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Abstract

Objective—To review treatment with pulsatile
luteinising hormone releasing hormone in infertile
women who do not ovulate and are resistant to
clomiphene after 100 pregnancies achieved with this
treatment.

Design—Retrospective analysis of 146 courses of
treatment over 434 cycles.

Setting—Infertility clinic.

Patients—118 Women whose failure to ovulate
was due to idiopathic hypogonadotrophic hypo-
gonadism (n=39), amenorrhoea related to low
weight (n=17), organic pituitary disease (n=15), or
polycystic ovaries (n=47).

Interventions —Daose of 15 pg luteinising hormone
releasing hormone/pulse subcutaneously every
90 minutes given with a miniaturised pump through-
out cycle monitored by ultrasound. Women with
hypogonadotrophic hypogonadism had 48 courses,
women with amenorrhoea related to low weight 23,
women with organic pituitary disease 18, and women
with polycystic ovaries 57,

End point—Follow up of 100 pregnancies
achieved in 77 women during six years after intro-
ducing treatment,

Measurements and main results—One hundred
pregnancies (seven multiple, 28 miscarriages).
Cumulative rates of pregnancy were 93-100%
at six months in women with idiopathic hypo-
gonadotrophic hypogonadism, amenorrhoea related
to low weight, and otganic pituitary disease. In
women with polycystic ovaries (cunmulative rate of
pregnancy 74%) adverse prognostic factors were
obesity, hyperandrogenism, and high luteinising

1S, which were also as-
sociated with a high rate of early pregnancy loss.

Conclusions—Treatment with pulsatile luteinising
hormone releasing hormone is safe, simple, and
effective, and the preferred method of inducing
ovulation in appropriately selected patients.
Compared with exogenous gonadotrophin treatment
there is little need for monitoring, no danger
of hyperstimulation, and a low rate of multiple
pregnancies.

Introduction

Restoring ovulation in women in whom failure 10
ovulate is the sole cause of infertility yields a fertility
rate similar to that in normal women.' The ideal
ovulatory treatment for in vivo fertilisation should
preduce unifollicular ovulation as efficiently as
possible while avoiding hyperstimulation, multiple
pregnancies, and undue inconvenience to the patient.
The choice of treatment depends on the underlying
cause of the failure to ovulate

Since the first reports that trearment with pulsatile
releasing hormone could

hypogonadotrophic  hypogonadism in whom anti-
oestrogen treatment had failed’ we have used it as an

aiternative te gonadotrophin treatment in various
groups of patients.* After achieving the 100th
pregnancy we reviewed our experience with this
treatmment from a clinical viewpoint, This report
concentrates on selection of patients, efficiency of
treatment, prognostic factors, and the outcome of
pregnancy.

Patients and methods

The 118 patients selected for treatment had not been
ovulating, were resistant o clomiphene, and had been
fully investigated for other causes of infertility.’ They
were classified according to the underlying cause of
failure of ovulation. Of those with hypogonadotrophic
hypogonadism, 34 had isolated idiopathic hypo-
gonadotrophic hypogonadism and five had Kallman’s
syndrome (48 courses of treatment); 17 had amenor-
rthoea refated to loss of weight, partafly regained
before treatment was started, associated with multi-
cystic ovaries {23 courses); and 15 had organic pititary
disease (18 courses), A separate group of 47 paticnts
with ultrasonically diagnosed polyeystjc ovaries’ had
57 courses of treatment.

Trearment with pulsatile luteinising hormene
releasing hormone (Fertiral, Hoechst UK) was started
by the subcutaneous route with the needle placed in the
upper forearm. The intravenous route was used in
14 patients who did not respond 10 subcutaneous
administration. One of these patients developed
septicaemiz and, though the condition resolved
rapidly, we subsequently used an alrernative approach
in those not responding to subcutaneous treatment,
adding oral clemiphene citrate, 100 mg/day for five
days, to treatment with subcutanecous pulsatile
luteinising hormone releasing hormone. A dose
of 15 pg luteinising hormone releasing hormone
per pulse was used, and cne pulse was delivered
every 90 minutes, which gave a rotal dose of 240 jig
daily. Almost all the patients used the direct drive
miniaturised pump designed by Sutherland er ¢f,* but a
few used a Graseby portable pulsatile syringe driver. A
detailed description of the practical methods used to
give the hormone has been reported elsewhere.’

Treatment was monitored by observing follicular
growth, endometrial thickuess, and uterine size with
ultrasound imaging.” The development of follicles,
the probable time of ovulation, and confirmation of
ovulation were charted. Treatment was continued
until a gestation sac was detected by ultrasonography.
If no follicular development was seen after 28 days’
treatment the patient was deemed as having failed ro
respond. Eighteen patients who had not responded
to the hormone previously and after a minimum
of 12 days of subcutaneous treatment in a new cycle

were given clomiphene citrate (100 mg/day for five

days) concurrently with the hormone." Human
chorionic gonadotrophin was given (in a single dosé o
10000 FU) when follicular growth had been detecte
on ultrasonography during a preceding “eycle b

ovulation had nort occurred. It was also gived i a-few
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for more than five days. S e .
‘Statistical. ‘analyses were performed w1th Mann '
th[ney and y’ tests.

Results

The 118 patients received 146 courses of treatment
over 434 cycles, of which 304 were ovulatory (table I).
The 100 pregnancies were achieved in 77 patients and
resulted in 38 singleion deliveries, six twin deliveries,
and one triplet delivery. At the time of writing six
patients were pregnant beyond 12 weeks’ gestation.
There were 28 miscarriages, 19 of which occurred
within four weeks after conception (early pregnancy
loss), and one tubal pregnancy (rable II).

Tabie III shows the cumulative rates of pregnancy
over six months calculated by life table analysis" for
the various treatment groups. Of the 36 courses of
treatment that were stopped within six months,
18 were in patients who had not responded in one to
four cycles and stopped treatment at their own request
or were offered alternative treatment. The other 18

TABLE I1— Resulls of treatment with pulsatile buteinising hormone releasing hormene according to underlying cause of failure to ovulate

left " the 'countfy';'i. Patier
hypogonadotrophic: hypg
of pregnancy 93% after’ sm

(cumulative rate of pregnancy 95% aftei suf. m
and patients who had residual pituitary i
operation on the pituitary benefited o t
treatment.

Patients with organic pituitary disease Wwh
received pituitary irradiation or radical s
responded poorly, and treatment was stopped in i
such cases after one, two, and four cycles respective]
The remaining patients in this group ovulated angd
conceived by six months. Patients with uitrason_icg]_ly
diagnosed polycystic ovaries had a cumulative rate
of pregnancy of 74% after six months’ treatmen
When ovulation was achieved regularly rates of:
pregnancy returned to those expected in the normal
population.! Both obesity and hyperandrogems;n

Hypogonadotrophic Amenorrhoea related Organic Polycystic ;
hvpogonadism 1o low weight pituitary disease ovaries Total
Courses of treatment 48 23 18 57 146
Cycles 129 60 52 193 434
Crvulations (% of cycles) 112 (87) 55{92) (73 99 (51) 304 (70)
Pregnancics (% of courses of ircatment) IR (TN 2191 LE(6]) EUTEES) 100 (62}

TABLE 11 —Qutcome of 100 pregnancies achieved with huwteinising hormone releasing hormone ieatment according to underlying cause of fatture to

ozulate
Hypogonadetrophic Amenorrhoea related Organic Polycystic
hypogonadism 10 low weight pituitary disease ovaries Total
Pregnancies 38 21 11 30 HO
Multiple pregnancics 3 7
Delivered and continuing pregnancies 3 i) [ 18 71
Early pregnancy loss (<4 weeks after ovulation) 2 5 2 10 19
Miscarriage ( >4 weeks after ovulation) 4 3 2 9
|

Tubal pregnancy

1

TABLE 111 — Cumulative rate of pregnancy by life table analvsis, during treatment with luteinising hormone
releasing hormone according to underlying causes of failure 1o ovulate

«ths of treatment
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Nao No who Naowho Cumulative
not pregnant became pregnant dropped rate of pregnancy
ac start of month during interval oul )
Hypogonadotrophic hypogonadism
48 12 1 25
35 8 5 42
22 12 1 73
9 3 1 32
5 ! 86
4 2 93
Amencrihoga related to tweight
23 5 22
18 9 1 61
8 2 71
6 3 85
3 2 95
§ 95
Organic pitiatary disease
18 3 1 17
14 3 4 34
7 ! 44
[ 1 2 52
3 53
3 3 100
Polycystic ovaries

57 7 1 12
49 8 10 26
3t 4 6 36
21 4 3 48
14 3 59
El 4 74
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associated with polycystic ovaries were associated with:
a poor outcome, The mean (range) body mass index
(weight (kg)/(height (m)); normal 20-25) was 257
(2006-34-8) kg/m’ in the 13 patients who never
ovulated during this treatment compared with 22-6
(18-6-33-8) kg/m’ in the 44 who ovulated in at least
one cycle (U=743, p=0-02). Few patients with_
polycystic ovaries with a body mass index of more than
25 kg/m'* responded to treatment. Mean (range) serum.
testosterone concentrations were 2+9 (1-5-5-1) nmolfl
in the 13 who never ovulated compared with 2-0
(0°5-4-0) nmol/l in the 44 who ovulated in at least
one cycle (U=101, p=0-01). Neither serum follicle
stimulating hormone nor serum prolactin concentra-’
tions influenced ovulation or rates of pregnancy.
Serum luteinising hormone cencentrations were
measured basally in all patients with polycystic ovaries
and throughout the follicular phase of each cycle
during treatment in the last 23 of them. The basal
concentrations and those determined at the time of
maximum follicular growth (five days before ovulation:
with a dominant follicle 10-15 mm in diameter) were:
related to ovulation and conception. Basal luteinising
hormone concentrations were significantly lowe
in the 30 women who conceived (mean 12-4 (range
1-3-29-0) IU/) than in the 27 who did not (1% 0.
(2-3-50-00 IUA; U=236, p=0-02). Luteinising:
hormone concentrations at the rime of maximum:
follicutar growth were significantly lower in the 19 who_
ovulated (9-4 (2-9-35-4) TU/1) than in the four who dld'
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-'100. pregnancies.

Table. II shoWs ‘the’ obstetnc outcome. of “the 1

delivered or continued beyond 12 weeks’ gestation. Of
the 28 miscarriages, 12 occurred in the 30 pregnancies
in patients with polycystic ovaries compared with 16 in
the 70 pregnancies in patients with other diagnoses
(¥*=1-1, p=0-3). An influence of polycystic ovaries on
the rate of miscarriage was, however, observed
when early pregnancy loss was considered. Ten
of the 30 pregnancies in patients with polycystic
ovaries terminated within four weeks after ovulation
compared with nine of the 70 pregnancies in patients
with other diagnoses (y*=4'47, p=0-03). Basal serum
hateinising hormone concentrations in the 10 patients
with the polycystic ovary syndrome who suffered an
carly pregnancy loss (17-9 (7-0-29-0) 1U/) were
significantly higher than those in the 18 whose
pregnancy progressed (9-6 (1-3-29-0) IU/A; U=9,
p=0-01), suggesting a possible hormonal cause of early
pregnancy loss in these patients.?

One ser of triplets and five sets of twins were
delivered, and one of the continuing pregnancies was a
twin pregnancy. All four mulriple pregnancies in the
patients with hypogonadotrophic hypogonadism were
conceived in the first cycle, whereas the three multiple
pregnancies in the patients with polycystic ovaries
were conceived in the second, third, and sixth cycles.
One patient with organic pituitary disease (after
excision of a craniopharyngioma) was seen to have two
gestational sacs on ultrasound scanning before having
an early pregnancy loss 25 days after ovulation. One
patient with partally recovered weight related
amenorrhoea had two definable gestational sacs
on ultrasound scanning at six weeks, one of which had
disappeared by nine weeks. She went on to have an
uneventful singleton pregnancy and delivery. Four of
the seven patients who eventually delivered multiple
infants had received human chorionic gonadotrophin,
one intravenous luteinising hormone releasing
hormone, and one a reduced dose of luteinising
hormone releasing hormone (7:-5 pg/pulse) because
multiple follicles had developed during treatment with
the standard dose in previous cycles. Two of the
patients with twins had strong family histories of
multiple pregnancy.

Seven of the 14 patients given inrravenous luteinising
hormone releasing hormone ovulated and conceived
after failing to respond to subcutancous treatment.
Of the parients given oral clomiphene citrate with
subcutaneous pulsatile luteinising hormone releasing
hormone, 12 of 14 patients with polycystic ovaries, one
pattent with amenorrhoea related to low weight, and
one of three patients with organic pituitary disease
ovulated.

No congenital abnormalities were detected at
birth. -All except three singleton pregnancies that
progressed to 12 weeks proceeded to term (in one
patient labour was induced at 33 weeks because of
severe pre-eclamptic toxaemia, and two patients with
polycystic ovaries had missed aborrions ar 18 and
22 weeks’ gestation). The patient with a triplet
pregnancy was successfully delivered by caesarean
section at 32 weeks because of hypertension and
proteinuria.

Discussion

This clinical analysis of our experience of using
pulsastile luteinising hormone releasing hormone to
treat infertile women who do not ovulate has shown it
to be safe, simple, and effective and the preferred
method of inducing ovulation in appropriately selected
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Seventy “one pregnancies - were -

cumulative rates of conception équal to:tho
normal populatmn This treatment was parti
efficient in restoring ovulation in patient
idiopathic hypogonadotrophic hypogonadism’
partially recovered weight related aménort]

In these two groups 167 of the 189 cycles wi
ovulatory. All the patients in the present sé
were resistant to clomiphene, and the alternati
treatment to pulsatile luteinising hormone releasing
hormone would usually be exogenous gonadotrophin
Comparison of the results of these two methods of
treatment shows the advantages of pulsatile luteinising
hormone releasing hormone, which has a lower
rate of multiple pregnancy, has not resulted
hyperstimufation or any recorded birth dcfects‘
and has a similar rate of m.lscarrlage The rate
miscarriage in the present series included a iarge
proportion of pregnancy losses in the few weeks after
ovidarion, which we suspect were not always detected
in earlier studies of treatment with gonadotrophin.

Most patients were highly motivated and soon
adapted to the addidon of the pump to their daily
routine with minimum inconvenience. The pulse rate
of the generator did not need to be altered as it
produced all the morphological and hormonat features -
of an apparently normal ovulatory cycle,"‘ even though
physiologically the frequency of pulses is reduced at-
night” and the pattern of the pulses is phase specific.’”
As the treatment was continued throughout the futeal
phase no support with injections of human chorionic "
gonadotrophin  was necessary, If treatment with
luteinising hormone releasing hormone is stopped
at ovulation with ne luteal phase support a short.
luteal phase and menstruation will ensue.” When
luteinising hormone releasing hormone is stopped in-.
the mid-luteal phase for 24 hours the luteal phase may . :
be “rescued” by reinstating the Iuteinising hormone
releasing hormone treatment. When pump treatment
has been stopped at ovulation and human chorionic
gonadotrophin given throughout the luteal phase
results have not been as good; the regimen is less
physiological and more prone to non-compliance.’

The subcutaneous route has proved itself adequately, -
and the potential advantage of the reduced dose (and
costs) with the intravenous route is offset by the
dangers of infection and inconvenience to the patient.
Like others,"” we found that inserting the needle in the
upper forearm provided more complete absorption
than occurs from an abdominal site. Before we started
using intravenous luteinising hormone releasing
hormone or gonadotrophin treatment in patients who
do not ovulate with subcutaneous treatment we found
that its combination with oral clomiphene was worth
rying and often produced a good response.” This
response was net accompanied by a detectable change
in gonadotrophin concentrations, which suggests that -
clomiphene acts directly on the ovary in these cases.”

One of the main advantages of treatment with
pulsatile luteinising hormone releasing hormone
compared with other forms of inducing ovulation is the
low rate of multiple pregnancies. Of the seven patients . '

with multiple pregnancies in the present series, two 7

had strong family histories of multiple pregnancies, -

one of whom had previously delivered a singleton. -
infant after treatment with luteinising hormone
releasing hormone. The use of human cherionic - 7.

gonadotrophin at mid-cycle may also be implicated as

four of the seven patients received this treatment - :-
compared with seven out of the 111 other patients ..
treated. The fact that all four multiple pregnancies in. ;.-

the group with hypogonadotrophic hypogonadism
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were conceived in'the first cycle during treatment i
~consistent with the repott of Braat et al,- who collated

national figures for treatment with luteinising hormone

releasing hormone in The Netherlands and found a
significant association of multiple pregnancies with the
first cycle.” In hypoponadotrophic hypogonadism the
high occurrence of multiple pregnancy in the first cycle
compared with subsequent cycles suggests that the
lack of a preceding luteal phase may result in either an
exaggerated pituitary response to luteinising hormone
releasing hormone or an exaggerated ovarian response
to normal gonadotrophin stimulation. It is analogous
to the development of multiple follicles and lack
of a dominant follicle that characterise menarche.?
The already fow rate of multiple pregnancies with
luteinising hormone releasing hormone treatment
could probably be reduced even further by avoiding
giving human chorionic gonadotrophin at mid-cycle,
by withdrawing treatment when multiple follicles are
derected with ultrasound, and by using lower doses of
luteinising hormone releasing hormone in the first
cycle of rreatment in patients with hypogonadotrophic
hypogonadism,

We relied on ultrasound monitoring to chart the
development of the dominant follicle and effect of the
treatment and intentionally collected more data than
were essential for purely clinical purposes. Particularly
in cases of hypogonadotrophic hypogonadism, only
limited surveillance is necessary to guide the patient in
timing intercourse, evaluating the postcoital test
results, and confirming ovulation because the treatment
is so predictable, Human cherionic gonadotrophin in
mid-cycle is rarely required, and there is no danger of
hyperstimulation so monitoring may be kept 10 a
minimum,

Theoretically, patients who have deficient secretion
of luteinising hormone releasing hormone and intact
pituitaries should be optimally suited to treatment with
pulsatile luteinising hormone releasing hormone as
substirution trearment, and this is borne our by
our results. Those with idiopathic hypothalamic
hypogonadism (some with Kaliman's syndrome)
and those with partially recovered “weight related
amenorrhoea associated with multicystic ov: ‘es’
responded with an extremely high rate of ovulation and
conception. The excellent outcome of treatment in
these patients must not, however, rempt doctors
to induce ovulation in patients with unresolved
amenorrhoea related to low weight as the obstetric
ouicome in such patients is prejudiced. The rate of
sponianeous miscarriage in the group was no greater
than that in the general pepulation.

The response to treatment with luteinising hormone
releasing hormone in patients with organic pituitary
disease, excluding those who had undergone irradia-
tion, was surprisingly good; this treatment can thus be
recommended for patients who have residual pituitary
tissue after an operation on the pituitary.

Treatment of infertility in women with polycystic
ovaries who do not ovulate and are resistant to
clemiphene should be reserved for those who are not
overly obese and have serum luteinising hormone
concentrations less than 12 TU/L.

We thank Dr P Magill of Hoechst UK for generous supplies
of luteinising hormone releasing hormone and the gift
of an ultrasound scanner; Middlesex Hospital Special
Trustees’ Fund for buying some of the pumps; and Mr G R
Chambers and Mr D Presswell of the National Institase for
Medical Research, London, for their support with the puinp
technology.
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ANY QUESTIONS ] 3
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<
Is nicotine chewving gum carcinogenic? E
Nicotine chewing gum consists of nicotine in a food
grade chewing gum base. Nicotine itself is not
carcinogenic, and the possibility of its significant 4 Inci
metabolic conversion to a carcinogenic nitrosamine after wy  and

absorption is unlikely. The other constituents are
all thought t be safe as foods, food additives, or
pharmaceutical excipients and may, therefore, be
accepted as free from carcinogenic risk. By contrast,
chewing tobacco contains known carcinogens—
for example, polycyclic aromatic hydrocarbons
and nitrosamines—which are not present in nicotine
chewing pum. :
The unique taste of nicotine chewing gum is caused i
by the nicotine and is not indicative of the kind of i
irritation that eads to cell proliferation or an increased
risk of developing cancer. Idiosyncratic sensitivity to the
gum content of the product is rare. When it occurs
subjects shoultd obviously not use the product, but their
symptoms are unrelated to the risk of cancer. —FRANCIS
TROE, consultant in toxicology, L ondon :




