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Note di presentazione
Haemorrhagic illness with ischemic consequences
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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.
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Definition of Delayed Cerebral Ischemia After Aneurysmal
Subarachnoid Hemorrhage as an Outcome Event in Clinical
Trials and Observational Studies

Proposal of a Multidisciplinary Research Group

Mervyn D.I. Vergouwen, MD, PhD; Marinus Vermeulen, MD, PhD;

Jan van Gijn, MD, FRCP, FRCP(Edin): Gabriel J.E. Rinkel, MD: Eelco F. Wijdicks, MD, PhD;
J. Paul Muizelaar, MD, PhD:; A. Da Aendelow, MD, PhD; Seppo Juvela, MD, PhD:
Howard Yonas, MD; Karel G. Terbrugge, MD, FRCPC; R. Loch Macdonald, MD, PhD;

Michael N. Diringer, MD; Joseph P. Broderick, MD; Jens P. Dreier, MD, PhD:
Yvo BW.EM. Roos, MD, PhD

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
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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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Relationship Between Angiographic Vasospasm and
Regional Hypoperfusion in Aneurysmal

Subarachnoid Hemorrhage

Rajat Dhar, MD: Michael T. Scalfani, MSCI; Spiros Blackburn, MD; Allyson R. Zazulia, MD;
Tom Videen, PhD; Michael Diringer, MD

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

Dhar R et al: Stroke 2012
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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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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



CBF 39 mL/100 g/min
OEF 0.48
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CBF 49 mL/100 g/min
OEF 0.37

Dhar R et al: Stroke 2012
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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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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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Sources of capillary flow impairment

Pericapillary HgbO

Capillary wall damage + glialswelling

Leukocytosis

Capillary Transit time Heterogeneity

Vasogenic edema

Net CTH change

Ostergaard L et al: JCBFM 2013


Relatore
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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.
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The role of spreading depression,

spreading depolarization and spreading
iIschemia In neurological disease

Jens P Dreier

Dreier J: Nature Med 2012
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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


Spreading izchemia in the rat brain
Os

Dreier J: Nature Med 2012
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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 


B BEDSIDE TO BENCH

Killer waves of depolarization in subarachnoid bleed
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Feature Article Commentary

Cortical spreading ischemia in the absence
of proximal vasospasm after aneurysmal

subarachnoid hemorrhage: evidence for a dual
mechanism of delayed cerebral ischemia

Anthony J Strong' and R Loch Macdonald?

'King’s College London, Department of Clinical Neuroscience, Institute of Psychiatry, London, UK;
*Division of Neurosurgery, St Michael’s Hospital, University of Toronto, Toronto, Ontario, Canada
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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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34 pazienti, DCI score: no, <5 mm or > 5 mm ischemic lesion
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Effect of oral nimodipine on cerebral infarction and outcome after
subarachnoid haemorrhage: British aneurysm nimodipine trial

J D Pickard, G D Murray, R lllingworth, M D M Shaw, G M Teasdale, P M Foy, PR D Humphrev,
D A Lang, R Nelson, P Richards, J Sinar, S Bailey, A Skene

Pickard JD et al: BMJ 1989



Nimodipine 60 mg * 6

oral tablets
278
276
Randomization FIEIBEID
<96 h oral tablets
SAH day 4 day 21

4 centers
N =554

Pickard JD et al: BMJ 1989



TABLE I1—Effect of mimodipine on moidence of cerebral infarcnion and owtcome afrer subarachnod
haemorrhage, Values are numbers { percentages | of panents unless started otherwise

Patients taking  Patients taking Felanive P50

mimodipine placebo reduction Confidence significance

in-278) i 2] (Ml il (p value

Cerebral infarci 6122 92 (3133 4 1310 50 00 [y = B9, di=1)
Foor outonme 55 (200 LIRERY 20 1o 55 <O 1y =124, df=1)
Rebleed 25 9 14 45 5 tn 54 0-077 p'= 1% dt=11

No effect on VSP incidence

Pickard JD et al: BMJ 1989



Hunt and Hess World Federation of Neurol Surgeons

Asymptomatic or minimal headache, 1. GCS 15
slight nucal rigidity

Moderate-severe headache, muchal 2 GCS 13-14
rigidity, no deficits other than cranial
nerves palsy

. . . 3. GCS 13-14 with motor deficit
Drowsy, confusion or mild focal deficit

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

4. GCS 7-12 with or without motor deficit

Deep coma, decerebrate rigidity, 5. GC.S.3-6 with or without motor
moribund appearance deficit



Nimodipine Placebo
276 278
I 8 12
I 168 159
1] 76 72
\Y, 19 25
\Y 7 8

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

Pickard JD et al: BMJ 1989
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I pazienti critici (gradi 4-5) sono il 9% del gruppo nimodipina, 12% dei placebo


) ggurﬂtri’ricd Meurocrit Care (2012) 16:363-367
I
] socﬁaw DO 10O TOO S5 12028-012-9670-5

ORIGINAL ARTICLE

Acute Effects of Nimodipine on Cerebral Vasculature and Brain
Metabolism in High Grade Subarachnoid Hemorrhage Patients

H. Alex Choi * Sang-Bae Ko - Huahiou Chen » Emily Gilmore - Amanda M. Carpenter -
Danielle Lee - Jan Claassen * Stephan A. Mayver + J. Michael Schmidt -

Kiwon Lee * E. Sander Connelly * Myunghee Paik - Neeraj Badjatia

16 pts

Choi HA et al NeuroCrit Care 2012
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16 pts Out of a total of 663 Nimodipine doses, 365 (55%)
resulted in a MAP decrease
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selective endothelin A (ET(A)) receptor antagonist Clazosentan 


J Neurosurg 95:44-50, 2001

Efficacy of controlled-release papaverine pellets in preventing

symptomatic cerebral vasospasm

TAYFUN DALBASTI, ML.D., MURAT KARABIVIKOGLU, ML.D., NURCAN OZDAMAR, M.D.,
NEZIH OKTAR, M.D., AND SEDAT CAGLI, M.D.

Department of Neurosurgery, University of Ege, School of Medicine, Izmir, Turkey




APPLICATION OF NICARDIPINE PROLONGED-RELEASE
IMPLANTS: ANALYSIS OF 97 CONSECUTIVE PATIENTS
WITH ACUTE SUBARACHNOID HEMORRHAGE

Kasuya H et al: Neurosurgery 2005



Implants

Kasuya H et al: Neurosurgery 2005
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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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selective endothelin A (ET(A)) receptor antagonist Clazosentan 


Statins

American Strok
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A Division of American o

JournaAL oF THE AMERICAN HEART AsSsociaTion Heart Association

"Yes' or 'No' to Routine Statins After Subarachnoid Hemorrhage to Prevent
-
Delayed Cerebral Ischaemia, Vasospasm, and Death?: A Cautionary Tale of 2
\[Etﬂ Anah ses

Stroke 2010
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Mio 7960, ma non sono veramente vasoattive? Sillberg 7325


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

_Stroke T,

American American

Heart | Stroke
Association | Association.

Clazozentan to Overcome Neurological Ischemia and Infarction Occorring After
Subarachnoid Hemorrhage (CONSCIOUS-1): Randomized, Double-Blind,
Placebo-Controlled Phase 2 Doze-Finding Trial
R. Loch Macdonald, Neal F. Kassell, Stephan Mayer, Daniel Ruefenacht, Peter Schmiedek,
Stephan Weidaver, Aline Frey, Scbastien Roux and Alberto Pazqualin

MacDonald RL et al: Stroke 2008
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Pubblicazione elettronica, ma risultati non positivi per outcome


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: Stroke 2008



Clazosentan, an endothelin receptor antagonist, in patients
with aneurysmal subarachnoid haemorrhage undergoing
surgical clipping: a randomised, double-blind, placebo-

controlled phase 3 trial (CONSCIOUS-2)

a, MD, Emanuela Keller, MD, Stephan A Mayer, MD, / {
Wanke, MD, Doris Bach, MSc, Aline Frey, PharmD, Angelina Marr, BSc

Macdonald RL et al: Lancet Neurology 2011
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J Neurosurg 105:723-729, 2006

Magnesium infusion for vasospasm prophylaxis after

subarachnoid hemorrhage

MARTINA STIPPLER, M.D., ELIZABETH CrAGO, R.N., ML.S.N., ELAD 1. LEVY, M.D.,
MARY E. KERR, R.N., Pu.D., HowArD YoNas, M.D., MicHAEL B. Horowitz, M.D.,
AND AMIN Kassam, ML.D.

Departments of Neurological Surgery and Acute and Tertiary Nursing, University of Pittsburgh
Medical Center, Pittsburgh, Pennsylvania; Department of Neurosurgery and Toshiba Stroke Research
Center, State University of New York at Buffalo, New York; and Division of Surgery, Department of
Neurosurgery, University of New Mexico Health Sciences Center, Albuguergue, New Mexico

Stippler M et al: J Neurosurg 2006



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

significant reduction in vasospasm and a trend
toward improved outcome

when continuous MgS0O4 therapy was Initiated
within 48 hours after aneurysm rupture

Stippler M et al: J Neurosurg 2006



Magnesium Sulfate in Aneurysmal
Subarachnoid Hemorrhage

A Randomized Controlled Trial

Walter M. van den Bergh; on behalf of the MASH Study Group

Van den Bergh WM et al: Stroke 2005



Intention to Treat On Treatment

n=2583 n=249

Magnesium  Pacebo  Magnesium Placebo

Baseline data
Mo, randomized 283 134 144 122

RR (95% CI) NNT
Primary outcome
DCr 0.66 (0.38—1.14¢ 14 (35 NNTH to 6 NNTE)
Secondary outcomes
Mew hypodensities on CT° 1,04 {0.791.37) -
Poaor outcomet 0.77 (0.54—1.09) 12 (37 NNTH to 5 NNTE)
Excellent outcomet 3.4 (1.3-2.9) 11 (7 NNTE to 43 NNTE)

Van den Bergh WM et al: Stroke 2005
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*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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Identification of early markers for symptomatic
vasospasm in human cerebral microdialysate after

subarachnoid hemorrhage: Preliminary results of a

proteome-wide screening

Martin H Maurer"?, Daniel Haux*®, Oliver W Sakowitz*, Andreas W Unterberg® and
Wolfgang Kuschinsky'

'Department of Phyvsiology and Pathophvsiology, University of Heidelberg, Heidelberg, Germany;
*Department of Neurosurgery, University of Heidelberg, Heidelberg, Germany

Maurer MH et al: JCBFM 2007
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several isoforms of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)


A non-vasospastic B non-vasospastic vasospastic
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Maurer MH et al: JCBFM 2007
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(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


A
non-vasospastic vasospastic

Maurer MH et al: JCBFM 2007
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(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


Intensive Care Med (2011) 37:302
DOL 10.1007/00134-010-2075-2

Elisa R. Zanier
Glovanna Brandi
Giuseppe Peri
Luca Longhi
Tommaso Zoerle
Mauro Tettamanti
Cecilia Garlanda
Anna Sigurta
Serenella Valaperta
Alberto Mantovani
Maria Grazia De Simoni
Nino Stocchetti

Cerebrospinal fluid pentraxin 3 early
after subarachnoid hemorrhage is associated

with vasospasm

Zanier ER et al; Int Care Med 2011



acute sub-acute vasospasm
phase phase
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Angiography day 1 Angiography day 1 Angiography day 5

Zanier ER et al; Int Care Med 2011



Neurofilament light chain levels in ventricular
cerebrospinal fluid after acute aneurysmal

subarachnoid haemorrhage

E R Zanier,"” D Refai,® G J Zipfel,” T Zoerle,' L Longhi,' T J Esparza, M L Spinner,*
R J Bateman,® D L Brody,” N Stocchetti’

Zanier ER et al: JINNP 2011
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Early cerebral ischemia


Neurological observation
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Clinical and laboratory reports

Treatment of Ischemic Deficits from Vasospasm with
Intravascular Volume Expansion and Induced Arterial
Hypertension

Neal F. Kassell, M.D., Sydney J. Peerless, M.D., Quentin J. Durward, M.D., David W, Beck, M.D., Charles G. Drake, M.D., and
Harold P. Adams, M.D.
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58 SAH patients
with deficits
Start treatment

1 hour

47 complete or

partial resolution
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58 SAH patients
with deficits
Start treatment

1 hour

47 complete or

partial resolution

43 permanent resolution

4 transient resolution
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... 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.
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... 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

emodilution = Ht 30 - 32
ypervolemia = PVC 10-12
ypertension = T MAP 20 - 40 %



Effects of hypervolemia and hypertension on regional cerebral
blood flow, intracranial pressure, and brain tissue oxygenation

after subarachnoid hemorrhage®

Elke Muench, MD; Peter Hom, MD; Christian Bauhuf, MD; Harry Roth, MD; Mark Philipps, MD;
Peter Hermann, DrScHum; Michael Quintel, MD, PhD; Peter Schmiedek, MD; Peter Vajkoczy, MD

n=10

Muench E et al Crit Care Med 2007
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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

Hypovolemia

Hypothension
Low CPP
Hypoglycemia

Anemia
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