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7.1  Case Introduction

In March, a 63-year-old accountant wanted to ride his motorbike from a shed, where 
he kept it in winter times, to his house to prepare it for the new season. Since this 
was only some 150 meters, he did not care to wear a helmet. After riding about half 
of the distance, he pulled the gas not noticing that the concrete at this very spot was 
covered with some gravel from winter times. His family heard a short revving of his 
engine, followed by crash noise, and immediately came to help. When paramedics 
arrived, he had Glasgow Coma Scale of 9, continuously worsening. Paramedics 
requested an air-bound emergency doctor transport to the hospital. Due to his dimin-
ishing consciousness, he was intubated before the helicopter left the site.

Emergency trauma room CT revealed a basal skull fracture, temporal right con-
trecoup hemorrhage, right subdural hematoma, and subarachnoidal hematoma 
(Fig. 7.1a). An intracranial transducer was placed; opening intracranial pressure 

Fig. 7.1 (a) Admission CT scan showing temporal right contrecoup hemorrhage, right subdural 
hematoma, subarachnoidal hematoma, and basal skull fracture. (b) Autonomic monitoring day 1: 
fluctuations of heart rate, blood pressure according to intracranial pressure fluctuations. Upper 
trace (white) heart rate, lower trace (red) systolic and diastolic blood pressure. (c) Autonomic 
monitoring day 3: increased frequency of fluctuations. Upper trace (white) heart rate, lower trace 
(red) systolic and diastolic blood pressure

a

b

c
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was 22 mmHg. Through intensive care management, the intracranial pressure 
could be controlled, but autonomic monitoring revealed severe fluctuations of 
heart rate and blood pressure, occurring at the very moment of intracranial pres-
sure fluctuations (Fig. 7.1b). The frequency of fluctuations increased (Fig. 7.1c). 
On day 3, MRI revealed an additional left frontal coup hemorrhage. On day 5 the 
patient suffered cardiac arrest. Despite prolonged cardiopulmonary resuscitation 
at the intensive care ward, a sufficient circulation could not be restored, and the 
patient died.

7.1.1  Introduction

One of the most dangerous expressions of autonomic disease is autonomic hyperac-
tivity, usually caused by a profound sympathetic increase.

Causes of autonomic hyperactivity include acute intracranial lesions (e.g., severe 
head trauma, hemorrhage, brain stem lesions) [1], spinal cord lesions causing auto-
nomic dysreflexia, peripheral neuropathies (e.g., Guillain-Barré), drugs (intoxica-
tions), and alcohol withdrawal [2].

Features of autonomic hyperactivity
Fluctuations in

• Blood pressure
• Heart rate
• Respiratory function
• Body temperature

May include
• Agitation
• Sweating
• Flushing
• Piloerection
• Pupillary dilatation
• Muscle tone increase

Autonomic hyperactivity may mount in severe complications.
Parasympathetic increase, especially acute loss of modulation, might also cause 

severe or even life-threatening complications (hypotonia or bradycardia, paralytic 
ileus, or bladder dysfunction). They are much less common but occur in, e.g., 
patients suffering autonomic dysreflexia or generalized seizures.

Consequences of autonomic hyperactivities are baroreceptor reflex failure, heart 
rate fluctuations, ECG changes (see Fig. 7.1b, c), cardiac arrhythmias, blood pres-
sure disturbances, chemoreceptor reflex failure, and respiratory complications in 
variable degrees. The most severe of these complications is the collapse of the car-
diovascular function. Apart from measuring blood pressure, heart rate, and oxygen-
ation, blood flow might be already evaluated at bedside (skin color, skin temperature). 
During intensive care monitoring, invasive circulation measurements are needed. 
Provocation factors should be avoided.
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Provocative factors/triggers
• Pain including intestinal pain during bowel movement and body manipula-

tion during nursing
• Tracheal suctioning
• Catheterization
• Bladder distention
• Pressure on the carotid sinus
• Eyeball pressure
• Loud and sudden noise

Autonomic hyperactivity needs urgent attention in identifying the lesion site and 
monitoring the patient.

7.2  Diagnosing Autonomic Involvement

In contrast to autonomic tests presented in Chaps. 2, 3, and 4, autonomic standard 
investigations are rarely accessible at an intensive care or critical care units. 
However, these patients are monitored, and several biosignals are of great help in 
hinting to autonomic disorders.

7.2.1  ECG [3]

The heart frequency is an important biomarker of autonomic dysfunction in inten-
sive care patients. Tachycardia, bradycardia, or arrhythmia indicates sympathetic or 
parasympathetic overactivity (see Table 7.1). In addition, autonomic innervation of 
the heart leads to altered ECG morphologies. These include prolonged PQ and QT 
interval, T wave, and ST and U interval morphologies.

Table 7.1 Typical symptoms and causes of autonomic hyperactivity syndromes

Syndrome Symptoms Possible causes

Increased sympathetic 
drive

Hypertension, arrhythmia, ECG 
changes, hyperhidrosis

SAH, ICH, stroke

Sympathetic 
deafferenciation

Hypotension, orthostatic 
intolerance, bradycardia, anhidrosis

Acute lesion cervical spinal 
cord

Increased 
parasympathetic drive

Bradycardia, reflex asystole, 
hypersalivation, diarrhea

GBS, brain stem lesion, side 
effect of cholinergic drugs

Parasympathetic 
deafferenciation

Tachycardia, intestinal atonia, dry 
mouth, dry eyes

GBS, side effect of 
anticholinergic drugs

Complete autonomic 
deafferenciation

Hhypotonia, orthostatic intolerance, 
autonomic atonia

GBS, pandysautonomia, brain 
death

Changing vegetative 
states

Symptom oscillations from 
increased sympathetic to 
parasympathetic drive

GBS, tetanus

Intracranial pressure Hypertension, bradycardia ICH, cerebral edema, SDH

Adapted from Autonome Störungen et al. [3]
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7.2.1.1  Blood Pressure
As discussed in Chaps. 1 and 3, the sympathetic nervous system regulates the 
 arterial vessel constriction. Blood pressure is therefore a strong marker for sympa-
thetic innervation in intensive care patients. This biomarker is best monitored “beat 
to beat” employing an arterial catheter. In patients with autonomic dysfunction, 
blood pressure trends might be valuable to monitor autonomic dysfunction.

7.2.1.2  General Management Considerations
Patients with autonomic hyperactivity should be managed at critical care wards 
including basic monitoring of ECG, temperature, respiratory frequency, continuous 
blood pressure, fluid balance (eventually invasive), and blood oxygenation.

As soon as the patient is initially stabilized, elaborate evaluation of the condition 
causing autonomic hyperactivity is necessary to initiate optimal treatment. Pursuing 
an approach as presented in Table 7.1 might prove valuable to derive an etiologic 
differential diagnosis.

Even if the condition is already well established at the onset of autonomic hyper-
activity (e.g., head trauma, intracranial hemorrhage), reevaluation is mandatory, to 
exclude secondary complications such as hydrocephalus, drug effects, seizures, 
increasing brain edema, systemic inflammatory response syndrome (SIRS), or mul-
tiple organ dysfunction syndrome.

General management considerations include concise fluid management to main-
tain euvolemic conditions, exclusion or early treatment of infection, sufficient anal-
gesia or analgosedation if necessary, and focused attention to triggering factors.

7.3  Syndromes

7.3.1  Sympathetic Hyperactivity

• Autonomic storm is considered in patients suffering extensive activation of the 
sympathetic nervous system. This activation might have three different 
 pathophysiological mechanisms: sympathoadrenal discharge, Cushing’s 
response, and end diencephalic “seizures.”

• Typical signs of sympathoadrenal discharge are hypertension, tachycardia, 
increased cardiac output, and decreased vascular resistance. Autonomic hyperac-
tivity is caused by increased sympathetic nerve activity due to severe CNS 
lesions, either with sympathetic neural discharge or excessive adrenal activity.

• Cushing’s response on the contrary shows hypertension but bradycardia as well 
as slow irregular breathing. Causes are acute distortion of the lower brain stem or 
cerebral hematomas.

• Diencephalic “seizures” are characterized by acute hypertension, tachycardia, 
pupillary dilatation, and often extensive sweating. The pathophysiology is 
unclear; there is no convincing evidence for epileptic discharge. Causes might 
be closed head injuries resulting in a decorticate state or widespread axonal 
injury.
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7.3.2  Specific Syndromes

7.3.2.1  Head Trauma
Paroxysmal sympathetic hyperactivity is a regular complication of head trauma 
patients. Disconnections involving the posterior corpus callosum and posterior limb 
of the internal capsule may play a role in the pathogenesis [4]. Paroxysms often start 
5–7 days after injury, eventually starting earlier, and follow a regular pattern for 
several times a day. Diagnosis might be achievable quite early [5]. Each episode 
may last from less than 1 h to 10 h. It might be present from 1 week to several 
months. The diagnosis of paroxysmal sympathetic hyperactivity was proposed if 
four of six criteria are present in the absence of other potential causes [6]:

 1. Fever (higher than 38.3 °C)
 2. Tachycardia (heart rate more than 120 beats per minute or more than 100 beats 

per minute if the patient is treated with beta-blocker)
 3. Hypertension (systolic blood pressure higher than 160 mmHg or pulse pressure 

higher than 80 mmHg)
 4. Tachypnea (respiratory rate over 30 breaths per minute)
 5. Excessive diaphoresis
 6. Extensor posturing of extremitiesor severe dystonia

Infection needs to be excluded as well as epileptiform activity in EEG.
In addition to the management as presented later, morphine sulfate is effective to 

abort ongoing paroxysms.

7.3.2.2  Subarachnoid Hemorrhage
Profound sympathoexcitation is a common finding in subarachnoid hemorrhage [7]. 
ECG changes may occur, including elevation or depression of the ST segment, 
inverted or biphasic T waves, QTc prolongation, and even Q waves (see Fig. 7.2a–e). 
Troponin and creatine kinase might be increased. Abnormalities resolve within 
1–4 days, whereas echocardiographic akinesia or hypokinesia might be present for 
weeks. Tachyarrhythmias are common.

Massive release of norepinephrine leads to myocardial damage, leading to sub-
endocardial contraction band necrosis. Coronary artery disease is typically not pres-
ent (see Fig. 7.2f). Neurogenic pulmonary edema might occur but might also be 
caused by vascular congestion.

7.3.3  Ischemic Insular Stroke

Strokes within the insular region can trigger excessive sympathetic activity, mount-
ing in myocytolysis and arrhythmogenicity [8]. The lateralization was discussed, 
but similar complications are caused by strokes regardless of the side. Even more 
parietal lobe infarctions were identified as an increased risk for cardiac death and 
myocardial infarction [9, 10].
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Fig. 7.2 (a–c) CT scan of a patient suffering severe traumatic subarachnoid hemorrhage and sub-
dural frontal hematoma (dominated on the right side): (a) admission, (b) 6 h after admission, (c) 4d 
after admission. (d–e) ECG: admission (d) and day 5 (e). (f) Coronary angiography 63 minutes after 
detection of ECG changes, (e) no impeded coronary artery blood flow, no coronary artery disease

a

c

b
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Fig. 7.2 (continued)
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7.4  Management

Hypertension may be controlled by agents blocking sympathetic action. Alpha- 
blocker urapidil is valuable to sufficiently control blood pressure, eventually added 
by beta-blocking agents (e.g., metoprolol, labetalol, esmolol) or agents reducing 
central sympathetic outflow (clonidine). All those agents are given intravenously 
but clonidine, which is administered enterally to avoid the initial hypertensive 
response. Any medication that can increase intracranial pressure (calcium channel 
blockers, many vasodilators) is contraindicated. Avoid initially any long-acting oral 
medication as severe blood pressure fluctuations might occur. Reduce external and 
internal stimuli (pain, loud noises, endotracheal suctioning, or constipation).

Cardiac complications might be prevented by frequent electrolyte screening and 
early potassium and magnesium replacement if necessary. Sinus tachycardia some-
times might need treatment by beta-blockers as listed above. Cardiac arrhythmias 
should be treated as recommended in cardiologic guidelines. Atrial fibrillation or 
flutter may be treated with diltiazem or verapamil or digoxin loading, the latter 
being given especially in older patients. Amiodarone might achieve pharmacologi-
cal cardioversion to sinus rhythm in atrial fibrillation but is demanded in sustained 
ventricular tachycardia. Reflex bradycardia should be avoided. Persisting bradycar-
dia might be treated with atropine. Atrioventricular block second or third grade or 
recurring asystoles demand placement of a cardiac pacemaker.

7.4.1  Neurogenic Pulmonary Edema

Sudden development makes neurogenic pulmonary edema dangerous. Pulmonary 
venoconstriction and elevation of left-sided cardiovascular pressures might be contrib-
uting factors, as well as myocardial dysfunction. It might lead to profound hypoxemia.

f

Fig. 7.2 (continued)
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Management In contrast to cardiogenic pulmonary edema, neurogenic pulmonary 
edema does not respond well to diuretics, if there is no cardiogenic component in 
addition. It is best treated by positive end-expiratory pressure and adequate oxygen-
ation. It improves usually within 48 h, with resolution within 4–5 days.

7.4.2  Takotsubo Cardiomyopathy

Takotsubo syndrome is a cardiomyopathy mainly affecting the left ventricle [11]. 
Characteristic cardiac motion abnormalities are revealed in echocardiogram (tran-
sient hypokinesis, akinesis, or dyskinesis of the left ventricular midsegments with 
or without apical involvement; regional wall motion abnormalities beyond a single 
epicardial vascular distribution). There are no signs of coronary artery disease or 
angiographic evidence of acute plaque rupture. ST segment elevation and/or T-wave 
inversion in the electrocardiogram might mimic myocardial infarction; modest ele-
vation in cardiac troponin might occur [12]. In acute phase, left ventricular ejection 
fraction might be severely reduced, and congested heart failure might be the conse-
quence. Complete resolution within 2–4 weeks is often observed.

Management Main management strategies are supportive. There is so far no con-
sensus on pharmacological treatment. Supportive treatment often leads to resolution 
of the condition. In the initial phase, aspirin or other antiplatelet agents are usually 
prescribed, although the benefit of this management is not clear. Cardiologic assis-
tance systems are sometimes needed.

7.4.3  Noninfectious Fever

Noninfectious fever should only be suspected in those patients, who have no other 
causes of infection (including CNS). It occurs in direct lesions of the ventral hypo-
thalamic thermoregulation (e.g., SAH, traumatic brain injury, encephalitis) or auto-
nomic dysfunction in efferent projection to the sweat glands (GBS) or anticholinergic 
medication.

This is usually only seen in ICU patients, especially with SAH [13].

Management Antipyretic medication, physical cooling, invasive temperature reg-
ulation, eventually blockade of muscle activity.

7.4.4  Complications of Drugs Acting on Dopamine Receptors: 
Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome is caused by D2 dopaminergic receptor blockade 
by psychiatric medication or sudden withdrawal of dopaminergic agonists in 
Parkinson’s disease patients. Patients therefore have a psychiatric or movement dis-
order history. The risk to develop neuroleptic malignant syndrome is higher in 
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treatment with high-potency antipsychotics (e.g., haloperidol), or antiemetics 
(metoclopramide), also in atypical antipsychotic drugs (e.g., clozapine, olanzapine, 
risperidone, quetiapine, etc.) [2, 14]. Around 80% of the patients are under the age 
of 40, and males are twice as often affected as females. Patients with Lewy body 
disease might develop neuroleptic malignant syndrome at low antipsychotic doses 
already. Signs include tachycardia, labile blood pressure, hypersalivation, excessive 
sweating, fluctuations in the level of consciousness, pyrexia, and severe muscle 
rigidity. Laboratory evaluations show leukocytosis and elevated creatine kinase lev-
els due to rhabdomyolysis.

Management Discontinue all antipsychotic medications, and possibly antidepres-
sants, and lithium. Control body temperature by extra- or intracorporeal cooling, 
and monitor creatine phosphate kinase daily. Hypertension might respond to cloni-
dine, and dantrolene or amantadine might be considered to control muscle tonus. 
Eventually muscle relaxants are needed such as dantrolene, although conflicting 
reports exist on the benefit of dantrolene. Benzodiazepine use had been reported, 
mainly to facilitate muscle relaxation.

7.4.5  Complications of Drugs Acting on Serotonin Receptors: 
Serotonin Syndrome

Symptoms are dose related and occur after administration of single or a combina-
tion of drugs acting on the serotonin receptors, particularly 5-HT2a (serotonin reup-
take inhibitors like fluoxetine, paroxetine, sertraline, citalopram, etc.); 5-Ht1 
agonists (e.g., triptans); monoamine oxidase inhibitors; opioids, valproate, lithium, 
antiemetic agents (metoclopramide, ondansetron), and cyclobenzaprine; and a num-
ber of drugs such as LSD and ecstasy [2]. Patients usually present in altered mental 
state (agitation, excitement, confusion) and show excessive profuse sweating, 
pyrexia, mydriasis, tachycardia, and tachypnea. Neuromuscular hyperactivity 
including tremor, clonus, myoclonus, and hyperreflexia might be present. Symptoms 
develop rapidly in 60% within 6 h of medication initiation, change in dosage, or 
overdosage [14]. In contrast to neuroleptic malignant syndrome in addition to clo-
nus, diarrhea or hyperactive bowel sounds are typical symptoms.

Management Discontinue all serotoninergic medication. Control body temperature 
by extra- or intracorporeal cooling. Benzodiazepines might be beneficial for neuropsy-
chiatric signs; eventually consider cyproheptadine, which acts as 5-HT2 antagonist.

7.4.6  Alcohol Withdrawal

Alcohol withdrawal may cause delirium tremens. Symptoms include confusion, 
anxiety, insomnia, tremor, hallucinations, and fluctuating psychomotor activity and 
usually appear 2 or 3 days after cessation of drinking. Sympathetic hyperactivity 
with hypertension, tachycardia, fever, diaphoresis, and flushing occurs [15].
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Management Main treatment options are benzodiazepines, such as lorazepam. 
Dose should be individualized based on the symptoms. In severe cases, sedation at 
an intensive care unit is required.

7.4.7  Spinal Lesion: Acute Phase

In acute phase of spinal lesions, patients might suffer spinal shock with autonomic 
consequences.

Neurogenic shock is observed rather in higher lesions (20% of cervical, 3% of 
lumbar lesions); signs are reduced blood pressure and reduced heart rate.

Management Prevent vagal stimulation; prevent hypotonia (might lead to addi-
tional ischemia of the myelon); support therapy of bladder, gastric, or bowel 
atonia.

7.4.8  Spinal Lesion: Autonomic Dysreflexia

Autonomic dysreflexia in chronic stage of a spinal lesion is caused by  reorganization 
of the spinal cord. It develops a month or more after the spinal lesion occurred. 
Determinants are the severity of the spinal lesion (incomplete or complete) and the 
level of the lesion, especially in relation to the major sympathetic outflow in lesions 
above T6. Potential stimuli, e.g., bladder and colonic distention, might induce auto-
nomic activation: sympathetic activation below the level of spinal lesion with vaso-
constriction (evident as dry, pale skin) and increased blood pressure. Secondary 
baroreceptor-mediated parasympathetic response above the lesion results in profuse 
sweating, piloerection, flushing, and bradycardia. These activations are mild to life 
threatening.

Management Prevent stimuli (especially the bladder); in acute hypertension, 
introduce blood pressure control: e.g., glyceryl trinitrate and nifedipine. In some 
patients, local anesthetics to the bladder might be considered.

7.4.9  Immune-Mediated Neuropathies: AIDP

In AIDP a number of autonomic complications are encountered. A sensitive early 
marker for autonomic complications is autonomic sinus tachycardia (> 100 /min). 
Persistent hypertension is common, likely based on reduced baroreflex function due 
to afferent neuropathy. Labile blood pressure (> 85 mmHg blood pressure fluctua-
tion within a day systolic) is a prognostic marker for severe bradycardia [16]. 
Bradycardia occurs spontaneously or on vagal stimulation. Sudomotor changes are 
common with increased but also decreased sweating, often regional.
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Management Patient with autonomic signs of AIDP have to be monitored. 
Hypertension should be treated only if sustained or secondary complications are 
present, due to the danger of labile blood pressure and severe hypotension. 
Tachyarrhythmias or vagally induced bradycardia might complicate the course. 
Eventually a pacemaker is needed. Bladder dysfunction and adynamic ileus are fre-
quent complications.

Take home messages

Autonomic hyperactivities are severe life-threatening conditions, which require 
intensive management. Treatment is mainly symptomatic, eventually supported 
with a variable degree of sedation and stimulus deprivation. Stabilization of 
blood pressure, heart rate, and temperature is a challenge in these patients.
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