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Abstract

IMPORTANCE—Among cranial nerve palsies, a third nerve palsy is important because a subset
is caused by life-threatening aneurysms. However, there is significant disagreement regarding its
incidence and the reported etiologies.

OBJECTIVE—To determine the incidence and etiologies of acquired third nerve palsy using a
population-based method.

DESIGN, SETTING, AND PARTICIPANTS—AII newly diagnosed cases of acquired third
nerve palsy from January 1, 1978, through December 31, 2014, in Olmsted County, Minnesota,
were identified using the Rochester Epidemiology Project, a record-linkage system of medical
records for all patient-physician encounters among Olmsted County residents. All medical records
were reviewed to confirm a diagnosis of acquired third nerve palsy and determine the etiologies,
presenting signs, and symptoms. Incidence rates were adjusted to the age and sex distribution of
the 2010 US white population.

MAIN OUTCOMES AND MEASURES—Incidence and etiologies of acquired third nerve
palsies. The secondary outcome was incidence of pupil involvement in acquired third nerve
palsies.
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RESULTS—We identified 145 newly diagnosed cases of acquired third nerve palsy in Olmsted
County, Minnesota, over the 37-year period. The age- and sex-adjusted annual incidence of
acquired third nerve palsy was 4.0 per 100 000 (95% Cl, 3.3—-4.7 per 100 000). The annual
incidence in patients older than 60 was greater than patients younger than 60 (12.5 vs 1.7 per 100
000; difference, 10.8 per 100 000; 95% Cl, 4.7-16.9; P <.001). The most common causes of
acquired third nerve palsy were presumed microvascular (42%), trauma (12%), compression from
neoplasm (11%), postneurosurgery (10%), and compression from aneurysm (6%). Ten patients
(17%) with microvascular third nerve palsies had pupil involvement, while pupil involvement was
seen in 16 patients (64%) with compressive third nerve palsies.

CONCLUSIONS AND RELEVANCE—This population-based cohort demonstrates a higher
incidence of presumed microvascular third nerve palsies and a lower incidence of aneurysmal
compression than previously reported in hon—population-based studies. While compressive lesions
had a higher likelihood of pupil involvement, pupil involvement did not exclude microvascular
third nerve palsy and lack of pupil involvement did not rule out compressive third nerve palsy.

Among all cases of ocular misalignment from cranial nerve palsies, third nerve palsies are
important because a subset of these are caused by life-threatening aneurysms. The true
incidence of third nerve palsies and the relative incidence of the various etiologies are
largely unknown. Prior studies™ have indicated that aneurysms account from anywhere
from 10% to 30% of cases. These studies were from academic tertiary referral centers and,
therefore, were not population-based and may suffer from a referral bias toward more severe
patients.

Using the Rochester Epidemiology Project (REP), a record-linkage system of medical
records for all patient-clinician encounters among residents of Olmsted County, Minnesota,
we were able to perform a population-based analysis of third nerve palsies. The goal of this
study was to evaluate the population-based incidence of acquired third nerve palsy and
determine the relative frequency of the various etiologies. In addition, this study reviewed
the presenting signs and symptoms of acquired third nerve palsies. Patients with congenital
third nerve palsy were excluded from the study because symptoms and recovery do not
apply to this subset of patients.

Methods

All medical records of patients with newly diagnosed third nerve palsies identified using the
REP>7 were retrospectively reviewed. These records capture medical care in Olmsted
County at Mayo Clinic, Olmsted Medical Center, and their affiliated hospitals, and the few
private clinicians. The Mayo Clinic institutional review board waived the need for informed
consent for this study because this was a retrospective medical record review with minimal
risk. In addition, consent for review of medical records was not possible to obtain in
individuals who were deceased or were no longer in the immediate area.

This study was approved by the Mayo Clinic and Olmsted County institutional review
boards. All patient medical records were reviewed to identify patients with newly diagnosed
third nerve palsy presenting from January 1, 1978, through December 31, 2014. The REP
database was searched for a diagnosis of third nerve palsy, and the medical records were
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reviewed to confirm the diagnosis. The REP database was also searched for other diagnoses
that may include third nerve palsy, including the diagnosis of strabismus, hypertropia, and
miscellaneous ophthalmoplegia, and was reviewed for a clinical diagnosis of third nerve
palsy. Each occurrence of acquired third nerve palsy was considered a separate incidence
case; 51 of 145 of these patients (35.2%) have been included in previous reports of pediatric
cranial nerve palsies and adult strabismus, but those articles did not include patients of all
ages or a detailed analysis of causes and presenting signs.8°

In cases of confirmed acquired third nerve palsy, the medical records were also reviewed to
determine the cause of the third nerve palsy. In addition, the details of the acquired third
nerve palsy at presentation were also documented, including age, imaging that was
performed, pupil involvement, ptosis, degree of ophthalmoplegia, presence of eye pain or
headache, other neurologic symptoms, recovery, and aberrant regeneration. Pupil
involvement was defined by at least 0.5 mm of anisocoria, with the larger pupil being on the
affected side. Neurologically isolated palsies were defined as the absence of other signs or
symptoms other than headache or periorbital pain. A presumed microvascular third nerve
palsy was diagnosed in patients who demonstrated spontaneous recovery or substantial
improvement within 4 months without signs of aberrant regeneration, had no other
neurologic symptoms or signs, and had other causes of the palsy excluded, such as trauma
and compression.10 Patients with myasthenia gravis, thyroid eye disease, Miller Fisher
syndrome, or other causes of strabismus that could mimic a third nerve palsy were excluded
from this study. Congenital third nerve palsies were also excluded from the analyses because
these are not acquired and the presence of symptoms and recovery are not relevant for
congenital third nerve palsy.

Simple comparisons of categorical factors between groups were completed using XZ tests.
The overall incidence of acquired third nerve palsy was estimated using the age- and sex-
specific population figures for Olmsted County US Census data for 1978 through 2014.
Yearly incidence rates for age and sex group were determined by dividing the number of
cases with acquired third nerve palsy within that group by the estimated total Olmsted
County resident population of the group for that given year. Because 86% of the Olmsted
County population is white, these incidence rates were also age- and/or sex-adjusted to the
2010 census figures for the US white population, so that the data could be compared with
national estimates. The 95% Cls for the rates were calculated assuming Poisson error
distribution. Overall comparisons of the incidence among age groups, between sexes, and
across time were investigated using Poisson regression models.

Overall Incidence

Over the 37-year period, 145 new cases of acquired third nerve palsy were diagnosed in the
defined population. The number of cases per year ranged from 1 to 12. There were 58 males
(40%) and 87 females (60%); 74 were right eye palsies, 68 were left eye palsies, and 3 were
both. The overall age- and sex-adjusted annual incidence of acquired third nerve palsy was
4.0 in 100 000 (95% Cl, 3.3—-4.7). The incidence was fairly low among children and young
adults. While there was a mild increase of incidence in middle-aged adults, patients older
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than 60 years had a larger increase in incidence of acquired third nerve palsy (P< .001)
Figure 1). The incidence in patients older than 60 years was 12.5 per 100 000 (95% ClI, 9.9-
15.5) compared with 1.7 per 100 000 per year (95% Cl, 1.3-2.2) for patients younger than
60 years (difference of 10.8 per 100 000; 95% Cl, 4.7-16.9; P < .001). The incidence was
not different between males and females (P =.18) and there was no trend over time (P=.49).

Causes of the Acquired Third Nerve Palsy

The most common causes were presumed microvascular (42%), trauma (12%), compression
from neoplasm (11%), post-neurosurgery (10%), compression from aneurysm (6%), other
cause (5%), stroke (4%), undetermined (4%), pituitary apoplexy (2%), Tolosa-Hunt
syndrome (2%), and giant cell arteritis (1%). The “other” category (5%) included single
cases of carotid cavernous sinus fistula, zoster, carcinomatous meningitis, ophthalmoplegic
migraine, cavernous sinus thrombosis, and postviral palsy.

Six of the 14 patients with postneurosurgical third nerve palsies were from clipping of an
aneurysm. Therefore, aneurysms directly and indirectly accounted for 15 cases (10%) when
both compression and postsurgical cases were combined.

Among the 6 cases of undetermined third nerve palsy, 3 patients had chronic third nerve
palsies without recovery and did not have magnetic resonance imaging (MRI) due to their
older age, one of whom had a simultaneous ipsilateral fourth nerve palsy. One patient
developed third and sixth nerve palsies that resolved spontaneously; results from computed
tomography and MRI were unremarkable. Two patients did not have imaging because the
third nerve palsy resolved spontaneously within 24 hours.

Causes of Acquired Third Nerve Palsy by Age

In childhood and young adulthood, trauma was the common cause of acquired third nerve
palsy (Figure 2). An increasing number of microvascular third nerve palsies were seen
beginning in the fifth decade of life and were largely responsible for the increase in
incidence of acquired third nerve palsy in the sixth decade of life (Figure 1 and Figure 2).
The mean (SD) age of a patient with a microvascular third nerve palsy was 68 (13) years
(range, 45-96 years). There was a fairly equal number of third nerve palsies from
compression in all age groups (Figure 2). Compression from aneurysm was only seen later
in life.

Characteristics of Acquired Third Nerve Palsy

The clinical characteristics of the various acquired third nerve palsy etiologies are illustrated
in the Table. Overall, 62 of 145 patients (43%) with acquired third nerve palsy had pupil
involvement at the time of presentation. Pupil involvement was seen in 16% of
microvascular third nerve palsies, 71% of traumatic third nerve palsies, 71% of
postneurosurgical third nerve palsies, and 64% of compressive third nerve palsies. Among
the compressive third nerve palsies, 33% of aneurysms had pupil involvement at
presentation, while 81% of nonaneurysmal compressive third nerve palsies had pupil
involvement. All 3 patients with posterior communicating artery aneurysm presented with
pupil involvement (=2 mm of anisocoria), while all of the 5 patients with intracavernous
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sinus aneurysm initially presented with pupil-sparing third nerve palsies but then developed
pupil involvement over time. There was a single case of a patient with a posterior cerebral
artery aneurysm that did not have anisocoria, but the patient also had bilateral Adie tonic
pupil that complicated evaluation of the pupils.

One hundred twenty-five of 145 patients (86%) with acquired third nerve palsy had ptosis at
time of presentation, which was not different among the various causes of acquired third
nerve palsy (Table). Complete external third nerve dysfunction was seen in 38 patients
(26%) at time of presentation, which was also not different among the various causes of
acquired third nerve palsy (Table).

A total of 81 of 145 cases (56%) were neurologically isolated (excluding headache or eye
pain) (Table). Other neurologic signs included optic neuropathy, simultaneous cranial nerve
palsies, hemiplegia, sensory loss, ataxia, Horner syndrome, and mental status changes. Fifty-
eight of 61 cases (95%) of microvascular third nerve palsies were neurologically isolated,
while the remaining 3 cases were found incidentally during admission for unrelated altered
mental status and/or dementia. Other causes of acquired third nerve palsy having a lower
chance of being neurologically isolated included compression from aneurysm in 6 of 9
patients (67%), traumatic third nerve palsy in 4 of 18 (22%), and compression from
neoplasm in 3 of 16 (19%).

Aberrant regeneration was seen in 11 of 145 cases (8%): 4 cases of traumatic third nerve
palsy, 4 cases of compression (2 cases cavernous sinus mass, 1 intracavernous aneurysm, 1
teratoma), 2 cases of postneurosurgery, and 1 case of undetermined third nerve palsy (further
imaging was not pursued owing to the patient’s advanced age).

Overall, 91 of 145 patients (63%) with acquired third nerve palsy had complete recovery.
Fifty-eight of 61 patients (95%) with a microvascular third nerve palsy had complete
recovery; the 3 remaining patients had a substantial but incomplete recovery. The other
causes of acquired third nerve palsy were associated with a much lower chance of complete
recovery, which included 5 of 14 patients (36%) with postneurosurgery-induced third nerve
palsy, 3 of 9 (33%) with compression from aneurysm, 4 of 18 (22%) with traumatic third
nerve palsy, and 3 of 16 (19%) with compression from neoplasm (Table).

Eye pain and/or headache were common, occurring in 100 of 145 cases of acquired third
nerve palsy (69%). Thirty-seven of 61 patients with microvascular third nerve palsies (61%)
had eye pain or headache at time of presentation. Seven of 9 patients with aneurysm (78%)
had eye pain or headaches at time of presentation, compared with 61% from microvascular
third nerve palsies (P=.32).The lack of pain in the remaining 2 cases of aneurysm led to a
delay in imaging by 1 to 2 weeks, which ultimately revealed intracavernous sinus
aneurysms.

Discussion

In this population-based study, we describe the incidence and etiologies of acquired third
nerve palsy in a geographically de-fined population. We found the overall age- and sex-
adjusted incidence of acquired third nerve palsy to be 4.0 per 100 000 (95% Cl, 3.3-4.7). To
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our knowledge, this study is the first to describe the incidence of acquired third nerve palsy
in the United States using a population-based approach. We demonstrate that the incidence
was fairly low among children and young adults in whom trauma was the most common
cause. There was an increase in incidence among patients older than 60 years,
predominantly due to a large increase in microvascular third nerve palsies.

In our series, 42% of acquired third nerve palsies were from a presumed microvascular
etiology, while only 6% were from aneurysmal compression. Other studies in Western
countries have found a lower incidence of microvascular third nerve palsies, ranging from
11% to 21%, and a higher incidence of aneurysmal third nerve palsies, ranging from 10% to
30%.174 The present study is likely to be more representative of the actual etiologic
incidences of acquired third nerve palsy because it is a population-based study that does not
suffer from inherent referral bias.11

Sixteen percent of patients with microvascular third nerve palsies had pupil involvement at
time of presentation compared with 64% for compressive third nerve palsies. This is in line
with findings in prior studies that have reported pupil involvement in 14% to 38% of
microvascular third nerve palsies, which is typically mild (usually <1 mm).112-14 |p
addition, it has also been reported that compressive third nerve palsies, even from aneurysm,
can sometimes present without pupil involvement.1>-18 Therefore, anisocoria alone cannot
definitively differentiate microvascular from compressive third nerve palsies, which supports
many findings of prior studies.

Pain was present in 61% of patients with microvascular third nerve palsies, a rate that did
not differ from that of patients with aneurysm (78%). Others have also found pain to be a
common finding in microvascular ocular motor cranial nerve palsies, ranging from 54% to
88%,1:10.12.19 which was similar to the reported prevalence of pain in aneurysmal third nerve
palsies ranging from 31% to 92%.1.20-23 The quality of the pain has been previously studied
and found to be similarly unsupportive.24 Therefore, pain is similarly unreliable to
differentiate a microvascular etiology from aneurysmal compression.2

Intracranial aneurysms are the most feared cause of third nerve palsy and can represent a
true neurologic emergency because of the risk of subarachnoid hemorrhage, which carries
substantial morbidity and mortality.2226:27 One-third of our aneurysmal third nerve palsies
were from posterior communicating artery aneurysm, which presented acutely with painful
pupil involving third nerve palsies, including 1 patient who died from rupture and
subarachnoid hemorrhage, while another had subarachnoid hemorrhage requiring emergent
craniotomy and clipping of the aneurysm. Others have reported posterior communicating
artery aneurysms as the most common cause of an isolated third nerve palsy,21:2528 which
may be a referral bias because posterior communicating artery aneurysms tend to present
more acutely as neurologic emergencies. Among the 9 cases of aneurysmal third nerve
palsies in our study, 5 were from cavernous sinus aneurysms. Cavernous sinus aneurysms
seldom rupture, and if they do rupture, they rarely cause life-threatening subarachnoid
hemorrhage but rather cause carotid-cavernous fistula.2%-32 In conjunction with this, the
patients in our study with cavernous sinus aneurysms presented insidiously, often without
pupil involvement at initial presentation. Cavernous sinus aneurysms tend to produce other
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ocular motor cranial neuropathies or Horner syndrome because of the close proximity of the
third nerve palsy to the other nerves within the cavernous sinus.2> However, 3 of the 5
patients with cavernous sinus aneurysms presented with an isolated third nerve palsy.

As can be seen in our series, the presentation of aneurysmal third nerve palsy can be quite
variable with regard to pupil involvement and pain. Clinical signs and symptoms cannot
distinguish microvascular from compression; therefore, neuroimaging is recommended for
all acquired third nerve palsies without obvious known cause, such as an expected
complication from a neurosurgical procedure.

A limitation of the study is that Olmsted County has primarily a white population and,
therefore, the results are best extrapolated to other white US populations. There is also the
evolution of neuroimaging over the course of the study. Without MRI or gadolinium in the
early years of the study, some diagnoses may have been missed. However, the diagnoses
were evenly distributed throughout the years, and, therefore, imaging yield bias likely played
an insignificant role in the etiologies found in this study. Despite these limitations, a
population-based approach provides valuable information most applicable to practitioners
outside of large referral centers.

Conclusions

We provide population-based incidence and etiologies of acquired third nerve palsy, which
have demonstrated a higher incidence of microvascular and a lower incidence of aneurysmal
third nerve palsies than previously reported. The incidence upsurges in the sixth decade of
life associated with an increase in microvascular third nerve palsies. While pupil
involvement was more common in compressive lesions, pupil involvement was seen in some
cases of microvascular third nerve palsies, and pupil sparing was seen in some cases of
compressive lesions, including aneurysm.
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Key Points
Question
What is the incidence and etiologies of acquired third nerve palsy?
Findings

In this case series in Olmsted County, Minnesota, the age- and sex-adjusted annual
incidence of acquired third nerve palsy was 4.2 per 100 000. There was a higher

incidence of microvascular and lower incidence of aneurysm than previously reported.

Meaning

Because of its population-based method, this study provides evidence regarding
etiologies of acquired third nerve palsies that can be considered by clinicians when
evaluating patients with such palsies.
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Figure 1. Incidence of Acquired Third Nerve Palsy per 100 000 Per son-years by Agein Olmsted
County, Minnesota, 1978 to 2014

The overall age- and sex-adjusted annual incidence of acquired third nerve palsy was 4.0 in
100 000 (95% Cl, 3.3-4.7).
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Figure 2. Frequency and Causes of Acquired Third Nerve Palsy by Decade of Life

GCA indicates giant cell arteritis.
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