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Dear editor,
We would like to thank Ayasse et al. for their interest 

in our article “Blood Pressure Affects the Early CT Per-
fusion Imaging in Patients with aSAH Reflecting Early 
Disturbed Autoregulation” [1] and for providing their 
insights into cerebral autoregulation. We appreciate the 
opportunity to respond to the issues raised.

Firstly, we would like to emphasize that our study pri-
marily focused on the correlation between mean transit 
time (MTT) of early computed tomography perfusion 
(CTP) imaging and blood pressure during the early brain 
injury (EBI) phase, indeed on a population level.

As Ayasse et  al. alluded to, MTT was chosen as the 
parameter of interest because it is known to be the most 
relevant prognostic CTP parameter in patients with 
aneurysmal subarachnoid hemorrhage (aSAH), and a 
shorter MTT is associated with better outcomes and 
fewer complications [2–4]. Neither cerebral blood vol-
ume (CBV) nor cerebral blood flow (CBF) was shown to 
be a relevant factor in that regard. However, the quotient 
of these two parameters, the MTT, was found to appar-
ently better reflect the relevant pathophysiology radio-
logically in the EBI phase in a clinical setting [2–4].

In part, this may be explained by the relative nature of 
CBV and CBF measurements in CTP imaging, and we 
agree with the statement by Ayasse et al. that it is essential 
to carefully choose the method for quantitatively estab-
lishing CBF. Both CBV and CBF measurements include 

a measure of mass of brain tissue in the respective units, 
which is an unknown during a CTP scan, thereby limit-
ing comparability across patients and even across differ-
ent imaging time points in the same patient. In MTT, 
however, as the quotient of CBV/CBF, all relative units 
are reduced from the results without any elaborate post-
processing, leaving only an absolute measurement: time. 
We acknowledge that CBF and CBV measurements are 
abundant in the literature, and different evaluation meth-
ods and software lead to variability in reported MTT 
values. However, when trying to find suitable surrogate 
parameters with potential for real-world clinical usage, 
we try to concentrate on “more comparable” parameters, 
such as MTT, where possible.

Following the concepts of cerebral autoregulation laid 
out by Ayasse et  al., a prolongation of MTT is indeed 
to be expected in patients with a decreased MAP, and 
we thank Ayasse et al. for contributing the valuable and 
clear explanations of the relationship between MAP, 
CBF, CBV, and MTT. Although both our title and the 
conclusion are arguably pointed, we feel that our discus-
sion is a bit more nuanced and better explains our con-
clusions. Although CBV and CBF were not considered 
in our study, as explained previously, it has to be noted 
that at least some earlier observations have reported 
reduced CBF and constant CBV in CTP imaging in the 
EBI phase [3, 4] and that other studies have described 
impaired autoregulation in the EBI phase [5]. Instead, we 
would like to draw the reader’s attention to the increas-
ingly stronger correlation between MAP and MTT as the 
patient’s neurological status worsens, as measured by the 
World Federation of Neurosurgical Societies grade. We 
found it remarkable to demonstrate, for the first time, 
that in less vigilant patients (a direct indicator of the 
severity of EBI), the correlation between MAP and MTT 
becomes stronger. We assumed that the most probable 
cause for this observation was the impairment of cerebral 
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autoregulation due to the severity of EBI. We appreciate 
that our thought process should have been laid out more 
carefully, and we are thankful to Ayasse et al. for provid-
ing this opportunity.

We remain convinced that disturbances in cerebral 
autoregulation play an important role in the EBI phase in 
patients with aSAH, and further efforts should be made 
to understand these relationships, especially in patients 
with poor-grade aSAH. Finally, we would like to extend 
our gratitude to Ayasse et al. for contributing to the dis-
cussion with clear and constructive comments. We hope 
that our response clarifies the issues raised in the letter 
and provides additional insight into the complexity of 
this topic.

Author details
1 Department of Neurosurgery, Medical Faculty and University Hospital 
Düsseldorf, Heinrich-Heine-University, Düsseldorf, Germany. 2 Department 
of Diagnostic and Interventional Radiology, Medical Faculty and University 
Hospital Düsseldorf, Heinrich-Heine-University, Düsseldorf, Germany. 

Source of support
Open Access funding enabled and organized by Projekt DEAL. None.

Conflicts of interest
None.

Open Access
 This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and 

indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, 
visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

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

Received: 13 May 2023   Accepted: 16 May 2023
Published: 8 June 2023

References
 1. Hofmann BB, Donaldson DM, Fischer I, et al. Blood pressure affects 

the early CT perfusion imaging in patients with aSAH reflecting early 
disturbed autoregulation. Neurocri Care. 2023. https:// doi. org/ 10. 1007/ 
s12028- 023- 01683-8.

 2. Etminan N, Beseoglu K, Heiroth HJ, Turowski B, Steiger HJ, Hanggi D. 
Early perfusion computerized tomography imaging as a radiographic 
surrogate for delayed cerebral ischemia and functional outcome after 
subarachnoid hemorrhage. Stroke. 2013;44:1260–6.

 3. Lagares A, Cicuendez M, Ramos A, et al. Acute perfusion changes 
after spontaneous SAH: a perfusion CT study. Acta Neurochir (Wien). 
2012;154:405–12.

 4. Rodriguez-Régent C, Hafsa M, Turc G, et al. Early quantitative CT perfusion 
parameters variation for prediction of delayed cerebral ischemia follow-
ing aneurysmal subarachnoid hemorrhage. Eur Radiol. 2016;26:2956–63.

 5. Gaasch M, Schiefecker AJ, Kofler M, et al. Cerebral autoregulation in the 
prediction of delayed cerebral ischemia and clinical outcome in poor-
grade aneurysmal subarachnoid hemorrhage patients. Crit Care Med. 
2018;46:774–80.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12028-023-01683-8
https://doi.org/10.1007/s12028-023-01683-8

	Titelblatt_Hofmann_final
	Hofmann_Cerebral
	Cerebral Autoregulation: Don’t go with the Flow, be the Flow; Author′s Response
	References





