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Dear Editor,

Conjugate eye movements are controlled by a number of areas in the
cerebral cortex, including the frontal eye field (FEF) [1], supplementary
eye field (SEF) [2], dorsolateral prefrontal cortex (DLPFC) 3], and pari-
etal eye field (PEF), corresponding to the lateral intraparietal area in ma-
caques [4]. Among these areas, the FEF plays an important role in
triggering the intentional saccades [5]. The neuronal activities in the
FEF are prepared in and projected from the other cortical areas [6].

Convergence eye movements are also associated with a number of
cortical areas. Electrical microstimulation in the FEF of macaques has
elicited convergence eye movements [7]. Another primate study has
identified neuronal discharges in the SEF during vergence tracking [8].
Functional activation in the DLPFC for vergence has been observed on
functional magnetic resonance imaging (MRI) [9]. Transcranial magnetic
stimulation over the DLPFC has decreased the latency of the convergence
made with saccades [10]. Moreover, another functional neuroimaging
study has shown that predictive vergence eye movements activate
many cortical areas including the FEF, SEF, DLPFC, and PEF [11]. However,
the organization of these cortical areas for convergence eye movements
has been much less studied than other conjugate eye movements, al-
though the basic organization is believed to be comparable to that of sac-
cades and pursuit [12]. Furthermore, convergence paralysis has never
been reported as a symptom of a localized cerebral infarction. We report
a case of convergence paralysis caused by a localized cerebral infarction
affecting the white matter underlying the right FEF.

1. Case report

A 72-year-old, right-handed man was admitted for difficulty with
opening his eyes and diplopia at near vision. Four days prior, the patient
had experienced the sudden onset of an inability to open and close both
eyelids voluntarily. He used his hands to open and close his eyelids. The
next day, he developed diplopia at near vision. Before admission, his
difficulty in eyelid opening and closure had gradually improved.

Abbreviations: AEO, apraxia of eyelid opening; DLPFC, dorsolateral prefrontal cortex;
FEF, frontal eye field; MRI, magnetic resonance imaging; PEF, parietal eye field; SEF,
supplementary eye field.
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On examination, the patient was alert and well oriented. Corrected
visual acuity at a distance was 20/13 in both eyes. Pupils were symmet-
ric and equally reactive. Although ocular motility examination showed
no limitation of conjugate eye movements, a severe convergence paral-
ysis was observed (Fig. 1). An alternate prism cover test showed that the
patient had exophoria of 1 prism diopter at distance and exotropia of 16
prism diopters at near vision. Pupillary constriction was observed on at-
tempts to converge. The patient did not have monocular blurring at near
vision, suggesting accommodation was not affected. Smooth pursuit eye
movements were mildly saccadic in both directions, and the accuracy of
horizontal saccadic eye movements was also mildly impaired, although
the exact latency and velocity were not evaluated. He did not have nys-
tagmus. Furthermore, he had difficulty with bilateral eyelid opening at
will, despite contraction of the frontalis muscles. This eyelid-opening
abnormality was not accompanied by visible contraction of the
orbicularis oculi on clinical examination. The difficulty in opening the
eyelids was not evident during spontaneous blinking. Eye closure was
normal. He had no evidence of orobuccal, lingual, or limb apraxia. Mus-
cle weakness was not apparent on admission, and his gait was stable
without extrapyramidal symptoms.

Diffusion-weighted MRI of the brain showed a high-signal-intensity
lesion extending from the lateral side of the right precentral knob to the
white matter underlying the intersection between the right precentral
sulcus and the right superior frontal sulcus, where the right FEF is
most likely located (Fig. 2). There were no basal ganglia or thalamic le-
sions on MRI. He was diagnosed as having an acute cerebral infarction
that caused apraxia of eyelid opening (AEO) and convergence paralysis.
Although gradual improvement of the AEO was observed, convergence
paralysis improved to a lesser extent and persisted 6 months after onset.

2. Discussion

This case suggests that disruption of the FEF can cause impaired con-
vergence eye movements independently of other cortical areas. Previ-
ous studies have demonstrated that the FEF is related to the triggering
of convergence eye movements, as with conjugate eye movements.

A

Fig. 1. Ocular movements. (A) Eye positions at far vision; (B) eye positions at near vision.
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Fig. 2. Magnetic resonance imaging of the brain. Diffusion-weighted magnetic resonance
imaging of the brain shows a high signal intensity lesion extending from the lateral side
of the right precentral knob to the white matter underlying the intersection between
the right precentral sulcus and the right superior frontal sulcus, where the right frontal
eye field is most likely located.

Electrical stimulation of the FEF, in a patient with epilepsy and in
macaques, induced disconjugate contraversive horizontal eye
movements and convergence eye movements, respectively [7,13].
Moreover, other cortical areas (i.e., SEF and DLPFC) are also associat-
ed with controlling convergence [12]. However, hierarchical
organization of these cortical areas has never been studied in detail.
Except for the FEF, the above-mentioned brain regions responsible
for convergence eye movements were not affected in the present
patient. The severity of convergence impairment in our case was
equivalent to that of conjugate impairment caused by a lesion
affecting the FEF in the previous report [14]. As the organization of
the cortical areas for convergence eye movements is believed to be
comparable to that of conjugate eye movements, our case suggests
that a damaged FEF can lead to insufficient convergence eye
movements, independent of other cortical areas.

Furthermore, this case suggests that anatomical and functional dif-
ferences within the FEF may exist, which reflect the dual responsibility
for convergence and conjugate eye movements, because a discrepancy
between the degree of impairment of convergence and conjugate eye
movements was observed in the present patient. This is consistent
with previous neuroimaging studies of humans and a single-cell study
of macaques, which demonstrated that a convergence-related region
is located anterior to a saccade-related region in the FEF [7,9]. The pre-
cise relationship between these two regions needs to be elucidated in
future studies.

Finally, the FEF and the middle part of the precentral gyrus may be
involved in the pathogenesis of AEO. AEO is caused by contraction of
the pretarsal portion of the orbicularis oculi muscles, absent contraction
of the levator palpebrae superioris muscles, or both [15]. The precise
neuroanatomical basis of AEO is still unclear, probably because of varia-
tion in the underlying mechanism, despite similar phenotypes. Howev-
er, neuroimaging studies have reported that the responsible cortical
areas for voluntary blinking include the FEF, SEF, and precentral gyrus
[16]. In our patient, the white matter underlying the right FEF and the
middle part of the right precentral gyrus were affected. We suggest
that these two areas contribute to the pathogenesis of AEO and probably
participate in the control of voluntary blinking.

In conclusion, this case suggests that disruption of the FEF can cause
impaired convergence eye movements independently of other cortical
areas. Furthermore, a cerebral infarction affecting the unilateral FEF
should be raised as part of the differential diagnosis for acute onset of
convergence paralysis, even without conjugate impairment.
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