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Relatore
Note di presentazione
Haemorrhagic illness with ischemic consequences



Macdonald RL et al: Nat Clin Pract Neurol 2007 

Relatore
Note di presentazione
Complications of subarachnoid hemorrhage, their time of occurrence and their possible contribution to delayed neurological
deterioration. The initial hemorrhage is a key prognostic factor, although its contribution to delayed neurological deterioration remains
to be established. Rebleeding in a delayed fashion is a very serious cause of delayed neurological deterioration, and vasospasm
is a classic cause of deterioration. Ischemia proximal to intracranial hematomas (if it occurs) and ischemia secondary to aneurysm
treatment tend to occur early on, as it is recommended that most ruptured aneurysms should be treated acutely. Increased intracranial
pressure can occur at any time. The more recently proposed and less explored causes of delayed neurological deterioration include
microcirculatory spasm and dysfunction, microembolism, blood–brain barrier dysfunction, and cortical spreading ischemia.



De Oliveira Manoel et al: Crit Care 2016 



Focal neurological impairment (such as hemiparesis, aphasia, apraxia, hemianopia, or neglect), or 
a decrease of at least 2 points on GCS 
 
Lasting for at least 1 hour 
not apparent immediately after aneurysm occlusion 
 
cannot be attributed to other causes by means of clinical assessment, CT or MRI scanning of the 
brain, and appropriate laboratory studies 

Stroke, 2010 

Relatore
Note di presentazione
The occurrence of focal neurological impairment (such as
hemiparesis, aphasia, apraxia, hemianopia, or neglect), or 
a decrease of at least 2 points on GCS(either on the total
score or on one of its individual components [eye, motor on either
side, verbal]). This should last for at least 1 hour, is not apparent
immediately after aneurysm occlusion, and cannot be attributed to
other causes by means of clinical assessment, CT or MRI scanning
of the brain, and appropriate laboratory studies
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Dhar R et al: Stroke 2012 

27 patients  by PET and AGF 
Median 7 days after SAH 
700 brain regions 
 48 excluded (infarct, haematoma, etc.) 

Relatore
Note di presentazione
Twenty-four percent of 652 brain regions were supplied by vessels with significant vasospasm. Cerebral blood
flow was lower in such regions (38.612 versus 48.716 mL/100 g/min), whereas oxygen extraction fraction was
higher (0.480.19 versus 0.370.14, both P0.001). Hypoperfusion was seen in 46 regions (7%), but 66% of these
were supplied by vessels with no significant vasospasm; 24% occurred in patients without angiographic vasospasm.
Similarly, oligemia occurred more frequently outside territories with vasospasm
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CBF 39 mL/100 g/min 
OEF 0.48 

CBF 49 mL/100 g/min 
OEF 0.37 

Dhar R et al: Stroke 2012 

Relatore
Note di presentazione
Twenty-four percent of 652 brain regions were supplied by vessels with significant vasospasm. Cerebral blood
flow was lower in such regions (38.612 versus 48.716 mL/100 g/min), whereas oxygen extraction fraction was
higher (0.480.19 versus 0.370.14, both P0.001). Hypoperfusion was seen in 46 regions (7%), but 66% of these
were supplied by vessels with no significant vasospasm; 24% occurred in patients without angiographic vasospasm.
Similarly, oligemia occurred more frequently outside territories with vasospasm




652 brain regions 

no 
hypoperfusion 
hypoperfusion 
no VSP 
hypoperfusion 
and VSP 

10 patients with neurological deficit 
7 with VSP 
3 without 
 

Dhar R et al: Stroke 2012 

Relatore
Note di presentazione
Twenty-four percent of 652 brain regions were supplied by vessels with significant vasospasm. Cerebral blood
flow was lower in such regions (38.612 versus 48.716 mL/100 g/min), whereas oxygen extraction fraction was
higher (0.480.19 versus 0.370.14, both P0.001). Hypoperfusion was seen in 46 regions (7%), but 66% of these
were supplied by vessels with no significant vasospasm; 24% occurred in patients without angiographic vasospasm.
Similarly, oligemia occurred more frequently outside territories with vasospasm
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Ostergaard L et al: JCBFM 2013 



Ostergaard L et al: JCBFM 2013 

Capillary  Transit time  Heterogeneity 

Relatore
Note di presentazione
Panel A summarizes the sources of capillary flow
disturbances as identified in this review, and their estimated
duration. They include the oxidative stress and nitric oxide (NO)
depletion caused by pericapillary oxyhemoglobin, structural
damage to the capillary wall (including endothelial cells, basement
membranes, pericytes, and astrocytic endfeet), leukocytosis, and
compression by pericapillary edema. The extent to which the
structural damage to the capillary wall is permanent remains crucial
in that permanent changes in capillary transit time heterogeneity
(CTH) are potential sources of long-term, neurodegenerative
changes. Panel B indicates the added effect of the changes in
panel A in terms of the resulting change in CTH over time. The time
of the peak CTH change is likely to coincide with the peak
pericapillary oxyhemoglobin HgbO concentration, whereas the
height of the peak is likely to correlate with the size of the
hematoma. The extent to which one observes flow increases by
transcranial Doppler sonography (TCD), angiographic vasospasm, or
tissue lesions by computed tomography (CT) or magnetic resonance
imaging (MRI), is predicted to depend on the individual sizes of the
factors in panel A. Note that large hematomas are likely to generate
large net CTH increases owing to their larger, net capillary NO
depletion, and thus to result in both angiographic vasospasm and
hypoxic lesions.



Dreier J: Nature Med 2012 



Dreier J: Nature Med 2012 SPC: slow potential change  

Relatore
Note di presentazione
Normal (spreading hyperemia) and inverse (spreading ischemia) function of the neurovascular unit in response to spreading depolarization in the human brain. The neurovascular unit consists of neurons, astrocytes, endothelium, pericytes and vascular smooth muscle. During spreading depolarization, neurons swell. In brain tissue at risk, spreading depolarization can cause vasoconstriction and tissue ischemia (left). The slow potential change (SPC) is a direct extracellular (EC) electrocorticographic index of the spreading depolarization. Spreading depression of brain electrical activity is only a secondary electrocorticographic index of spreading depolarization and is observed as a suppression of fast potential changes. Under physiological conditions, there is a normal neurovascular response defined by vasodilatation and increased rCBF in response to spreading depolarization that causes spreading hyperemia, which is measured with subdural optode/laser-Doppler flowmetry (right). This provides tissue clearance from metabolites and increased oxidative substrate supply to fuel energy-dependent membrane pumps, which re-establish the normal polarized state of the neurons and ion homeostasis. Thus, a short-lasting SPC and short-lasting spreading depression of activity are typical during the normal hyperemic response. Under pathological conditions, however, an inverse neurovascular response occurs with a corrupted interplay of neurovascular unit elements that results in severe vasoconstriction in response to spreading depolarization (right). The subsequent spreading ischemia describes the consequent spreading depolarization–induced perfusion deficit when it leads to a prolonged SPC. The prolonged SPC, indicating prolonged neuronal depolarization, results from mismatch between energy demand and supply, which causes insufficiency of membrane pumps to repolarize the neurons. Similar to the SPC, spreading depression of activity is prolonged when spreading ischemia is coupled to spreading depolarization. Herein, spreading ischemia is relatively short lived, but it can last for more than 2 hours in animals and humans



Dreier J: Nature Med 2012 

Relatore
Note di presentazione
Spreading ischemia in the rat brain. These stills from a movie show the virtual disappearance of pial arteries (*) and the propagating paleness of the rat brain surface during a typical spreading ischemia, seen through the operation microscope40. Of note, the SPC starts somewhat earlier than the fall of rCBF. This indicates that the spreading depolarization precedes the perfusion deficit, in contrast to the sequence of events during a nonspreading ischemia in which the spreading depolarization follows the perfusion deficit after some minutes 



Nature Med Oct 2009 



Relatore
Note di presentazione
This provided the first experimental evidence
for a contribution to cortical ischemia from distal
vasoconstriction in the cortical microcirculation—
potentially additive with the effects of proximal
vasoconstriction—angiographic vasospasm—the basis
for a ‘double hit’ concept of DCI.
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De Oliveira Manoel et al: Crit Care 2016 



V Conte and co-workers 

Relatore
Note di presentazione
34 pazienti, DCI score: no, <5 mm or > 5 mm ischemic lesion
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Pickard JD et al: BMJ 1989 

SAH                 day 4                                                                       day 21 

4 centers 
N = 554 

Randomization 
< 96 h 

278 

276 

Nimodipine 60 mg * 6  
oral  tablets 

Placebo  
oral tablets 



Pickard JD et al: BMJ 1989 

No effect on  VSP incidence  



1. Asymptomatic or minimal headache, 
slight nucal rigidity 
 

2. Moderate-severe headache, muchal 
rigidity, no deficits other than cranial 
nerves palsy 
 

3. Drowsy, confusion or mild focal deficit 
 

4. Stupor, moderate-severe hemiparesis, 
decerebrate rigidity and vegetative 
disturbances 
 

5. Deep coma, decerebrate rigidity, 
moribund appearance 

1. GCS 15 
 
 

2. GCS 13-14 
 
 

3. GCS 13-14 with motor deficit 
 
 

4. GCS 7-12 with or without motor deficit 
 
 

5. GCS 3-6    with or without motor 
deficit 
 
 
 

Hunt and Hess World Federation of Neurol Surgeons 



Nimodipine 
276 

Placebo 
278 

I 8 12 

II 168 159 

III 76 72 

IV 19 25 

V 7 8 

Pickard JD et al: BMJ 1989 

“The protocol allowed for adjustment of the dose if 
hypotension occurred, but this was not found to be 
necessary .. Patients were monitored clinically ” 

Relatore
Note di presentazione
I pazienti critici (gradi 4-5) sono il 9% del gruppo nimodipina, 12% dei placebo



16 pts  

Choi HA et al NeuroCrit Care 2012 



Out of a total of 663 Nimodipine doses, 365 (55%) 
resulted in a MAP decrease 

Choi HA et al NeuroCrit Care 2012 

Relatore
Note di presentazione
16 pts Out of a total of 663 Nimodipine doses, 365 (55%)
resulted in a MAP decrease
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Relatore
Note di presentazione
selective endothelin A (ET(A)) receptor antagonist Clazosentan 





Kasuya H et al: Neurosurgery 2005 



Implants 

Kasuya H et al: Neurosurgery 2005 

Relatore
Note di presentazione
A 54-year-old man received 10 NPRIs along the bilateral M1 of the
MCA and the bilateral A1 and lower part of A2 of the ACA after clipping of an
anterior communicating artery aneurysm (A, arrow) through a right frontotemporal
craniotomy. CT scans on admission showed a diffuse thick clot in the
basal cisterns, particularly in the anterior interhemispheric fissure and left
sylvian fissure (B and C). An angiogram (D) obtained on Day 7 showed severe
vasospasm on the bilateral A2 of the ACA (arrowheads), which was not seen at
the lower part of A2, where NPRIs were placed (arrows
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Note di presentazione
selective endothelin A (ET(A)) receptor antagonist Clazosentan 



Statins 

Stroke 2010 

Relatore
Note di presentazione
Mio 7960, ma non sono veramente vasoattive? Sillberg 7325



Clazosentan an endothelin receptor antagonist designed to inhibit 
endothelin-mediated cerebral vasospasm 

MacDonald RL et al: Stroke 2008 

Relatore
Note di presentazione
Pubblicazione elettronica, ma risultati non positivi per outcome



MacDonald RL et al: Stroke 2008 

Moderate or severe vasospasm was reduced from 
66%  to 23% in the 15 mg/h Clazosentan group  

(risk reduction, 65%; 95% CI, 47% to 78%; P<0.0001)  
 
No significant effects on secondary end points 
 
Clazosentan was associated with increased rates of 

pulmonary complications, hypotension, and anemia  



Macdonald RL et al: Lancet Neurology 2011 



Macdonald RL et al: Lancet Neurology 2011 



Macdonald RL et al: Lancet Neurology 2011 



Stippler M et al: J Neurosurg 2006 



significant reduction in vasospasm and a trend 
toward improved outcome  
 
when continuous MgSO4 therapy was initiated 
within 48 hours after aneurysm rupture 

38 patients with continuous MgSO4 infusion were matched for 
age, race, sex, treatment option, Fisher grade, and Hunt and Hess 
grade to 38 historical control individuals 

Stippler M et al: J Neurosurg 2006 



Van den Bergh WM et al: Stroke 2005 



Van den Bergh WM et al: Stroke 2005 

Relatore
Note di presentazione
*On-treatment analysis; †intention-to-treat analysis; ‡hazard ratio.
Poor outcome is defined as a Rankin score of 4 or worse; excellent outcome
is defined as a Rankin score of 0; this is a positive outcome, with an RR 1.
NNTB indicates No. needed to benefit 1 patient; NNTH, No. needed to treat
to harm 1 patient.30
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Maurer MH et al: JCBFM 2007 

Relatore
Note di presentazione
several isoforms of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)



Maurer MH et al: JCBFM 2007 

Relatore
Note di presentazione
(A) Examples of original two-dimensional electropherograms
of human brain microdialysate for an asymptomatic
SAH patient (upper panel) and a patient with symptomatic
vasospasm (lower panel). Differentially expressed protein
groups identified by cluster analysis are indicated (arrows)
and marked for HSP7C and GAPDH. It is evident that GAPDH is
higher and HSP7C is lower in the vasospastic patient than in
the nonvasospastic patient. (B) Heat map of the hierarchical
cluster analysis of all proteomic profiles. We used the clustering
algorithm EPCLUST (http://ep.ebi.ac.uk) to sort the individual
spots according to their expression profile. Red color codes for
increased spot volume in symptomatic vasospasm patients,
green for increased concentration in nonvasospastic controls.
Clusters are marked for HSP7C and GAPDH. The spot isoforms
for GAPDH and HSP7C were sorted into the same expression
profile cluster, respectively
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Relatore
Note di presentazione
(A) Examples of original two-dimensional electropherograms
of human brain microdialysate for an asymptomatic
SAH patient (upper panel) and a patient with symptomatic
vasospasm (lower panel). Differentially expressed protein
groups identified by cluster analysis are indicated (arrows)
and marked for HSP7C and GAPDH. It is evident that GAPDH is
higher and HSP7C is lower in the vasospastic patient than in
the nonvasospastic patient. (B) Heat map of the hierarchical
cluster analysis of all proteomic profiles. We used the clustering
algorithm EPCLUST (http://ep.ebi.ac.uk) to sort the individual
spots according to their expression profile. Red color codes for
increased spot volume in symptomatic vasospasm patients,
green for increased concentration in nonvasospastic controls.
Clusters are marked for HSP7C and GAPDH. The spot isoforms
for GAPDH and HSP7C were sorted into the same expression
profile cluster, respectively



Zanier ER et al: Int Care Med 2011 



Zanier ER et al: Int Care Med 2011 



Zanier ER et al: JNNP 2011 



Zanier ER et al: JNNP 2011 

Relatore
Note di presentazione
Early cerebral ischemia



Neurological observation 
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Kassel NF et al Neurosurgery 1982 



58 SAH patients 
with deficits 

47 complete or  
partial resolution 

1 hour 

Start treatment 

Kassel NF et al Neurosurgery 1982 



58 SAH patients 
with deficits 

47 complete or  
partial resolution 

43 permanent resolution 

4  transient resolution 

1 hour 

Start treatment 

Kassel NF et al Neurosurgery 1982 



… We commenced therapy by increasing the intravascular volume 
rapidly with blood and colloid solutions.  
 
 
If this did not result in prompt improvement in the neurological 
impairments, we induced hypertension with vasopressor agents.  
 
 
 

Kassel NF et al Neurosurgery 1982 



… We commenced therapy by increasing the intravascular volume 
rapidly with blood and colloid solutions.  
 
 
If this did not result in prompt improvement in the neurological 
impairments, we induced hypertension with vasopressor agents.  
 
 
The blood pressure was raised initially to a level estimated to exceed 
that required for reversal of the deficit …  
A 20 -100 torr increase in systolic arterial pressure was maintained 
for 12 hours to 8 days.  
The maximal blood pressure limits were 240 systolic and 150 mean 
in patients whose aneurysms had been obliterated  
 

Kassel NF et al Neurosurgery 1982 



Triple-H 

Hemodilution  ⇒ Ht 30 - 32 
Hypervolemia  ⇒ PVC 10 - 12 
Hypertension  ⇒ ↑ MAP 20 - 40 % 
 



Muench E et al Crit Care Med 2007 

n = 10 



Muench E et al Crit Care Med 2007 

Relatore
Note di presentazione
Effects of vasopressor-induced hypertension (H), induced hypervolemia/hemodilution (HH), and hypertensive/hypervolemic/hemodilution therapy
(HHH) on regional cerebral blood flow (rCBF) and brain tissue oxygenation (PtiO2) in patients 1, 3, and 7 days following aneurysmal subarachnoid
hemorrhage. Data are presented as the difference from baseline () in mL/100 g/min (rCBF) and mm Hg (PtiO2). Data are expressed as mean  SD.
*p  .05.
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 SAH - Medical treatment of  
delayed cerebral ischemia 

Prevention of inadequate delivery Avoidance of increased demand 

Hypovolemia 

Hypothension 

Anemia 

Hypoglycemia 

Low CPP 

Fever 

Seizures 
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