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Patients with acromegaly are recognizable by the 
pathognomonic phenotype of somatic overgrowth 
and craniofacial disproportions. Excessive IGF-I 

levels cause a periosteal new bone formation resulting in 
characteristic nasal bone hypertrophy, mandibular over-
growth, maxillary widening, and frontal bossing. Crani-
ometric changes have been analyzed in the literature.3,5,7 
Recently our group reported on a reduced intercarotid 
artery distance (distance between left and right carotid 
arteries) in acromegaly.4

The vast majority of these patients harbors a pituitary 
adenoma and potentially may be cured through neurosur-
gical intervention. Typically a transsphenoidal approach 

is chosen. However, certain growth patterns with exten-
sive intradural tumor extension necessitate transcranial 
surgery.6 The aim of the present study was to evaluate 
and analyze morphometric and volumetric changes of 
the skull in areas relevant for neurosurgical practice in 
these patients, focusing on the surgical implications.

Methods
Study Population

Forty-five consecutive patients referred to our depart-
ment for primary surgery of a GH-secreting pituitary ad-
enoma were studied prospectively (Group A). All patients 
showed the characteristic clinical signs of acromegaly and 
the presence of a pituitary adenoma was neuroradiological-
ly confirmed. Endocrinologically, all patients had elevated 
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sex- and age-adjusted IGF-I levels and pathological GH 
secretion during an oral glucose tolerance test. A control 
group (Group B) consisted of 45 patients who were exam-
ined with CT scans (Sensation 16, Siemens AG) for a rea-
son other than a disease of the pituitary gland. The controls 
were age-matched with the patients. Computed tomogra-
phy scans were acquired preoperatively in all patients. A 
helical data set was available for 32 in each group. 

Data Analysis
Forty-five metric measurements on transversally ori-

ented, orbitomeatally inclined slides were performed with 
SIENET Sky-VA50B (Siemens AG). Volumetric analysis 
of 32 frontal and maxillary sinuses was performed using 
the BrainLAB Workstation (BrainLAB AG). The distanc-
es assessed on transversal bone window reconstructions 
at the Siemens workstation and volumetric assessments 
are reported in Table 1 and illustrated in Figs. 1 and 2.

The morphometric and volumetric CT data of the 
patients with acromegaly were compared with the data 
of the control group. Anamnestic data, preoperative hu-
man GH and IGF-I values, and secondary diagnoses were 
determined. The preoperative endocrinological data were 
assessed immediately preoperatively or prior to medical 
treatment in those patients who underwent short-term 
preoperative pretreatment. All patients underwent opera-
tions using the transsphenoidal route and histopathologi-
cal examination confirmed the diagnosis of human GH-
producing adenoma.

Statistical Methods
Statistical analysis was performed with JMP statis-

tical discovery software (version 7.0.2, SAS). The mean 
values of continuous variables in the 2 groups were com-
pared with the 2-sample t-test if the variances did not dif-
fer significantly (p < 0.05). We used the Welch test for sig-
nificantly different variances. Normally distributed data 
are summarized by their means and SDs. For variables 
that were not normally distributed we provide medians 
and ranges. We calculated the Pearson correlation coeffi- cients for the assessment of associations between continu-

ous variables. In the case of human GH, IGF-I, and dura-
tion of clinical history, the values were log-transformed to 
obtain bivariate normal distribution.

Results
Twenty-four patients with acromegaly were female 

and 21 were male. The control group consisted of 20 fe-
males and 25 males. The median age of the 45 patients 
with acromegaly was 49 years (range 9–80 years), and 52 
years (range 8–82 years) in the control group.

Cranial Vault
In the patients with acromegaly (Group A), the mean 

thickness of the frontal cranial vault was 1.12 ± 0.43 cm. 
In the control group (Group B), the mean thickness was 
0.67 ± 0.27 cm (Fig. 3). The difference between groups 
was highly significant (p < 0.0001; Fig. 4). In patients with 
acromegaly, the mean thickness of the occipital cranial 
vault was 0.75 ± 0.28 cm, whereas in the control group the 

TABLE 1: Assessed craniometric and volumetric measurements*

Localization Distance

skull (rt & lt) diameter of frontal skull
diameter of occipital skull
outer diameter longitudinal
inner diameter longitudinal
outer diameter transversal
inner diameter transversal

maxillary sinus (rt & lt) longitudinal diameter
transversal diameter
volume (cm3)

sphenoidal sinus longitudinal diameter
transversal diameter

frontal sinus volume (cm3)

* All measurements in centimeters unless otherwise indicated.

Fig. 1. Axial CT scan illustrating the method used for measuring fron-
tal and occipital cranial vault thickness. Measurements were performed 
on the highest slice where the spur of the sphenoidal wing was still 
observed. First, a transversal line connecting the spurs and a vertical 
line at a right angle were drawn. Then a bisecting line was drawn from 
the intersection toward the frontal skull to determine the frontal vault 
thickness. For standardized measurement of the occipital vault thick-
ness, a transversal line was drawn orthogonally to the main vertical line 
where the latter reaches the occipital skull. Where the lateral part of the 
transversal line touches the bone, the vault thickness was measured at 
a right angle to a tangent on the outer surface.
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mean thickness was 0.55 ± 0.14 cm (p < 0.0001). While 
the outer anterior-posterior skull diameter of Group A 
(18.47 ± 0.94 cm) differed significantly (p = 0.0146) from 
Group B (17.98 ± 0.93 cm), no statistical difference could 
be demonstrated regarding the inner anterior-posterior 
diameter of the skull (15.80 ± 0.82 cm [Group A] vs 15.97 
± 0.95 cm [Group B]; p = 0.3759).

There was a statistically significant difference (p = 
0.0411) between the outer lateral-lateral (right side to left 
side) diameter in patients with acromegaly (14.49 ± 0.66 

cm) compared with controls (14.20 ± 0.66 cm). However, 
this difference was not as great as the difference in the 
outer anterior-posterior skull diameter. There was no dif-
ference (p = 0.6057) in the inner lateral-lateral diameter 
between Group A (13.52 ± 0.83 cm) and Group B (13.43 
± 0.66 cm).

A correlation of the vault thickness with preopera-
tive GH, IGF-I levels, and duration of clinical history in 
acromegaly could be established neither at the frontal 
bone (r = 0.039, p = 0.8021; r = 0.1362, p = 0.3780; and 
r = -0.047, p = 0.7934, respectively) nor at the occipital 
bone (r = 0.2806, p = 0.0650; r = 0.2413, p = 0.1145; and 
r = 0.019, p = 0.9133, respectively). The anterior-posterior 
length of the skull in patients with acromegaly correlated 
significantly with preoperative human GH (r = 0.3277, p 
= 0.0299) and IGF-I serum levels (r = 0.3756, p = 0.0120) 
as well as with duration of clinical history (r = 0.2939, p = 
0.500). A correlation of these parameters with the lateral-
lateral diameter could not be established (human GH r = 
-0.1590, p = 0.3082; IGF-I r = -0.1361, p = 0.3839; and 
duration of clinical history r = -0.1705, p = 0.2683).

Sinus Diameter
The sinuses showed a marked difference in longitu-

dinal expansion. Measurements of the anterior-posterior 
diameter of the sphenoidal sinus differed significantly (p 
= 0.0074) between patients with acromegaly (3.31 ± 0.62 
cm) and controls (2.92 ± 0.71 cm). Human GH (r = 0.240, 
p = 0.1251) and IGF-I (r = 0.093, p = 0.5569) at presenta-
tion were not correlated with the anterior-posterior sinus 
diameter. Similarly, the anterior-posterior diameter of the 

Fig. 2. Three-dimensional image showing volume rendering of fron-
tal (red) and maxillary (green) sinuses detailed on the BrainLAB work-
station. Figure at lower left shows orientation of the 3D reconstruction.

Fig. 3. Scatterplot showing the difference in frontal vault thickness 
between patients with acromegaly (Group A) and controls (Group B). 
Dashed horizontal lines in graph represent standard deviation, solid line 
represents the mean value.

Fig. 4. Axial bone window CT scans show markedly increased fron-
tal bone thickness in a patient with acromegaly (upper) in contrast to 
the frontal bone of a patient from the control group (lower).

Unauthenticated | Downloaded 05/23/23 11:01 PM UTC



F. H. Ebner et al.

4                                                                                                                      Neurosurg Focus / Volume 29 / October 2010

maxillary sinus was significantly longer (p = 0.0042) in 
the acromegaly group (4.22 ± 0.30 cm) than in the control 
group (4.06 ± 0.24 cm). Preoperative human GH values (r 
= 0.115, p = 0.4590) and duration of clinical history (r = 
0.212, p = 0.1624) did not correlate with maxillary sinus 
length.

The width of the evaluated sinuses did not differ sig-
nificantly between patients with acromegaly and controls. 
The lateral-lateral diameter of the sphenoidal sinus was 
3.53 ± 1.03 cm in Group A and 3.30 ± 0.63 cm in Group B 
(p = 0.2199). The lateral-lateral diameter of the maxillary 
sinus was 2.33 ± 0.27 cm in Group A and 2.40 ± 0.24 cm 
in Group B (p = 0.1766).

Sinus Volumetry
Volumetric analysis of the maxillary sinus resulted in 

a measurement of 19.47 ± 7.02 cm3 in the patients with ac-
romegaly. The maxillary sinus was only slightly smaller 
in the control group with a volume of 17.64 ± 4.19 cm3 (p 
= 0.2117). Furthermore, duration of clinical history (r = 
-0.131, p = 0.5134) and preoperative hormone levels (hu-
man GH r = 0.058, p = 0.7521; IGF-I r = 0.127, p = 0.4897) 
were not correlated with the maxillary sinus volume. How-
ever, a positive correlation between maxillary sinus volume 
and the variables tumor diameter (r = 0.374, p = 0.0348) 
and patient age (r = -0.474, p = 0.0061) was noted.

Volumetric analysis of the frontal sinus resulted in a 
statistically significant difference (p = 0.0382) between pa-
tients with acromegaly (14.89 ± 10.85 cm3; Fig. 5) and con-
trols (10.06 ± 6.93 cm3). Within the group of patients with 
acromegaly, no statistically significant association of fron-
tal sinus volume with duration of clinical history (r = 0.028, 
p = 0.8899) and tumor diameter (r = 0.266, p = 0.1418) was 
detected. A slight correlation was found between preopera-
tive hormone levels and size of the frontal sinus (GH r = 
0.289, p = 0.1089; IGF-I r = 0.342, p = 0.0554). However, 
this correlation did not reach statistical significance.

Discussion
Patients with acromegaly are characterized by a 

pathognomonic phenotype. The excess of human GH and 
IGF-I has ubiquitous effects on all tissues throughout the 
body. This excess results in the clinical features of acral 
enlargement, colon polyps, cardiovascular problems, sleep 
apnea, visceromegaly, and endocrine and metabolic altera-
tions. In more than 95% of patients, acromegaly is derived 
from a pituitary adenoma.10

The shape and size of the head changes during the 
lifetime of not only patients with acromegaly, but also 
in healthy patients.3 Using lateral radiographs, Macho9 
showed in his study of 353 patients that the viscerocra-
nium increases up to the 4th decade of life and there-
after decreases, while the height of the neurocranium 
progressively decreases during an adult life. However, 
the effects of acromegaly on the patient’s head are much 
more striking. The viscerocranium is affected in terms of 
prognathism, malocclusion, maxillary widening, widened 
tooth gap, and nasal bone hypertrophy. At the neurocra-
nium, the phenomenon of frontal bossing is well known 
because it gives a characteristic appearance to affected 

patients. Further, mucosal changes both in the nose and 
the paranasal sinuses in terms of mucosal hypertrophy 
and polyposis are reported occurrences in acromegaly.14 
It is logical to assume that these morphological altera-
tions have repercussions in microsurgical therapy. The 
transsphenoidal route is direct and safe for the majority 
of pituitary adenomas and thus represents the standard 
approach for pituitary surgery. In acromegaly, however, 
two issues related to the pathological anatomical altera-
tions have to be taken into consideration when consider-
ing pituitary surgery.

First, the reduced intercarotid artery distance in 
the C5 and C4 segment narrows the habitual working 
space,4,12 increasing the risk of a potentially life-threat-
ening vascular complication. Therefore, we have recom-
mended bone window CT scan of the cranial base dur-
ing preoperative diagnostics in patients with acromegaly 
scheduled for transsphenoidal surgery.4 In difficult cases, 
additional use of neuronavigation can be considered. 
Magnetic resonance imaging depicts the course of carotid 
arteries well. However, the chronic excess of human GH 
and IGF-I significantly distorts bone anatomy, which is 
better visualized by CT. Additionally, drilling of bone is 
often required for transsphenoidal exposure. Therefore, it 
is justified to add a CT scan to the preoperative workup. 
In acromegaly, it is important to know the position and 
proximity of the internal carotid arteries before surgery; 
even then, a very narrow intercarotid working space does 
not preclude the transsphenoidal intervention.4

Second, our data show that the anterior-posterior di-
ameter of the sphenoid sinus is extended in patients with 
acromegaly compared with the control group. This diam-
eter elongates the depth of the working corridor through 
the transsphenoidal route (Fig. 6). Saeki et al.13 studied 
morphological differences of the nasal cavity between 
patients with and without acromegaly and also found 
a narrower and deeper operating access in human GH-
secreting adenomas. Osseous changes and pathological 
cartilaginous overgrowth of viscerocranium and neuro-
cranium have implications for the selection of instru-
ments for surgery.11

One-stage complete transsphenoidal resection is 
achievable in most pituitary adenomas. In selected cases, 
however, adenomas are more amenable to a transcranial 
approach. The degree of vertical intracranial extension as 
well as an irregular and multilobular configuration are im-
portant predictors of incomplete transsphenoidal resection.6 
Pituitary adenoma removal is then performed through a 

Fig. 5. Axial bone window CT scan shows an impressively enlarged 
frontal sinus in a patient with acromegaly.
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pterional or frontolateral approach. In this context, the re-
ported increase of frontal sinus volume and thickness of the 
cranial vault are of surgical interest. The issue might be not 
to injure the enlarged frontal sinus to prevent a CSF fistula 
or secondary infection. In addition, increased effort dur-
ing craniotomy can be anticipated due to the almost double 
thickness of the frontal vault in patients with acromegaly 
compared with those patients without this condition.

Increase of cranial vault diameter and sinus volume 
also influences the required radiation dose. However, 
these changes are without clinical relevance in the era of 
modern radiation algorithms with correction of incom-
patibility based on individual CT examinations. An asso-
ciation of acromegaly and Chiari malformation has been 
reported in the literature.1,2,8 A hypothesis for this associ-
ation might be that the bony overgrowth reduces posterior 
fossa volume.2 At least supratentorially, we could not con-
firm this phenomenon: both the outer anterior-posterior 
and lateral-lateral skull diameters increased but not the 
corresponding inner diameters, thus the intracranial vol-
ume itself does not appear to diminish.

Conclusions
Significant craniometric changes and volumetric re-

modelling of the paranasal sinus occur in acromegaly. The 
bone alterations are of surgical importance for the trans-
sphenoidal approach. Detailed preoperative diagnostic ex-
amination and planning as well as selection of appropriate 
instruments are mandatory for safe and successful pituitary 
adenoma removal in patients with acromegaly.
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Fig. 6. Sagittal bone window CT scan showing voluminous sphe-
noidal sinus (arrow) in a patient with acromegaly. The increased an-
teroposterior diameter lengthens the transnasal working distance to the 
floor of the sella turcica. Note the increased thickness of the cranial 
vault and the prominent frontal sinus.
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