t i m u l a t i o n ,  i t  has t o  be expected t h a t  a gonadotrop ic  s t i m u l a t i o n  

o f  t h e  o v a r i e s  r e s u l t i n g  i n  d i s c r e t e  chemical o v e r s t i m u l a t i o n  must cause an 

i nc reased  inc idence  o f  m u l t i p l e  pregnancies as compared t o  t h e  normal popula- 

t i o n .  I n  ou r  s tudy  4 m u l t i p l e  pregnancies were ob ta ined  o u t  o f  30 consept ions.  

One o f  these m u l t i p l e  pregnancies was ob ta ined  by t o o  h i g h  a dose f o r  t h e  

r e s p e c t i v e  grade (20 ,ug /pu lse  i n  grade 3b o f  hypothalamic amenorrhea). 

CONCLUSIONS 

P u l s a t i l e  a d m i n i s t r a t i o n  o f  Gn-RH by  means o f  a p o r t a b l e  pump ( "Zyk lomat " )  

has proven t o  be an e f f i c i e n t  and p r a c t i c a l  method f o r  t h e  i n d u c t i o n  o f  ovula-  

t i o n  as a t rea tmen t  o f  i n f e r t i l i t y  i n  hypothalamic amenorrhea. The r e s u l t s  

ob ta ined  w i t h  t h i s  method o f  t rea tmen t  a r e  c r i t i c a l l y  dependent upon t h e  

c o r r e c t  s e l e c t i o n  o f  p a t i e n t s  as f a r  as t h e  d i a g n o s i s  o f  hypothalamic ameno- 

r r h e a  i s  concerned. P a t i e n t s  w i t h  hypothalamic amenorrhea, p r e v i o u s l y  t r e a t e d  

w i t h  human gonadotrop ins a r e  

i n t e n s i v e  s t u d i e s  have t o  demonstrate whether o t h e r  a n o v u l a t o r y  c o n d i t i o n s ,  

such as p o l y c y s t i c  o v a r i a n  d i sease  and hyperp ro lac t i nemia  (17 ) ,  a r e  a l s o  

s u i t a b l e  f o r  p u l s a t i l e  Gn-RH a d m i n i s t r a t i o n .  

s u i t a b l e  f o r  t h i s  mode o f  t rea tmen t .  F u r t h e r  

I n  o u r  s tudy  32 concept ions were ob ta ined  i n  30 p a t i e n t s .  These f a v o u r a b l e  

r e s u l t s  a r e  ob ta ined  due t o  a r a t h e r  p h y s i o l o g i c a l  s t i m u l a t i o n  o f  t h e  o v a r i e s  

d u r i n g  c h r o n i c  i n t e r m i t t e n t  ( p u l s a t i l e )  a d m i n i s t r a t i o n  o f  Gn-RH. On t h e  b a s i s  

o f  o p e r a t i n g  n e g a t i v e  and p o s i t i v e  feedback mechanisms o f  t h e  o v a r i a n  s t e r o i d s  

on t h e  p i t u i t a r y  s e c r e t i o n  o f  t h e  gonadotrop ins d u r i n g  t rea tmen t ,  t h e  f o l l i c l e  

i t s e l f  r e g u l a t e s  t h e  r e q u i r e d  amount o f  gonado t rop in  s t i m u l a t i o n .  However, 
s i n c e  t h e r e  i s  a r e l a t i o n s h i p  between t h e  Gn-RH dose p e r  p u l s e  a p p l i e d  and 

t h e  r e a c t i o n  o f  t h e  p i t u i t a r y - o v a r i a n  a x i s ,  t h e  l o w e s t  e f f i c i e n t  dose o f  Gn- 

RH i n  r e l i a b l y  i n d u c i n g  o v u l a t o r y  c y c l e s  shou ld  be chosen. 
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