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What does Nemesis mean?

• Goddess of Retribution

…punishes people who overestimate
their own capabilities…

What does Nemesis mean?
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What does Nemesis mean?

How the surgeon sees me How I see myself

An always re-appearing opponent.

Hypotension

What does Nemesis mean?

Intravenous & Inhalative 
Anesthetics

Spinal Anesthesia
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Bleeding & Positioning

Image by Kurt Schrage

Image from
http://www.spinninghat.com

Neurogenic Shock

• cardiovascular shock

• hypotension

• bradycardia

• massive vasodilatation

• imbalance of sympathicus and
parasympathicus

Ball PA. Spine (2001) 26: 27-30

Furlan JC et al. Neurosurg Focus (2008) 25: E13

Ball PA. Spine (2001) 26: 27-30

Furlan JC et al. Neurosurg Focus (2008) 25: E13

Imbalance of vegetative system

Graphics from: 
http://www.thehumanbrain.info

Neurogenic Shock

Graphics from: http://www.wikipedia.de

no shock distributive shock
• neurogenic
• allergic

hypovolemic shock
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Spinal Shock

spinal shock neurogenic shock

• special condition
of spinal cord
after trauma

• flaccid paresis

• areflexia
• loss of sensitivity

• cardiovascular
shock

http://en.wikipedia.org

Atkinson PP, Atkinson JL. Mayo Clin Proc (1996) 71: 384–389.Atkinson PP, Atkinson JL. Mayo Clin Proc (1996) 71: 384–389.

What causes this imbalance?

• wrong processing of

afferent information in 

the vasomotor center

• occulo-cardial, 

trigemino-vagal, 

spino-vagal, carotis-

sinus reflexes

3 types of pathomechanisms:

What causes this imbalance?

• infratentorial

pressure, edema, 

tumor in vasomotor

center

• intoxication, basillaris

thrombosis

3 types of pathomechanisms:

usually high ICP leads to Cushing Syndrome
with high Blood Pressure

What causes this imbalance?

• transsection of spinal 

efferent pathways

• trauma, tumor, 

infection

3 types of pathomechanisms:

http://en.wikipedia.org
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Pitfalls of Traumatic Spinal Injury

• neurogenic shock is a diagnosis of
exclusion of other causes for hypotension

• patient in cardiovascular shock usually is
tachycardic, not bradycardic

Statistics of Traumatic Spinal 
Injury

Statistics of Traumatic Spinal Injury
problem with hemodynamic

instability

• Insufficient spinal perfusion pressure may
worsen long term outcome
• primary vascular injury

• vasospasms

• compression and edema

• endothelial injury

• thrombosis

Anthes DL et al. Neurosurgery (1996) 39: 804-14
Ducker TB et al. Surg Neurol (1978) 10: 64-70

Bravo G et al. Neurosci Lett (1999) 270: 1-4
Rowland JW et al. Neurosurg Focus (2008) 25: E2

Tator CH et al. J Neurosurgery (1991) 75: 15-26

Anthes DL et al. Neurosurgery (1996) 39: 804-14
Ducker TB et al. Surg Neurol (1978) 10: 64-70

Bravo G et al. Neurosci Lett (1999) 270: 1-4
Rowland JW et al. Neurosurg Focus (2008) 25: E2

Tator CH et al. J Neurosurgery (1991) 75: 15-26
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problem with hemodynamic
instability

• can delay in operative intervention
Tuli S et al. J Spinal Cord Med (2007) 30: 482-90Tuli S et al. J Spinal Cord Med (2007) 30: 482-90

Furlan JC et al. J Neurotrauma (2011) 8: 1371–1399Furlan JC et al. J Neurotrauma (2011) 8: 1371–1399

1. …strong…evidence for…benefits of early surgical
decompression in animal…models.

2. …recommended…decompression…within 24h...optimal 
timing of surgical decompression…remains unclear.

3. There are clinical, neurological, and functional benefits of
early decompression of the spinal cord

• treatment of neurogenic shock with:

• fluids

• vasopressors

• α-adrenergic (Noradrenalin, Neo-Synephrin)

• β-adreneric (Dobutamin, Adrenalin)

• duration of up to 2 weeks, afterwards
neurogenic orthostase

Piepmeier JM et al. Cent Nerv Syst Trauma (1985) 2: 153-60
Lehmann KG et al. J Am Coll Cardiol (1987) 10: 46-52

Levi L et al. Neurosurgery (1993) 33: 1007-17
Vale FL et al. J Neurosurgery (1997) 87: 239-46

Piepmeier JM et al. Cent Nerv Syst Trauma (1985) 2: 153-60
Lehmann KG et al. J Am Coll Cardiol (1987) 10: 46-52

Levi L et al. Neurosurgery (1993) 33: 1007-17
Vale FL et al. J Neurosurgery (1997) 87: 239-46

the fight against Nemesis

What Blood Pressure do we
want?

• 45 patients with cervical SCI

• target syst. BP > 100 mmHg (MAP ~65)

• all patients needed fluid therapy

• 20% needed additional vasopressors

• good correlation between severity of injury

and need for treatment

Piepmeier JM et al. Cent Nerv Syst Trauma (1985) 2: 153-60Piepmeier JM et al. Cent Nerv Syst Trauma (1985) 2: 153-60

What Blood Pressure do we
want?

• protocol for cardiovascular management with

target MAP > 85mmHg

• vasopressor support

Vale FL et al. J Neurosurgery (1997) 87: 239-46Vale FL et al. J Neurosurgery (1997) 87: 239-46

Cervical Injury ASIA A 90%

Cervical Injury ASIA B-D 52%

Thoracic Injury 31%
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How do we know which MAP is
good?

• Vale used MAP 85 mmHg in accordance
to earlier studies of TBI and CPP

Vale FL et al. J Neurosurgery (1997) 87: 239-46Vale FL et al. J Neurosurgery (1997) 87: 239-46

158 patients with TBI

Autoregulation of SCPP

Arthur I. Kobrine. J of Neurosurgery (1974) 44: 12-15Arthur I. Kobrine. J of Neurosurgery (1974) 44: 12-15

Cardiovascular Incidents during
first 12 Hours

• all severe cervical SCI had bradycardia (100%)

• less frequent with milder cervical SCI (35%)

• thoracic injury (13%)

• incidence of hypotension, use of vasopressors

and cardiac arrest only observed in severe

cervical SCI (68%, 35%, 18%)

Lehmann KG et al. J Am Coll Cardiol (1987) 10: 46-52Lehmann KG et al. J Am Coll Cardiol (1987) 10: 46-52

Hemodynamic Support

• MAP > 90 mmHg

• 60% of pts syst. BP < 90 at admission

• 82% exhibited volume resistant
hypotension during first 7d

Levi L et al. Neurosurgery (1993) 33: 1007-17Levi L et al. Neurosurgery (1993) 33: 1007-17
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conclusion for anesthetic
management with vasopressors

• Degree of hemodynamic instability is

proportional to the rostral position of the trauma.

• Complete injuries disrupt the sympathetic

pathways and reduce pre- & postganglionic

release of catecholamines.

• T1-L2: systemic vasodilatation

• T1-T6: pulmonary vasodilatation

• T1-T4: bradycardia

• T1-T9: adrenomedullary dysfunction

Which fluids to be used?

Graphics from http://www.medicom.cc (Intensiv-News)

pruritus

renal insufficiency

coagulation disorders

VISEP

6S

CHEST

colloids should be avoided in:
• sepsis
• burns
• renal disease

- OK for acute bleeding and hypovolemic shock
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final conclusion

• neurogenic shock treatment with:

• 1. fluids (cristalloids prefered)

• 2. vasopressors (1. α-adrenergic 2. β-

adreneric)

• MAP 80-90 mmHg

• may lead to significantly more blood loss

Thank You


