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Introduction: Intraoperative hypotension is common following general anaesthesia induction with propofol, but its impact on cerebral autoregulation (CA) remains unclear. We investigate the incidence and risk factors of impaired CApost-propofol induction and its recovery after a mean arterial pressure (mAP) challenge.



Methods: We included 40 non-emergency neuroradiology surgery patients [58 (47, 58)years old., 57% women]. We recorded mAP, mean blood flow velocity in the mean cerebral artery (MCAvmean), and regional cerebral oxygen saturation (rSO2). We computed the mean flow index (Mxa) pre and post mAP challenge. Mxa > 0.3 defined poor CA.



Results: After anaesthesia induction, 21 (53%) had impaired CBF autoregulation (CA−, Mxa > 0.3). The average mAP was 66 ± 9 mmHg, average MCAv was 39 ± 12 cm.s−1, and rSO2 was 63 ± 7%. We found no significant difference in age, norepinephrine infusion rate, and cardiovascular risks factors were similar between CA− and CA+ (Mxa ≤ 0.3) patients. Among the 22 patients (CA−: n = 14; CA+: n = 8) undergoing mAP challenge, there was a significant Mxa improvement and MCAv increase among CA− patients, (CA−: 0.63 ± 0.18 vs. 0.28 ± 0.20, p < 0.001), and [absolute variation: 1 (0.7–1.5) vs. 7 (3–9) cm.sec−1], respectively.



Conclusion: After induction of general anaesthesia for neuroradiology procedure, 53% of the patients had an impaired CA, regardless of age or medical history. Importantly, a mAP challenge effectively restored CA and improved CBF.



Clinical Trial Registration: identifier, NCT 04288869
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Introduction

Intraoperative hypotension is associated with increased risks of postoperative complications (1), mortality (2), and can worsen pre-existing neurocognitive fragility (3). It often occurs following administration of anaesthetic drugs, particularly propofol (4). For this reason, to restore appropriate organ perfusion, a mean arterial pressure (mAP) challenge is commonly performed after anaesthesia induction. In healthy patients, intraoperative hypotension is thought to only slightly affect cerebral blood flow (CBF) due to the active mechanism of autoregulation (CA), which involves modulation of microvascular resistances.

However, this mechanism can be overridden during general anaesthesia (GA). Autoregulation is strongly influenced by the rate at which mAP changes (5). The slower the change in mAP, the smaller the impact on CBF. However, rapid changes in mAP, which are common during GA, progressively diminish the buffering capacity, leading to significant changes in CBF (6–8). Additionally, autoregulation can also be overridden for degrees of hypotension that depend on several factors such as age or patient's vascular health (9, 10), resulting in a lack of consensus on the optimal mAP target during surgery (11). Studies have shown that blood pressure alone doesn't reliably indicate brain perfusion quality (12, 13). Therefore, evaluating the effectiveness of a mAP challenge in restoring or optimising organ perfusion, especially brain perfusion, presents a significant challenge.

In a previous study (9), we demonstrated that increasing mAP using a norepinephrine bolus during GA improves cerebral perfusion. This was measured by an increase in mean blood flow velocity in the mean cerebral artery (MCAvmean) in patients with cardiovascular morbidities. In the present study, we aimed to investigate whether increasing mAP with norepinephrine restores CA, as measured by Mxa, and whether it also enhances CBF by increasing MCAvmean.

Mxa is an index defined as the correlation coefficient between mAP and MCAvmean measured in the middle cerebral artery during spontaneous, steady state changes in arterial blood pressure (14). In the context of cardiac surgeries, the Mxa index has been used to determine the optimal mAP and subsequently prevent post-operative delirium (15).

In this study, we investigated the existence of a significant prevalence of impaired CA of patients following GA induction for neuroradiology procedures. This assessment aimed to identify patients who would potentially benefit from a brain-guided hemodynamic optimisation. Our secondary objectives were to investigate the association between pre-operative variables, such as age or comorbidities, and the occurrence of a post-induction impaired CA. Furthermore, we compared changes in MCAvmean and mAP in response to a mAP challenge between patients with and without impaired CA.



Methods


Ethical statement

This study obtained approval from the institutional board (CE SRLF 11-356) of the Société de Réanimation de Langue Française Written informed consent was waived by the IRB, and patients were provided with an information letter and gave verbal consent before anaesthesia. The study was retrospectively registered on http://www.ClinicalTrials.gov (NCT 04288869).



Patients

From February 2019 to July 2020, we conducted a prospective, observational, mono-centric study at Lariboisière Hospital (Paris, France). The study included adult patients undergoing interventional neuro-radiology surgery under general anaesthesia. Inclusion criteria were elective surgery, propofol intravenous anaesthesia, and French-speaking adults (>18 years old). Exclusion criteria were pregnancy, history of bleeding aneurysm (incidental finding following either cephalea or tinnitus complaints) or intracranial hypertension, emergency procedures for subarachnoid haemorrhage, and a Body Mass Index (BMI) >35 kg/m2 (conditioned by Schnider's model). Patient demographics were collected during the anaesthesia consultation, and Doppler signal measurements were taken on the opposite side of the head from the aneurysm location.

Cardiovascular risk factors were defined based on the concept of “early vascular aging” used in cardiology, which is related to the structural and functional state of the arterial system (16, 17). Non-modifiable risk factors included age >50 and history of a cardiovascular events, while modifiable risk factors consisted of current smoking, diabetes mellitus, dyslipidaemia, and arterial hypertension (18). Patients were classified as high-risk (Hi-risk) if they had a non-modifiable risk factor or two or more modifiable risk factors, and as low-risk (Lo-risk) if they had no or only one modifiable risk factor.



Anaesthesia protocol

Standard monitoring, including pulse oxygen saturation (SpO2), heart rate (HR), systolic (sBP), diastolic (dBP) and mean (mAP) arterial blood pressure, temperature, and end tidal CO2 (EtCO2), along with electroencephalogram (EEG) monitoring using the Masimo Sedline monitor (SEF95, Patient State Index: PSI and burst-suppression), were recorded. Total intravenous anaesthesia was standardly induced using Remifentanil (Minto's model) followed by Propofol (Schnider's model). Atracurium besilate (0.5 mg.kg−1) was administered to induce paralysis before intubation, and mechanical ventilation was maintained with a tidal volume of 6–8 ml.kg−1. EtCO2 was maintained between 35 and 38 mmHg, FiO2 was set to 40%, and body temperature was kept between 36°C and 37°C. Propofol target-controlled infusion (TCI) was set to 5–6 µg.ml−1 for oral tracheal intubation, then reduced to 2.5–3.5 µg.ml−1 for maintenance. At any time, the anaesthesiologist in charge could adjust drug infusion rates to maintain stable hypnosis characterised by no burst suppression and a PSI between 25 and 50.



Blood pressure recording based on photo-plethysmography

Intraoperative arterial blood pressure was continuously monitored with the Clearsight® device (Edwards Lifesciences, Irvine, CA) from the middle finger, starting before anaesthesia (19). The analog signal was transmitted to the IntelliVue MP60 monitor (Philips, Eindhoven, The Netherlands) at a 125 Hz sampling frequency and recorded using the ixTrend software (ixellence, Wildau, Germany).



Cerebral blood flow velocity measured using transcranial Doppler

Cerebral blood flow velocity was measured in the middle cerebral artery using a 1.5 MHz ultrasound Doppler probe placed on the side of the head opposite to the intervention site by the same trained physician. The probe was positioned only during anaesthesia induction and for the subsequent 30 min, but not during the neuroradiology procedure. The probe settings were power at 100 mW, gate at 9 mm for a depth of 45–55 mm, and a gain ranging from 4 to 8. Maximal velocity envelopes were acquired at a sampling rate of 100 Hz, then visualised in real time using ADMS (Atys Data Management Software), and exported as.csv file.



Map challenge

In this study, diluted norepinephrine at 5 µg/ml−1 was the only vasoconstrictor used. It was administered either by bolus of 10 µg or continuously via intravenous injection using syringe pumps. The infusion rate was set to maintain mAP above hypotension threshold (20). In our anaesthesia department, the intraoperative hypotension was defined as a decrease in mAP equal to or greater than 20% of its reference value. The reference value was determined in the operating room after 5 min of resting position and prior to the induction of general anaesthesia (21). Patients who experienced hypotensive episodes following induction were resuscitated with a 10 μg bolus of diluted norepinephrine at 5 µg/ml−1, followed immediately by a continuous infusion of diluted norepinephrine at 5 µg/ml−1, a rate of 40 ml/h (equivalent to 200 µg/h or 10 µg/10 min). If a continuous infusion was already ongoing, an additional increase of 40 ml/h was added.



Mxa calculation

Mxa was computed using the methodology developed by Czosnyka et al. (22), which involves calculating the Pearson correlation coefficient between mAP and MCAvmean from 30 non-overlapping epochs, each lasting 10 s. This results in a time averaging that removes pulse and respiratory frequency waveforms unrelated to cerebral autoregulation phenomena. Additionally, during these periods, mAP, propofol, and remifentanil TCI remained steady. Each Mxa evaluation yielded a single Pearson correlation coefficient.

Steady measurements of MCAvmean and mAP were collected following the induction of GA to compute the first Mxa score (Mxa1, Figure 1). Based on Mxa1, patients were separated into two groups: CA+ (Mxa1 < 0.3) and CA− otherwise. The threshold of 0.3 was based on previous studies conducted on patients with traumatic brain injury (23). Subsequently, a second Mxa score was calculated after the mAP challenge (Mxa2, Figure 1).
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FIGURE 1
Flow chart.




Evaluation of cerebral blood flow variation following a mAP challenge (ΔCBF)

We analysed the changes in MCAvmean and mAP to estimate the cerebral blood flow during a mAP challenge induced by a therapeutically administered bolus followed by a continuous infusion of diluted norepinephrine. The variation in cerebral blood flow (ΔCBF) was defined as the ratio of MCAvmean and mAP changes, expressed in both absolute units (cm.s−1.mmHg−1) and percentage changes (%.mmHg−1 or %/%), facilitating comparison with other published studies. To estimate these changes, we established reference values before mAP challenge and measured the response values after the challenge, using the same inputs as for Mxa (mAP, MCAvmean). The reference values (mAPref, MCAvmeanref) were obtained by averaging signals within the 5 min time window used to compute Mxa1. The second evaluation was obtained after the mAP challenge by averaging signals within the 5 min time window used to compute the Mxa2.



Statistical analysis

A significance threshold of α = 0.05 was used for all reported statistical tests. Normally distributed data are presented as mean (standard deviation) and tested using the Shapiro-Wilk test. Non-normal distributions (resp. categorical variables) are described as median [interquartile range] IQR [resp. as count (percentage)]. Covariates were compared with Fisher, t-test or Mann-Whitney tests as appropriate, and intra-patient variable testing was done in paired fashion. Based on previous data (24), we conservatively hypothesised that more than 20% of patients undergoing general anaesthesia with propofol would exhibit poor CA following induction. Considering a power (1-β) = 0.8 and assuming normality, we estimated a minimal sample size requirement of n = 21 to detect a proportion larger than 5%. Patients exceeding this sample size requirement were included to reduce linear regression variance. The variability of the percentage was estimated using a 95% confidence interval. Areas under the curve (AUC) for receiver operating characteristic (ROC) curves were computed from logistic models. Optimal ΔCBFcut-off values were derived from the logistic models as the negative ratio between intercept and coefficient. Analyses were performed using R.




Results


Patients

Seventy patients scheduled for non-emergency neuroradiology interventions were prospectively included. Fifteen patients were excluded due to poor bone window preventing blood flow velocity measurements, while 11 (resp. 4) patients had a poor MCAvmean (resp. mAP) signal. As a result, a total of 40 patients [age = 58(47, 68) years old, 57% women] were included for analysis (see Table 1; Figure 1).


TABLE 1 Demographics and characterization of the surgical population.
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Comparison high versus low Mxa following induction of general anaesthesia

After induction and before the mAP challenge, the average mAP in the cohort was 67(9) mmHg, with a MCAvmean of 39(12) cm.s−1 and rSO2 of 63 (7) % (Table 2). We investigated the differences in comorbidities and intraoperative data between the CA+ [Mxa ≤ 0.3, n = 19(47%)] and CA− [Mxa > 0.3, n = 21(53%)] patients. Patients in both groups had similar mAP [CA+: 70(12) vs. 63(7) mmHg, p = NS], CO2 [CA+: 32(1) vs. 33(2) mmHg, p = NS], and temperature [CA + 36.2(0.3) vs. 36.3(0.4), p = NS] during acquisition period (period B in Figure 1). Mxa calculations were performed under equivalent depths of anaesthesia, as indicated by the PSI [CA+: PSI = 28 (5) vs. 27 (6), p = NS], propofol TCI targets [CA+: 3.5(3, 3.8) vs. 3.5(3, 3.5) µg/ml, p = NS], and remifentanil targets [CA+: 3.5 (3, 3.8) vs. 3.5(3, 3.5) ng/ml, p = NS] in both groups. There were no significant differences in age between the CA− and CA+ groups (CA+: 59 [48–69] vs. 56[40, 66], p = NS). Cardiovascular risks factors (CA+: 12 (63%) vs. 16(76%), p = NS) and norepinephrine infusion rate (CA+: 0.05[0.03, 0.07] vs. 0.04[0.03, 0.06] µg.kg−1.min−1, p = NS) did not differ between the two groups (see Table 1). Interestingly, there were no significant differences in rSO2 values between the two groups [CA+: 64 (7) vs. 63(7) %, p = 0.080, Table 2]. In summary, no significant differences were observed in demographic, comorbidity, or intraoperative variables between CA+ and CA− patients, despite 53% of our patients showing post-induction impaired CA.


TABLE 2 Monitoring parameters following induction of general anaesthesia.
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Cerebrovascular assessment following a mAP challenge

In our cohort, 22 patients [mean age: 56(15) years old, 12 (55%) female] required a mAP challenge following GA induction, allowing for the assessment of CA with a second Mxa (see Mxa2 in Figure 2) and calculation of ΔCBF (Figure 3). The mAP challenge resulted in an median increase in mAP of 16 [12–18] mmHg. Out of these 22 patients, 14 (64%) had an Mxa >0.3 (poor CA) following induction. In these patients, the mAP challenge resulted in a significant increase in MCAvmean [43 (12) vs. 50 (14) cm.sec−1, p < 0.001, see Table 3; Figure 4] and a significant decrease in Mxa [CA−: 0.63 (0.18) vs. 0.28 (0.20), p < 0.001, see Table 3; Figure 5]. Among the 22 patients, 8 had an Mxa < 0.3 (CA+, preserved CA) following induction. For these patients, the mAP challenge did not result in significant changes in either MCAvmean [CA+: 33 (9) vs. 34 (9) cm.sec−1, p = 0.11] or in Mxa (CA+: 0.04 (0.25) vs. 0.13 (0.39), p = NS; see Table 3; Figure 5). Notably, CA− patients had a higher ΔCBF compared to CA+ patient [CA+: percentage change ratio of 0.24 (0.09) vs. CA− 0.55 (0.24), p < 0.001, Table 3; Figure 4].


[image: Figure 2]
FIGURE 2
Schematic representation of mAP challenge following GA induction. Drop in mAP follows propofol bolus administration (induction), then mAP reaches a new stationary state (period B). During period B, mAP is stabilised at a lower level than before GA induction (period A) allowing for computation of a first Mxa value (Mxa1) to be computed. If mAP meets the hypotension criteria (i.e. a decrease in mAP equal to or larger than 20% of baseline mAP), a mAP challenge is performed. After a new stationary state in mAP is reached, a second Mxa is computed (Mxa2, period C).



[image: Figure 3]
FIGURE 3
Cerebral blood flow variation (ΔCBF). Example of ΔCBF computation for a patient presenting an impaired cerebral blood flow autoregulation from cerebral blood flow velocity (A) and mAP (B). (A) Changes in mean blood flow velocity during the mAP challenge process: averaged values of baseline MCAvmean are computed before noradrenaline administration (dashed red, Baseline) and after the administration (red cross, Response) and used to compute MCAvmean variations. (B) Changes in MAP during the same mAP challenge period as described in panel A. The obtained changes in MCAvmean (A) and mAP (B) are used to compute ΔCBF, as indicated by the ratio on the right.



TABLE 3 Cerebravascular evaluation in patient with hemodynamic optimization.
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FIGURE 4
Boxplot distributions between CA+ (blue, Mxa1 < 0.3) and CA− (red, Mxa1 > 0.3) patients. (A–B) Boxplot comparing distributions of mAP and MCAvmean between the two groups before and after the mAP challenge. A significant difference was found for MAP in both groups, whereas a significant difference was found for MCAvmean only in CA− group. (C) Boxplot comparing distributions of ΔCBF between the two groups. mAP, mean arterial pressure; MCAvmean, mean blood flow velocity flow velocity; ΔCBF, neurovascular response; Mxa, mean flow index.



[image: Figure 5]
FIGURE 5
Paired changes in Mxa before and after mAP challenge. (A) Changes in Mxa among patient with preserved CA (CA+, blue lines). The thick arrow represents the average response within the CA+ group: ΔMxa =  +0.08. Two patients whose Mxa2 increased after mAP challenge are shown with red star. (B) A similar description is shown for patients with an impaired CA (CA−, grey lines), where the average response (thick arrow) within the CA− group was ΔMxa = −0.34.




Relationship between Mxa1 and ΔCBF

We then investigated the relationship between ΔCBF and the CA state of patients following GA induction, as represented by the Mxa1 score. Our analysis revealed a linear relationship between ΔCBF and Mxa1, showing a significant positive correlation (R = 0.730, p < 0.001, Figure 6). To compare the performance of ΔCBF in identifying an impaired CA state (Mxa1 > 0.3, Figure 1), we evaluated two hypotension variables based on mAP: absolute mAP before the mAP challenge and the relative drop compared to a preoperative baseline value. Univariate logistic models of CA state (see Method) confirmed that a larger ΔCBF was significantly associated with CA− [AUC = 0.88(0.71, 0.99), p = 0.035, Figure 2B]. Interestingly, our logistic model indicated that the optimal ΔCBF value for separating CA+ from CA− patients was 0.299. However, we found no significant association using the two mAP-based variables (Figure 2B). In summary, relying solely on mAP as an absolute value or a baseline percentage to define intraoperative hypotension is not a reliable indicator for evaluating cerebral blood flow autoregulation. In contrast, ΔCBF captures post-induction CA status more accurately.


[image: Figure 6]
FIGURE 6
Association of ΔCBF with poor Mxa1. (A) Scatterplot showing a significant positive relationship between Mxa1 scores and ΔCBF (black curve, r = 0.73, p < 0.001), where blue dots are patients who required a hemodynamic optimisation. (B) Predicting CA using ΔCBF and mAP-based definition of hypotension. ROC AUC curves computed from three distinct univariate logistic models of poor Mxa1 (Mxa1 values dichotomised based on 0.3 threshold). The ROC AUC values and their confidence intervals computed from bootstrap are shown using as predictors ΔCBF (red), the average mAP during Mxa1 period (yellow) and % mAP drop from baseline considered before induction of general anaesthesia (dashed blue). AUC, area under curve; CI, confidence interval; mAP, mean arterial pressure; ΔCBF, cerebral blood flow variation index.





Discussion

Following the induction of general anaesthesia for neuroradiology procedures, mAP typically decreased to an average of 67 mmHg, resulting in an impaired CA in 53% of patients. Surprisingly, no significant differences in demographics or common intraoperative variables were found between CA+ and CA− patients. A mAP challenge, motivated by insufficient mAP values, improved cerebral blood flow (as measured by MCAvmean) in patients with impaired CA. To assess the impact of the mAP challenge on cerebral blood flow and CA, we calculated the ΔCBF. The analysis indicated a strong agreement between the ΔCBF and the CA status, as determined by two successive Mxa scores.

Interpreting Mxa can pose challenges due to its considerable intra-patient variability (25). Over the past decade, consensus has emerged on the parameters used to compute the Mxa correlation coefficient (10, 15, 26). A time window of 10 s to filter out physiological events unrelated to CA (8), and the number of windows has been set at 30 (5 min) to ensure correct interpretation of the Pearson correlation statistics. A significant positive association is denoted by an Mxa above 0.3, below which correlation coefficients become increasingly inconsistent. Consequently, an Mxa of 0.3 has been established, aligning with retrospective studies where Mxa has shown strong correlations with clinical outcomes after head injury (23). Note that some studies average several successive correlations coefficients to reduce variability. Yet, even with single values for CA evaluation, Mxa appears to respond to mAP variations as expected physiologically (13).

In our study, the mAP challenge resulted in a decrease in Mxa in CA− patients, indicating that they were below their lower limit of autoregulation (LLA). Two patients from the CA+ group (those with preserved CA, Mxa ≤ 0.3) experienced a rise in Mxa above the 0.3 threshold following a mAP challenge. These 2 patients, with mAP of 95 and 100 mmHg after hemodynamic optimization, respectively were potentially above their upper limit of autoregulation (27) (Figure 3A, indicated by arrows in the upper-right corner). The ΔCBF (%/%) for these two patients were 0.3 and 0.4, which agrees with a poor CA. This highlights the necessity of testing CA at a different level of mAP, to determine whether the patient is above the upper or below the lower limit of autoregulation. Our findings revealed no significant association between Mxa1 and age or medical history, which agree with the existing literature (28, 29). This highlights the importance of considering individual variability when characterising intraoperative hypotension based on CA, instead of relying solely on population statistics. For instance, in our cohort, all patients had a neurovascular pathology, which could be a major risk factor of CA impairment. That being said, these patients might require higher blood pressure targets than typically recommended, as shown by our results on mAP challenge. We suggest integrating data on cerebral blood flow autoregulation into intraoperative hypotension definitions, providing clinicians with a tool to personalise intraoperative blood pressure management to protect the brain during general anaesthesia.

Mxa provides information about CA but does not provide direct quantification on the amplitude of CBF changes in response to a mAP challenge. However, in this study we demonstrate that static CA (measured by ΔCBF) and dynamic CA (measured by Mxa) are positively correlated (R = 0.73, p < 0.001). In other words, the more CA is altered according to the Mxa, the more CBF increases in response to a mAP increase (i.e., the more ΔCBF is high). It is an important result since studies that systematically compare static and dynamic autoregulation in the same individuals are quite rare (30, 31). Also it confirms the idea that the amplitude of CBF changes in response to an mAP challenge could be approximated and predicted by the Mxa value.

Our study has several limitations. Firstly, it is a single-centre study, and focuses exclusively on neuroradiology interventions. Therefore, further studies are needed to validate and expand upon the present results. Secondly, despite maintaining a median mAP of 67 mmHg, we observed a relatively high percentage of patients (53%) with an impaired CA after the induction of general anaesthesia. This could be attributed to the fact that our selected patient population consisted of individuals with neurovascular pathologies, such as unruptured aneurysm, arteriovenous malformations, and meningioma, which may have pre-existing alteration in CA. However, to our knowledge, there is currently no scientific evidence indicating that the presence of an unruptured aneurysmal sac affects cerebral autoregulation in the healthy hemisphere. Lastly, the study conducted by Cardim et al. found a similar proportion of patients with an Mxa > 0.3 during intraoperative hypotension induced by beach chair position (13). This suggests that our findings may have broader applicability to other patient populations.

Of the initial group of 70 eligible patients, only 40 could be analysed, largely due to issues such as missing or poor-quality signals. This highlights the practical challenge of systematically conducting such monitoring in the operating room. Moreover, the relatively small sample size limited our ability to perform multivariate analyses. It is important to remark that this study only explored CA during hemodynamic optimisation through increasing mAP. As a result, the results cannot be extrapolated to other hemodynamic scenarios, such as a decreasing mAP challenge. Indeed, previous studies have reported a hysteresis effect in brain autoregulation, where the response differs between increasing or decreasing mAP (32–34). To gain a better understanding of this effect, future studies should explore both upward and downward changes in mAP. Another limitation is that averaging signal in the five minutes after norepinephrine bolus administration might not allow enough time to the MCA diameter to stabilise. Future studies should consider a longer time frame post administration to ensure a stable measurement.

The accuracy of Mxa as a measure of CA remains unclear. However, correlation-based indices are widely used and considered as the most reliable approach for assessing static autoregulation in the literature (35). This holds particularly true for Prx, which relies on intracranial pressure and mAP. Therefore, Mxa, being a non-invasive equivalent to Prx, appears to be currently a reasonable approach for assessing CA during steady states in intra-operative settings.

We conducted an original approach for evaluating dynamic and static CA following induction of general anaesthesia. The results of our study strongly suggest that a substantial number of patients would benefit from hemodynamic optimization and underline the fact that ‘one size fits all’ is no longer admissible in patients’ care. However, to confirm these findings, future studies should investigate larger cohorts.



Conclusion

Our study indicates that more than 50% of patients undergoing general anaesthesia for neuroradiology procedures have impaired cerebral blood flow autoregulation. Nonetheless, we were able to demonstrate that by optimising blood pressure through mAP challenges, we could also optimise CA and CBF in this group of patients.
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