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Abstract
Purpose The aim of this study was to assess clinical features and therapeutic outcomes in patients with clinically non-functioning
pituitary macroadenomas (NFPMAs).
Method This is a retrospective cohort study of NFPMA patients treated surgically and followed periodically between 2015 and
2017 in a tertiary care center in Iran. Descriptive analysis was performed applying appropriate tests. Binary logistic regression
models were used to determine the predictive factors for subtotal tumor resection (STR) and hormonal recovery. Data were
analyzed by Stata software.
Result A total of 71 patients with a mean age of 50.6 ± 1.4 years were studied. The mean diameter of the adenoma was 26.8 ±
1.1 mm. The most frequent symptoms were headache (85.75%), visual field defect (VFD) (78.3%), and hypogonadal symptoms
(40.3%). Gross total resection (GTR) was achieved in 45.1%. Preoperative hypopituitarism was observed in 50.7% of patients.
Recovery of at least one axis occurred in 36.1% of the patients suffering from hypopituitarism preoperatively, while new-onset
postoperative hormonal deficiency appeared in 14.3% of patients. Multivariate analyses showing preoperative tumor size (OR =
38.2; P = 0.008) and cavernous sinus extension (OR = 13.4; P = 0.020) were predictors of STR. Moreover, hormonal recovery
was observed not to be related to age, gender, tumor size, or the extent of tumor resection.
Conclusions Tumor size and cavernous sinus extension are the main predictors for STR. Notably, recovery of the gonadal axis in
a large proportion of patients supports the surgical resection of NFPAM in patients suffering from gonadal deficiency, even in the
absence of VFD.
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Introduction

Non-functioning pituitary macroadenomas (NFPMAs), al-
though non-secreting, are clinically important because they
frequently lead to visual field defects (VFD) or pituitary func-
tion impairment due to mass effects. Surgery via the
transsphenoidal approach (TSS) aimed at improving or even
reversing the consequences of the pressure effects is the treat-
ment of choice in these cases. Despite advances in surgical
techniques, complete tumor removal is not possible in all
cases owing to a high rate of supra- or parasellar extension.
Moreover, the tumor can regrow even after it has been
completely resected [1]. Post-surgery radiotherapy has been
demonstrated to reduce the rate of tumor regrowth [2].
Nonetheless, tumor regrowth has even been reported in post-
operative radiated patients [3]. On the other hand, radiothera-
py induces the risk of hypopituitarism in long-term follow-up
[4] and is associated with such rare complications as brain
tumor [5]. Therefore, it is essential to select patients who will
benefit from this therapy.

In other words, successful management of patients with
NFPMA, aimed at normalization of pituitary function, decom-
pression of vital structure, and prevention of tumor regrowth,
requires a comprehensive knowledge of epidemiological, bio-
chemical, pathological, radiological, and ophthalmological char-
acteristics of this type of tumor. Moreover, evaluation of thera-
peutic outcomes to determine the predictors of response as well
as comparison of the different therapeutic approaches can also be
helpful in the selection of appropriate management strategies.

Several studies show differences in the incidence of pitui-
tary adenoma by ethnicity [6, 7]. Furthermore, there is strong
evidence of a geographically specific hormone profile of pi-
tuitary adenomas [8]. Although these racial differences may
occur naturally, different clinical presentations and presence
of environmental risk factors as well as genetic variability are
additional possible explanations of the variations. Hence, the
development of computerized pituitary tumor registries in dif-
ferent regions of the world to collect comprehensive demo-
graphic, therapeutic, and clinical outcome information on pa-
tients suffering from this type of tumor could provide re-
searchers with the opportunity to further explore outcomes
in this respect.

We therefore developed a computerized pituitary tumor
registry to collect comprehensive data on Iranian patients har-
boring all types of pituitary adenomas, including non-
functioning pituitary adenomas (NFPAs). The goal of the
Iranian Pituitary Tumor Registry (IPTR) is early identification
of patients, improvement of management strategies and long-
term follow-up, as well as definition of features of prognostic
significance [9]. Moreover, it is expected also to eventually
provide a comprehensive database of clinical and paraclinical
characteristics of this type of tumor among Iranian popula-
tions of different ethnicities. In this paper, we describe a

number of retrospective analyses of data on preoperative pa-
tient characteristics, surgical treatment outcomes, and postop-
erative alterations in pituitary function in patients presenting
with non-functioning pituitary macroadenoma.

Materials and methods

Non-functioning pituitary adenoma database

We retrospectively collected data on 115 patients registered in
the IPTR with a diagnosis of NFPA between 2015 and 2017.
NFPAwas diagnosed if there was neither clinical nor biochem-
ical evidence of hormone overproduction, and histopathologi-
cal evaluation revealed an adenoma. For complete assessment
of the patients, we reviewed the electronic medical records of
71 patients who underwent surgery due to NFPMA (diame-
ter ≥ 10 mm) at our tertiary referral center by one of two neu-
rosurgeons. Patients were assessed at presentation before sur-
gery, within the first 3 months after surgery, and periodically as
indicated. The duration of follow-up was defined as the inter-
val between the date of registration and the date of the last
magnetic resonance imaging (MRI) scan in each patient.
Clinical characteristics, VFD, pituitary function, and MRI im-
ages were assessed. Hypogonadal symptoms were defined as
loss of libido or impotence in men and oligomenorrhea in
women. Tumor size was defined as maximum diameter mea-
sured on the coronal view of gadolinium-enhanced T1-weight-
ed images. Based on their maximal diameter, tumors were
classified as macroadenomas (maximal diameter of ≥ 10 mm)
and giant adenomas (maximal diameter of ≥ 40 mm).
Depending on the available neuroradiologic findings, tumors
were radiologically classified into four groups, as intrasellar
non-invasive macroadenoma and macroadenoma with exten-
sion to surrounding structures including suprasellar, cavernous
sinus, or infrasellar regions. Pituitary function and MRI were
assessed for all patients before surgery and during the first
6 months after surgery, and periodically thereafter as indicated.

Tumor control

MRI scans were evaluated by one radiologist to determine the
size of the tumor at the time of presentation, during the first
6 months postoperatively and annually thereafter. Maximum
tumor size was measured on T2-weighted axial and T1-
weighted coronal and sagittal plans using the Picture
Archiving and Communication System. The largest measure-
ment was included in the analysis. The degree of tumor re-
moval was determined according to the postoperative MRI
scans. If the tumor was grossly removed and there was no
residual tumor on the early postoperative MRI scans, it was
considered as a gross total resection (GTR). Subtotal tumor
resection (STR) was defined as any visible residual mass.
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Explanatory analysis was performed to determine the predic-
tors of STR. Furthermore, in all patients, at least two postop-
erative MRI scans were available, enabling the evaluation of
radiological tumor regrowth; any enlargement in maximal tu-
mor size, either in patients without evidence of residual tumor
after surgical therapy or in cases of tumor remnant at postop-
erative imaging, was considered as tumor regrowth.

Hormonal assessment

Hormone profile was assessed at the time of presentation,
during the first 6 months postoperatively and periodically dur-
ing the follow-up, if needed. Central hypothyroidism was de-
fined as low T4 in the presence of inappropriately low to
normal TSH. Central adrenal insufficiency was defined as
cortisol levels below 5 μ/dl in the presence of inappropriately
low to normal ACTH [10]. Central hypogonadism was de-
fined as low testosterone in the presence of inappropriately
low to normal LH in men, oligomenorrhea in the presence
of inappropriately low to normal LH/FSH in premenopausal
women, and inappropriately low FSH in postmenopausal
women. Growth hormone deficiency (GHD) was defined as
Blow IGF1 in the presence of ≥ 3 pituitary hormone
deficiency.^ Panhypopituitarism was defined as the involve-
ment of ≥ 2 axis. Hormonal values were interpreted according
to the normal range of each laboratory.

Statistical analysis

All data are presented as mean ± SE or median (IQR) for
continuous variables and number (%) for categorical vari-
ables. The t test, Mann–Whitney test, chi-square test, and
McNemar test were applied for comparison of different vari-
ables, as appropriate. Binary logistic regression models were
used to determine the predictive factors for STR and hormonal
recovery. All statistical analyses were performed using
STATA software, and differences with P < 0.05 were consid-
ered statistically significant.

Results

Preoperative patient characteristics

We extracted data on 71 patients (25 women/46men) who had
undergone pituitary surgery due to NFPMA. The mean age of
the patients at the time of registration was 50.6 ± 1.4 years and
the median duration of follow-up was 16.7 (interquartile
range = 27.8) months. We further investigated the number of
patients according to age. The patients were categorized into
four age groups: less than 40 years old, 40–49 years old, 50–
59 years old, and more than 60 years old. The number of
patients in each age category was 12 (16.9%), 14 (19.7%),

29 (40.8%), and 16 (22.5%), respectively. The mean tumor
size was 26.8 ± 1.1 mm. According to the maximum tumor
size, 92% of the patients were considered to have
macroadenoma (10–39 mm) and 8% giant adenoma (≥
40 mm).

Baseline characteristics of the patients are depicted in
Table 1. The majority of the patients presented with mass
effects, including headache (85.7%) and VFD (78.3%).
Mean prolactin level was 80.5 ng/ml. Hypogonadal symptoms
were observed in 28.3% of the male and 12% of the female
patients. Regarding hormonal alterations at the time of presen-
tation, central hypogonadism was the most frequent pituitary
end organ defect (38%), followed by central adrenal insuffi-
ciency (19.7%), and central hypothyroidism (15.5%).
Panhypopituitarism was observed in 14.1% of the patients.
However, none of the patients had GHD. Radiological imag-
ing by MRI revealed macroadenomas causing suprasellar,
cavernous sinus, and infrasellar extension in a significant pro-
portion of patients (73.1%, 26.9%, and 15.4%, respectively).
Moreover, we found that for every 1-mm increase in maximal
tumor size on MRI, the risk of tumor extension to the
suprasellar region and cavernous sinus increases by 13%
(OR = 1.13; P = 0.010) and 10% (OR = 1.10; P = 0.021),

Table 1 Baseline characteristics of patients with NFPMA at the time of
registration

Variable

Age (yrs) 50.6 ± 1.4

Gender (% male) 64.8%

Duration of follow-up (mo) 16.7 (IQR = 27.8)

Tumor size (mm) 26.8 ± 1.1

Presenting symptoms (%)

VFD 78.3%

Headache 85.7%

Hypogonadal symptom 28.3% (M); 12.0% (F)

PRL level (ng/ml) 80.5 ± 6.8

Central hypogonadism (%) 38.0%

Central adrenal insufficiency (%) 19.7%

Central hypothyroidism (%) 15.5%

Panhypopituitarism (%) 14.1%

Radiologic findings: (%)

Intrasellar mass 19.2%

Suprasellar extension 73.1%

Cavernous sinus extension 26.9%

Infrasellar extension 15.4%

Percentages were relative to the patients for whom these alterations were
evaluated

Quantitative data are shown as mean ± SE or median (IQR), and categor-
ical data are shown as percentage

NFPMA nonfunctional pituitary macro-adenoma, SE standard error, IQR
interquartile range, VFD visual field defect
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respectively, while the chance of its being confined to the
sellar region decreases by 18% (OR = 0.82; P = 0.009).

When we further analyzed the data for possible gender-
related differences in tumor characteristics, no significant
differences in age, clinical symptoms, radiological find-
ings, or hormonal alterations at the time of presentation
were observed (Table 2).

Surgical treatment outcomes

Transsphenoidal surgery was performed in 93% (66/71) of the
patients (27.3% microscopic and 72.7% endoscopic tech-
nique), while the remainder (7%; 5/71) were treated through
the transcranial approach. GTR was observed in 45.1% of the
patients, while 54.9% of them had STR. The mean size of
residual tumor in the cases of STR was 6.9 mm. During the
follow-up period, 54 patients had one operation, while 17
individuals underwent additional surgical treatments. We in-
vestigated the rate of STR after surgery according to tumor
behavior and patient characteristics (Table 3). Multivariate
analysis of the data showed that preoperative tumor size
(OR = 38.2; P = 0.008) and extension to the cavernous sinus
(OR = 13.4; P = 0.020) were associated with incomplete tu-
mor resection (Table 4). For every 1-mm increase in maximal
tumor diameter, the risk of incomplete tumor resection in-
creased by 13% (OR = 1.13; P = 0.007). However, age, gen-
der, route of surgery, and supra/infrasellar tumor extension
could not predict the rate of STR.

Tumor regrowth was observed in 5.6% (4/71) of pa-
tients during a mean period of 17.2 months. In all patients,
regrowth occurred after the primary surgery. Of the pa-
tients with regrown tumors, two had some visible tumor
(STR), whereas two had no visible tumor (GTR) after the
first surgery. Of these four patients, three had positive im-
munohistochemistry (IHC) staining for Ki-67 (less than
2%). Mean tumor size before surgery was 29.8 mm.
Extension to suprasellar or cavernous sinus regions was
reported in all four patients. All were treated through TSS
(two endoscopic and two microscopic approaches).

Radiotherapy was performed in 11.5% (7/61) of patients as
adjuvant therapy after surgery. All of them harbored some
residual tumor after surgery. The IHC results that were avail-
able in three of them showed silent corticotropic adenoma.

When we compared surgical outcomes based on endoscop-
ic vs. microscopic technique, we found no significant differ-
ence either in STR rate or in the rate of recovery of pituitary
function (data not shown).

IHC had not been performed in all patients. Of all cases,
30.6% (15/49) harbored a silent gonadotropic adenoma and
6.8% (3/44) a silent corticotropic adenoma. One hundred per-
cent (14/14) of the patients were immunoreactive for Ki-67
less than 2%.

Postoperative hormonal outcomes

There was some degree of preoperative hypopituitarism in
50.7% (n = 36/71) of the patients. Central hypogonadism,
hypocortisolism, and hypothyroidism were present in 38%
(n = 27/71), 19.7% (n = 14/71), and 15.5% (n = 11/71) of the
patients, respectively. Recovery of hormonal status occurred
in 36.1% (n = 13/36) of the patients suffering from hypopitu-
itarism preoperatively, whereas worsening of pituitary func-
tion, defined as the development of new-onset hormonal defi-
ciency, appeared in 14.3% (n = 5/35) of patients with preop-
eratively normal pituitary function. Recovery of altered axes
occurred during a median time of 35.3 months (IQR, 2–87),
while new-onset hypopituitarism occurred within a median
time of 3 months (IQR, 2–17) after surgery. Moreover,
100% (n = 14/14) of preoperative ACTH-deficient patients
recovered postoperatively, while 3.5% (n = 2/57) of ACTH-
sufficient patients developed new-onset ACTH deficiency
postoperatively. Preoperative TSH-deficiency recovered in
18.2% (n = 2/11) of patients postoperatively, but 6.7% (n =
4/60) of TSH-sufficient patients worsened after surgery.
Regarding the gonadotropin axis, 40.7% (n = 11/27) of LH/
FSH-deficient patients recovered after surgery, whereas
13.6% (n = 6/44) with LH/FSH sufficiency developed new-
onset hormonal deficiency postoperatively (Fig. 1).
Hormonal recovery was not related to age (P = 0.251), gender
(P = 0.203), tumor size (P = 0.727), or the extent of tumor
resection (P = 0.592).

Discussion

This is the first report of clinical, biochemical, and radiologi-
cal manifestations, as well as therapeutic outcomes, of Iranian
people with NFPMA. Analysis of the data showed that
macroadenomas were mainly diagnosed during the fifth and
the sixth decades, mostly presenting with a maximal diameter
of 20–39 mm and frequently observed in men (64.8%). Since
NFPAs are functionally inactive and slow-growing, they
mostly present at older ages and with larger sizes. This is a
consistent result across the different studies [11, 12].
Moreover, extension to the surrounding structures was present
in more than three-fourths of the patients at the time of pre-
sentation. In a large proportion of the cases (73.1%), tumor
extended to the suprasellar region, while the infrasellar region
(sphenoid sinus) was less likely to be invaded by tumor
(15.4%). Logistic regression analysis showed that each 1-
mm increase in maximum tumor size is associated with a
13% increase in the risk of suprasellar extension. These results
are in accordance with results from other studies [11, 13].
Ramakrishnan et al. demonstrated that the particular anatom-
ical features of the sphenoid sinus may prevent pituitary
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tumors from growing into the sphenoid sinus while allowing
the enlarging tumor to extend in a suprasellar direction [13].

Mass-related symptoms, including headache, visual field
defects, and hypogonadal symptoms, were the most prevalent
presenting symptoms. Moreover, single or multiple pituitary
hypofunction was diagnosed in 50.7% (n = 36) of patients
before surgery, in agreement with previous reports [11, 14].
Lack of pituitary hormone hypersecretion results in the growth
of these tumors for many years before discovery, by which
time they have reached the size of macroadenomas: this leads
to mass effects manifested by either local pressure effects on
non-pituitary tissues or through compression of pituitary cells
presenting with pituitary insufficiency.

In contrast to the results of several previous studies [15,
16], though similarly to others [17], we found no gender-

related difference either in the clinical course of NFPMAs or
in hormonal outcomes after pituitary surgery. Schaller et al.
showed that in men, tumors are smaller and less invasive at
surgery and the outcome is better than in women [15].
Likewise, Carmela Capotu et al. assessed gender differences
in hormonal outcomes in NFPMA following pituitary surgery.
They reported that premenopausal women with NFPMA have
favorable hormonal outcomes, possibly due to smaller tumor
size and shorter disease duration [16]. However, the diversity
in studied populations and methods used for evaluation of
tumor characteristics may explain these discrepancies.

In this study, the success rate of transsphenoidal surgery,
defined asGTR of the tumor, was 45.1% andwas affected by
tumor size and cavernous sinus extension. Moreover, we
showed every 1-mm increase in the maximum tumor size

Table 2 Gender-related
differences in preoperative
clinical features

Variable p value

Age at registration (yr) Male 51.3 (CI = 47.9–54.6) 0.493 †

Female 49.2 (CI = 43.7–54.7)

Tumor size (mm) Male 27.5 (CI = 24.6–30.4) 0.415 †

Female 25.6 (CI = 21.8–29.4)

Initial symptom (%)

VFD Male 84.4% 0.088 §

Female 66.7%

Headache Male 88.9% 0.309 §

Female 80.0%

Hypogonadal symptom Male 28.3% 0.146 §

Female 12.0%

Central hypogonadism (%) Male 37.0% 0.801 §

Female 40.0%

Central adrenal insufficiency (%) Male 17.4% 0.881 §

Female 16.0%

Central hypothyroidism (%) Male 13.0% 0.439 §

Female 20.0%

Panhypopituitarism (%) Male 13.0% 0.733 §

Female 16.0%

Radiologic findings (%)

Intrasellar invasion Male 21.2% 0.729 §

Female 15.8%

Suprasellar extension Male 69.7% 0.534 §

Female 79.0%

Cavernous sinus extension Male 27.3% 0.940 §

Female 26.3%

Infrasellar extension Male 15.2% 0.951 §

Female 15.8%

Percentages were relative to the patients for whom these alterations were evaluated

Data are presented as mean (CI) and percentage

CI confidence interval, VFD visual field defect

†t test

§Chi-square test
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to be associatedwith a 13% increase in the rate of incomplete
tumor resection. GTR rate in our study is lower than that of
others [18, 19]. This difference can be attributed to tumor
size and invasiveness as well as to surgical technique and the
experience of the surgeon. The endoscopic transsphenoidal
approach for resection of pituitary adenomas provides the
surgeonwith a larger view for inspection of residual disease.
Results from a recentmeta-analysis showed endoscopic TSS
to have a higher efficacy than microscopic TSS in achieving
GTR in patients with both functional and non-functional
pituitary adenoma [20]. The fact that the higher rate of
GTR comes from centers that transitioned to a fully endo-
scopic method compared to ours, where 72.7% of patients
underwent this method, may account for the lower rate of
GTR in this study. However, tumor size and cavernous sinus
extension are consistently the most important factors to de-
termine surgical success [18, 19].

When we evaluated the probability of tumor regrowth after
the first surgery, we found that 5.6% of patients exhibited
some increase in the size of tumor during a period of
17.2 months. All have extension to suprasellar or cavernous
sinus regions. The rate of tumor regrowth has been reported to
vary between 15 and 66% after surgery alone [21]. The pos-
sible explanation for such a wide variation is the fact that these
results come from retrospective studies with a limited number
of patients and a wide range of follow-up periods, from
months to over 10 years. O’Sullivan et al. revealed that size

of the postoperative tumor remnant and length of follow-up
are the two major determinants of regrowth [22]. Moreover,
the presence of an extrasellar tumor remnant is associated with
a higher risk of regrowth compared to the intrasellar remnant
[21]. In our study, the small number of patients with regrown
tumor may be due to the short duration of follow-up; however,
all the patients harbored extrasellar tumor remnant.

Radiotherapy, as adjuvant therapy after surgery, was per-
formed in 11.5% of patients, three of whom suffered from
silent corticotrope adenoma. It is well-established that radio-
therapy reduces the risk of regrowth in NFPAs, especially in
the cases of tumor remnant [21]. However, considering the
potential complications of radiotherapy, particularly hypopi-
tuitarism, and the fact that not all tumor remnants will regrow
in the absence of radiotherapy, it is crucial to apply this mo-
dality to the appropriate cases. Patients with younger age at
presentation [23] and those who suffered from silent
corticotrope adenoma [24] are more likely to benefit from
radiotherapy due to the higher risk of recurrence.
Nevertheless, radiotherapy as a standard postoperative therapy
yields the same long-term tumor control as delayed radiother-
apy applied when there is documented progression of the rem-
nant on follow-up imaging [25]. The reasons for application of
radiotherapy in our patients were tumor regrowth and docu-
mented silent corticotropic adenoma.

Our results suggest that the initial outcomes of endoscopic
TSS, including both surgical and hormonal outcomes, are not
superior to those of microscopic TSS, similarly to the previous
studies [19, 26]. However, some investigators have reported a
trend toward improved outcomes and fewer complications in
the endoscopic group [27]. A more recent review shows no
difference between the two techniques for small intrasellar
tumors. However, applying endoscopic procedure for larger
tumors with extrasellar extension has been associated with
several advantages regarding the extent of tumor resection
and postoperative complications [28].

Regarding hormonal outcomes, the overall prevalence of pre-
operative hypopituitarism was 50.7%, with LH/FSH deficiency
being the most frequent hormonal axis deficiency, followed by
the ACTH and TSH axes. Recovery occurred in 36.1% (n = 13)
of patients with preoperative hormone deficiency, while worsen-
ing of pituitary function occurred in 14.3% (n = 5) of patients
with preoperatively normal pituitary function. It was observed
that TSH-deficiency was less likely to recover after surgery,
while recovery of the LH/FSH and ACTH axes occurred in
40.7 and 100% of the related hypofunctional cases. Moreover,
individual worsening of pituitary function was more likely to
occur in the LH/FSH axis, followed by the TSH andACTHaxes.
Results as regards preoperative hypopituitarism are in line with
those of previous studies [29–31], in which overall hypopituita-
rism was reported in 37 to 85% of patients, hypogonadism was
seen in 36 to 95% of patients, central adrenal insufficiency was
diagnosed in 17 to 62% of patients, and central hypothyroidism

Table 3 Univariate analysis of variables predicting STR: simple logistic
regression results

Variable OR (95% CI) p value

Age > 60 year 1.18 (0.31–4.44) 0.803

Sex (M) 1.36 (0.43–4.30) 0.854

Preoperative tumor size (> 20 mm) 16.71 (1.92–145.77) 0.010

Extension to cavernous sinus 4.31 (1.03–18.04) 0.041

Extension to suprasellar region 1.96 (0.56–6.79) 0.291

Extension to infrasellar region 2.86 (0.52–15.81) 0.225

Microscopic vs endoscopic 1.58 (0.41–6.10) 0.514

STR subtotal tumor resection, CI confidence interval

Table 4 Multivariate analysis of the variables predicting STR: multiple
logistic regression results

Variables OR (95% CI) p value

Cavernous sinus extension 13.4 (1.37–131.95) 0.020

Infrasellar extension 1.5 (0.22–9.76) 0.716

Suprasellar extension 0.6 (0.11–2.75) 0.514

Preoperative tumor size (> 20 mm) 38.2 (2.57–568-10) 0.008

Covariates with p values < 0.4 were put in a single model

STR subtotal tumor resection, CI confidence interval
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was seen in 8 to 81%of patients. Although there is consistency in
the prevalence of preoperative hypopituitarism across studies, to
what extent pituitary hypofunction recovers after surgery is as yet
a highly controversial issue. Recovery of hypopituitarism has
been reported to be from 6.3 to 19.6% [19, 30, 32], with a wider
range of prevalence when considering the recovery of the indi-
vidual axes, including 19.9 to 32% for the LH/FSH axis, 5.7 to
57% for the TSH axis, and 14.2 to 38% for the ACTH axis [19,
33]. However, some patients not only exhibited no recovery from
pituitary dysfunction but they also developed new-onset pituitary
hypofunction after surgery, ranging from 1.4 to 13.7% among
different populations [19, 30, 32, 34]. Our results with regard to
recovery of pituitary function are compatible with those of pre-
vious studies in some but not all axes. Moreover, we found the
TSH axis to be less likely to recover after surgery, while others
showed ACTH deficiency is less likely to recover [35]. Such
differences in hormonal outcomes after surgerymay be attributed
to the different criteria to define hypopituitarism in different stud-
ies. The time point of hormonal assessment may be another
explanation for different hormonal outcomes. Jahangiri et al.
demonstrated a higher rate of recovery of hypopituitarism at
6 months after surgery compared to 6 weeks [34]. Another ex-
planation for such diversities in hormonal outcomes across the
different studies may be due to the fact that assays performed at
some centers may over- or underestimate the incidences of def-
icits or their normalization relative to findings at other centers.
Moreover, racial differences and genetic variability may have a
role in the natural history of NFPMAs [6, 7].

Although some studies proposed that tumor size, youn-
ger age, and increased preoperative normal gland volume
are predictors of hormonal recovery [34, 36], we did not
find any factors related to hormonal outcomes after sur-
gery, similarly to a more recent study [19]. Prediction of

recovery of hypopituitarism is of great importance, espe-
cially in those cases presenting with pituitary hypofunction
in the absence of VFD, as there is uncertainty as to whether
TSS should be offered to this group of patients [37]. On the
other hand, similarly to a previous study [34], we found the
rate of new postoperative endocrine deficits (14.3%) to be
less than the rate of postoperative recovery of preoperative
endocrine deficit (36.1%), this finding supporting consid-
eration of surgery for certain cases with hypopituitarism
without any evidence of VFD.

Strengths and limitations

This is the first report of NFPMAs from a population of Iran
presenting with a composite of clinical manifestations, surgi-
cal outcomes, and alteration in pituitary function after surgery.
Moreover, we investigated the predictors of the main surgical
outcomes. Our findings can be applied to compare between-
country differences in managements of NFPMA due to varia-
tions in the availability of resources. Moreover, with regard to
the results, a multicenter, randomized study to compare the
effectiveness of microscopic and endoscopic TSS techniques
appears to be essential to establish a true valuation of these
techniques. However, this retrospective study has some limi-
tations. First of all, the study included a small number of
patients with NFPMA referred to a tertiary center, thus, the
results might not be easily generalizable. Moreover, missing
data were unavoidable, and each outcome was analyzed in a
different sample size. Data on VFD as well as IHC were not
available for all patients. In addition, we did not perform the
insulin tolerance test for diagnosis of GH deficiency in pa-
tients, and the results on central adrenal insufficiency are
based on static tests.

Fig. 1 Postoperative recovery of
pituitary hypofunction and new
onset pituitary hypofunction after
surgery
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Conclusions

Taken together, tumor behavior, including large tumor size
and extension to the cavernous sinus, constitutes a major bar-
rier for achievement of GTR after surgery. Furthermore, post-
operative endocrine recovery and development of new-onset
hormonal deficit varies with each axis, this giving us the op-
portunity to determine the chance of endocrine recovery pre-
operatively, especially in patients with no evidence of VFD.
Notably, recovery of the gonadal axis in nearly half of the
patients supports surgical treatment of NFPMA in
reproductive-aged patients with gonadal deficiency in the ab-
sence of VFD.
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