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Macroadenoma Contacting the Optic
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ABSTRACT: Objectives: To describe the tumor characteristics and visual function in conservatively managed patients with non-
functioning pituitary macroadenoma (NFMA) that contacted/compressed the visual pathway. Design: Retrospective case-series. Setting:
Tertiary-care academic institution. Participants: Six patients with diagnosis of NFMA. Main Outcome: Visual function and radiological
characteristics of the optic apparatus and pituitary tumor. Results: All patients had radiological evidence of optic apparatus compression
but only one had visual field defect at the initial presentation. While two of the six patients developed visual field changes during follow-
up (41+£34.8 months), the patient with visual field defect at the time of diagnosis improved to normal vision. Conclusions: Select
NFMAs that contact the optic apparatus, without visual dysfunction, may be managed with close ophthalmological and radiographic
monitoring, depending on tumor and imaging characteristics. This may be of particular relevance in patients considered to have a high
peri-operative risk, such as advanced age or significant co-morbidities.

RESUME: Traitement conservateur des macro adénomes pituitaires en contact avec I’appareil optique. Objectifs : Le but de 1’étude était de
décrire les caractéristiques des tumeurs et la fonction visuelle chez les patients atteints de macro adénomes pituitaires non fonctionnels (MANF)
adjacents ou comprimant les voies optiques, traités de fagon conservatrice. Méthodologie : 11 s’agit d’une étude rétrospective portant sur six patients
ayant consulté dans une institution académique de soins tertiaires, chez qui un diagnostic de MANF a été posé. L’issue primaire était la fonction visuelle
et les caractéristiques radiologiques de 1’appareil optique et de la tumeur pituitaire. Résultats : Tous les patients avaient une compression de ’appareil
optique a I’imagerie, mais seulement un avait un déficit du champ visuel au moment de la premiere évaluation. Deux des six patients ont présenté des
changements du champ visuel au cours du suivi (41 + 34,8 mois) ; le patient qui avait un déficit du champ visuel au moment du diagnostic a recouvré
une vision normale. Conclusions : Certains MANF qui touchent a 1’appareil optique sans provoquer de dysfonction visuelle peuvent étre suivis
étroitement en ophtalmologie et en radiologie, selon les caractéristiques de la tumeur et de I’imagerie. Ceci peut étre particulierement pertinent chez les
patients considérés a haut risque périopératoire, tels les patients agés ou qui ont des comorbidités importantes.
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Non-functioning pituitary macroadenoma (NFMA) is the
most prevalent type of pituitary tumor, accounting for
approximately 15% of all pituitary tumors. Even with such
prevalence, current understanding of the natural history of non-
functioning pituitary macroadenoma remains controversial'2.
Two publications on conservatively managed NFMA are limited
by heterogeneous patient cohort (e.g. combining macro and
microadenomas), and a small number of patients with actual
visual pathway involvement (e.g. contact with optic chiasm,
optic nerve, or optic tract). Karavitaki et al (2007) studied the
natural history of 40 patients with non-functioning pituitary
adenomas, of which 16 were microadenoma and do not
distinguish the number of macroadenoma cases with actual
chiasm compression®. The only information regarding mass
effect was that three patients had developed new chiasm
involvement and, in these patients, surgical decompression was
carried out. Similarly, Dekker et al (2007) examined 28 non-
surgical NFMA patients but only 2/28 patients were noted to

have compression of the chiasm®.
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While the gold standard of treatment for NFMA with
significant visual impairment is surgery, little consensus exists
for managing patients with NFMA who have mild or no vision-
related complaints’. In this setting, surgery has been suggested
as a preventative measure in visually asymptomatic patients with
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radiological evidence of optic chiasm compression or tumor
approximating the chiasm’. In contrast, other published reports
suggest that slight contact between NFMA and chiasm may not
be predictive of future visual dysfunction®®. To our knowledge,
no studies have specifically looked at a cohort of conservatively
managed patients with confirmed tumor contact with the optic
apparatus. The objective of this study was therefore to describe
the changes in tumor characteristics and visual function in
conservatively managed patients with NFMA that contacted/
compressed the visual pathway, but did not have significant
visual impairment.

METHODS

This study was approved by the University of Western
Ontario Research Ethics Board. Records of 245 consecutive
patients with a parasellar/intrasellar mass between 2000 and
2008 from the Clinical Neurological Sciences Department
(Division of Neurosurgery) in London Health Sciences Centre,
(a tertiary care academic institution in London, Ontario,
Canada), were retrospectively reviewed. Of the 245 patients, 122
were of pituitary macroadenoma, of which 84 patients underwent
surgical decompression, 13 were medically treated and 25 were
conservatively managed. From the cohort of conservatively
managed patients, six individuals met the following inclusion
criteria: (1) new radiological diagnosis of NFMA, (2)
conservative management of NFMA, (3) access to good quality
magnetic resonance imaging (MRI) confirming contact between
the tumor and optic apparatus, (4) serial visual field assessments
by a neuroophthalmologist. Non-functioning pituitary adenoma
was defined as pituitary adenoma with maximal diameter greater
than 10mm and simultaneous absence of hormonal
overproduction.

During the course of their work-up, all included patients had
been clinically reviewed by the interdisciplinary pituitary team
consisting of endocrinologists, neuroophthalmologists, neuro-
radiologists, neurosurgeons, and otolaryngologists. After the
initial referral, if deemed to not be an operative candidate the
patients were reviewed every 6-12 months by serial MRI
imaging, endocrinological assessment and formal visual field
testing. Currently, pituitary surgery is reserved for patients with
visual dysfunction, hormonally-active tumors refractory to
medical treatment, or cases where patients cannot tolerate
medical management. In this group of patients, all but one had
visual symptoms. The one patient with visual dysfunction (Case
6) declined surgery and elected for conservative management.
Endocrinology investigations included measurements of cortisol,
TSH, Free T4 and Free T3, LH, FSH, testosterone or estradiol,
prolactin, and Insulin Growth Factor-1. Neuroophthalmological
evaluation included visual field (Goldmann or/and Humphrey
Automated perimetry), pupillary response to light and visual
acuity. The presence of ophthalmoplegia, afferent pupillary
defect, optic disc pallor, papilledema and ptosis were described
if present. All MRI studies were done using 1.5T scanner and
were reviewed by a neuroradiologist and a neurosurgeon. There
were minor differences in the imaging sequences, but all MRI
examinations included T1-weighted and T2-weighted sequences
for coronal and sagittal planes. The MRI scans were reviewed for
tumor and optic apparatus imaging characteristics, locations of
contact between NFMA and the optic apparatus and presence of
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cavernous sinus invasion. The tumor characteristics included
maximum height, height at maximum chiasm compression,
transverse diameter (width on coronal plane), anteroposterior
(AP) diameter (width on sagittal plane), density of tumor, and
site of compression. The tumor location was categorized as
prefixed, central or postfixed relative to the optic chiasm using
the sagittal T1 and coronal T2 weighted sequences.

The chiasmal contact characteristics included two different
measures of chiasm elevation (our study method and Frisen &
Jensen method), as well as thickness of chiasm at maximum
compression®®, For our study method, the neuroradiologist
measured chiasm elevation by connecting the most inferolateral
aspects of the chiasm (standard line) and measuring the
perpendicular distance between the standard line and the inferior
aspect of the chiasm at maximum compression (Figure 1). In
contrast, Frisen and Jensen defined chiasm height as the midline
distance between the optic nerve canal plane and the inferior
aspect of the chiasm’.

RESULTS

Of the 25 conservatively managed patients, six patients had a
diagnosis of NFMA with radiologically identified involvement
of the optic apparatus and met the meeting inclusion/exclusion
criteria. We included one woman and five males, the mean age
at initial presentation was 66+6.4years. Reasons for referral to
the pituitary group specialists included seizure, chronic
headache, dizziness, vertigo, muscle weakness in proximal limb,
anorexia and incidental discovery of sellar mass. Mean duration

Figure 1: MR image of Case #1 at the time of diagnosis showing NFMA
contacting the optic chiasm with an example of chiasm elevation
measurement.
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Table 1: Patient characteristics at initial presentation

Pt Age (y)/ Tumor characteristics Chiasm characteristics Visual function
No. Sex
H (mm) | HC T AP Density Site of E E (mm; W (mm) | VF VA
(mm) (mm) (mm) compression (mm) Frisen
method)

1 60/M 143 14.5 17.6 14.8 Heterogeneous Chiasm 2 1.6 1.2 Normal 1L20/30
R20/20
2 72/F 114 114 16.0 14.0 Heterogeneous Chiasm 04 0 1.6 Normal 120725
R20/25
3 62/M 20.4 22.5 27.1 18.4 Heterogeneous Chiasm & optic | 3 3.6 1.5 Normal L£20/30
nerve R20/25
4 60/M 14.1 14.1 16.0 14.2 Solid Chiasm 1.6 3.6 1.6 Normal 120/25
R20/25
5 65/M 15.5 14.5 16.1 14.6 Heterogeneous Chiasm 2.7 43 14 Normal 12020
R20/20
6 75/M 235 23.9 23.6 18.0 Solid Chiasm & optic | 1.1 5.0 1.3 R superior field 120/25
nerve defect R20/25

Abbreviations: H indicates maximum height; HC, height at maximum compression; T, transverse diameter; AP, anterioposterior diameter; E, eleva-
tion; W, thickness at maximum compression; VF, visual field; VA, visual acuity; L, left eye; R, right eye.

between onset of symptom and first specialist visit was 5.2+3.6
months. The patient characteristics at initial presentation are
summarized in Table 1. All six patients had radiological evidence
of optic apparatus involvement at time of diagnosis but only one
patient had simultaneous significant neuro-ophthalmological
finding. One patient had left eye ptosis dating back to childhood.
Mean follow-up period was 41+34.8 months. All six patients in
this study had a pre-fixed tumor. No evidence of optic nerve
atrophy was found for all six patients during the study period, but
one patient (Case 6) was found to have slightly thinned left optic
nerve on MRI. Also, every patient had normal optic nerve and
optic tract signal intensity on MRI. The patient characteristics at
the last follow-up visit are summarized in Table 2. Two of the
five patients developed visual field changes during the course of
the management, detected at the last follow-up visit (46 months
and 14 months after diagnosis). The patient with visual field
defect at diagnosis (Case 6) was noted to have worsening visual
field defect during the early follow-up period but recovered
(without any intervention based on the patient’s refusal for
surgery) to full visual field at the last follow-up visit.

Case examples

Case 1: A 60-year-old male, was found to have a sellar mass
during clinical investigation of seizure. Initial ophthalmological
examination demonstrated visual acuity of RE: 20/20 and LE:
20/30 as well as normal Goldmann perimetry visual fields. The
remaining neuroophthalmological exam was non-significant.
The MRI revealed a heterogeneously enhancing lesion
contacting a pre-fixed chiasm. The lesion demonstrated imaging
characteristics consistent with pituitary macroadenoma including
a height of 14.3mm, height at maximum compression of
14.5mm, transverse diameter of 17.6mm and AP diameter of
14.8mm. The chiasm was compressed and elevated by 2mm, a
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Frisen & Jensen elevation measurement of 1.6mm, and a
thickness at maximum compression of 1.2mm. The MRI showed
signs of cavernous sinus involvement. At the last follow-up visit,
105 months since initial presentation, the patient’s visual acuity
was RE: 20/20. and LE: 20/20. Neuroophthalmological exam
was normal including automated perimetry visual fields. The
MRI at eight years following the initial presentation continued to
show a heterogeneous pituitary macroadenoma with a height of
14.1lmm, height at maximum compression of 13.4mm,
transverse diameter of 18.3mm and AP diameter of 15.5mm. The
chiasm characteristics included elevation of 1.4mm, Frisen &
Jensen elevation measurement of 1.8mm, and thickness at
maximum compression of 1.4mm. No signal change was seen in
the structures of the visual apparatus (Figure 1).

Case 5: A 65-year-old male, was found to have an incidental
sellar mass. Initial ophthalmological examination demonstrated
visual acuity of RE: 20/20 and LE: 20/20 as well as normal
Goldmann perimetry visual fields. The remaining neuro-
ophthalmological exam was non-significant. The MRI revealed
heterogeneously enhancing lesion contacting a pre-fixed chiasm.
The lesions demonstrated imaging characteristics consistent with
pituitary macroadenoma including a height of 15.5mm, height at
maximum compression of 14.5mm, transverse diameter of
16.Imm and AP diameter of 14.6mm. The chiasm was
compressed and elevated by 2.7mm, a Frisen & Jensen elevation
measurement of 4.3mm, and a thickness at maximum
compression of 1.4mm. The MRI showed signs of cavernous
sinus involvement. At the last follow-up visit, 14 months since
initial presentation, the patient’s visual acuity was RE: 20/25 and
LE: 20/20. Automated perimetry revealed right temporal visual
field change. Remaining neuroophthalmological exam was
normal. The MRI at one year following the initial presentation
continued to show a heterogeneous pituitary macroadenoma
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Table 2: Patient characteristics at last follow-up

Pt No. Follow- Tumor characteristics

Chiasm characteristics Visual function

up (m)
H HC T AP (mm) Density Site of E E (mm; w VF VA
(mm) (mm) (mm) compression (mm) Frisen (mm)
method)

1 105 14.1 13.4 18.3 15.5 Heterogeneous Chiasm 1.4 1.8 1.4 Normal L20/20
R20/20
2 46 14.4 14.1 18.8 16.3 Heterogeneous Chiasm 1.6 12 1.2 R homonymous L20/25
change R20/25
3 17 234 232 26.9 19.7 Heterogeneous Chiasm & optic 3.7 8.4 1.3 Normal 120/30
nerve R20/25
4 17 14.1 14.1 14.8 14.8 Solid Chiasm 1.4 5.6 1.4 Normal 1L20/25
R20/25
5 14 16.8 15.2 17.2 15.2 Heterogeneous Chiasm 32 8.1 14 R temporal change  120/20
R20/25
6 49 29.5 27.0 26.0 18.0 Solid Chiasm & optic 2.1 9.0 1.2 Normal 1L20/25
nerve R20/25

Abbreviations: H indicates maximum height; HC, height at maximum compression; T, transverse diameter; AP, anterioposterior diameter; E, eleva-
tion; W, thickness at maximum compression; VF, visual field; VA, visual acuity.

with a height of 16.8mm, height at maximum compression of
15.2mm, transverse diameter of 17.2mm and AP diameter of
15.2mm. The chiasm characteristics included elevation of
3.2mm, Frisen & Jensen elevation measurement of 8.1mm and
thickness at maximum compression of 1.4mm. No signal change
was seen in the structures of the visual apparatus (Figure 2).
Case 6: A 75-year-old male, was found to have an incidental
sellar mass during clinical investigation of muscle weakness in
the proximal limb and anorexia. Initial ophthalmological
examination demonstrated visual acuity of RE: 20/25 and LE:
20/25 as well as right superior temporal field defect by
Goldmann perimetry. The remaining neuro-ophthalmological
exam was non-significant. The MRI revealed solid tumor
contacting a pre-fixed chiasm. The lesion demonstrated imaging
characteristics consistent with pituitary macroadenoma including
a height of 23.5mm, height at maximum compression of
23.9mm, transverse diameter of 23.6mm and AP diameter of
18.0mm. The chiasm was compressed and elevated by 1.Imm,
Frisen & Jensen elevation measurement of 5.0mm, and a
thickness at maximum compression of 1.3mm. The MRI showed
signs of cavernous sinus involvement. At the last follow-up visit,
49 months since initial presentation, the patient’s visual acuity
was RE: 20/25 and LE: 20/25. Goldmann perimetry revealed
normal visual fields. Remaining neuroophthalmological exam
was normal. The MRI at four years following the initial
presentation continued to show a heterogeneous pituitary
macroadenoma with a height of 29.5mm, height at maximum
compression of 27.0mm, transverse diameter of 26.0mm and AP
diameter of 18.0mm. The chiasm characteristics included
elevation of 2.1mm, Frisen & Jensen elevation measurement of
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9.0mm and thickness at maximum compression of 1.2mm. No
signal change was seen in the structures of the visual apparatus
(Figure 3).

Di1SCcUSSION

The most common indication for pituitary surgery is visual
dysfunction stemming from mass effect. Growing evidence
suggests that there is considerable variability in the degree of
visual dysfunction’. Given that the relationship between optic
apparatus deformation and visual symptom is still not fully
understood, the natural history of macroadenoma continues to be
a topic of importance. We report on a series of conservatively
managed patients with confirmed contact between a NFMA and
the optic apparatus, thus enabling a demonstration of the natural
history of the tumor.

This study highlights the variability in the sensitivity of
visual apparatus to the compressive effect of NFMA. At the time
of diagnosis, five of six patients with chiasmal deformation had
normal neuroophthalmological examinations. At the last follow-
up Case 3 with second largest chiasm elevation (8.4mm by
Frisen & Jensen method), did not show any vision deterioration
while Case 5 with similar chiasm deformation (8.1mm by Frisen
& Jensen method) had developed visual field deficits. Moreover,
one patient’s (Case 6) visual field normalized during course of
management even though the tumor had actually increased in
size with further chiasmal deviation. Similar variability in the
clinical consequence of mass effect is seen in the literature. For
example, a published study on the natural course of NFMA
reported six patients with visual field defects without any chiasm
involvement*. In contrast, a number of researchers have reported
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Figure 2: MR image of Case #5 at the time of last follow-up continuing
to show NFMA compressing the optic chiasm.

the robustness of the optic chiasm to dislocation/compression
from to NFMA contact®$. The relationship between tumor mass
effect and progression of visual dysfunction may be more
complex than the linear relationship that some reports have
previously suggested!®-!!

One possible variable influencing the sensitivity of the optic
apparatus to mass effect is the location of tumor relative to the
chiasm (e.g. pre-fixed, central, post-fixed). Eda et al reported
that while centrally located tumor (labelled as superior type)
showed a relationship between tumor size and visual field defect,
pre-fixed and post-fixed tumors did not show such relationship!2.
All six patients in this study had a pre-fixed tumor. Another
potential variable influencing the severity of mass effect is the
rate of tumor growth. Specifically, NFMA with fast suprasellar
extension will lead to a sudden chiasm deformation and prevent
the chiasm from adequately compensating’. Tumor density may
also influence the severity of mass effect with tumors of high
density leading to a greater compressive force than a cystic
tumor. These disparate findings may represent a single spectrum
of consequences of mass effect influenced by multiple variables
such as tumor location, growth rate of tumor, tumor density, and
vulnerability of optic apparatus. Clinically, such variability in
visual deterioration creates difficulty in determining the optimal
management plan for patients with NFMA; surgical resection
versus conservative follow-up.

For patients with marked visual dysfunction, surgery is the
gold standard of treatment to maintain or improve visual
function. However, indication for surgical treatment over
conservative management is not as clear cut for the subset of
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Figure 3: MR image of Case #6 at the time of diagnosis showing NFMA
displacing the optic chiasm.

NFMA patients without significant complaints or minimally
symptomatic patients with significant co-morbidities®!3'4, In an
attempt to better standardize the clinical practice strategies for
NEMA, Dekkers et al 2008 provided evidence-based algorithm
for managing NFMA with emphasis on neuroophthalmological
and radiological findings®>. One of the proposed indicators for
surgery in this model was tumor approximating the optic
chiasm’. Based on this guideline, all of the patients in this study
would have undergone surgery even though five of six patients
lacked visual deterioration at initial presentation. Given the
previously mentioned studies that report the resilience of the
chiasm against deformation, this proposed indicator may
actually engender premature exposure to surgery and the
accompanying potential peri-operative complications'>-17.
Radiological evidence of proximity or mere contact between
tumor and the optic apparatus without contemporaneous visual
dysfunction should not be the only indicator for surgery. One
important reason for this is the number of variables in the
imaging technique that can influence the extent of compression
of the chiasm seen. For instance, Frisen & Jenson utilized the
midline distance between the extrapolated optic nerve canal
plane and the inferior aspect of the chiasm to define chiasm
elevation’. A potential issue of this method is the difficulty of
relating the height of the chiasm to the optic canal in coronal
sections given that head tilt would affect the extrapolated
position of that plane. Conversely, using the sagittal plane
requires the optic canal to be clearly identified, which is rarely
achieved. Establishing a standardized method of measuring the
tumor and chiasm characteristics that addresses such technical
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variability may help in clarifying the relationship between
radiological evidence and clinical manifestation of mass effect.

The major source of limitation in the study stems from the
non-standardized MRI examination specifications. Also, given
that the magnitude of measurements used in the study are in
millimetres, the value of the tumor and chiasm characteristics
may have been altered if the patient’s head position was off axis.
However, we do not think that precise standardization of the
sequences would have altered the findings of chiasmal contact,
which was the main inclusion criterion for the study.
Furthermore, given that only one neuroradiologist reviewed the
MR images, we were not able to analyze the inter-rater
variability. Another limitation of our study is the small sample
size, preventing statistical analysis and limiting the external
validity of this study. Lastly, given the relatively short follow-up
for some patients, they may develop visual field defects in the
future.

Treatment decision for asymptomatic NFMA patients should
be made on individual basis taking into account age, degree of
optic apparatus involvement, visual dysfunction, rate/direction
of tumor growth, pituitary function and patient preference. It is
important to recognize the need for regular assessments in
conservatively managed patients to minimize the potential
negative consequences of mass effect.

CONCLUSION

An important component in determining the optimal
treatment strategy for NFMA is clarifying the relationship
between the imaging characteristics of tumor, visual pathway
involvement and the extent of decline in visual function. Our
study highlights the variability in the sensitivity of the visual
apparatus to compression/dislocation. Based on our results,
along with supporting existing literature, we propose that for
NFMA patients with confirmed chiasm compression but normal
neuroophthalmological exam, conservative management with
close radiographic and neuroophthalmological monitoring is a
reasonable option in selected cases.
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