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Introduction

Autonomic dysreflexia, also known as autonomic hyperre-
flexia, AD syndrome, or AD symptom complex is a perilous
autonomic nervous system (ANS) reaction associated with
morbidity and mortality.1–4 It occurs in 70 to 90% of patients
with spinal cord injury (SCI) at or above T6.2,5–8 Although
rarely, AD-like symptoms were also observed in patients
with degenerative disc disease, intramedullary tumors, or
multiple sclerosis plaques in the cervical or thoracic
region.9–12AD is typically presented as a sudden, uncontrolled

high blood pressure accompanied by cardiac arrhythmia,
blurred vision, intense headache, skin erythema, and profuse
sweating in the part of thebodyabove the SCI.5,13,14 Episode of
the high blood pressuremight be associatedwith a high risk of
intracranial or retinal hemorrhage, seizures, heart failure, or
pulmonary edema.2,14–17 This fact represents an emergent
situation demanding immediate medical attention. The pau-
city of familiarity with this clinical entity may cause misdiag-
nosis, hesitancy, delay in the appropriate management, and
thus irreversible harm to the patient.5,17,18 The aforemen-
tioned reasons inspired the authors to review literature
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Abstract Autonomic dysreflexia (AD) is a potentially life-threatening condition of the autonomic
nervous system following spinal cord injury at or above T6. One of the most common
symptoms is a sudden increase in blood pressure induced by afferent sensory
stimulation owing to unmodulated reflex sympathetic hyperactivity. Such episodes
of high blood pressure might be associated with a high risk of cerebral or retinal
hemorrhage, seizures, heart failure, or pulmonary edema. In-depth knowledge is,
therefore, crucial for the proper management of the AD, especially for spine surgeons,
who encounter these patients quite often in their clinical practice. Systematical review
of the literature dealing with strategies to prevent and manage this challenging
condition was done by two independent reviewers. Studies that failed to assess primary
(prevention, treatment strategies and management) and secondary outcomes (clinical
symptomatology, presentation) were excluded. A bibliographical search revealed 85
eligible studies that provide a variety of preventive and treatment measures for the
subjects affected by AD. As these measures are predominantly based on noncontrolled
trials, long-term prospectively controlled multicenter studies are warranted to validate
these preventive and therapeutic proposals.
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dealing with current treatment strategies of the serious clini-
cal condition.

Materials and Methods

Literature published between January 1, 2000, and Decem-
ber 31, 2020, was searched in the NCBI/NLM
PubMed/MEDLINE and ISI Web of Science databases using
specific strings of terms with restriction to full text and
English language. The following string of terms was used:
(“autonomic dysreflexia,” “spinal cord injury,” “autonomic
nervous system”). Time restriction allowed the inclusion of
studies employing refined imaging and treatment strategies.
Studies failed to assess primary (prevention, treatment,
management) and secondary outcomes (clinical symptom-
atology and presentation) were excluded. The titles and
abstracts were screened by two independent reviewers
and subsequently selected studies were critically reviewed
and assessed for their methodological quality and outcomes.
Any disagreements were resolved by consensus of the
reviewers. Our literature search yield 1,101 articles of which
85 studies concerning patients with AD met the inclusion
criteria.

Anatomy of Sympathetic Nervous System

A sympathetic part, one of the twomain parts of the ANS and
more fundamental for AD, functions on the basis of the reflex
arc with an afferent and efferent arm, and a central integrat-
ing system.19,20 The sensory information from receptors are
transmitted to the homeostatic control centers in the brain
via cranial nerves, or in the spinal cord via dorsal root ganglia.
The simplest reflex actions of the ANS may be completed in
the involved organ system (bowel motions, production of
digestive enzymes), others at the level of spinal cord (urina-
tion, defecation), while more complex autonomic reactions
are regulated by centers located in the brainstem and hypo-
thalamus.20–23 The hypothalamic–brainstem control system
is also under the influence of higher central areas, such as
insula, anterior cingulate cortex, substantia innominata,
amygdala, and the ventromedial prefrontal cortex. They
mediate specific autonomic reactions (blushing, piloerec-
tion, tachycardia, sweat cold, nausea, and/or vomiting) acti-
vated by emotions or distress.20,23 The sympathetic
pathways leave the central nervous system via preganglionic
neurons located in the intermediolateral columns of the
spinal cord from T1 to L2/L3 level19,20 and respond to the
threats of the external environment by the “fight-or-flight”
reaction, whereas the parasympathetic part provides with
the “rest-and-digest” activities.20,23 The sympathetic neu-
rons play a critical role in maintaining tonic activity in
sympathetic vasomotor nerves, whereby most of these neu-
rons respond to visceral stimulation.20,21,24,25 The impulses
project via the anterior spinal nerve roots to ganglionic
neurons forming paravertebral and prevertebral ganglia,22

namely ganglion impar,24 celiac, aorticorenal, superior
mesenteric, and inferior mesenteric ganglia,20 and the plex-
uses of internal carotid arteries,24 In addition, some axons

end in the adrenal medulla and regulate releasing of cat-
echolamines into the bloodstream (►Fig. 1).20–22,24,26

Sympathetic Nervous System and Spinal
Cord Injury

The sympathetic ANS supplying blood vessels with vasocon-
strictor axons operate in balance with parasympathetic
pathways.20,22,23 Since the SCI located above the mid-tho-
racic segments obstructs brainstem control over the spinal
autonomic circuitry, innocuous or subthreshold noxious
afferent impulses reaching the medulla below the lesion
via intact sensory nerves may elicit an uninhibited reaction
of sympathetic preganglionic neurons.14,15,27–31 Injuries lo-
cated below T6 segment less likely cause AD because the
intact splanchnic innervation usually ensures the compen-
satory dilatation of the intraabdominal vascular bed provid-
ing the sufficientmass of blood vessels apt tomanage arterial
hypertension.6,8,17 A critically increased blood pressure
caused by the uncontrolled release of norepinephrine, dopa-
mine-β-hydroxylase, and dopamine21,27,32 is detected by
baroreceptors in the aortic arch, carotid sinus, and coronary
arteries, projecting to the nucleus of the solitary tract located
in the medulla oblongata.21,23 This leads to the response of
the integration center by a strong vagal reaction.22However,
the impulses are blocked by the lesion, so they only affect
vessels innervated by neurons located above the SCI.29 That is
why the vagal stimulation induces vasodilatation in the
upper part of the body, provokes headache, nasal congestion,
skin flushing, and profuse sweating of the head, face, neck,
shoulders, the upper part of the trunk, as well as
bradycardia.23,31 Of note, the bradycardia may be only “rela-
tive,” not less than 60 heart beats per minute. Yet, even a
significant reduction of heart rate is not able to compensate
for the massive splanchnic vasoconstriction.14,17 Clinical
practice shows that frequency, as well as the intensity of
AD attacks usually increases over time.18,29,33,34 This is
attributed to the synaptic reorganization of sympathetic
preganglionic neurons, primary afferent sprouting, aberrant
propriospinal plasticity caudal to the lesion, and peripheral
adrenergic hypersensitivity.18 Following the blockade of
descending modulatory impulses by the SCI, the perfor-
mance of sympathetic preganglionic neurons (regulated in
healthy individuals by a mutual activity of supraspinal and
intraspinal stimuli) becomes wholly dependent on inter-
neurons located in spinal cord laminae V to VIII and X.24

Since there are not any direct synaptic connections between
primary afferents and sympathetic preganglionic neurons, it
is anticipated that sensory neurons affect the sympathetic
neurons via aforementioned spinal interneurons.35

The secondary intensifying phase of AD is attributed to the
plasticity below the lesion. What promotes such a maladap-
tive development is still not clear, but experimental works
indicate that a tumor necrosis factor alpha signaling plays a
role in the injury-induced neuroplasticity.18 The additional
contributing factormaybe enhanced intraspinal sprouting of
unmyelinated c-fiber nociceptive afferents promoted by
expression of nerve growth factor (NGF), and pro-NGF.36,37
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The experimental model also showed that γ-aminobutyric
acid (GABA) neurotransmission transforms from an inhibitory
to excitatory pattern. Specifically, GABA-ergic neurons instead
of physiological suppression, promote the development of
nociceptive sensitization after SCI.38 In addition to amaladap-
tive plasticity of viscerosympathetic circuitry, there is also
evidence of peripheral changes responsible for an exaggerated
pressor reaction to the afferent stimulation. In tetraplegic or
high-level paraplegic subjects, the resting blood pressure and
plasma catecholamine levels are significantly lower than in
healthy individuals. Nevertheless, in patients with a history of
AD, the vasomotor response to administration of norepineph-
rine is significantly enhanced.39

Mechanisms Initiating Autonomic
Dysreflexia

Various stimuli can trigger an unregulated sympathetic
reaction causing AD.27,31,40,41 The onset of AD is usually

provoked by the distension of urinary bladder, genitourinary
tract infections, urolithiasis, renal colic, catheterization, uro-
dynamic studies, cystoscopy, sexual stimulation, gynecological
problems, vaginal examination, distal bowel or rectal stimu-
lation (enema, mechanical stool removal, fecal impaction),
hemorrhoids, gastrointestinal morbidity (pancreatitis, gastro-
duodenal ulcers, cholelithiasis), tissue damage (bone fracture,
decubital necrosis), or skin irritation from tight clothing,
sunburn, ingrown toe nails, insect bites, dressing changes,
rehabilitation, and physiotherapeutic measures.17,28,40,42 The
compression of surrounding organs by enlarged uterus, as
well as labors, delivery, breast-feeding, and changes arising
during puerperal period are also strong triggering factors in
women with cervical or high-thoracic lesions.5,7,40,43,44

Acute Clinical Presentation

ADmay have an episodic nature or attacks that occur several
times a day while persisting from minutes to hours, or even

Fig. 1 Schematic drawing of sympathetic nervous system.
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days.4,31,34 They are characterized by a sudden increase in
systolic blood pressure by at least 20 to 40mm Hg above the
baseline in adults, 15 to 20mm Hg in adolescents, and more
than 15mm Hg in children. Heart rate changes usually
include bradycardia; however, tachycardia, especially in
children, has been also observed frequently accompanied
by pulsating headache, intermittent tremor, dizziness,
malaise, nausea, blurred vision, restlessness, and
anxiety.11,14,15,31,45 The symptomatology may be replen-
ished by nasal congestion, miosis, and diaphoresis, hot
flushes of the face, neck, shoulders, and upper part of the
chest cranially to the level of lesion due to parasympathetic
response. On the other hand, pale, cool skin, and piloerection
are observed caudally to the level of SCI due to increased
sympathetic tone, and lack of descending inhibitory para-
sympathetic modulation.14,31,46 Headache and sweating are
observed in more than 80% of cases, whereas the others are
present inconstantly.46 Yet, in rare cases of so-called silent
AD, the concomitant symptoms may be minimal, or absent.
Nevertheless, this type of AD may also advance to the true
emergency characterized by extreme hypertension (systolic
blood pressure may exceed 300mm Hg and diastolic
200mm Hg), cardiac arrhythmia, pulmonary edema, and
lethal outcome.5,12,14,15,17,34,40 In the review of 26 studies
analyzing 32 cases of life-threatening or fatal complications
associated with AD, Wan and Krassioukov28 identified 23 as
central nervous system-related, 7 cardiovascular-related,
and 2 pulmonary-related. Seven patients died; six due to
intracerebral hemorrhage and one due to heart failure and
pulmonary edema. The first attack of AD usually occurs
after the spinal shock wears off and spinal reflexes return. It
may takes weeks, months, or even years after the high-level
injury.31,44,47 However, in approximately 6% of SCI, AD
emerges during an early postinjury period.39,48 Such a
situation is potentially very dangerous since patients
with a complete acute/subacute SCI located at or above
T6 usually suffer from hypotension.49 Hence, their manage-
ment requires vasopressors to maintain sufficient oxygen-
ation of vital organs.14,47 An unexpected AD attack in
such patients, whose condition necessitates the regular
administration of pressor agents, may have catastrophic
consequences.

Chronic Clinical Presentation

Deterioration of Cardiac Function
The echocardiographic examinations in rats following exper-
imental T3 transections showed that repeated AD attacks
had a marked negative impact on basal myocardial perfor-
mance, and a growing number of daily hypertonic crises
proportionally deteriorate systolic as well as diastolic func-
tion. Experimental studies suggested that depressed cardiac
contractile reserve developed due to desensitization of β-
adrenergic receptors.50 Similar results were observed in
humans with cervical SCI suffering from multiple daily AD
episodes.50 The data explain mechanisms participating in
the development of an acute pulmonary edema induced by a
severe AD assault.51,52

Induced Immune Deficiency Syndrome
Animal models as well as clinical practice indicate that
repeated episodes of AD suppress immune functions,
impair cardiac mechanics, and alter cerebrovascular and
cognitive functions.3,33,53 The phenomenon known in
paraplegic/tetraplegic patients as the spinal cord injury
induced immune deficiency syndrome (SCI-IIDS) depends
on the level of SCI; the lesions located above T6 are associated
with more serious immunosuppression.33,53 The SCI-IIDS is
characterized by reduced activity of macrophages, T and
B lymphocytes, as well as an impaired proliferation of
hematopoietic progenitor cells.53 Due to well-known immu-
nosuppressive role of sympathetic nervous system and cat-
echolamines, Zhang et al33 imply the existence of a causal
link between recurrent AD episodes, spleen atrophy, de-
creased immune cell production, limited antibodies produc-
tion, and a diminished anti-inflammatory response of the
organism. All aforementioned negative factors explain the
considerably increased predisposition of patients with high-
level SCI to infectious complications.53

Alteration of Cerebrovascular and Cognitive Functions
It is well known that hypertension alters the structure and
function of cerebral blood vessels. The repeated AD bouts
cause arteriolar damage, brain edema, and brain tissue
necrosis. Clinical symptomatology is characterized by neu-
rological deficit and altered cognitive functions.54,55

Autonomic Dysreflexia and Pregnancy

The epidemiological study of Lee et al56 showed that more
than 50% of SCI in women are at or above T6. Moreover,
many of them are young and able to get pregnant. Whereas
the occurrence, causes, and symptomatology of AD are
similar in men and women, the pregnancy represents the
unique situation, requiring a different approach and special
attention.40,43 The most common complications of preg-
nancy in tetraplegic/paraplegic women with high-level
thoracic SCI are urinary tract infections and constipation
accompanied with fecal bowel impaction. In the third
trimester of gestation, problems with respiration, increased
spasticity, preeclampsia, as well as preterm labor and
delivery usually between the 32nd and 37th week of
gravidity may occur.40,43,44 The preeclampsia characterized
by the triad of hypertension, proteinuria, and edemas57

might represent a very serious condition when associated
with AD.

Paralympic Athletes with Autonomic
Dysreflexia

In patients with high-level SCI, cardiovascular system has a
tendency to react to increased physical demands by lowering
blood pressure,14 leading to reduced endurance and limited
performance.58 Therefore, some paralympic athletes en-
hance their performance through the self-induction of AD,
the activity referred to as “boosting.” The boosting is
achieved by constriction of feet, legs, or genitals, clamping
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the catheter to impose an overfilling of the bladder with
urine, eventually other types of peripheral nervous system
irritation.58,59 The studies comparing physiological func-
tions of paraplegic athletes showed that their blood pressure,
heart rate, oxygen consumption, and circulating catechol-
amines were markedly elevated in a boosted state, and
the physical performance increased by 7 to 10%.60 Yet, a
deliberate and repeated induction of AD may cause serious
complications, even death. For health safety reasons, the
boosting is officially banned by the International Paralympic
Committee.58–60

Management of Autonomic Dysreflexia

Various therapeutic measures, such as hypothermia, neuro-
protective drugs, genetic manipulation of intraspinal plas-
ticity, or reparative strategies, have been proposed to
ameliorate, suppress, or reverse the activity of numerous
negative factors contributing to the expansion of necrosis,
and accentuating the tissue damage within the secondary
phase of SCI.61–66

Prevention of Sympathetic Hyperactivity
The majority of treatment options primarily rely on pre-
vention and suppression of sympathetic hyperactivity. Since
the most common cause of AD is urinary bladder distension
followed by the recto-sigmoid fecal impaction, the employ-
ment of regular voiding and bowel care programs is essen-
tial for the well-being of the patients.25,27,34,40,67–69

Suppression of Sympathetic Hyperactivity
If symptoms of AD occur, the initial management should
begin with the change of patient́s position from supine to
sitting, and lowering legs across the edge of the bed.16,27,40,51

The upright posture helps to reduce high blood pressure by
transfer of circulating blood to the lower part of the body.34

The next step is the identification and removal of triggering
factors.5,31,39,40,70 Because the Credé maneuver may trigger
an AD, its use to empty urinary bladder in this situation is too
risky. So, if the patient has not an indwelling catheter, the
catheterization of the urinary bladder is indicated.34,40 Be-
cause any manipulation with a urinary catheter can start an
AD reaction, it should be performed in local anesthesia
utilizing 2 to 3minutes instillation of trimecaine hydrochlo-
ride or lidocaine hydrochloride lubricating jelly into the
urethra40,71,72 If the urinary bladder is empty, but symptoms
of AD persist, the fecal impaction of the distal colon must be
suspected. The complete bowel evacuation after mucosal
anesthesia should, therefore, follow.67,69,71 If the aforemen-
tioned measures do not alleviate symptoms and reduce
blood pressure sufficiently, pharmacological management
must be initiated.39,40 Because the administration of antihy-
pertensive drugs in patients with unstable cardiovascular
functions may lead to sudden hypotension, the selection of
medicaments, as well as their initial dosage should be
cautious and attended by monitoring blood pressure every
2 to 5minutes for at least 2 hours after resolution of AD
episode.

Antihypertensive Therapy
Themost frequently usedmedicaments for an acute attack of
AD are organic nitrates—nitroglycerine, isosorbide dinitrate,
or isosorbide mononitrate. The mode of action of nitroglyc-
erine or isosorbides is their conversion to nitric oxide with
the help of mitochondrial aldehyde dehydrogenase. Nitric
oxide imposes relaxation of smooth muscles in arteries and
arterioles leading to vasodilation and rapid reduction of
blood pressure.73 The intravenous administration of high
doses of nitroglycerine proved well in the management of
hypertensive heart failure accompanied by pulmonary
edema.52 The hypertonic crisis can also be handled by
intravenous infusion of sodium nitroprusside.74 Nifedipine
belonging to a group of calcium channel blockers reduces the
influx of Ca2þ into vascular smooth muscle cells and
decreases blood pressure.34 Pretreatment with another cal-
cium channel blocker nimodipine by a standard oral dose
1 hour before urological procedures or sexual activity proved
to be an effective AD prophylactic measure.30,75 The side
effects of nifedipine include headache and arterial hypoten-
sion. Especially in patients predisposed to resting and/or
orthostatic hypotension,which typically occurs in thosewith
high-level SCI, nitrates are favored to nifedipine, because the
drug may cause renal, brain, and/or cardiac ischemia due to
an excessive reduction of blood pressure.10,34 Prazosin hy-
drochloride, a specific α1-adrenergic receptor antagonist,
acting through the blockade of constrictive action of norepi-
nephrine on smooth muscle cells in vessel walls and urethra
is a second-line choice for the treatment of arterial hyper-
tension.29,67 Prazosin also alleviates the symptoms associat-
ed with prostatic hyperplasia and suppresses nightmares in
patients with posttraumatic stress disorder.29,76 The side
effects of the drug include dizziness, sleepiness, nausea,
palpitations, spontaneous erection, and exceptionally
priapism.76 The indication of prazosin is preferred in high-
level SCI patients with chronic hypotension due to its mini-
mal influence on cardiac functions and resting blood pres-
sure.30 Specifically, the administration of prazosin may be
effective as a prophylactic measure during iatrogenic proce-
dures often triggering AD, such as sperm retrieval by penile
vibrostimulation, cystoscopy, urodynamic studies, and colo-
rectalmanipulations.30,68,75,77 Similar positive results can be
achieved by infusion of dexmedetomidine hydrochloride, a
highly selective α2-adrenergic agonist with sympatholytic
and anxiolytic effects. While its principal indication is seda-
tion and lowering blood pressure by central mechanisms, its
principal side effects are bradycardia, nausea, and dry
mouth.78 Especially positive results in relation to the reduc-
tion of AD attacks were achieved with the combination of
dexmedetomidine and magnesium sulfate.16 For recurrent
AD, administration of clonidine orally or hydralazine hydro-
chloride intravenously or intramuscularly is recom-
mended.34 Clonidine, a selective agonist of α2-adrenergic
receptors in the brainstem vasomotor center, lowers blood
pressure by its sympatholytic effect. It is not only indicated in
arterial hypertension, but also in the treatment of attention
deficits, hyperactivity disorders, withdrawal symptoms, and
menopausal flushing. The side effects of the drug are
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sedation, bradycardia, hypotension, dry mouth, nausea, and
hallucinations.79 Hydralazine hydrochloride lowers blood
pressure by exerting a peripheral vasodilatation effect
through a direct relaxation of vascular smooth muscles.
The drug decreases predominantly diastolic blood pressure.
Its side effects are headache, anorexia, nausea, diarrhea,
palpitations, tachycardia, angina pectoris, dyspnea, and nasal
congestion.51 It is important to stress that until the underly-
ing cause of AD is not identified and removed, the recurrent
hypertensive crises will reappear.40

Urinary Dysfunction
Clostridium botulinum is a group of four types of anaerobic
bacteria producing neurotoxins able to cleave synaptic pro-
teins necessary for neuromuscular transmission.80 The par-
alytic effects of the toxins are used for the inhibition of
muscle spasms and improvement in physiognomy by the
reduction of wrinkles. It is well known that neurogenic
detrusor overactivity can increase afferent stimulation and
trigger AD episodes in patients with high-level lesion.81

Botulinum neurotoxin or onabotulinum toxin administered
into thewall of the urinary bladder increases its capacity and
decreases maximum detrusor pressures.82 The treatment by
the neurotoxin in these patients gained growing popularity
due to its effectiveness, long duration of action (12–18
months), relative ease of administration, reproducibility of
positive results on repeated application, and low incidence of
complications.81,82 There was not observed any significant
difference in effectiveness between injection administered
directly into the detrusor or just to the bladder submucosa.83

Sexual Dysfunction
The men with high-level SCI frequently use sildenafil, var-
denafil, or tadalafil with the aim to improve their sexual
performance.77 If any of these drugs have been administered
within the last 24 hours before an AD attack, the medica-
ments containing nitrates (nitroglycerin, isosorbide dini-
trate, or sodium nitroprusside) are strictly contraindicated
and the utilization of short-acting and rapid-onset antihy-
pertensive agents, such as prazosin or captopril, is recom-
mended instead.30,34

Sacral Deafferentation
In refractory forms of AD, the surgical transection of poste-
rior S2-S4 spinal cord nerve roots is recommended. This
strategy, also known as sacral deafferentation, eliminates the
conduction of sensory impulses to the spinal cord.84

Pregnancy
The care-givers and physicians of pregnant women should
apply all the above-mentioned measures and their obstetri-
cians should be consulted regarding the appropriate long-
termmedication.40 If an AD attack arises, the best option is to
refer a pregnant woman to an obstetric health-care facility
for continuous monitoring during the residual gestation,
childbirth, and postpartum period.44,57,85 Regarding labor
and delivery, epidural anesthesia is very effective to prevent
or suppress AD symptoms associated with uterine contrac-

tions. Three out of six women with a high-level SCI and the
history of AD were able to deliver their babies vaginally; in
the remaining three cases the caesarean section was re-
quired utilizing epidural, spinal, or general anesthesia.85

Conclusion

Awareness of AD as a potentially life-threatening condition is
essential for clinicians involved in the care of patients
suffering from SCI at or above T6 level. Education of health
care staff along with in-depth knowledge of the relevant
pathophysiology, pharmacology, or surgical options can aid
in prevention, early recognition, and successful management
of AD. A relatively hugenumber of studies provide avarietyof
preventive and treatment modalities; however, as they are
predominantly noncontrolled trials, long-termprospectively
controlled multicenter studies are needed for the validation
of the proposed therapeutical measures, especially from
their effectiveness and prevention of chronicmorbidity point
of view.
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