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Cerebral blood flow and ICP
• The major determinant of cerebral blood flow is the 
extracellular potassium concentration, which 
determines the caliber of arterioles
– We can affect this primarily by changing pH
– The PaCO2 effect on CBF is almost completely due to the 
change in pH rather than a direct effect of CO2

• Other important factors include mean arterial 
pressure, the PaO2, and intracranial pressure



Rosner view of cerebral blood flow





Intact autoregulation



Defective autoregulation









Therapeutic approaches to 
intracranial hypertension
• 1918: tentorial incision (Cushing)
• 1923: osmotic diuretics (Fay)
• 1955: hypothermia (Sedzimir)
• 1957: hyperventilation (Furness)
• 1960: ventricular drainage (Lundberg)
• 1961: steroids (Gailich and French)
• 1971: decompressive craniectomy

(Ransohoff et al; Kjellberg et al)
• 1973: barbiturates (Shapiro et al)



Management (I)
• resuscitation and airway management

– avoid hypoxia and hypotension
– concomitant cervical spine lesions
– methods of intubation

• orotracheal with inline traction
– no nasal tubes (tracheal or gastric)

• fiberoptic
• videolaryngoscopic

– posture and head position
• effects on ICP and CPP

– premedication
• intravenous lidocaine, propofol, or etomidate to blunt ICP increase with intubation

– topical anesthesia is not effective



Management (II)
• mannitol

– potential mechanisms of action
– dose: start at 0.25 gm/kg q4h

• hypertonic saline
– may be more effective than mannitol, and effect lasts longer
– may be used in dialysis patients

• maintain even fluid balance
• sedation
• analgesia



Management (III)
• ventilatory management

– aim for modest hypocapnea
– reserve hyperventilation for emergencies

• NMJ blockade
– use nondepolarizing agent (e.g., cisatracurium)
– mechanism unknown, but may be related to abdominal 

compartment syndrome
• CSF drainage
• high-dose barbiturates (e.g., pentobarbital)

– 5 mg/kg load, then 1 - 10 mg/kg/hr titrated to ICP



Management (IV)
• resection of mass lesions
• craniectomy

– early craniectomy
• sparing pial blood supply from compression

– late craniectomy for salvage
• prevention of herniation

• hypothermia
– lowers ICP reliably but no effect on outcome
– avoiding hyperthermia









Management (V)
• brain oxygen measurement and optimization

– increase FiO2, decrease minute ventilation slightly, transfuse 
PRBCs, lower core temperature  

• antiseizure drugs
– phenytoin 20 mg/kg for one week for trauma

• most have moved to levetiracetam, without real data
– other conditions uncertain

• nutrition and GI bleeding prophylaxis
• thromboembolism prophylaxis
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Modified Rankin scale
0  No symptoms at all
1  No significant disability despite symptoms; able to carry out all usual duties  

and activities
2  Slight disability; unable to carry out all previous activities, but able to look 

after own affairs without assistance
3  Moderate disability; requiring some help, but able to walk without 

assistance
4  Moderately severe disability; unable to walk without assistance and unable 

to attend to own bodily needs without assistance
5  Severe disability; bedridden, incontinent and requiring constant nursing 

care and attention
6  Dead





• Patients older than 80 years had at least as great a 
benefit as younger patients (OR 3.68).

• Patients treated more than 300 minutes from stroke 
onset still benefitted (OR 2.43); most stopped enrolling 
at six hours.

• Patients not eligible for intravenous rt‐PA still 
benefitted (OR 2.43).

• Intracranial bleeding was not significantly different 
between the treated patients and the controls.

• Mortality was slightly better, but not significantly so, in 
the thrombectomy group (15.3% vs 18.9%).



Other AHA/ASA recommendations
• No acute therapeutic anticoagulation

– Prophylaxis for DVT OK
• (when to start anticoagulation in AF for secondary prevention 

uncertain)

• ASA within 48 hours
• (we give in ambulance or on ED arrival; crush or give rectally 

unless swallowing has been cleared)

• Uncertainty about blood pressure augmentation or 
volume expansion





Critical care issues: rebleeding
• Unsecured aneurysms:

– 9% – 17% rebleed on day 0, then
– 1.5%/day for next 13 days [ up to 36% for 2 weeks]

• Antifibrinolytic therapy (e.g., aminocaproic acid)
– may be useful between presentation and early surgery

• Blood pressure management
– labetalol, hydralazine, nicardipine

• Analgesia
• Minimal or no sedation to allow examination



Critical care issues: 
neurogenic pulmonary edema

• Symptomatic pulmonary edema occurs in about 
20% of SAH patients
– detectable oxygenation abnormalities occur in 80%

• Potential mechanisms:
– hypersympathetic state
– cardiogenic pulmonary edema
– neurogenic pulmonary edema

• Management





Critical care issues: vasospasm and 
delayed ischemic damage

• Prophylaxis
– clot removal
– volume expansion
– nimodipine
– free radical 

scavengers

• Management
– volume expansion
– induced hypertension
– angioplasty
– intra-arterial 

verapamil or 
nicardipine



Critical care issues: cerebral salt wasting
• Pathophysiology

– natriuretic peptides

• Diagnosis
– physical signs of volume depletion unreliable in SAH
– hypo-osmolar serum with concentrated urine (not SIADH)
– normal or elevated serum uric acid

• Management
– volume repletion
– hypertonic sodium chloride



Berendes et al Lancet 1997;349:245-9







SAH prognosis
• Sudden death prior to medical attention in about 

20%
• Of the remainder, with early aneurysm obliteration,

– 58% regained premorbid level of function
• as high as 67% in some centers

– 9% moderately disabled
– 2% vegetative
– 26% dead





Intracerebral hemorrhage
• Phase III trial of rFVIIa did not show benefit at three months

– No further trials planned at present
– Perhaps a role in anticoagulant overdose‐related hemorrhage but no good data

• Need > 120 mg/dL fibrinogen for rFVIIa to work

• Current suggestion of prothrombin complex concentrate for warfarin 
overdose

• No established treatment for dabigatran or Xa antagonist‐related 
hemorrhages 

• Catheter‐based clot lysis trials show promise
– MISTIE: parenchymal clot
– CLEAR: intraventricular clot



Intracerebral hemorrhage
• Lower blood pressure ‘as tolerated’

– Labetalol, nicardipine to lower MAP ~15%
– ATACH‐2, INTERACT did not find better 
outcome with ‘intensive’ BP lowering

• No good data on pulmonary embolism 
prophylaxis
– We start unfractionated heparin SQ within 24 

hours









DNR in ICH = self-fulfilling prophecy

ICH score and 30 day mortality
original Morgenstern 2014

1          17              10
2          30              18
3          75              22
4+        95              50





Neurogenic respiratory failure





Neurogenic ventilatory disturbance 
syndromes: spinal cord disorders

• lesions above or at C4
• lesions between C4 – T8
• diffuse disorders

– e.g., tetanus
• anterior horn cell disorders

– e.g., ALS, West Nile myelitis





Neurogenic ventilatory disturbance 
syndromes: peripheral nerve disorders

• Guillain-Barré syndrome
– Newly recognized cause: 

SARS-Cov-2
• chronic inflammatory 

polyneuropathy
• diphtheritic neuropathy
• porphyric neuropathy
• tick paralysis

– Dermacentor ticks

• ciguatera
• saxitoxin (and other nerve 

toxins)
• thallium intoxication
• acute hyperkalemic 

paralysis
• heavy metals

– e.g., arsenic



General management of GBS

• Good ICU care is the most important part of management
– Prevention of VAC and VTE
– Nutrition

• Autonomic dysfunction is now the major cause of death
– Sinus tachycardia is the most common manifestation

• A few develop bradycardia requiring pacing
– Alteration in blood pressure control is the most dangerous



Immunologic management of 
Guillain – Barré Syndrome

• Many, if not most, cases of GBS result from cross-
reacting antibodies aimed at an infecting organism

• Effective immune therapies are aimed at decreasing 
anti-myelin or anti-axonal antibodies

• Steroids and other more global immune suppressants 
are not useful
– Except that steroids may help with neuritic pain



Immunologic management of 
Guillain – Barré Syndrome

• Plasma exchange decreases the time on mechanical 
ventilation and the time to independently ambulation by 
50%

• Must be started within 14 days of onset to be effective
– The earlier, the better
– Five exchanges totaling 200 – 250 mL/kg over about 10 days



Immunologic management of 
Guillain – Barré Syndrome

• Some will give a second course of PE if the first is ineffective

• French cooperative trial:
– Treatment decreases likelihood of progression when started while patients still 

ambulatory
– Four treatments better than two for bedbound patients
– Six no better than four for ventilated patients

Ann Neurol 1997;41:298-306



Immunologic management of Guillain –
Barré Syndrome

• Intravenous immunoglobulin
– 2 gms/kg over 2 – 5 days

• Randomized trial (383 patients) of PE vs. IVIg: 
no difference in outcome (Lancet 1997;349: 225-
230)
– PE followed by IVIg showed a slight, insignificant 

advantage over either individually



Critical illness polyneuropathy
• Incidence: common in septic patients
• Clinical features: flaccid limbs and respiratory 

weakness
• Electrophysiology: axonal degeneration of motor 

and sensory fibers
• Creatine kinase: near normal
• Muscle biopsy: denervation atrophy, mild 

necrosis



Neurogenic ventilatory disturbance 
syndromes: neuromuscular junction disorders
• prolonged effect of NMJ blockade
• myasthenia gravis
• botulism
• organophosphate intoxication
• hypermagnesemia
• tick paralysis

– Ixodes ticks
• snake bites



Neurogenic ventilatory disturbance 
syndromes: muscle disorders

• rhabdomyolysis
• polymyositis/demato-

myositis
• acid maltase deficiency
• carnitine palmityl-

transferase deficiency
• nemaline rod myopathy

• acute hypokalemic 
paralysis

• acute 
hypophosphatemic
paralysis

• stonefish myotoxin
poisoning

• barium poisoning
• trichinosis



Status epilepticus



First known description of 
status epilepticus
(Sakikku cuneiform, 
ca. 700 B.C)

give a benzo !



Bleck classification of status epilepticus

1. Status epilepticus
2. Not status epilepticus
3. Not sure
4. Post‐anoxic myoclonus is not a form of status 
epilepticus







 40 kg: MDZ 10 mg, LRZ 4 mg)
 13‐40 kg apply the neurosurgical dose rule



 40 kg: MDZ 10 mg, LRZ 4 mg)
 13‐40 kg: just cut the dose in half

















High-dose benzodiazepines
• Midazolam

– loading dose: 0.2 mg/kg
– maintenance: 0.1-2.0 mg/kg/hr (2.0-40 µg/kg/min)
– goal: seizure suppression

• Lorazepam
– up to 9 mg/hr
– goal: seizure suppression



Ketamine
• for refractory SE

– dose uncertain
– general (dissociative) anesthetic dose 1 - 5

mg/kg, with infusion of 1 – 5 mg/kg/hr (20 - 80 
μg/kg/min)

– administer with a benzodiazepine in an attempt to 
decrease later psychiatric side effects





Pathophysiology of head injury
• Primary injury

– Result of immediate mechanical disruption of brain 
tissue

– Can be prevented or reduced (e.g., air bags) but 
not ameliorated

• Secondary injury
– Onset from minutes to months following injury
– Most research focuses on the prevention or 

reduction of secondary injury



Secondary injury in head trauma
• hypoxia and hypotension are the two major causes of 

secondary CNS injury following head trauma
• even in the best intensive care units, these complications 

occur frequently
• preventing hypoxia and hypotension could have the 

greatest effect of any currently available treatment for head 
trauma

• herniation with tissue compression and vascular 
compromise

• avoid hyperthermia











Causes of encephalopathy in the MICU
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Total patients = 1850

Bleck TP et al Crit Care Med 1993:21:98‐103













Mazaraud and Sharshar, AJRCCM 2018

… However, brain infection should be more systematically sought via brain imaging 
and cerebrospinal fluid analysis in the case of altered mental status in patients
with sepsis.

In conclusion, the present study raises challenging issues about the mechanisms 
and consequences of bacterial dissemination into the brain during sepsis, 
emphasizes the necessity to rule out brain infection, and perhaps calls for 
reconsidering the duration of antibiotherapy in a patient with sepsis who is 
developing brain dysfunction. Finally, the article raises a semantic issue: should the
term “sepsis‐associated encephalopathy” be replaced by “sepsis‐associated
encephalitis”?



What is limbic encephalitis?
• short‐term memory disturbance
• confusion 
• seizures
• personality changes
• hippocampal abnormalities on brain MRI
• ± hyponatremia
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• Talk on how critical illness affects the brain … 
and vice versa:

https://www.youtube.com/watch?v=4DQ‐loqaNLI


