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ABSTRACT

Horner's syndrome is characterized by the symptoms of miosis, anisocoria, ptosis, enophthalmos and
protrusion of the third eyelid as a result of an interruption in the sympathetic nervous system extending from
the hypothalamus of the brain to the eye. It has been identified in almost every mammal, including humans.
The sympathetic nervous system consists of 3 main parts and these are the central, preganglionic and postgan-
glionic neurons. In order to find the interruption on this system, diagnosis and differential diagnosis must be
made and the underlying ethiology of the disease must be found. For this, an accurate examination and lesion
localization is required. Topical application of cocaine to the eyes is considered the gold standard in the phar-
macological method of lesion localization. Although there are many underlying etiologies, idiopathic Horner's
syndrome in dogs is more common than other etiologies. Apart from the pharmacological methods, radiology,
CT and MRI imaging techniques are also common tools used to determine the ethiology.
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Introduction

Horner's syndrome was first described by Frangois Pourfour du Petit in 1727, with the findings
observed after the transection of upper sympathetic nerves of a in a dog (Pearche, 2020). It was
later named after Johann Friedrich Horner and was recorded with the symptoms that occur as a
result of the interruption of the innervation of the eye's sympathetic system and additional tissues
connected to the eye (Abbas et al., 2015). These symptoms include protrusion of the upper eyelid
called ptosis, protrusion of the third eyelid, sunken eyeball called enophthalmos, miosis and related
anisocoria (Zwueste et al., 2019). In addition to these symptoms, facial anhidrosis has also been
reported in humans (Martin, 2007). It is thought that 45% of dogs with Horner's syndrome are
idiopathic (Fitzmaurice, 2010). In a study conducted in the United Kingdom on Golden Retrievers
with Horner's Syndrome, it was reported that the majority of these cases were seen in males and
that they occurred due to idiopathic reasons (Boydell, 1995). Many studies have been conducted to
determine the most affected race (Simpson et al., 2013; Zwueste et al., 2019). In a study conducted
with dogs with Horner's Syndrome, it was reported that 110 of 155 dogs were of Golden Retriever
breed and 100 of them were of idiopathic origin (Boydel P, 2000). Similarly, in another study, 10
of 21 dogs were determined to be Golden Retrievers (Simpson et al., 2013). It has been reported
that Golden Retrievers with idiopathic Horner's Syndrome are generally male (Gould, 2014).

Horner's Syndrome can occur due to lesions in any part of the sympathetic nervous system
line. First, second and third order neuron lesions may develop secondarily due to brachial plexus
lesions, injuries or middle ear disease such as otitis media (Gould, 2014). However, in most cases,
the location of the lesion cannot be determined. This explains the idiopathic course of most of the
disease (Van Den Broek, 1987). Despite its generally idiopathic course, it heals spontaneously and
may not require treatment (Viscasillas et al., 2013). This idiopathic course may often result from
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failure to make a correct differential diagnosis or limited veterinary knowledge. However, the un-
derlying ethiology of the disease may worsen the prognosis. For this reason, finding the underlying
ethiology, using differential diagnoses and determining the prognosis are very important for the
course of the disease. In this review article, it is aimed to explain the anatomy and ethiology of the
disease as well as lesion localizations in order to better understand the disease.

Clinical Anatomy

Ocular sympathetic innervation is provided by the 3-neuron sympathetic system that reaches
from the hypothalamus to the eye (Figure 1) (Maggs, 2018). These consist of central, preganglionic
and postganglionic neurons (Van Den Broek, 1987).

Figure 1: Green line: Central neurons (lateral tectotegmental spinal cord tract); blue line: preganglionic neurons;
blue dots (left to right): T1, T2, T3; star symbol: middle cervical ganglion (original picture).

The central line includes certain parts of the spinal cord, starting from the forebrain (Viscasil-
las et al., 2013). Efferent neurons originating from the hypothalamus pass through the brainstem
and proceed from the tectum, the local area in the dorsal part of the midbrain, and the tegmentum,
which forms its body (Mughal et al., 2009). This line extends to the first three thoracic spinal cord
segments (Viscasillas et al., 2013). They synapse on the preganglionic cell bodies located in the
lateral gray horns of the first three thoracic vertebrae (de Lahunta, 2020). From here, the nerves
connected to the secondary neuron line leave the spinal cord line and pass to the thoracic sympa-
thetic trunk. This line is called the preganglionic line (Viscasillas et al., 2013). From here, it sepa-
rates from the spinal cord segment via the ventral root (Figure 2). Immediately after separation, it
follows a cranial path and proceeds to the thoracic sympathetic trunk through the ramus communi-
cans and intervertebral foramen (Zwueste et al., 2019). Here, preganglionic neurons passing
through the cervicothoracic ganglion and then the cervical ganglion unite with the vagosympathetic
trunk in the carotid sheath. Although they proceed adjacent to the vagus nerve, they do not unite
and move away from each other after traveling a short distance (Figure 1) (Viscasillas et al., 2013).
Preganglionic nerves reaching the cranial cervical ganglion unite with the third nerve line called
postganglionic. The nerves coming out of this ganglion form a plexus at the level of the internal
carotid artery. This plexus is called carotid plexus. Nerves emerging from the carotid plexus divide
into branches. While some of them pass through the tympanic bulla, some of them proceed along
the medial side of the bulla without entering the calvarium. While the branching nerves innervate
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the nasociliary nerve and from there the iris dilator muscle, some of them innervate the eyelids and
the eye. However, unlike cats, sympathetic innervation of the third eyelid smooth muscles is not
provided in dogs (Zwueste et al., 2019).

D

Figure 2: Cross-section of thoracic spinal cord segment. Central line (A). Will synapse onto preganglionic line (B)
in intermediolateral horn of gray matter (C). Preganglionic nerve line exits via ventral nerve root (D), courses
within spinal nerve (E), and then divides as ramus communicans (F) (Zwueste et al., 2019).

Clinical Findings

Horner's Syndrome is a combination of many ipsilateral eye and side tissue symptoms that
occur as a result of sympathetic innervation disorder of the eye and surrounding tissues (Jaggy A,
2010). These symptoms are hypersensitivity, anisocoria characterized by asymmetric pupil, miosis,
ptosis, enophthalmos and third eyelid protrusion (Simpson et al., 2013). The most common of these
symptoms is considered miosis and is usually unilateral. While myadriasis is visible in dim light in
a healthy eye, it is not seen in an eye with Horner's Syndrome. Thus, clinical diagnosis can be made
(Van Den Broek, 1987).

The use of some pharmacological substances facilitates clinical diagnosis. Cocaine, in partic-
ular, has a very important place in clinical diagnosis because it inhibits the reuptake of norepineph-
rine. However, the fact that it is difficult to find and its use is limited increases the interest in other
pharmacological substances (Mughal et al., 2009).

1. Miosis and Anisocoria

The most common symptom in Horner's Syndrome is unilateral miosis, defined by reduced
pupil size (Van Den Broek, 1987). This may occur as a result of a brachial plexus lesion (Crispin
SM, 2005). In such a case, the absence of the ipsilateral cutaneous truncus reflex is also observed
(Fitzmaurice, 2010). Additionally, miosis can also be seen alone (Freeman, 2020).

The innervation of the pupil is connected sympathetically to the iris dilator muscle and para-
sympathetically to the iris sphincter muscle through the innervation of the oculomotor nerve in the
preganglionic nerve network (Freeman, 2020). The sympathetic innervation of the iris dilator mus-
cle, which is a smooth muscle in the affected eye, is insufficient (Maggs, 2018). When sympathetic
innervation is interrupted, if not damaged, only parasympathetic stimulation is provided. This
causes the pupil size to become smaller (Freeman, 2020). As a result, the sizes of the two pupils
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differ and an asymmetry occurs. This asymmetry is called anisocoria. In dim light, in unconscious
animals or in times of fear, anisocoria becomes highly visible (Fitzmaurice, 2010).

Affected eyes should be examined in both dim light and bright conditions. In a bright envi-
ronment, the pupil of the affected eye shrinks more than the healthy pupil; in a dim environment,
the size of the healthy pupil enlarges more than the affected eye (de Lahunta, 2020).

2. Ptosis

Ptosis is the drooping of the upper eyelid as a result of the interruption of the sympathetic
innervation to the eyelids in certain pathologies (Zwueste et al., 2019). Upper eyelid stimulation is
provided sympathetically by stimulating the levator palpabrae superioris and its extension, the Miil-
ler muscle (Jaggy A, 2010). Sometimes, in sympathetic denervations, the lower eyelid rises upwards
and this is called reverse ptosis (Martin, 2007). In such a case, as the upper eyelid descends, the
lower eyelid also rises, and as a result, the palpebral fissure narrows (Fitzmaurice, 2010). This may
also cause eye discharge (Featherstone, 2011).

3. Enophthalmos

Interruption of the sympathetic innervation of the eye and surrounding tissues not only affects
the upper and lower eyelids, but also causes the innervation of other sympathetic muscles to be
interrupted. It is also possible that the retractorbulbi muscle, which is innervated by the abducens
cranial nerve, which ensures the eye's outward posture, may be affected (de Lahunta, 2020). Inter-
ruption of sympathetic innervation disrupts the tone of the smooth muscles of the eye and causes
the eyeball to shift slightly backward within its orbit. This is called enophthalmos (Van Den Broek,
1987).

Apart from the retractorbulbi muscle, ptosis and reverse ptosis are another condition that
causes narrowing of the palpebral fissure and an increase in enophthalmos (Mughal et al., 2009).
However, in humans, affecting the retractorbulbi muscle only causes ptosis and the resulting nar-
rowing of the palpebral fissure, resulting in an enophthalmia-like appearance (Kong, 2007; Zwueste
et al., 2019). On the other hand, it causes third eyelid prolapse in dogs (Zwueste et al., 2019).

4. Third Eyelid Protrusion

It is a condition in which the third eyelid protrudes slightly and covers the front of the eye,
resulting from sympathetic denervation of the smooth muscles (Fitzmaurice, 2010). Unlike humans,
this condition, which is seen only in animals, can develop secondary to enophthalmia (Crispin SM,
2005).

In a healthy eye, as a result of the contraction of the retractorbulbi and rectus muscles, the
third eyelid passively protrudes outwards and closes the eye. In Horner's Syndrome, when the eye-
ball returns to the orbit due to enophthalmos, the eyelid also protrudes (de Lahunta, 2020).

Diagnosis

To diagnose Horner's Syndrome, it is necessary to first detect the clinical symptoms and de-
termine the location of the sympathetic innervation interruption. Once the location of the lesion in
the 3rd order neuron pathway is determined, the ethiology can be found. Although it is suggested
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that the syndrome may be due to pre- and post-ganglionic innervation interruption, it is also thought
that it may occur as a result of demyelination, trauma or vascular problems (Freeman, 2020).

The presence of lesions, infectious diseases, tumoral structures, trauma, and even diseases
that may cause innervation interruption, such as otitis media, also play a role in the ethiology of
Horner's Syndrome (Zwueste et al., 2019).

Differantial Diagnosis

Since Horner's syndrome has similar clinical findings to many ophthalmological diseases, a
differential diagnosis list should be created by taking into account other diseases in the same local-
ization. The clinical findings of Horner's syndrome can be confused with eye diseases such as uve-
itis and ulcerative Kkeratitis, which veterinarians frequently encounter in the clinic, but other findings
may not be accompanied in these diseases (Zwueste et al., 2019). While miosis can occur unilater-
ally in cases such as corneal ulceration and Kkeratitis, bilateral miosis can also be observed in hepatic
encephalopathy (Van Den Broek, 1987).

Redness occurs in the conjunctiva as a result of third eyelid protrusion. This condition can be
confused with diseases such as uveitis or glaucoma (Williams, 2002). If it is bilateral, it should be
differentiated from dehydration and tetanus (Van Den Broek, 1987). Red eye is distinguished from
keratoconjunctivitis sicca using the "Shirmer Tear" test, and keratitis is distinguished using the
"Fluorescein" test (Stades, 2007).

Localization and Ethiology

For localization, the central, pre- and postganglionic sympathetic nervous system to the eye
must be taken into account (VVan Den Broek, 1987). In dogs, especially Golden Retrievers, lesion
localization is much more important but also difficult, as it is generally idiopathic (Maggs, 2018).

The central nerve line is the sympathetic pathway extending from the hypothalamus, which
includes the cervical segments of the hypothalamus, brainstem and spinal cord, to the T1, T2 and
T3 segments of the spinal cord (Van Den Broek, 1987). Any interruption in the sympathetic nerve
network passing through here may result from trauma, infection, focal myelopathy, spinal fracture
or luxation, embolism and intervertebral disc disease of the spinal cord (Freeman, 2020; Maggs,
2018). Lesions on the first 5 cervical vertebrae can cause upper motor neuron symptoms as well as
miosis, ptosis, enophthalmos, and third eyelid luxation. While white matter lesions occurring be-
tween the cervical sixth and eighth lesions or lesions occurring in the gray matter of the medulla
spinalis between the first three thoracic vertebrae cause almost all symptoms of Horner's Syndrome,
they can also cause serious symptoms such as tetraparesis (de Lahunta, 2020). Neuropathies that
also affect the nucleus of the trigeminal cranial nerve in the pons cause Horner's Syndrome (May-
hew 2002). In addition, infections and polyradiculoganglioneuritis may also affect the trigeminal
cranial nerve and cause the disease (Panciera et al., 2002).

In lesions affecting the hypothalamus, not only Horner syndrome occurs, but also the body's
homeostasis is disrupted and non-neurological symptoms such as polydipsia/polyuria are also ob-
served. Additionally, lesions in the brainstem or the first cervical segment of the spinal cord cause
upper motor neuron symptoms (Van Den Broek, 1987).

Many cranial nerves are affected in diabetic people. As a result, diseases such as facial paral-
ysis and optic neuritis develop, which causes Horner's Syndrome. Diabetic neuropathy has also
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been reported in dogs and may lead to ocular sympathetic dysfunction and Horner's Syndrome
(Miller et al., 2018). However, although unilateral Horner's Syndrome has been reported in diabetic
dogs, bilateral occurrence is very rare, even in naturally occurring diseases (Holland, 2007). Apart
from these, diseases that can be seen together with Horner's Syndrome include pachymeningitis,
vestibular disease, otitis media and interna (de Lahunta, 2020; Fitzmaurice, 2010).

The preganglionic pathway extends from the first 3 thoracic vertebrae to the cranial cervical
ganglion, and the origin of the sympathetic innervation interruption here may be idiopathic or may
result from traumatic, neoplastic, infectious or brachial plexus block (Van Den Broek, 1987). The
presence of a lesion in the preganglionic sympathetic pathway can be confirmed by pharmacologi-
cal tests, radiography, computed tomography (CT) and Magnetic Resonance Imaging (MRI)
(Zwueste et al., 2019). The most common causes of preganglionic sympathetic innervation inter-
ruption include trauma, surgical complications and spinal neoplasias (Melian et al., 1996). Inter-
ruptions occurring here may affect the motor neuron system and cause motor dysfunctions in the
front and hind legs. Additionally, a lesion in the ventral roots can cause paralysis with damage to
the brachial plexus. Respiratory disorders may occur as a result of a lesion in the chest (Van Den
Broek, 1987).

The cause of sympathetic innervation interruption in the postganglionic pathway can be seen
as a result of the presence of a lesion or a post-operative complication (Freeman, 2020). Horner
Syndrome due to thyroid carcinoma has also been reported in dogs (Melian et al., 1996). While a
lesion in the middle ear may cause vestibular symptoms (head shaking, loss of balance), a lesion in
the retrobulbar tract may cause damage to the 2nd, 3rd, 4th and 6th cranial nerves (Van Den Broek,
1987). To detect the presence of the lesion, palpation, ear and orbit CT and MRI evaluation can be
performed (Zwueste et al., 2019). It is also known that otitis media affects the sympathetic nerve
network. Otitis media may cause Horner's syndrome in dogs and may also affect trigeminal and
facial sympathetic innervation (Gotthelf, 2004). Dogs are less prone to Horner syndrome of otitis
media/interna origin than cats due to their bulla structure, but imaging of the tympanic bulla is
performed for localization (Kennis, 2013).

Pharmacological Lesion Localization

Pharmacological tests are widely used test models for lesion localization (Zwueste et al.,
2019). In human medicine, it has been reported that cocaine applications are especially successful
in distinguishing patients with Horner's Syndrome from people with similar symptoms but different
diseases (Kardon et al., 1990).

When the sympathetic innervation of the eye is interrupted (in cases such as Horner's Syn-
drome), the affected eye narrows more than the unaffected eye, resulting in anisocoria (Freeman,
2020). Norepinephrine is a neurotransmitter that binds to a-adrenergic receptors (Zwueste et al.,
2019). As a result of innervation interruptions in the sympathetic pathway, norepinephrine release
decreases (Lee, 2019). The most commonly used agent among pharmacological substances is co-
caine, which is a norepinephrine reuptake inhibitor secreted from the ends of nerve cells and is used
in 5-10% solution (Zwueste et al., 2019). Norepinephrine accumulates in receptors. The healthy
pupil dilates, but the affected pupil does not respond to norepinephrine and does not dilate because
it is denervated. Even in 1932, the use of cocaine in Horner's Syndrome was mentioned (Thompson
et al., 1971). Although cocaine is very effective in finding lesion localization in patients with Horn-
er's Syndrome, its use is also difficult (Kanagalingam et al., 2015). Because its acquisition and
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storage are subject to strict controls (Zwueste et al., 2019). The use of apraclonidine has been rec-
ommended for this purpose (Bremner, 2019).

Apraclonidine acts as an a-2 adrenergic agonist in the central nervous system. It is generally
used in the treatment of increased intraocular pressure in humans (Morales, 2000). It inhibits the
release of noradrenaline by activating a-2 receptors. As a result, a narrowing of the pupil occurs.
However, denervation in Horner's Syndrome causes upregulation of a-1 receptors, thus dilating the
pupil (Bremner, 2019). In this way, when dropped into the healthy and affected eyes, it corrects
anisocoria within 30-45 minutes with the application of 0.5% to 1% apraclonidine (Zwueste et al.,
2019).

Alternatively, topical phenylephrine can be used. Phenylephrine is an a-adrenergic agonist
that can be administered in solutions up to 10%. While it can be used in dogs, it is not effective in
cats (Martin, 2019). 1% phenylephrine solution dilates the pupil during postganglionic interrup-
tions. On the other hand, while a very small amount of expansion is observed in preganglionic
denervations, no expansion is observed in central denervations (Syam et al., 2004). The duration of
action is less than 20 minutes, and less than 8 minutes in 10% solutions. In cases lasting more than
20 minutes but less than 45 minutes, denervation can be thought to be in the preganglionic nerve
line (Freeman, 2020).

The use of 1% hydroxyamphetamine is also a widely used pharmacological agent for locali-
zation because it is a sympathomimetic substance and stimulates the release of norepinephrine from
postganglionic neurons (Zwueste et al., 2019). In the use of hydroxyamphetamine, the pupil does
not dilate because norepinephrine production will not occur or will be incomplete in the eye with
postganglionic lesion (Mughal et al., 2009). However, expansion is observed within 45 minutes in
healthy eyes and eyes with central or preganglionic lesions (Zwueste et al., 2019).

Prognosis and Treatment

Treatment depends on the underlying disease and its prognosis. These processes may be in-
flammatory, neoplastic or neuronal (Esson, 2015). However, it may not require treatment as it usu-
ally heals spontaneously and does not cause a systemic disease (Viscasillas et al., 2013). This is
particularly due to the commonly idiopathic course of the disease. Most symptoms do not reduce
the patient's quality of life and disappear after a while (Zwueste et al., 2019). However, in a study
published in 2008 (Cho et al., 2008), it was reported that acupuncture treatment was applied to a
dog with idiopathic Horner's syndrome, and the clinical symptoms improved from the second day
of treatment, and it was suggested that acupuncture was an effective treatment method for Horner's
Syndrome.

For treatment, accurate localization and detection of the underlying disease is required. While
regression and recovery can be expected in Horner's syndrome with correct treatment, recovery is
not possible in the presence of neoplasia (Van Den Broek, 1987). In Horner's syndrome caused by
infection, it is possible to improve Horner's syndrome by treating the underlying disease. In some
cases, systemic anti-inflammatory drugs can be used for treatment (Esson, 2015). Imaging tech-
niques such as CT, MRI, neurological examinations and pharmacological tests are needed to find
the cause (Zwueste et al., 2019).
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Conclusion

Horner's syndrome is a syndrome characterized by miosis, ptosis, enophthalmos and protru-
sion of the third eyelid. Various etiologies, such as lesions and inflammations, cause disruption of
sympathetic innervation and create the syndrome. But it usually has an idiopathic course. Lesions
are localized as central, preganglionic and postganglionic neuron pathways. Interruption of sympa-
thetic innervation can not only cause Horner's syndrome, but also cause diseases in many eyes and
adjacent tissues. Prognosis and treatment depend on the underlying ethiology. For this reason, neu-
rological examination and radiological imaging techniques can be used to determine the localization
of the lesion causing Horner's syndrome, as well as pharmacological tests. Depending on the un-
derlying ethiology or symptomatic treatment, the symptoms of Horner's Syndrome may disappear
after a while. However, this situation may vary depending on the underlying disease or lesion. Fail-
ure to use correct diagnosis and diagnostic methods in the presence of a lesion may cause the disease
to have more extensive consequences. For this reason, more consistent diagnosis and lesion locali-
zation are critical for the prognosis of the disease.
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