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Abstract: Background: According to neuroradiological findings, empty sella seems to be deprived
of pituitary tissue in sella turcica. Changing size of the pituitary volume is closely related to the oc-
currence of primary empty sella. The aim of the study is to determine pituitary dysfunction in pa-
tients with partial or total primary empty sella and the significance of pituitary volume measure-
ments in these patients.

Methods: This study was designed retrospectively. 67 patients (55 females, 12 males) diagnosed
with primary empty sella syndrome between the years of 2015-2019 were included in the study. Pa-
tients were divided into two groups: partial (PES) and total (TES) empty sella by magnetic reso-
nance imaging (MRI). Basal anterior pituitary and its hormones were assessed. We also included
26 healthy control subjects (19 females, 7 males) to compare the differences in pituitary volumes.
Volumes were measured by using Osirix Dicom Viewer (Pixmeo SARL, Geneve, Swiss) in 3.0
Tesla scanner MRI.

Results: 82.1% (n=55) of all patients were PES and the others were (n=12) TES. Hypopituitarism,
known as one or more pituitary hormones deficiency, was found in 12 patients (17.9%). While 9 of
them had total PES, the others had partial PES. Secondary adrenal insufficiency and gonadotropin
deficiency were more prevalent in patients with TES. Mean volume measurements of patients with
TES, PES and healthy subjects were 0.23±0.17, 0.35±0.15, 0.54±0.17 cm3, respectively. Except for
IGF1 values (p=0.026), there was not any significant correlation found between the anterior pitui-
tary hormones and volume measurements.

Conclusion: Although volume measurement has helped in the diagnosis of pituitary empty sella
(partial or total), it does not seem to have any significant correlation with pituitary secretory func-
tion.

Keywords: Partial empty sella, total empty sella, pituitary volume, hypopituitarism, magnetic resonance imaging, herniation.

1. INTRODUCTION
Primary empty sella is an anatomical condition character-

ized by herniation of the subarachnoid space into the sella
turcica. Primary empty sella syndrome is defined in patients
with unknown etiology or patients without a history of sellar
region treatment by surgical, radiotherapy or pharmacologi-
cal  therapies [1, 2]. Particularly, in the autopsy series, prim-
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ary empty sella is described as an incidental finding in ap-
proximately 5.5% to 12.5% of cases [3]. In clinical practice,
due to the increased usage of radiological imaging studies
via  magnetic  resonance  imaging  (MRI),  computerised  to-
mography (CT), the prevalance of primary empty sella has
increased and it  has been reported from 8% to 35% in the
general population [4, 5]. The peak incidence of empty sella
is shown between thirties and forties, with female preponder-
ance  [6].  Although  the  pathogenesis  of  empty  sella  is  not
known clearly, numerous etiopathogenetic mechanisms in-
cluding upper-sellar factors (intracranial hypertension, cere-
brospinal fluid (CSF) pulsatility, obesity), and pituitary fac-
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tors associated with variation of pituitary volume (lactation,
pregnancy, hypophysitis) have been suggested up to date [7,
8]. Empty sella is divided into two categories according to
the volume of CSF: partial empty sella (PES) and total emp-
ty sella (TES) [9]. The clinical scenario of empty sella is of-
ten quite complex. Primary empty sella has been reported to
be associated with endocrine dysfunction (mainly based on
oligomenorrhea  in  females  and  sexual  dysfunction  in
males). While some studies [10, 11] have reported that the
endocrine  disturbances  are  more  common,  some  [12,  13]
have shown that primary empty sella is an only asymptomat-
ic radiological finding.

In the diagnosis of primary empty sella, physiological as
well as individual variability in volume and morphology of
the pituitary gland and sellar cavity, particularly in infancy
and adolescence, has to be taken into account [14, 15]. Espe-
cially,  its  largest  size  appears  during  hormonally  active
conditions  (such  as  puberty  and  pregnancy)  [16].  On  the
other hand, decreased volumes following the expansion of
the pituitary gland in sella turcica can cause a space allow-
ing suprasellar chiasmatic cistern herniation [17]. Although
the  radiological  degree  of  empty  sella  is  stable  over  time,
due  to  progression  or  new-onset  of  pituitary  dysfunction,
even in the absence of clinical indications, biochemical eval-
uation should be done. Although many studies [18, 19] eval-
uating the prevalence and hormonal status in an incidental
finding of primary empty sella have been published, the ex-
act size of the pituitary in these patients or its effect on secre-
tory  function  remains  unclear.  In  this  study,  we  aimed  to
evaluate the pituitary dysfunction as well as provide the mea-
surements of the pituitary gland volumes in patients with pri-
mary empty sella. We also compared the measurements of
pituitary volumes of the patients with empty sella to those of
healthy control patients.

2. MATERIALS AND METHODS

2.1. Patients
67 patients (55 females, 12 males) diagnosed with empty

sella between the years 2015 and 2019 were included in our
study. All patients had primary empty sella confirmed by pi-
tuitary  MRI.  The  reasons  for  pituitary  imaging  were  hea-
dache (40%), neurological symptoms (30%), endocrine dis-
orders  (10%),  abnormalities  of  sella  turcica  radiography
(5%) and others (15%). Empty sella diagnosis and subdivi-
sions were done according to the common consensus of the
medical literature [1, 2]. We included patients with only pri-
mary  empty  sella  syndrome  and  separated  them  into  two
groups: (i)  partial empty sella (PES); (ii)  total empty sella
(TES).  Total  empty  sella  was  diagnosed  according  to  the
findings of MRI before and after the contrast enhancement
(more  than  50%  of  the  sella  filled  with  CSF  or  pituitary
gland thickness ≤2 mm) (9). PES was described as the pitui-
tary  thickness  ≥  3  and  below 50% of  the  sella  filled  with
CSF [9].  Clinical data were obtained from the medical re-
cords according to individual diagnostic criteria. Otherwise,
patients with empty sella due to causes such as the history of
the central nervous system/hypothalamic-pituitary diseases,

history  of  pituitary  surgery,  secondary  to  radiotherapy  or
medical treatments were excluded. As well as patients who
had functional pituitary diseases including growth hormone
(acromegaly), cortisol hypersecretion (Cushing disease) or
prolactin (prolactinoma) were also excluded to rule out the
possibility  of  secondary  empty  sella  syndrome.  The  study
was approved by the Local Ethical Committee of the Univer-
sity (Number: 96 on February 2020).

Endocrine functions of the pituitary were evaluated by
blood levels of free thyroxine (fT4, normal range 0.61-1.12
ng/dL),  thyroid  stimulating  hormone  (TSH,  normal  range
0.38-5.33  mIU/L),  follicle  stimulating  hormone  (FSH),
luteinising  hormone  (LH),  growth  hormone  (GH,  normal
range 0-10 ng/mL), age and gender-adjusted-Insuline. Like
Growth Factor-1 (IGF-1, normal range 45-900 ng/mL), estra-
diol  (for  women),  testosterone  (for  men,  normal  range
0.14-0.76 ng/mL), cortisol (6.7-22.6 mcg/dL), adrenocorti-
cotropic hormone (ACTH, normal range 10-50 pg/mL), and
prolactine (PRL, normal range 3.34-26.7 ng/mL).

The  control  group  (n=26,  F=19,  M=7)  consisting  of
healthy  subjects  was  recruited  based  on  the  normal  en-
docrine functions and pituitary imaging of MRI. The indica-
tions for imaging the pituitary via MRI in control subjects
were similar to the patients with primary empty sella syn-
drome. The empty sella group was selected similar to con-
trol patients in order to avoid difference in findings based on
age and gender.

2.2.  MRI  Techniques  and  Pituitary  Volume  Measure-
ments

All  magnetic  resonance  imaging  was  performed  at  the
Çukurova  University  Radiology  Department.  Comfortable
head positioning was provided. Dynamic pituitary MRI was
performed  by  using  3.0  Tesla  scanner  (Philips  Achieva,
Philips  Medical  Systems,  Best,  The  Netherlands).  The
whole brain was scanned with a 3-D fast field echo (FFE)
T1-weighted dataset. T1-weighted images were obtained in
the coronal plane with 1.5 mm contiguous sections. TR was
25 ms, TE was 4.6 ms, and the flip angle was 30°,  with a
256× 256 mm matrix  used.  Anatomic  measurements  were
obtained  on  an  independent  workstation.  Pituitary  volume
(ICV) was measured by a single rater blind to the subject's
identity.  Boundary  definition  and  tracing  of  the  pituitary
were  done  using  standard  neuroanatomical  measurements
with  methods  and  definitions  adapted  from  neuroimaging
studies on the pituitary. The superior border of the structure
was described as the optic chiasm and infundibular recess of
the  third  ventricle,  while  the  inferior  border  was  the
sphenoid sinus. The volume of the pituitary (in cm3) was cal-
culated by adding the volumes for  all  relevant  slices (Fig.
1A-1B)

2.3. Statistical Analysis
Categorical variables have been shown as numbers and

percentages,  but  the  other  continuous  variables  have  been
presented as  mean and standard deviation.  Chi-square  test
was   used  to  compare   categorical  variables  between  the
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Fig. (1A-B). (left-right side): Sella area is delineated with using dashed line. Sagittal post-contrast magnetic resonance images (MRI) show
partially empty sella.

groups.  The  normality  of  distinction  for  continuous  vari-
ables was demonstrated using the Shapiro Wilk test. The Stu-
dent's t-test or Mann-Whitney U test were used for continu-
ous variables. Pearson Correlation Coefficient or Spearman
Rank Correlation Coefficient were used for evaluating the
correlations between measurements. All analyses were car-
ried out by using IBM SPSS Statistics Version 20.0 statisti-
cal software package. The statistical level of significance for
all tests was considered to be 0.05.

SPSS referansı: IBM Corp. Released 2011. IBM SPSS
Statistics  for  Windows,  Version  20.0.  Armonk,  NY:  IBM
Corp.

3. RESULTS
55  of  67  (82.1%)  patients  were  diagnosed  as  PES,

whereas  12  of  67  (17.9%)  were  diagnosed  as  TES.  The
mean age of all female and male patients with primary (total
or  partial)  empty  sella  was  45.3±15.9,  46.6±14.7,  and
39.08±20.1, respectively (p=0.136). When we evaluated the
female patients’ menstrual history from the patients’ files,
all female patients were found to be post-menopausal. Male
patients diagnosed with primary empty sella had erectile dys-
function or sexual impotence. There was not any significant
correlation observed between the demographical parameters
(age, gender) and the diagnosis of partial or total empty sel-
la.

Baseline  demographic  characteristics  and  biochemical
parameters  of  the  patients  with  PES  are  summarized  in
Table  1.

Hypopituitarism, which is known as one or more pitui-
tary  hormones  deficiency,  has  been  found  in  12  patients
(17.9%). While 9 of the patients with hypopituitarism had
TES, the other patients with hypopituitarism had PES.

More specifically, isolated gonadotropin deficiency was
found in 6 patients (3 males, 3 females, 8.9%). Isolated se-
condary adrenal insufficiency was found in 4 (5.9%) and iso-
lated GH deficiency was found in 2 patients (2.9%).

Based  on  the  hormonal  evaluation,  plasma  FSH,  LH,
ACTH, cortisol and fT4 levels were significantly decreased

in patients with TES than PES (p<0.05). Secondary adrenal
insufficiency and gonadotropin deficiency were more preva-
lent in patients with TES (Table 1).

Mean volume levels  of  all  patients  (n=67)  with  empty
sella syndrome were 0.33±0.16 cm3 (range 0.03-0.75 cm3).
Mean volume levels  of  TES patients’  pituitary (0.23±0.17
vs. 0.35±0.15 cm3, p=0.02) were more decreased than the pa-
tients with PES (Table 2 and Figs. 2A-B, 3). We did not ob-
serve any significant correlation between the volume mea-
surements  and  gender  differences  in  patients  with  PES  or
TES (Table 2, p>0.05). A negative correlation was observed
between volume and age of all patients with empty sella (r=
-0.552, p=0.008). In terms of hormone parameters and vol-
ume measurements, only basal IGF1 values were correlated
with the pituitary volumes (p=0.026) (Fig. 3).

The mean age of the control group was 40.2±12.7 (fe-
males  43.1±9.6,  males  36.6±13.2).  Parameters  of  age  and
gender  were  similar  between  patient  and  control  groups
(p>0.05). When we compared the volume levels of TES and
PES (0.23±0.17  vs.  0.35±0.15) and control  patients’  pitui-
tary (0.54±0.17), there was a significant difference in terms
of  pituitary  volumes  (p=0.00).  Detailed  results  of  patients
and control subjects are shown in Table 2.

4. DISCUSSION
In  this  study,  82.1% of  the  patients  were  PES and  the

others (17.9%) were diagnosed as TES. As mentioned in re-
sults  section,  secondary  adrenal  insufficiency  and  gona-
dotropin  deficiency  were  more  prevalent  in  patients  with
TES. Although hypopituitarism was seen only in the minori-
ty of patients with PES and TES, volume measurements of
them (0.23±0.17 vs. 0.35±0.15 cm3) were found to be severe-
ly  decreased  than  healthy  control  subjects  (0.54±0.17,
p=0.00). In our study, we emphasized that empty sella is an
incidental  finding  in  neuroradiological  imaging  with  de-
creased pituitary volume. And we also determined that the
pituitary volume has no significant effect on the deficiency
of hormonal status.
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Table 1. Demographical, biochemical parameters and volume measurements of the patients with partial or total empty sella.

- PES(n=55) TES(n=12) p
Female 46 (83.6%) 9 (75%) 0.43
Male 9 (16.4%) 3 (25%) 0.43

Age (year) 44.87±16.32 47.33±14.45 0.63
Pituitary Volume (cm3) 0.35±0.15 0.23±0.17 0.00

FSH (mIU/mL)
(1.27-19.26) 26.8±31.9 2.7±2.05 0.016

LH (mIU/mL)
(1.24-8.62) 13.8±14.7 2.6±2.9 0.011

TSH (mIU/L)
(0.38-5.33) 1.8±1.4 1.2±0.9 0.11

fT4 (ng/dL)
(0.61-1.12) 0.77±0.18 0.89±0.22 0.041

GH (ng/mL)
(0-1) 0.58±1.15 0.30±0.43 0.25

IGF1(ng/mL)*

(94-252) 154.5±92.8 102.7±76.5 0.12

ACTH (pg/mL)
(10-50) 23.08±8.7 15.8±5.9 0.022

Cortisol (mcg/dL)
(6.7-22.6) 10.03±4.3 6.3±4.1 0.013

Prolactine
(ng/mL)

(2.64-13.13)
17.2±33.5 19.2±23.7 0.23

Total Testosterone**

(ng/mL)
(2.41-8.27)

3.5±2.6 1.9±0.2 0.32

Abbreviations: PES: Partial Empty Sella, TES: Total Empty Sella, FSH: Follicle Stimulating Hormone, LH: Luteinizing Hormone, TSH: Thyroid Stimulating Hormone, ACTH:
Adrenocorticotroph hormone, IGF1: Insuline Growth factor 1.
IGF1*: Matched for age and gender, Total Testosterone**: in male subjects.

Table 2. Comparement of the volume measurements in patients with empty sella or control subjects.

- Volume of PES
(n=55)

Volume of TES
(n=12) p* Volume of healthy controls

(n=26) p**

Female 0.33±0.16 0.21±0.17 0.00 0.56±0.17 0.00
Male 0.35±0.16 0.24±0.16 0.022 0.48±0.19 0.00

Total 0.35±0.15 0.23±0.17 0.001 0.54±0.17 0.002
PES: Partial Empty Sella, TES: Total Empty Sella.
p*: p value shows comparement between the volumes of partial and total empty sella.
p**: p value shows comparement between the volumes of empty sella and healthy control subjects.

Fig. (2A-B). (left side): Sagittal post-contrast image shows enlarged sella with marked of the pituitary gland of the stalk. (right side): Sagittal
post-contrast magnetic resonance image (MRI) shows partially empty sella.
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Fig.  (3).  Volume  measurements  of  partial  and  total  empty  sella
(PES,TES).

In daily practice, the widespread usage of neuro-imaging
techniques, particularly MRI, has increased the frequency of
incidental diagnosis of empty sella [20]. Although the patho-
genesis of empty sella is quite complicated in many patients,
incompetence of sellar diaphragm is commonly considered
in the formation of empty sella [21]. The role of intracranial
hypertension has been proposed by many authors and elevat-
ed CSF pressure is found in up to 84% of patients [22]. Re-
lated  to  intracranial  hypertension,  10%  of  these  patients
were referred to hospital with headache and visual-field de-
fects [23]. Data from autopsy series and neuroradiological
studies  reported  that  primary  empty  sella  accounted  for
about 5.5% to 35% of those subjects,  and it  was observed
four times frequently in women [24, 25]. The peak incidence
of PES occurred between the third and fourth decades [26].
In  the  current  study,  the  mean  age  of  the  patients  was
45.3±15.9 with the preponderance of females. There was no
significant correlation observed in terms of age between fe-
male  and  male  patients  with  PES  (46.6±14.7  vs.
39.08±20.1). The most common clinical complaint of our pa-
tients was headache (40%). When the demographical param-
eters  (age,  gender,  etc.)  were  compared  between  patients
with partial  and total  empty sella,  both groups had female
preponderance  (83.6%  vs.  75%;  respectively)  and  similar
age (44.87±16.32 vs. 47.33±14.45; respectively, p=0.63).

The endocrinological picture is quite complicated in pa-
tients with empty sella and it is not always possible to differ-
entiate  clinicial  findings  or  hormonal  parameters  that  are
consequences of partial or total empty sella [27, 28]. Differ-
ent degrees of hypopituitarism ranging from 8 to 60% have
been  reported.  Pituitary  insufficiency  can  be  diagnosed  in
various degrees ranging from total hypopituitarism to isolat-

ed hormonal deficiency, with increased or normal prolactin
values [29]. In the case control study, including 85 patients
(59 PES, 26 TES), reported by Lupi et al. [30], pituitary in-
sufficiency  was  diagnosed  in  49%  of  patients.  They  also
showed the results of PES and TES to be similar, except for
the preponderance of secondary hypothyroidism in the TES
group; however, this was not significant. Zuhur et al. [31] re-
ported 81 (47 partial, 34 total) patients’ results with empty
sella and documented the gonadotropin deficiency in 29.6%
and GH deficiency in 29.6%. They also found a significant
difference  in  pituitary  function  in  patients  with  PES com-
pared to those with TES. In contrast to previous results, hy-
popituitarism was not common (n=12,17.9%) in our study
(n=67).  Isolated  gonadotropin  insufficiency  (8.9%)  was
more common than the other hormone deficiencies. Accord-
ing to hormonal evaluation, measurements of ACTH, corti-
sol, LH, and FSH levels were found to be significantly de-
creased in patients with TES compared to PES. Hence, we
argued that hormonal alterations were not sharply demarcat-
ed; moreover, it could be a variable related to individual dif-
ferences.

Pituitary  gland  is  a  dynamic  organ  that  changes  in  re-
sponse to different factors such as age, gender, etc. [32]. Al-
though previous studies have reported pituitary gland vol-
umes for various disease groups (schizophrenia, obsessive-
compulsive  disorder,  policystic  ovarian  syndrome),  there
has been only one study found in the literature that has in-
vestigated pituitary volumes in patients with empty sella syn-
drome [33-35]. Fleckman et al. [36] reported the mean pitui-
tary  volume  from  13  women  with  postpartum  hypopitui-
tarism  (Sheehan’s  Syndrome)  as  0.5±0.6  cm3  (range
0.2-1.09 cm3)  and 85% of them were in the normal range.
Terrano et al. [37] reported pituitary volumes in 59 elderly
healthy  subjects  (70-95  years,  average  81.8±5.9)  and  41
younger healthy subjects (19-59 years, average 34.7 ±10.7).
They reported that the pituitary gland volume of elderly sub-
jects  (0.2±0.13  cm3)  was  significantly  smaller  than  the
younger group (0.4±0.11 cm3). While empty sella was diag-
nosed in 19% of all elderly subjects (n=59), no significant re-
lationship between hormone parameters and pituitary proper-
ties  (empty  sella  or  pituitary  volume  measurements)  was
found. The results of our study indicate that the mean pitui-
tary  volume  of  patients  with  total  or  partial  empty  sella
(0.23±0.17  vs.  0.35±0.15)  was  remarkably  decreased  than
the  volumes  of  age  and  gender-matched  control  patients
(0.54±0.17 p=0.00). Our study also demonstrated age to be
negatively correlated with pituitary volume (p=0.008), but
serum IGF1 values were positively correlated with pituitary
volume (p=0.026). Although measurements of pituitary vol-
ume  helped  in  the  diagnosis  of  empty  sella,  we  could  not
find any significant relationship between the anterior pitui-
tary hormones and volume measurements.

This study has several limitations. Pituitary stimulation
tests  were  not  performed  as  the  study  was  retrospective.
Hence, it has been impossible to specify the exact frequency
of GH, TSH and gonadotropin deficiency. The second limita-
tion is the small sample size. Another limitation is that the
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hormonal values were not followed up in the patients probab-
ly due to the retrospective nature of the study. Finally, we
could  not  evaluate  hormone parameters  of  healthy  control
subjects. But the current study is the first study in terms of
pituitary volume evaluation in patients with empty sella and
their comparison with healthy control subjects.

CONCLUSION
In conclusion, in the majority of the cases, empty sella

was the only neuroradiological finding without any clinical
implication. Primary empty sella (partial or total) should be
carefully identified and properly managed since clinical char-
acterization shows peculiar entities. The results of the study
suggest that the primary empty sella displayed a characteris-
tic appearance with decreased pituitary volume, previously
not reported, compared to age- and sex-matched healthy con-
trols.  Although  pituitary  insufficiency  in  our  patients  was
less common than that found in previous studies, all subjects
with empty sella, especially with TES, should be evaluated
carefully for pituitary hormone deficiency.
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