
Impairment of consciousness 
with and without fever

Erich Schmutzhard
e

Department of Neurology, NICU
Medical University Innsbruck, Austria

and
Bernhard-Nocht-Institute for Tropical Medicine

University Medical Centre Hamburg Eppendorf, Germany
and

Center for Global Health
Technical University Munich, Germany



No Conflict of Interest with respect to the topic of this lecture

.
Conflicts of Interest: 
EAN Task Force: Neurology in Sub-Sahara Africa
Africa-Uninet Coordinator of the Medical University Innsbruck, Austria
ASEA Uninet Coordinator of the Medical University Innsbruck, Austria
Eurasia-Pacific Uninet Coordinator of the Medical University Innsbruck, Austria
Member of the National Verification Committee (NVC) for Measles and Rubella Eradication
(Federal Ministry for Social Affairs, Health, Care and Consumer Protection, Austria)
Member of the National Polio-Committee
(Federal Ministry for Social Affairs, Health, Care and Consumer Protection, Austria)
Member of Rabies-Committee (Federal Ministry for Social Affairs, Health, Care and Consumer Protection, Austria)
Senior Lecturer for Tropical Neurology Bernhard Nocht Institute for Tropical Medicine, Hamburg-Eppendorf, Germany
Senior Lecturer for Tropical Neurology Center for Global Health, Technical University Munich, Germany
Senior Lecturer for Tropical Neurology Medical Faculty, Universitäts-Klinikum Jena, Germany



A Cardiovascular 23%

B Gastrointestinal 07%

C Neurologic 34%

D Pulmonary 08%
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sudden onset of impairment of consciousness

Laboratory cCT CSF Analysis

(Neuro-)
Sonography

MRT EEG

ECG

after exact clinical/neurological examination AND
appropriate history (family, observers, passers-by etc): 
GCS, focal signs, nuchal rigidity, body temperature, seizures

stabilize the patient and then time has come to decide 



What causes impaired consciousness?

The mechanism for coma or impaired consciousness involves 
dysfunction of both cerebral hemispheres or 
dysfunction of the reticular activating system (also known as the 
ascending arousal system). 

Causes may be 
structural or 
nonstructural e.g., 
- toxic or 
- metabolic disturbances. 

Damage may be 
focal or 
diffuse.



The common causes of a sudden loss of consciousness are: 

•Accidents/trauma/traumatic brain injury
•Drug-, alcohol overdose 
•Poisoning
•Metabolic derangements, e.g. hypoglycemia etc
•Lack of blood flow in the brain, cardiac arrest, ventricular fibrillation, aortic 
dissection, abnormal heart rhythm, ventricular fibrillation, asystolia, low PB
•Severe loss of blood 
•low BP
•Hyperventilation – Hypokapnia
•Hypoventilation  – Hypoxia/Anoxia, Hyperkapnia
•Seizure 
•Stroke - ischemic, hemorrhagic, CSVT, SAH 
•Infection, intracranial and systemic, e.g. septic shock, multi-organ malaria etc.
•Inflammation

: 



Clinical Diagnosis of Impairment of consciousness 
in adults, adolescents and children

The Glasgow Coma Scale (Graham Teasdale and Bryan Jennett, 1974)

Scoring a person's level of consciousness 

This assesses 3 essential clinical features:
•eye opening 1 - 4
– a score of 1 means the person doesn't open their eyes at all, and 4 means they 
open their eyes spontaneously
•verbal response to a command 1 - 5
– 1 means no response, and 5 means a person is alert and talking
•voluntary movements in response to a command 1 - 6
– 1 means no response, and 6 means a person can follow commands

A lower score indicates a more severely impaired consciousness
 GCS 8 or lower means COMA



Diagnosis - Impairment of consciousness – in infants and young children

The Blantyre Coma Scale

Eye movement
•1 – Watches or follows
•0 – Fails to watch or follow
Best motor response
•2 – Localizes painful stimulus (patient's ability to remove stimuli)
•1 – Withdraws limb from painful stimulus
•0 – No response or inappropriate response
Best verbal response
•2 – Cries appropriately with pain, or, if verbal, speaks
•1 – Moan or abnormal cry with pain
•0 – No vocal response to pain

All scores below 5 are not normal, a lower score (2 or lower) indicates a 
severely impaired consciousness, i.e. COMA



Disorders of consciousness can occur if the parts of the brain responsible 
for consciousness are injured or damaged.

The main causes can generally be divided into:
•traumatic brain injury
•non-traumatic brain injury
•progressive brain damage

Traumatic brain injury
Traumatic brain injury occurs when an object or outside force causes severe 
trauma to the brain.
This is most often caused by:
•falls
•traffic accidents
•violent assault



Non-traumatic brain injury
Non-traumatic brain damage is usually caused by a health condition, such as:
 a condition that deprives the brain of oxygen (without a continuous supply of 
oxygen, brain tissue begins to die)
 a condition that directly attacks brain tissue
Specific causes of non-traumatic brain injury include:
•strokes
•heart attacks
•severe brain infections (such as meningitis, encephalitis, brain abscess, 

meningovasculitis)
•severe systemic disease affecting the brain function, e.g. septic shock
•drug overdoses, poisoning
•metabolic derangements
•near drowning or other types of suffocation, such as smoke inhalation
•a blood vessel rupture, e.g. ruptured brain aneurysm, AV malformation, dissection

Progressive brain damage
In some cases, brain damage can gradually occur over time.
Examples of conditions that cause progressive brain damage include:
•Alzheimer's disease
•Parkinson's disease
•brain tumor, space occupying lesion, brain abscess, obstructive hydrocephalus
•chronic CNS infection, e.g. CNS TB, SSPE etc



Impaired consciousness without fever 1
Cerebral ischemia / hypoxia
- diffuse – e.g. due to cardiac arrest, drowning, strangulation, CO intox
- focal – brainstem- posterior fossa-ischemia (basilar artery occlusion), 
bilateral ACM ischemia
Intracranial hemorrhage
- intracerebral hemorrhage, hypertensive ICH, vascular malformations
- subrachnoid hemorrhage
- subdural, epidural hemorrhage
- sinus-, venous thrombosis
Poisoning, intoxications, withdrawal
Autoimmune-diseases
Any type of space-occupying processes
- tumors – benign, malignant
- hydrocephalus – obstructive, malresorptive
Status epilepticus, in particular non-convulsive status epilepticus
Traumatic brain injury
Septic shock
Brain death

without fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



Impaired consciousness without fever 2
Metabolic dysregulations, metabolic encephalopathies
- hypo- and hyper-, rapid shift, rapid correction
-- glycemia
-- other endocrinological disorders, e.g. adrenal - Addison-crisis
-- lactic acidosis
-- capnia
-- natremia and other electrolyte-disturbancies
-- uremia
-- hepatic failure
-- thyroidism
-- vitamin (B1, B6, B12 etc) deficiencies

-- central pontine myelinolysis (Osmotic demyelination syndrome (ODS))
-- hypothermia
-- posterior reversible encephalopathy syndrome, cerebral vasoconstriction

syndrome
-- rhabdomyolysis, malignant neuroleptic syndrome

without fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



Impaired consciousness with fever 1
Cerebral ischemia / hypoxia
- diffuse – e.g. due to cardiac arrest, drowning, strangulation, CO intox
- focal – brainstem- posterior fossa-ischemia (basilar artery occlusion), 
bilateral ACM ischemia
Intracranial hemorrhage
- intracerebral hemorrhage, hypertensive ICH, vascular malformations
- subrachnoid hemorrhage
- subdural, epidural hemorrhage
- sinus-, venous thrombosis
Poisoning, intoxications, withdrawal
Inflammation, autoimmune-diseases
Any type of space-occupying processes
- tumors – benign, malignant
- hydrocephalus – obstructive, malresorptive
Status epilepticus, in particular non-convulsive status epilepticus
Traumatic brain injury
Sepsis, Septic shock

with fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



Impaired consciousness with fever 2
Systemic Infections
-- parasitic diseases
-- sepsis – septic shock, septic encephalopathy
Infections of the central nervous system
-- bacterial meningitis, meningoencephalitis
-- viral meningoencephalitis, encephalitis
-- fungal meningoencephalitis
-- brain abscess, sub-, epidural empyema
-- meningovasculitis
-- septic sinus- venous thrombosis
-- cerebral malaria with or without multiorgan malaria (P.falciparum)
-- subacute, chronic meningoencephalitis, e.g. African trypanosomiasis
-- eosinophilic meningoencephalitis (e.g. larva migrans visceralis / cerebralis)
Autoimmune encephalitides (antiNMDAR – etc,)
Secondary CNS and cerebral blood vessel affection in autoimmune diseases, e.g. 
systemic lupus erythematosus
Heat stroke and heat related diseases
Malignant hyperthermia, malignant neuroleptic syndrome

with fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



sepsis, septic shock, 
or
systemic infection
with multi-organ-
failure, -involvement



sepsis, septic shock, 
or
systemic infection
with multi-organ-
failure, -involvement



Impaired consciousness with fever 2
Systemic Infections
-- parasitic diseases
-- sepsis – septic encephalopathy
Infections of the central nervous system
-- bacterial meningitis, meningoencephalitis
-- viral meningoencephalitis, encephalitis
-- fungal meningoencephalitis
-- brain abscess, sub-, epidural empyema
-- meningovasculitis
-- septic sinus- venous thrombosis
-- cerebral malaria with or without multiorgan malaria (P.falciparum)
-- subacute, chronic meningoencephalitis, e.g. African trypanosomiasis
-- eosinophilic meningoencephalitis (e.g. larva migrans visceralis / cerebralis)
Autoimmune encephalitides (antiNMDAR – etc,)
Secondary CNS and cerebral blood vessel affection in autoimmune diseases, 
e.g. systemic lupus erythematosus
Heat stroke and heat related diseases
Malignant hyperthermia, malignant neuroleptic syndrome

with fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



Epidemiology



5 countries in SubSaharan Africa: 51,8% of all P. falciparum malaria-cases
28 countries in SubSaharan Africa: 94% of all P. falciparum malaria-cases

P.f. 
cases



5 countries in SubSaharan Africa: 55,5% of all malaria P.f. deaths
28 countries in SubSaharan Africa: 95,1% of all malaria P.f. deaths



In 2022, malaria caused an estimated 620 000 deaths, mostly among African children (<5y).
Malaria is preventable and curable.
Increased malaria prevention and control measures are dramatically reducing the malaria 
burden in many places, but in 2020 and 2021 incidence is increasing.
Non-immune travellers from malaria-free areas are very vulnerable to the disease when 
they get infected

WHO homepage accessed
15th October 2023



>95% of all 
P.falciparum Malaria 
deaths: 
Cerebral Malaria 
with / without
Multi-Organ-Malaria



WHO:
Diagnosis Cerebral Malaria:
1) History, fever
2) Impairment of consciousness, „severe prostration“, epileptic seizures , focal
neurological signs and symptoms.
3) Positive blood smear
4) Malaria retinopathy





aus:
Karin Albrecht-Schgör, Peter Lackner, Erich Schmutzhard, Gottfried Baier, 2022. 
Cerebral malaria: pathophysiology, diagnosis and treatment.
Frontiers in Immunology, section Parasite Immunology accepted for publication 14th 
April 2022

Priming
Cytokine release
Sequestration

Endothelial Cells activation
Migration
Cross presentation

CD8+ Tcells
BBB damage Endotheliopathy





Pathophysiology of cerebral malaria:
Part of Multi-Organ-Failure
 Impairment of microcirculation
 Endothelial dysfunction
(Endotheliopathy)



ÖGIT 2018  SAALFELDEN 

Neuro-ICU Innsbruck

Very strict recommendation: Intensive Care Management is crucial in every patient
with complicated P.falciparum Malaria, in predominantly cerebral malaria: neuro-
critical care management



optimize
microcirculation

avoid hypotension
and hypoxia

maintain CPP

endovascular cooling

avoid barbiturates

avoid hypo- and 
hyperglycemia tight

control of glycemia

transfer to an ICU (in time) 
with invasive respiratory

techniques
and cardiopulmonary

monitoring
avoid withdrawal of i.v.

fluid!!!
early hemofiltration

Whereever
NICU is available

CPP = MAP - ICP



Adjunctive therapies

CPP = MAP – ICP
Cerebral Perfusion Pressure (CPP) 

Elevation of Mean Arterial Pressure (MAP)
Reduction of IntraCranial Pressure (ICP)

A single episode of hypotension (sBP <90 mmHg 
for > 5min)  doubles mortality
(BTF, 2016)

 Fluid resuscitation ?!

 Catecholamines (Epinephrine, etc.) ?
– Cave: Intestine!!



Davis, 2006

In CM: avoid Hypo- and Hyperventilation, 
thereby avoiding Hyper- and Hypocapnia





Most essential take home message if cerebral malaria is suspected

emergency blood slide and fundoscopy

Blood-gas-analysis:
pO2: never rely on pO2 alone, d.h. ohne 
always and only in conjunction with pCO2: 
Hyperkapna doubles mortality
Hypokapnia triplicates mortality

CAVE:
Hypoglycemia, 
BUT similarly CAVE: 
Hyperglycemia

 AVOID ALL HYPOS AND HYPERS



A, W135
plus C and X 



in 2023: even more important:
 DELAY OF APPROPRIATE ANTIBIOTIC TREATMENT !!





VIRAL ENCEPHALITIS



Acute viral Meningoencephalitis

Neuro-ICU Innsbruck

• after prodromal „signs and symptoms“ 

- headache

- behavioural disturbance

- disorientation

- confusion

- hallucinations

- somnolence/sopor/coma

- Focal or generalized epileptic seizures

- focal neurology

- Meningism (frequently only mild)

qualitative

impairment of consciousness

quantitative 

avoid neuroleptics
– they might induce
epileptic seizures !



Rabies, the most lethal virus known to man, 
occurs in more than 150 countries and territories. 
The disease is usually fatal once symptoms 
appear. 
Dog-transmitted rabies accounts for about 99% 
of human rabies cases. 
It is estimated that 59 000 people die 
from rabies every year. 
(WHO, May 2020)



ARBOVIRUS THREATS 
IN EUROPE



pathogenic virus
and patient‘s
immune-response





Impaired consciousness without fever 1
Cerebral ischemia / hypoxia
- diffuse – e.g. due to cardiac arrest, drowning, strangulation, CO intox
- focal – brainstem-, posterior fossa ischemia (basilar artery occlusion), 
bilateral ACM ischemia
Intracranial hemorrhage
- intracerebral hemorrhage, hypertensive ICH, vascular malformations
- subrachnoid hemorrhage
- subdural, epidural hemorrhage
- sinus-, venous thrombosis
Poisoning, intoxications, withdrawal
Inflammation, autoimmune-diseases
Any type of space-occupying processes
- tumors – benign, malignant
- hydrocephalus – obstructive, malresorptive
Status epilepticus, in particular non-convulsive status epilepticus
Traumatic brain injury
Septic shock
Brain death

without fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness



aSAH(aneurysmatic subarachnoid hemorrhage) 

Incidence:.

Nigeria: 4/100.000/y
.Australia: 
8-9/100.000/y
.

South-America: 
5/100.000/y
.

USA: 8/100.000/y  .

wordwide:
7-9/100-000/y



Impaired consciousness without fever 2
Metabolic dysregulations, metabolic encephalopathies
- hypo- and hyper-, rapid shift, rapid correction
-- glycemia
-- other endocrinological disorders, e.g. adrenal - Addison-crisis
-- lactic acidosis
-- capnia
-- natremia and other electrolyte-disturbancies
-- uremia
-- hepatic failure
-- thyroidism
-- vitamin (B1, B6, B12 etc) deficiencies
-- central pontine myelinolysis (Osmotic Demyelination Syndrome (ODS))
-- hypothermia
-- posterior reversible encephalopathy syndrome, cerebral vasoconstriction 

syndrome
-- rhabdomyolysis, malignant neuroleptic syndrome

without fever indicates: prior to and/or at the time of
acute/peracute onset of impairment of consciousness


