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Differential diagnosis; Background: Differential diagnosis is a hot topic in physical therapy, especially for those working
Clinical reasoning; in a direct access setting dealing with neck pain and its associated disorders. All international
Neck pain; guidelines agree in recommending to first rule out non-musculoskeletal pathologies as the cause
Sympathetic nervous of signs and symptoms in the patient. Although the autonomic nervous system (ANS) has a crucial
system; role and is also involved in pain conditions, coverage of it in neuroscience textbooks and educa-
Horner syndrome tional programmes is limited and most healthcare professionals are unfamiliar with it. Although

autonomic conditions are benign in nature, they are clinically of great importance as they may
be a ‘red flag’ warning of an injury along the sympathetic pathway. Therefore, sound knowledge
of the ANS system is essential for clinicians.

Objective: To develop physical therapists’ knowledge of and confidence in understanding cervi-
cal ANS function and dysfunction, thus enhancing clinical reasoning skills and the pattern recog-
nition process, and performing and interpreting objective examinations.

Methods: This master class provides an introductory guide and essential knowledge to facilitate
clinicians to understand cervical autonomic dysfunctions and their clinical evaluation. The opti-
mal referral method is also handled.
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Conclusions: Gaining knowledge and understanding of the ANS, its function, its dysfunction, and
the related clinical manifestations is likely to lead to a decision-making process driven by ‘sci-
ence and conscience’. This will empower physical therapists to be aware of subtle clues that
may be offered by patients during the interview and history intake leading to the appropriate

physical examination and triage.

© 2023 The Author(s). Published by Elsevier Espafa, S.L.U. on behalf of Associacao Brasileira de
Pesquisa e P6s-Graduacao em Fisioterapia. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Introduction

Physical therapy worldwide is increasing its profile, roles,
and responsibilities. For example, World Physiotherapy
advocates direct access to physical therapy and patient/cli-
ent self-referral which is leading to an increased need for an
appropriate differential diagnosis skill set." The recent
release by the International Federation of Orthopaedic
Manipulative Physical Therapists of a Cervical Framework
confirms that differential diagnosis is a critical topic for the
profession.” Neck pain and associated disorders (NAD) are
very common disorders encountered by physical therapists.*
Although the clinical management of NAD is often challeng-
ing, all international guidelines agree in recommending that
clinicians should first rule out non-musculoskeletal patholo-
gies (NAD V) as the cause of a patient’s signs and symp-
toms.>”

One of the linking structures in the human body is the
autonomic nervous system (ANS). The ANS provides the neu-
ral control of the whole body, except for skeletal muscles.
Furthermore, the ANS ensures the body’s physiological
homeostasis, maintaining the integrity of cells, tissues, and
organs by reacting to external and internal perturbations,
including pain.'® Because most neuroscience textbooks and
educational programs offer very limited coverage of this
portion of the ANS, most healthcare professionals are unfa-
miliar with it."°

Although benign in most cases, the manifestation of cer-
vical autonomic dysfunction may cause extreme disability
and severe limitations in social life.""'* Moreover, it is a sig-
nature of many neurological diseases and disorders, or may
be the first clinical manifestation of more serious pathol-
ogy."® Direct access practitioners need to be familiar with
the ANS and consider it in their clinical reasoning. An impor-
tant goal is to identify those patients who warrant further
investigation and referral to the appropriate healthcare pro-
fessional. For instance, when a patient with symptoms of
ANS visits a direct access physical therapist, the physical
therapist has the responsibility to identify any potential
underlying ANS dysfunction during triage. Unfortunately,
ANS dysfunction may be asymptomatic and hard to identify
or could mimic musculoskeletal complaints. Therefore, a
sound knowledge of the ANS system is essential for clini-
cians. Within the manuscript, readers will find further
details and examples relevant to musculoskeletal physical
therapists’ clinical practice, contextualized within each spe-
cific autonomic dysfunction.

This masterclass aims to summarize the essential
knowledge to facilitate physical therapists' to understand
cervical autonomic dysfunction and its clinical
evaluation.

Neuroanatomy and clinical implications

As cervical autonomic dysfunctions are often the result of a
focal and segmental sympathetic lesion, knowledge of neu-
roanatomy may help clinicians in triaging those clinical pre-
sentations that have more marked signs and symptoms of
central involvement (Fig. 1).'®"> For the purposes of this
masterclass, we recommend readers to read Supplementary
online file 1, which provides relevant anatomical aspects of
the upper quadrant ANS and an overview of the ANS and its
function.

Autonomic dysfunctions in physical therapy practice

There is a strong connection between ANS and
nociception.'®'” Acute pain induces sympathetic arousal
which alleviates pain as an adaptive stress response.’® In
persistent musculoskeletal pain this interaction becomes
maladaptive with ANS aberration.'”’'” Sympathetic fibers
supply seems to play an important role in pain mechanisms,
including sensory changes (i.e., mechanical and thermal
hyperalgesia), impaired peripheral sympathetic vasocon-
strictor responses, central sensitization, and chronic
pain.’®?" Therefore, ANS dysfunctions (e.g., impairments to
the peripheral vasoconstrictor responses and involvement of
sympathetic nervous system) are a common finding in sev-
eral musculoskeletal conditions, such as chronic low back
pain,?? fibromyalgia,?* neck pain,?* frozen shoulder,?’ oste-
oarthritis,?® and whiplash.?%2"2627 As an example, patients
with whiplash may also complain about swelling and cold or
burning pain on their upper limbs, which in turn may be trig-
gered by and/or may influence the patient’s psychological
domain (e.g., increased concern, post-traumatic stress reac-
tion, anxiety, etc.).?® Although a validated prognostic model
is lacking, these interplays seem to be significant predictors
of higher levels of pain and disability at long term.??*° The
ANS may be also encountered as specific disease such as the
Raynaud’s phenomenon, which involves an overaction by the
sympathetic nervous system. It is a clinical manifestation
used to describe a common vasospastic condition, typically
aggravated by the vasoconstrictive effects of cold exposure,
stress, emotional upset, and other sympathomimetic driv-
ers. The following tissue ischemia leads to pain, numbness,
feeling cold, and impaired function.®'*? Typically, Raynaud’s
phenomenon occurs secondary to a wide range of underlying
conditions commonly encountered in physical therapy prac-
tice, including autoimmune rheumatic diseases, vascular
compression (e.g., thoracic outlet syndrome), carpal tunnel
syndrome, and whiplash.?»2”>3" Autonomic symptoms are
also common component of headaches, and their recogni-
tion is important for diagnosis and management.** Migraine
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G A lesion involving the superior cervical ganglion or more proximal pathway (distal to the stellate ganglion) can result in ipsilateral facial anhidrosis.

Q A lesion more distal along the third-order neuron will only result in anhidrosis of a small patch of skin on the forehead above the brow.

G A lesion involving the oculosympathetic fibres will result in ptosis and/or miosis.

Fig. 1

is a syndrome of episodic brain dysfunction with systemic
manifestations and frequent autonomic symptoms
(27%—73%).>*3¢ Furthermore, the trigeminal autonomic
cephalalgias are a group of primary headache disorders that
are characterized by unilateral pain with trigeminal distribu-
tion associated with ipsilateral cranial autonomic symp-
toms.>> The autonomic features suggest cranial
parasympathetic activation (conjunctival injection, lacrima-
tion (or both), rhinorrhoea, nasal congestion, eyelid edema,
and aural fullness) and sympathetic hypofunction (forehead
and facial sweating, forehead/facial flushing, voice
changes, throat swelling, and/or miosis and ptosis).>”>* The
pathophysiology of the autonomic symptoms seems to
revolve around the trigeminal—autonomic reflex.?’ Intrigu-
ingly, neck pain is highly prevalent in the general population
and even more prevalent in individuals with primary head-
aches (up to 89.3%).“C Whether neck pain is a symptom of
primary headaches or an indicator for associated cervical
musculoskeletal impairment has not yet been determined,
but physical therapy plays a role in the management of
both.>*""*> Therefore, careful history taking and physical
examination are essential in the diagnostic evaluation of
neck pain and associated autonomic symptoms. All the
above make ANS a topic that deserves to be explored not
only for triage purposes, but also for early identification and
appropriate management, especially for those patients at
risk of developing persistent pain.?%*

Oculosympathetic pathway and potential lesion site.

In their early stages, serious pathologies may manifest
clinically as autonomic dysfunctions. More specific and focal
signs and symptoms may progressively present, mainly based
on the anatomical location of the lesion. Patients with a
lesion at the site of the first-order neuron are rarely encoun-
tered in a direct access physical therapy setting due to the
nature of their clinical manifestation. Instead, patients with
an involvement of the second- or third-order neuron could
present to a physical therapist. These conditions may mimic
musculoskeletal disorders as they are frequently accompa-
nied by neuropathic pain, peripheral or cranial nerve dys-
functions, and neck/face/head pain.**“¢ Furthermore, they
could be the result of musculoskeletal disorders, especially
when related to previous trauma or surgery directed to the
cervical and/or thoracic region.****® In such cases autonomic
dysfunctions should serve as red flags for serious pathologies
in need for further investigation or referral.*’*** Table 1
summarizes a comprehensive overview of the anatomical
location of the lesions and the related warning symptoms to
be explored by the physical therapists; it also provides clues
for the complementary examination to be adjunct to the
physical testing reported below.

Cervical autonomic conditions

Generally, the clinical manifestation of cervical autonomic
dysfunction is mild focal and segmental sympathetic




Table 1

Most common pathologies involving the ANS with their clinical evaluation.

Anatomic location

Type of lesion

Associated symptoms

Complementary evaluation
for the associated
symptoms

First-order (central) HYPOTHALAMUS

MESENCEPHALON

PONS

MEDULLA

SPINAL CORD

Second-order
(preganglionic)

THORACIC CAVITY

CERVICAL SYMPA-
THETIC CHAIN

NECK

Third-order
(postganglionic)

SUPERIOR CERVICAL

GANGLION

CAROTID ARTERY

SKULL BASE

OTHER OR SYSTEMIC

Infarction, hemorrhage, tumor

As above, also demyelination

As above, more specifically infarction, arterial dissec-
tion, cardiac embolism, rarely demyelination

Trauma, infarction, vascular malformation, demyelin-
ation, tumor, inflammatory or infectious myelitis,
syrinx, syringomyelia, cervical disk herniation

Breast and lung cancer, mediastinal masses, chest sur-
gery, thoracic aortic aneurysm, surgical lesions,
central vascular access, trauma apical lung lesions:
non-small-cell lung carcinoma, other tumors, meta-
static disease, infection

Neuroblastoma, schwannoma, neuroectodermal
tumor, vagal paraganglioma, mediastinal tumors,
cysts

Cervical rib, trauma, abscess, tumor, lymphadenopa-
thy, thyroid neoplasm, thyroidectomy, radical neck
surgery, central vascular access

Trauma, jugular venous ectasia, surgical neck dissec-
tion, penetrating intraoral injury, intraoral surgery,
tonsillectomy

Traumatic or spontaneous dissection, aneurysm, fibro-
muscular dysplasia, Ehlers-Danlos syndrome, Marfan
syndrome, arteritis

Mass lesion, basilar skull fracture

Cluster headache, trigeminal autonomic cephalgia,
microvascular ischemia, giant cell arteritis, auto-
nomic neuropathies, autoimmune pathologies (e.g.,
multiple sclerosis)

Contralateral hemiparesis, Dejerine-Roussy syndrome, headache,
diplopia, bitemporal hemianopsia, ophthalmoplegia, Addison’s
disease, sickness, vomiting, headache, fever, neck stiffness,
photophobia, meningeal signs

Weber’s syndrome (fixed mydriasis, diplopia, upgaze palsy, ptosis,
contralateral hemiparesis and parkinsonism, dysphagia,
headache)

Ipsilateral or bilateral abducens, facial vestibulocochlear cranial
nerve palsy (dysarthria, vomiting, vertigo, nystagmus, tinnitus

or hearing loss, ipsilateral ataxia), contralateral hemiparesis
and/or anesthesia/hypoesthesia, facial ipsilateral hypoesthesia,
headache, meningeal signs

Wallenberg syndrome: dysphonia, dysarthria, dysphagia; contra-
lateral thermic and pain hypoesthesia, ipsilateral ataxia, nys-
tagmus, vertigo, ipsilateral side lateropulsion, ipsilateral side
facial paresis and/or reduced pain/thermic hypoesthesia,
headache, meningeal signs

Radicular signs at site of lesion, (areflexia, hypotonia, reduced H-

reflex, atrophy, paresis)

Pyramidal signs under the level of lesion (hyperreflexia, hyper-

tonia, Babinski sign, increased H-reflex, hemiparesis), Brown-

Séquard syndrome (contralateral thermic and pain hypoesthe-

sia, ipsilateral tactile and proprioceptive hypoesthesia)

Thoracic outlet syndrome: peripheral nervous system signs
(areflexia, hypotonia, reduced H-reflex, atrophy, paresis,
hypoesthesia), venous lymphatic impairment signs (lymph-
edema), reduction in arterial flow (reduction in skin and
ungual trophism, pallor), ipsilateral shoulder and arm pain,
paresthesia

Pancoast syndrome: thoracic outlet syndrome + fever, respira-
tory signs (dyspnea, thoracic pain), neck masses

Neck pain, facial pain/headache, stroke, ocular ischemia, cere-
bral ischemic symptoms (facio-brachio-crural hemiparesis,
aphasia, apraxia, hypoacusia, cognitive impairments, con-
tralateral hypoesthesia)

Cranial nerve dysfunction, trigeminal pain and sensory loss, nau-
sea, vertigo, vomiting, neck pain, cervical muscle tenderness,
loss of consciousness, meningeal signs

Severe transient unilateral headache with tearing, nasal stuffi-
ness, trigeminal neuralgia, PNS and CNS mixed diffuse signs

Visual inspection (masses,
skin texture and color,
asymmetry, etc.);

blood pressure;

temperature;

cranial nerve examination;

peripheral neurological
examination;

sensory neurologic exami-
nation (facial, ocular,
limbs);

PPT (facial, cervical,
limbs);

muscle strength;

coordination and active
mobility (limb, cranio-
cervical, temporoman-
dibular joint, axis);

neurodynamic
examination.

PNS, peripheral nervous system; CNS, central nervous system.
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SYSTEM, SUCH AS HORNER SYNDROME

Fig. 2 The examination process to detect the involved pupil in anisocoria.

dysfunction and, although is in contrast to the widespread
autonomic abnormalities of a pure autonomic failure, they
may mimic or may be the early manifestation of systemic
autonomic conditions.*’ Although autonomic conditions are
benign in nature, they are clinically of great importance as
they may be a ‘red flag’ for an injury along the sympathetic
pathway.'® Therefore, recognizing minimal or subtle symp-
toms is a mainstay of safe practice.

Horner syndrome

Although a functional visual disturbance is unlikely, Horner
syndrome is an important red flag for oculosympathetic
pathway damage.'®> There are many causes of Horner syn-
drome and it is estimated that only 65% of the cases have an
identifiable cause. Of those, 13% seem to be caused by a
central lesion, 44% by a preganglionic lesion, and 43% by a
postganglionic lesion (Fig. 1).%°

Sign and symptoms

Typically, Horner syndrome presents with ptosis (slight nar-
rowing of the ocular fissure), anisocoria (difference in the
size of the pupils, with the smaller one abnormal, i.e., mio-
sis) and less commonly — and often subtle — ipsilateral
anhidrosis (lack of perspiration) of the forehead or face.
Although the drooping eyelid can provide the appearance of
enophthalmos, it is suggested that a true enophthalmos is
not present in Horner syndrome. "

Anisocoria

The size of the pupil is determined by the balance of the
parasympathetic autonomic system which makes the pupil
smaller and the sympathetic autonomic system which makes
the pupil larger (“fight or flight’ response).’ The degree of
anisocoria in Horner syndrome is greater in darkness than in
bright light due the activation of the pupillary dilator with
the result that the affected pupil fails to dilate. Notably,

anisocoria can be missed in bright light and is better
observed within the first 5 s of darkness. The dilation lag
reduces the anisocoria 10—15 s after turning off the light
because of the mechanical elastic forces of the iris which
open the pupil. The dilation lag is very characteristic of
Horner syndrome but may not always be present.>"?

A greater anisocoria in bright light suggests that the
larger pupil is abnormal, which is caused by a parasympa-
thetic deficiency, as occurs with the oculomotor nerve (CN
Il) palsy or Adie tonic pupil. However, if anisocoria is great-
est in darkness when compared to bright light, it means that
the smaller pupil is the abnormal one and indicates a disor-
der of the SNS, such as Horner syndrome. Therefore, it is
important to first determine which pupil is the abnormal
one. Fig. 2 provides more details on how to identify which
pupil is involved.

Miosis

The pupil in the affected eye is smaller due to the loss of
sympathetic tone in the pupillary dilator, resulting in a rela-
tively unopposed parasympathetic tone to the pupillary
sphincter. Miosis is best observed by evaluating pupil size
first in bright light and then in darkness by turning the lights
off suddenly and illuminating the patient’s eyes with a pen-
light tangentially from below.’” Alternatively, a noxious
stimulus (ciliospinal reflex) causes a sympathetic discharge
which exaggerates dilation of the unaffected eye, maximiz-
ing anisocoria.”?

Ptosis

The levator palpebrae superioris muscle is the primary ele-
vator of the eyelid and is innervated by the third cranial
nerve. However, Mueller’s muscle, a rudimentary sympa-
thetically innervated muscle, produces a small amount
(1—2mm) of upper eyelid elevation.>® A palpebral fissure
narrowing of 1—2mm is very characteristic of Horner syn-
drome. Notably, when oculosympathetic paresis also
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involves the Mueller’s muscle, it provokes a slight elevation
of the lower lid, resulting in an upside-down ptosis.>”

Differential diagnosis

Horner syndrome can be caused by central (tumor/infarct/
hemorrhage of the lateral medullary plate, hypothalamus/
thalamus, dorsal midbrain, or the pons), preganglionic
(lesions in the upper chest cavity due to Pancoast tumor, iat-
rogenic cause or trauma/injury to the brachial plexus or the
neck), or postganglionic lesions."> Carotid dissection is one
of the most common causes of postganglionic Horner syn-
drome (20 to 30% of the time).**>¢

Clinical implications

Ptosis is a frequent clinical finding in the early pre-ischemic
phase of an internal carotid artery dissection.®” The patho-
genesis relies on a focal lesion/compression of the sympa-
thetic pathway within the carotid sheath due to the
increased arterial caliber that stretches and breaks the sym-
pathetic plexus.’® It is important to note that sympathetic
dysfunction occurs in the pre-ischemic phase, and is associ-
ated with neck pain and/or headache, mimicking a musculo-
skeletal condition.>’

Superior pulmonary sulcus tumors, also called Pancoast
tumors, consist of a wide range of tumors located at the api-
cal pleuro-pulmonary groove, superior to the first rib. When
these tumors invade the apical chest wall involving the sur-
rounding structures — such as the brachial plexus, cervical
sympathetic nervous system, including the stellate ganglion
— they cause a group of signs and symptoms called Pancoast
syndrome, characterized by ipsilateral shoulder and arm
pain, neck pain, paresthesia, paresis and atrophy of the the-
nar muscles of the hand, and Horner syndrome. ¢

As Horner syndrome does not result in loss of function, it
is usually asymptomatic and patients are mainly concerned
about their cosmetic appearance.®”®* Horner syndrome is
frequently subtle, transient, and idiopathic with serious
pathologies being relatively infrequent. However, acute
onset of symptoms is possible indicator for serious pathology
and a red flag for urgent referral.®>¢”

Cervical autonomic conditions: expression of the
same disorders?

Below, a range of rare autonomic conditions and their clini-
cal manifestations are considered. Although rare, it does
not reflect that physical therapists may not encounter them
in their practice, as they can often be the early manifesta-
tions of other common pathologies. The autonomic condi-
tions share clinical similarities and their nosographical
distinction (i.e., their classification and description) is not
clear. This has led to the belief that these syndromes fit into
the same continuum of peripheral nervous system involve-
ment."? It is suggested that autonomic conditions are patho-
genetically related and could represent different
expressions of the same disorder.® As an example, the triad
of anhidrosis/hypoidrosis, areflexia, and tonic pupils are
characteristic of Ross syndrome. However, the first compo-
nent defines Harlequin syndrome/sign and the last two
define Holmes-Adie syndrome. Also, subclinical anhidrosis
has even been observed in patients with Holmes-Adie
syndrome.®7% All this makes it difficult to differentiate

between these syndromes.'® The knowledge of these syn-
dromes provides the physical therapist adjunctive clues for
clinical reasoning: it helps in early recognition of potential
autonomic dysfunction clinical expressions, as well as pro-
vides an outline for an optimal referral method.

Harlequin syndrome/sign

Harlequin syndrome is a rare autonomic disorder (<100
cases reported in the literature). Although the exact patho-
physiology is still unknown, most patients have primary Har-
lequin syndrome. In the published cases, adult females
(45 years old) are most frequently affected. Primary Harle-
quin syndrome is idiopathic in origin and associated with a
benign natural course.

Sign and symptoms

Harlequin syndrome is a clinical manifestation of loss of sym-
pathetic vasomotor innervation, resulting in hemifacial
anhidrosis and diminished flushing that respects the vertical
midline."" In the acute phase, it causes ipsilateral hemifacial
flushing. Progressively, the skin may be paler than the nor-
mal side due to vasoconstriction caused by denervation
supersensitivity of the vasculature to normally circulating
adrenergic elements?; finally, it results in the inability of
the facial vasculature to dilate in response to normal stimuli
such as exercise, heat, and emotion.”' Progressively, the
contralateral unaffected hemifacial side presents a compen-
satory excessive flushing and hyperhidrosis. The cause rely
on a general overreaction of the whole face to provide nor-
mal heat regulation.”” Consequently, the unaffected side is
often confused with the pathological side, as it is more eas-
ily noticed by the patient and clinically more evident to
practitioners.'

Sudomotor and vasomotor deficiency

The oculosympathetic system carries sudomotor fibers (for
perspiration) to the majority of the face. There are different
clinical presentations of Harlequin syndrome according to
the topographical location of the lesion. Lesions involving
the more proximal pathway (the superior cervical ganglion)
can result in ipsilateral facial anhidrosis (Fig. 1). However,
focal interruption along the third-order neuron (fibers that
travel with the internal carotid artery) will only cause anhid-
rosis of a small patch of skin on the forehead above the brow.
Theoretically, lesions in the brainstem or spinal cord could
produce hemibody anhidrosis."”?

Differential diagnosis
Harlequin syndrome could be the first manifestation of sev-
eral disorders such as Guillain-Barré syndrome, Bradbury-
Eggleston syndrome, and diabetic neuropathy. The syndrome
also might be caused by brainstem infarction, carotid artery
dissection, tumors, toxic goiter, superior mediastinal neuri-
noma, syringomyelia, multiple sclerosis, internal jugular
vein catheterization, iatrogenic effects of invasive proce-
dures, and traumatic musculoskeletal conditions such as
whiplash.*

Concomitant partial autonomic syndromes such as Horner
syndrome, Holmes-Adie syndrome, Ross syndrome, or
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generalized dysautonomia are common —more than 50% of
the cases.™

Clinical implications

Primary Harlequin syndrome in most cases does not require
any treatment. A contralateral sympathectomy (interrup-
tion of the facial hyperhidrosis and flushing) may be consid-
ered in case of strong affection. Underlying systemic cause
should receive a treatment directed to the autonomic neu-
ropathies or the primary cause when possible.”*

Holmes-Adie syndrome

Holmes-Adie syndrome is a relatively common neurological
disorder with unknown etiology. It is suggested that the
pathophysiology of Holmes-Adie syndrome involves damage
to the ciliary ganglion due to an inflammatory process. It is
usually idiopathic and more common in young women in the
third decade of life. The incidence is reported to be 4—7 per
100,000.7>:7¢

Sign and symptoms

The symptoms result from autonomic disturbances and
affect vasomotor and sudomotor functions evidenced by uni-
lateral tonically dilated pupils with light-near dissociation
(weak or unresponsive light reflex).”” Over time, the patient
tends to develop progressive miosis and progressive loss (4%
each year) of deep tendon reflexes.”’

Tonic pupil
Pupillary symptoms result from damage to the postgangli-
onic parasympathetic supply innervating the ciliary body
and iris due to an inflammatory process.”® Although tonic
pupil seen in Holmes-Adie syndrome is usually unilateral, on
rare occasions it can be seen in both eyes. The onset of tonic
pupil is quite slow and usually noticed by the patient. The
involved pupil is dilated and irregular compared to the other.
Light reflex is weak or unresponsive.”® The hallmark of
Adie’s pupil is a strong and tonic response to near stimula-
tion with a slow and sustained relaxation due to iris sphinc-
ter aberrant regeneration.”® Over time, visual
accommodation is also impaired.”®

It should be noted that the near reaction in cases of weak
or unresponsive light reflex is defined as the light-near
dissociation.”®

Deep tendon reflexes areflexia

It is suggested that an impairment of the spinal monosynap-
tic connection due to a decrease in nerve cells and the mye-
lin sheath in the thoracic and lumbar posterior cord and the
spinal cord play a role in the pathophysiology.”® The involve-
ment of deep tendon reflexes is a characteristic of Holmes-
Adie syndrome. In general, unilateral involvement is com-
mon, but bilateral involvement has also been reported. The
loss of tendon reflexes is permanent. The Achilles tendon
reflex is most commonly affected.”®

Differential diagnosis

Many diseases can cause tonic pupils, such as diabetes, her-
pes, sarcoidosis, injury, infection, syphilis, Guillain-Barré
syndrome, and tumours.’® Note that tonic pupil may be

found also in patients with both Horner syndrome and Harle-
quin syndrome. ®%7°

Clinical implications

Idiopathic Holmes-Adie syndrome does not require any
treatment. The treatment for the accommodative paresis
consists of prescription reading glasses. Low-concentration
pilocarpine or physostigmine eye drops may be used for diag-
nosis as well as treatment. The underlying systemic cause
should receive treatment directed to the autonomic neurop-
athies or the primary cause when possible.®°

Ross syndrome

Ross syndrome is a rare condition, of unknown etiology.®' It
is a complex disorder of thermoregulation; very few cases
(approximately 50) have been reported in the literature."
Ross syndrome may have an unpredictable course and its
causation has been attributed to a large number of factors
such as autonomic denervation, autoimmunity, developmen-
tal origin, viral infections, and genetic factors.®? Ross syn-
drome, while benign, is a progressive autonomic dysfunction
that can occur in patients of any age, ethnic background,
and sex. The typical age at the time of diagnosis is 36 years,
with female predominance.®?

Sign and symptoms

The complete classic triad of segmental anhidrosis, deep
hyporeflexia, and Holmes-Adie’s tonic pupil — which usually
takes years to appear — is the typical clinical manifestation
of Ross syndrome.®* Moreover, Ross syndrome is differenti-
ated from Holmes-Adie syndrome by the presence of heat
intolerance.

Tonic pupil

Tonic pupil is indicated by progressive miosis that progresses
more quickly than the normal miosis of aging.®* Unlike in
Holmes-Adie syndrome, tonic pupil is bilateral in the major-
ity of cases.'?

Disorder of thermoregulation

Damage to postganglionic sympathetic fibers of the sweat
glands is responsible for segmental and progressive hypohid-
rosis. Defects in thermoregulation along with anhidrosis
have the potential to result in life-threatening periodic
hyperthermia.®

Differential diagnosis

Ross syndrome usually takes a long time before being diag-
nosed due to anhidrosis, which is common in a wide variety
of medical conditions. Hypohidrosis could be caused by Shy-
Drager disease, multiple sclerosis, diabetes mellitus, lep-
rosy, and polyneuropathies.®

Clinical implications

Specific treatment has not yet been found and the manage-
ment of the disorder depends on the predominant symp-
toms. Botulinum toxin, iontophoresis, aluminum chloride,
0.5% glycopyrrolate, thoracic sympathectomy, and systemic
anticholinergics have been proposed when diaphoresis is the
chief complaint.”®° The cure for hypohidrosis relies on
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Fig. 3  Adecision tool for the triage of cervical autonomic dysfunctions. The 3 steps help clinicians determine the level of concern
and plan a clinical action. Safety net is a management strategy that includes instructions to the patients on which clinical features to
look out for and which action to take.

advice such as avoiding hot environments and wet clothes  Testing for cervical autonomic dysfunctions
during physical activities.®?
Skin color/texture changes, sudo-/vasomotor alteration,
visual deficit, or oculomotor alteration are subtle clues

Interpretation of ﬁndings that may be reported by patients during the interview/

history intake or may be noticed during inspection by
The screening for the referral process for autonomic dys- skilled physical therapists and are cues to consider a tar-
functions relies on physical therapists' clinical reasoning  geted physical examination. Fig. 3 illustrates a decision
skills, and their knowledge of risk factors/red flags and path- ~ tool to be followed when clinicians suspect a cervical

oneuroanatomy. Autonomic dysfunctions may manifest in a autonomic dysfunction. We invite the reader to integrate
variety of benign presentations but may also be red flags for ~ Fig.s 2 and 3 with Table 1 to enhance their clinical use-
more serious pathologies. Clinicians should consider auto-  fulness when consulted. Refer to Supplementary online
nomic findings as red flags in the context of the individual  file 2 for a step-by-step guide to testing for cervical
profile of the person’s determinants of health (e.g., age,  autonomic dysfunctions.

sex) and the associated symptoms (table 1) to determine the

index of suspicion about the presence of a serious pathology.

The following clinical action (consider watchful wait—i.e., Implications and conclusion

initiate treatment and safety net patient—or consider fur-

ther investigation/referral) will be based on the level of The Clinical manifestation of isolated autonomic dysfunction
concern previously determined. A targeted physical exami- is often not clear-cut and they can frequently occur in asso-
nation may help in confirming the diagnostic hypothesis. ciation with common musculoskeletal disorders, potentially
Autonomic functions examination should specifically include affecting the patient's prognosis. Although often benign,
screening for pathology around the thoracic sympathetic their unusual manifestation may induce excessive concerns
outflow and the assessment of pupillary responses and deep in both the patient and the physical therapists, which may
tendon reflexes.”® Appropriate imaging techniques help to lead to inappropriate management decisions and delayed
detect additional abnormalities and localize the site of sym- diagnosis. Therefore, a working knowledge of the differen-
pathetic deficit. tial diagnosis of autonomic dysfunctions is important to
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determine a positive prognosis. As the treatment options are
limited, a correct diagnosis with the provision of appropriate
information will help to largely alleviate the anxiety of the
patient, which remains a duty within the job description of
the physical therapists.®> Cervical autonomic dysfunctions
tend to compromise the quality of life of patients, causing
social embarrassment, and the physical therapist may
encourage the patient to gain knowledge of coping strate-
gies over time.

Notably, there are no standard rules or interview items
that indicate when to suspect cervical autonomic dysfunc-
tions. ldentifying them relies on the physical therapist’s clin-
ical reasoning and pattern recognition skills.>”*¢® In addition,
knowledge of the physiology and pathoanatomy of ANS
allows clinicians to develop the capacity to recognize subtle
clues from the subjective examination (e.g. compensatory
hyperhidrosis, previous whiplash injuries, arm involvement,
etc.), and to provide a proper diagnostic hypothesis and tar-
geted physical examination (e.g. cranial nerve examination,
hands in cold water/ice, deep tendon reflexes) or to make
referral decisions (e.g. ophthalmologist).*”*"*°? To the best
of the authors’ knowledge, there is remarkably little litera-
ture on the validity of the autonomic/neurological examina-
tion.”* Examination (including pathological reflex testing) is
associated with important misclassification and may be sen-
sitive but has poor specificity.”>** However, as clinicians
cannot rely on valid and reliable screening tests, the neuro-
logical examination remains a key part of the triage process.
Therefore, it is suggested to contextualize the physical
examination with the history information, and to combine
more tests to strengthen their clinical relevance. %%

Intriguingly, although relevant in pain conditions, we still
possess limited knowledge of the ANS. In particular, the role
of the ANS is not completely clear, and its synergistic/antag-
onist functions in autonomic dysfunctions have been left
largely unstudied.'® Although it may be challenging at first,
physical therapists working in a direct access setting should
develop the knowledge and ability needed to perform appro-
priate triage for cervical autonomic dysfunctions.

Declaration of Competing Interest

The authors declare that they have no competing interests.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.bjpt.2023.
100495.

References

1. World Physiotherapy. Direct Access and Patient/Client Self-
Referral to Physical Therapy. 2019. https://world.physio/
sites/default/files/2020-04/PS-2019-Direct-access. pdf.

2. Rushton A, Carlesso LC, Flynn T, et al. International Framework for
Examination of the Cervical Region for Potential of Vascular Pathol-
ogies of the Neck Prior to Musculoskeletal Intervention:

20.

international IFOMPT Cervical Framework. J Orthop Sports Phys
Ther. 2023;53(1):7—22. https://doi.org/10.2519/jospt.2022.11147.

. Cote P, Wong JJ, Sutton D, et al. Management of neck pain and

associated disorders: a clinical practice guideline from the
Ontario Protocol for Traffic Injury Management (OPTIMa) Collab-
oration. Eur Spine J. 2016;25(7):2000—2022. https://doi.org/
10.1007/s00586-016-4467-7.

. Bier JD, Scholten-Peeters WGM, Staal JB, et al. Clinical practice

guideline for physical therapy assessment and treatment in
patients with nonspecific neck pain. Phys Ther. 2018;98
(3):162—171. https://doi.org/10.1093/ptj/pzx118. Mar 1.

. Blanpied PR, Gross AR, Elliott JM, et al. Neck Pain: revision

2017. J Orthop Sports Phys Ther. 2017;47(7):A1—A83. https://
doi.org/10.2519/jospt.2017.0302.

. Bussieres AE, Stewart G, Al-Zoubi F, et al. The treatment of neck

pain-associated disorders and whiplash-associated disorders: a
clinical practice guideline. J Manipulative Physiol Ther. 2016;39
(8):523—564. https://doi.org/10.1016/j.jmpt.2016.08.007. e27.

. Corp N, Mansell G, Stynes S, et al. Evidence-based treatment

recommendations for neck and low back pain across Europe: a
systematic review of guidelines. Eur J Pain. 2021;25(2):
275-295. https://doi.org/10.1002/ejp.1679.

. Kjaer P, Kongsted A, Hartvigsen J, et al. National clinical guide-

lines for non-surgical treatment of patients with recent onset
neck pain or cervical radiculopathy. Eur Spine J. 2017;26
(9):2242—-2257. https://doi.org/10.1007/s00586-017-5121-8.

. Parikh P, Santaguida P, Macdermid J, Gross A, Eshtiaghi A. Com-

parison of CPG's for the diagnosis, prognosis and management
of non-specific neck pain: a systematic review. BMC Musculoske-
let Disord. 2019;20(1):81. https://doi.org/10.1186/s12891-
019-2441-3.

. Wehrwein EA, Orer HS, Barman SM. Overview of the anatomy,

physiology, and pharmacology of the autonomic nervous system.
Compr  Physiol. 2016;6(3):1239—-1278.  https://doi.org/
10.1002/cphy.c150037.

. Lance JW. Harlequin syndrome. Pract Neurol. 2005;5:176—177.

https://doi.org/10.1111/j.1474-7766.2005.00306.x.

. Mullaaziz D, Kaptanoglu AF, Eker A. Hypohidrosis or hyperhidro-

sis? Ross syndrome. Dermatologica Sinica. 2016;34:141—143.
https://doi.org/10.1016/j.dsi.2015.10.004.

. Nolano M, Provitera V, Perretti A, et al. Ross syndrome: a rare or

a misknown disorder of thermoregulation? A skin innervation
study on 12 subjects. Brain. 2006;129(Pt 8):2119-—-2131.
https://doi.org/10.1093/brain/awl175.

. Willaert WI, Scheltinga MR, Steenhuisen SF, Hiel JA. Harlequin

syndrome: two new cases and a management proposal. Acta
Neurol Belg. 2009;109(3):214—220.

. Martin TJ. Horner Syndrome: a Clinical Review. ACS Chem Neu-

rosci. 2018;9(2):177—186. https://doi.org/10.1021/acschem-
neuro.7b00405.

. Janig W. Relationship between pain and autonomic phenomena in

headache and other pain conditions. Cephalalgia. 2003;23(Suppl
1):43—48. https://doi.org/10.1046/j.1468-2982.2003.00573.x.

. Schlereth T, Birklein F. The sympathetic nervous system and

pain. Neuromolecular Med. 2008;10(3):141—147. https://doi.
org/10.1007/s12017-007-8018-6.

. Chouchou F, Pichot V, Perchet C, et al. Autonomic pain

responses during sleep: a study of heart rate variability. Eur J
Pain. 2011;15(6):554—560. https://doi.org/10.1016/j.ejpain.
2010.11.011.

. Lerma C, Martinez A, Ruiz N, Vargas A, Infante O, Martinez-

Lavin M. Nocturnal heart rate variability parameters as poten-
tial fibromyalgia biomarker: correlation with symptoms sever-
ity. Arthritis Res Ther. 2011;13(6):R185. https://doi.org/
10.1186/ar3513.

Sterling M, Kenardy J. The relationship between sensory and
sympathetic nervous system changes and posttraumatic stress
reaction following whiplash injury—a prospective study. J


https://doi.org/10.1016/j.bjpt.2023.100495
https://doi.org/10.1016/j.bjpt.2023.100495
https://world.physio/sites/default/files/2020-04/PS-2019-Direct-access.pdf
https://world.physio/sites/default/files/2020-04/PS-2019-Direct-access.pdf
https://doi.org/10.2519/jospt.2022.11147
https://doi.org/10.1007/s00586-016-4467-7
https://doi.org/10.1007/s00586-016-4467-7
https://doi.org/10.1093/ptj/pzx118
https://doi.org/10.2519/jospt.2017.0302
https://doi.org/10.2519/jospt.2017.0302
https://doi.org/10.1016/j.jmpt.2016.08.007
https://doi.org/10.1002/ejp.1679
https://doi.org/10.1007/s00586-017-5121-8
https://doi.org/10.1186/s12891-019-2441-3
https://doi.org/10.1186/s12891-019-2441-3
https://doi.org/10.1002/cphy.c150037
https://doi.org/10.1002/cphy.c150037
https://doi.org/10.1111/j.1474-7766.2005.00306.x
https://doi.org/10.1016/j.dsi.2015.10.004
https://doi.org/10.1093/brain/awl175
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0014
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0014
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0014
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0014
https://doi.org/10.1021/acschemneuro.7b00405
https://doi.org/10.1021/acschemneuro.7b00405
https://doi.org/10.1046/j.1468-2982.2003.00573.x
https://doi.org/10.1007/s12017-007-8018-6
https://doi.org/10.1007/s12017-007-8018-6
https://doi.org/10.1016/j.ejpain.<?A3B2 re3j?>2010.11.011
https://doi.org/10.1016/j.ejpain.<?A3B2 re3j?>2010.11.011
https://doi.org/10.1186/ar3513
https://doi.org/10.1186/ar3513

F. Mourad, A. Giudice, G.

Maritati et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Psychosom Res. 2006;60(4):387—393. https://doi.org/10.1016/
j.jpsychores.2005.08.016.

Munglani R. Neurobiological mechanisms underlying chronic
whiplash associated pain: the peripheral maintenance of cen-
tral sensitization. J Musculoskelet Pain. 2000;8(1-2):169—178.
https://doi.org/10.1300/J094v08n01_14.

El-Badawy MA, El Mikkawy DM. Sympathetic dysfunction in
patients with chronic low back pain and failed back surgery syn-
drome. Clin J Pain. 2016;32(3):226—231. https://doi.org/
10.1097/AJP.0000000000000250.

Martinez-Lavin M. Biology and therapy of fibromyalgia. Stress,
the stress response system, and fibromyalgia. Arthritis Res
Ther. 2007;9(4):216. https://doi.org/10.1186/ar2146.
Zaproudina N, Ming Z, Narhi M. Sensory and sympathetic disor-
ders in chronic non-specific neck pain. Funct Neurol. 2015;30
(3):165—171. https://doi.org/10.11138/fneur/2015.30.3.165.
Mani R, Cooper C, Kidd BL, Cole JD, Cawley MI. Use of laser
Doppler flowmetry and transcutaneous oxygen tension electro-
des to assess local autonomic dysfunction in patients with fro-
zen shoulder. J R Soc Med. 1989;82(9):536—538.

Sterling M. Whiplash-associated disorder: musculoskeletal pain
and related clinical findings. J Man Manip Ther. 2011;19
(4):194—200. 10.1179/106698111x13129729551949.

Adeboye KA, Emerton DG, Hughes T. Cervical sympathetic chain
dysfunction after whiplash injury. J R Soc Med. 2000;93
(7):378-379. https://doi.org/10.1177/014107680009300713.
Coppieters |, Willaert W, Lenoir D, et al. A contemporary neuro-
science approach compared to biomedically focused education
combined with symptom-contingent exercise therapy in people
with chronic whiplash associated disorders: a randomized con-
trolled trial protocol. Braz J Phys Ther. 2021;25(3):356—366.
https://doi.org/10.1016/j.bjpt.2020.09.004.

Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory hypersensi-
tivity occurs soon after whiplash injury and is associated with
poor recovery. Pain. 2003;104(3):509—-517. https://doi.org/
10.1016/50304-3959(03)00078-2.

Wingbermuhle RW, Heymans MW, van Trijffel E, Chiarotto A, Koes
B, Verhagen AP. External validation of prognostic models for
recovery in patients with neck pain. Braz J Phys Ther. 2021;25
(6):775—784. https://doi.org/10.1016/j.bjpt.2021.06.001.
Pauling JD, Hughes M, Pope JE. Raynaud's phenomenon-an
update on diagnosis, classification and management. Clin Rheu-
matol.  2019;38(12):3317—3330.  https://doi.org/10.1007/
s10067-019-04745-5.

Devgire V, Hughes M. Raynaud's phenomenon. Br J Hosp Med. 2019;80
(11):658—664. https://doi.org/10.12968/hmed.2019.80.11.658.
Headache Classification Committee of the International Head-
ache Society (IHS) The International Classification of Headache
Disorders, 3rd edition. Cephalalgia. 2018;38(1):1-211.
https://doi.org/10.1177/0333102417738202.

Obermann M, Yoon MS, Dommes P, et al. Prevalence of trigemi-
nal autonomic symptoms in migraine: a population-based study.
Cephalalgia. 2007;27(6):504—509. https://doi.org/10.1111/
j.1468-2982.2007.01316.x.

Barbanti P, Fabbrini G, Pesare M, Vanacore N, Cerbo R. Unilat-
eral cranial autonomic symptoms in migraine. Cephalalgia.
2002;22(4):256—259.  https://doi.org/10.1046/j.1468-2982.
2002.00358.x.

Goadsby PJ. Lacrimation, conjunctival injection, nasal symp-
toms... cluster headache, migraine and cranial autonomic
symptoms in primary headache disorders — what's new? J Neu-
rol Neurosurg Psychiatry. 2009;80(10):1057—1058. https://doi.
org/10.1136/jnnp.2008.162867.

Lambru G, Matharu MS. Trigeminal autonomic cephalalgias: a
review of recent diagnostic, therapeutic and pathophysiological
developments. Ann Indian Acad Neurol. 2012;15(Suppl 1):
$51-S561. https://doi.org/10.4103/0972-2327.100007.

10

38.

39.

40.

M.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Karsan N, Nagaraj K, Goadsby PJ. Cranial autonomic symptoms:
prevalence, phenotype and laterality in migraine and two
potentially new symptoms. J Headache Pain. 2022;23(1):18.
https://doi.org/10.1186/510194-022-01389-w.

Goadsby PJ, Lipton RB. A review of paroxysmal hemicranias,
SUNCT syndrome and other short-lasting headaches with auto-
nomic feature, including new cases. Brain. 1997;120(Pt
1):193-209. https://doi.org/10.1093/brain/120.1.193.

Ashina S, Bendtsen L, Lyngberg AC, Lipton RB, Hajiyeva N, Jen-
sen R. Prevalence of neck pain in migraine and tension-type
headache: a population study. Cephalalgia. 2015;35
(3):211-219. https://doi.org/10.1177/0333102414535110.
Szikszay TM, Hoenick S, von Korn K, et al. Which examination
tests detect differences in cervical musculoskeletal impair-
ments in people with migraine? A systematic review and meta-
analysis. Phys Ther. 2019;99(5):549—-569. https://doi.org/
10.1093/ptj/pzz007.

Carvalho GF, Schwarz A, Szikszay TM, Adamczyk WM, Bevilaqua-
Grossi D, Luedtke K. Physical therapy and migraine: musculo-
skeletal and balance dysfunctions and their relevance for clini-
cal practice. Braz J Phys Ther. 2020;24(4):306—317. https://
doi.org/10.1016/j.bjpt.2019.11.001.

Sterling M, Jull G, Vicenzino B, Kenardy J, Darnell R. Physical
and psychological factors predict outcome following whiplash
injury.  Pain.  2005;114(1-2):141—148.  https://doi.org/
10.1016/j.pain.2004.12.005.

Beebe JD, Kardon RH, Thurtell MJ. The yield of diagnostic imag-
ing in patients with isolated horner syndrome. Neurol Clin.
2017;35(1):145—-151.  https://doi.org/10.1016/j.ncl.2016.08.
005.

Yang ST, Huang YC, Chuang CC, Hsu PW. Traumatic internal
carotid artery dissection. J Clin Neurosci. 2006;13(1):123—128.
https://doi.org/10.1016/j.jocn.2005.02.016.

Algahtani H, Shirah B, Algahtani R, Alkahtani A. Idiopathic Har-
lequin syndrome manifesting during exercise: a case report and
review of the literature. Case Rep Med. 2017;2017: 5342593.
https://doi.org/10.1155/2017/5342593.

Taylor A, Mourad F, Kerry R, Hutting N. A guide to cranial nerve
testing for musculoskeletal clinicians. J Man Manip Ther.
2021;29(6):376—389. https://doi.org/10.1080/10669817.2021.
1937813.

Finucane LM, Downie A, Mercer C, et al. International frame-
work for red flags for potential serious spinal pathologies. J
Orthop Sports Phys Ther. 2020;50(7):350—372. https://doi.
org/10.2519/jospt.2020.9971.

Triplett JD, Benarroch EE, Cutsforth-Gregory JK. Pure auto-
nomic failure presenting as Harlequin syndrome. Auton Neuro-
sci. 2019;220: 102559. https://doi.org/10.1016/j.autneu.2019.
102559.

Maloney WF, Younge BR, Moyer NJ. Evaluation of the causes and
accuracy of pharmacologic localization in Horner's syndrome.
Am J Ophthalmol. 1980;90(3):394—402. https://doi.org/
10.1016/s0002-9394(14)74924-4.

Crippa SV, Borruat FX, Kawasaki A. Pupillary dilation lag is
intermittently present in patients with a stable oculosympa-
thetic defect (Horner syndrome). Am J Ophthalmol.
2007;143(4):712—715.  https://doi.org/10.1016/j.ajo.2006.
10.049.

Kanagalingam S, Miller NR. Horner syndrome: clinical perspec-
tives. Eye Brain. 2015;7:35—46. https://doi.org/10.2147/EB.
S63633.

Reeves AG, Posner JB. The ciliospinal response in man. Neurol-
ogy. 1969;19(12):1145—1152. https://doi.org/10.1212/wnl.19.
12.1145.

Beard C. Muller's superior tarsal muscle: anatomy, physiology,
and clinical significance. Ann Plast Surg. 1985;14(4):324—333.
https://doi.org/10.1097/00000637-198504000-00005.


https://doi.org/10.1016/j.jpsychores.2005.08.016
https://doi.org/10.1016/j.jpsychores.2005.08.016
https://doi.org/10.1300/J094v08n01_14
https://doi.org/10.1097/AJP.0000000000000250
https://doi.org/10.1097/AJP.0000000000000250
https://doi.org/10.1186/ar2146
https://doi.org/10.11138/fneur/2015.30.3.165
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0025
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0025
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0025
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0025
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0025
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0026
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0026
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0026
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0026
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0026
https://doi.org/10.1177/014107680009300713
https://doi.org/10.1016/j.bjpt.2020.09.004
https://doi.org/10.1016/S0304-3959(03)00078-2
https://doi.org/10.1016/S0304-3959(03)00078-2
https://doi.org/10.1016/j.bjpt.2021.06.001
https://doi.org/10.1007/s10067-019-04745-5
https://doi.org/10.1007/s10067-019-04745-5
https://doi.org/10.12968/hmed.2019.80.11.658
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1111/j.1468-2982.2007.01316.x
https://doi.org/10.1111/j.1468-2982.2007.01316.x
https://doi.org/10.1046/j.1468-2982.<?A3B2 re3j?>2002.00358.x
https://doi.org/10.1046/j.1468-2982.<?A3B2 re3j?>2002.00358.x
https://doi.org/10.1136/jnnp.2008.162867
https://doi.org/10.1136/jnnp.2008.162867
https://doi.org/10.4103/0972-2327.100007
https://doi.org/10.1186/s10194-022-01389-w
https://doi.org/10.1093/brain/120.1.193
https://doi.org/10.1177/0333102414535110
https://doi.org/10.1093/ptj/pzz007
https://doi.org/10.1093/ptj/pzz007
https://doi.org/10.1016/j.bjpt.2019.11.001
https://doi.org/10.1016/j.bjpt.2019.11.001
https://doi.org/10.1016/j.pain.2004.12.005
https://doi.org/10.1016/j.pain.2004.12.005
https://doi.org/10.1016/j.ncl.2016.08.<?A3B2 re3j?>005
https://doi.org/10.1016/j.ncl.2016.08.<?A3B2 re3j?>005
https://doi.org/10.1016/j.jocn.2005.02.016
https://doi.org/10.1155/2017/5342593
https://doi.org/10.1080/10669817.2021.<?A3B2 re3j?>1937813
https://doi.org/10.1080/10669817.2021.<?A3B2 re3j?>1937813
https://doi.org/10.2519/jospt.2020.9971
https://doi.org/10.2519/jospt.2020.9971
https://doi.org/10.1016/j.autneu.2019.<?A3B2 re3j?>102559
https://doi.org/10.1016/j.autneu.2019.<?A3B2 re3j?>102559
https://doi.org/10.1016/s0002-9394(14)74924-4
https://doi.org/10.1016/s0002-9394(14)74924-4
https://doi.org/10.1016/j.ajo.2006.<?A3B2 re 3j?>10.049
https://doi.org/10.1016/j.ajo.2006.<?A3B2 re 3j?>10.049
https://doi.org/10.2147/EB.S63633
https://doi.org/10.2147/EB.S63633
https://doi.org/10.1212/wnl.19.<?A3B2 re3j?>12.1145
https://doi.org/10.1212/wnl.19.<?A3B2 re3j?>12.1145
https://doi.org/10.1097/00000637-198504000-00005

Brazilian Journal of Physical Therapy 27 (2023) 100495

55.

56.

57.

58.

59.

60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

.

72.

73.

Nielsen PJ. Upside down ptosis in patients with Horner's syn-
drome. Acta Ophthalmol. 1983;61(5):952—957. https://doi.
org/10.1111/j.1755-3768.1983.tb01480.x.

Baumgartner R, Bogousslavsky J. Clinical manifestations of
carotid dissection. Front Neurol Neurosci. 2005;20:70—76.
https://doi.org/10.1159/000088151.

Hutting N, Kerry R, Kranenburg R, Mourad F, Taylor A. Assessing
vascular function in patients with neck pain, headache, and/or
orofacial pain: part of the job description of all physical thera-
pists. J Orthop Sports Phys Ther. 2021;51(9):418—421. https://
doi.org/10.2519/jospt.2021.10408.

Patel RR, Adam R, Maldjian C, Lincoln CM, Yuen A, Arneja A.
Cervical carotid artery dissection: current review of diagnosis
and treatment. Cardiol Rev. 2012;20(3):145—152. https://doi.
org/10.1097/CRD.0b013e318247cd15.

Rushton A, Carlesso LC, Flynn T, et al. International Framework
for Examination of the Cervical Region for Potential of Vascular
Pathologies of the Neck Prior to Orthopaedic Manual Therapy
(OMT) Intervention. International IFOMPT Cervical Framework.
The International Federation of Orthopaedic Manipulative Phys-
ical Therapists Incorporated (IFOMPT); 2020. https://www.
ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework
%20final% 20September%202020.pdf.

Villgran VD, Chakraborty RK, Cherian SV. Pancoast Syndrome.
StatPearls. 2022.

Gundepalli SG, Tadi P. Lung Pancoast Tumor. StatPearls. 2022.
Kratz JR, Woodard G, Jablons DM. Management of lung cancer
invading the superior sulcus. Thorac Surg Clin. 2017;27
(2):149—157. https://doi.org/10.1016/j.thorsurg.2017.01.008.
Zarogoulidis K, Porpodis K, Domvri K, Eleftheriadou E, loannidou
D, Zarogoulidis P. Diagnosing and treating pancoast tumors.
Expert Rev Respir Med. 2016;10(12):1255—1258. https://doi.
org/10.1080/17476348.2017.1246964.

Marulli G, Battistella L, Mammana M, Calabrese F, Rea F. Supe-
rior sulcus tumors (Pancoast tumors). Ann Transl Med. 2016;4
(12):239. https://doi.org/10.21037/atm.2016.06.16.

Mourad F, Lopez G, Cataldi F, et al. Assessing cranial nerves in
physical therapy practice: findings from a cross-sectional survey
and implication for clinical practice. Healthc. 2021;9(10).
https://doi.org/10.3390/healthcare9101262.

Taylor AJ, Kerry R, Taylor AJ, Kerry R. International Journal of
Osteopathic  Medicine. 2010;13:85—93.  https://doi.org/
10.1016/j.ijosm.2010.05.001.

Sadaka A, Schockman SL, Golnik KC. Evaluation of Horner syn-
drome in the MRI Era. J Neuroophthalmol. 2017;37(3):268—272.
https://doi.org/10.1097/WNO.0000000000000503.

Shin RK, Galetta SL, Ting TY, Armstrong K, Bird SJ. Ross syn-
drome plus: beyond Horner, Holmes-Adie, and Harlequin. Neu-
rology. 2000;55(12):1841—-1846. https://doi.org/10.1212/
wnl.55.12.1841.

Ross AT. Progressive selective sudomotor denervation; a case
with coexisting Adie's syndrome. Neurology. 1958;8(11):
809—817. https://doi.org/10.1212/wnl.8.11.809.

Weller M, Wilhelm H, Sommer N, Dichgans J, Wietholter H.
Tonic pupil, areflexia, and segmental anhidrosis: two additional
cases of Ross syndrome and review of the literature. J Neurol.
1992;239(4):231-234. https://doi.org/10.1007/BF00839146.
Minota K, Coon EA, Benarroch EE. Neurologic aspects of sweat-
ing and its disorders. Neurology. 2019,;92(21):999-1005.
https://doi.org/10.1212/WNL.0000000000007540.

Drummond PD, Finch PM. Reflex control of facial flushing during
body heating in man. Brain. 1989;112(Pt 5):1351—1358.
https://doi.org/10.1093/brain/112.5.1351.

Sabir H, Babor F, Kieseier BC, Mayatepek E, Assmann B. Unilat-
eral facial flushing and sweating after physical exercise: Harle-
quin syndrome. Klin Padiatr. 2011;223(2):90—91. https://doi.
org/10.1055/s-0030-1269925.

11

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Wasner G, Maag R, Ludwig J, et al. Harlequin syndrome—one
face of many etiologies. Nat Clin Pract Neurol. 2005;1
(1):54-59. https://doi.org/10.1038/ncpneuro0040.

Guaraldi P, Mathias CJ. Progression of cardiovascular autonomic
dysfunction in Holmes-Adie syndrome. J Neurol Neurosurg Psy-
chiatry. 2011;82(9):1046—1049. https://doi.org/10.1136/jnnp.
2009.195917.

Martinelli P. Holmes-Adie syndrome. Lancet. 2000;356
(9243):1760—1761.  https://doi.org/10.1016/50140-6736(00)
03216-5.

Thompson HS. Adie’s syndrome: some new observations. Trans
Am Ophthalmol Soc. 1977;75:587—-626.

Wilhelm H. Neuro-ophthalmology of pupillary function—practi-
cal guidelines. J Neurol. 1998;245(9):573—583. https://doi.
org/10.1007/s004150050248.

Bremner F, Smith S. Pupillographic findings in 39 consecutive
cases of harlequin syndrome. J Neuroophthalmol. 2008;28
(3):171—177. https://doi.org/10.1097/WNO.0b013e318183c885.
Serra Mitjans M, Callejas Perez MA, Valls Sole J, Grimalt Santa-
cana R, Rubio Garay M, Iglesias Sentis M. [Surgical treatment
for compensatory hyperhidrosis in Adie syndrome]. Arch Bron-
coneumol. 2004;40(2):97—-99. Tratamiento quirurgico de la
hiperhidrosis compensadora en el sindrome de Adie.

Mishra AK, Kharkongor M, Kuriakose CK, et al. Is ross syndrome
an autoimmune entity? A case series of 11 patients. Can J Neu-
rol Sci. 2017;44(3):318—321. https://doi.org/10.1017/cjn.
2016.417.

Agarwala MK, George L, Parmar H, Mathew V. Ross syndrome: a
case report and review of cases from India. Indian J Dermatol.
2016;61(3):348. https://doi.org/10.4103/0019-5154.182472.
Ballestero-Diez M, Garcia-Rio |, Dauden E, Corrales-Arroyo M,
Garcia-Diez A. Ross syndrome, an entity included within the
spectrum of partial disautonomic syndromes. J Eur Acad Derma-
tol Venereol. 2005;19(6):729—731. https://doi.org/10.1111/
j.1468-3083.2005.01254.x.

Mayer H. Bilateral tonic pupils secondary to Ross syndrome: a
case report. J Optom. 2014;7(2):106—107. https://doi.org/
10.1016/j.optom.2013.06.005.

Wolfe Gl, Galetta SL, Teener JW, Katz JS, Bird SJ. Site of auto-
nomic dysfunction in a patient with Ross' syndrome and postgan-
glionic Horner's syndrome. Neurology. 1995;45(11):2094—2096.
https://doi.org/10.1212/wnl.45.11.2094.

Faden Al, Chan P, Mendoza E. Progressive isolated segmental
anhidrosis. Arch Neurol. 1982;39(3):172—175. https://doi.org/
10.1001/archneur.1982.00510150042010.

Bajaj V, Haniffa M, Reynolds NJ. Use of topical glycopyrrolate in
Ross syndrome. J Am Acad Dermatol. 2006;55(5 Suppl):
S$111-S112. https://doi.org/10.1016/j.jaad.2005.08.058.
Bergmann |, Dauphin M, Naumann M, et al. Selective degenera-
tion of sudomotor fibers in Ross syndrome and successful treat-
ment of compensatory hyperhidrosis with botulinum toxin.
Muscle Nerve. 1998;21(12):1790—-1793. https://doi.org/
10.1002/ (sici)1097-4598(199812)21:12<1790::aid-mus26>3.0.
Co;2-i.

Reinauer S, Schauf G, Holzle E. Ross syndrome: treatment of
segmental compensatory hyperhidrosis by a modified iontopho-
retic device. J Am Acad Dermatol. 1993;28(2 Pt 2):308—312.
https://doi.org/10.1016/0190-9622(93)70042-r.

Huang RY, Chen YJ, Fang WH, Mau LP, Shieh YS. Concomitant
horner and harlequin syndromes after inferior alveolar nerve
block anesthesia. J Endod. 2013;39(12):1654—1657. https://
doi.org/10.1016/j.joen.2013.09.006.

Mourad F, Giovannico G, Maselli F, Bonetti F, Fernandez de las
Penas C, Dunning J. Basilar impression presenting as intermit-
tent mechanical neck pain: a rare case report. BMC Musculoske-
let Disord. 2016;17:7. https://doi.org/10.1186/512891-015-
0847-0.


https://doi.org/10.1111/j.1755-3768.1983.tb01480.x
https://doi.org/10.1111/j.1755-3768.1983.tb01480.x
https://doi.org/10.1159/000088151
https://doi.org/10.2519/jospt.2021.10408
https://doi.org/10.2519/jospt.2021.10408
https://doi.org/10.1097/CRD.0b013e318247cd15
https://doi.org/10.1097/CRD.0b013e318247cd15
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
https://www.ifompt.org/site/ifompt/IFOMPT%20Cervical%20Framework%20final%20September%202020.pdf
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0060
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0060
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0061
https://doi.org/10.1016/j.thorsurg.2017.01.008
https://doi.org/10.1080/17476348.2017.1246964
https://doi.org/10.1080/17476348.2017.1246964
https://doi.org/10.21037/atm.2016.06.16
https://doi.org/10.3390/healthcare9101262
https://doi.org/10.1016/j.ijosm.2010.05.001
https://doi.org/10.1016/j.ijosm.2010.05.001
https://doi.org/10.1097/WNO.0000000000000503
https://doi.org/10.1212/wnl.55.12.1841
https://doi.org/10.1212/wnl.55.12.1841
https://doi.org/10.1212/wnl.8.11.809
https://doi.org/10.1007/BF00839146
https://doi.org/10.1212/WNL.0000000000007540
https://doi.org/10.1093/brain/112.5.1351
https://doi.org/10.1055/s-0030-1269925
https://doi.org/10.1055/s-0030-1269925
https://doi.org/10.1038/ncpneuro0040
https://doi.org/10.1136/jnnp.<?A3B2 re3j?>2009.195917
https://doi.org/10.1136/jnnp.<?A3B2 re3j?>2009.195917
https://doi.org/10.1016/S0140-6736(00)03216-5
https://doi.org/10.1016/S0140-6736(00)03216-5
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0077
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0077
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0077
https://doi.org/10.1007/s004150050248
https://doi.org/10.1007/s004150050248
https://doi.org/10.1097/WNO.0b013e318183c885
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
http://refhub.elsevier.com/S1413-3555(23)00016-3/sbref0080
https://doi.org/10.1017/cjn.<?A3B2 re3j?>2016.417
https://doi.org/10.1017/cjn.<?A3B2 re3j?>2016.417
https://doi.org/10.4103/0019-5154.182472
https://doi.org/10.1111/j.1468-3083.2005.01254.x
https://doi.org/10.1111/j.1468-3083.2005.01254.x
https://doi.org/10.1016/j.optom.2013.06.005
https://doi.org/10.1016/j.optom.2013.06.005
https://doi.org/10.1212/wnl.45.11.2094
https://doi.org/10.1001/archneur.1982.00510150042010
https://doi.org/10.1001/archneur.1982.00510150042010
https://doi.org/10.1016/j.jaad.2005.08.058
https://doi.org/10.1002/(sici)1097-4598(199812)21:12&lt;1790::aid-mus26&gt;3.0.co;2-i
https://doi.org/10.1002/(sici)1097-4598(199812)21:12&lt;1790::aid-mus26&gt;3.0.co;2-i
https://doi.org/10.1002/(sici)1097-4598(199812)21:12&lt;1790::aid-mus26&gt;3.0.co;2-i
https://doi.org/10.1002/(sici)1097-4598(199812)21:12&lt;1790::aid-mus26&gt;3.0.co;2-i
https://doi.org/10.1002/(sici)1097-4598(199812)21:12&lt;1790::aid-mus26&gt;3.0.co;2-i
https://doi.org/10.1016/0190-9622(93)70042-r
https://doi.org/10.1016/j.joen.2013.09.006
https://doi.org/10.1016/j.joen.2013.09.006
https://doi.org/10.1186/s12891-015-0847-0
https://doi.org/10.1186/s12891-015-0847-0

F. Mourad, A. Giudice, G.

Maritati et al.

92. Faletra A, Bellin G, Dunning J, et al. Assessing cardiovascular

93.

parameters and risk factors in physical therapy practice: find-
ings from a cross-sectional national survey and implication for
clinical practice. BMC Musculoskelet Disord. 2022;23(1):749.
https://doi.org/10.1186/512891-022-05696-w.

Lemeunier N, da Silva-Oolup S, Chow N, et al. Reliability and
validity of clinical tests to assess the anatomical integrity of the
cervical spine in adults with neck pain and its associated disor-
ders: Part 1-A systematic review from the Cervical Assessment
and Diagnosis Research Evaluation (CADRE) Collaboration. Eur

12

94.

95.

Spine J. 2017;26(9):2225-2241.
s00586-017-5153-0.

Schmid AB, Brunner F, Luomajoki H, et al. Reliability of clin-
ical tests to evaluate nerve function and mechanosensitivity
of the upper limb peripheral nervous system. BMC Musculos-
kelet Disord. 2009;10:11. https://doi.org/10.1186/1471-
2474-10-11.

Downs MB, Laporte C. Conflicting dermatome maps: educational
and clinical implications. J Orthop Sports Phys Ther. 2011;41
(6):427—434. https://doi.org/10.2519/jospt.2011.3506.

https://doi.org/10.1007/


https://doi.org/10.1186/s12891-022-05696-w
https://doi.org/10.1007/s00586-017-5153-0
https://doi.org/10.1007/s00586-017-5153-0
https://doi.org/10.1186/1471-2474-10-11
https://doi.org/10.1186/1471-2474-10-11
https://doi.org/10.2519/jospt.2011.3506

	A guide to identify cervical autonomic dysfunctions (and associated conditions) in patients with musculoskeletal disorders in physical therapy practice
	Introduction
	Neuroanatomy and clinical implications
	Autonomic dysfunctions in physical therapy practice
	Cervical autonomic conditions
	Horner syndrome
	Sign and symptoms
	Anisocoria
	Miosis
	Ptosis
	Differential diagnosis
	Clinical implications

	Cervical autonomic conditions: expression of the same disorders?
	Harlequin syndrome/sign
	Sign and symptoms
	Sudomotor and vasomotor deficiency
	Differential diagnosis
	Clinical implications

	Holmes-Adie syndrome
	Sign and symptoms
	Tonic pupil
	Deep tendon reflexes areflexia
	Differential diagnosis
	Clinical implications

	Ross syndrome
	Sign and symptoms
	Tonic pupil
	Disorder of thermoregulation
	Differential diagnosis
	Clinical implications


	Interpretation of findings
	Testing for cervical autonomic dysfunctions
	Implications and conclusion
	Declaration of Competing Interest
	Supplementary materials
	References



