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Summary
Background: Empty sella is the neuroradiological or pathological finding of an 
 apparently empty sella turcica containing no pituitary tissue. The prevalence of 
 primary empty sella, i.e., empty sella without any discernible cause, is not precisely 
known; estimates range from 2% to 20%. Technical advances in neuroradiology 
have made empty sella an increasingly common incidental finding. It remains 
 unclear whether, and to what extent, asymptomatic adult patients with an 
 incidentally discovered empty sella should undergo diagnostic testing for hormonal 
disturbances.

Methods: To answer this question, the authors carried out a systematic search in the 
PubMed and Web of Science databases for publications that appeared in the period 
1995—2016 and that contained the search term “empty sella” (registration: PROS-
PERO 2015: CRD42015024550). 

Results: The search yielded 1282 hits. After the exclusion of duplicates, pediatric 
 reports, case reports, and veterinary studies, 120 publications on primary empty 
sella syndrome (PES) were identified. 4 of these dealt with the prevalence of pitu-
itary insufficiency in patients with PES as an incidental finding. Among patients with 
PES, the relative frequency of pituitary insufficiency in the pooled analysis was 52% 
(95% confidence interval [38; 65]).

Conclusion: The data on PES as an incidental finding are too sparse to enable any 
evidence-based recommendation on the potential indications for hormone testing or 
its nature and extent. We advise basic neuroendocrinological testing (fasting corti-
sol, free thyroxine [fT4], estradiol or testosterone, insulin-like growth factor 1 [IGF-1], 
and prolactin). There is an unexplained discrepancy between the reported high 
prevalence of pituitary insufficiency among persons with PES and its low prevalence 
in epidemiologic studies. We suspect that the former may be high because of selec-
tion bias in the publications that we reviewed, or else the latter may be erroneously 
low.
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W e can assume that improvements in neuroradio-
logical imaging techniques have resulted in an in-
crease in the incidental finding of an “empty 

sella.” According to current data from India, an empty 
sella turcica without any detectable cause is an incidental 
finding in about 2% of all cerebral magnetic resonance 
imaging (MRI) scans (1). In asymptomatic adult patients, 
the question is whether and to what extent diagnostic 
 hormone testing should be undertaken in an incidental 
finding of an empty sella, particularly as this does not 
necessarily have pathological significance. On the one 
hand, overdiagnosis should be avoided as this might upset 
patients unnecessarily, and it also incurs substantial ex-
pense to the healthcare system (2). On the other hand, 
treating hormonal dysregulation has a positive effect on 
morbidity and quality of life (3, 4).

The term “empty sella” was first used in 1951 (5) 
for the neuroradiological or pathological-anatomical 
exposure of an apparently empty sella turcica. This 
impression arises from the fact that the sella turcica is 
filled with cerebrospinal fluid (CSF), and the 
 hypophyseal tissue at its base is flattened (Figure 1). 
For this reason, an empty sella is often regarded as a 
herniation of the subarachnoid space into the sella tur-
cica (6). In this setting, a distinction is made between:
● Partial empty sella syndrome, with the sella turcica 

filled with CSF to a level of <50%
● Complete empty sella syndrome, with the sella 

 turcica filled with CSF to a level of >50% (7).
An empty sella can have several causes (8). 

 Increased intracranial pressure can lead to herniation 
of the subarachnoid space, which can in turn lead to 
compression of the pituitary gland. This patho -
mechanism has been observed in cerebral tumors or 
idiopathic intracranial hypertension (IIH), for 
example. That said, the pituitary gland may be 
 atrophied subsequent to an earlier injury. Pituitary 
gland necrosis can occur, among others, in a setting of 
pituitary adenoma, postpartum (Sheehan’s syn-
drome), after craniocerebral trauma, or after 
 radiotherapy. Whenever the empty sella turcica is a 
sequela of another disorder, the term “secondary 
empty sella syndrome” (SES) is used (Box). By 
contrast, in primary empty sella syndrome (PES), the 
etiology of the pituitary gland atrophy with a 
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 simultaneous increase in the CSF volume filling the 
sella turcica is not clear. Congenital anomalies are 
being discussed as a possible mechanism.

The estimated prevalence of PES is 6–20%, based 
on unselective autopsy studies (9–12). Most patients 
with PES are female and are affected by obesity, hy-
pertension, headaches, and/or impaired vision (13, 
14). This constellation has also been observed in IIH, 
a cause of SES (15). Additional symptoms, such as 
rhinorrhea or visual field defects, are rare (16). Our 
systematic literature search collects and evaluates the 
available evidence on the prevalence and extent of 
hormonal dysregulation in an incidental finding of 
PES as endpoints. The review aims to contribute to 
answering the question of whether in an incidental 
finding of PES, further hormone diagnostic testing is 
required—and if so, to what extent this should be done.

Methods
This systematic review was conducted according to the 
recommendations of the PRISMA statement (17) for 
systematic reviews and meta-analyses and was regis-
tered with PROSPERO (International Prospective 
 Register of Systematic Reviews of the National Insti-
tute for Health Research, NIHR) under the title 
 “Prevalence of pituitary insufficiency in primary empty 
sella syndrome (PES)” (PROSPERO 2015: 
CRD42015024550).

Search strategy
We used the general term “empty sella” to search the 
databases PubMed and Web of Science. Reviews and 
meta-analyses were excluded from our search. Two 
authors (MKA, AK) conducted the literature search in-
dependently of one another. In case of controversy/dis-
pute or disagreement, these were discussed with a third 
author (MRS). 

Inclusion criteria
Our research interest was in the prevalence of pituitary 
insufficiency at a particular point in time (cross-
 sectional study design). To this end, we also included 
case-control and cohort studies. We included only 
studies in which an empty sella was diagnosed by cer-
ebral imaging using replicable radiological criteria. Be-
cause of advances in neuroradiological techniques and 
changed cut-off values in neuroendocrinological hor-
mone diagnostics, we evaluated only studies published 
in the past 22 years (1 January 1995 through 31 
 December 2016). Diagnostic hormone testing had to 
have taken place after an incidental finding of PES. The 
diagnosis of pituitary failure had to be made by using 
an adequate stimulation test or guideline conform 

Figure 1: Cerebral MRI scan of normal sella turcica with regular pituitary gland (a) and empty sella (b)

a b

BOX

Possible causes of secondary empty sella 
syndrome:
● Increase in intracranial pressure, for example, because 

of a cerebral tumor or hydrocephalus
● Idiopathic intracranial hypertension
● Surgery for pituitary tumor
● Sheehan‘s syndrome (postpartum pituitary gland 

 necrosis)
● Sequela of craniocerebral trauma
● Sequela of cerebral radiotherapy
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measuring of hormones. We included only studies 
whose full text was available and published in the Eng-
lish language.

Exclusion criteria
We excluded studies in children as hormone diag-
nostics in pediatric patients differs from that in adult 
patients. Furthermore, we excluded case reports with 
n ≤ 3 patients from our evaluation, because of an as-
sumption of a biased presentation of primarily positive 
findings in case reports. Consistent with our research 
question, we did not include studies of secondary 
empty sella syndrome in our data analysis.

Data extraction
Of those studies that met the inclusion criteria and did 
not meet any of the exclusion criteria at the level of the 
summary (abstract and title), we extracted further char-
acteristics from the full text—such as study design, age 
and number of patients, sex ratios, radiological criteria, 
and the presence of hormonal dysregulation, including 
the method used for the diagnosis.

Assessing the methodological quality
We used the evaluation criteria of Guyatt et al. 
(GRADE working group) to assess the methodological 
quality of the studies (18, 19). The maximum score of 
10 points reflects a high methodological quality.

Data analysis and synthesis
We used models with fixed and random effects to cal-
culate pooled prevalence rates with accompanying 95% 
confidence intervals, with individual estimators 
weighted on the basis of the inverse values of their 
 variances, as well as, in addition, on the basis of 
 DerSimonian-Laird estimators. We used the I2 statistic 
and the appropriate significance tests to check for 
 heterogeneity of the individual study results. We con-
ducted our meta-analysis by using the software package 
R-Package meta (20), version 4.3–2, for R version 
3.2.4 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Search results
We identified 2523 publications by using the search 
term “empty sella”. 1282 of these were published 
 between 1995 and 2016. Applying further exclusion 
criteria yielded 120 remaining studies of PES. Only 
four of these studies dealt with PES as an incidental 
finding and had used appropriate endocrinological and 
radiological diagnostic evaluation methods (Figure 2).

Study characteristics
eTable 1 provides an overview of the evaluated studies. 
In addition to a prospective cohort study (21), we in-
cluded three case-control studies (22–24). A total of 
303 patients (mean age 49 ± 1.2 years) with PES were 
examined at four centers. eTable 2 provides a detailed 
overview of the diagnostic methods.

Study quality
The quality of the four studies was categorized as good 
to very good (8–10 points), according to the evaluation 
criteria of Guyatt et al. (eTable 1). All studies were 
 included in the meta-analysis.

Radiological definition of an empty sella
The studies in our meta-analysis did not yield a uniform 
definition for the radiological diagnosis of an empty 
sella. Lupi et al. found in 26 of 85 patients a “complete” 
primary empty sella, defined as pituitary tissue of 
<3mm exposed on an MRI scan (22). Colao et al. (24) 
and Zuhur et al. (21) diagnosed a complete empty sella 
if more than 50% of the sella was filled by CSF and the 
pituitary tissue on CT/MRI scanning was ≤ 2 mm. In 
the study by Zuhur et al., a partial empty sella was de-
fined as <50% of the sella filled with CSF and exposed 
pituitary tissue ≥ 3 mm (21). Cannavo et al. in their 
study differentiated complete or partial empty sella by 
whether more or less than 60% of the hypophyseal 
fossa was filled by CSF (23).

FIGURE 2

PRISMA flow diagram showing the literature search; PRISMA, Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses

979 studies excluded, among these:
• 437 duplicates
• 435 case reports(n ≤ 3 patients)
• 70 studies in patients <18 years
• 10 negative reports
• 9 animal studies
• 4 book chapters
• 13 publications without any identifiable 

link to empty sella
• 1 publication listing “Sella“ as an author

183 studies excluded, among these:
• 167 studies of secondary ES
• 16 studies without abstract and full text

116 excluded, among these:
• 7 studies without available full text in 

 English
• 72 studies without or with inadequate 

 endocrinological or  radiological diag-
nostics

• 17 studies: no incidental finding
• 14 reviews
• 6 author comments

4 studies of primary ES included

120 studies of primary ES in adult 
patients

303 studies of empty sella (ES) in 
adult patients

1282 studies between 
01/1995 und 12/2016
PubMed: 653
Web of Science: 629

Search term “empty sella“: 2523 hits in total at deadline 31 December 2016
   Web of Science: 1076
PubMed: 1447

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2018; 115: 99–105 101



M E D I C I N E

Prevalence of pituitary insufficiency according to 
meta-analysis
eTable 2 provides a detailed listing of the prevalence of 
hypopituitarism. In the case-control study including 85 
patients reported by Lupi et al. (22), pituitary insuffi-
ciency was diagnosed in 49%. Two or more hormone 
axes were affected in 31%; 16% had an isolated growth 
hormone deficiency, 1% each isolated thyrotropin or 
gonadotropic deficiency (22). Neither the clinical 
symptoms nor the prevalence of pituitary failure dif-
fered significantly between patients with a partial and 
complete empty sella.

Cannavo et al. documented hypopituitarism in 23 
out of 44 patients (53%); of these, they documented 
isolated hormonal disturbances in 40% and multiple 
insufficiencies in 14%, but no complete insufficiency 
(23). In contrast to the results reported by Lupi et al. 
(22), differences were reported between patients with 
partial and complete empty sella; only for the 
 prevalence of secondary hypothyroidism did the dif-
ference not reach significance. The somatotropic axis 
was most often affected, followed by the gonado -
tropic axis (eTable 2). 

The conclusion that pituitary insufficiency is more 
common in a scenario of complete empty sella than in 
partial empty sella is also drawn by Zuhur et al. (21). 
Their cohort study of 81 PES patients found a signifi-
cant difference in pituitary function in patients with 
partial empty sella compared with those with 
 complete empty sella (14.9% vs 67.4%); here, too, the 
somatotropic and gonadotropic axes were affected 
most often (eTable 2).

In the case-control study reported by Colao et al., 
19 of 94 patients with a complete empty sella (30%) 
had isolated pituitary insufficiency; as in the preced-
ing studies, isolated growth hormone deficiency was 
documented most often (24). Altogether the 
 prevalence of hypopituitarism was high in the popu-
lation analyzed in this study, at 68% (eTable 2).

The prevalence of hypopituitarism in the individual 
studies is between 15% and 68%. The analysis of the 
pooled data yielded a prevalence of 52% (95% confi-
dence interval [38; 65]). Multiple instances of axis 
dysfunction, with an estimated prevalence of 30% 
[19; 44], were more common than isolated pituitary 
insufficiency, with a prevalence of 21% [12; 33] 
 (Figure 3).

Risk factors for endocrine dysregulation in empty 
sella
Across all studies, a higher prevalence of hormonal dis-
turbances was seen in women. In addition to female 
sex, a higher body mass index (BMI) and hypertension 
were named as risk factors. Lupi et al. (22) investigated 
the association between overweight (BMI 25 to 
<30kg/m2) and obesity (BMI ≥ 30 kg/m2) and pituitary 
insufficiency in PES. Hypopituitarism had been diag-
nosed in 24 of 39 (62%) overweight patients and in 15 
of 33 (45%) obese patients, but in only 2 of 13 (15%) 
patients with a normal weight. In the study reported by 

Colao et al., patients with PES had a higher 
 cardiovascular risk profile, independently of their BMI, 
especially a higher Framingham score and poorer 
 glucose and lipid profiles than the control cohort (24).

Discussion
Summary of the evidence
The literature on hypopituitarism in incidental PES is 
sparse. The assumed estimated prevalence is 52% 
[38%; 65%]. Insufficiencies in multiple pituitary axes 
are more common, with an estimated prevalence of 
30% [19%; 44%] than isolated such events, with a 
prevalence of 21% [12%; 44%]. The somatotropic axis 
seems most commonly affected, followed by the 
 gonadotropic axis.

According to our results, 1–10% of all humans are 
affected by hypopitutarism. This is in direct 
 contradiction to general epidemiological data, which 
assume a prevalence of 50/100 000. The discrepancy 
may be the result of a selection bias in the studies in-
cluded in our meta-analysis or of an underestimate of 
the general prevalence of the disorder.

Strengths and limitations
The general search term “empty sella” identified most 
studies that focused on the subject. To evaluate the 
prevalence of hypopitutarism in patients with PES, we 
pooled data from high-quality studies with clear 
 diagnostic criteria.

The assumed publication bias requires critical 
 attention, as the published studies mostly reported 
positive findings. As a result, the calculated total 
prevalence may be too high. In order to restrict bias, 
we excluded case reports from the data analysis. 
 Another limitation is the fact that we included only 
studies published in the English language. 
 Furthermore, the data are extremely heterogeneous, 
which limits their comparability.

The question of whether and to what extent hor-
mone diagnostics should be undertaken in individual 
cases of PES can be answered with a very limited 
 degree of certainty because of the sparse data. In the 
published studies, it was often not possible to clearly 
differentiate between incidental and non-incidental 
findings, as mixed patient cohorts with a diagnosis of 
PES were described (partly suspected hormonal aber-
ration—for example, amenorrhea—before initial im-
aging). Risk factors for hypopitutarism in incidental 
PES seem to include female sex, overweight, and the 
presence of cardiovascular risk factors. Interestingly, 
all these are also risk factors for IIH, and it should be 
questioned whether this disorder was excluded to a 
satisfactory degree and whether patients with SES 
were possibly included in the analysis. Another limi-
tation to the comparability lies in the inconsistent 
criteria for the radiological diagnosis of an empty 
sella.

Implications for future research
In order to be able to recommend a clear approach, 
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further studies are required that systematically 
 investigate patients in a cross-sectional study design by 
using stimulation tests. Only then will it be possible to 
issue a clear evidence-based recommendation as to if, 
and to what extent, patients with an incidental finding 
of PES should be referred for hormone diagnostics. In 
this context, publication bias is a problem. For this 
 reason, it should be possible also to publish normal 
 hormone test results in cross sectional studies.

Implications for clinical practice
In the setting of an incidental finding of an empty sella, 

secondary causes (Box) should be excluded first. On 
the basis of the data evaluation of this systematic 
 review, which yielded a pooled prevalence of 52% for 
hypopituitarism, additional hormone diagnostic tests 
are recommended even in asymptomatic patients.

Because of the sparse data, no evidence based 
 recommendations are possible for the type and extent 
of potential hormone tests. In our expert opinion, for 
pragmatic reasons, a basic diagnostic evaluation 
should be undertaken even in asymptomatic patients. 
This screening should comprise several measure-
ments: morning cortisol concentrations, free 

Forest plots of meta-analyses of the prevalence rates of a) pituitary insufficiency total, b) multiple pituitary insufficiencies, and c) isolated pituitary insufficiency 
PES, primary empty sella syndrome

FIGURE 3

Study Results Total number of PES Prevalence % 95% confidence Weighting Weighting
    interval (fixed) % (random) %
Cannavo 2002 (23) 23 43 53  [38; 69] 15.0  22.6 
Colao 2013 (24) 64 94 68  [58; 77] 28.7  25.9 
Lupi 2011 (22) 42 85 49  [38; 60] 29.8  26.0 
Zuhur 2014 (21) 30 81 37  [27; 48] 26.5  25.5 

Fixed effects model  303 52  [46; 58] 100  –

Random effects model    52  [38; 65]  – 100

Heterogeneity: I2 = 82%, tau2 = 0.2608, p = 0.0008

 0 20 40 60 80 100%

Study Results Total number of PES Prevalence % 95% confidence Weighting Weighting
    interval (fixed) % (random) %
Cannavo 2002 (23) 6 43 14  [5; 28] 8.2  19.4 
Colao 2013 (24) 45 94 48  [37; 58] 37.4  27.7 
Lupi 2011 (22) 26 85 31  [21; 42] 28.8  26.7 
Zuhur 2014 (21) 22 81 27 [18; 38] 25.6  26.2 

Fixed effects model  303 34  [29; 40] 100  –

Random effects model   30  [19; 44] – 100 

Heterogeneity: I2 = 82.2%, tau2 = 0.3133, p = 0.0008

 0 20 40 60 80 100%

Study Results Total number of PES Prevalence% 95% confidence Weighting Weighting
    interval (fixed) % (random) %
Cannavo 2002 (23) 17 43 40  [25; 56] 22.5  24.8 
Colao 2013 (24) 19 94 20  [13; 30] 33.2  26.7 
Lupi 2011 (22) 16 85 19  [11; 29] 28.5  26.0 
Zuhur 2014 (21) 8 81 10  [4; 19] 15.8  22.6 

Fixed effects model  303 21  [17; 26] 100  –

Random effects model    21 [12; 33] – – 100 

Heterogeneity: I2 = 79%, tau2 = 0.3367, p = 0.0026

 0 20 40 60 80 100%

b) Multiple pituitary insufficiencies

c) Isolated pituitary insufficiency 

a) Pituitary insufficiency in PES   in total
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 thyroxine (fT4), estradiol in women (who do not have 
a regular cycle) and testosterone in men, insulin-like 
growth factor (IFG)-1, and prolactin. This approach is 
consistent with the general recommendations for con-
ducting pituitary tests (25) and seems to have the best 
cost-benefit effect. If abnormalities are found, the fol-
lowing measurements should be taken additionally: 
thyrotropin releasing hormone (TSH) for the thyro -
tropic axis, and follicle stimulating hormone (FSH) 
and luteinizing hormone (LH) for the gonadotropic 
axis. For a detailed assessment of the somatotropic 
axis, a stimulation test is required (for example, the 
insulin-induced hypoglycemia test or growth 
 hormone releasing hormone [GHRH]-L-arginine 
test). A stimulation test is also recommended for the 
cortico tropic axis—for example, the insulin-induced 
hypoglycemia test or the adrenocorticotropic 
 hormone [ACTH] test, although, strictly speaking, the 
latter tests only adrenal function. These recommen-
dations are supported by a recently published review 
article (14), which refers to incidental and symp -
tomatic PES; they are also confirmed by further 
 review article (13, 26). In the basic diagnostic evalu-
ation, potential factors that influence hormone con-
centrations have to be considered. For example, the 
use of oral contraceptives can lower the IGF-1 value 
below the sex and age specific normal value. With re-
gard to rational  weighing-up of costs and benefits, it 
should be mentioned that isolated growth hormone 
deficiency has to be confirmed by using at least two 
stimulation tests before health insurers will cover hor-
mone substitution treatment in Germany at this point 
in time. Furthermore, in a setting of isolated growth 
hormone deficiency, substitution treatment with 
growth hormone does not have license approval. The 
reason is that the phase III (registration) trials to date 
did not study isolated deficiency states. In principle, 
growth hormone therapy can be assumed to be benefi-
cial even in isolated growth hormone deficiency (27, 
28), even though at the moment this constitutes off-
label treatment.

Conclusion
In asymptomatic patients with an incidental finding of 
an empty sella, secondary causes should be excluded 
first. According to current evidence, additional 
 hormone diagnostic testing is recommended for asymp-
tomatic patients too, on the basis of a pooled  prevalence 
of 52% for hypopituitarism. The basis diagnostic evalu-
ation comprises measuring morning cortisol concen-
trations and concentrations of fT4, estradiol or testoste-
rone, IGF-1, and prolactin. If abnormalities are found or 
symptoms that after further exploration may indicate a 
hormonal disturbance, additional  hormone diagnostic 
tests using stimulation are recommended.
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