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Abstract—The authors compared the accuracy of clinical detection (by 279 physician observers) of internuclear ophthal-
moparesis (INO) with that of quantitative infrared oculography. For the patients with mild adduction slowing, INO was
not identified by 71%. Intermediate dysconjugacy was not detected by 25% of the evaluators. In the most severe cases,
INO was not identified by only 6%. Oculographic techniques significantly enhance the precision of INO detection com-
pared to the clinical exam.
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Recent objective criteria for internuclear ophthalmo-
paresis (INO) utilizing quantitative infrared oculog-
raphy have been proposed, suggesting that the
bedside neurologic exam may not be sufficiently sen-
sitive to detect many subtle cases.1-3 There has been
no formal analysis of the ability of clinicians to accu-
rately detect slowing of adduction during clinical
testing of horizontal saccades.2 Here we present the
findings from our investigation on the ability of clini-
cians to detect INO (characterized by slowing of ad-
duction) in patients with multiple sclerosis (MS) who
have varying levels of adduction slowing, as defined
by infrared oculography. We further analyzed the
accuracy of detecting INO with respect to level and
type of neurologic training.

Methods. Patient characteristics. We performed infrared ocu-
lography and prepared a videotape of the horizontal saccadic eye
movements in 18 individuals. These individuals consisted of MS
patients with INO (nine bilateral and three unilateral), MS pa-
tients without INO,3 and normal subjects.3 The study protocol was
approved by the University of Texas Southwestern Medical
School’s investigative review board.

Eye movement recording techniques to confirm or exclude INO.
Eye movements were recorded using two-dimensional infrared
oculography (EyeLink; SMI, Berlin, Germany), as previously

described.1-3 Our objective was to confirm slowing and/or limita-
tion of adduction consistent with INO.

Patients were instructed to make centrifugal saccades to light-
emitting diodes (LED) that were illuminated in a pseudo-random
sequence. The LED were located straight ahead and at �20 and
�20° along the horizontal axis. The patients performed approxi-
mately 20 saccades to each eccentric LED location. Eye movement
data were analyzed off-line using an in-house program written in
Matlab (MathWorks, Newton, MA).

Analysis of INO detection rates. The versional dysconjugacy
index, that is, the ratio of abduction to adduction eye movements
for peak velocity (VDIvel), was used to define the diagnostic crite-
ria. The presence or absence of INO was confirmed when the
VDIvel Z score was �2.5. For the current study, a VDIvel of 1.11
(2.6 SD away from our mean VDIvel derived from 40 control sub-
jects)2 was selected as the minimum threshold to establish the
presence of INO. Based on the VDIvel Z scores, the 36 eyes were
analyzed for INO. We partitioned the VDIvel Z scores into four
different divisions of dysconjugacy: normal �2.5; mild �2.5 to 10;
intermediate �10 to 20; severe �20 to 60 (figure 1).

We also assessed whether the detection rates were different if eye
movements were characterized by amplitude measurements. As a
measure of positional dysconjugacy, we used the first-pass amplitude
(FPA), which is defined as the position of the adducting eye when the
abducting eye has achieved the peripheral fixation target.3 The mean
FPA derived from our normal subjects was 1.01 � 0.04. Correspond-
ing Z scores were calculated for MS patients with INO.

Clinical detection of INO. Immediately after infrared oculo-
graphic recording as described above, patients and normal sub-
jects were videotaped while exhibiting leftward and rightward 20°
horizontal saccades with a digital 60-Hz mounted camera
recorder.

The completed videotape containing 18 subjects was distrib-
uted to collaborating centers and presented during an organized
session. At the beginning of the videotape, participants (n � 279)
were given specific instructions on the identification of INO, prin-
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cipally emphasizing the cardinal feature of adduction slowing dur-
ing horizontal saccades. Each segment of the videotape lasted for
approximately 30 seconds. The participants were then asked to
view each examination and indicate on an answer sheet whether
they detected a unilateral INO (right or left), bilateral INO, or no
evidence of INO. Physician evaluation groups included neurolo-
gists in private practice (n � 50), academic neurologists (n � 77),
MS specialists (n � 12), neuro-ophthalmologists (n � 23), neurol-
ogy (n � 85) and ophthalmology (n � 19) residents, and medical
students (n � 13). With use of these criteria, 21 eyes met criteria
for INO and 15 did not.

Results. Coefficient of variation of saccadic VDIvel. For
normal control subjects, the coefficient of variation (CV;
defined as the SD/mean) of the VDIvel derived from indi-
vidual recording sessions was 0.03 for velocity, whereas for
MS INO patients, the CV was about 0.06. The CV for FPA
measurements was similar (data not shown). This very low
degree of variability for each sequential saccade suggests
that each of the triggered eye movements observed by the
evaluators was very similar in terms of the degree of con-
jugacy or dysconjugacy.

Detection of INO. The four severity divisions of dys-
conjugacy that we selected differed (p � 0.001). Neverthe-
less, the detection rates of INO between the normal and
mildest cases and the intermediate and severe cases did
not differ. For normal eyes, INO was reported to be
present by 21% of the observers (median; range 4 to 36%;
type I error). For the mildest cases of adduction slowing
(VDIvel Z scores of �2.5 to 10), INO was not detected in
71% (median; 39 to 82%). Intermediate dysconjugacy
(VDIvel Z scores of �10 to 20) was not identified by one-
quarter of the participants (median; 13 to 48%). Evalua-
tors performed substantially better when assessing the

most severe cases of INO (VDIvel Z scores of �20 to 60) as
only a median of 6% of participants failed to detect the syn-
drome (see figure 1). The analysis of detection rates using
amplitude measures of dysconjugacy (FPA) did not signifi-
cantly differ from our analysis of velocity assessments (data
not shown). In figure 2, we illustrate three MS patients with
mild, moderate, and severe INO. See the supplementary ma-
terial on the Neurology Web site (go to www.neurology.org)
for the corresponding video sequences that were evaluated by
participants for these three patients.

Detection rates among evaluator groups. The rates at
which each of the evaluator groups reported INO did not
differ for the normal control, mild INO, and severe INO divi-
sions. Among the intermediate INO division, the groups did
differ (p � 0.015), with students being less likely to report
INO (median 54%) as compared with the ophthalmology res-
idents (79%), neurology residents (72%), neurologists (77%),
MS specialists (91%), and neuro-ophthalmologists (91%). INO
was detected in normal subjects (type I error) by 20% of
neurologists, 18% of neurology residents, 11% of ophthalmol-
ogy residents, 17% of medical students, 16% of MS special-
ists, and 9% of neuro-ophthalmologists (all medians).

We utilized analysis of variance (general linear model
procedure) to ascertain whether we could demonstrate dif-
ferences in detection rate based upon level of training or
particular subspecialty. Neuro-ophthalmologists (correct:
83%) scored better than neurologists (73%), MS specialists
(78%), ophthalmology residents (73%), neurology residents
(73%), and medical students (69%) (F[4,274] � 4.8, p �
0.0009). No other contrasts reached significance (post hoc
Scheffé test at p � 0.05).

Discussion. In this study, we assessed the accu-
racy of clinical detection of INO by physician evalua-
tors. The utilization of infrared oculography allowed
us to validate the presence of this syndrome by spe-
cific criteria and to quantitatively characterize the
relationship between the severity of the syndrome
and the accuracy of clinical detection.

The detection rates were highly accurate across all
physician groups when the degree of adduction slowing
was severe. Milder cases of INO were frequently not
identified by the majority (71%) of evaluators. Even
when the degree of adduction slowing was between 10
and 20 SD away from the values derived from normal
subjects, one-quarter of the evaluators were still un-
able to detect this high degree of dysconjugacy.
Whereas neuro-ophthalmologists performed signifi-
cantly better than the other groups, we were unable to
demonstrate any other comparisons that differentiated
physicians by type or level of training. We found that
21% of observers detected INO in normal subjects (type
I error) and that this rate was lowest for neuro-
ophthalmologists (9%).

This investigation suggests that INO may be over-
looked on clinical examination and that neurophysio-
logic techniques can provide greater precision in its
diagnostic confirmation. Determining the relationship
between the severity of this specific clinical syndrome
and its corresponding radiologic measures of tissue in-
jury will require the application of objective neurophys-
iologic methods such as quantitative oculography.

Figure 1. In this figure, we show the relationship between
the versional dysconjugacy index (VDIvel) Z score and the
internuclear ophthalmoparesis (INO) detection rate. The
vertical lines on the graph demarcate the Z-score thresh-
olds partitioning the eyes into level of severity for adduc-
tion slowing. Z scores up to 2.5 represent normal
conjugacy; �2.5 to 10 mild dysconjugacy; �10 to 20 mod-
erate dysconjugacy; �20 to 60 severe dysconjugacy. Each
circle corresponds to the VDIvel Z score derived from an
individual patient for a 20° saccade in a particular direc-
tion (either left or right).
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Figure 2. Three patients with multiple sclerosis with con-
firmed internuclear ophthalmoparesis (INO) that exhibit
different levels of dysconjugacy are illustrated. The vertical
white bars (initially on the midpupillary line) are used to
show the displacement of the eyes from the midline position.
The photographs show the position of the adducting eye at
the point in time when the abducting eye has first achieved
the �20° target (FPA � first-pass amplitude). In patients
with INO, the position of the adducing eye lags behind the
abducting eye, with less displacement away from the midline
position. We show three patients with mild (A), moderate
(B), and severe (C) levels of dysconjugacy, during a 20° sac-
cade to the right. Beneath each photograph is a correspond-
ing infrared oculogram showing the divergence of the right
and left eye movement tracings (arrows). The quantitative
data for the versional dysconjugacy index (VDIvel) and FPA
Z scores and the INO detection rates for the evaluator groups
are shown.
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