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Abstract
Purpose The increased life expectancy in the general population is causing rapid growth of the number of elderly patients.
Pituitary adenomas (PAs) are one of those tumors whose incidence increases with age. Pituitary surgery in elderly has
usually been considered riskier than in the younger population. The aim of this study was to evaluate the surgical outcome of
a large series of patients who underwent transsphenoidal surgery for PAs.
Methods We retrospectively reviewed a series of patients who underwent transsphenoidal surgery for PAs in our institution.
Inclusion criteria were: 65 years of age or more, and no previous pituitary surgery. Surgical outcomes of patients aged <70
years (group 1) was compared to those aged 70 years or more (group 2) at the time of surgery.
Results A total of 336 patients met the inclusion criteria. Clinically, 230 (68.5%) patients had a non-functioning PAs.
Among the remaining 106 patients with a hormone-secreting PA, 57 (53.8%) had acromegaly, 39 (36.8%) Cushing’s
disease, 5 patients (4.7%) had a prolactinoma, and 5 a thyrotropin-secreting PA (4.7%). Mortality rate was 1.5%. Groups 1
and 2 showed no significantly different surgery-related complication, visual recovery, radical surgery, and remission rates.
Conclusions Surgical management of PAs in the elderly has been considered riskier than in the younger population. Our
results demonstrated that transsphenoidal surgery is a safe and effective treatment for PAs. No statistically significant
differences in terms of outcome were found in two group ages, showing that, when clinically indicated, transsphenoidal
surgery can be performed even in very old subjects.
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Introduction

The increased life expectancy in the general population is
causing rapid growth of the number of elderly patients and
associated diseases [1–4]. Pituitary adenomas (PAs) are one
of the central nervous system tumors whose incidence
increases with age [5]. Moreover, the improvement and
widespread availability of diagnostic tools have con-
siderably increased diagnosis of such tumors in the elderly
[3, 6–12]. Notwithstanding, the real incidence of PAs in
elderly patients is probably underestimated because some
endocrinological and neurological manifestations related to

PAs could be misinterpreted as age-related disturbances
[3, 12].

Pituitary surgery in elderly patients has usually been
considered riskier when compared to younger patients
[3, 13–15].

The aim of this retrospective study was to evaluate the
surgical outcome in a large series of elderly patients
undergoing transsphenoidal surgery (TSS) for PAs at our
institution.

Material and methods

Patients’ selection

The medical records of all consecutive patients undergoing
surgery for PA between 1990 and 2015 at our institution
were reviewed. Inclusion criteria were: patients aged 65
years or more at the time of TSS surgery. The only exclu-
sion criterion was a previous pituitary surgery.
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Age at surgery, sex, symptoms at presentation, hormonal
data, previous treatments, neuroimaging features, surgical
results, perioperative complications, the occurrence of
recurrence, further treatments, and follow-up data were
prospectively collected and retrospectively analyzed.

Patients were further divided into two cohorts based on
the median of the population’s age distribution: group 1
included patients aged <70 years at the time of surgery,
whereas those aged 70 years or more were classified as
group 2.

Standard informed consent was obtained from each
patient undergoing pituitary surgery.

Preoperative evaluation

All patients underwent baseline hormonal, neu-
roophthalmologic, and neuroradiological evaluation
before surgery, as previously described [16]. Secondary
hypothyroidism was diagnosed in the presence of low free
T4 with normal or low thyroid-stimulating hormone
(TSH) level. Secondary hypoadrenalism was diagnosed in
patients with low morning cortisol level and/or clinical
symptoms of cortisol deficiency that improved with glu-
cocorticoid replacement therapy. Hypogonadotropic
hypogonadism was diagnosed in women with gonado-
tropin levels low or inappropriately normal for meno-
pausal status and in males with subnormal testosterone (T)
levels. Hyperprolactinemia was defined when prolactin
(PRL) levels were higher than 20 µg/L in women and
15 µg/L in men in the absence of dopaminergic therapy.
Visual field defect was detected by standard automated
perimetry techniques.

The anesthesiologic risk was assessed according to the
American Society of Anesthesiologist (ASA) risk score
[17, 18].

All patients underwent a T1- and T2-weighted with
gadolinium enhancement magnetic resonance imaging
(MRI). Cavernous sinus invasion (CSI) was defined
according to grade 3 and 4 of Knosp’s classification [19].

All patients underwent TSS, according to the previously
reported technique, performed by the senior author (P.M.).

Postoperative evaluation

In patients with hormone-secreting PA (HSPA), the already
described criteria of cure were adopted [20], whereas in
non-functioning PAs (NFPAs), a successful surgical out-
come was considered when postoperative MRI showed no
adenomatous tissue.

Recurrence of disease was defined in HSPAs when
hormonal hypersecretion ensued after at least 6 months of
hormonal remission, while in NFPAs recurrence was
defined as either appearance of new adenomatous tissue

after apparent radical removal or growth of a residual tumor
[16, 20].

Follow-up information was collected during outpatients’
controls.

Statistical analysis

Continuous variables were reported as the mean ± standard
deviation (SD) and compared with the unpaired Student’s t
test and one-way analysis of variance for repeated measures
as appropriate. Categorical variables were compared with
the χ2 test with Yates’ correction or Fisher’s exact test, as
appropriate. Multiple logistic regression analysis with the
resulting odds ratio (OR) used to determine which variables
independently predicted surgical outcome and 95% con-
fidence interval (CI) were generated for the association
between baseline characteristics and analyzed variables.
Kaplan–Meier analysis was performed to evaluate
recurrence-free survival. Patients were censored at the date
of the last follow-up. A probability value <0.05 was con-
sidered to indicate statistical significance and all reported
probability values are two tailed. All calculations were
performed using the statistical package IBM SPSS Statistics
for Mac, version 22.0.0 (IBM Corp., Armonk, NY, USA).

Results

Patients’ characteristics

From 1990 to 2015, a total of 2655 patients underwent TSS
as the first surgical procedure for PA in our institution.
Elderly patients meeting the inclusion criteria were 336
(12.7%). In this group, the mean age at surgery was 70.2 ±
4.4 years (median 69 years; range 65–85 years). There were
198 (58.9%) male and 138 (41.1%) female patients for a
male-to-female ratio of 1.43. According to the clinical
diagnosis, 230 patients (68.5%) had NFPA, whereas the
remaining 106 patients (31.5%) had an HSPA. Among
HSPAs, 57 patients (53.8%) had acromegaly, 39 patients
had Cushing’s disease (36.8%), 5 patients had prolactinoma
(4.7%), and 5 patients had a TSH-secreting PA (4.7%).

Two hundred ninety-eight patients (88.7%) had a mac-
roadenoma, while the remaining 38 patients (11.3%) had a
microadenoma. Mean maximum tumor diameter, available
in 319 patients (94.9%), was 25.0 ± 11.2 mm (median 25;
range 2–80 mm). Invasion of the cavernous sinus was
detected in 103 cases (30.8%) and extension into the
sphenoid sinus was found in 50 patients (14.9%). Twenty-
one cases presented with tumor apoplexy (6.3%).

Sixty-nine patients were classified as ASA I (20.8%),
182 as ASA II (54.8%), 79 as ASA III (23.8%), and only 2
patients as ASA IV (0.6%).
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Preoperative visual function, formally assessed in 327
cases, was normal in 172 patients (52.6%), while a visual
defect was found in the remaining 155 patients (47.4%): 91
patients (58.7%) had a compromised visual acuity in one or
both eyes and 64 patients (41.3%) had a visual field
defect only.

Hypogonadism was present in 207 of 315 patients
(63.7%) with available data, hypothyroidism was present in
89 of 311 patients (28.6%), and hypoadrenalism was
detected in 70 of 284 patients (24.6%).

Clinical characteristics of the patients according to age at
surgery are summarized in Table 1. Compared to patients in
group 1, older patients (group 2) had a significantly higher
probability to have a diagnosis of NFPA and a larger PA
(Table 1). CSI tended to be more frequent in group 2
patients and visual deficit at presentation was much more
prevalent in group 2 than in group 1 patients (Table 1).

Surgical complications

Five patients, aged 68, 71, 72, 75, and 80 years, respec-
tively, died in the perioperative period, accounting for an
overall mortality rate of 1.5%. Two patients died of post-
operative intracranial hemorrhage for residual tumors in
case of giant invasive PAs, one of meningitis due to CSF
leak, one of massive pulmonary embolism, and one patient
with Cushing’s disease of peritonitis due to a colonic
diverticulum perforation.

Table 2 summarizes the surgical and endocrinological
complications.

Twenty-seven patients (8.0%) experienced a major
complication of surgery. The frequency of surgical com-
plications was similar in group 1 and group 2 patients (7.1
and 9.1%, respectively; p= 0.55). Minor complications of
surgery were recorded in 16 patients (4.8%) and were
equally distributed among group 1 and group 2 patients (4.4
and 5.2%, respectively; p= 0.80).

Diabetes insipidus of more than 2 months of duration and
requiring treatment with desmopressin was uncommon in
our series, occurring in only nine cases (2.7%). Transient
postoperative hyponatremia was recorded in 18 patients
(5.4%) and was classified as severe (serum sodium level
below 125 mmol/L) in nine cases (2.7%). Transient

Table 1 Clinical characteristics of 336 elderly patients operated for
pituitary adenomas

Variable Group 1
(n= 182)

Group 2
(n= 154)

P value

Age at surgery (years) 66.8 ± 1.4 74.1 ± 3.4 <0.001

Male sex 59.3% 58.4% 0.96

Hypoadrenalisma 23.8% 24.6% 0.97

Hypothyroidismb 27.2% 30.3% 0.64

Hypogonadismc 62.9% 64.6% 0.84

Macroadenoma 85.7% 92.2% 0.09

Maximum tumor diameter
(mm)d

23.2 ± 11.3 27.0 ± 11.0 0.003

Cavernous sinus invasion 26.0% 36.6% 0.05

Sphenoid sinus invasion 13.8% 16.2% 0.64

Visual deficite 36.7% 60.0% <0.001

Secreting adenoma 38.5% 23.4% 0.003

Tumor apoplexy 4.4% 8.4% 0.19

ASA score

Class I 23.9% 17.1% 0.17

Class II 54.4% 55.3%

Class III 21.7% 26.3%

Class IV 0% 1.3%

Continuous data are expressed as mean plus or minus SD. Patients
were subdivided according to age at surgery into group 1 (aged 65–69
years) and group 2 (aged 70 years or more)
aInformation on preoperative adrenal function was not applicable or
missing in 42 patients
bInformation on preoperative thyroid function was not applicable or
missing in 25 patients
cInformation on preoperative gonadal function was not applicable or
missing in 11 patients
dInformation on maximum tumor diameter was not available in 15
patients
eInformation on visual function was missing in 9 patients

Table 2 Postoperative complications in 336 patients aged 65 years or
more at the time of TSS

Surgical complications N %

Major

Meningitis 2 0.6

CSF rhinorrhea requiring surgical repair 2 0.6

Epistaxis 4 1.2

Permanent visual worsening due to hemorrhage 3 0.89

Intracranial hemorrhage 2 0.6

Peritonitis 1 0.29

Pulmonary embolism 1 0.29

Minor

Sellar hematoma 13 3.9

Intraoperative arrhythmia 1 0.29

Atrial fibrillation 1 0.29

Deep vein thrombosis 1 0.29

Endocrinological and electrolyte complications

Permanent DI 9 2.7

Hypogonadism 14 4.1

Hypothyroidism 5 1.4

Hypoadrenalism 16 4.7

Hyponatremia 9 2.7

TSS transsphenoidal surgery, CSF cerebrospinal fluid, DI diabetes
insipidus

Endocrine (2019) 65:637–645 639



hyponatremia developed in 3.8% of group 1 patients and in
7.1% of group 2 patients (p= 0.23).

New cases of pituitary deficiency were analyzed for each
pituitary axis separately.

New onset hypogonadism developed in 14 of 113
(12.4%) patients with normal gonadal function before sur-
gery and available hormonal evaluation after surgery.
Similarly, new onset hypothyroidism developed in 5 of 214
(2.7%) patients and hypoadrenalism developed in 16 of 213
(7.5%) patients. Mean hospital stay was 10.5 ± 4.8 days
(median 9; range 5–37 days).

Early surgical outcome

Data on visual function after surgery were available in 308
cases (91.7%). No patients with normal visual function
experienced visual worsening. Among 136 patients with
abnormal visual function before surgery, 33 (24.3%) had
complete normalization of the visual field defect, while 83
patients (61.0%) experienced some kind of amelioration, for
an overall improvement rate of 85.3%. The visual field
defect remained unchanged in 17 cases (12.5%) and wor-
sened in the remaining three patients (2.2%). The prob-
ability of partial or complete visual recovery in group 1
(87.9%) and group 2 patients (83.3%) was similar.

Normalization of hormone hypersecretion was achieved
in 67.6% of the 105 cases with an HSPA (one patient with
Cushing’s disease could not be assessed because of perio-
perative death). The rate of remission was similar in group 1
and group 2 patients (70.0 vs. 62.9%, respectively; p=
0.61). According to tumor type, the remission rate was
73.7% in acromegaly, 65.8% in Cushing’s disease, 20.0%
in prolactinoma, and 60.0% in TSH-secreting pituitary
adenoma.

After exclusion of 11 patients with no available post-
operative MRI, the frequency of radical tumor removal in
patients with NFPA was 58.9% and was similar in group 1
and group 2 patients (63.3 and 54.5%, respectively; p=
0.24).

When combining all types of pituitary adenoma, a suc-
cessful surgical outcome was achieved in 200 of 324
patients with available information (61.7%). Again, no
significant difference was noted between group 1 (65.9%)
and group 2 patients (56.6%; p= 0.11)

Long-term outcome

Follow-up data were available for 323 patients (96.1%). The
mean follow-up was 58.5 months (median 40; range
6–254 months). Forty-three patients (13.3%) underwent
adjuvant postoperative radiation therapy (RT) because of a
residual tumor, while 11 patients continued or commenced

medical therapy for PRL- and growth hormone-secreting
pituitary adenomas.

Thirty-one patients (9.4%) experienced tumor recurrence
after surgery alone or surgery plus RT. Recurrences
occurred after a mean time of 46.2 months (median
29 months; range 6–211 months). Further treatments for
patients with tumor recurrence included RT alone in 21
cases (67.7%) and a second surgical procedure in 5 cases
(16.1%). The remaining five patients (16.1%) were still on
follow-up monitoring.

At last follow-up (mean 58.5 months; median 40 months;
range 6–254 months), 270 patients (83.6%) were still alive,
while 53 patients (16.4%) had died.

Discussion

Life expectancy in the general population has rapidly
increased in the past decades and this trend is still rising
[1–4]. It has been estimated that globally, from 2010 to
2015, people aged more than 60 years have annually
increased at a rate of 3.7% and this rate is predicted at 2.9%
every year until 2050 [1, 21].

In recent population-based studies, the highest frequency
of PAs is between the ages of 40 and 60 years [6]. The
incidence of PAs depends on tumor type, sex, and race. For
instance, prolactinomas tend to manifest earlier than NFPAs
[5, 9], while the incidence of prolactinomas tend to decrease
with increasing age [5, 22]. Interestingly, Kuratsu and
Ushio [10], in a study about intracranial tumor in elderly,
found an age-adjusted incidence of 2.36 cases/100.000
persons/year for people aged 70 years or more, whereas it
was 1.91 in patients aged <70 years.

Clinical presentation of PAs in the elderly differs from
that in younger patients. For example, in elderly patients
with prolactinomas, symptoms of hypogonadism are often
overlooked and only large tumors are diagnosed because of
mass effect symptoms, such as visual deficits [3, 12].
Moreover, visual disturbances in elderly patients can be
confused with other age-related pathologies, such as catar-
act, macular degeneration, and vascular ocular diseases
[3, 12, 23]. Hypopituitarism in elderly patients may also be
misdiagnosed because of overlapping symptoms with the
aging process as well as the misleading interpretation of
hormonal values [12]. Hypersecreting syndromes, such as
acromegaly and Cushing’s disease, are diagnosed because
of typical physical changes, but in elderly patients such
symptoms are mild, while other findings, such as hyper-
tension, glucose intolerance, asthenia, and mood depression
may not be correctly interpreted because of the high pre-
valence of these symptoms in elderly subjects
[3, 12, 14, 24].
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Aging is characterized by a series of co-morbidities and a
generally more complex medical setting, which may nega-
tively affect any type of treatment, especially surgical therapy
[12, 14, 25]. Pituitary surgery is riskier in elderly patients
[3, 13–15]. Anesthesia itself can potentially be hazardous
because elderly patients may be less tolerant to anesthetic
drugs and may be prone to more complications than younger
patients [14]. In this study as well as in other series, elderly
patients received the same preoperative and postoperative care
of younger patients [11, 12, 14, 23, 26–29]. In our series, the
proportion of patients with an ASA score >1 is similar to that
reported in the literature. We did not find any correlation
between the ASA score and the complication rate. This is
probably due to the limits of this score for surgical procedures
of short duration, such as TSS in the hands of our senior
surgeon [30]. In a previous paper from our group, giant
tumors and age >65 years were related to higher medical
morbidity [31]. Similarly, surgical morbidity was increased in
giant PAs, in NFPAs, and in older patients [20]. These data
suggested that surgical management of elderly harboring PAs
might be critical.

To the best of our knowledge, this is the largest surgical
series of PAs in elderly patients published to date. Some
studies deal with NFPAs only, whereas other series inclu-
ded also other sellar tumor types (Table 3)
[1–4, 11, 12, 14, 23, 24, 26, 27, 29, 32–44].

In our series, most of the tumors were NFPAs (68.5%) and
macroadenomas (88.7%), as reported in the literature. As
mentioned above, HSPAs are uncommon in elderly patients
and the most frequent symptom is visual disturbance
[1, 3, 4, 11, 12, 14, 23, 24, 26–29, 31, 32, 34, 37, 38,
40–43, 45, 46].

The overall complication rate in our study was 9.8% and
it is consistent with those reported in the literature
[1–4, 11, 12, 14, 23, 24, 26, 27, 29, 32–44]. However, a
direct comparison between our study and published series
must be interpreted with caution because of varying selec-
tion criteria and different categorization of complications.
Only five studies compared complication rates between
different age groups [1, 4, 11, 42, 43]. Wilson et al. [43]
found a statistically significant higher risk of cranial com-
plications in patients aged 70 years or more than in those
aged between 60 and 69 years, while Gondim et al. [1]
found a statistically significant lower complication rate in
patients younger than 60 years than in older patients. On the
contrary, Robenshtok et al. [4], Zhan et al. [42], and Liu
et al. [11] did not find any significant difference. In our
study, no statistical difference was detected in the compli-
cation rate between the two subgroups of elderly patients.

Hyponatremia (4.8%) and permanent DI (2.7%) rates
were lower than those reported in the literature. Among
selected surgical complications, hemorrhage (3.9%) and
CSF leak (4.5%) were similar to the rates recorded in

younger patients in our center. The mortality rate in this
series was 1.2% (n= 4), a slightly lower frequency than that
reported in the literature, which ranges between 1.8
and 4.0%.

Hypopituitarism was a common symptom at presentation
in this study as well as in most published series, especially
those including NFPAs only [26]. Hypopituitarism may
improve after surgical removal of the pituitary tumor.
However, elderly patients have a relatively low rate of
pituitary recovery [4, 11, 26, 27]. Age and the preoperative
hormonal status play a crucial role for the recovery of
pituitary function after surgery in patients with NFPA [47].
Preservation of pituitary function may be one of the factors
to consider in choosing the optimal therapeutic strategy
even in elderly patients [12, 26, 27, 47]. In our series,
surgery caused pituitary deficits in a minority of patients,
which was counterbalanced by improvement of pre-
operative deficits in other patients.

Visual disturbance improved in 80.6%, while 2.9% of
patients experienced worsening of vision after surgery. The
best results were obtained in patients with less severe visual
defects, in keeping with previous data from our group [48].

The effect of age on visual recovery after TSS has not
been entirely defined. In previously published series, reso-
lution of visual defects has been reported in 11.5% to 100%
of patients, while visual worsening has been reported
between 1.9 and 20% [1, 2, 4, 11, 14, 23, 24,
26–29, 32, 34–39, 41–43, 49]. Robenshtok et al. [4] found
less visual recovery in older patients, while other com-
parative series did not find any significant correlation with
age [1, 11, 42]. We explored whether within elderly patients
there was a difference in visual outcome after surgery. Even
though older patients (group 2) had a worse preoperative
visual status than group 1 patients, the chance of visual
improvement was similar in the two groups. It is important
to point out that serious visual defects can dramatically
worse quality of life and patient independence in daily
activities [50].

In PAs management, aggressive surgical resection of
invasive tumors may increase the potential risk of compli-
cations without increasing clinical benefits. Partial surgical
debulking is a reasonable option in invasive tumors because
adjuvant RT or Gamma Knife radiosurgery represent an
effective option to prevent tumor regrowth [51–55]. Goal of
surgical treatment is primarily to relief visual and hormonal
symptoms and to avoid further damages
[3, 6, 16, 30, 31, 48, 51–56].

The reported rate of tumor recurrence, regardless of age,
ranged from 16 to 80% depending on the degree of resec-
tion [54, 57–59]. In this series, 65 patients (19.3%) received
postoperative adjuvant RT for residual or recurrent tumors.
As underlined by Grossmann and co-workers [45], center
and surgeon’s experience play an important role in elderly
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patient’s outcome. Considering the higher risk of perio-
perative complications in the elderly, it is likely that referral
to high volume centers may minimize the risk of surgical
management [14, 16].

The retrospective type represents one of the main lim-
itations of this study, together with the related need to refer
to a previous classification. Future studies should investi-
gate the role of the recent classification of PAs also in this
particular subset of patients.

Conclusion

With the extension of life expectancy, the number of elderly
patients harboring PAs is increasing. The surgical man-
agement of PAs in these patients has been considered riskier
than in the younger population. However, our results show
that TSS in elderly patients is a safe and effective treatment
for PAs. Moreover, we did not find any significant differ-
ences between patients aged <70 years and older ones,
underscoring the notion that, when clinically indicated, TSS
can be performed even in very old subjects.
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