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An Acromegalic Patient with Pulsatile Secretion of Growth 
Hormone(GH)Coincident with the Slow-Wave Sleep
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Abstract.A 43-year-old woman was admitted to our hospital for further treatment of acromegaly with 

high plasma GH and IGF-I levels after transsphenoidal adenomectomy and subsequent treatment with 

bromocriptine.Physical examination and magnetic resonance imaging(MRI)showed an active 

acromegalic appearance with residual pituitary macroadenoma.Laboratory findings revealed an 

increase in basal levels of plasma GH(21.3 ƒÊg/L)and plasma IGF-I(470 ng/ml).Plasma GH levels were 

suppressed from 21.3 ƒÊg/L to 9.9 ƒÊg/L following oral administration of 75 glucose and did not respond 

to either TRH or LHRH injection.When plasma GH levels were measured after repeated blood 

sampling every 20 min for 24 h and sleep stages were analyzed,there were three GH peaks during the 

night which corresponded to the slow-wave sleep.Mean plasma GH levels which corresponded to the 

slow-wave sleep stages were much greater than those of other sleep stages during the night.After the 

patient was treated with intermittent sc injections of octreotide(40 ƒÊg/every 2 h,480 ƒÊg/day)in 
combination with oral administration of bromocriptine(15 mg/day,t.i.d.),episodic GH release was 

somewhat suppressed but plasma GH levels were slightly increased,corresponding to the slow-wave 

sleep stage during the night.Mean plasma GH levels were much higher during the sleeping period than 

the waking period for 24 h before and after the treatment.These findings suggest that GH secretion is 

correlated to the slow-wave sleep in this particular patient with pituitary GH producing adenoma.
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ACROMEGALY is characterized by a typical 
clinical appearance associated with hypersecretion 
of GH for 24 h,abnormal responses of plasma GH 
including incomplete suppression by glucose 
administration or a paradoxical increase after TRH 

[1-3]and/or LHRH[4],hyperresponse to GHRH 
[5] and a decrease after dopaminergic stimulation 
[6].In normal subjects,GH is secreted in a pulsatile 
manner under the hypothalamic regulation via 
GHRH and somatotropin release inhibiting factor 
(SRIF),with a close relationship to the slow-wave 
sleep during the night.The GH pulse is more

frequent,and plasma GH levels at both the 
interpulse and the nadir were much higher in 
acromegalic patients than in normal subjects[7].
Furthermore,it has been reported that GH secretion 
during the night is not related to the slow-wave 
sleep in acromegaly[8,9].There has not been any 
report on the detection of pulsatile GH secretion 
associated with slow-wave sleep in acromegalic 

patients.When a GH secreting pituitary tumor 
was removed,plasma GH levels were improved 
but the pattern of secretion was not completely 
normalized[10].Paradoxical GH responses to a 
number of GH stimuli were recognized in many 

patients with acromegaly.The relationship between 
the spontaneous pulsatile GH secretion and such 

paradoxical responses of GH has not been fully 
elucidated.

In the present case,we report an interesting rare
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case of acromegaly with a pulsatile GH secretion 

corresponding to the slow-wave sleep during the 

night.

 Case Report 

 A 43-year-old woman was admitted to our 

hospital for further treatment of increased plasma 

GH and IGF-1 levels after transsphenoidal 

adenomectomy followed by bromocriptine 

treatment.She had a past history of duodenal ulcer 

at the age of 18 yr and adenomatous goiter at the 

age of 37 yr when she had undergone left 

hemithyroidectomy.Changes had been pointed 

out in her facial appearance since the age of 35 yr.

Her feet and hands gradually became enlarged.

At the age of 38 yr,she was diagnosed as having 

acromegaly when her basal plasma GH level was 

high(28 ƒÊg/L),and magnetic resonance imaging 

(MRI)revealed a pituitary macroadenoma with an 

extension to the internal carotid artery.She has 

never suffered from a headache,visual disturbance,

amenorrhea or galactorrhea.The pituitary tumor 

was partially resected by transsphenoidal surgery 

and histologicaly it was a GH producing pituitary 

adenoma.Although she was treated with 

bromocriptine after the surgery,plasma GH levels 

were not sufficiently suppressed to 37ƒÊg/L at a 

dose of 15 mg/day(t.i.d.po).

 Physical examination revealed that she was 158.0 

cm tall and weighed 62.0 kg.Blood pressure was 

108/60 mmHg.Her skin was moist.Such

acromegalic features as enlargement of the nose,

hands,feet and soft tissues were remarkable.The 

palpebral conjunctiva was slightly anemic.There 

was an operation scar due to left 

hemithyroidectomy and the right lobe of a goiter 

was palpable(5.5•~3.3 cm).No superficial lymph 

node was palpable.There was no abnormal finding 

in the chest or abdomen except hepatomegaly.

Clinical course 

 Endocrinological examination was performed 

after admission when all the previous treatment 

was interrupted.Basal plasma GH(21.3 ƒÊg/L),

urinary GH(110.3 ng/day)and plasma IGF-I(470 

ƒÊg/L)levels were consistently high.As shown in 

Table 1,plasma GH levels were not suppressed by 

oral administration of 75 g glucose.Neither TRH 

(500 ƒÊg,iv)nor LHRH(100 ƒÊg,iv)administration 

increased plasma GH.Plasma GH increased after 

GHRH(100 ƒÊg,iv)injection.

 The patient was then treated with bromocriptine 

(15 mg/day,t.i.d.,po)in combination with 

intermittent SC administration of octretide(40 ƒÊg/

every 2 h,480ƒÊg/day)by means of a portable 

infusion pump(Nipro,SP3I)for 4 weeks.Plasma 

GH was considerably decreased and IGF-I lowered,

but not normalized.Plasma GH did not respond 

to TRH or LHRH administration.

Blood samplings for 24 h

Blood sampling for 24 h in combination with

Table 1.Endocrinological loading tests in a patient with acromegaly before treat-

 ment with octreotide and bromocriptine
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sleep stage analysis during the night was performed 

before and 4 weeks after the start of the treatment.

For blood sampling,a heparinized catheter 

(Kowarski-DAKMED),thromboresistant blood 

withdrawal needle and tubing set(DAKMED Inc.,

NY)were used for sampling from an antecubital 

vein 24 h before the experiment.Deambulation 

was free and meals were served at 0800 h,1200 h 

and 1800 h.Blood samples were collected for 24 h 

with an ambulatory withdrawal pump(DL6-5L,

CORMED Inc.,NY)at a flow rate of 3.0 mi/h and 

fractionated every 20 min with a fraction collector 

(FRAC 200,Pharmacia AB,Sweden).Plasma 

samples were immediately centrifuged and stored 

at-20•Ž until assayed.

Sleep analysis 

The patient went to bed at 2130 h,when the 

light was turned off.EEG and sleep analysis was 

performed with an Oxford-Medilog ambulatory 

cassette recording system(Oxford-Medilog System,

Abingdon,UK).The sleep stage was analyzed by 

means of an Oxford-Medilog 9200 automatic sleep 

scoring system and supervised by visual analysis 

[13].The sleep stages were divided every min into

five stages:1,2,3,4 and rapid eye movement 

(REM).Stage 3 and 4 were considered to be the 

slow-wave sleep.

Plasma GH assay and statistical analysis

Plasma GH levels were determined in duplicate 

by the highly sensitive enzyme immunoassay as 

previously reported[12].The minimum detectable 

quantity of GH was 3 ng/L with a sample volume 

of 20ƒÊl.GH profiles were analyzed by the Cluster 

methods[13].A 2•~2 test Cluster configuration 

was used with two data points for the test nadir 

and two points for the test pulses,respectively.

The relationship between GH secretion and sleep 

stages was analyzed by plasma GH levels and 

corresponding sleep stages 10 min before and after 

each sampling time.Statistical evaluation was 

performed by ANOVA in combination with 

Welch's t-test.P<0.05 was considered significant.

GH secretion for 24 h and sleep stages 

 Profiles of plasma GH and sleep stages before 

and after the treatment are shown in Fig.1.Five

Fig.1.Profiles of spontaneous GH secretion for 24-h in an 

acromegalic patient before and after treatment with 

octreotide and bromocriptine.Octreotide was 

intermittently injected sc(40ƒÊg/every 2 h,480 jig/

 day)and bromocriptine was given po(15 mg/day,

 t.i.d.).Solid and dashed lines show plasma GH 

 levels before and after the treatment,respectively.

W,1,2,3,4 and REM show wake,stage 1,2,3,4 and 

 rapid eye movement sleep,respectively.Peaks of 

 GH secretion were analyzed by the Cluster method 

 with a 2•~2 test Cluster configuration.

peaks of GH secretion were detected by Cluster 

analysis before the treatment.Three of 5 peaks 

were detected during the night,and corresponded 

to the slow-wave sleep.On the other hand,two 

small peaks of GH secretion were detected when 

the patient was treated with bromocriptine and 

octreotide,an analog of SRIF.Both peaks
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Fig.2.Correlation between plasma GH levels and slow-wave sleep stages during the night in a 

patient with acromegaly before and after treatment with octreotide and bromocriptine.

Plasma GH levels were analyzed by corresponding sleep stages extending 10 min before 

and after each sampling time.Mean(•}SD)plasma GH levels were much higher in sleep 

stages 3-4 than in other sleep stages before and after the treatment.*indicates P<0.05 vs.

other sleep stages.

corresponded to the slow-wave sleep.

 As shown in Fig.2,when the relationship 

between plasma GH levels and sleep stages was 

further analyzed,the mean(•}SD)plasma GH levels 

which corresponded to the sleep stage extending 

10 min before and after the sampling time were 

much greater than those which corresponded to 

other sleep stages before the treatment(stages 3-4,

19.0•}2.6ƒÊg/L vs.stage 1,10.2•}5.3ƒÊg/L,stage 2,

12.6•}4.4ƒÊg/L and REM,13.0•}3.1ƒÊg/L,P<0.05,

respectively).After the treatment,the mean(•}SD)

plasma GH concentrations corresponding to sleep 

stages 3-4 were also slightly but significantly 

greater than those of other sleep stages(stages 3-

4,11.1•}0.8ƒÊg/L vs.stage 1,7.6•}0.9ƒÊg/L,stage 

2,8.8•}0.8ƒÊg/L and REM,8.9•}1.6ƒÊg/L,P<0.05,

respectively).

 The mean plasma GH levels for 24 h during the 

treatment with octreotide and bromocriptine were 

considerably lower than those before the treatment 

(8.3•}2.1ƒÊg/L vs.12.5•}4.4ƒÊg/L,P<0.0001).The 

mean plasma GH levels were higher during the 

sleeping period(n=21)than in the waking time 

(n=41)before the treatment(14.9•}4.8ƒÊg/L vs.

11.1•}3.3ƒÊg/L,P<0.005),whereas the mean plasma 

GH levels were still higher during the sleeping 

period(n=21)than in the waking time(n=49)after 

the treatment in the night than the day time before

treatment(9.1•}1.5ƒÊg/L vs.7.7•}2.2ƒÊg/L,

P<0.005).Mean plasma GH levels of the peak 

fraction and the nadir fractions considerably 

decreased after the treatment with octreotide and 

bromocriptine(peak GH,16.6•}4.0ƒÊg/L vs.10.4•}

1.3ƒÊg/L,P<0.0001 and nadir GH,10.4 •} 1.3 ƒÊg/L 

vs.7.3•}1.7 jig/L,P<0.0001,respectively).

Discussion

In a patient with acromegaly,we demonstrated 

that plasma GH was spontaneously changed in a 

close correlation with the slow-wave sleep stage 

during the night after incomplete transsphenoidal 

surgery,although we did not have a chance to 

evaluate plasma GH levels for 24 h before surgery.

In normal subjects,GH is known to be secreted 

in a pulsatile manner with a peak value every 2 to 

3 h[14,15].The sleep-dependent rhythm is 

characterized by a large burst appearing early in 

the course of slow-wave sleep[14,15,18].GH 

secretion is also regulated by a sleep-independent 

and ultradian rhythm,which is influenced by age,

sex,stress,nutrition and other factors[16,171.The 

ultradian rhythm of GH secretion is regulated by 

the complex interaction of at least two hypothalamic 

hypophysiotrophic factors,GHRH and SRIF



ACROMEGALY WITH PULSATILE SECRETION OF GH 691

secretion[19],which are counterregulatory factors 

for GH release.GHRH and SRIF are secreted 

tonically from the hypothalamus into the 
hypophyseal portal blood and the GH secretion is 

superimposed upon this steady state release,which 
forms an additional rhythmic surge of each peptide 

[19].GHRH is considered to be instrumental in 
the maintenance of pulsatile GH secretion.

Furthermore,the pulsatile secretion of GH seems 
to be regulated by GHRH because anti-SRIF 

antiserum was unable to block episodic GH surges 

in the rat[20].On the other hand,basal secretion 
of GH is dependent on SRIF release[211.

 The patient with acromegaly was reported to 
have an abnormally rapid GH pulse frequency 
characterized by high interpulse and nadir GH 

levels[7].Nocturnal GH secretion was not 

generally recognized,and even if excessive GH 
secretion were observed during the night,there is 

no obvious relationship between nocturnal GH 
secretion and slow-wave sleep in acromegaly[9].

Furthermore the abnormal GH secretion is not 
completely normalized in surgically cured 
acromegalic patients[10].

Completely cured acromegaly could be 
considered to be indicated by normal basal GH 

secretion without any paradoxical response to TRH 
and/or LHRH in combination with sufficient 

suppression of GH due to oral glucose 
administration.The persistence of a paradoxical 

GH response indicates the possible presence of GH 

producing tumor tissue[1,2]although some 
investigators indicated that paradoxical GH 

response may be expressed only when 
hypothalamus-pituitary interactions are intact[3].

The pathophysiological causes of acromegaly are 
not fully clarified.There have been two 

hypothetical theories:of hypothalamic and pituitary 
origin.The hypothalamic theory explains that 

increased tonus of hypothalamic GHRH results in 
hyperstimulation of pituitary GH secretion,

followed by producing a pituitary tumor[7].But 
it has not been demonstrated that GHRH secretion 

into the pituitary portal blood increases in 
acromegaly.Recently a point mutation of Gs

protein subunit was detected in about 40% of the 
pituitary tumor in acromegalic patients,suggesting 
that a trigger of the onset of acromegaly might be,
at least partly,the pituitary gland[22].

It is difficult to distinguish two causes in 
individual acromegalic case.Plasma GH responses 
to the stimulation tests could not differentiate by 
themselves the origin of the hypothalamus and the 

pituitary in acromegaly.On the other hand,a 24-
h spontaneous GH profile could indicate whether 

pituitary GH secretion is regulated by hypothalamic 
secretion of GHRH and SRIF,when spontaneous 
GH secretion is assessed with the sleep-related 
cycle.In the present case,spontaneous GH 
secretion was well correlated with the slow-wave 
sleep stage during the early period of sleep,and 
no paradoxical responses of plasma GH to TRH or 
LHRH administration was recognized.These 
findings suggest that the hypothalamic regulation 
of spontaneous GH secretion might be preserved 
in the present rare case.

It was previously reported that GH secretion 
during the night was hardly suppressed by 
bromocriptine in acromegaly[9].In the present 
case,concomitant administration of octreotide and 
bromocriptine considerably but insufficiently 
suppressed GH release during the night.Such 

patients with acromegaly could be effectively 
treated with an anti-serotoninergic agent which 
could inhibit hypothalamic GHRH involved in the 
hypersecretion of GH[23,24].

In conclusion,we report a unique case of 
acromegaly with pulsatile secretion of GH 
corresponding to the slow-wave sleep during the 
night.
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