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Abstract

Background: Pseudomyopia is caused by increased refractive power by ciliary muscle spasm. Most patients cannot
overcome pseudomyopia spontaneously; therefore, treatment of pseudomyopia is fastidious and needs a
multidisciplinary approach. We report a case of unusual pseudomyopia with paradoxical accommodation,
straining eyes to induce emmetropia at far distance and relaxing eyes to focus at near objects, contrary to
physiological accommodation.

Case presentation: A 33-year-old woman experienced intermittent distant vision discomfort. This occurred at
least a few hundred times daily. She could see near objects clearly; however, distant objects could be seen
clearly only when she strained her eyes. Uncorrected distance visual acuity was 20/20 and manifest refraction
(MR) in both eyes in the relaxed state was approximately − 2.5 D. MR changed to approximately − 0.5 D when
she grimaced and strained her eyes when attempting to focus on distant letters. Her response was contrary to
the physiological accommodative response. Cycloplegic refraction was approximately 0.0 D. Binocular autorefractor/
keratometer was used to objectively evaluate her refractive response and pupil reaction according to accommodative
stimulation. The IOL Master was used to evaluate the anterior chamber depth (ACD), lens thickness (LT), and pupil
diameter with relaxed and strained eyes. For stepwise static accommodative stimuli (1–5 D), the refractive responses
were correspondingly stepwise, similar to those elicited by healthy individuals. However, contrary to physiological
accommodation, she strained her eyes to see distant objects and relaxed them to see near objects. There was no
change in pupil diameter despite the accommodative stimuli being maximum. Biometry results showed that ACD
deepened and LT flattened with eye strain, which were contrary to those during physiological accommodation.

Conclusions: We report a rare case with reverse of physiological accommodative response. When patients complain of
unusual distant visual discomfort, pseudomyopia with paradoxical accommodation should be considered.
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Background
Accommodation involves changing the optical power to
sharply focus on objects placed at varying distances.
Although accommodation can be consciously controlled,
it usually acts as a reflex. In response to accommodation
stimuli, the ciliary muscles contract to thicken the lens,

and convergence and miosis occur [1]. A complex net-
work of parasympathetic nervous system controls this
reflex through the Edinger-Westphal nucleus.
Spasm of the near reflex involves excessive accommoda-

tion, excessive convergence, and miosis with varying sever-
ity, combinations, and duration. Excessive accommodation,
pseudomyopia, can occur separately, and result in blurred
distance vision due to increased refractive power generated
by ciliary muscle spasm, asthenopia, and headache. Pseudo-
myopia may develop because of organic reasons, parasym-
pathetic nervous system stimulation, or functional reasons,
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such as eye strain, long-term near work, or emotional stress
[2–6]. Multidisciplinary treatments, including strong cyclo-
plegics for relaxing ciliary muscle spasm, psychological con-
sultation, and modification of near work environment, are
needed for patients with pseudomyopia because of their in-
ability to voluntarily relax the ciliary muscle spasm [7].
Herein, we report the first case of a patient with para-

doxical accommodation who could reverse pseudomyo-
pia by straining the eyes, which was contrary to
physiological accommodation.

Case presentation
A 33-year-old woman without any history of trauma
presented with a 3-year-history of poor distant vision.
She could not see distant objects sharply and felt as if a
layer of vinyl covered her eyes. However, she could see
near objects clearly. This occurred at least a few hundred
times daily. She could see distant objects sharply by
straining her eyes. She could voluntarily strain her eyes
to see clearly at distance and actually, she constantly has
been straining her eyes to see clearly at distance. Her
uncorrected visual acuity was 20/20 during staining, and
20/50 during relaxing. These ocular symptoms began
after she experienced tremendous stress because of her
frequent migration abroad.
Her uncorrected distance and near vision were 20/20.

During manifest refraction (MR), an unusual reaction
was observed. MR in both eyes in the relaxed state was
approximately − 2.5 diopter (D). While focusing on dis-
tant letters, she grimaced and strained her eyes, follow-
ing which, her MR changed to approximately − 0.5 D.

These movements were constantly repeated throughout
the MR assessment. Her response was contrary to the
physiological accommodative response. The cover–un-
cover test for ocular alignment showed orthotropia at far
and near and orthophoria at distance regardless of eye
straining or relaxing. To exclude neurological abnormal-
ities, she had tests including direct and indirect light re-
flex, visual field test using a Humphrey visual field
analyzer, Ishihara color perception test, and visual
evoked potential test. All test results were within normal
limit. Basic blood test showed no abnormalities, how-
ever, brain imaging test was not performed due to cost.
Her refractive response and pupil change to accommo-

dative stimulations were objectively evaluated with a
WAM-5500 binocular autorefractor/keratometer (Grand
Seiko Co. Ltd., Hiroshima, Japan). This instrument gives
a binocular open view through a transparent acrylate
panel, providing an unrestricted view of objects at all
distances. The refractive and pupillary changes while
gazing at a far object with relaxed (far relax) and
strained (far strain) eye states, and at a near object
(33 cm) with relaxed eye state (near relax), were mea-
sured. Next, we recorded refractive and pupillary
changes at static stimulation and dynamic stimulation.
Static stimulation was performed at five accommodative
stimuli; 1 D (100 cm), 2 D (50 cm), 3 D (33 cm), 4 D
(25 cm), and 5 D (20 cm). Dynamic stimulation was per-
formed with a moving target at a speed of 300 mm/s
from 100 to 33 cm. Two sets of measurements were per-
formed on the same day. One set comprised 10 measure-
ments, with sufficient rest between the examinations. The

Fig. 1 a Manifest refraction of both eyes at far distance is approximately − 2.5 D myopia under relaxed eye state (far relax) and emmetropia
under strained eye state (far strain). Both eyes have approximately − 3.0 D myopia in the relaxed state at near distance (33 cm; near relax) and
emmetropia under cycloplegic refraction (CR). b Pupil diameter shows no significant change according to the patient’s eye state, except during
the CR state (Kruskal-Wallis test; P = .59). L = left; R = right
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same examination was performed after 1 week. Fi-
nally, the mean value of 40 measurements with the
standard deviation was plotted. The IOL Master 700
(Carl Zeiss Meditec AG, Jena, Germany) was used to
evaluate the anterior chamber depth (ACD), lens
thickness (LT), and pupil diameter with relaxed and
strained eyes. Measurements were performed in four
sets (one set of three measurements).
In the far relaxed state, the spherical equivalent (SE)

was − 2.34 D in the right eye and − 2.50 D in the left
eye; however, in the far strained state, for a sharp and
clear distance vision, SE was − 0.22 D and 0.00 D in the
right eye and left eye, respectively. In the near relaxed
state, SE in the right eye and left eye was − 3.36 D and
− 3.10 D, respectively. Cycloplegic refraction (CR) in the
right eye and left eye was − 0.26 D and 0.13 D, re-
spectively (Fig. 1a). Her pupil diameter was approxi-
mately 4 mm, without any significant difference in
size while gazing at a distant or near object (Kruskal-
Wallis test, P = .59) (Fig. 1b).

For strong static accommodative stimuli (1–5 D), the
refractive responses were proportionately strong, similar
to those elicited by healthy individuals (Fig. 2a, c) [8].
Contrary to physiological accommodation, she strained
her eyes to see distant objects and relaxed her eyes to
see near objects. Pupil diameters showed no difference
despite strong accommodative stimuli, except between
33 and 25 cm in the RE (Kruskal-Wallis test, Dunn’s
multiple comparison test; P = .005) (Fig. 2b and d). In
the dynamic stimulation test, she could follow the mov-
ing target from 100 to 33 cm without any constraint,
and her refractive response was similar to that during
normal reaction. Similarly to that observed during the
static test, her pupil diameter showed no change during
the dynamic test (Fig. 3).
Biometry results indicated that ACD deepened and LT

flattened with maximal eye strain, compared with re-
laxed eyes, and her pupil diameter showed no significant
change (Table 1). These results were contrary to the
physiological movements of ACD and LT.

Fig. 2 Changes in the accommodative response and pupil diameter according to static refractive stimuli (100, 50, 33, 25, and 20 cm). a,
b Accommodative response of the right eye shows significant changes according to refractive stimuli. However, there is no significant change in
pupil diameter according to the refractive stimuli, except between 33 and 25 cm (Kruskal-Wallis test, Dunn’s multiple comparison test, P = .005). c,
d Accommodative response of the left eye shows significant changes according to the refractive stimuli; however, there is no significant change
in pupil diameter according to the refractive stimuli. *P-value by Kruskal-Wallis test, Dunn’s multiple comparison test; significance was set at < 0.05
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We diagnosed these rare reverse eye responses to ac-
commodation as paradoxical accommodation. She has
provided informed consent for publication of the case.

Discussion and conclusions
We report the case of a patient who, despite poor distant
vision (− 2.5 D myopia) during relaxed eye state, showed
paradoxical accommodation and manifested emmetropia
by straining her eyes to see distant objects. She showed
normal refractive responses to various accommodative
stimuli; however, the tension in her eyes was contrary to
that manifested during normal physiological reaction
(emmetropia with strained eyes; myopia with relaxed
eyes). Pupil diameter remained unchanged despite in-
creased accommodative stimulus. On biometry, her

ACD deepened and LT flattened with strained eyes and
vice versa with relaxed eyes.
MR was the most important clue for establishing a def-

inite diagnosis. Her refraction changed continuously, mi-
nute by minute. She had to strain her eyes and grimace to
see distant objects. She was eventually diagnosed with
pseudomyopia due to poor distant vision, with concomi-
tant myopia, good near vision, and emmetropia in CR.
Psychological stress may evoke parasympathetic spasm,
and she might have adapted to consciously control her
pseudomyopia. This was confirmed by the presence of an
unstable refractive change with a large standard deviation
of MR while consciously controlling her eyes to look at
distant objects. In contrast, a stable myopic state was
maintained with a small standard deviation of MR while
looking at near objects with relaxed eyes (Fig. 1a).

Fig. 3 Dynamic measurement of refractive responses according to accommodative stimuli from 100 to 33 cm (from − 1 D to − 3 D). The patient’s
refractive responses demonstrated by the red curve smoothly followed the green target stimulus, with a refractive power of about 70 % of the
actual stimulus. However, pupil diameter did not show any change according to accommodative stimulus

Table 1 Changes in the anterior chamber depth, lens thickness, and pupil diameter measured using the IOL Master under relaxed
and strained eye states

Right eye Left eye

Relaxed Strained P-value* Relaxed Strained P-value*

Anterior chamber depth (mm) 3.59±0.01 3.63±0.05 0.17 3.58±0.02 3.66±0.05 0.03

Lens thickness(mm) 3.64±0.00 3.62±0.01 0.08 3.66±0.01 3.62±0.00 0.04

Pupil diameter (mm) 3.97±0.56 3.74±0.44 0.12 4.15±0.94 4.11±0.74 0.69

*P-value by Wilcoxon signed rank test; significance is set at P <.05
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Although the patient’s refractive responses for accom-
modative stimuli were the same as those of a healthy in-
dividual, the straining and relaxation of her eyes were
opposite to those manifested during physiological ac-
commodation. Pupil diameter showed little change dur-
ing static and dynamic accommodative stimulations, and
thus, we assumed that pupillary reactions were paradox-
ical. The pupil size reduced as the accommodative stimuli
became stronger during physiological accommodation, be-
cause the pupils constrict to increase the depth of focus
while looking at nearby object sharply; this response is
mediated by the parasympathetic nervous system [8, 9].
No response of the pupil suggests that parasympathetic-
iris connection was faulty.
During dynamic stimulation, our patient’s refractive

responses followed the physiological accommodative
stimulus with a refractive power of approximately 70 %
of the actual stimulus (Fig. 3). Generally, the actual re-
fractive response and pseudoaccommodation, including
changes in pupil diameter, ACD, and corneal aberra-
tions, account for 90.9 and 9.1 % of the normal refractive
response to the accommodative stimulus in healthy sub-
jects, respectively [8]. The patient’s relatively insufficient
refractive response to the accommodative stimulus was
not due to insufficient refractive power but inadequate
time to exert the accommodative response because the
target moved too fast to be thoroughly followed. This
phenomenon appears to be the same in healthy individ-
uals. Therefore, Fig. 3 should not be interpreted as insuf-
ficient power of refractive response by the patient.
We suggest three possible hypotheses for this abnormal

reaction. First, the patient consciously adapted to overcome
pseudomyopia by straining her eyes, similar to that when
viewing an autostereogram (a two-dimensional image) that
induces a visual illusion of a three-dimensional image.
Depth perception requires training to overcome the normal
coordination between accommodation and convergence,
with disruption of the near reflex [10]. Our patient
learned to relax the ciliary spasm by eye straining,
thereby reversing physiological accommodation. Sec-
ond, an unknown organic problem decoupled the
physiological parasympathetic-ocular circuit. Distorted
parasympathetic nervous innervations to the eyes re-
sulted in unusual ocular responses to parasympathetic
stimulation, similar to the Marcus-Gunn jaw-winking
phenomenon [11]. The fact that her pupil size
remained unchanged during accommodation supports
this hypothesis. Third, she learned to exert sympa-
thetic stimulation to inhibit the parasympathetic
spasm, possibly by an autonomic dysfunction, al-
though voluntary control of the autonomic nervous
system is considered impossible.
Treatment of pseudomyopia depends on the under-

lying etiology. Correction of organic causes, including

systemic disease [12], systemic or ocular medications [5,
13], head injury [3, 4] and brain disease [14], or uveitis
[15], would be a useful strategy. Functional stimulation
of the parasympathetic tone can be corrected by cyclople-
gics, psychological support, modification of working con-
ditions, and appropriate ocular exercise and relaxation.
We prescribed atropine to the patient to relieve eye strain
during distant vision; however, she refused it because of
poor near vision. Therefore, we prescribed − 1.0-D glasses
to minimize asthenopia induced by continuous eye strain;
she was satisfied with these glasses. We could not figure
out the exact cause of her phenomenon. Currently, she
has normal ciliary muscle power, therefore, she overcome
her accommodative spasm at distance. However, if she got
older and had presbyopia, she could have an unexpected
reaction.
In conclusions, most patients with pseudomyopia can-

not overcome the condition by themselves. However,
some patients can consciously overcome pseudomyopia
through paradoxical accommodation, by straining their
eyes to induce emmetropia when looking at distant ob-
jects, and relaxing their eyes when focusing at near ob-
jects. When patients complain of unusual distant visual
discomfort, pseudomyopia with paradoxical accommo-
dation should be considered with detailed history taking
and MR examination.
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