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A secondary analysis of the CONSCIOUS-1 study, 
which examined the natural history of cerebral ischemia 
following aSAH, illuminates this uncertainly and should 
prompt reflection about the current approach to this 
disease [5]. This study did not find a causative relation-
ship between MV, DCI, and infarction, concluding that 
infarction arises from vasospasm-dependent and -inde-
pendent mechanisms. This work highlights the complex 
derangements responsible for ischaemia-infarction and, 
crucially, confirms that DCI occurs both in the presence 
and absence of MV.

In contrast, much of the evidence in support of AH 
is from case reports and small cohort studies where 
neurological improvements have been associated with 
increases in blood pressure. This approach, whilst plau-
sible in certain scenarios, is fraught with methodologi-
cal bias; patients with aSAH have fluctuating neurology, 
sedation resolves unpredictably, and optimisation of rou-
tine physiological parameters may be enough to improve 
neurology. It is precisely these types of diagnostic-ther-
apeutic challenges which benefit from well-designed, 
prospective clinical studies but these are almost wholly 
absent from the DCI literature [6].

As such, three knowledge gaps must be addressed via 
prospective clinical research to recommend AH as an 
effective and safe management strategy to treat DCI.

Recent guidelines [1, 2] starkly emphasise the sparce evi-
dence in support of augmented hypertension (AH) to 
treat delayed cerebral ischaemia (DCI) following aneurys-
mal subarachnoid haemorrhage (aSAH), while other stud-
ies highlight the potential risks from adverse events [3, 4].

Macrovascular vasospasm (MV), narrowing of the large 
cerebral arteries, occurs in 30–70% of patients following 
aSAH and is thought to cause cerebral infarction. Sup-
raphysiological augmented hypertension (AH) is widely 
used in the belief that it will overcome the impairment 
in cerebral blood flow thus restoring perfusion. How-
ever, concerns about efficacy and harm arise from studies 
questioning the relationship between MV and ischaemia-
infarction, as well as evidence of iatrogenic harm from 
haemodynamic manipulation. Furthermore, as our 
knowledge of cerebrovascular physiology has developed, 
it seems implausible that this approach encapsulates all 
configurations of cerebrovascular perfusion.
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Gap 1: standardised diagnostic criteria
Treatment for MV may necessitate AH but clinicians fre-
quently encounter diagnostic uncertainty when patients 
present with suspected DCI. This lack of precision con-
founds the construction of a patient-centric analysis to 
determine how to use AH safely. Moreover, where a ‘MV 
first’ approach is used, it neglects other causes of neuro-
logical deterioration including seizures, sepsis, spreading 
depolarization, hypovolemia, disequilibrium syndromes, 
microvascular thrombosis, and delirium.

Once suspected, the tools used to diagnose DCI/MV, 
and to assess response to AH, lack standardisation. This 
disproportionally impacts the treatment of patients at 
the more severe end of the disease spectrum who are 
intubated and therefore unable to be assessed clinically. 
Altered computed tomography perfusion (CTP) scan 
temporal parameters are frequently felt to be suggestive 
of ischaemia and thus prompt the setting of arbitrary 
blood pressure targets. However, the baseline ‘normal’ 
CTP in any patient with DCI is frequently not known and 
it is not surprising that the combination of a chronically 
diseased cerebrovascular system, the interventions to 
secure the aneurysm, cerebral oedema, and MV interact 
to alter blood flow around the brain leading to the fre-
quently observed alternations in temporal parameters, 
but this does not necessarily mean that AH will provide 
benefit. This ad hoc approach contrasts with the use of 
CTP in other diseases, such as ischaemic stroke, where 
clear diagnostic criteria define the extent of the ischaemic 
penumbra to allow safe, efficacious titration of mechani-
cal thrombectomy.

In contrast to aSAH, radiological presence of MV does 
not have widespread utility as a threshold for the use of 
AH. For example, AH is not used routinely where MV 
is observed in posterior reversible encephalopathy syn-
drome (PRES) where it is postulated that supraphysio-
logical blood pressure can trigger MV [7], or for cerebral 
angiopathy and vasoconstriction seen in pre-eclampsia.

Gap 2: evidence demonstrating therapeutic benefit
Clazosentan, an endothelin receptor antagonist, 
decreased vasospasm in the CONSCIOUS − 1, -2, and 
− 3 studies but did not reduce the incidence of cerebral 
infarction, nor improve outcome [5]. Similar findings 
have been shown for angioplasty and, fascinatingly, while 
the arterial vasodilator nimodipine improves outcome 
following aSAH it does not reduce MV. These data sug-
gest that MV may only play a partial role in the develop-
ment of DCI and infarction and that any beneficial effect 
of AH may not come from overcoming the effects of MV.

More worryingly, AH itself could be harmful to 
uninjured regions of the brain. The proximal pressure 
achieved by AH may result in heterogenous patterns 
of perfusion due to the interaction between vasoactive 

medications, augmented blood pressure, and variably 
impaired cerebrovascular autoregulation. This conceiv-
ably results in ischaemia via exacerbation of physiological 
protective myogenic vasoconstriction, diversion of blood 
flow to non-spastic segments leading to hyperaemia and 
vasogenic oedema, or no change in flow - and therefore 
no benefit - due to intact cerebral autoregulation [8]. Any 
effective DCI treatment must reverse a potential deficit 
in flow and restore perfusion to ischaemic parts of the 
brain without creating any new perfusion deficits. It is 
not yet clear whether AH meets this crucial objective.

A more speculative anxiety is that adrenoreceptor ago-
nists may act on adrenoreceptors in the cerebrovascular 
system to cause vasoconstriction [9–11]. Adrenorecep-
tors are abundantly expressed throughout the brain, 
particularly in the posterior circulation and it is uncer-
tain what effect exogenous catecholamines have, espe-
cially in the presence of a disrupted blood-brain barrier. 
Small perturbations of blood flow to these regions in an 
already vulnerable brain could have substantial impact on 
outcome.

Gap 3: evidence that the harms associated with AH 
are justified
Across a variety of clinical scenarios where supraphysi-
ological doses of vasoactive medications are used there 
has been a consistent association with harm. It has yet to 
be established how much extra-cranial harm accumulates 
when AH is used to treat DCI/MV and whether this is 
mitigated by any beneficial effect derived from improved 
perfusion past MV. These foci of harm include catechol-
amine mediated injury to the heart, pulmonary circula-
tion, and other organs. These effects may exacerbate the 
overall burden of injury caused by critical illness, further 
impair oxygen delivery to the brain, and worsen patient-
centred outcomes.

There is also scant understanding of the relationship 
between AH and the common, simultaneously occurring, 
extra-cranial complications associated with aSAH; such 
as neurogenic cardiomyopathy and pulmonary oedema, 
hyponatraemia, and venous thromboembolism.

Concluding comments
Until the gaps in knowledge articulated here have been 
addressed, AH to treat suspected DCI following aSAH 
should only be used within a structured, stepwise 
framework titrated to an objective, clinically important 
response. This must be sensitive to the significant poten-
tial complications whilst ensuring that other causes of 
neurological deterioration are not neglected.

These gaps will require internationally coordinated 
collaboration, research, and guideline setting. Research 
should focus, in the first instance, on establishing a clear 
diagnostic substrate for DCI to allow case selection on 
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which prospective clinical studies can be designed and 
constructed. Outcomes should be defined using long-
term measures of cognitive function which are patient-
centric rather than surrogates of cerebral blood flow in 
the first days after ictus.

Acknowledgements
Our thanks to Dr Parjam Zolfaghari for inviting us to present a pro/con debate 
on this topic at the 2023 Intensive Care Society State of the Art meeting in 
Birmingham, UK.

Author contributions
All three authors participated in the preparations of the pro/con debate which 
served as the genesis for this editorial and each participated equally in the 
writing and review. All authors read and approved the final manuscript.

Funding
None.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 January 2024 / Accepted: 19 February 2024

References
1.	 Hoh BL, Ko NU, Amin-Hanjani S, Chou SH-Y, Cruz-Flores S, Dangayach NS, 

Derdeyn CP, Du R, Hänggi D, Hetts SW, Ifejika NL, Johnson R, Keigher KM, Les-
lie-Mazwi TM, Lucke-Wold B, Rabinstein AA, Robicsek SA, Stapleton CJ, Suarez 
JI, Tjoumakaris SI, Welch BG. 2023 Guideline for the management of patients 
with Aneurysmal Subarachnoid Hemorrhage: a Guideline from the American 

Heart Association/American Stroke Association. Stroke. 2023;54(7):e314–70. 
https://doi.org/10.1161/STR.0000000000000436.

2.	 Rajajee V, Human T. Subarachnoid Hemorrhage Management guidelines: 
perspectives on Methodology and Clinical Guidance. Neurocrit Care. 2023. 
https://doi.org/10.1007/s12028-023-01740-2.

3.	 van den Gathier CS, Verweij BH, Dankbaar JW, Müller MC, Oldenbeuving AW, 
Rinkel GJE, Slooter AJC, HIMALAIA Study Group. Induced Hypertension for 
delayed cerebral ischemia after Aneurysmal Subarachnoid Hemorrhage: a 
Randomized Clinical Trial. Stroke. 2018;49(1):76–83. https://doi.org/10.1161/
STROKEAHA.117.017956.

4.	 Chousterman B, Leclère B, Morisson L, Eude Y, Gayat E, Mebazaa A, Cinotti 
R. A network meta-analysis of therapeutic and prophylactic management 
of vasospasm on aneurysmal subarachnoid hemorrhage outcomes. Front 
Neurol. 2023;14:1217719. https://doi.org/10.3389/fneur.2023.1217719.

5.	 Schupper AJ, Eagles ME, Neifert SN, Mocco J, Macdonald RL. Lessons from 
the CONSCIOUS-1 study. J Clin Med. 2020;9(9):2970. https://doi.org/10.3390/
jcm9092970.

6.	 Dodd WS, Laurent D, Dumont AS, Hasan DM, Jabbour PM, Starke RM, Hosaka 
K, Polifka AJ, Hoh BL, Chalouhi N. Pathophysiology of delayed cerebral 
ischemia after subarachnoid hemorrhage: a review. J Am Heart Assoc. 
2021;10(15):e021845. https://doi.org/10.1161/JAHA.121.021845.

7.	 Pilato F, Distefano M, Calandrelli R. Posterior reversible Encephalopathy 
Syndrome and reversible cerebral vasoconstriction syndrome: clinical and 
radiological considerations. Front Neurol. 2020;11:34. https://doi.org/10.3389/
fneur.2020.00034. Published 2020 Feb 14.

8.	 Lidington D, Wan H, Bolz SS. Cerebral autoregulation in Subarachnoid 
Hemorrhage. Front Neurol. 2021;12:688362. https://doi.org/10.3389/
fneur.2021.688362.

9.	 Koep JL, Taylor CE, Coombes JS, Bond B, Ainslie PN, Bailey TG. Autonomic 
control of cerebral blood flow: fundamental comparisons between periph-
eral and cerebrovascular circulations in humans. J Physiol. 2022;600(1):15–39. 
https://doi.org/10.1113/JP281058.

10.	 Cattaneo A, Wipplinger C, Geske C, Semmler F, Wipplinger TM, et al. Investi-
gating the relationship between high-dose norepinephrine administration 
and the incidence of delayed cerebral infarction in patients with aneurysmal 
subarachnoid hemorrhage: a single-center retrospective evaluation. PLoS 
ONE. 2023;18(3):e0283180. https://doi.org/10.1371/journal.pone.0283180.

11.	 Froese L, Dian J, Gomez A, Unger B, Zeiler FA. The cerebrovascular response 
to norepinephrine: a scoping systematic review of the animal and human 
literature. Pharmacol Res Perspect. 2020;8(5):e00655. https://doi.org/10.1002/
prp2.655.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1161/STR.0000000000000436
https://doi.org/10.1007/s12028-023-01740-2
https://doi.org/10.1161/STROKEAHA.117.017956
https://doi.org/10.1161/STROKEAHA.117.017956
https://doi.org/10.3389/fneur.2023.1217719
https://doi.org/10.3390/jcm9092970
https://doi.org/10.3390/jcm9092970
https://doi.org/10.1161/JAHA.121.021845
https://doi.org/10.3389/fneur.2020.00034
https://doi.org/10.3389/fneur.2020.00034
https://doi.org/10.3389/fneur.2021.688362
https://doi.org/10.3389/fneur.2021.688362
https://doi.org/10.1113/JP281058
https://doi.org/10.1371/journal.pone.0283180
https://doi.org/10.1002/prp2.655
https://doi.org/10.1002/prp2.655

	﻿Pressure for change: can we continue to ignore the lack of evidence for blood pressure augmentation to treat delayed neurological deficit following subarachnoid haemorrhage?
	﻿Gap 1: standardised diagnostic criteria
	﻿Gap 2: evidence demonstrating therapeutic benefit
	﻿Gap 3: evidence that the harms associated with AH are justified
	﻿Concluding comments
	﻿References


