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Purpose: This study aimed to evaluate the clinical course and prognostic factors of acquired third, fourth, and sixth

cranial nerve (CN) palsy grouped according to etiology.

Methods: This study involved a retrospective review of the medical records of 153 patients who were diagnosed
with acquired paralytic strabismus from January 2004 to July 2015. Outcomes, recovery rates, and time to re-
covery were investigated according to the affected CN: CN3, CN4, and CN6 palsies. The patients were classified
into four groups based on etiology: idiopathic, traumatic, neoplastic, and vascular.

Results: The mean age of the patients was 59.8 + 14.5 years and the mean follow-up period was 10.8 months.
Out of the 153 patients, 63 (41.2%) had CN3 palsy, 35 (22.9%) had CN4 palsy, and 55 (35.9%) had CN6 palsy.
The most common causes were vascular related (54.9%), followed by idiopathic (28.1%), trauma (8.5%), and neo-
plasm (5.88%). About 50% of the patients recovered within six months. Among the four etiologic groups, the idio-
pathic group showed the best prognosis because about 50% of the patients in this group recovered within three
months. This was followed by the vascular, traumatic, and neoplastic groups. Cox proportional hazard analysis
revealed a significant association between the baseline prism diopter and recovery rate.

Conclusions: The prognosis and natural history of paralytic strabismus vary depending on its cause. The vascular
group had the best recovery rate and shortest recovery time, whereas the neoplastic group required the longest

time to recover.
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Strabismus is a misalignment of ocular movement charac-
terized by a horizontal, vertical, or torsional deviation of one
eye. Palsies of the third, fourth, and sixth cranial nerves
(CNs; CN3, CN4, and CN6), which innervate six extraocular
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muscles, are identified as major causes of adult-onset second-
ary paralytic strabismus. Diplopia and head tilting are com-
mon symptoms present in patients with strabismus. CN pal-
sies may result from vascular ischemia, hemorrhage, trauma,
intracranial neoplasm, systemic neurologic disease, or idio-
pathic causes. The relative frequency of the different causes
may vary slightly according to the studies reviewed [1-3]. Di-
abetes mellitus and hypertension are among the most fre-
quently reported systemic causes of acquired paralytic stra-
bismus, as they cause ischemic changes in the cerebral nerve
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[4-7]. The prognosis in most cases of ocular nerve paresis is
generally good, with spontaneous regression of symptoms
occurring within several weeks; the time to and degree of re-
covery may differ depending on the cause of the condition
[8-13]. In this study, we investigated the clinical characteris-
tics and natural history of acquired paralytic strabismus and
tried to identify prognostic factors for recovery in Korean
patients.

Materials and Methods

This retrospective study was approved by the institutional
review board of Kyung Hee University Hospital and the re-
quirement for informed consent was waived. Medical re-
cords of patients diagnosed with CN3, CN4, and CN6 palsy
from January 2004 to July 2015 at Kyung Hee University
Hospital were retrospectively reviewed to confirm the diag-
nosis and determine the etiology. Patients were excluded if
they (1) were younger than 19 years, (2) had a history of
strabismus diagnosed prior to the study, (3) had a history of
orbital surgery, (4) had been lost to follow-up within one
year of the first visit without being fully recovered, or (5)
had an onset of symptoms two weeks or more prior to the
first diagnosis. Age of onset, sex, presence of comorbidities
such as hypertension and diabetes mellitus, and findings
from brain magnetic resonance imaging (MRI), if per-
formed, were all reviewed to identify the cause of each case.
At first visit, the angle of deviation was measured using the
alternate prism cover test in a primary position at close
range and at a distance, and the larger value of the two was
recorded as the baseline prism diopter (PD). If both horizon-
tal and vertical deviations existed, the larger PD was record-
ed as the baseline value. All patients were asked about their
subjective diplopia at every visit.

The patients were classified into four etiologic groups: id-
iopathic, vascular, traumatic, and neoplastic. The four groups
were compared in terms of total recovery rate and mean
time to recovery. Complete recovery of nerve palsies was
defined as the condition where the angle of deviation was
less than 8 PD, and the patient feeling free of diplopia with-
out surgical intervention. The vascular group consisted of
those who were diagnosed with vascular comorbidities such
as diabetic mellitus, hypertension, or hypercholesterolemia
with no history of trauma. Patients who had microangiopa-
thy or infarction evident in brain MRI were also included in
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the vascular group. Patients with obvious recent head trauma
or evidence of intracranial neoplasm on brain imaging stud-
ies were assigned to the traumatic or neoplastic groups, re-
spectively. Patients who did not meet any of the etiologic cri-
teria above were classified into the idiopathic group.

Statistical analyses were done using the SPSS ver. 17.0
(SPSS Inc., Chicago, IL, USA). Differences in clinical char-
acteristics and prognosis among the four etiologic groups
were identified using one-way analysis of variance and the
chi square test. Kaplan-Meier analysis with the log-rank
test was used to plot and compare the survival curve by eti-
ology, and the mean time taken to achieve recovery for
each group was calculated. To assess the factors that were
significantly associated with recovery, Cox proportional
hazards regression analysis was performed with adjust-
ment. For all statistical tests, the threshold of significance
was set at a p-value of 0.05.

Results

A total of 153 patients with new onset paralytic strabis-
mus were assessed in this study. There were 87 (56.86%)
men and 66 (44.14%) women. The mean age was 59.8 +
14.5 years old, and the mean follow-up duration was 10.8
months. One hundred six patients (69.3%) achieved recov-
ery, and the mean time to recovery was 4.8 + 6.0 months.
CN3, CN4, and CN6 palsies were observed in 63 (41.2%),
35 (22.9%), and 55 (35.9%) patients, respectively. The base-
line characteristics, frequency of etiology, and time to re-
covery for each CN palsy type are shown in Table 1.

The baseline angle of deviation was significantly smaller
in the CN4 palsy group (9.2 + 6.35 PD) than in the CN3
and CNG6 palsy groups (21.6 £+ 17 and 23.3 & 13 PD, respec-
tively, p < 0.001). Vascular was the most common etiology,
followed by idiopathic, trauma, and neoplasm for all CN
palsies. The recovery rate was 68.3% in CN3, 74.3% in
CN4, and 67.3% in CNG6, but the difference was not statis-
tically significant (p = 0.811). Mean time to recovery was
not significantly different among the three CN palsy
groups (p = 0.615).

The most common causes of paralytic strabismus were
vascular diseases (54.9%), followed by idiopathic causes
(28.1%), trauma (8.5%), and neoplasm (5.88%) (Table 2).
The mean age at onset was significantly lower (p < 0.001)
in the idiopathic group (49.5 years) than in the other groups



(vasculopathic, 65.3 years; traumatic, 56.8 years; neoplas-
tic, 69 years). The baseline angle of deviation was largest
in the neoplastic group (26.6 + 17.8 PD), followed by vas-
cular (20.2 £ 15.5 PD), idiopathic (16.4 = 12.5 PD), and
traumatic (16.1 £ 12.8 PD) groups, with no significant dif-

Table 1. Demographic data by CN affected
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ference among them. Brain MRI was performed on 130
(85.1%) of the study patients following the diagnosis of
paralytic strabismus. Brain MRI was performed on 82 of
84 patients in the vascular group, and ischemic small ves-
sel lesions or microinfarctions were found in 61 of these

CN 3 CN 4 CN 6 p-value Total
No. of patients 63 (41.2) 35(22.9) 55(35.9) 153
Age (yr) 61.4+14.6 61.5+14.4 56.8+14.3 0.165 59.8+14.5
Male / female 26/37 21/14 40/ 15 0.002" 87/ 66
Baseline PD 21.6+17 9.2+6.35 233+13 <0.001" 19.4+14.8
Hypertension 27 (42.9) 13 (37.1) 13 (23.6) 0.086 53 (34.6)
Duration (mon) 73+5.8 7.1+6.1 9.83+6.5 0.424 7.8+6
Diabetes mellitus 16 (25.4) 4(11.4) 12 (21.8) 0.26 32(20.9)
Duration (mon) 8.44+£6.76 8 +8.04 9.5+6.6 0.894 8.8+6.7
Cause 0.266
Idiopathic 17 (26.9) 9(25.7) 17 (30.9) 43 (28.1)
Traumatic 3 (4.76) 5(14.3) 5(9.09) 13 (8.50)
Neoplasm 2(3.17) 2(5.71) 5(9.09) 9(5.88)
Vascular 40 (63.5) 19 (54.3) 25 (45.5) 84 (54.9)
Aneurysm 1(1.59) 0 3 (5.45) 4(2.61)
Recovery 43 (68.3) 26 (74.3) 37 (67.3) 0.811 106 (69.3)
Duration (mon) 4.1+45 52+7.0 53+6.5 0.615 4.8+6.0
Values are presented as number (%), mean + standard deviation, or number.
CN = cranial nerve; PD = prism diopter.
"Chi-square test; ‘One-way analysis of variance.
Table 2. Demographic data by etiology
Idiopathic Trauma Neoplasm Vascular p-value
No. of patients 43 (28.1) 13 (8.5) 9(5.88) 84 (54.9)
Age (yr) 49.5+ 16 56.8 +10.7 69+ 164 65.3+9.8 <0.001"
Male / female 27/ 14 8/5 5/4 45 /41 0.602
Baseline prism diopter 16.0+12.5 16.1 +13.8 26.6+17.8 20.2+£15.5 0.313
Hypertension 0 1 (7.70) 1(11.1) 51 (60.7) <0.001"
Diabetes mellitus 0 0 0 32 (38.1) <0.001"
Cranial nerve 0.335
Third 17 (41.5) 3(23.1) 2(22.2) 40 (47.6)
Fourth 9(22.0) 5(38.5) 2(22.2) 19 (22.6)
Sixth 17 (41.5) 5(38.5) 2(22.2) 25(29.8)
Recovery 31(72.1) 9(69.2) 4(44.4) 60 (71.4) 0.551
Duration (mon) 43+538 63+75 6.8+4.6 5.0+6.0 0.129

Values are presented as number (%), mean + standard deviation, or number.

"One-way analysis of variance; 'Chi-square test.
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Table 3. Odds ratio for disease recovery across three vascular risk factors by chi-square analysis

Vascular risk factor

Recovery
(n=60)

Non-recovery
(n=24)

Odds ratio

95% CI

p-value

Diabetes mellitus

Hypertension

21 (35.0)
36 (60.0)

11 (45.8)
15 (62.5)

1.22
1.02

0.692-3.908
0.352-2.774

0.384
0.816

Ischemia on brain MRI 40 (66.7)

21 (87.5)

3.23 1.252-8.039 0.012

Values are presented as number (%)
CI = confidential interval; MRI = magnetic resonance imaging.

Table 4. Median time to recovery from disease by different causes

Mean

Median

Cause -
Estimate (mon)

95% CI

Estimate (mon) 95% CI

21.1+£5.7
17.1+4.6
48.6 £11.8
32.1+4.7
31.5+£3.6

Idiopathic
Trauma
Neoplasm
Vascular

Overall

10.6-33.0

8.1-26.1
25.4-71.6
23.1-41.8
24.5-38.6

3.1+1.1
10.0+5.8

0.75-5.3
0-21.5

49+0.8
59+1.1

23.0-41.9
3.8-8.0

Values are presented as mean + standard deviation; Kaplan-Meier survival analysis.

CI = confidential interval.

patients (74.4%). In the vascular group, the odds ratio (OR)
or association between risk factors and recovery was cal-
culated (Table 3). Diabetes mellitus was more frequently
reported in the group of patients who failed to recover
from strabismus (non-recovery group) at 45.8% than in the
recovery group (35.0%), but the difference was not signifi-
cant (p = 0.384), with an OR of 1.22 (95% confidence in-
terval [CI], 0.692 to 3.908). Systemic hypertension was
slightly more common in the non-recovery group (62.5%)
than in the recovery group (60.0%), but the difference was
not significant (p = 0.816), with an OR of 1.02 (95% CI,
0.352 to 2.774). Ischemic findings on brain MRI were more
commonly found in the non-recovery group (87.5%) than
in the recovery group (66.7%, p = 0.012), with an OR of
3.23 (95% CI, 1.252 to 8.039).

At the end of the follow-up period, the recovery rate was
highest in the idiopathic group (72.1%) followed by the
vascular (71.4%), traumatic (69.2%), and neoplastic (44.4%)
groups. The results of a log-rank test showed that the dis-
tribution of recovery rate across different causes were sig-
nificantly different (p = 0.031). Mean time to recovery was
4.3 + 5.8 months in the idiopathic group, 5.0 = 6.0 months
in the vascular group, 6.3 = 7.5 months in the traumatic
group, and 6.8 + 4.6 months in the neoplastic group, but
the difference was not significant (p = 0.129). In addition,
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Fig. 1. The recovery curve by etiologic group (for cranial nerve
palsy).

Kaplan-Meier analysis was performed for the different eti-
ologic groups. Half of the patients in the idiopathic group
took more than three months to recover, half of the pa-
tients in the vascular group took more than five months to
recover, and half of the trauma patients took more than 10
months to recover. Overall, about half of the patients need-
ed more than six months to recover (Table 4). Survival
curves for different disease etiologies were plotted against



the recovery rate of each group (Fig. 1). This further sup-
ported the same results already found in Table 4: patients
with idiopathic paralytic strabismus recovered most quick-
ly while patients with tumors required the longest time to
recover.

Cox proportional hazard regression analysis was per-
formed to find factors associated with the recovery of para-
lytic strabismus. Univariate analysis revealed that the base-
line angle of deviation was significantly associated with
patient recovery (p = 0.006). After adjustment was made
for age, sex, CN, and disease etiology, multivariate analysis
was performed. The baseline angle of deviation was found
to be inversely related to patient recovery (p = 0.01).

Discussion

The incidence and prevalence of paralytic strabismus
have been reported in several population-based studies.
The current study revealed that the prevalence of paralytic
strabismus involving oculomotor nerve paresis ranged
from 25% to 40%, trochlear nerve paresis from 17% to
19%, and abducens nerve paresis from 30% to 58% [8-13].
The distribution pattern of palsy in the patients reviewed
in our study was consistent with the general trend: 41.2%
involved the oculomotor nerve, 22.9% involved the troch-
lear nerve, and 35.9% involved the abducens nerve. These
results showed a relatively higher portion of CN3 than
CNG palsy. This can be explained by the different referral
patterns depending on the distribution of the population,
in particular, the low incidence of head trauma and fre-
quent referral of patients with vasculopathic causes. CN3
palsy most commonly stems from systemic vascular ori-
gin, specifically, brain MRI suggested a focal mesemce-
phalic infarct as a possible cause for the majority of dia-
betic mononeuropathies of CN3 [14]. Moreover, due to a
long intradural course of the abducens nerve, CNG6 is
known to be particularly vulnerable to head trauma [15].
Previous studies also reported that CN6 palsy had a higher
proportion of traumatic causes of paralytic strabismus
compared to CN3 and CN4 palsies [10-13,16,17].

The distribution of paralytic strabismus by etiology var-
ied depending on the study. Ho et al. [10] reported that vas-
culopathy (35.2%) was the most common cause, while Tif-
fin et al. [11] reported that idiopathic cases (35%) were the
most common. In studies involving Korean populations,
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trauma (48.9%) was the most common cause in Lee et al’s
study [12], while Park et al. [13] and Park and Chang [17]
reported that vasculopathy (30.0% and 42.9%, respectively)
was the most common etiology. Our study found that pa-
tients with palsies caused by vasculopathy comprised the
largest group (54.9%), followed by idiopathic (28.1%), trau-
ma (8.5%), and neoplasm (5.88%). Such differences in dis-
tribution seemed attributable to the differences in patient
characteristics, diagnostic equipment, and classification
criteria used in the study. In the current study, 85.1% of pa-
tients received brain MRIs to identify the cause of the pal-
sy. Those who were found to have ischemic small vessel le-
sions or microinfarction on brain MRI were classified into
the group with vasculopathy. Unlike the current study, pre-
vious studies included only patients with systemic vascular
risk factors such as diabetes or hypertension in the vascu-
lopathy group. Having a wider scope of vasculopathy in the
current study seemed to have resulted in a higher number
of patients being included in the vasculopathy group. In
particular, 87.5% of patients in this study’s vascular group
were found to have ischemic small vessel lesions or micro-
infarction, with a hazard ratio of OR 3.23 (Table 3).
Existing papers and studies identified diabetes and hy-
pertension as major risk factors for acquired paralytic stra-
bismus [4-7]. It was reported that left ventricular hypertro-
phy resulting from hypertension and HbAlc indicating the
glucose level in the blood were associated with CN palsy
[6,7]. Patel et al. [9] reported that patients with diabetes
were six times more likely to have CN6 palsy while there
was no significant association between hypertension and
CNG6 palsy. Patients with both diabetes and hypertension
were found to be eight times more likely to have CN6 pal-
sy. When it comes to prognosis, Sanders et al. [5] and Ho et
al. [10] reported that the presence of hypertension and dia-
betes had no significant association with recovery from
paralytic strabismus. Our study found no significant asso-
ciation between the presence of hypertension and diabetes
and recovery from paralytic strabismus (p = 0.923, p =
0.223). Co-existing systemic morbidities such as diabetes
and hypertension may affect systemic circulation and
cause ischemic changes in small vessels. Also, ischemic le-
sions evident on brain MRI can directly indicate blood
vessel changes around CNs, which consequently cause de-
myelination in a portion of CNs. Therefore, our results as-
sumed that ischemic findings on brain MRI may be a more
significant related factor in predicting prognosis of vascu-
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lopathic paralytic strabismus (p = 0.011).

Rush and Younge [8] analyzed the recovery of 1,000 pa-
tients with paralytic strabismus to find that those in the
vascular group had the highest recovery at 71%, followed
by the idiopathic group at 50%, traumatic group at 40%,
and neoplastic group at 14.3%. Ho et al. [10] reported that
of 196 subjects, the time to recovery was shortest in pa-
tients in the vascular (median, 3 months), followed by the
idiopathic (median, 4 months), and traumatic (median, 6
months) groups. Patients in the neoplastic group had the
lowest recovery rate and the longest time to recovery. Half
of the patients in this study recovered within six months.
The patients in the idiopathic group recovered much more
quickly than others (median, 3 months), followed by the
vascular (median, 5 months) and traumatic (median, 10
months) groups; patients in the neoplastic group had the
longest time to recovery. The recovery rate was highest in
the idiopathic group (72.1%), followed by the vascular
(71.4%), traumatic (69.2%), and neoplastic (44.4%). CN pal-
sy due to vascular reasons causes the blood vessel walls
around the CN to become thicker and hyalinized, which in
turn may cause demyelination in some of the nerves. Over
time, it seems that demyelinated lesions remyelinate, re-
sulting in spontaneous recovery [18]. Most previous studies
reported that both vasculopathic and idiopathic causes
demonstrated a consistently high recovery rate when com-
pared to other causes [10-13]. Because differential diagno-
sis between vascular and idiopathic causes may be chal-
lenging, they may overlap, depending on the inclusion
criteria for risk factors. In addition, younger age in the id-
iopathic group could be an acceleration factor for sponta-
neous remyelination of affected nerves.

Cox regression analysis revealed that the larger the devi-
ation angle at the time of first diagnosis, the lower the re-
covery rate (OR, 0.9; 95% CI, 0.885 to 0.942; p = 0.01),
which was consistent with the results of previous studies
[16,17,19]. In the idiopathic group whose recovery rate was
highest, the baseline deviation angle was smallest but the
difference among the various etiological groups was not
statistically significant. This means that there should be
factors other than a small deviation angle that led the idio-
pathic group to have a higher recovery rate than others.

This study has some limitations. Existing studies on the
natural history of acquired paralytic strabismus adopted
somewhat different criteria for recovery. Ho et al. [10] de-
fined recovery as the total loss of the subjective symptoms
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of diplopia. Park et al. [13] defined the total loss of the stra-
bismus and diplopia as complete recovery, and decline in
the angle of deviation by more than 10 PD from the onset of
the disease as partial recovery. Shin and Park [16] defined
recovery as no complaint of diplopia by the patient with the
angle of deviation ranging from 8 to 10 PD as recovery. The
authors did not have access to the final angle of deviation
for all patients, so recovery was defined as the condition
where the angle of deviation was less than 8 PD or the pa-
tient feeling free of diplopia. Since all patients in the current
study were enrolled in the same hospital, there could also
have been selection bias. A prospective, multi-center study
that adopts an objective and unified definition of recovery
would be able to supplement the limitations of this study.

In conclusion, this study was meaningful in that the long-
term natural history of acquired paralytic strabismus and its
predictive factors for prognosis were analyzed with a rela-
tively large number of Korean patients. Over the follow-up
period, 69.3% of all the patients recovered. According to eti-
ology, patients in the idiopathic group showed the best prog-
nosis followed by the vascular, traumatic, and neoplastic
groups, with those in the neoplastic group having the lowest
recovery rate and longest time to recovery. In addition, the
study found that the smaller the angle of deviation at base-
line, the higher the recovery rate. This kind of popula-
tion-based data may provide ophthalmologists and neurolo-
gists with more comprehensive insight into the diagnosis
and evaluation of paralytic strabismus with CN palsy.
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