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Pharmacological testing with apraclonidine eye drops induces a typical reversal
of anisocoria in patients with Horner's syndrome. Moreover, apraclonidine was
observed to have an elevating effect on the upper eyelid in Horner's syndrome
as well as in healthy subjects, which is thought to be mediated by alpha-1
adrenergic receptors present in the Muller’'s muscle. We aim to quantitatively
investigate the effect of apraclonidine on eyelid position in patients with
Horner's syndrome compared to physiological anisocoria based on infrared
video recordings from pupillometry. We included 36 patients for analysis who
underwent binocular pupillometry before and after apraclonidine 1% testing for
the evaluation of anisocoria. Vertical eyelid measurements were taken from
infrared videos and averaged from multiple pupillometry cycles. Receiver
operating characteristic curves were calculated to determine the optimal
cutoff value for change in eyelid aperture pre- and post-apraclonidine. A
decrease of inter-eye difference in the aperture of >0.42 mm was
discriminative of Horner's syndrome compared to physiological anisocoria
with a sensitivity of 80% and a specificity of 75%. Our data confirm an eyelid-
elevating effect of the apraclonidine test, more pronounced in eyes with a
sympathetic denervation deficit. Measuring eyelid aperture on pupillometry
recordings may improve the diagnostic accuracy of apraclonidine testing in
Horner's syndrome.

KEYWORDS

Apraclonidine test, Horner's syndrome, ptosis, anisocoria, Muller's muscle,
eyelid aperture

Introduction

Apraclonidine has largely replaced cocaine as a pharmacological test in patients with
Horner’s syndrome by inducing a reversal of anisocoria (1-6). Apraclonidine, being an
o2-agonist with weak ol-activity, causes a slight constriction of healthy pupils. Its
dilating effect on the miotic pupil in Horner’s syndrome results from denervation
hypersensitivity to o1-adrenergic stimulation.
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Moreover, apraclonidine has been observed to increase eyelid
aperture in Horner’s syndrome (5, 7), in botulinum toxin-induced
ptosis (8), and in healthy subjects (9) presumably by an ol-
receptor-mediated contraction of Muller’s muscle. Muller’s
muscle, also named superior tarsal muscle, is a smooth muscle
with adrenergic innervation, providing 1-3-mm eyelid elevation
(10). The sympathetically innervated inferior tarsal muscle is the
analogue in the lower eyelid, and its denervation accounts for a
slight raise of the lower eyelid.

In a canine upper eyelid model, Yano et al. demonstrated
that a selective allA-adrenoceptor agonist indeed led to
sustained Mueller muscle contraction similar to the effect of
phenylephrine (11). A predominance of ol-receptors was also
confirmed histopathologically in human ptotic eyelid specimens
(12). In the same study, an inverse relationship was found
between the eyelid elevation response to phenylephrine and
the number of a2-receptors. The 02-receptor-mediated effect
inhibits the release of norepinephrine at the synapses in the
smooth muscle cells, therefore reducing the ol-mediated
muscle contraction.

Considering the effect of apraclonidine on eyelid aperture may
be particularly helpful as an adjunct in cases with equivocal
pupillary response when pharmacological testing is performed.
We aim to quantitatively investigate the effect of apraclonidine on
eyelid aperture in patients with Horner’s syndrome compared to
physiological anisocoria based on infrared video recordings to
determine the diagnostic accuracy of the eye-opening effect.

Materials and methods

Patients referred to the neuro-ophthalmology unit at the
University Hospital Zurich for the evaluation of anisocoria from
2019 to 2021 were recruited consecutively for the study.
Inclusion criteria were the presence of anisocoria more
pronounced in the dark with or without ptosis and age >18
years. Exclusion criteria were previous ocular or eyelid surgery,
ophthalmic treatment affecting pupil size or pupil motility, and
conditions affecting pupillary reflexes including third cranial
nerve palsy and pharmacological mydriasis.

All subjects underwent binocular pupillometry before and
after pharmacological testing with apraclonidine 1% eye drops
(one drop in each eye). The pupillometry test paradigm
consisted of at least four cycles of 4-s light-on (3 log-lux) and
15-s light-off using a programmable desktop pupillometer [DP-
2000, Neuroptics, Irvine, CA, USA (13)]. Pupillometry measures
were taken from each eye simultaneously and in synchrony.

The diagnosis of Horner’s syndrome was based solely on the
response to apraclonidine testing irrespective of any causative
lesion, the presence of ptosis, or heterochromia. The pupil size
before and after apraclonidine instillation was calculated as the
median size from 3 to 4 s after light-off derived from the
pupillometry reading. The apraclonidine test was considered
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positive when the smaller pupil dilated and the larger pupil
constricted, leading to a reversal of anisocoria or a convergence
of pupil sizes indicative of Horner’s syndrome. We excluded
patients assessed at a latency >160 min after apraclonidine
instillation, as the latter resulted in a negative correlation
between the time elapsed and the effect on eyelid aperture.

The infrared videos recorded during pupillometry were
analyzed using custom software (available upon request) written
in MATLAB (Matlab 2019b, The MathWorks Inc., Natick, MA,
United States). The pupil size in each eye was determined using
our previously published method (13). For measuring the vertical
palpebral aperture, a vertical line was preset through the center of
the pupil. The intersection of the vertical line with the upper and
lower eyelid margins was then determined manually, yielding the
vertical eyelid aperture. The measurements were taken in a fixed
interval within the first 5 s after light-off, avoiding blinks, and were
averaged from three-to- four readings from individual
pupillometry cycles. The inter-eye difference of vertical lid
opening was calculated by subtracting the eye with the smaller
pupil from the eye with the larger pupil. A paired t-test and linear
correlation were used to compare the change of eyelid aperture
and inter-eye difference pre- and post-apraclonidine using a
threshold of p<0.05 for statistical significance. The receiver
operating characteristic (ROC) curve using MATLAB was
calculated to determine the optimal change of difference in
eyelid aperture between the two eyes post-apraclonidine to
differentiate Horner’s syndrome from physiological anisocoria.

Written informed consent was obtained from all
participants. The study was approved by the Zurich cantonal
ethics committee, Switzerland (BASEC-Nr. 2016-02151) in
adherence to the Declaration of Helsinki.

Results

Of 38 patients meeting the inclusion criteria, two were
excluded due to dermatochalasis obscuring the eyelid margin,
making the measurement impossible. The mean time elapsed
between apraclonidine application and pupillometry was 57 min
(range, 30-152 min). A total of 18 patients had a positive pupillary
apraclonidine test, fulfilling the diagnostic criteria for Horner’s
syndrome, and 18 patients with a negative apraclonidine test were
considered to represent physiological anisocoria.

The baseline characteristics of each group are summarized in
Table 1. Figure 1 represents an example of left Horner’s
syndrome secondary to ipsilateral carotid artery dissection
with a positive pupillary apraclonidine test. Eyelid aperture
measurements pre- and post-apraclonidine in Horner’s
syndrome and physiological anisocoria are summarized in
Table 2 and represented by box plots in Figure 2.

In Horner’s syndrome, the mean eyelid aperture increased by
2.01 £ 1.06 mm (standard deviation) in the affected eye (p<0.001)
and by 1.08 + 0.88 mm in the non-affected eye (p<0.001). The
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TABLE 1 Baseline characteristics.

Horner’s syndrome Physiological anisocoria
Subjects n=18 n=18
Mean age (years) 52.7 £21.9 393 +11.6
Female : Male 5:13 10:8

Pupil diameter 3-4 s after 3.3 + 0.5 mm (affected eye) 4.1 + 0.5 mm (non-affected eye) 4.1 + 0.8 mm (side of smaller pupil) 4.5 + 0.8 mm (side of larger pupil)
light-off (mean + SD)

inter-eye difference in eyelid aperture decreased significantly by In the group with physiological anisocoria, the mean eyelid
-0.93 + 0.80 mm (p = 0.003) (Figure 3A), and there was a aperture increased by 1.23 + 0.80 mm in the eye with the baseline
significant correlation between the initial inter-eye difference smaller pupil (p < 0.001) and by 1.12 + 1.00 mm in the eye with
and the change induced by apraclonidine (r = 0.567, p = 0.014). the baseline larger pupil (p < 0.001). The inter-eye difference in

FIGURE 1

(A) Infrared images from pupillometry recordings showing the narrowing of eyelid aperture and miosis on the affected left side in a patient with
Horner's syndrome. (B) Approximately 30 min after apraclonidine 1% instillation, the left > right eyelid elevates and anisocoria reverses. Blue
arrows correspond to the vertical eyelid aperture.
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TABLE 2 Mean eyelid aperture measured before and after apraclonidine application.

Horner’s syndrome

Side Affected eye

Eyelid aperture, before apraclonidine (mean + SD) 9.9 £+ 1.1 mm

Eyelid aperture, after apraclonidine (mean + SD) 11.9 £ 1.2 mm

eyelid aperture did not change (-0.1 + 0.44 mm, p = 0.669)
(Figure 3B), and there was no correlation between the initial
inter-eye difference and the change induced by apraclonidine
(r=0.013, p=0.958).

ROC curves to define the optimal cutoff value for post-
apraclonidine eyelid aperture were calculated either based on
change in inter-eye aperture difference (Figure 4A) or based on
the increase of aperture on the affected (baseline smaller pupil)
or non-affected side (baseline larger pupil), respectively
(Figure 4B). For the inter-eye aperture difference, the area
under the ROC curve was 0.73, and the best sensitivity of 80%
and specificity of 75% was obtained with a cutoff value
of >0.42 mm change in inter-eye aperture difference. When
measuring only the eyelid aperture of the affected eye, the
resulting area under the ROC curve was 0.72, with a sensitivity
of 80% and specificity of 70% for a cutoff value of 1.45mm. For
the non-affected eye, the area under the ROC curve was 0.52.

Discussion

Our data show a diagnostically relevant eye-opening effect of
topical apraclonidine. The eyelid aperture increased in all
subjects irrespective of the presence of Horner’s syndrome and
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affected eye non-affected eye affected eye non-affected eye

Physiological anisocoria

Non-affected eye Side of smaller pupil Side of larger pupil

10.8 + 1.2 mm 9.8 + 1.7 mm 9.9 + 1.4 mm

119 + 1.6 mm 11.0 £ 1.5 mm 11.0 £ 1.1 mm

most significantly in eyes affected by the condition.
Apraclonidine does not induce a “reversal of ptosis” in
analogy to the “reversal of anisocoria” in patients with
Horner’s syndrome, but as the inter-eye difference decreases, a
positive apraclonidine test results in a nearly symmetrical eyelid
position. Similar to the denervation hypersensitivity to the oul-
stimulation of the pupil dilator muscle (1), there may be an
upregulation of oll-adrenergic receptors in the Muller’s muscle,
leading to the overproportionate response to apraclonidine. It is
possible that the response is further enhanced by a
downregulation of o2-receptors, reducing their inhibiting
effect on sympathetic stimulation. In Horner’s syndrome, the
well-recognizable mean increase of eyelid aperture was 2.0 mm
in our cohort.

In eyes not affected by Horner’s syndrome, we found an
increase of eyelid aperture of approximately 0.9-1.0 mm, similar
to the effect of 0.7 mm found in healthy subjects by Kirkpatrick
et al. (9) Because upper eyelid height was measured relative to
the central pupillary light reflex in their study, the results are
likely to differ slightly as the contribution of the inferior tarsal
muscle to total eyelid aperture is not taken into account. To our
knowledge, no studies have addressed the effect of apraclonidine
on ptotic eyelids in the context of parasympathetic denervation
(third nerve palsy), ocular myasthenia gravis, or levator
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Box plots representing eyelid aperture pre- and post-apraclonidine in Horner's syndrome (A) and physiological anisocoria (B). Central red

mark = mean, box boundaries = 25-75th percentiles.
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The inter-eye difference of eyelid aperture decreases significantly post-apraclonidine in Horner's syndrome (A) but not in physiological
anisocoria (B). Central red mark = mean, box boundaries =25-75th percentiles

dehiscence so far. It remains unanswered whether these
disorders influence the adrenergic receptor expression in the
Muller’s muscle and if, as a consequence, apraclonidine might be
useful in the differential diagnosis.

We found that comparing the inter-eye difference pre- and
post-apraclonidine and measuring the affected eye alone, i.e.,
only the eyelid on the side of the smaller pupil, yields similar
results (area under the ROC curve 0.821 versus 0.725,
respectively). As expected, measuring the aperture of the non-
affected eye, that is, the eye with the baseline larger pupil, does

ROC curve
Decrease of eyelid aperture difference after apraclonidine

°

True positive rate
°

o 0.1 0.2 0.3 0.4 0.5 0.6
False positive rate

FIGURE 4

not help to distinguish Horner’s syndrome from physiological
anisocoria (area under the ROC curve close to 0.5). The inter-eye
difference is less prone to influencing factors on eyelid opening,
such as general alertness or possible squinting due to
photophobia or dry eye sensation, which would affect both
eyes equally. A decrease of inter-eye difference by more than
0.42 mm after apraclonidine instillation is suggestive of Horner’s
syndrome with a sensitivity of 83% and specificity of 78%.
Combining the analysis of eyelid aperture with the change of
pupil size after pharmacological testing with apraclonidine is

ROC curve
Increase of eyelid aperture either side after

1 = l_
0.9

°

True positive rate
°

AUC (side of baseline larger pupil) = 0.485

s AUC ( side of baseline smaller pupil) = 0.725 |

©  optimal cut-off = 1.45 mm
Sensitivity = 0.833
Specificity = 0.667

o L L L L L L T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False positive rate

Receiver operating characteristic (ROC) curves for discriminating Horner's syndrome from physiological anisocoria. (A) The optimal cutoff value
for change in inter-eye difference of vertical eyelid opening post-apraclonidine is 0.42 mm with a sensitivity of 83% and specificity of 78%. (B)
The optimal cutoff value for change in eyelid aperture of the eye with the baseline smaller pupil is 1.45 mm with a sensitivity of 83% and
specificity of 67%. The change of eyelid aperture in the eye with the baseline larger pupil is not diagnostically helpful with an area under the

ROC curve of nearly 0.5.
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expected to increase the diagnostic accuracy even further.
Manual determination of eyelid aperture by an unmasked
investigator may constitute a source of confirmation bias in
our study, which was minimized by averaging several
measurement cycles.

It was previously suggested that apraclonidine may be useful
to correct inadvertent, transient botulinum toxin-induced ptosis
(8). It remains unknown whether regular apraclonidine
application would represent a long-term treatment option for
ptosis in Horner’s syndrome. A high rate of tachyphylaxis occurs
when apraclonidine is used as an intraocular pressure-lowering
agent beyond 3-6 weeks of use (14), and the same might apply to
its effect on smooth muscle.

Precise measurement of eyelid aperture in clinical practice is
hardly possible without image documentation. Performing the
measurements on video recordings offers a feasible approach
amenable to the clinical routine if pupillometry is performed.
Measuring the effect of apraclonidine on the eyelids may be
particularly useful when pupillary measurements are unreliable,
such as in post-traumatic or postoperative pupillary damage.
When used in addition to analyzing the effect of apraclonidine
on the pupillary size, measuring the effect on eyelid aperture may
further increase the diagnostic accuracy in evaluating
Horner’s syndrome.
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