
European Journal of Endocrinology (2007) 156 321–329 ISSN 0804-4643
CLINICAL STUDY

Effect of transsphenoidal surgery on sleep apnoea in acromegaly
Lisa Sze, Christoph Schmid1, Konrad E Bloch2, René Bernays3 and Michael Brändle
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Abstract

Objective: Sleep apnoea syndrome (SAS) is common in acromegaly and both diseases are independently
associated with hypertension and insulin resistance contributing to increased morbidity and mortality.
Pituitary surgery remains the principal treatment modality in acromegaly. The aim of this study was to
assess the prevalence and risk factors of SAS in acromegaly and to analyze the effect of transsphenoidal
adenomectomy on SAS and cardiovascular risk factors.
Subjects and methods: Thirteen consecutive patients (seven women and six men, aged 25–77 years)
with newly diagnosed acromegaly were prospectively studied. Biochemical assessment (IGF-I, GH, acid
labile subunit, fasting blood glucose (FBG), insulin), overnight respiratory polygraphy, and an Epworth
Sleepiness scale score (ESS) were obtained before and 12 weeks after surgery. SAS was defined by an
ESS R10 and R5 apnoeas/hypopnoeas (central or obstructive) per hour.
Results: Six of the thirteen (46%) patients had SAS. Risk factors were male gender (83.3 vs 14.3%
without SAS) and long disease duration until diagnosis of acromegaly (10.2G3.2 vs 4.6G3.6 years,
meanGS.D.). Ten patients had a homeostasis assessment model score R4 indicating insulin resistance
and one had diabetes mellitus requiring insulin. Seven patients had hypertension (R140/90 mmHg).
Postoperatively, GH and IGF-I levels decreased, but only five patients were cured. However, SAS resolved
in all patients irrespective of whether acromegaly was cured or not. FBG (5.5G1.2 vs 4.8G0.4 mmol/l)
and systolic blood pressure (150.8G18.5 vs 130.8G17.5 mmHg) decreased in all SAS patients.
Conclusion: We found a high prevalence of SAS in acromegaly patients, in particular, in men and those
with long duration of disease. Importantly, a marked reduction of GH excess by transsphenoidal
adenomectomy may cure SAS and improve insulin resistance and hypertension.
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Introduction

Sleep apnoea syndromes (SAS) are characterized by
sleep fragmentation and daytime sleepiness due to
repetitive apnoeas or hypopnoeas with arterial oxygen
desaturation during sleep. The obstructive SAS (OSAS)
which is associated with sleep related recurrent upper
airway obstruction is common in the general popu-
lation with a prevalence of 2% in women and 4% in
men (1). The central SAS (CSAS) is caused by
intermittent loss of neural respiratory drive during
sleep. Its prevalence has not been well studied.

Acromegaly is a rare disease with a reported
incidence of two to four cases per million person years
and an estimated prevalence of 36–70 cases per million
population (2–4). The prevalences of OSAS and CSAS
are markedly higher in this population and lie between
27 and 60% (5–11), depending on the syndrome
definition of SAS.

OSAS and acromegaly are independently associated
with hypertension and insulin resistance, leading to
n Journal of Endocrinology
increased morbidity and mortality. Approximately 60%
of all acromegalic patients die from cardiovascular
disease, 25% from respiratory disease, and 15% from
malignancies, with hypertension and heart disease
being the major negative survival determinants (12).
Since the prevalence of SAS in acromegaly is high and
potentiates cardiovascular disease, it is important to
detect patients at risk.

Mortality can be reduced by control of growth hormone
(GH) excess, and post-treatment GH levels seem to be the
most predictive survival index regardless of death cause
(13, 14). Previous studies suggested that possibly normal
insulin-like growth factor-I (IGF-I) (13) and especially GH
random or basal concentrations!2.5 mg/l are associated
with a normal life expectancy (15, 16).

Transsphenoidal adenomectomy remains the
principal treatment option for GH-secreting tumors
and is often used in combination with pharmacological
treatment modalities (somatostatin analogues, GH-re-
ceptor antagonists or dopamine agonists) in larger or
invasive tumors (17, 18).
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The aim of the present study was to assess the
prevalence and risk factors of SAS in a prospective series
of patients with newly diagnosed acromegaly and to
analyze the effect of transsphenoidal surgery on sleep
apnoea and cardiovascular risk factors.
Subjects and methods

Patients

Thirteen consecutive patients (seven women, aged 33–
77 years and six men, aged 25–72 years), referred to
the Division of Endocrinology and Diabetes at the
University Hospital of Zurich with newly diagnosed
acromegaly, were prospectively studied. One patient
with diabetes mellitus requiring insulin treatment was
excluded from assessment of insulin resistance.

The diagnosis of acromegaly was based on typical
clinical findings, elevated IGF-I concentrations, and a
non-suppressible GH during a 75 g oral glucose tolerance
test (14). Duration of acromegaly was estimated from the
occurrence of first symptoms or signs until diagnosis. MRI
revealed microadenomas (!10 mm) in three and
macroadenomas (R10 mm) in ten patients. Seven
showed supra- and/or parasellar extension including
two with invasion of the sellar floor. Transsphenoidal
adenomectomy was performed in all patients as primary
treatment. One patient had an additional operation
within 6 weeks, since postoperative tumor residuals
were considered accessible for further surgical interven-
tion. One woman had hypogonadotropic hypogonadism
pre- and postoperatively and one had secondary adrenal
insufficiency and hypogonadism postoperatively. All other
patients had normal antero-pituitary function before and
12 weeks after surgery. The patients’ had had neither
pharmacological treatment nor radiotherapy at the time
of follow-up.
Measurements

Clinical examination Height, weight, body mass
index (BMI), neck circumference, blood pressure, and
pulse rate were determined. The neck/height ratio
(NHR) in order to adjust neck circumference for height
was calculated.

Sleep studies Cardiorespiratory sleep studies were
performed at baseline and at follow-up 12 weeks after
pituitary surgery. Two patients without sleep apnoea
refused sleep studies after surgical intervention.
Continuous nocturnal polygraphic recordings were
performed in a sleep laboratory and lasted for at least
6 h, usually 8 h from approximately 2200–0600 h.
Measurements included calibrated respiratory inductive
plethysmography, pulse oxymetry, electrocardiogram,
body position (Respitrace PT; Noninvasive Monitoring
www.eje-online.org
Systems Inc., Miami Beach, FL, USA), and audiovisual
monitoring by an infra-red/low-light camera. Record-
ings were visually analyzed by review of the raw data on
a computer video screen. An episode of apnoea or
hypopnoea was defined as a decrease in the sum signal
of the respiratory inductive plethysmograph to %50%
of baseline for more than 10 s. We have previously
shown that the apnoea/hypopnoea-index (AHI), calcu-
lated as the number of apnoeas/hypopnoeas per hour,
determined by this technique agrees closely with face-
mask pneumotachography (19). Central apnoea was
differentiated from obstructive apnoea/hypopnoea by
the absence of chest-wall motion during the event (20).

Assessment of subjective sleepiness This was per-
formed with the Epworth Sleepiness scale (ESS) which
extends from 0 (lowest level of sleepiness) to 24 points
(maximal excessive sleepiness) (21).

Diagnosis of SAS The diagnosis of SAS was established
by the simultaneous presence of daytime somnolence,
i.e. R10 points on the ESS (22), and an elevated AHI of
R5 (23). Patients were thereafter divided into a group
with SAS and a second group without SAS.

Laboratory investigations All parameters were
determined at baseline and at time of follow-up
polygraphy 12 weeks after pituitary surgery. Blood
samples were drawn after an overnight fast and
discontinued medication on the evening before. IGF-I
was determined by RIA after the removal of carrier
proteins by Sep-Pakw chromatography according to the
supplier’s instructions (Waters Associates, Milford, MA,
USA). Acid labile subunit (ALS) was measured by an
ELISA for active total ALS, an enzymatically amplified
‘two-step’ sandwich-type immunoassay (Diagnostic
Systems Laboratories, Webster, TX, USA). GH was
determined by an immunoradiometric assay (hGH-
RIACT; CIS Bio International, Oris Industries, Gif-Sur-
Yvette, France) based on a sandwich technique using
two monoclonal antibodies prepared against sterically
remote antigenic sites on the hGH molecule. Fasting
blood glucose (FBG) was measured on a Roche-Hitachi
Modular Clinical Chemistry analyzer using commercial
tests from Roche Diagnostics. Insulin was determined by
a solid-phase RIA (CIS Bio international, Oris Indus-
tries); normal overnight fasting range provided by the
manufacturer is 30–138 pmol/l. The homeostasis
assessment model (HOMA) was used to estimate insulin
resistance (24). A HOMA score R4 has been proposed
as cut-off value for insulin resistance (25). Catechol-
amines in acidified urine were determined using a high
performance liquid chromatograph (Detector 16.40,
BioRad Laboratories).
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Statistical analysis

Data are presented as mean valuesGS.D. Mann–
Whitney’s U-test was performed to compare data
between two groups (with versus without SAS),
Fisher’s exact test was used to analyze categorical
variables. Values before and after surgery within the
two groups were examined using the Wilcoxon signed
rank test. Correlation coefficients between apnoeas/
hypopnoeas, IGF-I and duration of disease were
assessed with the Spearman’s correlation formula. All
statistical analyses were performed with WinSTAT for
Excel software. P values !0.05 were considered
statistically significant.
Results

Baseline characteristics and comparison
between patients with and without SAS

Six (46%) of the thirteen patients had SAS with R10
points on the ESS and an AHI of R5. Baseline
characteristics of all 13 patients, with SAS (nZ6), and
without SAS (nZ7) are shown in Table 1. There were
significantly more men in the group with SAS and more
women in the group without SAS respectively
(P!0.05). No differences between the two groups
were found for age, BMI, waist circumference, diastolic
and systolic blood pressure, insulin resistance, lipid
profile, and smoking status. Neck circumference
Table 1 Baseline characteristics and comparison between patients w

All patients nZ13 Wit

Males:females (%males) 6:7 (46.1)
Age (years) 47.9G16.2 5
BMI (kg/m2) 27.9G3.4 2
Smokers:non-smokers 6:7
Waist circumference (cm) 94.9G7.2 9
Neck circumference (cm) 40.2G3.2 4
Neck-to-height ratio 0.24G0.02 0
Duration of disease (years) 7.2G4.4 1
GH (mg/l) 22.3G18.0 1
IGF-I (mg/l) 748.1G345.4 74
ALS (mg/l) 34.8G8.3 3
Apnoea/hypopnoea-index 22.3G22.6 4
Number of central apnoeas 7.7G8.0 1
Number of obstructive apnoeas 14.6G18.2 2
Epworth sleepiness scale 7.0G4.5 1
Systolic blood pressure (mmHg) 139.5G23.7 15
Diastolic blood pressure (mmHg) 84.8G13.1 9
FBG (mmol/l)b 5.7G0.9
Insulin (pmol/l)b 207.6G124.5 16
HOMAb 7.3G4.4
Cholesterol (mmol/l) 4.9G0.9
Triglycerides (mmol/l) 1.08G0.34 0
High-density lipoprotein (mmol/l) 1.52G0.26 1

aComparison between group with SAS and group without SAS using Mann–Wh
bOne patient with insulin dependent diabetes mellitus was excluded (with OSAS
(42.3G2.7 vs 38.4G2.5 cm, meanGS.D.) but not
NHR (0.24G0.02 vs 0.23G0.01) was significantly
higher in the patient group with SAS, and NHR did not
correlate with the number of obstructive apnoeas/
hypopnoeas. Duration of disease (10.2G3.2 vs 4.6G
3.6 years) was significantly longer in the SAS group. In
eight patients with a history of acromegaly R6 years,
six patients (75%) had SAS; in other terms, all patients
with SAS had a history of R6 years compared with two
of seven (28.5%) patients without SAS. There was a
significant correlation between duration of disease and
AHI (rZ0.77, P!0.001).
GH excess After pituitary surgery, GH, IGF-I (Fig. 1a),
and ALS (Fig. 1b) were significantly lower in both
groups (P!0.05). In patients with SAS, GH decreased
from 16.8G16.3 to 2.0G1.8 mg/l, IGF-I from 747.7G
356.7 to 245.5G41.9 mg/l and ALS from 33.0G11.6
to 20.9G8.0 mg/l. In patients without SAS, GH
declined from 27.0G19.3 to 5.7G5.3 mg/l, IGF-I
from 748.4G364.1 to 410.0G279.7 mg/l, and ALS
from 36.4G4.4 to 20.1G9.5 mg/l respectively.
However, only five patients (38.5%), three with SAS
and two without SAS, were cured by pituitary surgery
as defined by biochemical criteria, i.e. serum IGF-I
concentrations within the reference interval and GH
suppressed to !1 mg/l during oral glucose tolerance
testing (14).
ith and without sleep apnoea syndrome (SAS).

h SAS nZ6 Without SAS nZ7
Significance with vs
without SAS P valuea

5:1 (83.3) 1:6 (14.3) !0.05
0.2G14.4 45.8G18.5 ns
9.3G3.1 26.6G3.4 ns

2:4 4:3 ns
8.2G6.3 92.1G7.2 ns
2.3G2.7 38.4G2.5 !0.05
.24G0.02 0.23G0.01 ns
0.2G3.2 4.5G3.6 !0.05
6.8G16.3 27.0G19.4 ns
7.7G356.7 748.4G364.1 ns
3.0G11.6 36.4G4.4 ns
1.0G20.5 6.3G4.9 !0.01
2.7G8.5 3.4G4.6 !0.05
8.3G19.3 2.9G2.4 !0.05
2.7G3.2 6.3G4.2 !0.05
0.8G18.5 129.7G24.4 ns
0.3G12.3 80.1G12.8 ns
5.5G0.9 5.9G1.0 ns
0.2G72.3 207.6G124.5 ns
5.7G3.0 8.5G5.0 ns
4.5G0.7 5.3G1.0 ns
.90G0.18 1.24G0.38 ns
.47G0.13 1.57G0.34 ns

itney U-Test.
). Values are expressed in meanGS.D.
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Figure 1 (a) IGF-I before and after surgery. :., without SAS; X___, with SAS (patients 1–6). (b) ALS before and after surgery. :.,
without SAS; X___, with SAS (patients 1–6).
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Patients with sleep apnoea syndrome

Preoperative Among the six patients with SAS, five
(83%) had a predominantly obstructive and one (17%)
patient had a predominantly central pattern (Table 2).
AHI correlated with the duration of disease (rZ0.77,
P!0.05). The number of central apnoeas correlated
with the IGF-I levels (rZ0.77, P!0.05).

Postoperative After transsphenoidal surgery, SAS
resolved in all six patients, irrespective of whether
acromegaly was cured or not. All six patients showed
normal IGF-I levels, but GH nadir after oral glucose
tolerance testing remained non-suppressible (i.e. O
1 mg/l) in the three non-cured patients. AHI (41.0G
20.5 vs 11.3G13.3), number of central (12.7G8.5 vs
3.0G2.4) and obstructive (28.3G19.3 vs 8.3G13.6)
apnoeas/hypopnoeas, and ESS score (12.7G3.2 vs 8.2G
3.1) decreased significantly in mean values as well in each
patient (Table 2, P!0.05 for all comparisons). Further-
more, heart rate (64.7G11.0 vs 57.5G9.1 bpm) and
systolic blood pressure (150.8G18.5 vs 130.8G
17.5 mmHg) dropped significantly (Table 3). However,
no change of catecholamines in the 24-h-urine was found
(adrenaline 2.97G0.94 vs 3.29G3.33 nmol/mmol crea-
tinine, noradrenaline 26.0G8.2 vs 19.3G12.1 nmol/
mmol creatinine, dopamine 177.0G72.6 vs 148.3G
65.9 nmol/mmol creatinine). FBG decreased significantly
and HOMA improved in all but one patient leaving no
patient with insulin resistance postoperatively. BMI and
neck circumference did not change after surgery.
www.eje-online.org
Cardiovascular risk factors

Preoperative Cardiovascular risk factors were assessed
in all patients. One patient had known diabetes mellitus
requiring insulin treatment. Of the remaining 12
patients, 10 (76.9%) had a HOMA score R4 and
there was a significant correlation between the HOMA
score and IGF-I levels (rZ0.57, P!0.05). Seven
(53.8%) patients had hypertension (O140/90 mmHg)
comprising 5 (71.4%) with SAS; in other terms, 5/6

(83.3%) patients with SAS had hypertension.

Postoperative FBG and HOMA were significantly lower
postinterventionally taking all patients into account,
with only three patients without SAS remaining insulin
resistant, apart from the patient with diabetes mellitus.

Improvement in insulin resistance and FBG was not
different between the patient group with and without
SAS (PZ0.5 for HOMA andPZ0.8 for FBG). There was a
trend toward lower systolic and diastolic blood pressure
in all patients, although the drop of systolic blood
pressure was most remarkable and significant in patients
with SAS. Two patients with SAS and none of the
patients without SAS showed values R140/90 mmHg
after surgery. Moreover, heart rate decreased signi-
ficantly in all patients. No significant changes concern-
ing BMI, waist circumference, and lipid profile were
found. Finally, there was a significant postoperative
increase in serum creatinine levels (78.2G8.0 vs 83.8G
11.2 mmol/l, P!0.05; Table 3).
Downloaded from Bioscientifica.com at 08/23/2022 06:31:45AM
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Table 2 Pre- and postoperative polygraphic findings and growth hormone (GH)/insulin-like growth factor-I (IGF-I)/acid labile subunit (ALS)-levels in patients with sleep apnoea syndrome
(SAS).

AHI Central apnoea Obstructive apnoea ESS GH random (mg/l)

GH nadir,
oGTT
(mg/l) IGF-I (mg/l) ALS (mg/l)

Case Pre Post Pre Post Pre Post Pre Post Pre Post Post Pre Post Pre Post

1 20 5 8 2 12 3 18 7 17.9 1.03 0.6 652 198 34.2 21.2
2 45 8 28 4 17 4 11 7 20.5 0.45 0.3 876 309 36.3 17.4
3 23 3 11 3 12 0 12 9 4.6 4.9 NAa 831 218 45.5 33.0
4 66 10 16 7 50 3 10 5 42.6 0.3 !0.2 1338 273 42.7 14.8
5 28 4 4 0 24 4 15 14 4.9 2.1 2.0 447 258 24.2 17.6
6 64 38 9 2 55 36 10 7 6.2 3.5 1.6 342 217 14.9 14.8
Mean*GS.D. 41.0G20.5 11.3G13.3 12.7G8.5 3.0G2.4 28.3G19.3 8.3G13.6 12.7G3.2 8.2G3.1 16.8G1.8 2.0G1.8 1.1G0.8 747.7G356.7 245.5G41.9 33.0G11.6 19.8G6.9

*P!0.05 pre- vs postoperative for all parameters using Wilcoxon signed rank test.
aNot available in the patient with diabetes mellitus.

Table 3 Pre- and postoperative results in patients with and without sleep apnoea syndrome (SAS).

All patients, nZ13 With SAS, nZ6 Without SAS, nZ7

Pre Post Signif. Pre Post Signif. Pre Post Signif.

Systolic blood pressure (mmHg) 139.5G23.7 133.0G17.5 ns 150.8G18.5 130.8G17.5 !0.05 129.7G24.4 117.3G18.6 ns
Diastolic blood pressure (mmHg) 84.4G13.1 78.6G8.0 ns 90.3G12.3 77.7G7.8 ns 80.1G12.8 69.2G8.8 ns
Heart rate (beats/min) 71.2G11.9 60.7G8.6 !0.01 64.7G11.0 57.5G9.1 !0.05 76.7G10.0 65.5G5.8 ns
FBG (mmol/l)a 5.7G0.9 5.1G1.2 !0.01 5.5G0.9 4.8G0.4 !0.05 5.9G1.0 4.3G1.2 !0.05
Insulin (pmol/l)a 207.6G124.5 126.7G44.0 !0.05 160.2G72.3 103.0G18.8 ns 207.6G124.5 126.7G44.0 !0.01
HOMAa 7.3G4.4 3.5G1.0 !0.01 5.7G3.0 3.0G0.6 ns 8.5G5.0 3.9G1.1 !0.05

aOne patient with SAS and diabetes mellitus requiring insulin treatment was excluded (all patientsZ12, patient with SAS nZ5).
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Discussion

In our prospective study of 13 patients with acromegaly,
the prevalence of SAS was 46% (6/13), with one patient
showing predominantly central apnoea. These pro-
portions lie within the earlier reported ranges of 27–
60% for SAS in general, and thereof a CSAS fraction of
0–66% (5–11). As in previous studies, predictive criteria
in our patients were male gender (5, 7, 11), long
duration of disease before diagnosis (i.e. R6 years), and
large neck circumference (26, 27). The preponderance
of men with SAS resembles the trend in non-
acromegalic patients. Interestingly, all but one patient
with SAS had a neck circumference of R41 cm, a
threshold described by Rosenow et al. (27). However, in
our study, the NHR which Dancey et al. (28) have found
to be a significant predictor of OSAS in non-acromegalic
patients was not significantly associated with obstruc-
tive apnoeas/hypopnoeas. In accordance with the
previous findings (5, 8, 27), our data showed no
difference in BMI between the two patient groups. We
found no correlation between IGF-I levels and the
presence of SAS, in line with the report of Grunstein et
al. As pathophysiologic changes causing SAS are
diverse, a simple correlation between disease activity
and SAS cannot be expected (5). Our data show that
duration of disease is a much more important predictive
factor of SAS than biochemical activity of acromegaly.
Since most acromegalic patients die from cardiovascular
disease, it is crucial to identify and treat patients at risk
for SAS, which further potentiates the risk for
hypertension and insulin resistance.

OSAS is promoted by anatomical changes induced by
GH excess. It leads to tissue hypertrophy and swelling
with consecutive collapse and narrowing of the
pharynx, macroglossia (29, 30), and prognathia (31).
On the other hand, GH and/or IGF-I excess, in the
context of an increased respiratory responsiveness to
hypercapnia, appears to contribute to the pathogenesis
of central apnoeas (5, 6, 32). This assumption was
supported by the findings that the degree of GH
hypersecretion was related to the central pattern of
apnoea. Our data are in accordance with these findings.

Treatment of acromegaly with octreotide improves
obstructive SAS by reduction of soft tissue swelling and
central SAS by decreasing chemosensitivity to hypoxia
(5, 9, 10, 33), usually within the first months. It is not
clear if somatostatin analogues also have a direct effect
on central apnoea independent of the reduction of GH/
IGF-I (34, 35). In spite of the pharmacological
treatment modalities, transsphenoidal adenomectomy
remains a cornerstone treatment for GH-secreting
tumors if performed in experienced centers (18) and it
still is the first-line therapy of microadenomas (36).
Macroadenomas may often not be treated sufficiently
with surgery alone requiring further pharmacological
treatment and/or radiotherapy. Previous studies
reported postoperative remission in 75–91% of
www.eje-online.org
microadenomas and 48–71% of macroadenomas (13,
15, 37) with inconsistent definitions of disease control.
Advantages of surgery are a safe and immediate relief of
clinical symptoms and a reduction of mortality (15, 37),
elimination of long-term medical treatment and lower
costs (38). Nevertheless, the result of transsphenoidal
surgery depends on neurosurgeon’s skills, tumor size,
and preoperative GH levels (13, 15, 37). Primary
pharmacological therapy may be preferred in patients
with restrictive co-morbidities or unwilling to surgery.

Recent studies have assessed the effect of pituitary
surgery on cardiovascular risk factors showing marked
improvement (38, 39), whereas only few studies or case
reports have examined the effect of adenomectomy on
SAS (11, 30, 41–44). These smaller or retrospective
studies showed an improvement of SAS after pituitary
surgery. However, results have been inconsistent due to
limited patient number, different definitions of SAS and
cure of acromegaly, and other methodological discre-
pancies. Some authors found cure or amelioration of
SAS after surgery (40–43), while other authors
reported persistence of SAS (11, 29, 31). In a retro-
spective study of 54 acromegalic patients, Rosenow et al.
(27) found that adenomectomy had been performed less
commonly in the group with SAS (52.4%) compared
with the group without SAS (93.9%).

We have therefore completed this prospective study,
which assessed the effect of transsphenoidal adeno-
mectomy on SAS in a patient group with complete
nocturnal polygraphy and biochemical testing. Twelve
weeks after transsphenoidal adenomectomy, baseline
GH and IGF levels decreased in all patients, although
only five patients were cured by strict biochemical
criteria. However, SAS resolved in all six patients,
irrespective of cured acromegaly including the three
patients with non-suppressible GH but normal IGF-I.
Our data show that a marked decrease of GH excess and
particularly normalization of IGF-I levels by surgery
within the same patient led to significant improvement
of AHI and cure of SAS within a few months. It remains
to be seen whether SAS could reappear in patients with
non-suppressible GH and normal IGF-I if GH excess and
IGF-I levels re-increase on long-term follow up.

Our results suggest a beneficial effect of pituitary
surgery on upper airway soft tissue swelling and central
apnoea. It is noteworthy that development of acromegaly
with concurrent onset of SAS takes several years, while
surgery may cure both conditions within only a few
weeks. As our postoperative assessment was performed
after 12 weeks, we could not document the exact course
of resolution of SAS. However, the patient’s partners and
nurses usually observed a strikingly fast amelioration of
the sleep disorder. Since treatment with somatostatin
does not necessarily cure SAS (6, 9), we speculate that
adenomectomy may be superior in this respect.

Patients with SAS (83.3%) were more likely hyperten-
sive than patients without SAS (28.6%) before surgery.
The prevalence of hypertension in patients with SAS and
Downloaded from Bioscientifica.com at 08/23/2022 06:31:45AM
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acromegaly was higher than the 50–60% found by other
authors (5, 11), probably due to our stricter definition of
hypertension with a lower threshold (i.e. R140/
90 mmHg), whereas the prevalence in patients without
SAS corresponded to the reported one-third (18). Post-
operatively, in patients with SAS, we found a significant
decrease in systolic blood pressure and heart rate as well
as a trend towards lower diastolic blood pressure. In the
group without SAS, all patients became normotensive
following successful surgery in accordance to other
reports (39, 40). Amelioration of hypertension after
pituitary surgery is likely to be linked to the control of GH
excess and concurrent improvement of SAS, since
somatostatin analogues have shown to have the same
effect (45, 46). The pathophysiology of hypertension in
acromegaly and in SAS is unclear. In SAS, an association
with increased sympathetic activity is well known and has
been proposed to play a causative role (47, 48). In our
patients, catecholamines in 24-h-urine differed neither
between the patient groups nor before and after surgery.

Insulin resistance and impaired glucose metabolism
are more prevalent in sleep-disordered breathing (49–51)
and associated with hypertension (52). Acromegaly is a
known risk factor for impaired glucose tolerance and
diabetes mellitus due to an increase in insulin resistance.
One of our patients had previous diabetes mellitus
requiring insulin treatment and all but two of the
remaining patients were insulin resistant before surgery,
estimated by the HOMA score. Postoperatively, HOMA
values decreased in all but one patient. An improvement
of insulin resistance after surgery has been already
observed for 30 years (40, 53, 54). This seems to be an
advantage over the treatment with somatostatin ana-
logues, which may counterbalance improvement of
insulin resistance by their inhibitory effect on insulin
secretion (55, 56). Since surgery lowered FBG and insulin
resistance irrespective of the presence or absence of SAS,
we speculate that reduction of GH excess rather than
cure of SAS caused amelioration of glucose metabolism.

A limitation of our study is the relatively small patient
number which may skew the results. However, we were
limited by the rare occurrence of patients with acrome-
galy (and SAS) even being a tertiary referral hospital. On
the other hand, the strength of our study is its prospective
design, assessment of complete overnight sleep studies
pre-and postoperatively, and use of currently established
definitions of SAS and disease control of acromegaly.

In conclusion, we found a high prevalence of SAS in
acromegaly patients, in particular, in men and those with
long duration of disease. Importantly, a marked reduction
of GH excess by transsphenoidal adenomectomy may cure
SAS and improve insulin resistance and hypertension.
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