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Abstract
Signs of autonomic dysfunction, although at times seemingly mysterious, can contribute to diagnostic clarification and clini-
cal investigation. Even when sophisticated autonomic testing equipment is not readily available, the experienced clinician, 
through educated observation and inductive reasoning—in conjunction with an intelligently obtained autonomic medical 
history—can discern much by a careful physical examination. Elements of the autonomic examination include variations in 
the pulse, postural measurements of blood pressure and heart rate, pupillary light reactions, skin coloration and temperature, 
patterns of sweating, and other organ-specific physical findings relevant to the individual patient’s presentation. Especially 
important is the often neglected practice of measuring the blood pressure standing up, for orthostatic hypotension cannot be 
diagnosed by symptoms alone and is a common source of potential morbidity. The examination should be carried out in the 
context of understanding the syndromic nature of abnormalities of components of the autonomic nervous system.

Keywords Physical examination · Blood pressure determination · Vital signs · Autonomic nervous system diseases · 
Autonomic pathways

Abbreviations
ANS  Autonomic nervous system
BP  Blood pressure
ENS  Enteric nervous system
MSA  Multiple system atrophy
OH  Orthostatic hypotension
OI  Orthostatic intolerance
PAF  Pure autonomic failure
PD  Parkinson’s disease
PNS  Parasympathetic nervous system
POTS  Postural tachycardia syndrome
SAS  Sympathetic adrenergic system
SCS  Sympathetic cholinergic system
SNS  Sympathetic noradrenergic system

Introduction

In the clinical evaluation of a patient with a known or sus-
pected autonomic disorder, the history, based on the patient’s 
symptoms, is of paramount importance [1]. Signs of auto-
nomic dysfunction, although at times seemingly mysteri-
ous, can contribute to diagnostic clarification and clinical 
investigation. Even when sophisticated autonomic testing 
equipment is not readily available, the experienced clinician, 
through educated observation and deductive and inductive 
reasoning, can discern much by a careful physical examina-
tion. As discussed below, the examination should be carried 
out in conjunction with an intelligently obtained autonomic 
medical history and in the context of understanding the syn-
dromic nature of abnormalities of components of the auto-
nomic nervous system (ANS).

Autonomic signs at the bedside invite clinical detective 
work but may escape notice unless the clinician adopts the 
inductive approach of the fictional detective Sherlock Hol-
mes, who commented that “There is nothing more decep-
tive than an obvious fact” that has not been obvious to the 
unobservant [2]. We will give several examples of this sort 
of detective work.

Bedside autonomic assessment is not a superfluous activ-
ity, as autonomic disorders are neither rare nor inconse-
quential. The prevalence of orthostatic hypotension (OH), 
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for example, in community-dwelling elderly persons is 
approximately 16% and increases with advancing age [3, 
4]. Neurogenic OH occurs when there is inadequate release 
of norepinephrine from sympathetic vasomotor neurons and 
is a cardinal sign of sympathetic neurocirculatory failure. 
Neurogenic OH is seen frequently in patients with auto-
nomic neuropathies [5] and ganglionopathies [6], as well 
as in neurodegenerative disorders involving abnormal accu-
mulation of aggregates of alpha-synuclein, such as in Par-
kinson’s disease (PD) [7], pure autonomic failure (PAF) [8], 
and dementia with Lewy bodies [9]. In neuropathies and 
synucleinopathies, OH is associated with decreased survival 
[10–13]. Effective treatment strategies for OH are available, 
but implementation is dependent on recognition. For correct 
diagnosis, there is no adequate substitute for the physical 
examination.

Syndromic nature of autonomic disorders

When examining the patient with a known or suspected 
autonomic disorder, it is helpful to remember that the 
ANS is organized into anatomic and functional divisions. 
Dysautonomias often present as recognizable syndromic 
patterns of clinical involvement grouped according to the 
affected components of the ANS (Table 1). Components 
include the enteric nervous system (ENS), parasympa-
thetic nervous system (PNS), and three subsystems of 
the sympathetic nervous system: the sympathetic noradr-
energic system (SNS), sympathetic cholinergic system 
(SCS), and sympathetic adrenergic system (SAS) [1]. Each 

subsystem has a corresponding main chemical messenger: 
norepinephrine in the SNS, acetylcholine in the SCS, and 
epinephrine in the SAS.

In the ENS, for instance, Hirschsprung’s disease, which 
is caused by lack of development of enteric neurons, mani-
fests entirely with signs of failure of propulsion of gas-
trointestinal contents. By contrast, increased SCS activity 
occurs in organophosphate poisoning, in which an excess 
of acetylcholine causes increased salivation, lacrima-
tion, gastrointestinal motility, emesis, miosis, and urinary 
frequency.

SNS hyperactivity manifests with pallor, sweating, pilo-
erection, vasoconstriction, mydriasis, trembling, and a ten-
dency towards hypertension. Conversely, SNS hypoactiv-
ity manifests with OH, post-prandial hypotension, fatigue, 
ptosis, miosis, “coat hanger” nuchal pain phenomenon, 
and a tendency toward bradycardia.

PNS hyperactivity is suggested by miosis, a tendency 
toward bradycardia or heart block, increased salivation, 
diarrhea, and a tendency toward bronchoconstriction. Con-
versely, PNS hypoactivity manifests with sicca syndrome, 
light sensitivity, slow gastrointestinal transit, constipation, 
urinary retention, erectile failure, and a tendency toward 
tachycardia.

Other autonomic syndromes may be regional or dis-
tal, depending on localization of the lesion. Additionally, 
specific autonomic disorders may be accompanied by col-
lateral signs distinct from the autonomic nervous system 
that nevertheless help to localize the pathology or identify 
the pattern of disease.

Table 1  Some signs of altered functions of components of the autonomic nervous system

The most common or prominent features are indicated in bold
SNS sympathetic noradrenergic system, PNS parasympathetic nervous system, SAS sympathetic adrenergic system, BP blood pressure, GI gas-
trointestinal

SNS hypoactivity SNS hyperactivity PNS hypoactivity PNS hyperactivity SAS hyperactivity

OH Pallor Dry mouth ↓ Heart rate Cutaneous vasoconstriction
↓ Heart rate Vasoconstriction Constipation ↑ Lacrimation ↑ Emotional intensity
Ptosis Sweating Dry eyes ↑ Salivation Hyperglycemia
Miosis ↑ Systolic BP Urinary retention ↓ Cardiac contractility Skeletal muscle vasodilation

↑ Heart rate Erectile failure Rapid GI transit ↓ GI transit
Trembling Bronchodilation Bronchoconstriction ↑ Respiratory rate
Piloerection ↑ Heart rate ↑ Urination ↑ Systolic BP
Salivation (thick) ↓ GI transit ↑ Defecation ↑ Heart rate
Mydriasis ↓ Acid secretion Slowed A-V conduction Trembling

Mydriasis ↑ Biliary secretion Hypokalemia
↑ Acid secretion ↑ Core temperature
Miosis Bronchodilation

Anti-fatigue
Mydriasis
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Approach to the patient with autonomic 
symptoms

The autonomic physical examination is best carried out in 
conjunction with the history. The effective clinician seeks 
signs that confirm or refute inductions from the history, and 
the physical findings may bring to mind additional questions 
to ask the patient. The examination carried out in isolation 
without this sort of give and take can be a rather meaning-
less exercise.

Examination of the patient begins as soon as the clini-
cian enters the room. Important clues can be evident from 
the patient’s appearance and behavior during the interview. 
The patient who, for example, wears multiple layers of cozy 
clothing or a sweater when the ambient temperature is warm, 
or the patient who seems comfortable wearing less clothing 
in cold weather, may have a disorder of thermoregulation 
such as hypothyroidism or malnutrition (cold sensitivity), 
or erythromelalgia (heat sensitivity; Fig. 1). The patient 
who, before shaking hands, quickly wipes the palm across 
his or her clothing may have palmoplantar hyperhidrosis. 
The patient who brings a water bottle and takes sips between 
sentences may have xerostomia or chronic orthostatic 

intolerance. The odor of soiled clothing may be an indica-
tion of urinary or fecal incontinence, which are important 
aspects to some forms of autonomic failure. Dark sunglasses 
may indicate photosensitivity from tonically enlarged pupils.

As the examination proceeds, it is important to pay atten-
tion to how the patient moves. Legs that fidget, are crossed 
repetitively, or wrapped around one another like a pretzel 
can be a clue to orthostatic intolerance or OH [14, 15]. 
Decreased facial expression, slowness or irregularity of 
movement, or tremor in the patient with orthostatic intoler-
ance may be important clues to an alpha-synucleinopathy. 
Are the head and neck bowed forward? This might indicate 
camptocormia, as in PD. What is the quality of the patient’s 
speech? Hypophonic or hypokinetic speech fits with PD, 
whereas ataxic or dysphonic speech fits with MSA. Is there 
rigidity at the wrist? This would be consistent with a parkin-
sonian synucleinopathy. Is there a grasp reflex, as one might 
find in dementia? Fine amplitude, high-frequency tremu-
lousness may indicate a hyperadrenergic state. Increased 
sympathetic nervous system activity can be primary, as in 
pheochromocytoma, but more frequently is interrelated with 
the patient’s emotional, social, or spiritual context. A histori-
cal biblical example is Isaac’s trembling in Genesis 27:33.

Fig. 1  Cutaneous flushing in erythromelalgia. These patients cannot tolerate heat and may choose to live in a cool environment
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Subtle behaviors during ordinary standing deserve close 
attention. Upon standing, the facial expression may convey 
a sense of apprehension. The patient with profound neuro-
genic OH may progressively flex the neck and trunk forward, 
a learned habit that lowers the head and reduces the vertical 
distance between the heart and the cerebral arterial circula-
tion in order to sustain perfusion. Even when the systolic BP 
falls below 70 mmHg, the patient does not always complain 
of dizziness, perhaps because decreased cerebral perfu-
sion impairs the perception of OH symptoms, but he or she 
will usually report an overwhelming need to sit down. The 
patient with milder orthostatic intolerance may shift weight 
from one leg to the other and back, which activates muscles 
that compress capacitance vessels and assists the return of 
venous blood to the heart.

Bodily physical characteristics should not go unnoticed. 
In a pediatric patient, the finding of a peculiar orange–gray 
hair color and twisted hair shafts suggests Menkes disease 
(Fig. 2). This is a rare X-linked recessive disease of copper 
metabolism. Since dopamine-beta-hydroxylase, the enzyme 
converting dopamine to norepinephrine in sympathetic 
nerves, is a copper enzyme, all patients with Menkes disease 
have a characteristic abnormal pattern of plasma catechols 
[16]. Further, the hands are potentially very informative. 
Are the hands and feet cool or cyanotic? In a patient with 
slow movement and orthostatic intolerance, this could be 
one of the signs of multiple system atrophy (MSA) [17]. Is 
there clubbing? This would suggest a paraneoplastic form of 
autonomic neuropathy. Is there skin tenting, as would occur 
in OH from dehydration? Are the fingers hyperextensible, as 
in Ehlers–Danlos syndrome, which can be associated with 
orthostatic intolerance (OI)? If so, then formal Beighton 
scoring would be appropriate.

The skin displays many potential autonomic signs. Is the 
skin moist, and, if this is uncertain, are there sweat drop-
lets seen by otoscope examination of the skin of the face or 

trunk? In a patient complaining of decreased sweating, this 
would refute anhidrosis. Is there dry skin combined with 
angiokeratomas, which point to Fabry disease (Fig. 3)? Is 
there flushing? What is its symmetry and distribution? Is 
it present at rest or during standing? Pooling of blood on 
standing may cause the feet to appear flushed in a red, blue, 
or purple tone.

Detailed examination of the head, eyes, ears, nose, and 
throat is warranted. Is there unilateral ptosis, as in Horner’s 
syndrome? Is there nystagmus or dysphonia, as one might 
expect in the cerebellar form of MSA? Are the eyes and 
mouth dry (sicca syndrome, as in Sjögren’s syndrome)? Is 
the patient able to smell a standard odor, such as ground 
coffee? If not, then formal olfactory testing may be in order, 
since anosmia is a key finding in PD+OH. Is there a normal 
gag reflex? If not, one might suspect inadequate protection 
of the airway, as in MSA. The breath may have a particular 
odor, such as fetor hepaticus in a patient with liver failure 
or the uriniferous odor of renal failure. The neck should 
be examined with the patient supine (head on pillow). Is 
there jugular venous distention, a sign of right heart failure 
or pericardial restriction? Is there a carotid bruit, a sign of 
carotid occlusive disease, which in tandem with OH can fur-
ther restrict cerebral perfusion? Is there thyroid enlargement 
or a thyroidal bruit, which would indicate Graves disease?

In examining the chest and abdomen, one should inspect 
first, looking for pectus excavatum or pectus carinatum, 
important findings in collagen vascular diseases. Is there 
auscultatory evidence for mitral valve prolapse or hyper-
trophic subaortic stenosis? Hepatosplenomegaly leads to 
suspicion of a host of conditions, including mononucleosis 
or other chronic infection, Gaucher disease, amyloidosis, 
myelofibrosis, and chronic alcoholism. Palpation and aus-
cultation of the abdomen might point to aortic aneurysm, 
renal artery stenosis, or median arcuate ligament syndrome 
(Fig. 4).

Fig. 2  Typical hair coloring in a neonate with Menkes disease. This 
abnormality reflects decreased activity of tyrosinase, which like dopa-
mine-beta-hydroxylase is a copper enzyme

Fig. 3  Cutaneous angiokeratomas in Fabry disease. This disease, 
which can cause stroke, is also characterized by severe anhidrosis
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The pulse provides many clues. Is the pulse bounding, as 
in hyperthyroidism, or barely palpable, as in presyncope? 
Is the pulse irregularly irregular, a finding indicating atrial 
fibrillation? Are there frequent extrasystoles, a common 
occurrence in chronic autonomic failure [18]? Is there res-
piratory sinus arrhythmia? If so, one can probably exclude 
arterial baroreflex failure [19]. Are the left and right radial 
pulses equal? Delay or reduction of the left radial pulse may 
indicate subclavian artery stenosis, an important cause of 
syncope during left arm exertion. Upon palpation of the 
radial pulse with two fingers, proximal and distal, does the 
pulse at the more distal finger disappear only with substan-
tial pressure on the pulse by the more proximal finger? If 
so, then the patient may have systolic hypertension related 
to arterial stiffening.

The structured autonomic examination

Whereas standard physical examinations are specific to each 
medical specialty or subspecialty, the autonomic exami-
nation spans multiple organ systems, and its assessment 

requires a broad conceptual approach. A set of common 
elements to the autonomic examination may be defined 
(Table 2). At a minimum, the autonomic examination should 
assess orthostatic vital signs, the pulse (fullness, vascular 
stiffness, rhythm, respiratory sinus arrhythmia); skin color, 
temperature, and moisture; bowel sounds; and pupillary 
responses.

Pupilomotor

Pupillary size and reactivity are telling signs of ocular sym-
pathetic (mydriasis) and parasympathetic (miosis) activity. 
In The Man with the Twisted Lip, Sherlock Holmes’s com-
panion, Dr. Watson, recognizes the inhibitory effect on the 
sympathetic innervation of the irises in a man addicted to 
opium: “I can see him now, with yellow, pasty face, droop-
ing lids, and pin-point pupils, all huddled in a chair” [20].

Pharmacologic inhibition of parasympathetic innervation, 
by contrast, enlarges the pupils. The classic herb that dilates 
the pupils is Atropa belladonna, which derives from the Ital-
ian phrase for “beautiful woman”, as eyedrops containing 
small amounts were used in antiquity to create a seductive 
appearance [21]. Also known as deadly nightshade, this 
plant is a potent anticholinergic toxin that contains atropine, 
scopolamine, and hyoscyamine, ingestion of which causes 
pupillary dilatation, tachycardia, anhidrosis, flushing, dry 
mouth, urinary retention, constipation, delirium, and halluci-
nations. This constellation of signs highlights the syndromic 
nature of a dysautonomia that may at first be evident in the 
size of the pupils.

The pupillary light reflex should be examined in a dark-
ened room, to allow the pupils to optimally enlarge, with 
illumination directed from below in order to visualize their 
relative size and responsiveness. When assessing pupil-
lary size, the patient should be asked to gaze into the dis-
tance to eliminate the pupillary constricting effect of ocular 
convergence.

One-fifth of the normal population has unequal pupils 
(anisocoria) with a diameter difference of 0.3 mm or more 
[22]. Anisocoria can also be a sign of unilateral oculosympa-
thetic (cervical sympathetic chain) or oculoparasympathetic 
(ciliary ganglion) denervation. An oculosympathetic deficit 
causes the pupil to appear smaller and is typically accom-
panied by ipsilateral ptosis of the upper eyelid (Horner’s 
syndrome; Fig. 5). Congenital Horner’s syndrome is associ-
ated with heterochromia, in which the denervated iris dif-
fers in color from its counterpart. An oculoparasympathetic 
deficit causes the pupil to appear larger, and, in the case of 
Adie’s tonic pupil, segmental differences in contraction may 
be seen, giving the pupil an irregular shape. The difference 
in pupillary size will usually be more apparent for an oculo-
sympathetic deficit in dim light and for an oculoparasympa-
thetic deficit in bright light.

Fig. 4  Anatomic location of the mediate arcuate ligament with 
respect to the celiac artery. In a patient with POTS and prominent 
abdominal pain and vomiting, one should consider median arcuate 
ligament syndrome

Table 2  The autonomic physical examination

Organ system Clinical observations

Cardiovascular Pulse rhythm, postural blood pressure and heart rate
Ocular Ptosis, pupillary light reactions, conjunctival red-

ness
Vasomotor Flushing, pallor
Secretomotor Lacrimation, rhinorrhea, salivation
Sudomotor Sweating patterns, skin dryness
Gastrointestinal Bowel sounds, abdominal distension
Urinary Odor of incontinence, percussion of bladder
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Not to be confused with anisocoria is hippus, a normal 
phenomenon in which the pupillary size is unstable and is 
more easily visualized in younger patients whose pupils nor-
mally are larger than those of older patients.

Vasomotor

“I do not think that I have ever seen such deadly paleness 
in a woman’s face”, remarked Dr. Watson in The Adventure 
of the Beryl Coronet. “Her lips, too, were bloodless, but 
her eyes were flushed with crying” [23]. To Watson and 
Holmes, facial pallor and flushing were significant clues to 
someone’s emotional state or character. Facial flushing can 
be a sign of autonomic arousal, anticholinergic or anties-
trogen medication, narcotic antagonist medication, niacin, 
carcinoid tumor, mastocytosis or other forms of histamine 
release, rosacea, polycythemia vera, allergy, or sunburn, 
among many other potential causes. Heat-induced flushing 
may occur in patients with global anhidrosis who lack the 
capacity to produce a thermoregulatory sweating response 
[24].

Unilateral facial flushing is a feature of harlequin syn-
drome, which is frequently accompanied by a contralateral 
oculosympathetic deficit with ptosis, miosis, and absence of 
flushing [25]. Facial flushing or sweating, lacrimation, nasal 
stuffiness, or ptosis ipsilateral to a paroxysmal headache can 
signify a trigeminal autonomic cephalalgia [26]. Presynco-
pal bilateral facial pallor, by contrast, is a hallmark sign of 
neurally mediated syncope [27].

Purplish discoloration of the toes or feet, which is often 
more pronounced in the upright posture, is frequently seen 
in patients with distal vasomotor instability, which can result 

from arteriolar vasoconstriction or venous pooling. The feet 
may be warm or cool to the touch.

Sherlock Holmes’s guest who warmed his wet feet by the 
fire in The Five Orange Pips likely would have had wrinkled 
toes, a detail inconsequential in the context of the story as 
compared to the distinctive traces of clay on his toecaps [28]. 
Wrinkling of the fingers and toes within several minutes 
of immersion in water is a normal autonomic phenomenon 
caused by peripheral adrenergic vasoconstriction in the digi-
tal pulp [29].

Secretomotor

The patient who frequently rubs or blinks the eyes may 
suffer from xerophthalmia (dry eyes). This can result from 
inadequate lacrimation causing a decreased volume of tear 
film production, for example, in Sjögren syndrome. Other 
patients may have decreased eye-blinking from prolonged 
gazing at a computer screen or from facial bradykinesia in 
Parkinson’s disease, as each blink of the eyes compresses the 
lacrimal gland and disperses new tears to replace moisture 
lost to evaporation. The conjunctivae may appear slightly 
red, and contact lenses may not remain in place.

The patient with a dry tongue and cracked lips may 
have xerophthalmia (dry mouth). This can result from 
Sjögren syndrome or more commonly from anticholinergic 
medication.

Had Conan Doyle written for a medical readership, he 
might have challenged Sherlock Holmes to solve cases punc-
tuated with medical clues such as aberrant reinnervation. 
Gustatory facial sweating (auriculotemporal syndrome) 
following injury to the facial nerve develops when severed 
parasympathetic fibers that originally supplied the salivary 
glands regrow in the wrong direction and innervate facial 
sweat glands. When eating, droplets of sweat appear on the 
cheek. Other salivary fibers may reinnervate the lacrimal 
gland and cause unilateral tears when eating (crocodile 
tears).

Sudomotor

In The Adventure of the Blue Carbuncle, Sherlock Holmes 
examined a hat “as an intellectual problem”, and concluded 
that the marks of moisture on the inside were “proof positive 
that the wearer perspired very freely” [30]. By contrast, dry 
leather shoe insoles or dry socks can suggest a small fiber 
neuropathy significant enough to abolish distal postgangli-
onic sudomotor neuronal function.

Chronic anhidrosis may present with dry, parched or 
cracked skin, or there may be no remarkable physical find-
ings. Hyperhidrosis is more easily detected than anhidrosis 
and is more often noticed by patients. Detection of subtle 
asymmetry of sweating is important because it has potential 

Fig. 5  Examples of Horner’s syndrome. Note ptosis and miosis of the 
affected right eye (a) and left eye (b)
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localizing value. The best way to visualize active sweating at 
the bedside is to dim the room lights and shine a bright light 
held just above the examiner’s eyes perpendicularly to the 
patient’s skin to elicit reflections from sweat droplets [31]. 
Tiny sweat droplets on the skin surface may be visualized 
through an otoscope.

More sensitive than visualization is palpation of the skin, 
which feels smoother to the touch when normal sweating is 
present. Asymmetry of baseline sweating, when suspected, 
can be assessed quickly by a gentle stroke of the fingers 
against the skin, at the same time taking note of any asym-
metry of temperature. The same principle is the basis for the 
spoon test, in which sliding a moderately heavy spoon over 
the surface of sympathetically denervated skin encounters 
greater resistance [32].

Gastrointestinal

The biblical story of the trial by ordeal conducted in the case 
of the “sotah”, the woman accused of adultery by her hus-
band, teaches about one of the most important—and under-
appreciated—signs of distress-related activation of the SAS.

The woman would be brought to the priest, who would 
conduct the trial according to a specific ritual. The key sign 
of guilt was when the accused woman was forced to drink 
“waters of bitterness”, consisting of water and dust from 
the floor of the tabernacle. The priest would incant, “If thou 
has gone aside, being under thy husband, and if thou be 
defiled… this water that causeth the curse shall go into thy 
bowels, and make thy belly to swell” (Numbers 5:19–21). 
The accused woman would have to reply, “Amen, Amen” 
(the first use of the term in the Bible). The woman would 
then drink the test potion. If she had been unfaithful, her 
belly would swell.

Why would abdominal distention be a sign of distress 
and, therefore, in biblical lie detection, of guilt? Adrena-
line potently relaxes smooth muscle of the gastrointesti-
nal tract. Indeed, this relaxation provided the basis for the 
first successful method, introduced by Walter B. Cannon, 

for detecting adrenaline release during emotional distress. 
Cannon drew blood from a cat exposed to a barking dog. 
This evoked release into the cat’s blood of a substance that 
relaxed a strip of gut tissue (Fig. 6). Exposure of the strip 
to blood from the adrenal veins produced the same relaxing 
effect, and tying off the adrenal veins eliminated the effect, 
indicating that distress released a substance from the adrenal 
glands into the bloodstream. The woman in distress would 
have a form of functional ileus (decreased propulsion of gut 
contents). In this setting, a non-palatable liquid would not 
pass through the gut, and the belly would swell.

It is not widely appreciated that high circulating levels 
of catecholamines can produce ileus. The distended loops 
of bowel would result in abdominal swelling. Ileus without 
intestinal obstruction is called pseudo-obstruction. Intesti-
nal pseudo-obstruction can be a manifestation of pheochro-
mocytoma, a tumor that secretes catecholamines into the 
bloodstream [33–36].

Urinary

Palpation and percussion of the suprapubic region can detect 
a greatly distended bladder. If there is no evidence of urinary 
outlet obstruction, for example, an enlarged prostate gland 
in men or prolapse of the bladder or rectum in women [37], 
then neurogenic atony of bladder wall contraction should be 
suspected and sacral sensation should be carefully examined. 
Loss of sensation to pinprick in sacral dermatomes S2–S5, 
reduced anal sphincter tone, or loss of the anal wink reflex 
should alert suspicion for a lesion of the cauda equina or 
conus medullaris.

More common than an atonic bladder that retains urine 
is an overactive or hypercontractile bladder, which, if neu-
rogenic, may be accompanied by lower extremity hyperre-
flexia, a spastic gait, and extensor toe responses to plantar 
stimulation (Babinski sign).

Urinary retention requiring intermittent catheterization 
or indwelling bladder cannulation is an important sign of 
MSA. Urinary retention is much more typical of MSA than 

Fig. 6  Tracings by Walter B. Cannon showing in  vitro intestinal 
relaxation upon exposure to blood from a cat exposed to a barking 
dog. This was the first demonstration of distress-induced release of a 

hormone (epinephrine). Following baseline (A), alternate application 
of excited blood (at B and D) and quiet blood (at C), from the same 
animal, to an intestinal strip initially beating in Ringer’s solution
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PD+OH. The reason is degeneration in a region called 
Onuf’s nucleus, which is in the anterior horn of the sacral 
spinal cord. Onuf’s nucleus receives descending input from 
the “continence center” in the pons of the brainstem, and 
it projects to the urethral sphincter by way of the pudendal 
nerve (Fig. 7). Stretch receptors in the bladder wall send 
afferent information to the spinal cord, and the signal is 
transmitted both to the brainstem and to Onuf’s nucleus, 
completing long-distance and local negative feedback loops.

Heart rate

“One of the most interesting, but also, if I do not mistake, 
one of the least noticed facts of the symptomatology of cer-
vical spinal lesions”, wrote Jean-Martin Charcot in 1881, is 
“the permanent retardation of the pulse” [38]. His descrip-
tion proceeds to describe paroxysmal bradycardia, flushing, 
headache, and syncope: “The state of syncope always opens 
the scene; the apoplectic state with stertorous sleep then 
supervenes, at the moment when the pulse, which had been 
for an instant suppressed, reappears, and when the pallor of 
the features gives place to redness of the countenance” [38]. 
Charcot was correct to suspect that these phenomena did not 
arise in the heart, but rather in the spinal cord or medulla 
oblongata, even though knowledge of autonomic neuro-
anatomy at that time was insufficiently detailed to explain 
this disrupted connection between the brain and the heart. 
A century later, it is understood that interruption of car-
diac sympathetic innervation at T1–T4 when cardiac vagal 
innervation is intact can lead to unopposed cardiac parasym-
pathetic activity causing bradycardia as well as orthostatic 
hypotension [39, 40].

The integrity of parasympathetic innervation of the heart 
can be estimated at the bedside by two simple methods. 
First, by palpating the pulse while the patient is asked to 
take a single deep breath or a series of slow deep breaths, 
variations in cardiac frequency may be discerned. This res-
piratory sinus arrhythmia is a normal response that consists 
of acceleration of heart rate during inspiration and slowing 
of heart rate during expiration. Under resting conditions, the 
heart varies; in patients with baroreflex–cardiovagal failure, 
such as in MSA, the heart rate is more metronomic, and 
there is very little variability (Fig. 8). Second, the normal 
release of parasympathetic tone upon standing may cause 
an immediate, transient increase in heart rate during the first 
15–30 s [41].

Because these responses attenuate with increasing age, 
their absence in older patients is less informative. When pre-
sent, they represent a qualitative, though imprecise, indica-
tion that cardiovagal function is present.

Blood pressure

Last, but by no means least, bedside examination of the 
autonomic nervous system should assess the hemodynamic 
response to orthostatic stress. No reasonable clinician would 
diagnose hypertension on the basis of symptoms without 
measuring blood pressure. Similarly, the diagnosis of OH or 
OI requires measurement of blood pressure (BP) and heart 
rate during postural change.

For routine screening in a busy clinical practice, we 
recommend measuring BP and heart rate while the patient 
is supine, having rested in the supine position for at least 
2 min, then while standing at 1 min. Measuring the standing 
BP before a full minute has passed is of little value except in 
cases where there is a history of syncope or falling imme-
diately upon standing. A substantial fall in BP at 1 min of 
standing will capture most cases of neurogenic OH [42]. If 
the fall in BP is borderline, or if it is within normal limits 
when the clinician suspects OH, then repeating the standing 
BP measurement at 2–5 min may be appropriate.

OH is defined, not by symptoms—which can be nonspe-
cific or even absent—but by a sustained reduction in sys-
tolic BP of at least 20 mmHg or diastolic BP of 10 mmHg 
within 3 min of standing [3, 43]. The absence of compen-
satory tachycardia (when pharmacologic beta blockade is 
not present) is suggestive of neurogenic OH. In some cases, 
postural tachycardia is preserved in neurogenic OH. Exces-
sive postural tachycardia in the absence of OH is a defining 
feature of postural tachycardia syndrome [43].

Various automated devices, some of which are designed 
for inexperienced users, are increasingly replacing the tradi-
tional auscultatory technique using a stethoscope and mercu-
rial or aneroid sphygmomanometer for clinical assessment 
of BP [44]. In general, wrist devices are less accurate than 

Fig. 7  Reflex micturition pathways and Onuf’s nucleus. Degeneration 
of Onuf’s nucleus is a preganglionic lesion seen in MSA



31Clinical Autonomic Research (2018) 28:23–33 

1 3

upper arm devices [45], and all indirect methods are less 
accurate than intra-arterial recordings [46]. These devices 
are usually sufficient, however, for assessing changes in BP 
[46], which is of greater importance than static BP measure-
ments when evaluating autonomic disorders.

Automated oscillometric devices are user-friendly and 
purported to eliminate observer bias but have the unintended 
consequence of making it seem unnecessary to think about 
the physiology of BP when assessing the patient. All that is 
necessary to document BP in the medical record is to place 
a cuff on the patient’s arm, press a button, wait 30–40 s, and 
write down the numbers. When evaluating the patient with 
orthostatic syncope whose BP drops precipitously within 
the first 20–30 s of standing and then recovers, an auto-
mated device may not function quickly enough to detect the 
relevant abnormality, whereas the clinician who knows the 
patient’s baseline BP, can, with a stethoscope and experi-
ence, detect the drop in time.

Accuracy of BP measurement depends on arm posi-
tion. The detection device should be kept at the level of 
the heart (the right atrium), especially when the patient 
changes posture, to avoid the confounding effect of the 

hydrostatic pressure of the arm blood column. If the device 
shifts to a lower level when the patient stands up, a falsely 
higher BP result will occur. The difference can be as much 
as 2 mmHg for every inch (2.5 cm) above or below the 
heart [44]. Equally important is that the patient be com-
fortable, relaxed, and not speaking or tensing limb mus-
cles. The mercury column or equivalent should be deflated 
at a rate of 2–3 mm/s (more slowly if bradycardia is pre-
sent, more quickly if the patient at that moment is presyn-
copal), and the BP recorded to the nearest 2 mmHg [44].

The absence of OH at a given point in time does not 
exclude the presence of noradrenergic failure with the 
potential for intermittent neurogenic OH. The hemody-
namic response to orthostatic stress will vary by the time 
of day, the length of the preceding supine rest period, 
hydration status, pharmacologic effects of medications, 
ambient temperature, meals, and many other factors [47]. 
In a study of 40 outpatients with documented symptomatic 
OH, the abnormal drop in BP was reproducible at sub-
sequent times during the same day in only about 70% of 
patients [48]. For these reasons, morning assessments may 

Fig. 8  Heart rate variability 
(power spectral analysis in 
the time domain) in a control 
subject and a patient with MSA. 
Patients with diseases involving 
baroreflex–cardiovagal failure 
have an invariable heart rate



32 Clinical Autonomic Research (2018) 28:23–33

1 3

be more sensitive, and, when the results are uncertain, 
repeated measurements on separate days may be necessary.

Detection of OH in the patient who is unable to stand up 
represents a special diagnostic challenge. In most cases, the 
transition from supine to seated will cause some degree of 
a drop in BP, especially if the legs are passively lowered.

Conclusion

“It is a mistake to confound strangeness with mystery”, said 
Sherlock Holmes in A Study in Scarlet. Continuing, he points 
out that “These strange details, far from making the case 
more difficult, have really had the effect of making it less so” 
[49]. Autonomic signs likewise may at first seem mysterious 
to the patient or to the inexpert clinician, but with under-
standing of the underlying concepts and attention to detail, 
a careful study of physical signs can begin to elucidate the 
most perplexing of autonomic disorders.
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