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PAPERS AND SHORT REPORTS

Induction of ovulation with pulsatile luteinising hormone
releasing hormone

P MASON, J ADAMS, D V MORRIS, M TUCKER, J PRICE, Z VOULGARIS, Z M VAN DER SPUY,
I SUTHERLAND, G R CHAMBERS, S WHITE, M J WHEELER, H S JACOBS

Abstract

Ovulation was successfully induced with luteinising
hormone releasing hormone in 28 women with hypo-
thalamic amenorrhoea who had failed to respond to
treatment with clomiphene. Luteinising hormone re-

leasing hormone was administered in a pulsatile manner
with miniaturised automatic infusion systems. The rate
of ovarian follicular maturation, as monitored by serial
pelvic ultrasonography, was similar to that observed in
spontaneous cycles. Endocrine assessment by serial
measurement of gonadotrophin, oestradiol, and pro-

gesterone concentrations showed hormone concentra-
tions to be within the normal range. Intravenous treat-
ment was required in only two patients, the remainder
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responding satisfactorily to subcutaneous infusion. All
patients conceived within six cycles of treatment, and
only one multiple pregnancy occurred.

Introduction

Hypogonadotrophic hypogonadism is an important cause of
anovulatory infertility.' Though many patients with this disorder
respond to antioestrogen clomiphene citrate treatment, an
appreciable proportion require treatment with human meno-
pausal gonadotrophin and human chorionic gonadotrophin.
Despite close biochemical and ultrasonic supervision treatment
with gonadotrophins is associated with a major risk of multiple
conception (20%) and ovarian hyperstimulation (3o%).2
Normal secretion of gonadotrophin depends on the pulsatile

release of luteinising hormone releasing hormone by the hypo-
thalamus.3-5 The artificial synthesis of this hormone has led to
attempts to use it to directly stimulate release of gonadotrophins
in patients with hypogonadotrophic hypogonadism. Although
Kastin et al reported the first conception after treatment with
luteinising hormone releasing hormone in 1971,6 high dose
injections of luteinising hormone releasing hormone given at
infrequent intervals have not proved a reliable form of treatment
for inducing ovulation in patients with hypogonadotrophic
hypogonadism.7 8 Leyendecker et al were the first to show the
effectiveness of high frequency pulsatile treatment with luteinis-
ing hormone releasing hormone in stimulating ovulation in
women and have reported the successful treatment of patients
with hypothalamic amenorrhoea.9 Their findings have been
confirmed by other investigators.'0 11

Results of initial studies suggested that subcutaneous ad-
ministration of luteinising hormone releasing hormone might
not be appropriate,'2 and Leyendecker et al relied on the
intravenous route for infusion."3 14 Other workers, however, have
claimed that subcutaneous infusion is effective.'5 16 The inci-
dence of multiple pregnancy after pulsatile treatment with
luteinising hormone releasing hormone also seems to be con-
siderably lower than that after gonadotrophin injections. As
intravenous infusion can present problems and is potentially
hazardous over prolonged periods we undertook a study to
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investigate the efficacy of subcutaneous pulsatile treatment with
luteinising hormone releasing hormone in a group of 28 patients
with hypothalamic amenorrhoea of differing aetiologies. We
report their response in terms of both ovulation and conception.

Patients and methods
We treated 28 women with amenorrhoea and infertility. All had

been investigated according to the protocol of Hull et al.' None had
experienced vaginal bleeding in response to challenge with progestogen
or had ovulated after treatment with clomiphene citrate.17 In all

Dosage of luteinising hormone releasing hormone
(LHRH) given in each cycle

No of cycles Dose/pulse (Qg) Total daily dose
(ig)

4 10 160
81 15 240
3 20 380
1 25 400

..------- --------- --- ----- ------ ---

FIG 1-Automatic infusion pump for administration of luteinising
releasing hormone. When in use a plastic flange covers battery and
two micro switches, which control duration and interval of pulse.

patients laparoscopy yielded normal results and a dye test for tubal
patency was positive; all patients were married to men in whom
analysis of semen yielded normal results.

Six patients (mean (SD) age 27-3 (6-5) years) had primary amenor-

rhoea, which was associated with anosmia in five (18); in the sixth
patient computed tomography showed an empty sella but pituitary
function tests gave normal results apart from evidence of hypo-
gonadotrophic hypogonadism. Twenty two patients (mean age 32-3
(6-0) years) had secondary amenorrhoea, its duration ranging from
nine to 216 months (mean 50 (8)). One patient with hypothalamic
panhypopituitarism had a history of tuberculous meningitis followed
by a tuberculoma of the pituitary stalk and at the time of treatment
with luteinising hormone releasing hormone was receiving intranasal
desmopressin and oral thyroxine and prednisolone. Another patient
had been successfully treated for a medulloblastoma arising in the
region of the fourth ventricle. The remaining patients with secondary
amenorrhoea had weight related amenorrhoea (six cases)'9 or un-

diagnosed "functional" amenorrhoea (14 cases) associated with normal
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serum prolactin, gonadotrophin, and thyroid hormone concentrations.
Four women with primary and three with secondary amenorrhoea had
been treated previously with injections of human menopausal gonado-
trophin and chorionic gonadotrophin, but none had conceived.

Luteinising hormone releasing hormone 100 mg/I (LH-RH:
Hoechst) was injected at intervals of 90 minutes in doses ranging from
10 to 25 ,ug/pulse. We found that few patients ovulated with doses of
less than 15 ,g/pulse, and the table shows that in most cycles the total
daily dose was 240 ,ug administered in 16 injections of 15 ,ug each. The
frequency of injections was based on that reported for spontaneous
pulses of luteinising hormone in normal women during the follicular
phase of the ovulation cycle.20 21
The injections were administered with a miniaturised automatic

pump specifically designed for this purpose at the National Institute
for Medical Research, Mill Hill. This pump is based on a previously
described direct drive insulin pump.22 In all patients treatment was
initially given by the subcutaneous route with a 27 gauge infusion set
(Autosyringe Asiv 27/061, Travenol). The patients were encouraged to
change the site of infusion every three days and experienced no diffi-
culty with this. Two patients failed to respond to subcutaneous treat-
ment and were therefore treated intravenously. Heparin 500 was added
to the solution of luteinising hormone releasing hormone (150 IU/ml)
in these two patients, and the solution was infused through a fine
cannula (Portex 200/300/010) inserted into a forearm vein.

Initially, because of a shortage of infusion devices, the pump was
removed once ovulation was confirmed and the corpus luteum
supported with three injections of human chorionic gonadotrophin
(2500 IU intramuscularly on days 17, 21, and 25). After the first 16
cycles of treatment pulses of luteinising hormone releasing hormone
were continued throughout the luteal phase of the cycle until concep-
tion was confirmed.

MONITORING

Ultrasonography-The response to treatment was assessed on
alternate days by serial pelvic ultrasonic imaging with an Emisonic
3201 scanner equipped with a 3-5 mHz long focused transducer. The
maximum diameter of the dominant ovarian follicle was recorded and
the uterine size assessed planimetrically from the maximum uterine
cross sectional area and the uterine length. Ovulation was considered
to have occurred in the interval between visualisation of a mature
follicle on one scan and the appearance of a ruptured follicle or early
corpus luteum at the next examination. Pregnancy was confirmed
ultrasonically and by measurement of serum chorionic gonadotrophin
concentrations. If menstruation occurred treatment with luteinising
hormone releasing hormone was continued uninterrupted into the
subsequent cycle.

Endocrine assessment-Serial samples were taken throughout the
induced cycles for measurement of circulating concentrations of
luteinising hormone (Medical Research Council 68/40 standard) and
follicle stimulating hormone (Medical Research Council 69/104
standard).23 Oestradiol 17 f was measured with Steranti kits (variation
within assays 600, between assays 10%) and progesterone by standard
radioimmunoassay techniques. All samples relating to an individual
cycle were measured in the same assay.

Results

INVESTIGATIONS BEFORE TREATMENT

Luteinising hormone and follicle stimulating hormone concentra-
tions were measured before a 100 ysg luteinising hormone releasing
hormone diagnostic test in all patients and at 20 minute intervals
afterwards in 22 patients. Figure 2 shows the widely varying results in
the 22 patients. Serum thyroid stimulating hormone and prolactin
concentrations were measured in response to an intravenous injection
of 200 /sg of thyrotrophin releasing hormone and were normal in all
except the patient with hypothalamic hypopituitarism due to a
tuberculoma. All patients underwent ultrasonic assessment ot the
pelvis before treatment, and none showed any evidence of spontaneous
ovarian follicular development or of cystic ovaries.24

FERTILITY

Eighty three cycles were induced by subcutaneous injection and six
by intravenous injection. In three of the subcutaneously induced
cycles ovulation did not occur, and the patients were then given
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intravenous luteinising hormone releasing hormone. Conception
occurred in 30 of the 86 cycles in which ovulation was confirmed; two
patients conceived twice. All 28 patients conceived within six cycles
of treatment, 19 within three months. Eight patients suffered spon-
taneous abortions, all in the first trimester; two of these patients
received further courses of treatment and conceived again. In one of
the patients given human chorionic gonadotrophin for luteal support
smaller secondary and tertiary follicles were seen to rupture and
undergo luteinisation, and a triplet pregnancy ensued. Subsequently,
luteal support was provided by continued infusion of luteinising
hormone releasing hormone, and no further multiple pregnancies
occurred.
By the end of the study 13 patients were pregnant and nine patients
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conceived during their first cycles of treatment despite uterine cross
sectional areas before treatment of only 4-8 cm2 and 5-7 cm2 with
corresponding uterine lengths of only 4-2 cm and 4-8 cm, respectively.
In both cases pregnancy progressed uneventfully.

ENDOCRINE FINDINGS

Figure 3 shows the changing concentrations of gonadotrophins in
each woman during her first ovulation cycle (excluding cycles in which
conception occurred) in which the corpus luteum was supported by
pulsatile infusion of luteinising hormone releasing hormone. The
patterns of gonadotrophin concentrations were similar to those found

0~~ ~ ~ ,,,.~~0S-.2 40 -6'..60 0 510 - S202.S. 30 35'04 50 -0
- me - ^, }. . . . . (min) (mm)f..t in)
FIG 2-Concentrations of follicle stimulating hormone (FSH) and luteinising hormone (LH) in response to a diagnostic
test with 100 ,Ag luteinising hormone releasing hormone in (left) six women with primary amenorrhoea and in (right) 16
women with secondary amenorrhoea.

had already given birth. The weights of the infants were within the
10th and 90th centiles of weight for gestational age. Eight of the
infants were born after 38-40 weeks' gestation; in the triplet pregnancy
labour occurred at 32 weeks' gestation.

ULTRASONIC FINDINGS

Sequential ovarian ultrasonography showed changes suggesting the
evolution and rupture of a dominant follicle with subsequent develop-
ment of a corpus luteum in 86 cycles, and ovulation was confirmed by
subsequent increases in the serum progesterone concentration. The
rate of increase in the diameter of the dominant follicle was 191
(SEM 0 9) mm/day. The mean diameter of the follicle at presumed
time of ovulation was 2-15 (1-4) mm. No significant difference was
noted in the pattern of follicular growth between cycles in which
conception occurred and those in which it did not (see fig 3).

In the patients with primary amenorrhoea the uterine cross sectional
area before treatment was significantly smaller (7 5 (SEM 1-7) Cm2;
n-6) than that in the patients with secondary amenorrhoea (21
(3) Cm2; n=22) (p <0 01). In those cycles in which ovulation occurred,
once a dominant follicle had been selected the uterus grew at a similar
rate in both groups. Anovulation was reflected by lack of uterine
growth. Initial uterine size did not influence fertility; two patients
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FIG 3-Mean (SEM) serum concentrations of luteinising hormone (LH) and
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luteinising hormone assay. Day 0 is day of presumed ovulation.
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in spontaneous ovarian cycles. Figure 3 also shows serum gonado-
trophin concentrations in 25 cycles in which conception occurred.
There was no difference in gonadotrophin concentrations beforeovula-
tion between cycles in which conception occurred and those in which
it did not, although the pregnancies were reflected by an increase in
concentrations of "luteinising hormone" (human chorionic gonado-
trophin, in fact) in the luteal phase. In one patient (the patient with a
history of a tuberculoma of the pituitary stalk) induction of ovulation
and conception occurred in the first cycle of treatment despite
hyperprolactinaemia (initial serum prolactin concentration 1756 mUll).

COMPLICATIONS OF TREATMENT

No problems resulted from the long term use of subcutaneous
infusion cannulas, but in one patient treated intravenously phlebitis
occurred at the site of infusion. This resolved with oral antibiotic
treatment, and no organism was cultured from the blood or the
cannula. Pump failures occurred on two occasions in the follicular
phase and once in the luteal phase but were remedied within 24 hours
and did not seem to impair the effect of treatment.

Discussion

Our study confirms the efficacy of low dose pulsatile infusion
of luteinising hormone releasing hormone in anovulatory
infertility resistant to treatment with clomiphene. The intro-
duction of this technique has depended on the creation of
reliable automatic portable devices for infusion. Several are
currently available, and we are preparing a report of our own
assessment of them. In the present study we used specially
designed pumps (fig 1), which had the advantage of being small,
robust, highly reliable, and acceptable to all our patients.
The success of this form of treatment relies on the physio-

logical characteristics of luteinising hormone releasing hormone.
The hormone increases the responsiveness of the pituitary
gonadotrope to further stimulation with the hormone, and this
self priming effect occurs only when stimulation is in the form of
discrete pulses. When the pulse frequency rises above a critical
value pituitary sensitivity falls, possibly as a result of a loss of
luteinising hormone releasing hormone receptors25 or possibly
because of a postreceptor effect.26
Our results confirm that, in women with hypogonadotrophic

hypogonadism, when a constant dose of luteinising hormone
releasing hormone is given at a constant pulse interval the pattern
of endocrine changes (fig 3) is the same as that seen in spon-
taneous ovulation cycles. This strongly suggests that the
hormone has only a permissive role in the neuroendocrine
control of ovulation and that the factors controlling positive and
negative feedback operate at the pituitary level.

Patients with clomiphene resistant anovulatory infertility and
normal prolactinaemia usually require combined treatment with
human menopausal gonadotrophin and chorionic gonadotrophin,
and this treatment even when closely supervised is associated
with a 20% or more risk of multiple pregnancy.27 In the present
study multiple ovulation developed in only one patient. This
woman was one of those given human chorionic gonadotrophin
within 24 hours of ultrasonic diagnosis of ovulation of a domi-
nant follicle. These data suggest that the major factor determin-
ing the low incidence of multiple conception seen in this study,
and in spontaneous pregnancies, is the control provided by intact
pituitary feedback mechanisms. The low incidence of multiple
conceptions reported here together with hormone concentrations
during induced cycles that are within the normal range for
spontaneous cycles (fig 3) strongly support our policy of dis-
carding endocrine surveillance in favour of ultrasonic monitoring
of ovarian follicular development. (It is technically simple to
assess changes in uterine size and thereby provide clinicians with
a biological assay of follicular secretion of oestrogen.)
As almost all multiple conceptions reported in association with

treatment with luteinising hormone secreting hormone have
occurred in cycles in which chorionic gonadotrophin was used
to support the corpus luteum'3 28 we have now stopped its use.

As well as avoiding this problem, continuing the infusion of
luteinising hormone releasing hormone also offers effective
support of the corpus luteum and permits early diagnosis of
pregnancy by measurement of serum chorionic gonadotrophin
concentrations.

Previous studies have suggested that a wide range of doses of
luteinising hormone releasing hormone may be used, with
adjustments according to the theoretical severity of the hypo-
gonadotrophic hypogonadism."3 Despite the wide range of
responses of luteinising hormone and follicle stimulating
hormone in the diagnostic luteinising hormone releasing
hormone test (fig 2), we did not find these adjustments to be
necessary, and all the patients reported on here responded to a
standard dose of 15 ,ug/pulse. The pulse frequency of 90 minutes
was selected from a study of normal ovulatory cycles21 and was
found to be effective in both follicular and luteal phases. We are
currently investigating the effect of reducing the pulse frequency
during the luteal phase because spontaneous pulsatility of
luteinising hormone is decreased at this time.
The route of infusion has been the subject of some dispute.

Reid et al suggested that subcutaneous administration produces
disordered follicular maturation.12 In separate studies we found
that poor follicular progression occurs only with suboptimal
doses of luteinising hormone releasing hormone but can be
reversed by an increase in the dose. Using the subcutaneous
route we failed to induce ovulation in only two patients, although
in these women intravenous treatment at the same dosage was
effective. We therefore consider that subcutaneous infusion is
simple and safe and should be used initially in all patients with
hypogonadotrophic hypogonadism.
Our study confirms the importance of skilled ultrasonic

monitoring of ovarian and uterine changes during induced
cycles. Such monitoring allowed us to stop endocrine surveil-
lance during treatment, and we have also found ultrasonic
assessment before treatment to be critical in selecting patients
for treatment. Women showing multiple cystic ovarian changes
-either those associated with the classical Stein-Leventhal
syndrome or megalocystic changes24 -do not in our experience
respond reliably to treatment with subcutaneous luteinising
hormone releasing hormone. Though women with megalocystic
ovaries can be successfully treated with intravenous luteinising
hormone releasing hormone, those with polycystic ovarian
disease respond unsatisfactorily to treatment with this hormone.

In conclusion, our results show that low dose subcutaneous
pulsatile infusion of luteinising hormone releasing hormone
offers an appreciable advance in the treatment of hypothalamic
amenorrhoea. When used alone the hormone reliably produces
singleton pregnancies and allows clinicians to stop using
expensive and complicated biochemical monitoring. In the
patients reported on here its use restored normal fertility.

This study was made possible through financial support by the
Birthright Trust. M T was supported by the Berkeley Fellowship. We
thank Dr P M Magill of Hoechst UK Ltd for generous supplies of
luteinising hormone releasing hormone. We are grateful for the
guidance and support of Mr D Rothwell, head of the engineering
department at the National Institute for Medical Research, and to the
workshop staff for constructing the pumps.
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Role of exercise testing early after myocardial infarction
in identifying candidates for coronary surgery
K JENNINGS, D S REID, T HAWKINS, D J JULIAN

Abstract

It has been suggested that ST depression in lead V5 or
equivalent on early exercise testing after acute
myocardial infarction predicts a high risk of death. To
evaluate exercise testing and radionuclide ventriculo-
graphy in this context 103 consecutive patients with
myocardial infarction who were able to undertake a
limited exercise test before discharge from hospital
were exercised and underwent gated blood pool scanning.
No serious complications resulted from exercise testing.
Twenty nine patients developed ST depression in lead V5,
19 had exertional hypotension, 31 developed a heart rate
of > 130 beats/min, and 15 had complex ventricular
arrhythmias. Death during the first year after discharge
from hospital was associated with exertional hypotension
(p < 0001) and a heart rate on exercise testing of >t 130
beats/min (p < 005); these two variables identified all
nine deaths. Inability to complete the exercise protocol
for any reason was also predictive of death (p<0001).

Cardiology Department, Freeman Hospital, Newcastle upon Tyne
NE7 7DN

K JENNINGS, MB, MRCP, senior registrar
D S REID, MB, FRCP, consultant cardiologist
D G JULIAN, MD, FRCP, professor of cardiology
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T HAWKINS, BSC, senior physicist

Correspondence to: Dr K Jennings, Royal Infirmary, Aberdeen AB9 2ZB.

Ventricular arrhythmias and ST depression in lead V5
induced by exercise were not significantly associated with
an increased risk of death. The mean (SD) radionuclide
ejection fraction in the patients who died was 29 (16)%
compared with 43 (11)% in the patients who survived
(p < 0 001).
ST changes on exercise testing after myocardial

infarction appear to be less predictive of later complica-
tions than haemodynamic signs, which may indicate left
ventricular damage rather than ischaemia.

Introduction

The high mortality among patients in the months after
myocardial infarction and the existence of treatments that may
prove beneficial to some survivors but harmful to others make
it necessary to identify the variables that characterise patients
likely to benefit from specific forms of treatment. It has been
suggested that exercise testing early after infarction may
identify such variables; one study showed that ST depression
in lead CM5 induced by exercise early after infarction predicted
death in the following year.' Akhras et al suggested that this
ST change might be an indication for early coronary surgery
because it represents hazardous but reversible ischaemia.2 If such
findings were confirmed exercise testing after infarction might
prove valuable in identifying patients who would benefit from
early revascularisation. To evaluate the exercise test in this
context we reviewed a consecutive population of patients who
were able to undertake a limited exercise protocol early after
infarction.
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