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Abstract 

Introduction: The Ascending Reticular Activating System (ARAS) is responsible 

for maintaining consciousness. This network traverses the brainstem and has 

multiple projections to the cerebral cortex. The ARAS is anatomically related to 

the oculomotor and optic nuclei; therefore, when affected, certain ocular signs 

should be evaluated. During the neuro-ophthalmological assessment of a 

patient with a consciousness disorder, pupils, eye movements, and 

oculocephalic reflexes should be explored to locate the lesion and its etiology 

(toxic, metabolic, or traumatic). This manuscript aims to review the most notable 

characteristics of evaluating ocular signs in comatose patients. 

Methods: This work consists of a review of scientific literature related to the 

evaluation of ocular signs in comatose patients. An exhaustive search was 

conducted on PubMed, Scopus, and Web of Science. Studies providing relevant 

information on the evaluation of ocular signs in patients with consciousness 

disorders were selected. 

Results: Several ocular signs were identified that may indicate involvement of 

the ARAS, such as changes in pupil size and reactivity, restrictions in eye 

movements, and abnormal responses to oculocephalic reflexes. These findings 

can assist physicians in locating the underlying lesion and determining its 

etiology, thereby facilitating appropriate clinical management. 

Conclusions: The assessment of ocular signs in comatose patients is a valuable 

tool in clinical practice. Early recognition of these signs can enable swift and 

accurate interventions to treat life-threatening injuries. Further studies are 

needed to validate the efficacy and accuracy of these signs in the diagnosis and 

management of consciousness disorders. 

Keywords: Ocular motility disorders; pupil disorders; Coma; Disorders of 

consciousness. 

 

Resumen 

Introducción: El Sistema Ascendente de Activación Reticular (SAAR) es 

responsable del mantenimiento de la conciencia. Esta red atraviesa el tronco 

encefálico y tiene múltiples proyecciones hacia la corteza cerebral. El SAAR está 

anatómicamente relacionado con los núcleos oculomotor y óptico, por lo tanto, 

cuando se ve afectado, se deben evaluar algunos signos oculares. Durante la 



Neurociencias Journal  Vol 31 Núm 1 Parra and Cols  
 
 

 
 

evaluación neurooftalmológica de un paciente con trastorno de la conciencia, 

se deben explorar las pupilas, los movimientos oculares y los reflejos 

oculocefálicos para localizar la lesión y la etiología de esta (tóxica, metabólica o 

traumática). Este manuscrito tiene como objetivo revisar las características más 

notables de la evaluación de los signos oculares en pacientes comatosos. 

Materiales y métodos: Este trabajo consiste en una revisión de la literatura 

científica relacionada con la evaluación de signos oculares en pacientes 

comatosos. Se llevó a cabo una búsqueda exhaustiva en PubMed, Scopus y Web 

of Science. Se seleccionaron estudios que proporcionaran información 

relevante sobre la evaluación de signos oculares en pacientes con trastornos de 

la conciencia. 

Resultados: Se identificaron varios signos oculares que pueden indicar la 

afectación del SAAR, como cambios en el tamaño y la reactividad de las pupilas, 

restricciones en los movimientos oculares y respuestas anormales a los reflejos 

oculocefálicos. Estos hallazgos pueden ayudar a los médicos a localizar la lesión 

subyacente y determinar su etiología, lo que facilita un manejo clínico adecuado. 

Conclusiones: La evaluación de signos oculares en pacientes comatosos es una 

herramienta valiosa en la práctica clínica. El reconocimiento temprano de estos 

signos puede permitir intervenciones rápidas y precisas para tratar lesiones que 

ponen en peligro la vida. Se necesitan más estudios para validar la eficacia y 

precisión de estos signos en el diagnóstico y manejo de trastornos de la 

conciencia. 

Palabras clave: Trastornos de la motilidad ocular; trastornos de la pupila; coma; 

trastornos de la consciencia. 

 

Resumo 

Introdução: O Sistema Ativador Reticular Ascendente (SARA) é responsável por 

manter a consciência. Essa rede percorre o tronco cerebral e possui múltiplas 

projeções para o córtex cerebral. O SARA está anatomicamente relacionado aos 

núcleos oculomotores e ópticos; portanto, quando afetado, certos sinais 

oculares devem ser avaliados. Durante a avaliação neuroftalmológica de um 

paciente com um distúrbio da consciência, as pupilas, os movimentos oculares 

e os reflexos oculocefálicos devem ser explorados para localizar a lesão e sua 

etiologia (tóxica, metabólica ou traumática). Este manuscrito tem como objetivo 
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revisar as características mais notáveis da avaliação de sinais oculares em 

pacientes comatosos. 

Materiais e métodos: Este trabalho consiste em uma revisão da literatura 

científica relacionada à avaliação de sinais oculares em pacientes comatosos. 

Foi realizada uma busca exaustiva no PubMed, Scopus e Web of Science. 

Estudos que forneciam informações relevantes sobre a avaliação de sinais 

oculares em pacientes com distúrbios de consciência foram selecionados. 

Resultados: Foram identificados vários sinais oculares que podem indicar 

envolvimento do ARAS, como alterações no tamanho e reatividade da pupila, 

restrições nos movimentos oculares e respostas anormais aos reflexos 

oculocefálicos. Esses achados podem ajudar os médicos a localizar a lesão 

subjacente e determinar sua etiologia, facilitando assim o manejo clínico 

adequado. 

Conclusões: A avaliação de sinais oculares em pacientes comatosos é uma 

ferramenta valiosa na prática clínica. O reconhecimento precoce desses sinais 

pode permitir intervenções rápidas e precisas para tratar lesões que colocam 

em risco a vida. São necessários mais estudos para validar a eficácia e precisão 

desses sinais no diagnóstico e manejo de distúrbios da consciência. 

Palavras chave: Distúrbios da motilidade ocular; distúrbios da pupila; coma; 

distúrbios da consciência. 

 

Introduction 

Ocular motor nerve pathways arise at the brainstem and are in close association 

with the ascending reticular activating system (ARAS) which is responsible for 

consciousness and is generally affected in comatose patients. Examination of 

pupils and ocular movements in patients with disorders of consciousness 

(DOCs) is crucial to elucidate the probable location of the lesion or the etiology 

of the coma [1-5]. Although the patient cannot cooperate with the eye 

examination, it is unacceptable to omit it [4]. There is scarce literature to guide 

phlysicians into the examination of ocular signs presented in comatose patients. 

Indexed literature published between the sixties and eighties including reports 

and reviews is available [6-9], nevertheless, there is a lack of recent literature 

since the eighties besides few neuro-ophthalmology and coma books published 

in recent year [1,2,4,5,10]. The aim of this review is to address the available 
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literature in a practical and friendly fashion to help physicians assessing the 

ocular signs in a comatose patient. 

 

Review 

Structural Anatomy of Coma 

The ARAS is responsible for some of the mechanisms of wakefulness and 

sleep/wake cycle [11-14]. Extensive chemical and structural neuronal 

connections have been reported regarding the ARAS. It is described as a 

complex network on neurons that project from multiple brainstem nuclei, in 

direction to the cortex via thalamic and extra-thalamic pathways [13-15]. These 

are neurotransmitter guided pathways, including serotonergic, noradrenergic, 

and dopaminergic fibers, coming from the rostral pons, the locus coeruleus, and 

the ventral tegmental area respectively [13] (Figure 1). The extensive lesion of 

both cerebral hemispheres or of the ARAS typically cause an impairment of 

consciousness (coma, vegetative state, or minimal consciousness state). On the 

other hand, when there is a unilateral hemispheric lesion, or when the lesions 

are below the midpons, the impairment of consciousness is less likely [1,16]. 

 

 

Figure 1. Diffusion tensor tractography reconstruction of the ascending reticular 

activating system (ARAS). (A) Lateral view of tractography of the ARAS, demonstrating 

pathways ascending form the brainstem through the thalamus and the hypothalamus 

bilaterally to reach both frontal lobes. (B) Superior view of the ARAS fibers connecting 
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the brainstem and both basal frontal lobes. DR = dorsal raphè; DTT = dorsal tegmental 

tract; MFB = middle forebrain bundle; MR = median raphè, VTT = ventral tegmental tract. 

 

Anatomy of Pupillary Input 

The main afferents of the pupillary light reflex come from retinal ganglion cells. 

This reflex is done mostly by a group of intrinsically-photosensitive retinal 

ganglion cells (ipTGCs) discovered in the early 2000’s, characterized by using a 

unique photopigment (melanopsin) and  by contributing to the circadian rhythm 

and pupil constriction [17-20]. The ipTGCs are necessary, but not enough to 

produce a regular pupillary light reflex; classic photoreceptors (rodes and cones) 

are also necessary for a normal reflex [19], all photorreceptors act as irradiance 

detectors using photopigments, their axons follow the same pathway of the 

optic nerve and optic tract (Figure 2), until they reach the posterior third of the 

optic tract, where they project the fibers to the pretectal area, specifically to the 

pretectal olivary nucleus (PON), and then project bilaterally to the Edinger 

Westphal (EW) nuclei through the white posterior commissure [14,19,21,22]. The 

preganglionic fibers from the EW nucleus join the motor fibers of the III cranial 

nerve (CN) and leave the mesencephalon ventrally [4]. 

 

 

Figure 2. 3D reconstruction of cortical projections of the optic pathway with 

tractography. Fibers are reconstructed starting from both optic tracts (arrows). Superior 
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and inferior optic radiations are projected from the pulvinar nucleus (red spheres) to 

the calcarine fissure bilaterally. Posterior inter commissural fibers are represented in 

the splenium of the corpus callosum.  

 

Anatomy of Efferent Pupillary Responses and The Autonomous Nervous system 

The pupils’ diameter is determined by the balance between the dilating 

(sympathetic) and constricting (parasympathetic) activities [4,21-23]. 

Pupillodilator muscles open the pupil when they are contracted. These muscles 

are innervated by the sympathetic nervous system, which begins in the lateral 

hypothalamus bilaterally, where some fibers descend through the postero-

lateral medulla where they are vulnerable when there is a brainstem injury 

producing a central Horner’s Syndrome [1,4,5]. These fibers go down through 

the cervical spinal cord to the intermediolateral (IML) cell column of the thoracic 

and lumbar spinal cord, predominantly from T1 to T4. At this point, there is the 

first synapsis of this pathway with the second neuron (preganglionic neurons) 

of the sympathetic network. Afterwards, these fibers communicate with the 

paravertebral sympathetic chain through the white ramus communicans (lightly 

myelinated axons) connecting to the 3rd neuron (postganglionic neurons) [24], 

which is usually located in the superior cervical ganglion, coming upward 

through the paravertebral chain until they reach the cranio-vertebral junction, 

where these postganglionic fibers come around the internal carotid artery 

adventitia [24,25]. Finally, the fibers traverse the superior orbital fissure (SOF) 

entering the orbit, while the sympathetic input to the eyelid retractor muscle 

travels around the external carotid artery instead [1,25] (Figure 3). 

Lesions of the sympathetic pathways can produce a Horner’s syndrome. When 

the lesion occurs along the course of the internal carotid artery, the cavernous 

sinus, the SOF, or the orbit, the syndrome is called Raeder´s paratrigeminal 

syndrome (Horner’s syndrome plus trigeminal pain), while if the lesion is 

between the T1-T4 spinal level and the carotid bifurcation, it causes a peripheral 

Horner’s syndrome. Otherwise, if the lesion involves the pathway between the 

hypothalamus and the spinal cord that would cause a central Horner’s 

syndrome [1,26]. And very importantly a unilateral myotic pupil or a Horner’s 

syndrome can be the first sign of a transtentorial herniation [4]. 
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Figure 3. Anatomic features of the sympathetic nervous system. The sympathetic 

nervous system begins in the hypothalamus, descending through the brainstem and 

the cervical spinal cord to the thoracic and lumbar spinal cord. Second neurons are 

within the intermediolateral horns, predominantly from T1-T4, connecting to the 

paravertebral chain through the white ramus. The paravertebral chain ascends to the 

superior cervical chain where the 3rd order neuron is located. Postganglionic 

information go throughout the adventitia of the internal and external carotid arteries 

directed to the pupillodilator muscles and to the eyelid retractor muscle respectively. 

ECA = external carotid artery; ICA = internal carotid artery; PSC = paravertebral 

sympathetic chain; SCG = superior cervical ganglion. 

 

Pupilloconstrictor muscles act generating constriction of the pupil, the 

parasympathetic neurons that supply them are in the ciliary ganglion and in the 

epi-scleral ganglion cells [4,21]. Preganglionic neurons are in the EW nucleus and 

enter the orbit through the III CN. These fibers cross through the dorsomedial 

quadrant of the III CN, being more vulnerable to compression than the fibers 

responsible for the ocular movements [4,25]. 
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Pupillary Responses in Patients in Coma 

Physicians should always assess the pupillary light reflex. A flashlight can be 

used, it can be held 50cm from the face watching the response to light. A 

magnifying lens can also be used to examine extremely miotic pupils 1. There 

are some signs that can help locating the primary insult in a comatose patient. 

Third (III) CNs go through several anatomical corridors where they can be 

affected by brain injuries (Figure 4). Diencephalic injuries caused by 

supratentorial space occupying lesions typically cause bilateral small reactive 

pupils, whereas when there is a hypothalamic lesion the myosis is usually 

ipsilateral to the lesion [1,4,5]. 

Midbrain lesions can produce a wide variety of signs. Dorsal, pretectal or tectal 

mesencephalic lesions can be caused by transtentorial herniation, tumors or 

hemorrhages [4,5]. Bilateral mesencephalic tegmental injury results in fixed 

pupils, which can be large if the sympathetic tracts are preserved or can be in 

midposition if not [1].  Pupillary light reflex pathways are in the mesencephalon; 

hence, lesions of these pathways cause impairment of the light reflex. The 

pretectal area and the WE nucleus are located near dorsal to the III CN nucleus, 

making them vulnerable to insults that affect the structures in close relationship 

with the posterior commissure. The scenarios can present clinically as fixed and 

slightly dilated pupils and with an impairment of the voluntary vertical eye 

movements and convergence. Additionally, a hemorrhage in the pulvinar nuclei 

can cause similar findings as well, because it overlies the pretectal area [1]. 

Midbrain lesions usually have preserved accommodation and ciliospinal 

reflexes, which can help differentiate them from a brain death [1,4]. 

Mesencephalic lesions can damage the III CN typically when there is a 

transtentorial herniation or an aneurysm of the posterior communicating artery 

[4,5,27]. Since pupilloconstrictor nerve fibers lie superficially and dorsomedially, 

the first sign is characterized by unilateral dilated poor reactive pupil [4,28].  

When the damage is in the pons the two sympathetic pathways could be 

affected causing bilaterally narrow pupils, and they may be aggravated by 

parasympathetic stimulation due to pontine bleeding causing the “pinpoint 

pupils” [5,27,28] (Figure 4).  

 

 



Neurociencias Journal  Vol 31 Núm 1 Parra and Cols  
 
 

 
 

 

 

Figure 4. Topographic pupillary findings in patients with impaired consciousness. 

A diencephalic lesion, a metabolic encephalopathy, and drugs consumption can 

produce bilateral small reactive pupils. A unilateral oculomotor nerve lesion can 

generate a unilateral dilated pupil, while anterior midbrain lesions produce fixed pupils, 

which can be either large or small depending on the affection of the sympathetic 

nervous system. Additionally, pontine lesions can produce bilateral pin-point pupils and 

pretectal area lesions produce fixed slightly dilated pupils, like in Parinaud’s syndrome. 

 

In metabolic disorders causing coma, reaction to light remains intact due to the 

lack of sensitivity of the pupillomotor pathways. Structural comas can present 

light reflex loss and/or anisocoria [1,4,5,29]. Assessment of pupillary light 

reactivity with quantitative pupillometry has demonstrated to predict outcome 

of patients with anoxic coma. When available, it should be used to assess 

patients with DOCs, nevertheless, regular pupil visualization is very helpful when 

assessing these patients [30,31]. When doubts exist regarding the origin of the 

coma between a metabolic or any structural lesion, the reaction to light would 

elucidate the answer. 
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Oculomotor responses of the comatose patient 

Oculomotor pathways are anatomically in close relationship with the ARAS, 

typically a comatose patient with asymmetry of ocular movements has an 

structural lesion and not a metabolic cause of coma [1]. The exam should 

include observation of eyelids, globe position, and ocular movements (Figure 5). 

The eyelids are generally closed (with few exceptions, including the “locked-in 

syndrome” or the Parinaud’s syndrome) [4,5,32]. Ocular movements are 

performed by the action of the three oculomotor nerves which arise in a variety 

of localizations in the brainstem where they are susceptible to being damaged 

in different ways [1,32]. Both III CNs originate in the mesencephalon in the 

interpeduncular cistern and run adjacent to the posterior communicating 

artery, being vulnerable to compression due to posterior communicating artery 

aneurysms [4,5]. The VI CN originates from the pontomedullary sulcus and it’s 

often avulsed when the brain is removed during an autopsy. Otherwise, the IV 

CN is crossed within the midbrain tectum and exits the brainstem posteriorly. 

This nerve is the longest one, and hence, it is susceptible during head trauma 

[4,21]. These three nerves cross through both the cavernous sinus and the SOF, 

and any lesion in any of these locations may cause a paralysis of all three 

oculomotor nerves [1,21].  

 

Eye Positions at Rest and Spontaneous Eye Movements 

The physician should observe the eye position and spontaneous eye 

movements at rest while opening the eyelids (Figure 6) [1]. Comatose patients 

with intact oculomotor nerves have eyes looking ahead and conjugated or 

slightly divergent due to relaxation of eye muscles. Usually there is mild 

exophoria in patients with impairment of consciousness, but it has to be 

differentiated from worsened baseline strabismus [1,2,4]. Roving eye 

movements are common in comatose patients, they consist in a series of slow 

horizontal random movements that disappear as the coma deepens. These 

movements are typically seen in patients with a metabolic cause of coma and 

usually imply that there is no damage of the oculomotor system [1,4,5]. 
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Figure 5. Algorithm for eye examination in a comatose patient. An algorithm for 

ocular signs examination in the unconscious patient is proposed 

 

There is another movement of the eyes which consists of a periodically 

alternating (every two seconds) repetitive movement of the eyes in a horizontal 

plane, the “ping- pong gaze”. It has been described in hemispheric bilateral 

infarction, as well as in vermis hemorrhage but hasn’t been associated with 

brainstem lesions [1,4]. There can be spontaneous nystagmus eye movements 

but is usually uncommon in coma, except in dorsal midbrain lesions [1,2,4,28]. 

The few nystagmus presented in a comatose patient that are clinically relevant 

are the retraction nystagmus and the convergent nystagmus. They are 
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associated with a mesencephalic lesion [4,28]. Nystagmoid jerks are usually 

caused by pontine lesions [4]. 

 

 

Figure 6. Spontaneous Eye Movements in Coma. Schematic illustration of eye 

movements in comatose patients, the arrows indicate the direction of the movement. 

*Crooked lines represent slow movements, and straight lines represent fast 

movements. 

 

On the other hand, the “ocular bobbing” is a rapid, conjugate, downward 

movement of the eyes and slow return to primary position. It is usually 

associated with lower severe lesions of the pons [2,4,5]. Ocular dipping presents 

with a slow downward movement followed by rapid to primary position and is 

associated with pontine lesions too [2,5]. Structural lesions are the cause of 

conjugate gaze impairment almost every time. A lateral gaze impairment is 

usually related to destructive lesions and causes a deviation towards the side of 

the injury, contrary to epileptic seizures and when the lesion is located below to 

the crossing supranuclear fiber where the gaze deviates away from the lesion 

[1,4]. Moreover, the upward gaze palsy is caused by lesions in the posterior 

commissure and the pretectal region [33]. The integrity of the upward gaze can 

be examined by stimulation of the cornea, which causes a bell phenomenon. In 
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deeper coma, a caloric stimulus or the turning of the head would be helpful 

[4,33]. Eyes positioned below the horizontal gaze typically imply a brainstem 

injury [4]. Skew deviation is caused by a brainstem lesion that can be found at 

the brachium pontis, rostral medulla, vestibular system, vestibulocerebellum 

(lower eye side) or the medial longitudinal fasciculus on the side of the eye that 

is higher [4,21]. 

 

Examination of Vestibulo-Ocular Reflexes 

When assessing the oculocephalic reflexes the first step is to rule out any 

cervical trauma [5]. When cervical lesions are ruled out the physician will have 

to rotate the patient’s head laterally and vertically. The eyes should rotate to the 

opposite side of the movement elicited (doll’s head phenomenon) in an 

unconscious patient [1,4,34]. Normal responses in both directions indicate intact 

brainstem gaze centers and oculomotor nerves in a comatose patient [34]. 

When the coma is due to metabolic causes the oculocephalic responses can be 

exaggerated or brisk [1]. 

Some patients in a deep coma do not respond to oculocephalic stimulations or 

have pathologies where head movement can be harmful, in this case ocular 

movements can be tested with caloric vestibule-ocular responses [6,28]. First, 

the evaluator should remove plugs of wax or blood clot from the canal. The 

patient head should be at an angle of 30°, use a 50ml syringe with 20 ml of cold 

water and irrigate the canal at a rate of 10 ml/min for 5 minutes or until response 

is obtained, repeat the assessment in the opposite side with warmer water 

(40°C) [1,6]. In the comatose patient, the eyes go in the direction of the 

stimulated side with cold water, or they go to the opposite side when warm 

water is used when testing horizontal movements. To test vertical movements 

the evaluator should irrigate both canals at the same time with cold water 

(generationg a downward deviation of the eyes) or with warm water (producing 

an upward deviation) [1,6]. No response generally indicates (but not always) an 

extensive lesion of the brainstem and is associated with absence of head 

reflexes [6,28] Inter and intra observed agreement studies show that junior 

doctors do not disagree from senior ones when evaluating oculocephalic 

reflexes, impliying that this assessment can be done by any physician [35]. 
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Conclusions 

Ocular signs are important in the examination of the patient with any DOC, it 

not only helps with the location of the lesion but can help elucidating the 

etiology as well. We suggest physicians consider the ocular exam as an 

important tool when assessing patients with an impairment of consciousness 

given its life saving implication and helpful information for clinical management. 
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