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Abstract

Purpose To investigate the clinical characteristics of
and ophthalmic findings in Korean patients diagnosed
with a pituitary adenoma.

Methods The medical records of 534 patients diag-
nosed with a pituitary adenoma at Kyung Hee
University Hospital between January 2007 and
December 2016 were retrospectively reviewed.
Results Mean patient age was 47.9 £ 16.2 years.
The most common symptoms at the time of presen-
tation were headache (26.2%) and visual disturbance
(12.4%). The referral rate to the ophthalmology
department was 18.44% and patients most often
presented to the neurosurgery department. Optic
chiasm compression was identified in 23.4% of
patients (54.4% of patients referred to ophthalmology,
15.0% of patients not referred to ophthalmology).
Normal visual field (57%) was the most common
visual field feature followed by bitemporal hemianop-
sia (17.8%). Optic chiasmal compression without

T. G. Kim - J. Kang ([<)

Department of Ophthalmology, Kyung Hee University
Hospital at Gangdong, Kyung Hee University, # 892,

Dongnam-ro, Gangdong-gu, Seoul 05278, Republic of
Korea

e-mail: kjh0614 @khu.ac.kr

K. H. Jin

Department of Ophthalmology, Kyung Hee University
Medical Center, Kyung Hee University, Seoul, Republic
of Korea

visual field defects was found in 36.1% of patients.
Tumor volume was positively correlated with visual
field pattern standard deviation (PSD, p = 0.020) and
best-corrected logMAR visual acuity (p = 0.000) and
negatively associated with tumor volume and visual
field mean deviation (MD, p = 0.000). Best-corrected
visual acuity (p = 0.000), MD (p = 0.001), and PSD
(p = 0.028) significantly improved after surgery.
Conclusions Pituitary adenoma patients do not
always have ocular symptoms at their first presenta-
tion, even when optic chiasm compression and visual
field deficits are present. Therefore, collaboration with
an ophthalmologist is important when evaluating
pituitary adenoma patients.

Keywords Pituitary adenoma - Visual field -
Epidemiology

Introduction

The optic chiasm is the point at which optic nerves
partially cross after passing through the optic foramen.
Pressure on the optic chiasm by a pituitary tumor can
cause bilateral visual disturbances, visual field defi-
cits, and color vision disorders [l, 2]. Pituitary
adenoma is the most common benign tumor of the
central nervous system, accounting for 10-15% of all
brain tumors, and is estimated (via autopsy) to occur in
20-25% of the general population [3, 4]. When a
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growing tumor presses on the optic chiasm, decreased
visual function can result. However, collaboration
with multiple departments, including neurosurgery,
neurology, ophthalmology, endocrinology, and inter-
nal medicine, is necessary when evaluating pituitary
adenoma patients because symptoms are not limited to
ocular problems. In 1978, Klaubet et al. [5] reported
that the chief complaint in patients with pituitary
adenoma is decreased visual function. However, with
neuroimaging advances in the 1980s (e.g., brain
magnetic resonance imaging [MRI] and computed
tomography [CT]) and more accurate hormone detec-
tion tests, hormone-associated systemic symptoms
have become the most common onset manifestations
[6, 71.

Visual field defects and decreased vision occur in
9-32% and 4-16% of pituitary adenoma patients,
respectively [8—10]. However, the actual incidence of
these symptoms is likely higher because subtle
changes in the visual field and vision are often difficult
to identify subjectively. Klauber et al. [5] showed that
37% of patients with pituitary adenomas did not
complain of visual field problems, but had defects
identified by visual field testing. Given that quality of
life decreases with disease progression, collaboration
with ophthalmologists is important when evaluating
pituitary adenoma patients. Unfortunately, few studies
have examined ophthalmologic examinations and
ophthalmology referral rates in pituitary adenoma
patients diagnosed in other departments [11-13].

Therefore, the purpose of this study was to evaluate
the clinical features of and ophthalmic findings in
patients diagnosed with pituitary adenomas. These
findings from various points of views are discussed.

Methods

The medical records of 534 consecutive patients
diagnosed with pituitary adenomas between January
1, 2007 and December 31, 2016 at Kyung Hee
University Hospital were retrospectively reviewed.
For each patient, sex, age at diagnosis, chief complaint
at presentation, features of brain MRI, and the
department first visited were investigated. If oph-
thalmic examination was performed, visual acuity,
intraocular pressure, and visual field findings (auto-
mated visual field test) were also included in analyses.
All patients had undergone fundus photography and
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optical coherence tomography (OCT) to confirm the
absence of disc abnormalities and exclude the possi-
bility that visual field changes were caused by
glaucoma. We also used these images to evaluate
nasal and temporal optic disc atrophy and papilledema
caused by optic chiasm compression associated with
the pituitary adenoma. The chief complaint at presen-
tation was based solely on patient-reported symptoms
and did not consider ophthalmic testing results or
systemic examination findings.

Tumor location was categorized as intrasellar or
suprasellar extension, and tumor-associated optic
chiasm compression was categorized as present or
absent based on brain MRI findings. Brain MRI was
also used to determine whether chiasm compression
included optic chiasm contact with or abutment to the
tumor. Tumor horizontal and vertical dimensions were
measured in the axial plane and tumor height was
measured in the coronal plane. Tumor volume was
calculated as the product of the height, horizontal
length, and vertical length. The department of the first
visit was defined as the department in which the
patient first presented for symptoms associated with
pituitary adenoma. The presence and type of surgical
treatment was determined by examining the medical
records in each patient. Pituitary adenoma function
was characterized as functional or non-functional
based on the combined pituitary stimulation test
results.

Ophthalmic examination included measurement of
best corrected visual acuity (BCVA) and intraocular
pressure. Patients with a prior history of intraocular
surgery or ocular disease known to affect visual field
testing were excluded. The BCVA was measured in
both eyes using a logarithm of the minimum angle of
resolution (logMAR) chart. The mean value of both
eyes was used in analyses. The visual field test was
performed using the automated Humphrey® Visual
Field Analyzer II (Carl Zeiss Meditec, Inc., Dublin,
CA, USA) using the Central 24-2 Swedish interactive
threshold algorithm (SITA). The visual field test was
conducted on the right eye first, followed by the left,
after refractive error correction. Patients who had
more than 20% fixation losses or more than 33% false
positive or false negative responses were excluded
from analyses.

Visual field defects were classified using the Grey
scale for visual field tests. Mean values between the
right and left eyes were calculated and used in analyses
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for mean deviation (MD) and pattern standard devi-
ation (PSD). Visual field defects were classified into
ten types, with other types classified as “atypical”
(Fig. 1).

All statistical analyses were performed using SPSS
statistical software (version 18.0, SPSS, Inc., Chicago,
IL, USA). Pituitary adenoma patients were divided
into two groups according to the presence or absence
of optic chiasm compression, as identified by brain
MRI imaging. Differences between groups in MD,
PSD, and BCVA were compared using independent
sample t-tests. Correlations between visual acuity and
tumor volume, MD, and PSD were analyzed using
Pearson’s correlation tests. Pre- and post-operative
values of MD, PSD, and BCVA were compared using
paired sample #-tests. Statistical significance was
defined as p < 0.05.

Results

This study included 534 patients (195 male, 399
female) with a mean age of 47.9 £ 16.2 years (range
10-86 years) at the time of diagnosis. The relative
proportion of females was highest for patients
50-59 years old (male:female = 37:91), with the
proportion of males gradually increasing after the
age of 60 (Table 1). In total, 114 of 534 patients
(21.3%) visited the ophthalmology department.
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Fig. 1 Types of visual field defects according to visual field
patterns

Table 1 Distribution of age and sex in patients with pituitary
adenoma

Age (years) No. of patients (%)

Male Female Total
<10 0 0 0 (0.0)
11-20 10 17 27 (5.1)
21-30 21 44 65 (12.2)
31-40 29 57 86 (16.1)
41-50 37 91 128 (24.0)
51-60 38 57 95 (17.8)
61-70 38 47 85 (15.9)
71-80 17 25 42 (4.9)
> 80 5 1 6 (1.1)
Total 195 (36.5) 339 (63.5) 534 (100)
Mean age 49.9 46.6 47.9

Patients who did not visit the ophthalmology depart-
ment had a mean age of 47.4 £ 16 years at the first
visit. Patients who did visit the ophthalmology
department had a mean age of 49.5 £ 17 years at
the first visit. Examination of age distribution revealed
that patients over 50 years of age had a higher
frequency of visiting the ophthalmology department
(Fig. 2). Mean tumor volume was 8.4 £ 10.9 cm’.

Symptoms at presentation

The most common symptoms at presentation were
headache (26.2%), galactorrhea and amenorrhea
(17.0%), acromegaly (13.7%), and decreased vision
(12.4%). In patients who visited the ophthalmology

% Total

<10 11~20 21~ 30 31~40 41~50 51~60 61~70 71~80 >80

Age (Years)

Fig. 2 Age at diagnosis in patients who were referred to the
ophthalmology department (filled square, n = 114) and who
were not referred to the ophthalmology department (filled circle,
n = 420)
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department, the most common initial presenting
symptoms were headache (30.7%), decreased vision
(23.7%), and acromegaly (13.2%, Table 2). Of the 114
patients who visited the ophthalmology department,
19 visited the ophthalmology department first and 16
of these patients (84.2%) presented with decreased
vision.

Department of initial diagnosis

Initial pituitary tumor diagnoses were most often made
in the departments of neurosurgery (51.7%) and
internal medicine (36.1%). Only 19 patients (3.6%)
were diagnosed in the ophthalmology department. The
overall referral rate to the ophthalmology department
was 18.4%, with 95 of 515 patients referred. Patients
were most commonly referred to ophthalmology by
neurosurgery (56 patients [58.9%]), internal medicine
(21 patients [22.1%]), and neurology (14 patients
[14.7%], Table 3).

Pituitary adenoma classifications

The majority of patients had intrasellar extension of
the tumor mass on brain MRI (362 patients [67.8%]),
with only about one-third of patients having suprasel-
lar extension. However, 67 patients (58.8%) in the

group that visited the ophthalmology department had
suprasellar extension. In the ophthalmology referral
group (114 patients), 54.4% of patients had evidence
of optic chiasm compression on brain MRI. In the
ophthalmology non-referral group, 15% of the patients
had optic chiasm compression (Table 4).

Visual field testing results

A total of 107 patients had reliable visual field testing
results. Of these, 61 patients (57%) had normal visual
fields and 19 patients (17.8%) had typical bitemporal
hemianopsia (Table 5). Of the 46 patients who had
visual field defects, 19 patients (41.3%) did not
complain of decreased vision or visual disturbances.
The proportion of patients with optic chiasm com-
pression increased with increasing visual field defect
severity. Additionally, optic chiasm compression was
found in 36.1% of patients with no visual field defects
(Table 5). Mean MD and PSD were — 10.90 and
5.25 dB, respectively, in the optic chiasm compres-
sion group and — 5.20 and 3.79 dB, respectively, in
the non-compression group. Visual field defects were
more severe in the optic chiasm compression group, in
which MD was significantly decreased than in the non-
compression group (p = 0.021). Mean logMAR
BCVA was 044 £ 0.53 in the optic chiasm

Table 2 Presenting clinical features of pituitary adenoma by referral group

Features Ophthalmology referred group Non-ophthalmology referred group Total (%)
Headache 35 105 140 (26.2)
Galactorrhea + Amenorrhea 8 83 91 (17.0)
Acromegalic features 15 58 73 (13.7)
Decreased vision 27 39 66 (12.4)
Dizziness 7 20 27 (5.1)
No symptom 7 17 24 (4.5)
Neurologic symptom 3 20 23 (4.3)
Fatigue, generalized weakness 5 8 13 (2.4)
Facial palsy 1 12 13 (2.4)
Nausea, vomiting, syncope 2 9 11 (2.1)
Headache + decreased vision - 9 9(1.7)
Polydipsia 1 5 6 (1.1)
Visual field defect 1 2 3 (0.6)
Arthralgia - 1 1(0.2)
Other 2 32 34 (6.4)
Total 114 420 534 (100)
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Table 3 Distribution of initial diagnostic sources by referral group and tumor type

Diagnostic source Ophthalmology referred

Non-ophthalmology referred

Nonfunctioning Functioning Total (%)

group group
Neurosurgery 56 221 187 89 276 (51.7)
Internalist/ 21 174 90 103 193 (36.1)
Endocrinologist
Neurologist 14 20 30 3 33 (6.2)
Ophthalmologist 19 - 16 3 19 (3.6)
Pediatrics 1 1 1 2 (0.4)
Gynecologist 2 1 - 3 3 (0.6)
Other 7 5 3 8 (1.5)
Total 114 420 330 204 534 (100)
Table 4 Radiological findings between ophthalmology and non-ophthalmology referred groups
MRI findings Ophthalmology referred group (%) Non-ophthalmology referred group (%) Total (%)
Optic chiasm compression
Present 62 (54.4) 63 (15.0) 125 (23.4)
Absent 52 (45.6) 357 (85.0) 409 (76.6)
Tumor extension
Suprasellar 67 (58.8) 105 (25) 172 (67.8)
Intrasellar 47 (41.2) 315 (75) 362 (32.2)
Total 114 (100) 420 (100) 534 (100)

Table 5 Optic chiasm compression ratio by VF defect type

VF defect type  No. of patient Optic chiasm compression

Present Absent
1 61 (57.0) 22 (36.1) 39 (63.9)
2 5@.7) 3 (60.0) 2 (40.0)
3,4 7 (6.5) 6 (85.7) 1(14.3)
5 19 (17.8) 16 (84.2) 3 (15.8)
6,7 1(0.9) 1 (100.0) 0 (0.0)
8,9 6 (5.6) 5(83.3) 1(16.7)
10 4 (3.7) 4 (100.0) 0 (0.0)
Atypical 4 (3.7) 1(25.0) 3 (75.0)
Total 107 58 49

compression group and 0.24 + 0.32 in the non-
compression group, but this differences was not
statistically significant (p = 0.061, Table 6). The
MD decreased (Pearson correlation

coefficient = — 0.483, p < 0.001), PSD increased
(Pearson correlation coefficient = 0.414, p < 0.001),
and BCVA worsened (Pearson correlation coeffi-
cient = 0.330, p = 0.020) as tumor volume increased
(Fig. 3).

Optic disc abnormalities

The ophthalmology referral group included 114
patients. Ten of these patients (8.7%) had nasal or
temporal sector optic disc atrophy on OCT examina-
tion, with all 10 patients having optic chiasm com-
pression visible on MRI. No patient had papilledema.

Functional status of pituitary adenomas
Patients with non-functional pituitary adenomas had a
mean age of 52.1 £ 16.4 years at the time of diagno-

sis and patients with functional pituitary adenomas
had a mean age of 41.2 £ 16.1 years at the time of
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Table 6 Comparison of BCVA, MD and PSD between optic chiasmal compression and non-compression groups

Optic chiasm compression p value*
Present Absent
BCVA (logMAR) 0.44 £+ 0.53 0.24 £ 0.32 0.061
MD (dB) — 10.90 £+ 9.47 —5.20 £ 498 0.012
PSD (dB) 5.25 £3.99 3.79 £ 2.98 0.204
MD mean deviation, PSD pattern standard deviation, BCVA best corrected visual acuity
*p value by independent ¢ test
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Fig. 3 Relationship between tumor volume and MD, PSD and
BCVA. Tumor volume correlates with MD (Pear-
son = — 0.483, p = 0.00), PSD (Pearson = 0.330, p = 0.02),

diagnosis (Table 7). The most common chief com-
plaint in the non-functional adenoma group was
headache (128 patients [39.1%]) and decreased vision
(62 patients [19%]). In the functional adenoma group,
91 patients (43.5%) had a chief complaint of galac-
torrhea and amenorrhea and 4 patients (1.9%) had a
chief complaint of decreased vision. The proportion of
patients with decreased vision caused by optic chiasm
compression was higher in the non-functional group
than in the functional group (Table 7). Additionally, a
larger proportion of patients visited the ophthalmol-
ogy department in the non-functional group (23.6%)
than in the functional group (17.6%). Visual field
changes were found in 54.4% of non-functional
adenoma patients, but in only 20.5% of functional
adenoma patients (Table 8).

Treatment modality and surgical outcome
A total of 315 patients received medical or surgical

treatment, with the majority of patients undergoing
transsphenoidal surgery (173 patients [54.9%],
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and BCVA (Pearson = 0.414, p < 0.00) significantly.
MD = mean deviation; PSD = pattern standard deviation;
BCVA = best corrected visual acuity

Table 9). The proportion of patients with a non-
functional adenoma was higher in surgically treated
patients than in medically treated patients (Table 9).
Mean tumor volume was greatest in the transcranial
surgery group (19.52 & 15.44 cm®) and lowest in the
medical treatment group (1.00 + 15.02 cm®). Ninety-
one of 114 patients who visited the ophthalmology
department underwent treatment. Of these 91 patients,
59 (64.8%) underwent transsphenoidal surgery, a rate
that was higher than in the overall study population
(54.9%, Table 9). Forty-seven patients who under-
went surgical treatment had ophthalmic manifesta-
tions of a pituitary tumor before and after surgery.
However, MD (p = 0.001), PSD (p = 0.028), and
BCVA (p = 0.000) all significantly improved follow-
ing surgery (Table 10).

Discussion

Pituitary adenoma is a noncancerous tumor that
accounts for 10-15% of all intracranial neoplasms
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Table 7 Clinical features of pituitary adenoma by tumor type

Features Nonfunctioning Functioning Total (%)
Acromegaly Prolactinoma Other

Mean age + SD 52.1 £ 16 452 £ 16 37.6 £ 16 409 £ 16 479 £ 16

Sex ratio (M/F) 141:186 42:50 4:101 8:2 195:339

Presenting symptom
Headache 128 4 6 2 140 (26.2)
Galactorrhea + Amenorrhea - - 91 - 91 (17.0)
Acromegalic features - 73 - - 73 (13.7)
Decreased vision 62 2 2 - 66 (12.4)
Dizziness 24 1 2 - 27 (5.1)
No symptom 21 3 - - 24 (4.5)
Neurologic symptom 21 2 - - 23 (4.3)
Fatigue, generalized weakness 12 - 1 - 13 (2.4)
Facial palsy 12 1 - - 13 (2.4)
Nausea, vomiting, syncope 10 1 - - 11 (2.1)
Headache + decreased VA 8 1 - - 9(1.7)
Polydipsia - - - 6 6 (1.1)
Visual field defect 3 - - - 3 (0.6)
Arthralgia - 1 - - 1(0.2)
Other 29 3 2 - 34 (6.4)

Total 330 92 104 8 534 (100)

Table 8 Differences

Nonfunctioning (%) Functioning (%) Total
between nonfunctional and
functional adenoma groups Ophthalmology referred group 78 (23.6) 36 (17.6) 114
Non-ophthalmology referred group 251 (76.4) 168 (82.4) 420
Visual field defect
Present 37 (54.4) 8 (20.5) 45
Absent 31 (45.6) 31 (79.5) 62
Table 9 Therapeutic modalities used to patient
Type of Ophthalmology Non-ophthalmology Functioning Non- Tumor volume = SD  Total
treatment referred group referred group functioning  (cm®)
Medication 8 (8.8) 38 (17.0) 39 (84.8) 7 (15.2) 1.00 £ 15.02 46
GKRS 15 (16.5) 65 (29.0) 36 (45) 44 (55.0) 4.73 £ 15.27 80
TSA 59 (64.8) 114 (50.9) 66 (38.2) 107 (61.8) 10.64 + 15.11 173
TCA 9(9.9 7 3.1 0 (0) 16 (100) 19.52 + 15.40 16
Total 91 (100) 224 141 174 8.18 £ 14.97 315

GKRS gamma knife radiosurgery, TSA transsphenoidal approach, TCA transcranial approach

and 50-80% of all pituitary tumors. Although the approximately 20-25%, only one-third of these are
estimated prevalence rate in the general population is clinically reported [3, 4]. Pituitary adenomas are
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Table 10 Comparison of visual function before and after surgery

Before surgery After surgery p value*
BCVA (logMAR) 041 £ 046 0.18 £ 0.22 0.000
MD (dB) —10.63 £9.13 — 6.99 £ 643 0.001
PSD (dB) 5.89 £ 4.06 434 + 3.31 0.028

MD mean deviation, PSD pattern standard deviation, BCVA best corrected visual acuity

*p value by paired ¢ test

classified by size and function. Adenomas that are
larger than 10 mm in size are categorized as
macroadenomas and adenomas that are smaller than
10 mm in size are categorized as microadenomas. The
functional and non-functional adenoma classifications
are based upon endocrine activity, as determined by
pituitary tissue hormone secretion. Adenoma-related
hormone secretions cause equal physiologic condi-
tions and galactorrhea, amenorrhea, acromegaly, and
Cushing’s disease often result. Small, nonfunctional
adenomas are often incidentally detected, but most
functional tumors are diagnosed based on hormonal
symptoms. Fast-growing, non-functional adenomas
are often diagnosed because of visual field changes
caused by the intracranial mass [4].

The most common symptoms that pituitary ade-
noma patients presented with were headache (26.2%),
galactorrhea and amenorrhea (17.0%), acromegaly
(13.7%), and decreased vision (12.4%). These findings
are consistent with previous studies and suggest that
the incidence of decreased visual function has
declined in pituitary adenoma patients [6, 7]. How-
ever, when visual changes and disturbances are subtle,
patients may not recognize them. Some studies have
even reported that 37% of patients with pituitary
adenomas do not have visual field defects. However,
collaboration with ophthalmologists is still important
when evaluating these patients [4]. In the current
study, 41.3% of patients with an abnormal visual field
did not complain of decreased vision or visual
disturbances. Only 18.4% of all included patients
were referred to the ophthalmology department after
visiting another department, but 54.4% of patients had
optic chiasm compression. As a result, 15.0% of
patients with optic chiasm compression were not
referred to ophthalmology. Therefore, even when
ocular symptoms are not a chief complaint, patients
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with or suspect for pituitary adenomas should visit an
ophthalmologist.

Pituitary adenomas are benign masses that do not
directly invade tissue. These tumors can present with
decreases in visual function, including visual distur-
bances, visual field deficits, and color vision disorders.
Vision changes generally result from compression by
non-functional pituitary adenomas. It has been
reported that decreased visual function is observed in
17% of patients with symptoms [ 14]. Khalid et al. [15]
reported that 69% of patients with pituitary macroade-
noma have optic nerve compression. In our study,
12.4% of patients had decreased visual function and
23.4% of patients had chiasm compression. However,
optic nerve compression was present in 54.4% of
patients who visited the ophthalmology department.
This finding indicates that a decrease in visual function
caused by optic nerve compression was the most
common reason for visiting the ophthalmology
department.

Compression of the optic chiasm may result in
visual field changes and visual disturbances by
blocking axonal conduction, blocking anterograde
and retrograde axoplasmic flow, and/or disturbing
nerve conduction (via the resulting demyelination)
[16]. Bitemporal hemianopsia occurs when a pituitary
adenoma anatomically invades the optic chiasm. The
nasal half of macular fibers cross the midline in the
chiasm. This is particularly prominent in inferonasal
fibers, which briefly loop back into the contralateral
temporal optic nerve sheath 1-2 mm before forming
the optic tract. This loop is called Willebrand’s Knee
[17]. When the optic chiasm is compressed, fibers that
cross the midline are more susceptible to damage from
higher pressures. Non-crossing fibers run parallel to
each other, which allows for a more even dispersion of
the increased force [18]. Therefore, the crossed nasal
macular fibers are more easily damaged and bilateral
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hemianopsia develops when chiasm compression
occurs. In support of this, numerous studies have
shown that larger adenomas cause more severe optic
chiasm compression and result in more extreme visual
field and vision changes [19, 20].

The incidence of visual field defects associated with
pituitary adenomas varies, but has been reported to be
37-96% [21-24]. Pituitary adenoma patients most
commonly have bitemporal hemianopia and quadran-
tanopia, although various other visual field defects
have been observed. The current study found that most
patients had a normal visual field (57.0%), but that
17.8% of patients had bitemporal hemianopsia. There-
fore, visual field defects may develop relatively late in
the disease process, after anatomic changes (e.g., optic
nerve compression) have developed. In support of this
theory, we found a higher incidence of optic chiasm
compression in patients with larger visual field defects
(Table 5). Correlation analyses revealed that pituitary
adenoma volume was negatively correlated with MD
(r = — 0.483, p < 0.001) and positively correlated
with PSD (r = 0.414, p < 0.001). The logMAR visual
acuity was also significantly and positively correlated
with adenoma volume (r = 0.414, p < 0.001; Fig. 3).
This result is not surprising, given that larger adeno-
mas are more likely to compress the optic chiasm. The
visual field MD was significantly lower in patients
with chiasm compression than in patients without
chiasm compression, but logMAR BCVA was not
significantly different between the two groups. There-
fore, visual field testing is more sensitive than visual
acuity testing to changes associated with chiasm
compression. Visual field MD may be a good indicator
for the condition (Table 6, Fig. 3).

Patients with functional pituitary adenomas were
diagnosed at a younger age than patients with non-
functional tumors, particularly patients with prolactin-
producing pituitary adenomas, who were youngest at
the time of diagnosis (Table 7). Patients with non-
functional pituitary adenomas often have non-specific
symptoms and it takes time to observe the mass effect
caused by tumor growth. Therefore, these patients are
generally older at the time of diagnosis than patients
with functional pituitary adenomas. In particular, early
diagnosis of a functional adenoma can be made when
hormone-related symptoms (e.g., galactorrhea, amen-
orrhea, and facial changes) are present. The symptoms
generally occur before headache onset and visual field
and vision decreases. In contrast, symptoms associated

with non-functional adenomas only occur after the
mass has grown large enough to cause compression
symptoms. Thus, a visual field deficit commonly
presents in patients with non-functional pituitary
adenomas. Brada et al. [25] reported that a decreased
visual field is present in 44.7% of patients with
functional adenomas and 73% of patients with non-
functional adenomas. Halle et al. [26] reported that 8
of 10 non-functional adenoma patients presented with
a chief complaint of eye problems. Our study shows
that a decreased visual field was present in 17.6% of
patients with functional adenomas and 54.4% of
patients with non-functional adenomas. Furthermore,
16 of 19 patients (84.2%) who visited the ophthal-
mology department first had non-functional adeno-
mas. Therefore, results from the current and prior
studies suggest ocular problems are most often
associated with non-functional adenomas.

Optic disc atrophy was observed in 8.7% of our
pituitary adenoma patients who visited the ophthal-
mology department. Chronic tumor compression can
lead to optic atrophy, which occurs in a characteristic
“bow tie” pattern. This atrophy consists of nasal or
temporal optic atrophy and has been reported in
34-50% of pituitary adenoma patients [27]. The nasal
and temporal optic disc may be atrophic when medial
compression of the chiasm or posterior optic nerve
occurs. In the current study, optic disc atrophy was
observed less frequently than in previous studies.
However, our study utilized more advanced diagnostic
techniques than previous studies, which were con-
ducted before the year 2000 when relatively few
diagnostic techniques existed.

Various pituitary adenoma treatment options are
available, including surgical resection, hormone sup-
pression (with medication), and radiation therapy.
Common surgical resection methods include the
transsphenoidal and transcranial approaches. The
transsphenoidal approach is an endoscopic procedure
and is used in most cases. Transcranial surgery may be
considered when an endoscopic approach is compli-
cated by large amounts of residual adenoma. Lastly,
the sphenoidal approach can be used, but is often
hindered by rhinostenosis and/or sphenoiditis. The
transsphenoidal approach was the most common
surgical resection performed in the current study
(173 patients). The proportion of patients undergoing
surgical treatment was higher in patients who visited
the ophthalmology department (74.7%) than in
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patients who did not (54.0%). Additionally, patients
who underwent surgical treatment had a higher
incidence of non-functional adenoma than patients
who underwent medical treatment. This finding likely
resulted from a greater mass effect of non-functional
adenomas, which makes patients more likely to
undergo surgical treatment.

Visual field MD and PSD and BCVA all signifi-
cantly improved with surgery. These findings are in
agreement with a study by Moon et al. [13]. A pituitary
adenoma causes nerve damage because optic chiasm
compression results in axonotmesis, in which axons
and their myelin sheath are damaged. However, the
surrounding connective tissue (e.g., Schwann cells,
endoneurium, perineurium, and epineurium) remains
intact. Therefore, once the cause of axonotmesis has
been removed, the axon will regenerate along its
original path and a complete recovery can be expected
[16, 28, 29]. In rare cases, a pituitary adenoma will
also result in papilledema because of increased
intracranial pressure (ICP). In these cases, visual
acuity improvements after surgery may result from
papilledema resolution via ICP reduction. An increase
in ICP may occur because of tumor expansion or
foramen of Monro compression. If tumor growth is
asymmetric, papilledema may occur due to Foster—
Kennedy syndrome. No patient in the current study
had evidence of papilledema on fundus photographs or
OCT images. Therefore, the visual acuity improve-
ments observed after surgery were likely due to partial
or total resolution of axonotmesis via optic chiasm
compression alleviation. In agreement, approximately
90% of patients have improved vision following
successful removal of a pituitary adenoma and the
amount of improvement is associated with symptom
duration [13]. Therefore, early diagnosis and treat-
ment are important in cases of pituitary adenoma [30].

The current study examined ophthalmic conditions
in pituitary adenoma patients. More specifically, we
reviewed adenoma location and size, symptom pre-
sentation, and treatment in patients that had and had
not visited our institution’s ophthalmology depart-
ment. In the group who visited ophthalmology, tumor
size and visual field changes were correlated. Addi-
tionally, functional adenomas were diagnosed earlier
than non-functional adenomas because of hormone-
related symptoms associated with functional tumors.
Unfortunately, early detection of non-functional ade-
nomas is difficult because symptoms are nonspecific
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and take time to manifest. Recent advances in
diagnostic techniques have made ocular symptoms
less likely to appear in patients with pituitary
adenoma. In patients with a nonfunctional adenoma,
vision decreases and visual field deficits may be the
only presenting signs when systemic symptoms are
absent.

In conclusion, most pituitary adenoma patients
have a normal visual field, even when optic chiasm
compression is present. Our study shows that 36.1% of
patients with optic chiasm compression had a normal
visual field. However, visual field testing should be
performed because visual field deficits and defects
may be present, even in patients who do not complain
of visual problems. This emphasizes the difficulty in
diagnosing pituitary adenomas with subjective symp-
toms. Larger pituitary adenomas were associated with
more severe visual field defects, highlighting the
importance of early diagnosis. Therefore, we empha-
size the importance of consulting an ophthalmologist
when diagnosing patients with a pituitary adenoma.
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